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RCWs on Army installations subject to the Guidelines.
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potential for adverse effects on non-target species and

communities and to move RCW management toward
multi-species management of the landscape. Guidance
for the integration of ecosystem-based approaches into
endangered species management is also included.

Appendix B (furnished on diskette) provides land
managers with in-depth management-related
information on those endangered, threatened, or
candidate species which may co-occur with the
red-cockaded woodpecker or which are associated with
particular habitat types which occur within the longleaf
pine landscape. The 16 animal species and 31 plant
species discussed are either known to occur or may
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Executive Summary
The goals of this project included:  1) assessment of the potential effects of
management activities as described in the 1994 Army-wide Red-cockaded
Woodpecker (RCW) Management Guidelines (Appendix A) on the array of
endangered, threatened, and candidate species associated with RCWs on Army
installations subject to the Guidelines; 2) development of recommendations for
modifications and/or implementation of RCW management activities consistent
with the objectives of the Guidelines; and 3) development of general management
strategies, based on the previous analysis, which integrate identified habitat needs
of the array of longleaf pine forest species and promote an ecosystem-based
approach to endangered species management.

The Introduction and Chapters 1 and 2 of this report include a discussion of the
project background and objectives, the scope and content of the Guidelines, and a
brief description of the longleaf pine ecosystem and the woodpecker's place in it.

Chapter 3 is a detailed analysis of the potential effects of the Guideline's implemen-
tation on other endangered, threatened, candidate, and other sensitive species
found in the longleaf pine landscape.  The text references in-depth Stewardship
Summaries and impact assessments for the 16 animal species and 31 plant species
listed in Appendix B.  The analysis considered the likely impacts of Habitat
Management Unit (HMU) management (including prescribed burning and
hardwood midstory control), extractive land uses (timber harvest and pine straw
raking), and various restrictions on military training on each individual species and
on four broadly defined plant communities.  In general, greatest positive impacts
are likely to be associated with prescribed fire, hardwood control, and restoration
of longleaf pine.  The greatest negative impacts are likely to be associated with fire
management, extractive land uses, and hardwood control.  Species are expected to
demonstrate particular responses to habitat modification, but some trends were
apparent resulting from shared use of sensitive habitats.

Chapter 4 provides recommendations to reduce the potential for adverse effects on
non-target species and communities and to move RCW management toward multi-
species management of the landscape.  Specific comments and suggestions are
provided on configuration of HMUs (including multiple use of RCW foraging
stands), hardwood control (including measures to preserve mast and cavity-
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producing mature hardwoods for other species), prescribed burning, and extractive
land uses (including the use of shelterwood cutting to reduce habitat fragmentation
and promote the stability of ecosystem processes).

Chapter 5 provides guidance for the integration of ecosystem-based approaches into
endangered species management.  A brief discussion of the principles of ecosystem
management is followed by overviews of several key components that may be
incorporated into endangered species management planning to promote ecosystem
integrity.  Discussions are provided on the use of fire to  promote stable ecosystems,
protection of wetlands and aquatic habitats through control of soil erosion and
stream stabilization methods, and on the management of longleaf pine
herpetofauna, which are presented as an example of a group of species which
integrates many of the ecosystem processes and management concepts presented
earlier.  The chapter closes with a suggested modification to HMU mapping that
provides for the integration of ecosystem principles as part of an adaptive
management process.

The Species Stewardship Summaries in Appendix B (furnished on attached
diskette) were prepared to provide land managers with current management-
related information on those endangered, threatened, or candidate species which
may co-occur with the red-cockaded woodpecker or which are associated with
particular habitat types which occur within the longleaf pine landscape.  All species
discussed are either known to occur or potentially occur on at least one of the U.S.
Army installations subject to the 1994 RCW Management Guidelines.  The
Stewardship Summaries are organized to provide both basic information on the
ecology of the species as well as an abstract of the best available information
concerning its status and management.  In each Stewardship Summary, the
individual species account is followed by a review of the potential effects on the
species from implementation of the 1994 RCW Management Guidelines.
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Taxon E T C1/C2 Other Total

Mammals 3 1 2 2 8

Birds 6 2 6 - 14

Reptiles 3 6 5 - 14

Amphibians - - 4 1 5

Fishes 1 2 2 - 5

Insects 1 - 6 - 7

Mollusks 1 - 10 2 13

ANIMALS 15 11 35 3 67

PLANTS 10 1 53 3 67

TOTAL 25 12 88 8 133

Table 1.  Distribution within major taxa of species of
concern known from or potentially occurring on Army
installations subject to the RCW Management Guidelines.

Introduction

Background

The red-cockaded woodpecker (Picoides borealis) (RCW) was listed as federally
endangered in 1970 and became one of the first species protected under the
Endangered Species Act (ESA).  The RCW was historically found throughout the
pine forests and savannas of the southeastern United States; however, its current
range is restricted to remnant areas of the once vast longleaf pine (Pinus palustris)
forest ecosystem.

Nearly a quarter of all remaining RCW groups are found on nine military
installations (Costa 1992).  Existing RCW populations on U.S. Army installations
play an increasingly important role in the recovery of the species as the available
habitat on other lands continues to be degraded and fragmented.  In particular, the
available breeding habitat for the endangered woodpecker, old growth longleaf pine,
is imperiled.

In 1994, the Army established RCW Management Guidelines (Guidelines) that
outlined population goals, inventory requirements, and land management practices

directed toward the protection
and stewardship of RCW popu-
lations on Army lands.  As part
of the implementation process
for the Guidelines, the Army
began an assessment of the
potential impacts of the Guide-
lines on other threatened and
endangered (T&E) species on
subject installations.  Many
rare, sensitive, federal candi-
date, and T&E species occur in
association with RCWs and use
similar habitats (Table 1).  The
Army seeks to develop conser-
vation strategies that will inte-
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 Installation State
RCW Population

Status

 Fort Benning  Georgia   RCWs present

 Fort Bragg
 North
Carolina   RCWs present

 Fort Gordon  Georgia   Historical population

 Fort Jackson 
 South
Carolina   RCWs present

 Fort McClellan  Alabama   Historical population

 Fort Polk  Louisiana   RCWs present

 Fort Stewart  Georgia   RCWs present

 Louisiana Army
Ammunition Plant   Louisiana   Historical population

 Sunny Point Military Ocean
Terminal

 North
Carolina   RCWs present

Table 2.  Location and RCW population status of U.S. Army
installations subject to the Army-wide RCW Management Guidelines.

grate management requirements of RCWs and other associated sensitive species
and result in an effective ecosystem or multi-species approach to T&E species
stewardship.

The full text of the 1994 Army-wide RCW Management Guidelines is provided in
Appendix A.  Implementation of the Guidelines will:

1. Establish general Army policy goals for RCW conservation.
2. Require determination of installation RCW population goals and development

of installation management plans to achieve those goals.
3. Establish inventory and monitoring requirements.
4. Require delineation of habitat management units (HMUs).
5. Prescribe management practices and marking guidelines within HMUs.
6. Establish consultation requirements and management recommendations in

impact/danger areas and in direct live fire areas.
7. Define allowable military activities within HMUs.
8. Provide guidelines for augmentation and translocation of RCWs.

Guidelines affect all Army installations which either support currently active RCW
cluster sites or which contain inactive cluster sites that installations continue to
manage to promote reactivation.  Nine Army installations meet these criteria (Table
2).  Management activities prescribed in the Guidelines are conducted on two
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different spatial scales:  1) management around RCW cavity trees, within clusters,
and in recruitment stands where RCWs currently nest or may be expected to nest
in the near future; and, 2) management in larger-scale Habitat Management Units
(HMUs) that may contain several clusters and recruitment stands, as well as areas
designated for training and other military activities.  The extent of management
and training at each scale plays a large role in the impact of the Guidelines on other
sensitive species associatedwith the woodpecker and its habitats.

Objectives

The objectives of this project were to:  1) assess the potential effects of management
activities as described in the 1994 Army-wide RCW Management Guidelines on the
array of endangered, threatened, and candidate species associated with RCWs on
Army installations subject to the Guidelines; 2) develop recommendations for
modifications and/or implementation of RCW management activities consistent
with the objectives of the Guidelines; and 3) develop general management
strategies, based on the previous analysis, which integrate identified habitat needs
of the array of longleaf pine forest species and promote an ecosystem-based
approach to endangered species management.

Approach

This document includes an assessment of the potential impacts of the 1994 RCW
Management Guidelines on other endangered, threatened, and candidate species
associated with the red-cockaded woodpecker which either occur, or may occur, on
installations subject to the Guidelines.  This analysis is used to provide suggested
modifications of the Guidelines and guidance for the development of integrated
management plans for the longleaf pine ecosystem.  The project was completed in
a series of phased steps:

Phase 1 Identification of a list of candidate and T&E species known or potentially
occurring on the installations which may be affected by implementation of
the Guidelines.

Phase 2 Completion of comprehensive literature reviews for each identified species
to identify resource requirements and management strategies for each
species.
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Phase 3 Completion of an assessment of potential effects of management activities
as described in the Guidelines for each identified species.  Assessments
identified those RCW management actions which were compatible or
incompatible with the management requirements of associated T&E and
candidate species.

Phase 4 Based on the individual species assessments, provision of recommended
modifications of RCW management activities that are consistent with the
objectives of the Guidelines and which promote a multi-species approach
to T&E and candidate species management.

Phase 5 Development of regional guidance, incorporating information and
recommendations developed in preceding tasks, which provides guidance
to aid in the design of effective ecosystem/multi-species approaches to
threatened and endangered (T&E) species management.  The results of
previous phases were used to produce general management recommenda-
tions which integrate identified habitat needs of both RCWs and other
associated species of concern.

Scope

The report attempts to incorporate the most current available published informa-
tion available to the authors.  Its purpose is to assist land managers in meeting the
goals of RCW management and the stewardship of the longleaf pine ecosystem upon
which the bird depends.  It cannot and does not attempt to provide all of the
answers necessary to manage all of the species found in longleaf pine habitats.
Many species have not been fully studied and few have been monitored relative to
habitat needs and management practices.  As stated elsewhere in the text, expected
effects of management practices are estimates made by the authors based on the
relevant species stewardship summaries found in Appendix B (furnished on
diskette).  Estimates are expected to be refined by the experience of those working
in the field.
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1 Ecosystem Description
The longleaf pine forests of the Southeastern Coastal Plain comprise one of the most
endangered ecosystems in the world (Noss 1989).  The longleaf pine forest once
covered as much as 60 million acres in the Southeast, ranging from southeastern
Virginia, to central Florida, and west to eastern Texas (Stout and Marion 1993).
Total acreage of longleaf pine has declined by 98 percent since European settlement
(Ware et al. 1993).  Losses have been due to fire suppression, site preparation, other
forms of silvicultural mismanagement, and agricultural and urban development.
The remaining longleaf pine ecosystem is fragmented into small pockets of habitat
that are used by hundreds of rare species.  Concern for the endangered red-cockaded
woodpecker has generated increased interest in the preservation and restoration of
the longleaf pine forest ecosystem.  Because of its relatively large range size, and
its dependence on mature forest stands, the woodpecker integrates the needs of
many other plants and animals dependent on this shrinking resource.

Red-cockaded woodpeckers inhabit open, mature pine woodlands and, rarely,
deciduous or mixed pine-hardwoods located nearby (Steirly 1957, Hooper et al.
1980, U.S. Fish and Wildlife Service 1980, Kalisz and Boettcher 1991).  Optimal
habitat is characterized as a broad savanna with a scattered overstory of large pines
and a dense ground cover containing a diversity of grass, forb, and shrub species
(Hooper et al. 1980, AOU 1991).  The understory is sparse or absent (Hooper et al.
1980, Locke et al. 1983, Hooper et al. 1991, Loeb et al. 1993).  The open, park-like
characteristic of red-cockaded woodpecker habitat is maintained by low intensity
fires, which occurred historically during the growing season as often as every year
to every 5-10 years (Christensen 1981, Platt 1988, Platt et al. 1988, Rebertus et al.
1989).

The dependence of this species on old-growth pine forests is the single most critical
factor leading to its endangered status (AOU 1991).  These habitat requirements
conflict with timber management philosophies on some public and almost all private
lands (Jackson 1986, Ligon et al. 1986, AOU 1991).  Private timber stands in the
southeastern U.S. are generally on short rotations (< 45 years) that do not permit
trees to attain the characteristics sought by red-cockaded woodpeckers (Neel 1971,
Ligon et al. 1986, Jackson 1976).  Overall, only 2.5% of the current pine acreage in
the southeastern U.S. is considered suitable nesting habitat (U.S. Fish and Wildlife
Service 1985), and most of this exists on public lands.  The few stands of old-growth
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timber remaining on private lands are under increasing pressures to be converted
to short-rotation pine plantations (Neel 1971), and legal provisions for maintaining
habitat on private lands are weak (Ligon et al. 1986).  

RCW management will incorporate large tracts of longleaf pine forest.  At the
landscape level, preserves designed for this species should be dominated by open,
mature pine forests.  However any preserve established for a woodpecker population
will necessarily include areas with young pines, hardwoods, and an array of other
forests types.  

The longleaf pine ecosystem upon which the woodpecker depends is a regional
landscape of many plant associations (Noss 1989).  Two species, longleaf pine (Pinus
palustris) and wiregrass (Aristida stricta) are the characteristic components of
communities throughout the southern coastal plain pine forest landscape.  Within
this landscape are multiple environmental gradients along which plants respond
to different soil, moisture, and fire conditions.  The vegetation changes abruptly
with very slight changes in elevation.  The landscape, shaped by fire frequency and
moisture availability, is dissected by sluggish black water streams, seeps, swamps,
and pocosins.  Between the wettest and driest extremes, oak and mixed hardwood
forest interweaves repeatedly with pine stands, with maple, gum, and cypress
pushing up slope in stringers as far as the available groundwater will permit
(McFarlane 1992).  Longleaf pine forms the matrix in communities ranging from
xeric sandhills to abrupt borders with shrub swamps (Noss 1989).  Peet and Allard
(1993), for example, described four major moisture series in longleaf pine-dominated
vegetation (xeric, sub-xeric, mesic, and seasonally wet), divided into 23 community
types and corresponding to geographic location and physiographic province (e.g., the
Fall-line Sandhills).  While these communities vary greatly in soil, moisture, and
species composition, there are several general factors that apply to all of them:  the
important role of fire, the limited reproductive rate of many component species, and
the high plant diversity at small scales within many of the communities (Schafale
1994).

Longleaf pine is intolerant of competition and has few codominants, so that stands
of longleaf pine are almost pure except for a few other pines and understory
hardwoods that are less tolerant of fire.  Common understory hardwoods associated
with longleaf pine on xeric sites include blackjack oak (Quercus marilandica),
bluejack oak (Q. incana), and turkey oak (Q. laevis).  Common species associated
with longleaf pine on mesic to well-drained sites include slash pine (Pinus elliottii)
(within its range), loblolly pine (P. taeda), sweetgum (Liquidambar styraciflua), and
southern red oak (Q. falcata) (Brown 1964, Wright and Bailey 1992, TNC 1993).
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The number and vigor of hardwoods and other pine species in a longleaf pine stand
increases with fire suppression and succession to other community types.

On the driest, most exposed ridgetop situations, sandhill vegetation is characterized
by pine and turkey oak (Quercus laevis), with scattered clumps of shrubs and a
unique herbaceous layer adapted to austere conditions (Wells and Shunk 1931,
Christensen 1988).  As available moisture increases, xeric sandhill communities
grade subtly into pine-dominated flatwoods and savannas (Christensen 1988).
Flatwoods tend to have greater canopy cover and an understory featuring a diverse
array of shrubs and subcanopy trees.  This shrub layer is generally lacking in
savanna communities, which are characterized as broad expanses of grassland with
widely spaced pine canopy, although the two types intergrade across the landscape.

Savannas are transitional between xeric pine communities and wetland pocosins
and bayheads (Walker and Peet 1983, Jones and Gresham 1985).  Most are
seasonally wet, with pond pine (Pinus serotina) supplanting longleaf pine as the
canopy dominant.  Walker and Peet (1983) described a subtle gradient from xeric
savanna, where longleaf pine dominates, into xeric sandhill vegetation at one
extreme, and into mesic and wet savannas at the other.  Mesic savannas support
amazingly high plant diversity, including insectivorous plants like Sarracenia,
Drosera, and Dionaea muscipula (Venus flytrap) found only in mesic savannas of
the Carolinas.  Wet savannas are found in depressions and in the ecotones between
mesic savannas and pocosins and shrub bogs.  In some places they may occur where
fire has spread into a pocosin and eliminated the dominant shrubs (Walker and
Peet 1983).  Canopy trees may be entirely lacking.

At the wettest extreme of the landscape gradient are pocosins, peatlands often
characterized by dense, nearly impenetrable cover of evergreen and ericaceous
shrubs.  They are found in flat "upland" areas between streams, in Carolina bays,
near seeps, springs and along the margins of slow-flowing streams.  In all cases,
waters in these systems are nutrient poor and the pocosin plant communities are
biogeochemically separated from the mineral soil substrates surrounding them.
Some receive all their nutrients from rainwater and dry fall (Christensen 1988).  

Longleaf pine is a "fire subclimax" species that depends on a relatively frequent fire
regime for reproduction and survival.  In fact, longleaf pine and its associated
understory vegetation is highly flammable and acts as a source of fuel for the
periodic fires (Noss 1989, TNC 1993).  Longleaf pine requires fire to expose mineral
soil as germination sites, to retard the spread of brown-spot needle disease, to
restrict encroachment of other competing vegetation, and to reduce fuel build-up
that could generate large-scale, high intensity fires.  Herbaceous species associated
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with longleaf pine require periodic fires to create gaps in the canopy for increased
light penetration, and to reduce competition from woody midstory vegetation.
Midstory vegetation, which consists of shrubs and small trees that are taller than
the herbaceous layer, can sometimes grow into the overstory if not suppressed by
fire or other landscape disturbances.  Without fire, longleaf pine-dominated
communities will succeed to other community types that consist primarily of other
pines and mixed hardwoods (Wahlenberg 1946, Brown 1964, Wright and Bailey
1982, Christensen 1988, Platt 1990).

Prior to European settlement in the Southeast, fires were caused naturally by
lightning and artificially by Native American burning practices.  The literature cites
a variety of burn intervals, but the general historic fire frequency seems to have
been about once in every 3 to 10 years, although the frequency varied with
topography and dominant vegetation of a particular site (Wright and Bailey 1982).
Longleaf pine and wiregrass communities apparently tolerated a fire frequency of
about every 3 to 4 years (Wright and Bailey 1982, Christensen 1988).  These fires
were patchy surface fires of relatively low intensity.  The fires that resulted from
lightning strikes during the spring and summer thunderstorm season influenced
the region's ecological dependence on fire.  The extent and intensity of fires was
highly variable from year to year, and the natural patchiness of fires allowed a
greater diversity of species to survive a given fire event (Christensen 1981, Platt et
al. 1988, Robbins and Myers 1992).

Open, park-like stands of longleaf pine and periodic fire, carried by pine litter and
wiregrass across the longleaf landscape, fostered one of the most diverse herbaceous
floras on Earth (Noss 1989, Stout and Marion 1993).  The herbaceous layer is
dominated by bunch grasses such as wiregrass (Aristida spp.) and bluestem
(Andropogon spp.) and comprises species which are characteristically fire-adapted
or fire-tolerant, resprout from underground parts, generally are long-lived, produce
relatively few seeds, often have short distance seed dispersal, reproduce infre-
quently, and rarely recolonize a severely disturbed area (Schafale 1994). 

There are over 250 other herbaceous species, many of which are threatened or
endangered, that also are associated with longleaf pine (Brown 1964, Wright and
Bailey 1982, Schafale 1994).  For example, the North Carolina Sandhills comprise
a fine scale mosaic of habitat or community types in response to soil attributes,
topographic position, and fire history.  Finer-textured soils support community
types with some 40 species per square meter.  This species diversity is lost when fire
is excluded (Peet and Allard 1991).  Hardin and White (1989) listed 191 species of
plants associated with wiregrass throughout its range.  Wiregrass communities
include some 122 plants which are considered endangered or threatened throughout



USACERL SR-97/94 19

their ranges and 66 locally endemic plant taxa.  A total of 84 species have protection
status under the Endangered Species Act:  six are endangered, one is proposed for
endangered status, and the remainder are candidates for listing (Hardin and White
1989).  

The open, but patchy habitats maintained by frequent ground fires in varying
hydrologic conditions promoted an abundance of wildlife and a fauna distinctive to
the region (Noss 1989).  A minimum of 3500 species of arthropods probably occur
in the sandhill and drier savanna habitats of the longleaf pine ecosystem (Folkerts
et al. 1991).  Guyer and Bailey (1991) list a total of 97 amphibian and 93 reptile
species and subspecies found within the historic range of longleaf pine.  About half
prefer longleaf pine forests and some 25 percent of the species and subspecies are
listed by state agencies as being of special concern.  Means and Campbell (1981)
showed that fire plays two important roles for sandhills reptile and amphibian
fauna:

1. it maintains the characteristic species complex and physical structure of the
longleaf pine-wiregrass-turkey oak plant associations to which many species
are adapted, and

2. it produces islands of turkey oak-dominated sandy habitats in which certain
amphibians and reptiles have evolved and where they reach their chief
abundance today.

Finally, the U.S. Forest Service lists 17 endangered, threatened, or candidate
species and subspecies of mammals and four birds which co-occur with RCWs
(USFS 1995).  For example, the recent decline of eastern fox squirrel numbers in the
southeast is intimately related to the status of the remaining longleaf pine habitats
upon which it depends.  High quality habitat for eastern fox squirrel is character-
ized as longleaf pine-turkey oak sandhills, with large areas of mature longleaf pine
forest forming a mosaic with other pine forest, mixed pine-hardwood forest, and
mature bottomlands with numerous mast-producing trees.  It may be that the
observed declining range, numbers, and density of the eastern fox squirrel reflect
their present occupation of marginal habitat and habitat remnants:  "the habitat in
which the eastern fox squirrel evolved may have already disappeared (pg. 72)"
(Weigl et al. 1989) (and see also Lennartz 1988).  

Indeed, losses of longleaf pine habitats in the Southeastern Coastal Plain since
European settlement are comparable to or exceed losses of North American
tallgrass prairie, the loss of freshwater wetlands, Brazilian moist coastal forest, and
dry forests along the Pacific coast of Central America (Noss 1989).  There is some
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evidence that longleaf pine-wiregrass communities are somewhat resilient and that
degraded stands may be restored with proper management as long as the wiregrass
ground cover remains intact (Clewell 1989).  However, once the ground cover has
been destroyed, wiregrass seldom if ever re-establishes itself.  As Noss (1989)
pointed out, with privately-owned examples of longleaf pine communities rapidly
being converted or developed, increasingly urgent efforts must be directed toward
improving the management of existing longleaf pine on public lands.  

Management of public lands, including the national forests and military installa-
tions, offer the best opportunities for protection of longleaf pine habitats with such
protection efforts often being driven by recovery of the red-cockaded woodpecker.
In general, management recommendations for woodpecker habitat, as outlined in
the U.S. Forest Service Regional Wildlife Habitat Management Handbook,
including programs of growing season controlled burns, hardwood midstory control,
and restoration of longleaf pine on suitable sites, would benefit many of the other
components of the longleaf pine ecosystem.  Management plans for the woodpecker
should be adapted to take into account the requirements of ecosystem integrity,
particularly when the needs goals of land managers and the needs of the ecosystem
do not conflict.
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* Complete text of the 1994 Army-wide RCW Management Guidelines may be found
in Appendix A.

2 RCW Management Guidelines*

U.S. Army Policies Regarding RCW Management

The purpose of the Guidelines is to provide standard RCW management guidance
to Army installations to assist each installation in developing an endangered
species management plan (ESMP) for the woodpecker.  The Guidelines establish the
"baseline standards for Army installations in managing the RCW and its habitat
(Appendix A, pg. 2)."  They apply to Army installations where the RCW is currently
present and to installations with inactive RCW clusters that the installations
continue to manage in efforts to promote reactivation.  The installation-specific
RCW ESMPs are required to employ "all methods and procedures which are
necessary for endangered and threatened species survival and to bring such species
to the point of recovery where measures provided by the [Endangered Species Act
(ESA)] are no longer necessary (Appendix A, pg. 3)."

It is Army policy that "installation and tenant unit mission requirements do not
justify violating the ESA (Appendix A, pg. 3)."  Implementation of the Guidelines
is expected to help installation managers balance mission requirements and
conservation requirements through long-term planning and management which
prevents or avoids potential conflicts between these interests.  

Finally, the Guidelines recognize that "conservation of the RCW and other species
is part of a broader goal to conserve biological diversity on Army lands consistent
with the Army's mission (Appendix A, pg. 3)."  Because the long-term survival of
individual species such as the RCW depends on the continued health of the natural
communities which sustain them, installation RCW ESMPs "should promote
ecosystem integrity (Appendix A, pg. 3)."
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U.S. Army RCW Management Strategy

The Guidelines require that subject installations adopt a long-term approach to
RCW management that is consistent both with the military mission and the ESA.
For each installation, this strategy is to take the following form (Appendix A, pg. 4):

1. In consultation with USFWS, installations must establish an installation
RCW population goal using accepted methodologies.

2. Once a population goal is established, installations must designate sufficient
nesting and foraging habitat to attain and sustain the goal.  The population
goal will dictate the required management intensity level for each installation
and each managed area.

3. Installations must develop an ESMP to attain and sustain the installation
RCW population goal in perpetuity.

4. Installations are required to ensure that all installation and tenant units and
personnel that conduct training and other activities on the installation comply
with the requirements of the RCW ESMP.

All management activities designed to promote recovery of the RCW and the
sustainability of its habitat are to be driven by the Army's commitment to the
preservation of biodiversity on its lands.  Recognizing that certain components of
RCW habitat may not be located entirely on installation lands, the Guidelines
encourage the installations to establish cooperative management efforts with
adjacent landowners where such efforts would promote the installation RCW
conservation initiatives.

Key Terminology

The following analysis assumes familiarity with certain terms that are used
throughout the Guidelines, this document, and the RCW literature in general: 

Cavity - An excavation in a tree made, or artificially created, for roosting and
nesting by RCWs.

Cavity tree - A tree containing one or more active or inactive RCW cavities or cavity
starts (incomplete cavity).
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Cluster - The aggregate area encompassing cavity trees occupied or formerly
occupied by an RCW group plus a 200 ft buffer zone (formerly known as a "colony").

Group - A social unit of one or more RCWs that inhabits a cluster (formerly called
a "clan").  A group may include a solitary, territorial male; a mated pair; or a pair
with helpers (offspring from previous years).

Habitat Management Unit (HMU) - A designated area(s) managed for RCW nesting
and foraging, including clusters and areas determined to be appropriate for
recruitment and replacement stands.

Population - A RCW population is the aggregate of groups which are close enough
together so that the dispersal of individuals maintains genetic diversity and all the
groups are capable of genetic interchange.  Population delineations are made
irrespective of land ownership boundaries.

Recruitment stand - A stand of trees, minimum of 10 ac in size, with sufficient
suitable RCW nesting habitat identified to support a new RCW group.  Recruitment
stands and supporting foraging area should be located within d mi to ¾ mi of an
existing cluster or other recruitment stand.

Relict tree - A pine tree usually more than 100 yr old having characteristics making
it attractive to RCWs for cavity excavation.

Replacement stand - A stand of trees, minimum of 10 ac in size, identified to provide
suitable nesting habitat for colonization when a currently active cluster becomes
unsuitable.  The stand should be approximately 20 to 30 yr younger than the active
cluster.  While it is preferable for replacement stands to be contiguous with the
active colony, at no time should they be more than ¼ mi from the cluster, unless
there is no suitable alternative.

Stand - An aggregation of trees occupying a specific area and sufficiently uniform
in species composition, age, arrangement, and condition so as to be distinguishable
from the forest on adjoining areas.

Management Emphasis Areas

Implementation of the Guidelines centers on the establishment of Habitat
Management Units (HMUs) which are to be designated to provide sufficient nesting
and foraging habitat to enable installations to attain and sustain RCW population
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goals set in consultation with the U.S. Fish and Wildlife Service (USFWS).  The
impact analysis described below proceeded from a review of the expected effects of
RCW management on the longleaf pine ecosystem, including the range of habitats
which could be expected to be included in or adjacent to designated HMUs.  

The management activities in the Guidelines are conducted on two different spatial
scales:  1) management around the cavity trees, within clusters, and in recruitment
stands where RCW currently nest or are expected to nest in the near future; and,
2) management in larger-scale Habitat Management Units (HMUs) that may
contain several clusters and recruitment stands, as well as areas designated for
training and other military activities.  The extent of management and training at
each scale plays a large role in the impact of the Guidelines on other sensitive
species associated with the woodpecker and its habitats.

The impact tables for each species (Appendix B, furnished on diskette) summarize
the primary habitat management activities and land use restrictions (i.e., on
extractive uses, such as timber harvest, and on training activities within HMUs)
envisioned in the Guidelines.  Understanding of the impact analysis requires
familiarity with the specific provisions of the Guidelines covering each management
practice.  In particular, positive or negative effects on each species were projected
based on the potential effects of each management practice as defined in the
Guidelines within designated HMUs, and not for those practices in general.  

Review of the Guidelines suggested that proposed actions related to RCW
management which are likely to affect other endangered, threatened and candidate
species include:

1. the design and designation of HMUs;
2. prescribed burning;
3. midstory hardwood control; and
4. extractive land uses, including timber harvest and pine straw raking.

In some cases, management practices are relatively straight-forward (e.g.,
restrictions on pine straw raking).  In others (e.g., midstory control), the potential
for impact depends on the intensity with which the management option is practiced.
The following summary details our understanding of several management practices
or land use restrictions called for in the Guidelines which largely guided the impact
analysis.  Parenthetical designations refer to specific locations in the Guidelines
(Appendix A).
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Hardwood Control (V.E.1.b.)

Clusters and recruitment stands within HMUs are to be kept clear of dense
midstory and are to be managed to create open, park-like stands of mature pine
trees.  All midstory within 50 ft of cavity trees will be removed.  Beyond 50 ft, the
following prescriptions are to be implemented:

1. hardwood stocking below 10 ft2/acre,
2. hardwood canopy cover not to exceed 10%,
3. hardwood midstory cover not to exceed 10%.

Prescribed Burning (V.E.3.)

Midstory control will normally employ prescribed burning.  Specifically:

1. Burns will be conducted at least every three years in longleaf, loblolly, slash,
and shortleaf pine systems.  

2. With the agreement of the USFWS, the burn interval may be increased to no
more than five years after hardwood midstory has been brought under control.

3. Mechanical and chemical alternatives should only be used when burning is not
feasible or is insufficient to control a well advanced hardwood midstory.  

4. Cavity trees will be protected from fire damage during burning.  Burning
should normally be conducted in the growing season.  Winter burns may be
appropriate to reduce high fuel loads.

5. Use of fire plows in clusters will be allowed only in emergency situations.

Pine Thinning (V.E.1.c.)

Thinning operations in clusters and recruitment stands will adhere to the following
prescriptions:

1. Pine stocking should achieve 50 to 80 ft2 basal area.
2. Stands should be thinned when pine basal area exceeds 80 ft2.
3. No thinning cut should exceed 30 ft2/acre.
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4. Stands should approximate 25 ft spacing between mature trees, retaining
scattered clumps.

5. All dead, dying, and inactive cavity trees will be retained.

Timber Harvest (V.E.1.e. and V.F.)

Timber harvest within HMUs is to be allowed only with the approval of trained
biologists and is precluded during the RCW breeding season.  In addition:

1. No rotation ages are to be set within clusters and recruitment stands.  A 120-
yr rotation (for longleaf pine) and 100-yr rotation (other pines) will be set
throughout the remainder of HMUs.

2. Timber prescriptions should mimic natural processes to maintain historical
conditions:  old growth, uneven-aged longleaf pine stands with small (0.25 to
0.5 ac) even-aged patches of varying size.

3. Timber harvest should employ clearcut, seedtree or shelterwood cutting,
retaining 6-10 relict trees per acre and all snags and relict trees in thinnings.

4. Off-site stands will be converted to longleaf pine.

Pine Straw Harvesting (V.E.1.e. and V.G.)

No pine straw harvest is allowed during the RCW breeding season without approval
of a trained biologist.  In addition:

1. Harvest activities should maintain an intact herbaceous layer and maintain
adequate fuel levels to carry prescribed fire.

2. Pine straw should not be raked more frequently than once every three to six
years.

3. No baling machines are allowed within clusters.

Training Restrictions (V.I.2. Protection of Clusters)

The Guidelines place certain restrictions on military training activities within RCW
clusters in an effort to find a compromise between installation missions and
operations and the protection of the woodpecker.  Training restrictions, which apply
only within RCW clusters, include: 
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1. Military training is limited to dismounted operations of a transient nature. 

2. Establishment of bivouacs is not allowed. 

3. Digging and cutting of vegetation other than hardwoods used for camouflage
is restricted. 

4. Use of CS gas, smoke, flares, or other incendiary devices is not permitted. 

5. Vehicle traffic through clusters is limited to designated maintained roads and
firebreaks.

6. The use of blanks in M16 handguns and rifles is permitted.  

7. Off-road traffic by wheeled vehicles that weigh less than 5 tons traveling
through clusters, 100 feet from cavity trees, is permitted on an infrequent
basis if first approved through informal consultation with the USFWS.   

The Guidelines include provision for expanded training activities under certain
conditions.  After consultation with the USFWS, up to 10 percent of RCW clusters
may be designated to support expanded training activities  that permit bivouacs
more that 200 feet from cavity trees,  the use of M60 MG blanks, and  wheeled
vehicles more than 200 feet from cavity trees as long as soil erosion levels remain
within tolerance limits (Appendix A, pg. 18).
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3 Impact Analysis

The longleaf pine ecosystem of the southeastern Coastal Plain comprises important
habitats for a diversity of rare species of plants and animals.  Weakley (1989)
pointed out that approximately 600 species of North Carolina's flowering plants are
found primarily in longleaf pine communities.  Given the large number of species
dependent upon longleaf pine communities, this report cannot practically be a
definitive discussion of the impacts of the 1994 RCW Management Guidelines on
all species of concern which are found in these habitats.  Included in this discussion
are only those species that are known to occur on or may potentially occur on U.S.
Army installations subject to the Guidelines or their vicinities (USACERL 1994).
All of these species have co-evolved with fire-maintained longleaf pine communities
and are dependent on the periodic disturbance of fire to maintain their habitats and
enable them to complete their life cycles.  The species discussed here represent the
range of longleaf pine habitats likely to be encountered on the nine installations
subject to the Guidelines.  Also included are species which are found in closely
associated communities, such as pocosins, seepage bogs, drainages, and small
wetland depressions.  These species occur in the longleaf pine landscape and are
thus dependent on its management.  

The original list of species considered in this report was provided by the USFWS
(USACERL 1994).  Final lists were compiled through correspondence with natural
resources personnel at each of the installations, with natural heritage programs in
the respective states, Nature Conservancy state field offices, and with recognized
experts in the academic community.  A total of 66 animal species and subspecies
and 62 plant species, subspecies, and varieties were initially included in the
analysis.  

A number of species known from or potentially present on the installations did not
receive individual impact analysis (Tables 3 and 4).  Some species were not
considered for individual analysis because their habitat requirements placed them
outside of the longleaf pine ecosystem (e.g., West Indian manatee, Trichechus
manatus; stonecrops, Sedum spp.).  Such species, while potentially present on or
near one or more of the nine installations, are unlikely to be affected by RCW
management activities.  A number of additional species suggested as components
of the longleaf pine ecosystem were not considered because their geographic ranges
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Scientific Name Common Name Status1 Rationale

Amaranthus pumilus Seabeach amaranth PT Habitat:  coastal dunes

Arabis georgiana Georgia rock-cress C2 Habitat:  rocky limestone woodlands

Bumelia thornei Buckthorn C2 Habitat:  oak flatwoods, cypress pond borders

Calamintha ashei Ashe savory C1 Range:  endemic to Florida

Carex chapmanii Chapman's sedge C2 Habitat:  sandy hammocks, moist hardwood bottoms

Croomia pauciflora Croomia C2 Habitat:  rich wooded ravines and river bluffs

Echinacea laevigata Smooth coneflower LE Habitat:  hardwoods and meadows on basic soil

Hymenocallis coronaria Shoals spider-lily C2 Habitat:  rocky river shoals

Marshallia mohrii
Mohr's Barbara's
buttons LT Limited range

Nestronia umbellula Nestronia C2 Habitat:  hardwoods, some mixed hardwood/pine

Parthenium radfordii Wavyleaf wild quinine C2 Questionable taxon

Rhododendron
prunifolium Plumleaf azalea C2 Habitat:  moist soil in rich, wooded ravines

Scutellaria ocmulgee Ocmulgee skullcap C2 Habitat:  bluffs

Sedum nevii Nevius' stonecrop C2 Habitat:  limestone and shale outcrops

Sedum pusillum Granite rock stonecrop C2 Habitat:  granitic flatrocks

Trichostema spp. Blue curls C2 Habitat:  dunes and maritime forest openings

Trillium reliquum Relict trillium LE Habitat:  undisturbed mesic hardwoods

Xyris tennesseensis
Tennessee yellow-
eyed grass LE Habitat:  seeps and streams in hardwoods

1 Federal status:  LE = endangered; PT = proposed for federal listing as threatened; LT = threatened; C1 =
anticipated future proposal for listing’ C2 = candidate for federal listing as threatened or endangered.

Table 3.  Endangered, threatened, and candidate plant species which do not depend on the longleaf pine
ecosystem or which do not co-occur with the RCWs on installations subject to the Guidelines.

placed them outside of that covered by the Guidelines (e.g., Florida burrowing owl,
Athene cunicularia floridana).  Finally, some species were removed from further
consideration owing to the transitory nature of their presence on installations (e.g.,
Peregrine falcons, Falco peregrinus spp., see below).
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Table 4.  Endangered, threatened, and candidate animal species which do not depend on the longleaf pine
ecosystem or which do not co-occur with the RCWs on installations subject to the Guidelines.

Scientific Name Common Name Status1 Rationale

Mammals

Myotis austroriparius Southeastern myotis C2 Potentially affected (see text)

Myotis grisescens Gray bat LE Habitat: caves near open water

Myotis sodalis Indiana bat LE Limited range; habitat: caves

Plecotus rafinesquii Rafinesque's big-eared bat C2 Potentially affected (see text)

Trichechus manatus West Indian manatee LE Habitat: large coastal rivers

Ursus americanus luteolus Louisiana black bear LT Limited range; habitat

Birds

Athene cunicularia floridana Florida burrowing owl C2 Range

Dendroica kirtlandii Kirtland's warbler LE Limited range; transient during migration only

Charadrius melodus Piping plover LT Habitat:  coastal areas

Falco sparvarius paulus Southeastern American kestrel C2 Potentially affected (see text)

Falco peregrinus anatum American peregrine falcon LE Habitat:  cliff nesting; Transient only

Falco peregrinus tundrius Arctic peregrine falcon LT Habitat:  cliff nesting; Transient only

Haliaeetus leucocephalus Bald eagle LE Habitat (see text)

Laterallus jamaicensis Black rail C2 Habitat:  primarily coastal wetlands

Mycteria americana Wood stork LE Habitat:  primarily coastal wetlands

Sterna dougallii dougallii Roseate tern LE Habitat:  coastal and marine areas

Vermivora bachmanii Bachman's warbler LE Habitat:  bottomland hardwoods

Reptiles

Alligator mississippiensis American alligator LT Limited range; habitat

Caretta caretta Loggerhead sea turtle LT Habitat:  marine and coastal areas

Chelonia mydas Green sea turtle LT Habitat:  marine and coastal areas

Dermochelys coriacea Leatherback sea turtle LE Habitat:  marine and coastal areas

Eretmochelys imbricata Hawksbill sea turtle LE Habitat:  marine and coastal areas

Graptemys flavimaculata Yellow-blotched map turtle LT Limited range; habitat:  large river systems

Lepidochelys kempii Kemp's ridley sea turtle LE Habitat:  marine and coastal areas

Macroclemys temmincki Alligator snapping turtle C2 Limited range; habitat:  large river systems

Fishes

Acipenser brevirostrum Shortnose sturgeon LE Habitat:  large river systems and estuaries

Cyprinella caerulea Blue shiner LT Restricted range; habitat

Cyprinella callitaenia Bluestripe shiner C2 Restricted range
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Scientific Name Common Name Status1 Rationale

Cottus pygmaeus
Pygmy sculpin LT Restricted range

Elassoma boehlkei Carolina pygmy sunfish C2 Potentially affected (see text)

Insects

Gomphus parvidens carolinus Sandhills clubtail dragonfly C2 Habitat:  streams and stream margins

Problema bulenta Rare skipper C2 Habitat:  brackish water marshes

Speyeria diana Diana fritillary C2 Range:  Appalachian and Ozark Mountains

1 Federal status:  LE = endangered; LT = threatened; C2 = candidate for federal listing as threatened or endangered

Five sea turtles, two freshwater turtles, and the American alligator (Alligator
mississippiensis) are known from areas on or near several of the installations
subject to the Guidelines.  The marine and coastal habitats of the sea turtles are
unlikely to be affected by RCW management.  The remaining species are found in
wetlands associated with larger river systems.  With the exception of the potential
for discharge of erosional sediments in runoff from managed areas and improper use
or accidental spills of herbicides that may be used in hardwood control, few direct
or indirect affects of RCW management on these habitats are expected.

Two of the birds identified as occurring on or near the installations subject to the
Guidelines, piping plover (Charadrius melodus) and roseate tern (Sterna dougallii),
are primarily species of coastal and marine situations.  Similarly, the black rail
(Laterallus jamaicensis) and wood stork (Mycteria americana) are found primarily
in larger wetlands, either coastal marshes or wetlands associated with permanent
waters.  While any of these species may occur as transients in habitats on or near
the installations, they are unlikely to be directly affected by forest management for
RCWs.  Bachman's warbler (Vermivora bachmanii) is considered extirpated over
much of its former range.  It is known from dense, shrubby areas in bottomland
hardwood forests.  RCW management described in the Guidelines is not expected
to directly affect these habitats.

Individual Species Accounts

Species Stewardship Summaries

Individual Species Stewardship Summaries were prepared for 16 animals and 31
plants (Tables 5 and 6).  The individual species accounts found in Appendix B
(provided on attached diskette) organize and summarize information from
numerous sources including literature searches and interviews with researchers
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and managers actively working with the species or its habitat(s).  In some cases,
very little published information is available on a particular species and the
Stewardship Summary points out the gaps in the present state of our understand-
ing.  In each Summary, the individual species account is followed by a review of the
potential effects on the species from implementation of the RCW Management
Guidelines.  Where a species is fairly well known, the impact assessment generally
follows from the review of the available information on its ecology and management.

We point out that in many instances, published assumptions regarding habitat
selection by species have not been empirically tested and that, more generally,
knowledge concerning particular habitat requirements of many of the species
considered here remains a major limiting factor in their conservation.  This remains
particularly true of many southern ecosystems which remain either unstudied or
understudied, particularly in regard to many of the lower vertebrates and
invertebrates (Wilson 1994).  In the case of species for which reproductive biology,
ecology, and habitat requirements are poorly known, the impact analyses are only
approximations.  Often, particularly in the case of the plants, assumptions of a
positive or negative impact were made based on the likely outcome of a manage-
ment activity on a particular habitat type or community (e.g., streamhead pocosin)
upon which the species appears to depend, rather than on the species itself.  For
many species of animals and plants, precise knowledge of habitat requirements is
lacking and the effects of management practices must be correspondingly less
certain.  However, while there are inherent problems with the linking of species
requirements to discrete habitat types, it remains a useful planning tool (Wilson
1994).  In all cases, assessment of the potential effects of RCW management have
been conservative, that is, erring on the side of the species.  For a number of plant
species that were identified by the USFWS as potentially occurring on one or more
of the nine installations subject to the Guidelines, the available information,
published and unpublished, was so meager that no detailed stewardship summary
could be created.  These species are indicated in Table 6.  
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Species Name Common Name Status1

Mammals

Neotoma floridana floridana Eastern woodrat -

Sciurus niger niger Eastern fox squirrel -

Birds

Aimophila aestivalis Bachman's sparrow C2

Ammodramus henslowii Henslow's sparrow C2

Lanius ludovicianus Loggerhead shrike C2

Reptiles

Drymarchon corais couperi Eastern indigo snake LT

Gopherus polyphemus Gopher tortoise LT

Heterodon simus Southern hognose snake C2

Pituophis melanoleucus melanoleucus Northern pine snake C2

Pituophis melanoleucus mugitus Florida pine snake C2

Pituophis melanoleucus ruthveni Louisiana pine snake C2

Amphibians

Ambystoma cingulatum Flatwoods salamander C2

Hyla andersonii Pine barrens treefrog 3C

Rana capito aesopus Florida gopher frog C2

Rana capito capito Carolina gopher frog C2

Rana capito sevosa Dusky gopher frog C1

Insects

Agrotis buchholzi Buchholz's dart moth C2

Atrytone arogos arogos Arogos skipper C2

Neonympha mitchellii francisci Saint Francis's satyr LE

Spartiniphaga carterae Carter's noctuid moth C2

1 Federal status:  LE = endangered; C1 = anticipated future proposal for
listing; LT = threatened; C2 = candidate for federal listing as threatened or
endangered; 3C = more abundant than previously believed

Table 5.  Endangered, threatened, and candidate animal species known from or
potentially occurring on selected Army installations which may be affected by the
RCW Management Guidelines.
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Table 6.Endangered, threatened, and candidate plant species known or potentially occurring
on selected Army installations which may be affected by Army-wide RCW Management
Guidelines.

Species Name Common Name Status1

grimonia incisa Incised groovebur C2

Amorpha georgiana var. confusa Savanna indigo-bush C2

Amorpha georgiana var. georgiana Georgia indigo-bush C2

Astragalus michauxii Sandhills milkvetch C2

Balduina atropurpurea Purple balduina C2

Baptisia arachnifera* Hairy rattleweed LE

Campylopus carolinae* Savanna campylopus C2

Dionaea muscipula Venus flytrap C2

Eupatorium resinosum Pine barrens boneset C2

Fimbristylis perpusilla Dwarf fimbry C2

Kalmia cuneata White wicky C2

Lilium iridollae Panhandle lily C2

Lindera melissifolia Southern spicebush LE

Lindera subcoriacea Bog spicebush C2

Litsea aestivalis* Pondspice C2

Lobelia boykinii* Boykin's lobelia C2

Lysimachia asperulifolia Rough-leaf loosestrife LE

Macbridea caroliniana* Carolina bogmint C2

Myriophyllum laxum Loose watermilfoil C2

Oxypolis canbyi Canby's cowbane LE

Oxypolis ternata* Piedmont cowbane C2

Parnassia caroliniana Carolina grass-of-parnassus C2

Plantago sparsiflora Pineland plantain C2

Potamogeton confervoides Tuckerman's pondweed C2

Pteroglossaspis ecristata Eulophia C2

Pyxidanthera barbulata var. brevifolia Sandhills pyxie-moss C2

Rhexia aristosa* Awned meadowbeauty C2

Rhus michauxii Michaux's sumac LE

Rhynchospora crinipes Hairy-peduncled beak-rush C2

Rudbeckia heliopsidis* Sun-facing coneflower C2

Sarracenia rubra ssp wherryi Wherry's pitcher plant C2
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Species Name Common Name Status1

Schwalbea americana American chaffseed LE

Solidago pulchra Carolina goldenrod C2

Solidago verna Spring-flowering goldenrod C2

Sporobolus teretifolius Wireleaf dropseed C2

Stylisma pickeringii var. pickeringii Pickering's dawnflower C2

Thalictrum cooleyi Cooley's meadowrue LE

Tofieldia glabra Smooth false asphodel C2

Xyris scabrifolia Harper's yellow-eyed-grass C2

1 Federal status:  LE = endangered; C2 = candidate for federal listing as threatened or endangered.
* Indicates little or no stewardship information available/no stewardship summary has been prepared for Appendix
B.

The vegetation community types which we have used in our analysis do not
necessarily coincide with any standard classification scheme.  Rather, they were
selected as meaningful generalizations to facilitate discussion.  Because the types
discussed here are relatively arbitrary, they may mask some important natural
variation within broad types.  As with any discussion of this sort, there are sources
of error in predicting the effects of landscape alteration on specific species or suites
of species (Hamel 1982, Wilson 1994).  Because of gaps in the published literature,
impact grids are based on assumption and judgement.  This is represented in Tables
7 and 9 by a range of possible values which suggest the uncertainty in our current
state of understanding that is evidenced in the literature.  Given potential sources
of error, managers should use caution and their own judgement in developing
predictions about management effects from them.  However, we hope that
application and testing of the principles presented here will improve management
efforts and precision of predictions in the future.

Effects of RCW Management Guidelines on Animal Species

HMU Management Practices

Almost all of the animal species described in Appendix B may be adversely affected
by HMU management practices as described in the Guidelines.  As might be
expected, minimal impacts are expected to accrue to species which are found in
habitats (e.g., pocosins and bogs) that are not specifically used by RCWs, but which
HMU boundaries are likely to overlap (e.g., pine barrens treefrog, eastern woodrat).
Other species which require the open, park-like longleaf pine stands which the
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Guidelines attempt to create may benefit or be unaffected by many of the HMU
management prescriptions (e.g., Bachman's sparrow, fox squirrel) (Table 7).

Cavity Tree Protection.   Protection of RCW cavity trees during prescribed burning,
midstory control, and other activities is an important component of RCW recovery.
The guidelines are not specific about the measures which may be employed in these
activities, but they typically involve brush clearing and raking fuel from the base
of cluster trees.  To the degree that small areas of open sand are made available,
without jeopardizing the integrity of herbaceous cover, species which require open
sandy micro-habitats, such as the three snakes considered here, may benefit from
this activity.  Other species, such as the flatwoods salamander, gopher frog, and
gopher tortoise, which require intact herbaceous layers for cover, may be adversely
affected.  The degree of adverse impact will depend upon the intensity of raking and
brush control practiced and the extent of subsidiary soil and root mat disturbance.
Still additional species, including Bachman's sparrow, may benefit from clearing
brush from potential nesting areas, as long as ground layer disturbance is
minimized.

Table 7.  Potential effects of RCW Management Guidelines on animal species known from or
potentially occurring on Army installations.

MANAGEMENT PRAC- INSECT AM HYAN RAC DRC GOP HE PIM AIA AMH LAL NEFL SCNI

HMU MANAGEMENT 3,2,1 3,2,1 2 3,2,1 3 3 3
3,2,

1 3,2,1 2,1 2,1 2 1

 Cavity tree protection 3,2,1 3,2,1 2 3,2,1 3 3
3,2,

1
3,2,

1 3,2,1 2,1 2,1 2 2,1

    Brush clearing 3,2,1 3 2 3 3 3 3
3,2,

1 3,2,1 2,1 2,1 2 2,1

    Fuel removal and raking 3,2,1 3 2 3 3 3 3
3,2,

1 3,2,1 2,1 2,1 2 2,1

 Midstory control 3,2,1 3,2,1 2,1 3,2,1 3,2,1 3,2,1
3,2,

1
3,2,

1 1 1 1 1 1

    Prescribed burning 1 3,2,1 1 1 1 1 1 1 1 1 1 1 1

      Three-year fire return 1 1 1 1 1 1 1 1 1 1 1 1 1

      Winter fire 3,2,1 3 3,2,1 3,2,1 3,2,1 3,2,1
3,2,

1
3,2,

1 3,2,1 3,2,1 1 2,1 2,1

      Growing season fire 3,2,1 1 1 1 3,2,1 1
3,2,

1
3,2,

1 3,2,1 1 1 3,2,1 1

    Fire management 3 3 3 3 3 3 3 3 3 3 2 3 3,2,1

      Berm construction 3 3 4 3 3 3 3,2 3,2 3,2 3 2 3 2

      Plowed fire lanes 4,3 4 4 4 4 4 4 4 3,2 3 2 3 3

      Back fires 3 3 3 3 3 3,2,1
3,2,

1
3,2,

1 3,2 3 2 3 2

      Natural fire breaks 1 1 1 1 1 1 1 1 1 1 2 1 1
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MANAGEMENT PRAC- INSECT AM HYAN RAC DRC GOP HE PIM AIA AMH LAL NEFL SCNI

    Mechanical control 3,2,1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,1
3,2,

1
3,2,

1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,1

    Chemical control 3,2,1 3 3 3 3,2,1 3,2,1
3,2,

1
3,2,

1 3,2,1 3,2,1 2,1 3,2,1 3,2,1

 Hardwood control 3,2,1 3,2,1 3,2,1 1 3,2,1 3,2,1
3,2,

1
3,2,

1 1 1 2,1 3,2,1 3

 Pine thinning 1 1 1 1 1 3,2,1
3,2,

1
3,2,

1 1 1 1 1 1

 Cavity tree retention 2 2 2 2 2 2 2 2 2 2 2 2 2,1

 Pine beetle control 3,2,1 2 2 3 2,1 2,1
3,2,

1
3,2,

1 2,1 2 2,1 2,1 2,1

EROSION CONTROL 1 1 1 1 1 1 1 1 1 1 1 1 1

LONGLEAF PINE REGEN-
ERATION

3,2,1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,
1

3,2,
1

3,2,1 3,2,1 3,2,1 3,2,1 3,2,1

RCW POPULATION AUG-
MENTATION

2 2 2 2 2 2 2 2 2 2 2 2 2

   Cavity management 2 2 2 2 2 2 2 2 2 2 2 2 2

   Cavity closure 2 2 2 2 2 2 2 2 2 2 2 2 3,2

EXTRACTIVE LAND USES 3 3 3 3 3 3 3 3 3 3 3 3 3

   Pine straw raking 4 4 3,2 4 3 3 3,2 3,2 3 3 2 2 3,2

   Timber harvest 3 3 3 3 3 3 3 3 3 3 3 3 3

      Lengthened rotations 1 1 2,1 1 1 1 1 1 1 1 1 1 1

      Patch creation 1 1 2,1 1 1 1 1 1 1 1 1 1 1

      Stand conversion 3,2,1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,
1

3,2,
1

3,2,1 3,2,1 3,2,1 3,2,1 3,2,1

TRAINING
RESTRICTIONS

3,2,1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,1 3,2,
1

3,2,
1

3,2,1 3,2,1 3,2,1 3,2,1 3,2,1

   Impact/Danger areas 2 2 2 2 2 2 2 2 2 2 2 2 2

   Bivouac restrictions 1 1 2,1 1 1 1 1 1 1 1 1 1 1

   Digging restrictions 1 1 1 1 1 1 1 1 1 1 1 1 1

   Smoke/Gas/Incendiaries 2 2 2 2 2 2 2 2 2 2 2 2 1

   Small arms firing 2 2 2 2 2 2 2 2 2 2 2 2 1

   On-road vehicular traffic 1 1 1 1 1 1 1 1 1 1 1 1 1

   Off-road vehicular traffic 3 3 3 3 3 3 3 3 3 3 3 3 3

EXPANDED TRAINING
GUIDELINES

3 3 3 3 3 3 3 3 3 3 3 3 3
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MANAGEMENT PRAC- INSECT AM HYAN RAC DRC GOP HE PIM AIA AMH LAL NEFL SCNI

LEGEND:
AMCI = Ambystoma cingulatum, Flatwoods salamander
HYAN = Hyla andersonii, Pine barrens treefrog
RACA = Rana capito, Gopher frog
DRCC = Drymarchon corais couperi, Eastern indigo snake
GOPO = Gopherus polyphemus, Gopher tortoise
HESI = Heterodon simus, Southern hognose snake
PIME = Pituophis melanoleucus, Pine snake
AIAE = Aimophila aestivalis, Bachman's sparrow
AMHE = Ammodramus henslowii, Henslow's sparrow
LALU = Lanius ludovicianus, Loggerhead shrike
NEFL = Neotoma floridana floridana, Eastern woodrat
SCNI = Sciurus niger niger, Eastern fox squirrel

Management effects:1 = beneficial effect; 2 = no effect; 3 = may adversely affect; 4 = adverse effect

NOTE:  Refer to Chapter 2 for detailed discussion of the listed management practices.  Expected effects of management practices
are estimates made by the authors based on the species which occur in each habitat.  Estimates are expected to be refined by the
experience of those working in the field.

Midstory Control.   Reduction of hardwood and pine midstory is likely to have very
mixed impacts on populations of other non-target animals (Table 7).  The Guidelines
emphasize the use of prescribed fire to control midstory in most instances.  With few
exceptions, species which occur in longleaf pine communities are fire-adapted and
may benefit from a regime of growing season prescribed fire, practiced at intervals
(ca. 3 yr in most situations) which mimic natural conditions.  The exact timing of
fires that may be most beneficial for particular species vary and the relative effects
of growing season versus winter burns may not be fully understood for many
communities.  For example, pine barrens treefrogs inhabit shrubby pocosins, a
community type for which natural fire regimes remain poorly researched.  Evidence
suggests fire returns in excess of 5 to 10 years.  In addition, treefrogs are known to
disperse considerable distances from the centers of pocosins and may be found in
the adjacent ecotones and often in adjacent uplands.  In fire suppressed areas, litter
accumulation at the pocosin edge may be substantial and fires, when re-introduced,
can burn very hot in these areas.  Care must be taken to reduce fuel loads gradually
and to avoid burning when treefrogs are likely to be dispersing from breeding ponds.
Similar proscriptions should be observed to avoid killing species, including
flatwoods salamanders and gopher frogs, which seasonally disperse from temporary,
often ephemeral, breeding ponds found embedded within more xeric surrounding
habitats.

As with the amphibians, use of fire in the management of insects should proceed
with caution.  While all of the insects considered here are strongly associated with
fire, they have varying levels of tolerance to fires at different times of the year.
Some of the species are not able to survive fires at any time of the year and instead
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must rely on refugia and recolonization of burned areas from other populations.
Many adverse impacts of prescribed fire are due to asynchrony between insect
phenologies and the timing of management activities.  For example, pre-pupal
larvae of Buchholz's dart moth may be less vulnerable to winter burns because they
hibernate under the soil and are somewhat protected from the heat of the fire.
Larvae may be destroyed during growing season burns because they are then
typically found on the host plant, Pyxidanthera, during the summer.  However,
summer ground fires may only burn the edges of pyxie-moss mats, and may leave
the center of the mats intact where the moths may be able to survive the fires.
While it seems as though winter burns may be better for the dart moth, winter
burns may cause more damage to the pyxie-moss and reduce necessary host plant
availability.   Impacts of prescribed burns on adult dart moths are unknown. 

In addition to these considerations regarding fire timing and intensity, issues of fire
management activities are not adequately described in the Guidelines.  As described
below (see Chapter 4, Prescribed Burning), placement of fire control structures and
use of fire plows can have particularly adverse effects on herbaceous plants, soil
integrity, and local hydrology.  Fire management practices may have potentially
adverse effects on all species considered here.  With the exception of the use of
natural landscape features as fire breaks, all mechanical means of controlling fires,
if improperly placed (e.g., within wetlands or counter to the prevailing topography)
can disrupt drainage patterns, increase soil erosion, and disturb sensitive habitats
(e.g., gopher tortoise burrows, hillside seepage bogs).  Similarly, use of back fires,
which can burn very hot and may destroy sensitive wetland soils if allowed to burn
during dry periods, may have severe short and long-term adverse effects on some
species and habitats.  Some guidelines for fire management within HMUs are
provided in Chapter 4.

When dense midstory vegetation cannot practically be controlled with fire, the
Guidelines permit the use of chemical and mechanical control measures.  No
guidance is provided regarding the methods appropriate within clusters and HMUs.
Ancillary impacts on other species will likely depend on the intensity of the
management procedure used.  For example, roller chopping to control hardwood
encroachment into pine flatwoods is likely to have severe adverse effects on most
amphibians and reptiles, including gopher tortoise burrow systems.  Use of chain
saws, on the other hand, is likely to have considerably less direct impact on
sensitive species.  Similarly, use of herbicides that are poorly targeted or used in
inappropriate areas (e.g., in or near wetlands where spills can have ramifying
effects on adjacent areas) can have severe adverse impacts over unexpectedly large
areas.
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Hardwood Control, Pine Thinning, and Pine Beetle Control.   Potential adverse
effects of hardwood control prescriptions are discussed in detail in Chapter 4.
Adverse effects are primarily associated with the loss of hard mast and cavity-
producing hardwood canopy trees and reduction in soft mast-producing midstory
and shrub vegetation.  As with midstory control and prescribed fire, to the extent
that HMU management attempts to create open, park-like stands of mature
longleaf pine, many species may benefit from reduced pine stocking, pine thinning
to reduce pine beetle threat, and reduction of hardwood overstory (Table 7).
Potential negative effects on several of the reptiles and amphibians may accrue
from the use of heavy equipment in sensitive areas, such as highly erodible soils on
steep slopes, or from clearing operations which do not preserve intact ground layer
vegetation and root mats (particularly wiregrass root systems).  With the exception
of concerns for mast and cavity dependent species, most adverse impacts of
overstory and understory thinning may be minimized using best management
practices and flagging sensitive areas during management operations.

Extractive Land Uses and Longleaf Pine Regeneration

As with many of the other management activities discussed previously, the degree
of any adverse effects on non-target animals in silvicultural and pine straw harvest
operations will depend greatly on the management practices adopted (Table 7).
Pine straw harvest, with its high potential for disturbing herbaceous vegetation,
wiregrass root mats, and soil integrity, is expected to have adverse impacts on most
species or their habitats.  Use of even-aged logging and intensive site preparation
to regenerate longleaf pine stands are likely to have very severe adverse impacts on
most ground layer vegetation and ground-dwelling animals.  Adoption of uneven-
aged silviculture and reliance on prescribed fire for site preparation are discussed
in Chapter 4.  Timber harvest which emphasizes extended rotations and small
group or single-tree selection cutting can be effectively used to restore natural, old
growth-like conditions in second growth stands.  To the extent that these activities
create the habitats required by non-target species, and employ management
practices which minimize disturbance to ground layer vegetation, soils, and local
hydrology, they may benefit most species considered here (discussed in Chapter 4).
However, timber harvest which employs clearcutting, mechanical site preparation,
and inappropriate stand rotations, is likely to adversely effect herbaceous ground
layers and soils, disturb wetland hydroperiods, and fragment forest habitats upon
which these species depend.
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Training Restrictions

The Guidelines place several restrictions on military training that will benefit most
species found in HMUs, such as limiting mounted training, restricting the cutting
of vegetation and soil disturbances, and keeping wheeled traffic on existing roads.
However, these restrictions apply only to areas within RCW clusters.  While
restrictions in RCW clusters may benefit some species, benefits will accrue only in
those places where their populations overlap with RCW clusters.  On-road vehicular
traffic may have indirect adverse effects on some species as a result of road
maintenance operations (see below), but off-road traffic, even limited to vehicles less
than 5 tons, may significantly damage sensitive wetland and temporary pond
habitats.  Expanded training activities within HMUs may adversely affect animal
populations through increased trampling, soil compaction, soil erosion, and outright
destruction of habitats.  

Effects of RCW Management Guidelines on Plant Communities

Unlike many of the animals, detailed autecological information is available for very
few of the plant species considered here.  In most cases, determination of potential
impacts of management practices were derived from studies of the ecological
relationships which structure the communities in which they are found (e.g.,
Christensen 1981, Walker and Peet 1983), from synecological studies (e.g., Platt et
al. 1988), and from animal studies in similar systems (e.g., Vickers et al. 1985).  

Table 8 categorizes the plant species by broad community types.  It can readily be
seen that few species have been described from only one community type and that
most occur in several.  Over 60 percent of the listed species are either obligate or
facultative hydrophytes and almost 80 percent tend to be found in the ecotonal
situations between communities, particularly along wetland edges.  This distribu-
tion of species has important implications for management activities which may
disrupt local hydrological processes and for the placement of prescribed fire control
lines which has often been done along the edges of wetlands to "protect" them from
the burn.

Table 9 presents a summary of the potential effects of the major provisions of the
RCW Management Guidelines on four broad community types.  The division of the
longleaf pine landscape into four community types was done based roughly on easily
conceptualized physiognomic differences, general floristic composition, and
landscape/hydrologic position.  Our aim was to present the very broad outline of the
potential impacts of RCW management practices, as described in the Guidelines,
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that can be supported by the literature and the experience of field biologists and
managers.  That these estimates, and those found in Appendix B, are only rough
approximations in most cases, should suggest a high degree of caution in the choice
of appropriate management procedures.
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Table 8. Habitats of endangered, threatened, candidate, and other plant species known from or potentially
occurring on selected Army installations subject to RCW Management Guidelines.

Species Federal
Status1

NWI Class2 Pocosin or
Bog

Ecotone/
Other3

Wet/Mesic Sa-
vanna

Flatwood4 Pine - Oak Xeric Sand-
hill

Agrimonia incisa C2 NL T

Amorpha georgiana var. confusa C2 FACW T

Amorpha georgiana var. georgiana C2 FACW T R,S,D T M

Astragalus michauxii C2 NL T T

Balduina atropurpurea C2 FACW T H T W

Baptisia arachnifera E NL M,D T

Campylopus carolinae C2 NL T T

Dionaea muscipula C2 FACW S,P,M,D T W

Eupatorium resinosum C2 OBL T P.S T

Fimbristylis perpusilla C2 FACW B,M

Kalmia cuneata C2 FACW+ S,M

Lilium iridollae C2 NL T S,P,R T W

Lindera melissifolia E OBL M

Lindera subcoriacea C2 OBL T S

Litsea aestivalis C2 OBL M,H T

Lobelia boykinii C2 OBL T H T W

Lysimachia asperulifolia E OBL T S,P T W T

Macbridea caroliniana C2 OBL T H

Myriophyllum laxum C2 NL A

Oxypolis canbyi E OBL T H,M T

Oxypolis ternata C2 OBL T P,S,D T W

Parnassia caroliniana C2 OBL T S,P,R,D T W

Plantago sparsiflora C2 OBL T W

Potamogeton confervoides C2 OBL A

Pteroglossaspis ecristata C2 NL S,D T M,D T T

Pyxidanthera barbulata var. brevifolia C2 NL T T

Rhexia aristosa C2 OBL H,M,D T

Rhus michauxii E NL D T

Rhynchospora crinipes C2 OBL B

Rudbeckia heliopsidis C2 NL T R M

Sarracenia rubra ssp wherryi C2 NL T S T

Schwalbea americana E FAC P,S T M,D T

Solidago pulchra C2 NL P T W,M

Solidago verna C2 OBL S,R,D W

Sporobolus teretifolius C2 FACW T

Stylisma pickeringii var. pickeringii C2 NL D T
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Species Federal
Status1

NWI Class2 Pocosin or
Bog

Ecotone/
Other3

Wet/Mesic Sa-
vanna

Flatwood4 Pine - Oak Xeric Sand-
hill

Thalictrum cooleyi E FACW+ T H,R,D T

Tofieldia glabra C2 FACW S,P T W

Xyris scabrifolia C2 OBL T S,P

1 Federal status
  E  = endangered; C2 = candidate for federal listing as threatened or endangered

2 NWI Class: National Wetland Indicator
  OBL = Obligate Wetland = occurs with estimated 99% probability in wetlands
  FACW = Facultative Wetland = estimated 67%-99% probability of occurrence in wetlands
  FAC = Facultative = equally likely to occur in wetlands and non-wetlands (34%-66% probability)

  Positive sign (+) indicates a frequency toward the higher end of a category (more frequently found in wetlands), and a negative sign (-) indicates a
frequency toward the lower end       of a category (less frequently found in wetlands).

  After:  Reed, P.B. Jr. 1988. National list of plant species that occur in wetlands: Southeast (Region 2). Biol. Rept. 88(26.2). National Wetlands
Inventory, U.S. Fish and Wildl.     Serv., Washington, DC.

3 Ecotone classes:
  R = between mesic savanna/flatwood terraces and rivers or bottomland/floodplain forests or hardwood swamp
  M = margins of ponds, shallow depressions, sinks, or Carolina Bays in pinelands
  S = between stream head pocosins, sandhill seeps, or seepage slopes and pine-oak woodlands
  P = between pocosins or seepage areas and mesic savannas or flatwoods
  D = disturbed areas - firebreaks, power line right-of-ways, mowed roadsides, ditches, cleared areas, etc.

  Other habitat classes:
  A = aquatic - found in ponds, lakes, backwaters, impoundments, pools in bogs/peatlands, etc.
  B = silty stream banks
  H = hardwood swamps, cypress-pine swamps, cypress ponds, or small stream swamps

4 Flatwood types:
W = wet 
M = mesic 
D = dry
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Table 9.  Summary of the potential effects of the RCW Management Guidelines on plant community
types

Management Practice Pocosin 
 Savanna/

Bog
 Flatwoods

Pine-Oak Woodland/
Xeric Sandhill

HMU MANAGEMENT

Cavity tree protection 3,2 3,2 3,2 3,2

Brush clearing 3,2 3,2,1 4,3 3,2,1

Fuel removal and raking 3,2 4,3 4,3 4,3

Midstory control 4 3,2,1 3,2,1 3,2,1

Prescribed burning 3,1 1 / 3,2,1 1 1

Three-year fire return 4 1 / 3,2,1 1 1 / 4,3

Winter fire 3,2 3,2 3,2 3,2

Growing season fire 1 1 1 1

Fire management 3 3 3 3,2

Berm construction 4,3 4,3 4,3 3

Plowed fire lanes 4,3 4,3 4,3 3

Back fires 3 3 3 3

Natural fire breaks 1 1 1 1

Mechanical control 4 3,2,1 3,2,1 3,2,1

Chemical control 4,3,2 3,2,1 3,2,1 3,2,1

Hardwood control 4 3,2,1 3 3,2,1

Pine thinning 3,2 3,2,1 3,2,1 3,2,1

Cavity tree retention 2 2 2 2

Pine beetle control 2 2 2 2

Thinning 3,2 3,2,1 3,2,1 3,2,1

Pheromones 2 2 2 2

EROSION CONTROL 1 1 1 1

LONGLEAF PINE REGENERA-
TION 4,3 3,2,1/4,2 3,2,1 3,2,1

RCW POPULATION
AUGMENTATION 2 2 2 2

Cavity construction 2 2 2 2

Cavity restriction 2 2 2 2

Cavity closure 2 2 2 2

EXTRACTIVE LAND USES 2 4,3 4,3 4,3

Pine straw raking 2 4 4 4

Timber harvest 2 3 / 2 3 3
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Management Practice Pocosin 
 Savanna/

Bog
 Flatwoods

Pine-Oak Woodland/
Xeric Sandhill

Lengthened rotations 2 1 1 1

Patch creation 2 1 1 1

Stand conversion 2 3,2,1 3,2,1 3,2,1

TRAINING RESTRICTIONS 1 1 1 1

Impact/Danger areas 2 2 2 2

Bivouac restrictions 1 1 1 1

Digging restrictions 1 1 1 1

Smoke/Gas/Incendiaries 2 2 2 2

Small arms firing 2 2 2 2

On-road vehicular traffic 1 1 1 1

Off-road vehicular traffic 3 3 3 3

EXPANDED TRAINING GUIDE-
LINES 3 3 3 3

LEGEND:  1 = beneficial effect; 2 = no effect; 3 = possible adverse effects; 4 = adverse effects / = impacts
on habitat types are different

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects of
management practices are estimates made by the authors based on the species which occur in each
habitat.Estimates are expected to be refined by the experience of those working in the field.

HMU Management Practices

Cavity Tree Protection.   Brush clearing and fuel removal within the 50 ft buffer
area around cavity trees is likely to affect only a minimal portion of the larger
HMU.  Because savanna plant species generally benefit from opening the midstory,
brush clearing around cavity trees may be beneficial to these species (Table 9).
However, depending on the intensity and methods employed, clearing activities
(e.g., fuel raking) can have deleterious effects on small herbaceous species,
particularly those that are found in restricted areas and isolated populations.
Excessive trampling by work crews, especially in less stable moist areas like the
pine savanna-pocosin ecotone, or other habitat disturbance resulting from brush
clearing and fuel removal, can crush plants, destroy root mats, and exacerbate soil
erosion.  

Midstory Control.   Prescribed burning to control midstory encroachment into
cluster sites is likely to have mixed effects in the different community types (Table
9).  The nature of those effects will vary depending on natural fire return intervals,
length of fire suppression, and timing of the burn.  In general, winter burns should
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only be used to reduce high fuel loads in areas where fire has been restricted.
Following fuel reduction, a regular program of growing season burns are recom-
mended because they are more likely to mimic natural burning regimes.  Frequent
growing season burns are likely to have beneficial effects on species in most
communities.  Prescribed burning in savannas, flatwoods, and in the ecotones
between these areas and drier community types, provides an open-canopied habitat,
free (for at least several years following a burn) of a dense, competing shrub layer.
It may be that many populations of Kalmia cuneata (white wicky) have died off in
the last several decades due to fire suppression and the subsequent shading and
loss of habitat.  Fire suppression over most of white wicky's range for the last
several decades has allowed potential habitats to become overgrown by taller,
coarser shrubs.  In the case of Lysimachia asperulifolia, an endangered species
known from an array of wetland habitats, maintenance of vigorous, sexually and
asexually reproducing occurrences appear to require regular growing season fires.
Research indicates that burning every two years may be optimal (Appendix B).

Most pocosin species are fire-adapted.  However, because natural fire return
intervals for pocosin habitats are significantly longer (from 15 to 30 years in some
studies) than the three year interval recommended by the management guidelines,
a three year fire interval is likely to be harmful.  Caution should be used when
returning fire to severely fire-suppressed pocosin or bog ecotones.  Such areas lack
finer fuels which help to carry fires and hot, very destructive fires are sometimes
necessary to kill back the invasive shrub layer.  This kind of fire may have severe
adverse effects on species such as Lindera subcoriacea and Kalmia cuneata often
found in ecotonal situations.  

As a general rule, prescribed fire is highly desirable for most savanna, flatwood, and
bog species because it maintains an open habitat free of woody species which shade
and compete with the herbaceous and graminoid ground cover.  Fires at one to three
year intervals are recommended for most savanna species.  Optimal fire returns in
bog habitats are poorly known and may be as short as one to three years (in pitcher
plant bogs) or longer than 10 years.  Fires at three to five year intervals are
recommended for most flatwoods species.  Because winter fires are often not
sufficient to prevent the invasion of woody species, growing season burns are
recommended for these habitats.  Also, flowering and seed set are often timed to
growing season fires in these systems.  Most species in pine-oak woodlands and
xeric sandhills are also fire-adapted, although little is known about the frequency
of naturally occurring fires in these habitats.  Prescribed fire at three to five year
intervals is usually recommended to maintain the open understory of the wiregrass
dominated pine-scrub oak woodlands.  Natural fire returns for xeric scrub sandhills
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are believed to be longer, from 10 to 25 years in some instances, so that enforcement
of three year fire intervals may be detrimental. 

In all cases, prescribed burning not timed to the reproductive cycle of a particular
species could prevent or reduce its reproductive success.  For example, areas
supporting Lysimachia should not be burned repeatedly during the flowering and
fruiting months (mid-May to mid-June and July to October, respectively).  Planning
of burns which do not adjust to the presence of sensitive plant populations can have
adverse effects on community structure, as well as species survival.  

Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire in all habitats, since use of natural breaks
more closely mimics natural ecosystem processes.  Digging of fire lines to suppress
wildfires could physically impact the rare plant species or cause damage to the
topography and hydrologic patterns of wetland habitats.  For example, the savanna-
pocosin ecotones where Solidago pulchra is often found are often targeted for the
placement of fire lines.  This zone is also perhaps the most vulnerable to fire line
disturbance, since it harbors a highly diverse herbaceous layer within a narrow
band on the circumference of the pocosin.

Hardwood Control and Pine Thinning.   Potential adverse effects of hardwood
control prescriptions are discussed in Chapter 4.  To the extent that HMU
management attempts to create open, park-like stands of mature longleaf pine,
many species may benefit from reduced pine stocking and reduction of hardwood
overstory (Table 9).  Potential negative effects to herbaceous layer plant species may
result from the use of heavy equipment in sensitive areas, such as highly erodible
soils on steep slopes, or from clearing operations which do not preserve intact
ground layer vegetation and root mats (particularly wiregrass root systems).  All
mechanical methods for control and thinning can compact the soil, alter hydrology,
and destroy shrubs and ground cover vegetation.  Chemical control measures should
be avoided, particularly in wetlands and wetland ecotones, because of the potential
mobility of herbicide chemicals in wet habitats.  Most adverse impacts of overstory
and understory thinning may be minimized using conservative practices and
flagging sensitive areas prior to management operations.

Extractive Land Uses and Longleaf Pine Regeneration

Re-establishment of longleaf pine and the regeneration of existing long-leaf pine
stands have the potential to increase available sites for the species adapted to these
habitats.  Regeneration of existing longleaf pine stands should use natural means
in order to avoid high-impact artificial methods.  Site preparation should employ
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fire where possible, and mechanical methods such as discing, chopping, and
especially bedding should be avoided.  Forestry operations should be prohibited
within a minimum of 100 ft from wetland margins.

Pine straw raking has been shown to destroy ground-layer vegetation and longleaf
pine seedlings and to cause or exacerbate erosion problems.  Plants can be directly
damaged or destroyed by tractors pulling harrows to rake the pinestraw.  Removal
of natural vegetative cover can promote the invasion of weedy species and
contribute to the degradation of wetlands through siltation and chemical runoff.
Site preparation for harvest often includes spraying of potentially harmful
herbicides.  In the long-term, removal of pine straw fuels may also alter fire
regimes, actually preventing even a low intensity fire from occurring in some cases,
and therefore negatively affect fire-dependent species.  

Merchantable timber does not normally grow in wetter habitats, including pocosin,
bog, and pond pine flatwoods, so species in these habitats should not be directly
affected by timber extraction.  A buffer zone (100 ft) between the ecotones of these
habitats and forestry operations should be observed:  The heavy machinery used to
harvest trees in adjacent habitats can negatively impact distant hydrology. 

Timber harvest which shifts forest stands toward longer rotations and replaces off-
site pines and hardwoods with longleaf pine should help restore natural fire and
nutrient dynamics in flatwoods and pine-hardwood stands.  But the use of heavy
machinery for timber extraction could destroy plant populations, compact the soil,
exacerbate erosion, and alter the hydrology of wet habitats.  As described below
(Chapter 4, Extractive Land Uses), timber management that employs indefinite
rotations, group selection and shelterwood methods, and natural regeneration,
should minimize many of the adverse effects possible in timber harvest.  In general,
best management practices should be used to avoid the negative impacts of forestry
operations, and all activities should be avoided within 100 feet of embedded
wetlands.

Training Restrictions

Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit all plants.  Vehicular activities,
road maintenance, and road expansions can threaten nearby plant populations.
Roadside rights-of-way in mesic areas are essentially artificially maintained, open
wet savannas.  Mowing which is not restricted to the dormant period of the
vegetation may interfere with reproductive cycles.  Road maintenance, such as
ditching and scraping, and road widening could physically impact rare species
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which may become established in wetland habitats at roadside sites (e.g., Dionaea
muscipula, Tofieldia glabra).  Vehicular traffic on roadways should be monitored to
prevent these threats. 

Off-road traffic should be prohibited as it is highly deleterious to ground cover, soil
structure, and hydrologic patterns.  Many of the bog, savanna, and wet ecotonal
species are shallow rooted and are susceptible to drying from surface ditches caused
by vehicle tires.  Where off-road traffic is unavoidable, it should be prohibited from
within 100 ft of sensitive plant populations and wetland boundaries.

Additional Elements of Concern

One of the objectives of this project was the development of integrated management
strategies for threatened, endangered and candidate species associated with RCWs
which will ultimately provide for an ecosystem oriented approach to species
management.  With this view in mind, several additional species and species groups
should be addressed in any assessment of management options in the longleaf pine
ecosystem.

Wiregrass (Aristida stricta)

Wiregrass is recognized as the characteristic ground cover species of the longleaf
pine ecosystem.  Along with pine needle litter, it is the primary fuel for the frequent
fires which historically maintained these communities.  Wiregrass habitats are
floristically rich and contain numerous low-growing herbs and shrubs (Walker and
Peet 1983, Clewell 1989).  It is found across the landscape, from the driest sandhills
under turkey oak (Quercus laevis) to seasonally wet flatwoods and bogs.  Thus,
wiregrass substantially affects the structure and composition of the ecosystem.
Management programs for RCW which aim at the overall protection of the longleaf
pine ecosystem must consider the potential impacts on this keystone species.

Clewell (1989) suggested that the longleaf pine-wiregrass ecosystem is somewhat
forgiving of disturbance and that it can be restored with proper management as
long as wiregrass ground cover is maintained.  However, once that is destroyed by
clearing for development, plowing for agriculture, or site preparation in forestry,
wiregrass seldom recolonizes because of its negligible reproductive capacity (Clewell
1989).  Summer burning may be the only means of producing adequate wiregrass
seed to potentially repopulate former habitats.  When wiregrass is lost many of the
characteristic species of the ground layer are lost as well (Noss 1989).
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RCW management prescriptions can be used to promote the stewardship and
recovery of wiregrass within HMUs.  Restoration of periodic growing season fire,
hardwood midstory control, and lengthened rotations in forestry operations are
likely to positively affect wiregrass populations.  However, use of mechanical site
preparation, artificial fire breaks in management of prescribed fires, and pine straw
raking have the potential to increase soil disturbance, promote soil erosion, and
disturb or destroy wiregrass root mats.  Brush and litter clearing around RCW
cavity trees to protect them during prescribed fires may also damage wiregrass
roots.

Management and use of lands which support established wiregrass ground cover
should be limited to activities that foster the persistence of wiregrass as a dominant
species (Clewell 1989).  Such a policy does not preclude extractive timber harvest
or training, but it should discourage pine straw harvest in many areas.  Tree
harvesting and planting activities should minimize impacts to wiregrass and other
ground-layer species.  Natural regeneration of longleaf pine in managed stands
should effectively eliminate site preparation in most cases.  Summer burning should
help to encourage seed production and reduce shrub competition.  Management to
perpetuate wiregrass populations and protect their integrity should be extended to
all areas within HMUs.

Fox Squirrel (Sciurus niger)

The ultimate goal of management for RCW on Army installations should be the
maintenance of the longleaf pine ecosystem upon which the species depends.  By its
adaptations for feeding on the large cones of longleaf pine and for moving across
broad savanna openings, the fox squirrel is particularly representative of old growth
longleaf pine communities and appears to play an important role in the natural
regeneration of longleaf pine stands by spreading the spores of mycorrhizal fungi
(P. Weigl, pers. comm.).  In addition, high quality habitat for eastern fox squirrel
is characterized as longleaf pine-turkey oak sandhills, with large areas of mature
longleaf pine forest forming a mosaic with other pine forest, mixed pine-hardwood
forest, and mature bottomlands with numerous mast-producing trees.  Because of
its large size, and consequent large home range, and its dependence on mature
forest stands, the fox squirrel integrates the needs of many other plants and
animals dependent on this shrinking resource.  Finally, recent information indicates
that fox squirrel numbers are declining over much of its range, apparently due in
part to habitat loss and degradation which has led to competition with more
numerous, and energetically more efficient, gray squirrels (Sciurus carolinensis).
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Despite the growing concern among many researchers over the status of the fox
squirrel in the Southeast, present population levels are not well known.  Decline of
fox squirrel numbers in the Southeast is intimately related to the status of the
remaining longleaf pine habitats upon which it depends.  While human modification
of the landscape has benefitted western fox squirrels (Weigl et al. 1989), eastern fox
squirrels have generally suffered.  Their large body size requires substantial food
supplies and large nesting cavities which are found in open stands of mature, mast-
producing trees.  When these forests are logged, the second growth woodland which
replaces these habitats, often with a dense understory, provides less of both key
resources and also places a large cursorial species like the fox squirrel at higher risk
of predation and at a competitive disadvantage to the smaller, more numerous gray
squirrels.  Persistence of fox squirrel populations depends on the preservation of
large tracts of remaining forest, restoration of disturbed forest, and provision of
habitat linkages to obviate fragmentation of squirrel populations.  

Competition and predation pressures on eastern fox squirrels increase as the
acreage of preferred mature pine-oak forest is reduced and fox squirrels are forced
into bottomland and successional forest, pine plantations, and developed areas.  In
addition, where large gray squirrel populations increase the prey base, sympatric
fox squirrels may suffer higher predation, which an animal with low reproductive
rates may not be able to support.  Consequently, as the fox squirrel is forced into
marginal habitats which favor other sciurids, they may be eliminated.

In general, management recommendations for RCW habitat would apply equally
well to the fox squirrel.  In particular, institution of a regime of growing season fires
on a 2 to 3 year rotation to control the hardwood midstory, maximize the regenera-
tion and growth of ground cover, and prepare a suitable seedbed for longleaf pine,
is important to the maintenance of fox squirrel habitat as well.  Reducing physical
impediments to burning, including roads and habitat fragmentation, would help
reduce the isolation of squirrel subpopulations.  Also, the use of uneven-aged timber
management with no rotation age, would help provide contiguous areas of foraging
habitat for both squirrels and woodpeckers.  

However, Weigl et al. (1989) point to a number of instances where woodpecker
management and fox squirrel management may conflict.  The primary difference
between the woodpecker and the fox squirrel lies in the provision of hardwood forest
habitats for the squirrel.  Eastern fox squirrels are highly adapted to and dependent
on limited food supplies, so that anything which diminishes the quantity or quality
of that habitat can have devastating effects.  Removal of all or most of the larger
oaks and hickories from among the older pine-oak stands would have significant
adverse effects on food supply and nest cavity availability for fox squirrels.  The low
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diversity and seasonality of resource availability typical of their habitat requires
large areas to support fox squirrel populations and reduce potential conflicts with
gray squirrels, which are better adapted to exploit hardwood forest and wetland
areas.

Other Mammals

The largest animals which may occur on installations which support RCW
populations are the Louisiana black bear and Florida panther.  Both are unlikely
to occur sympatrically with RCWs on the installations.  Historical accounts suggest
that black bears were common in longleaf pine areas, where they apparently fed on
berry-producing shrubs and hardwood mast (Rostlund 1960, Landers et al. 1990).
However, given the current restricted distribution of Louisiana black bears and
Florida panthers, they are unlikely to occur within ¾ mi of colony sites.  While RCW
management could negatively impact bears through reduced escape cover and hard
mast, in some instances where forest management sets back successional processes,
it could increase herbaceous forage and some soft mast production.  In general,
however, the direct impacts of RCW management on these species are expected to
be minimal.

Most bat species require a permanent water source (ponds, lakes, or slow-moving
streams) as foraging habitat.  Bats also use adjacent wooded bottomlands as
roosting habitat during foraging and to escape predation.  Gray bats (Myotis
grisescens) roost year-round in caves, with few exceptions (Hall and Wilson 1966,
Barbour and Davis 1969, Tuttle 1976).  However, forested floodplains and riparian
areas are important summer habitats for both the Indiana bat (M. sodalis)
(Humphrey et al. 1977, Brack 1989, Garner 1991) and the southeastern myotis (M.
austroriparius) (Barbour and Davis 1969, Soule 1992), and may be important for
Rafineque's big-eared bat (Plecotus rafenesquii) (Barbour and Davis 1969).  Garner
(1991) reported that Indiana bats make extensive use of upland forests as well.
Brack (1989) pointed out that, despite efforts to protect winter hibernacula and
riparian habitats in the summer range, Indiana bat populations continue to decline.
He suggested that protecting the riparian forests was inadequate and that
protection efforts must extend to the adjacent uplands.  Similar measures are
probably appropriate for other species.

The bat species considered here may be found during migration or during summer
maternity roosting in longleaf pine habitats, although they are more likely to be
found in bottomland or other riparian areas that provide suitable foraging habitat.
The RCW Guidelines are unlikely to directly affect any of these species.  However,
summer roosts should be identified and maintained in as natural a state as
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possible.  Retention of large snags, particularly hollow trees, both hardwood and
pine, should be practiced within 100 ft of wetland margins.  Firewood cutting should
be prohibited in wetland forest areas.

Raptors

Bald Eagle (Haliaeetus leucocephalus).   While found throughout the Southeast,
the Bald Eagle is generally a transient species on most of the installations subject
to the Guidelines.  Nesting sites are limited primarily to peninsular Florida and, to
a much lesser extent, coastal Louisiana, Mississippi, and South Carolina.  Nesting
habitat is generally associated with large, usually living, trees within two miles of
large bodies of open water.  Foraging habitat includes large bodies of water with
nearby trees for perching and roosting.  Foraging is almost always near estuaries,
lakes, large ponds, open marshes, larger rivers, and shorelines.  Such habitats may
abut RCW clusters, but are unlikely to be directly affected by RCW management
activities.  Protection of relict and older age-class trees, extended rotation ages, and
midstory control will maintain open stand conditions and mature trees for roosting
and nesting.

Eagles are known to have nested on Fort Stewart in 1993 and are known to occur
on Fort Benning, where a potential nest site was identified.  The site on Fort
Benning is located more than a mile from the nearest RCW cluster site and is
unlikely to be affected by RCW management activities (USACERL 1994).  If
monitoring confirms nesting at either location, controlled burns should be managed
to minimize the potential for invasive smoke interfering with breeding activity
during the late winter and spring.  Other potential disturbance could result from
human activity near roosts or nests incidental to RCW forest management.  

The Bald Eagle is a protected species and any activity which could potentially affect
it is subject to review under the Endangered Species Act.  A protection radius of
1500 ft is suggested around known nesting locations:  a primary zone of 330 ft
around the nest where all land use activities are prohibited; a secondary zone
extending an additional 660 ft where no significant habitat modification is allowed,
but where some human activity may be permitted; and a tertiary zone extending out
0.25 to 0.5 mi from the nest within which additional human activity may be
allowed, as long as such activities are not visible from the nest.  Similar protection
zones of up to 0.25 mi are recommended for wintering and summer roosts in
exposed situations, 330 ft where roosts are effectively screened (Green 1985, Hall
and LeGrand 1989a).
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Peregrine Falcon (Falco peregrinus).   Peregrine falcons are uncommon migrants
and winter visitors over much of the Southeast.  Atlantic and Gulf Coastal areas
generally see more birds than interior areas (Chamberlain 1974, Hall and LeGrand
1989b).  Nests are almost always located on cliffs, with only a few records of nests
in cavities in large (70 to 90 ft) cypress and sycamore trees.  Nests are generally
located near open water.  It is unlikely that suitable nesting habitat will be found
in areas supporting RCWs.  The transient presence of this species makes it unlikely
to be substantially affected by forest management for the woodpecker.  Apart from
protection of individuals, little direct management of the species during migration
and wintering periods can be done.  To the extent that RCW management promotes
the creation of perching trees adjacent to open grassland areas (e.g., in open pine
savannas), it should favor transient birds.

Southeastern American Kestrel (Falco sparvarius paulus).   The American kestrel
is the smallest falcon in the United States and is a permanent resident throughout
the southeastern Coastal Plain (Potter et al. 1980).  Its primary habitat is large
open areas away from cultivated fields, often in open pine savannas and their
margins (Hamel et al. 1982).  They are cavity nesters, using either natural or man-
made cavities, and often appropriating woodpecker holes.  Cavities are found in
trees > 12 in. (30.5 cm) in diameter.  Kestrels hunt from perches and feed primarily
on large insects, small mammals and birds.  Their population status is uncertain
over most of the species range, but the reasons for its apparently declining numbers
are unknown (Hamel et al. 1982), although its insect diet may implicate agricul-
tural chemicals.  Forest management which restores open longleaf pine savanna
and flatwoods habitats, favors lengthened rotations, and preserves larger snags and
relict trees should favor this species.  Habitat goals for restoration and management
of RCW habitats should have positive effects on kestrel populations.

Neotropical Migrant Songbirds

Longleaf Pine Avian Communities.   The effects of red-cockaded woodpecker
management and longleaf pine restoration have been of special interest as they
affect various neotropical migrants that have been demonstrating marked and
widespread population declines (Holmes et al. 1986, Robbins et al. 1989).  In
particular, the elimination of hardwood midstory reduces vertical habitat structure,
apparently the primary factor influencing avian species diversity and abundance
(Johnston and Odum 1956, Noble and Hamilton 1976, Dickson and Segelquist 1979,
Johnson and Landers 1982).

However, while few studies of the avifauna of old growth southern pine forests exist
(Jackson 1988), Dickson (1991) suggested that pre-colonial longleaf pine forests
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supported a very diverse and abundant community of birds.  For example, mature
stands of natural longleaf pine are important habitat for breeding and wintering
birds on the Apalachicola National Forest (Labisky and Hovis 1987).  Fire-
maintained longleaf pine flatwoods support a high diversity of vertebrates,
including birds, due to the complex patterning of various community types within
the pine forest (Johnson and Landers 1982, Stout and Marion 1993).  Longleaf pine
forests support more bird species, but far fewer total individuals, per unit of area
than hardwood communities (Landers et al. 1990).  In general, during the winter,
summer-resident species migrate out of pine stands or expand their activity into
mesic hardwoods (Briggs et al. 1982, Landers et al. 1990).  Landers et al. (1990)
suggested that such shifts out of pine communities may have been less common
when larger acreages supported various post-fire stages of pine succession,
including communities which supplied abundant soft and hard mast.

Effects of Midstory Control.   Engstrom et al. (1984) monitored changes in the
avian community of a mature longleaf pine forest during 15 years of fire exclusion
and in a second longleaf stand that was fire-maintained.  Within five years of
exclusion, open habitat species (Eastern kingbird, loggerhead shrike, blue grossbeak
and Bachman's sparrow) were eliminated.  Within nine years, a dense shrub layer
was well-established and species such as yellow-breasted chat and prairie warbler
were lost.  After a subcanopy of sapling oak was established, there was an increase
in species associated with mesic woodlands (yellow-billed cuckoo, wood thrush, red-
eyed vireo, hooded warbler).  The ground-nesting and foraging guild of species, an
important component of the open longleaf forest, was the first group lost.  After 15
years, species richness was higher in the burned longleaf stand than in either the
unburned stand or in a nearby stand of mature hardwoods.

Wilson et al. (1995) explicitly addressed the effects of RCW management on
songbird communities on the Ouachita National Forest in Arkansas.  RCW cluster
site management included midstory and codominant pine and hardwood thinning,
followed by dormant-season prescribed fire every 3 yr.  Following cluster manage-
ment, stands were characterized by open midstories with dense ground covers of
slash, shrubs, vines, grasses and forbs.  Posttreatment breeding bird densities were
highest in twice-burned stands and lowest in control stands, while mean species
richness did not differ among treatments.

Pine-grassland species (brown-headed nuthatch, pine warbler, chipping sparrow,
and indigo bunting) were found in highest densities in burned areas.  The eastern
wood-pewee was most abundant in managed stands and was absent from control
plots.  The prairie warbler was most frequently found in thrice-burned stands.
Ground/shrub foraging species increased in all treatments relative to controls,
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whereas midstory foragers and nesters were less common in burned stands than in
controls.  Ground nesting birds were more abundant in control stands, while shrub-
and canopy-nesting birds were more abundant in burned stands.  

Midstory removal and burning reduced the densities of birds that require hardwood-
dominated habitats (ovenbird, whip-poor-will, black-and-white warbler), while
species associated with forest edges and neotropical migrants associated with early
successional or open forest habitats (eastern wood-pewee, chipping sparrow, indigo
bunting, prairie warbler) appeared to benefit from treatments.  Wilson et al. (1995)
cautioned that brown-headed cowbird appeared most frequently in the first two
seasons after a burn.  The influence of this nest parasite on breeding birds in the
southeastern coastal plain needs to be addressed.

Conclusions.   Control of midstory hardwoods and pines may cause the elimination
of certain forest birds from RCW cluster sites where they currently occur.  However,
neotropical migrant birds in the longleaf pine landscape tend to be species of
forested wetlands that are not typically burned (Pashley 1994) (Table 10).  Most of
these species are unlikely to be adversely affected by RCW management as long as
the habitats upon which they depend are undisturbed.  Many of the species found
in fire-suppressed longleaf stands (e.g., tufted titmouse, Carolina chickadee, blue-
gray gnatcatcher, hooded warbler, black-and-white warbler, and red-eyed vireo) are
species more typical of edges with or interiors of hardwood forests (Dickson 1981,
Conner et al. 1983).  
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Physiographic Area1

Species B1 B2 C1 D1 D2 Generalized Habitat

Cerulean warbler 
     (Dendroica cerulea) (?)2 (?) (?) (?) (?) Deciduous woods, riparian areas

Swainson's warbler
     (Limnothlypis swainsonii) +* ? O + - Swamps, bogs, stream bottoms

Prothonotary warbler
     (Protonotaria citrea) +* -* -* -* -* Wooded swamps

Wood thrush
     (Hylocichla mustelina) -* -* -* - -* Deciduous woodland

Northern prairie warbler
     (Dendroica discolor discolor) O -* -* -* (-*) Brushy pastures and low pines

Blue-winged warbler
     (Vermivora pinus) NP (-) (?) NP NP Woodland openings, undergrowth

Worm-eating warbler
     (Helmitheros vermivorous) + (?) (+*) O (?) Dry woods, undergrowth, ravines

Louisiana waterthrush
     (Seiurus motacilla) +* +* +* + (?) Brooks, ravines, wooded swamps

Hooded warbler
     (Wilsonia citrina) O + +* - + Woodland undergrowth, swamps

Acadian flycatcher
     (Empidonax virescens) +* -* +* - - Deciduous forest, ravines, swamps

Yellow-throated vireo
     (Vireo flavifrons) +* +* O - O Wood edges, brush, undergrowth

Yellow-billed cuckoo
     (Coccyzus americanus) O +* -* -* -* Woodlands, thickets

Eastern wood-pewee
     (Contopus virens) O O -* -* -* Woodlands, groves

Great crested flycatcher
     (Myiarchus crinitus) O + O + - Woodlands, groves

White-eyed vireo
     (Vireo griseus) O + O -* -* Woods edges, brush, undergrowth

Kentucky warbler
     (Oporomis formosus) +* O + -* +* Woodland undergrowth

Orchard oriole
     (Icterus spurius) +* + - -* -* Woods edges, shade trees

Source:  Hunter et al. (1993).
1 Physiographic area follows Hunter et al. (1993):  B1 = South Atlantic Coastal Plain (GA, NC, SC); B2 = Southern
Piedmont (GA, NC, SC); C1 = East Gulf Coastal Plain (AL, LA); D1 = West Gulf Coastal Plain (LA); D2 =
Mississippi Alluvial Plain (LA)
2 Trend designations follow Hunter et al. (1993):; NP = species not known to be present in the physiographic area; ?
= present but trends unclear or no available data; +* = increase; + = possible increase; -* = decline; - = possible
decline; O = no trend

Trends in parentheses refer to species occurring peripherally in the physiographic area.

Table 10.  Population trends (26-yr), by physiographic area, for selected avian species identified
by the Southeast Management Working Group for Partners in Flight as in immediate need of
management and/or monitoring attention.
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Promotion of periodic growing season fires and pine thinning prescriptions can be
expected to benefit pine-grassland species whose habitats are presently scarce in
the Southeast (Stout and Marion 1993).  Several temperate migrants (Henslow's
sparrow) and permanent residents (Bachman's sparrow, brown-headed nuthatch,
northern bobwhite), that are considered priority species by the Partners in Flight
Southeast Management Working Group, are dependent upon fire-maintained
longleaf pine landscapes.  Restoration and reestablishment of longleaf pine can be
expected to benefit a number of other avian species of concern in the Southeast
including prairie warbler, great crested flycatcher, summer tanager, orchard oriole,
and Eastern wood-pewee (Johnston and Odum 1956, Meyers and Johnson 1978,
Dickson and Segelquist, 1979, Dickson 1981, Repenning and Labisky 1985, NCPIF
1994).

An ecosystem approach to managing landscapes must work to restore and manage
for those community types best suited to and historically present on a given area
(James 1994, Pashley 1994).  Interior nesting species and those requiring hardwood
forest may be excluded by longleaf pine management, but they are likely to find
harborage in adjacent bottomlands and other areas which historically have
supported hardwoods.

The severity of any adverse impacts of RCW management will depend on the
intensity of the management regime and on its extent.  The greatest change in the
avian community in managed stands is likely to occur in the cluster sites where
hardwood and pine midstory control and pine thinning are likely to be the most
severe.  In the foraging and replacement stands, where creation of RCW nesting
habitat is not the primary emphasis, these impacts will likely be less drastic.

Ultimately, regional bird community diversity benefits from a mosaic of forest types
in different successional stages.  Species typical of longleaf stands are often
ephemeral at a given site because resources upon which they depend vary greatly,
both temporally and spatially, due to disturbance regimes.  For example, Bachman's
sparrow depends on herb and grass seeds which peak in abundance within a year
or two following a burn (Landers et al. 1990).  Similarly, various post-fire phases of
vegetation, with consequent opening and closing of treeless areas, are likely to
favorably influence kestrels, loggerhead shrikes, mockingbirds, and meadowlarks,
among others (Landers et al. 1990).  If longleaf pine management for RCWs is used
to also establish an array of seral communities through the imposition of growing
season prescribed burns and patchy burn regimes, it can increase the availability
of diverse habitat types.  This will improve conditions for many species over current
situations where abrupt borders exist between older pine and hardwoods.  
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American kestrel Yellow-bellied flycatcher

Screech owl Carolina chickadee

Barred owl Tufted titmouse

Northern flicker White-breasted nuthatch

Red-bellied woodpecker Red-breasted nuthatch

Hairy woodpecker Brown-headed nuthatch

Downy woodpecker Carolina wren

Eastern bluebird Great crested flycatcher

Source:  Wood and Niles (1978).

Table 11.  Cavity nesting birds that use snags in longleaf/
slash pine forest stands. 

Cavity-dependent Wildlife

The community of cavity nesters performs a number of important ecosystem
functions, including insect control, pollination, and seed dispersal (McFarlane 1992,
Thill et al. 1993).  Reduction of hardwood basal area in foraging and recruitment
stands could potentially constrain availability of cavity substrates in RCW HMUs,
with adverse effects on the suite of cavity nesting wildlife (Table 11).  Reduction of
hardwood relicts in drier forest areas, and preserving them only in bottomlands and
in wetland stringers, could concentrate cavity-dependent animals into limited areas.
For example, restricting the areas which support acceptable hardwood cavity trees
places fox squirrels and flying squirrels (Glaucomys spp.) at a competitive
disadvantage to more numerous gray squirrels in closed canopy hardwood stands
(Doby 1984, Weigl et al. 1989, Taulman and Thill 1994).

Cavities may be occupied by
different species, one after
another, in a single season
(McFarlane 1992).  This
rapid turnover in occupancy
indicates the limiting nature
of this important resource.
Few southern forests
currently sustain snag densi-
ties sufficient to support sta-
ble populations of cavity
nesters.  This is particularly
true of those species which
require snags $ 35 cm in di-

ameter (d.b.h.), such as pileated woodpeckers (Dryocopus pileatus), red-bellied
woodpeckers (Melanerpes carolinus), red-headed woodpeckers (M. erythrocephalus),
and barred owls (Strix varia) (Carmichael and Guynn 1983, Harlow and Guynn
1983, McComb et al. 1986).  

Walters (1991) pointed out that RCW recovery efforts were unlikely to be successful
unless management increased the numbers of acceptable cavity trees to reduce the
loss of existing clusters and promote the creation of new clusters.  Consequently,
management is often directed toward reducing competition for available cavities
between RCWs and other cavity nesting animals.  A number of the species in Table
11, including red-bellied woodpecker, northern flicker (Colaptes auratus), Carolina
chickadee (Parus carolinensis), tufted titmouse (P. bicolor), white-breasted nuthatch
(Sitta carolinensis), and great crested flycatcher (Myiarchus crinitus), are
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documented cavity competitors with RCWs (McFarlane 1992).  Those species such
as the pileated woodpecker which destroy cavities by enlarging them, can have a
significant long-term effect on RCW territory acceptability and reproduction.  Use
of cavity restrictors can have some effect on species requiring holes larger than
those of RCWs, but little effect on southern flying squirrels (Glaucomys volans)
which do not need to enlarge existing RCW cavities (Weigl 1994).

Lack of available den trees and snags has been hypothesized to increase
interspecific aggression between cavity nesters, including competition between
southern flying squirrels and RCWs (Dennis 1971, Loeb 1993).  Effects on RCWs
may be exacerbated if lack of hardwood cavities adversely affects predators on RCW
cavity competitors, such as the eastern screech owl, a secondary cavity nester which
preys on southern flying squirrels (Rosenberg and Anthony 1992, Weigl 1994).
Cutting of hardwood stringers in drains and stream branches, coupled with
hardwood encroachment into pine forests with fire exclusion, brings RCWs in direct
conflict with pileated woodpeckers for cavities (Ware et al. 1993).  

In pine forests with scarce hardwoods, RCW cavities become increasingly important
to other cavity nesters.  Because only RCWs excavate cavities in living pine trees,
management that seeks to significantly reduce numbers of mature hardwoods will
both decrease suitable cavities for an array of species and increase eviction pressure
on RCWs.  Several authors have addressed the management of cavity substrates in
forest stands (see Chapter 4, Hardwood Control, Managing Hardwoods within
HMUs). In general, however, management efforts which focus solely on producing
more suitable cavity trees for RCWs, while failing to insure the integrity of nearby
mature hardwood areas (e.g., stringers, bottomlands, or isolated clumps of mature
hardwoods distributed across the pine-dominated landscape) may result in
unforeseen adverse effects on both RCWs and other cavity-dependent species which
perform valuable roles in the longleaf pine ecosystem.

Mast-dependent Wildlife

Hardwood control and pine regeneration can be expected to have impacts on the
availability of hard and soft mast upon which some wildlife species depend.  While
some midstory trees may benefit from opening the forest canopy through midstory
control, other species of hardwood trees and shrubs may be greatly reduced through
prescribed burning, midstory control, and conversion of stands to longleaf pine
(Goodrum et al. 1971).  

Many species of animals in the longleaf pine landscape are adapted to a relatively
resource poor environment, with food distribution patchy both spatially and
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temporally.  Longleaf pine produces substantial seed crops (mast years) only every
five to seven years.  Several larger species of birds and mammals are heavily
dependent upon mast produced by hardwood trees during some or all of the year.
Notable examples include fox squirrel, transient black bears (Ursus americanus),
southern flying squirrel, gopher tortoise, and wild turkey  (Meleagris gallopavo), as
well as somewhat less well known species including the eastern woodrat (Neotoma
floridana).  

For example, availability of hard mast during the fall and winter is critically
important to fox squirrels in the longleaf pine communities of the North Carolina
Sandhills.  Winter food supplies, and reproduction in the following spring, are
closely tied to the quality of fall mast crops (Weigl et al. 1989).  In dry uplands, hard
mast is produced by a low diversity hardwood component dominated by turkey oak
(Quercus laevis).  The low diversity of hard mast producing species makes the
supply of mast closely subject to vagaries of weather.  Other sources of hard mast,
such as mesic areas supporting hickory and other hardwoods, must be shared with
smaller, more energy-efficient, and more abundant gray squirrels.  

Similarly, shrub-produced soft mast is very important in the diets of birds during
the non-breeding season (Dickson 1981) and for other transient wildlife such as the
black bear.  Wintering bird populations are typically larger than breeding bird
populations in the Southeast and bird density, species richness, species diversity,
and biomass in winter populations have been linked to availability of food resources
(Labisky and Hovis 1987).  Areas such as shrubby pocosins and seeps, as well as
shrubby clumps in mesic and wet pine flatwoods are important sources of this mast.
Published reports suggest mixed results of the effects of fire on mast producing
shrubs and trees (Hamilton 1981).  Prescribed burning at intervals shorter than 3
yr can lead to eradication of shrubs and hardwoods, substantially reducing fruit
production.  Repeated fires at intervals < 3 yr can also set back fruit set in some
species of shrubs (Dickson 1981).  However, Johnson and Landers (1978) and
Landers et al. (1979) showed that a three-year fire return interval resulted in
substantial increases in fruiting of huckleberries (Gaylussacia spp.), blueberries
(Vaccinium spp.), and gallberries (Ilex spp.).  

As in the previous discussion regarding cavity availability, management of mast-
producing hardwoods, as well as fruit-producing shrubs, is not explicitly considered
in the Guidelines.  Provision for continued availability of these resources in areas
managed for RCW populations, even in areas where current RCW population
density requires intensive stand management, need not conflict with RCW
management goals.  Maintenance of existing mature hardwoods, particularly in
wetland areas, a measured approach to hardwood management in HMUs (see
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Chapter 4, Hardwood Control), and institution of growing season fires managed
using naturally-occurring fire breaks (see Chapter 4, Prescribed Burning), represent
relatively minor modifications to the Guidelines that may be used to promote the
integrity of the longleaf pine ecosystem upon which RCW recovery depends.

Herpetofauna of Temporary Ponds

More than 60 species of reptiles and amphibians have been associated with longleaf
pine-turkey oak sandhills.  In particular, the temporary ponds found within sandhill
and pine flatwoods communities are a critical, although often ephemeral, habitat
for many important elements of the longleaf pine fauna (Stout and Marion 1993).
Bailey (1990) described seasonal use of temporary ponds in sandhill habitats in
southern Alabama by dusky gopher frogs (Rana areolata sevosa).  Moler and Franz
(1988) described a breeding assemblage of 16 anuran species in such wetlands in
Florida.  The smallest ponds tended to support greatest numbers of breeding
individuals due to a lack of predatory fishes and insects.  Dodd and Charest (1988)
captured 39 species of reptiles and amphibians from a single 0.16 ha pond over 27
days.  Dodd (1992) trapped 26 species of reptiles and 16 species of amphibians over
five years in a temporary pond in longleaf pine sandhills.  Between 62.5 % and 87.5
% of amphibian species and 65 % and 81 % of reptile species were captured in any
one year.  

The herpetofaunal use of isolated temporary wetlands is often determined by the
microhabitats available in surrounding uplands, including the amount of bare
ground, litter, shrub cover, and fallen woody material.  Post-larval flatwoods
salamanders (Ambystoma cingulatum) have been tracked as far as 1.7 km from
breeding sites (Ashton 1992).  The availability of these microhabitats is, in turn,
determined by the frequency, timing, spatial patterning, and intensity of fire
(Anderson and Tiebout 1993, Greenberg et al. 1994).  Ecotonal areas around
temporarily flooded wetlands are thus important habitats for many species breeding
in standing water (Dodd and Charest 1988).  

Red-cockaded woodpecker management which controls hardwood midstory and
restores periodic growing-season fires to sandhills and flatwoods areas should have
beneficial effects on herpetofauna associated with embedded wetlands and
temporary ponds.  However, the ephemeral nature of many of these ponds, with
standing water present for only limited periods during the year, makes them
vulnerable to accidental disturbance when dry.  Vehicular traffic destroys pond-floor
topography, destroys herbaceous vegetation, and can break the hardpan which seals
the bottoms of such ponds, preventing water from draining away (see Stewardship
Summary for Rana capito, Appendix B).  Off-road vehicle use or poorly designed
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sand roads and fire lanes which pass through or adjacent to temporary ponds pose
significant threats.  Erosion from improperly maintained roads can result in
sedimentation into temporary ponds through storm runoff.  Finally, silvicultural
site preparation which includes ditching or building berms in flatwoods can alter
water levels and shorten hydroperiods (Vickers et al. 1985, Enge and Marion 1986,
Riekerk 1987).

As discussed below (see Chapter 4, Extractive Land Uses and Chapter 5, Protection
of Wetlands And Aquatic Habitats), forest management prescriptions proposed in
the Guidelines should have an overall beneficial effect on many of the herpetofaunal
species associated with temporary wetlands.  However, ancillary activities in
support of those prescriptions (e.g., site preparation in the restoration of longleaf
pine to sites currently supporting off-site stands, proposed use of chemical methods
for the control of hardwood midstory, and expanded training in certain circum-
stances) may have significant adverse effects only indirectly related to RCW
management practices.

Aquatic Fauna

Threats to biodiversity in freshwater fauna are many:  Removal of surrounding
vegetation in a drainage system, or unwise use of trails and unimproved roads,
which can result in siltation; increased temperature because of loss of shade; loss
of nutrient inputs from falling leaves; and, increased chance of droughts and floods.
Siltation destroys microhabitats on stream bottoms and suspended sediments
reduce photosynthesis by algae and other plants upon which stream fauna depend
for food.  Sediments can also clog nets and hairs of filter-feeding animals.  Dredging
and channelizing streams remove structure and increase flow rates, destroying
habitats and altering water chemistry.

Freshwater invertebrates are difficult to protect because they are small and
frequently go unnoticed in cryptic habitats, many can be distinguished only by close
inspection by a handful of experts, and the public does not empathize with
invertebrates in the way that it does with birds and mammals (Fuller 1979, Morse
1979, Adams 1990).  Animals which spend their lives within very small territories
tend to be habitat specialists that are very sensitive to changes in their environ-
ments.  For example, many insects have acquired particular behavioral traits that
have enabled them to partition the resources in their environment, in some cases
to the point of living only on certain sides of rocks or in certain parts of particular
plants.  Thus, even very small alterations of a waterway can eliminate a number of
species (Morse 1979).
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Freshwater Mollusks.   This is a suite of species, including mussels and snails,
critically dependent on the maintenance of the aquatic environment, both water
quality and hydrologic regime.  There are at least 13 listed or candidate species of
freshwater mollusks known or potentially occurring on one or more of the
installations subject to the Guidelines (Table 12).  Of these, the Tulotoma snail
(Tulotoma magnifica) is federally listed as endangered.  Two species, the fine-lined
pocketbook mussel (Lampsilis altilis) and southern pigtoe mussel (Pleuobema
georgianum) have been proposed for federal listing.  A total of 10 species are
candidates for listing.

As a group, freshwater mollusks remain very poorly understood (Fuller 1979).  The
most drastically imperiled group are the Unionidae (bivalve mollusks).  In North
Carolina, for example, more than half of the known species have been declining and
are considered candidates for listed status (SCFTM 1990). Unionid mussel life
cycles make them particularly susceptible to pollutants and disturbances.  They are
filter feeders and their reproductive behaviors are intimately tied to water quality
and often the availability of specific host fishes.  Because males broadcast sperm,
which is taken up by females in filtering, population densities must be maintained
above a threshold to insure successful recruitment.  For the near term, once a
population is lost from a given stream, it is probably gone for decades (Adams 1990).

The primary threat to freshwater mussels in the Coastal Plain is probably the
introduction of foreign substances into their habitats.  Longleaf pine ecosystems
tend to be nutrient poor so that the introduction of nutrients, through changes in
land use or erosional siltation, can have significant effects on the fauna of pineland
streams (Adams 1995).  Coastal plain streams tend to be characterized by sandy
bottoms and there are considerable gaps in our understanding of the ecology of the
fauna associated with such substrates.  Bottom sediments tend to be naturally re-
arranged by storm events and unusual stream discharges.  Mussels and other
animals are probably adapted to withstand a certain degree of change in bed loads
and suspended sediment.  However, the effects of changes in stream discharge are
only poorly understood, particularly resultant effects on immature life stages.
Mussel colonies may persist for years but may fail to reproduce due to sublethal
effects of habitat alterations on subadults.  
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Species Rank1 Possible or Transient Occurrence

Alasmidenta arcula Altamaha arc-mussel C2 Fort Stewart

Elliptio marsupiobesa Cape Fear spike mussel C2 Fort Bragg

Elliptio nigella Winged spike mussel C2 Fort Benning

Elliptio shepardiana Altamaha lance mussel C2 Fort Stewart

Elliptio spinosa Altamaha spiny mussel C2 Fort Stewart

Fusconia masoni Atlantic pigtoe mussel C2 Fort Bragg

Lampsilis altilis Fine-lined pocketbook mussel PT Fort McClellan2

Lampsilis binominata Lined pocketbook mussel C2 Fort Benning

Planorbella magnifica Magnificent rams-horn snail C2 Sunny Point Terminal

Pleurobema georgianum Southern pigtoe mussel PE Fort McClellan2

Stiobia nana Sculpin snail C2 Fort McClellan2

Toxolasma pullus Savannah lilliput mussel C2 Fort Stewart

Tulotoma magnifica Tulotoma snail LE Fort McClellan2

1 Federal status rankings:  LE = endangered; LT = threatened; PE = proposed for federal listing
as endangered; PT = proposed for federal listing as threatened; C2 = candidate for federal listing
as threatened or endangered.
2 Species is known from waters in the vicinity of installation.

Table 12.  Mollusk species known from or potentially occurring on selected Army installations in the
southeastern United States.

Freshwater Fishes.   The southeastern United States supports a highly diverse
freshwater fish fauna.  At least 490 species and subspecies of native freshwater
fishes constituting more than 60 percent of all fishes known from the lower 48
states, occur in waters of the Southeast.  In coastal drainages from the Savanna
River to Lake Pontchartrain, 29 percent of the freshwater fishes are endemic
(Warren et al. 1994).  The Sandhills of North and South Carolina, and nearby areas
of the Coastal Plain, are a particular site of endemism (Hocutt et al. 1986).  Bailey
(1977) estimated that the Lumber and Pee Dee River systems in the Sandhills
supported 37 native species, of which 20 percent had restricted distributions.  At
least two species, the pinewoods darter (Etheostoma mariae) and Sandhills chub
(Semotilus lumbee) are endemic (Rohde 1989).  

Most species of freshwater fishes are threatened because of limited distributions or
degradation of habitat (Loyacano and Gilbert 1979).  Five species of freshwater
fishes may occur on one or more of the installations subject to the Guidelines.  Four
of these species are unlikely to be affected by longleaf pine forest management for
the red-cockaded woodpecker.  The shortnose sturgeon (Acipenser brevirostrum) is
a species of large tidal rivers and estuarine areas.  The blue shiner (Cyprinella
caerulea) is endemic to the Cahaba and Coosa Rivers in Alabama, Georgia and
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Tennessee where it inhabits large, clear, cool streams with gravel-rubble-small
boulder substrates (Gilbert et al. 1979).  The pygmy sculpin (Cottus pygmaeus) is
known from only one locality in Coldwater Spring, a tributary of the Coosa River in
northeastern Alabama (Boschung 1979).  Finally, the bluestripe shiner (Cyprinella
callitaenia) is endemic to the Chattahoochee and Flint Rivers in Alabama, Georgia,
and Florida and is a species of larger streams with open, sandy or rocky bottomed
channels and little aquatic vegetation (Bailey and Gibbs 1956, Gilbert 1992).  None
of these species is likely to occur in streams within areas managed for recovery of
the red-cockaded woodpecker.

The Carolina pygmy sunfish (Elassoma boehlkei) is known from only two areas in
the Waccamaw River drainage and one in the middle Santee River drainage of
North and South Carolina (Rhode and Arndt 1987).  Habitat for the species appears
to be small, slow-flowing streams with mud-sand bottoms and considerable aquatic
vegetation.  It is also known from various human-altered habitats, including a
roadside ditch, a flooded rice field, and a seasonal pond in lowland forest (Rohde and
Arndt 1987).  This species, as well as the pinewoods darter and Sandhills chub (both
C2 species), may occur in streams which drain RCW management areas.

Effects of RCW Management Guidelines on Freshwater Fauna.   Management
activities directed at RCW recovery are compatible with and should not compromise
sensitive aquatic habitats.  To the extent that RCW Management Guidelines limit
the spread of erosion and lead to stabilized herbaceous layers in adjacent upland
areas, they should act to improve downstream habitats for sensitive freshwater
mollusks, fishes, and other fauna.  Prescribed burning using natural landscape
features as fire breaks should open stream-side canopies and ensure proper
insolation of stream waters.  Increased insolation should foster the establishment
of in-stream aquatic vegetation required for breeding and resting habitats for
certain species.  Fire management should avoid construction of plowed fire lines
adjacent to stream corridors.  All fire lines should be constructed to minimize
erosion potential.  Herbicides should not be used within 100 ft of stream corridors
and aquatic herbicides should not be employed upstream of known fish habitats.
Management prescriptions for the recovery of the red-cockaded woodpecker which
insure protection of aquatic systems on managed areas should help promote the
survival of these sensitive species (see Chapter 5:  Integrating Ecosystem-based
Approaches into Endangered Species Management on Southeastern Army
Installations).
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Wetlands

Forest management for RCW recovery is likely to have various direct and indirect
effects on an array of wetland plant communities found within the longleaf pine
ecosystem.  Wetlands are scattered throughout the largely pine-dominated forest
of the southeastern Coastal Plain, with complex patterns of soils, elevation, and
hydrology creating a great diversity of aquatic, terrestrial and ecotonal plant and
animal communities across the landscape (Christensen 1988, Stout and Marion
1993).  

Institution of periodic growing season prescribed fires, to control hardwood
midstories in cluster sites and foraging stands, would be of particular benefit to
mesic and moist longleaf pine flatwoods and savannas which historically experi-
enced fire on a frequency of 1-3 years (Ware et al. 1993).  Suppression of fire
promotes rapid shrub invasion, which can reduce or replace many of the herbaceous
species typically found in the open savanna.  However, high intensity and too-
frequent fires can have adverse effects on some wetland shrubs in flatwoods and
along the margins of pocosins.

Uplands and wetlands are juxtaposed over very short longitudinal distances (a few
meters) and separated by very slight differences in elevation (a few centimeters)
(Stout and Marion 1993).  Heavy equipment, whether used for fire suppression, in
training activities, or for timber or pine straw harvesting, can easily alter local
hydrology and topography with detrimental effects on wetlands (Niering 1988).
Digging of fire lines to suppress wildfires and control prescribed burns could
significantly damage the topography and hydrologic patterns of wetlands.  Fire lines
are often located at the boundary between pine uplands and pocosins, often in an
attempt to "protect" the adjacent wetland.  This transition zone is also perhaps the
most vulnerable to fire line disturbance, since it harbors a highly diverse
herbaceous layer within a narrow band around the circumference of the pocosin.
Similarly, excessive foot traffic, especially in less stable moist areas like the
savanna-pocosin ecotone, or other habitat disturbance resulting from firewood
cutting or training activities, can adversely affect sensitive wetland plants.

Seepage streams and streamhead pocosins are created in areas where deep,
unconsolidated sands overlie impermeable layers of clay or limestone.  Lateral
groundwater flow along the hardpan eventually intersects a slope face, creating a
naturally eroded basin.  Similarly, hillside or seepage bogs occur in the slopes of
ravines and hills in the upland pine forest.  They are underlain by an impervious
sandstone or clay layer that causes groundwater to constantly seep to the soil
surface (Smith 1988).  Such areas are often very small (< 1 ac up to several acres),
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but are intimately dependent upon local hydrologic patterns.  Silvicultural site
preparation or fire control activities which damage the underlying hardpan,
jeopardize groundwater flows, or alter water chemistry can have irreversible
negative effects on highly diverse plant assemblages (in excess of 100 species may
be supported in bog communities).

Where sites are to be managed to reestablish longleaf pine, intensive mechanical
site preparation can be very damaging to wetland herbaceous and shrub layers
(Moore et al. 1982, Riekerk and Korhnak 1985).  In adjacent uplands, removal of
natural vegetative cover can promote the invasion of weedy species and contribute
to degradation of wetlands through siltation and chemical runoff (herbicides and
fertilizers).

In general, RCW habitat management activities described in the Guidelines would
tend to have favorable short- and long-term direct effects on many of the wetland
communities found in longleaf pine forests.  However, to the extent that RCW
management shifts other activities, including extractive uses, longleaf pine
restoration or regeneration, and training, into sensitive wetlands and wetland
ecotones, there may be adverse indirect effects on these systems (see Chapter 5,
Protection of Wetlands And Aquatic Habitats).
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4 Proposed Modifications to The RCW
Management Guidelines
Hooper et al. (1980) listed five primary management objectives most important for
the recovery of the red-cockaded woodpecker:

1. Retain existing cavity trees.
2. Provide trees for new cavities.
3. Provide adequate foraging habitat.
4. Control hardwood midstory in cluster sites.
5. Provide future cluster sites.

Costa (1992) suggested that RCW recovery on federally-owned lands will require
implementation of several habitat management actions:

1. increasing rotation ages for pine forests,
2. installation or artificial cavities,
3. translocation of birds between existing and planned populations,
4. hardwood midstory control,
5. growing season prescribed burning programs, and
6. restoration of degraded and/or altered sites, such as restoring longleaf pine in

stands where off-site pines have been established.

The following discussion addresses those aspects of the RCW Management
Guidelines which are designed to meet these objectives and actions.  A brief
summary of the prescriptions found in the Guidelines is followed by a discussion of
the rationale behind them and of some likely effects of their implementation.
Suggestions are then provided for modification or augmentation of the prescriptions
based on the habitat needs of co-occurring species of concern.
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* Discussion of the habitat and management needs of the red-cockaded woodpecker
includes information from:  Cox, J. 1995. Draft Element Stewardship Abstract for
Picoides borealis. The Nature Conservancy, Eastern Regional Office, Boston, MA.

Habitat Management Unit (HMU) Configuration

Designating Habitat Management Units

Paragraphs III.H. and V.D. provide guidance for the designation of Habitat
Management Units (HMUs):  areas managed for RCW nesting and foraging, which
include all clusters, areas designated for recruitment and replacement, and
adequate foraging habitat necessary to attain and sustain the installation RCW
population goal (Paragraph V.D.).  Delineation of HMUs defines the future
geographic configuration of the installation RCW population and also of installation
management options.

The minimum amount of land needed for a single red-cockaded woodpecker group
is the group's territorial area plus some fraction of the extra-territorial area*.  The
average size of territorial areas calculated by Hooper et al. (1982) was 86.9 ha.
Year-round ranges averaged 70.3 ha and varied from 30-195 ha.  Extra-territorial
areas are estimated to average about 8.4 ha (Hooper et al. 1982) but may be as large
as 30 ha (Hooper et al. 1982, Porter and Labisky 1986, DeLotelle et al. 1987).
Hooper et al. (1980) suggested that 40 ha (100 acres) is the minimum area needed
to sustain a group, while the Southeast Negotiation Network (SNN) (1990)
suggested that minimum area requirements were on the order of 80-160 ha (200-
400 acres).  The minimum area likely falls within the general range of 40-160 ha
(100-400 acres), but habitat quality influences the specific area requirements
(Conner and Rudolph 1991a).  SNN (1990) suggested that sites with fewer than 50
active clusters were potentially "sensitive" to the processes of extinction and
proposed the following thresholds to measure population stability, with stability
increasing dramatically at each level:

Level 1 A population with 0 birds but with potential habitat that could be
occupied; minimum acreage requirements suggest an area of 40-160 ha is
needed for a single group of birds.

Level 2 A small number of breeding pairs (6-7) that can be sustained for a 20-year
period, or longer, even in an isolated condition; based on area estimates
provided above, a population of this size would require about 240-1120 ha
(600-2,800 acres).
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Level 3 A "genetically desirable" condition of 25 active clusters capable of short-
term viability (e.g., 50+ years); based on area estimates provided above, a
population of this size would require a minimum area of about 1,000-4,000
ha (2,470-9,890 acres).

Level 4 A "desirable condition" of 400 breeding pairs to achieve long-term recovery
of populations; based on area estimates provided above, a population of
this size would require a minimum area of about 16,000-64,000 ha (35,520-
158,080 acres).

Minimum area requirements must also consider the percentage of groups of solitary
males in the population.  This percentage will vary from site to site and has been
reported to range from 10-35% (Walters 1990, James 1991).  Minimum area
requirements may need to be increased by 10-35% accordingly.  

Given the large areas required by the bird, designation of the HMUs represents a
long-term commitment to RCW management over very large tracts of land.  For
example, the U.S. Forest Service recommends minimum areas of between 100,000
to 150,000 ac in long-term management for support of 500 RCW groups in recovery
populations (USFS 1995).  On Fort Bragg and Camp Mackall, North Carolina, seven
HMUs for RCW management have been designated totalling some 87,789 ac (Draft
ESMP for Fort Bragg and Camp Mackall, 1994).

The Guidelines make distinctions in allowable management intensity in different
stand types within HMUs (e.g., recruitment versus foraging stands).  However,
because entire HMUs will be managed for a long-term commitment to RCW
recovery, the entire HMU should be managed using the same or similar levels of
intensity, with the exception of less intensive hardwood control outside of clusters.
Cluster area restrictions on extractive land uses (timber and pine straw) and on site
preparation in forestry operations should also be extended throughout the HMUs
(see below).  In particular, replacement and recruitment stands are designated as
areas that are to provide suitable nesting habitat for RCWs when existing clusters
become unsuitable or to support new RCWs groups, respectively.  Therefore, setting
timber rotation ages in such stands that are any shorter than those enforced in
existing clusters is counter-productive since this would delay their reaching
conditions suitable for RCW colonization.  In addition, recent research suggests that
a mean age of 30 yr for pine trees in foraging stands may be the minimum
acceptable limit required by foraging RCWs.  Stands of younger age or in which
there are not large numbers of older trees, may not provide adequate foraging
substrates.  In all cases, therefore, it seems prudent to extend the no-rotation age
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guidelines currently mandated in clusters and recruitment stands, to the entire
HMU.  
Recovery of RCW populations represents a long-term commitment of resources
(designated recruitment stands may not support new populations for 50 or more
years).  The spatial and temporal scale of this commitment provides a valuable
opportunity to achieve the effective stewardship of many other species and natural
communities of concern which are found in the longleaf pine landscape.  Modifying
the Guidelines to erase many of the distinctions between clusters and replacement
stands, between recruitment stands and foraging stands, will better enable
managers to address endangered species concerns using a landscape perspective.
With this in mind, they can also better manage for the array of candidate species
that are dependent on the longleaf pine ecosystem which is often characterized by
the red-cockaded woodpecker.

RCW Foraging Habitat

The Guidelines do not adequately address issues related to habitat fragmentation.
Fragmentation is a primary concern in the management of most forest wildlife
(Hunter 1990).  The configuration and placement of RCW foraging habitat within
HMUs offers the potential for reducing forest fragmentation, while providing
various habitat types for an array of wildlife species.

Provision of adequate foraging habitat is necessary for successful RCW population
management (Delotelle et al. 1983, Hovis and Labisky 1985, Conner and Rudolph
1991b, Loeb et al. 1992).  However, woodpeckers forage in a diversity of forested
habitat types that includes pines of various ages as well as some hardwood-
dominated habitats (Hooper et al. 1980, U.S. Fish and Wildlife Service 1985).
Hooper and Harlow (1986) found most stands used for foraging were >30 years, but
above this threshold stand usage was highly variable.  Birds will forage in areas
with well-developed hardwood understory (Crosby 1971, Hooper et al. 1980, Wood
1983), but most foraging appears to take place on older pine trees or in open pine
habitats (Hooper et al. 1980, Hooper and Lennartz 1981, Delotelle 1983) and RCW
territories tend to be smaller in areas managed with fire to control hardwoods
(Hooper et al. 1980).

Hooper and Lennartz (1981) reported foraging birds using living pines almost
exclusively, and although birds did not avoid areas with a high percentage of
hardwood trees, they tended to forage on scattered pines within such areas (Hooper
et al. 1980, Hooper and Lennartz 1981).  Extensive use of live pines was also
reported in Ligon (1970), Nesbitt et al. (1978), Morse (1972), Wood (1983), and
Skorupa and McFarlane (1976).  
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In general, 100 ac (40.5 ha) of good habitat (mature pine) may be sufficient for some
groups, but may vary with habitat quality (up to several hundred acres for some
groups in poor habitat.  Adults bring food to nestlings from up to 700 yd (640 m)
away from cavity trees (Hooper et al. 1980).  The actual amount of foraging habitat
available within each HMU is determined by the present age class distribution of
the stands, pine stand stocking levels, and RCW population density (USFS 1995).
Average foraging habitat equivalents set by USFWS are (Henry 1989):

1. at least 8,490 ft2/ac basal area in pine stems > 5 in d.b.h.,
2. at least 6,350 pine stems $ 10 in d.b.h. and $ 30 yr old.

The goal is to provide the highest quality foraging habitat as close as possible to
RCW cluster sites, rather than large areas of poor habitat.  Foraging habitat must
be:

1. within ½ mi of the geometric center of the cluster,
2. continuous and contiguous with the cluster, and
3. include only pine and pine-hardwood stands.

The size of non-foraging habitat which would make adjacent foraging habitat
noncontiguous will vary depending upon the type of habitat, its configuration, the
particular site characteristics, and the expected response of the individual RCW
group involved.  In general, a narrow hardwood stringer, road, powerline right-of-
way, or small opening would not be a deterrent to foraging movements.  A stand-
sized clearcut, opening, or hardwood area; an extensive hardwood bottom; or a large
river or lake would be a deterrent.  In general, nonforaging habitat >10 ac or > 330
ft in width would make adjacent foraging habitat noncontiguous (Henry 1989).

Because RCWs appear able to accept an array of different stands as foraging
habitat, managers should explore ways of developing foraging stands that can be
managed to support the needs of other species on the landscape (e.g., to supply
hardwood cavities and mast producing hardwoods and shrubs).  Hardwood control
is less critical in foraging stands than it is in the cluster, recruitment and
replacement stands.  Hooper (1994) suggested that three midstory hardwoods per
acre would probably not be detrimental to RCWs in most cases.  In foraging areas,
up to 50 percent hardwoods in dominant and codominant classes "entirely
acceptable" unless the restrictions on available land area requires an emphasis on
production of mature pines in these stands.  

Within the guidelines listed above, managers  should attempt to place foraging
stands adjacent to hardwood-pine stands or other areas supporting large hardwood
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basal area, such as large wetland systems.  This would reduce habitat edge by
allowing managers to avoid the juxtaposition of dissimilar stand types and ages.
In addition, a mean age of 30 yr for pine trees in foraging stands should be
considered the minimum acceptable limit.  Recent research supports the idea that
the number of older stems may be more important than the number of larger stems
(Hardesty, pers. comm.: Walters pers. comm.).  As with other areas within HMUs,
no rotation ages should be set in foraging stands.

Deletion of Cluster Sites

Paragraph V.D.3. provides for the "gradual, long-term shifting of RCW sub-
populations into more suitable areas [which minimize conflicts with installation
missions/operations] through natural demographic shifting, recruitment, and in
exceptional cases, augmentation and translocation (pg. 12)."

Since designation of HMUs, and recruitment and replacement stands in particular,
assumes a long-term commitment to the management of RCW populations and their
habitats, it would be proactive to also consider the habitat needs of other sensitive
species.  Managing for candidate species in the near term may help to prevent
future listing of those species.

No clusters should be deleted from HMU management unless or until the other
available replacement clusters are active.  Simple availability of suitable cluster
sites does not insure maintenance of the population (Walters 1991).  As a rule of
thumb, clusters should remain open until new clusters have demonstrated continual
occupation for five years, with successful nesting in three of those years (Hardesty
1994).  Closure of cluster sites, and consequent shifting of management goals within
HMUs, should consider the potential effects of new management goals on species
of concern found within the subject HMU.  For example, are there unique features
in the existing HMUs or cluster sites that will be lost if RCW management is
discontinued (e.g., an area of temporary wetlands used as breeding sites by
Ambystoma cingulatum or Rana capito, or a population of rare plants that is locally
or regionally significant or a significant community occurrence?)  Mapping the
distribution of sensitive plant and animal species can assist in the selection of
replacement HMUs and in the selection of existing HMUs which might be closed
with the minimum possible impact on other species (see Chapter 5, Mapping RCW
Habitat Management Units In An Ecosystem Context).
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Hardwood Control

Midstory Management within HMUs

Paragraph V.E.1. stipulates that clusters and recruitment stands will be kept clear
of dense midstory.  Management should target an open, park-like pine stand.  All
midstory within 50 ft of cavity trees would be eliminated.  Beyond 50 ft, some pine
midstory would be left for regeneration and some selected hardwoods would be
retained for foraging by species other than RCWs.  Hardwoods should not exceed
10 percent of the area of the canopy nor 10 percent of the below canopy cover within
cluster and recruitment stands.  Hardwood stocking would be kept below 10 ft2/ac
basal area.

Hardwood encroachment has been implicated in the decline of numerous RCW
populations (Walters 1991).  It is believed that hardwood trees clustered around
cavity trees provide gray rat snakes or flying squirrels, a potential nest predator
and a potential nest usurper (Jackson 1974, Jackson 1978b), with access to cavities
without having to cross fresh protective resin (Dennis 1971, Jackson 1974).
Hardwood encroachment may also increase interspecific competition for cavities
(Costa and Escano 1989), affect the flight path to a cavity (Wood 1983a, Kelly et al.
1993), or the quality of foraging habitat (Conner and Rudolph 1991a).  Hardwood
midstory encroachment has been associated with RCW cluster abandonment and
with failure to initiate new clusters (reviewed by Hooper et al. 1991).  

The USFWS RCW Recovery Plan (Lennartz and Henry 1985) recommends a
hardwood density <4.6 m2 (49.2 square feet) per ha, but lower densities are
generally reported.  Grimes (1977), VanBalen and Doerr (1978), Locke (1980), and
Loeb et al. (1992) reported average hardwood basal areas of 1.53 m2 (16.4 ft2), 4.6
m2 (49.2 ft2), and 6.9 m2 (73.8 ft2) per ha, respectively.  Loeb et al. (1992) developed
a logistic regression model showing that the probability of abandoning a group of
cavities increased considerably when the midstory basal area was >6.7 m2 per ha.

Hooper et al. (1980) contended that proper RCW habitat conditions require that few
or no hardwood should exceed 4.6 m (15 feet) in height, particularly within 15.2 m
(50 feet) of cavity trees.  When the midstory (hardwoods and pines) reaches heights
level with RCW cavity openings, a high rate of cavity abandonment occurs leading
to the eventual loss of the group (Hooper et al. 1980).  However, a few hardwoods
and shrubs < 15 ft (4.57 m) in height, widely scattered, do not appear to harm
RCWs and can benefit other species.  Preserving hardwoods requires continued
management to prevent midstory encroachment on cavity trees.
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Under the Guidelines, clusters and recruitment stands will receive the highest
intensity of management to meet the reproductive needs of RCWs.  Cluster sites
would be managed to provide a source of new cavity trees.  Hooper et al. (1980)
estimated that some 4-9 % of all cavity trees die each year and other cavities
become unusable for other reasons.  The cluster site should encompass at least 10
ac to ensure a suitable number of well-spaced cavities (Hooper et al. 1980).
Intensive hardwood and pine midstory control is probably justified in these areas
which generally comprise < 20 % of RCW managed areas (Hooper 1994).  In some
cases, intensive midstory control, coupled with growing season fire, can be used in
larger areas to improve conditions for Bachman's sparrow.  Liu et al. (1995)
demonstrated that such intensive management in fairly young pine stands (50 to
80 yr) could produce conditions approaching those found in the old growth stands
normally favored by this species.

Prior to any midstory control activities around cavity trees, areas should be
surveyed for the presence of populations or aggregations of sensitive plants or other
critical habitats (e.g., wetlands, temporary breeding ponds).  Locations of sensitive
species and the boundaries of habitats should be flagged to avoid disturbance.  For
example, Pyxidanthera barbulata var. brevifolia (a C2 species) is commonly found
growing on or adjacent to the bases of longleaf pines.  Tall, mast-producing shrubs
> 50 ft from cavity trees should be preserved.  Hardwoods > 50 ft from cluster trees
should be preserved in clumps where possible and larger, mast producing oaks
should be preserved to provide habitat and food for other species.  In HMU areas
outside of cluster sites somewhat less stringent control should be considered that
will provide:  1) hard and soft mast, 2) cavities for other species, and 3) reduce
eviction pressure on RCWs (see below: Managing Hardwoods Within HMUs).

Hardwood control in cluster sites should rely on the use of prescribed fire.  Use of
fire is the most cost-effective means of controlling understory vegetation on the
large areas needed by populations of red-cockaded woodpeckers (Robbins and Myers
1992).  Fire also plays an important role in the life-histories of many plant and
animal species characteristic of red-cockaded woodpecker habitat (Platt et al. 1983,
Myers and Robbins 1992) (see below: Prescribed Burning).  

Waldrop et al. (1992) studied the effects of different fire management prescriptions
on loblolly pine stands in South Carolina.  Their results suggest that it requires
some 20 years of annual fires to completely eradicate hardwoods and create
grassland habitats.  Hardwood sprouts persisted after periodic summer or winter
burns (fire return varied between 3 and 7 yr) even after 43 years of burning.
Management of midstory vegetation in cluster sites should not attempt the
eradication of hardwoods, but should simply control encroachment into RCW
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nesting areas.  Prescribed burning carried out to eradicate hardwood understory
rather than controlling it to desired levels can have significant adverse effects on
bird communities (Wood and Niles 1978).

Mechanical and Chemical Control

Mechanical clearing of hardwood understory may be needed in some areas where
fire suppression has occurred for many years and where fire by itself does not
effectively eliminate an established hardwood midstory (Brender and Cooper 1968,
Conner and Rudolph 1989).  Fire is generally incapable of effective hardwood
control of stems > 5 cm, however it will top kill and girdle stems < 12.5 cm d.b.h.
(Waldrop et al. 1992).  No guidance is provided regarding the methods appropriate
within clusters and HMUs.  Ancillary impacts on other species will likely depend
on the intensity of the management procedure used.  For example, roller chopping
has been used effectively at Carolina Sandhills National Wildlife Refuge where
hardwoods in cavity clusters have been chopped on a 5-year rotational basis
(Richardson and Smith 1992).  However, roller chopping may not be effective where
stems are >10 cm, and it damages both ground cover vegetation and the root system
of pine trees (Richardson and Smith 1992).  As indicated previously, poorly targeted
herbicides can have unexpected effects on the surrounding vegetation.  

In all cases, midstory control, with the exception of some prescribed burns, should
be done after the breeding season of ground and shrub-level nesting birds and of
amphibians using temporary wetlands to avoid disturbance.  Mechanical midstory
control must minimize disturbance to soils and ground layer vegetation and should
be avoided in mesic and wet pine flatwoods and in wetland-upland ecotones where
equipment can create ruts which may alter local hydroperiods.  No herbicides
should be applied within wetlands or wetland ecotones and no broadcast application
of herbicides should be made.  Only spot application and injection should be used
to minimize non-target effects.

In general, mechanical and chemical control are likely to have adverse effects on
herbaceous layers.  It is preferable to execute cool season fires to reduce fuel loads
and bring the hardwood midstory under control gradually.  

Managing Hardwoods within HMUs

The Guidelines make no provision for the protection of mature cavity- and mast-
producing hardwoods within HMUs.  A number of species are dependent on the
availability of suitable nesting and roosting cavities, primarily in older hardwood
trees and snags.  Such species include the American kestrel and great crested
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flycatcher.  Hard and soft mast produced by hardwood trees and shrubs forms a
sometimes critically important part of the diets of many species including fox
squirrels (Weigl et al. 1989).  HMU management prescriptions should consider the
potential impacts on species which require the availability of suitable mature
hardwood trees as cavity substrates or sources of mast.  

However, interspecific competition for existing RCW cavities may threaten some
small RCW populations (Jackson 1978a, Harlow and Lennartz 1983, Rudolph et al.
1990b, Loeb 1993).  As many as 56% of the cavities in a cluster may be used by
species other than RCWs (Harlow and Lennartz 1983).  The southern flying squirrel
(Glaucomys volans) is perhaps the most common usurper of RCW cavities (Jackson
1978b, Harlow and Lennartz 1983, Rudolph et al. 1990, Loeb 1993), followed by (in
approximate order of frequency of use) red-bellied woodpecker, red-headed
woodpecker, eastern bluebird, northern flicker, great crested flycatcher, and tufted
titmouse (Parus bicolor) (Jackson 1978b, Harlow and Lennartz 1983, Rudolph et al.
1990).   Flying squirrels may occupy 10-21% of the cavities in some areas (Loeb
1993).  However, there is little evidence of RCW predation by flying squirrels during
the nesting season (Harlow and Doyle 1990) and the impacts of flying squirrels are
being debated, at least for large RCW populations (Weigl 1994).  Walters (1991)
contends that flying squirrels represent a minor management problem since they
do not enlarge the entrance of the cavity.  Flying squirrels were the major
competitor for nest cavities in Texas (Rudolph et al. 1990) and South Carolina (Loeb
1993), but competition was not thought to be a major factor influencing the stability
of the woodpecker population in Texas (Rudolph et al. 1990).

Other woodpeckers may significantly modify cavities, and once a cavity has been
modified, it is rarely used again by RCWs (Walters 1991).  The pileated woodpecker
is particularly destructive since it enlarges a large number of red-cockaded cavities
(Jackson 1978a, Walters 1991).  However, unlike RCWs, other woodpecker species
are more generalized in their selection of habitat for foraging and nesting and make
significant use of hardwood trees as foraging substrates, particularly in winter.
Woodpeckers are very aggressive in defense of foraging and nesting substrates and
tend to space themselves in the available habitat.  Different species construct
cavities that are as small as possible to avoid expropriation and build in the
smallest possible limb, or on the undersides of limbs, for the same reason
(McFarlane 1992).  Reducing the availability of mature hardwoods removes these
other habitats and increases the relative importance of RCW cavities for other
cavity-dependent species.  This leads to increased competition for these remaining
cavities and puts increased eviction pressure on nesting and roosting RCWs.  
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Use of cavity restrictor plates (Carter et al. 1989) may be used to prevent other
species from damaging or enlarging cavities.  Carter et al. (1989) concluded that
this management technique may be useful in various situations:  

1. in developed areas where populations of cavity-nesting species are high and
other management options are limited; 

2. in clusters in which cavity enlargement is a problem, particularly by pileated
woodpeckers; 

3. in clusters with few cavities or few cavity trees; 
4. in small populations where loss of cavities and reduction of reproductive

output must be minimized; and,
5. in rehabilitated clusters where all existing cavities are enlarged already.

However, Weigl (1994) cautions that cavity restrictors have little effect on southern
flying squirrels which do not enlarge RCW cavities.

In addition to lessening eviction pressure on RCW, retaining scattered overstory
hardwoods, especially in RCW foraging stands, appears to increase the use of RCW
managed areas by species such as red-eyed vireo (Masters 1995).  Small clumps of
understory hardwoods which commonly escape natural fires in pine flatwoods and
sandhills (Rebertus et al. 1989) support birds, such as the white-eyed vireo, that are
not normally associated with pine stands (Johnson and Landers 1982).  Similarly,
maintaining hardwoods in wet drainages and in small units within pine stands
provides substrates for cavity nesting and bole gleaning species (e.g., prothonotary
warbler), watch posts for raptors such as the American kestrel, and habitats for
many uncommon species of neotropical migrants (Johnson and Landers 1982). 

Therefore, care should be taken to protect scattered hardwoods, including clumps
of hardwoods, in foraging stands where RCW nesting is not the primary concern.
This is of particular value in areas adjacent to bottomlands and hardwood stringers,
to avoid fragmentation of hardwood habitats, and in areas with no hardwoods at all.
Removal of snags and trees with cavities reduces suitability of pine flatwoods for
many species of wildlife (Marion and Harris 1981).  

Dead pine trees may stand and be heavily used for five to 15 years, but some
planning must be done to insure a continuing population of available snags (Wood
and Niles 1978).  Wood and Niles (1978) suggest a dead tree stocking of one stem
per acre as highly desirable.  Woodpeckers need from 14 (for pileated woodpeckers)
to 160 (for hairy woodpeckers) cavities per 100 ac (Hunter 1990).
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The Forest Service preferred alternative for RCW management (USFS 1995)
permits retention of up to three desirable midstory trees per acre and up to 10
overstory, dominant and codominant, hardwood trees per acre in clusters.
Reduction of hardwood midstory is called for outside clusters, but only within RCW
management units.  There is no restriction on the quantity of overstory hardwoods
which can occur nor is the intent to totally eliminate midstory hardwoods.  An
average of three selected midstory hardwoods per acre can remain in cluster sites
(e.g., dogwood, redbud, or other shrubby to midstory sized fruiting species).

Weigl (1994) suggests protection of 10 to 12 mast-producing oak trees per acre to
insure production of adequate hard mast to support fox squirrels.  Firewood cutting,
particularly of oak trees > 13 in d.b.h., is a significant threat to provision of hard
mast and should be prohibited in management areas.

Hooper (1994) points out that where cluster sites are a very small portion of the
landscape (e.g., < 15 percent on the Francis Marion NF), it is probably ill-advised
to create superior habitat for RCW competitors surrounding it.  However, where
cluster sites and recruitment or replacement stand boundaries include natural
hardwood areas, including stream bottoms, stringers, and hardwood stands,
hardwood trees in these areas should not be subject to control.  Outside of clusters,
recruitment stands, and replacement stands but within HMUs, reduction of
hardwood midstory should be done in pine and pine-hardwood stands only to
improve foraging habitat and should be done using prescribed fire where ever
possible.

Landers et al. (1990) described the management of midstory scrub oaks in longleaf
pine sandhills habitats.  To provide adequate mast crops, they suggested large
sandhills areas contain 10-20 percent coverage by clumps of mature scrub oaks with
full crowns.  A slightly greater percentage is suggested where narrow sand ridges
provide the major source of acorns, but in all cases the scrub oak component should
be confined to small groves (e.g., ¼ to 1 ac) surrounded by pine grasslands.  Mast-
producing oaks should be held less than 30 percent of total cover.  Fire, set in
varying fuel moisture conditions, should be used to attain the desired habitat
conditions.

Managing limited forest resources for an array of competing uses has been an on-
going struggle for managers since the creation of wildlife science as a discipline in
the 1930's.  In the case of snag management in RCW HMUs, there are clearly
situations where the needs of RCWs for suitable breeding cavities, free of
competition from other species of birds and mammals, may be of paramount
importance.  However, hardwood and softwood snags continue to be a limiting
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resource throughout Southeastern forests, as evidenced by the intense competition
among cavity nesting birds for the available snags.  This increased competition for
dwindling resources probably contributes to the competitive pressure on RCWs in
longleaf pine stands where improper management has allowed the encroachment
of hardwoods and where conversion to pine monoculture forestry has eliminated
traditional habitats for other cavity-nesting species.  Some modification of the RCW
Guidelines can foster careful placement and proper management of RCW foraging
stands, protection of existing hardwood areas, and judicious control of hardwoods
in HMUs, coupled with the use of cavity exclusive devices in clusters.  Maintenance
of a continuous supply of snags indefinitely may require that small patches of old
forest be preserved among younger stands (e.g., one 0.1 ha patch for each 2 ha of
forest) (Hunter 1990).  However, an adaptive approach should allow the proper
balance to be struck between single-species management for RCW reproduction and
ecosystem-based management of dead and dying wood and its many wildlife values.

Pine Beetle Control

Paragraph V.E.1.d. provides that trees within HMUs affected by pine beetles (e.g.,
Ips spp., southern pine beetle) infestation should be evaluated for treatment in
consultation with the USFWS.  Possible treatments include the use of pheromones
and cutting and leaving, cutting and removing, or cutting and burning the infected
trees.

Cyclic or patchy infestations of pine beetles may have been an integral part of the
historic southern pine landscape.  In any case, southern pine beetle infestation
seldom kills all trees in a longleaf pine stand or even a majority of trees in most
cases.  Beetle infestation areas are seldom much more than a small fraction of RCW
territories (McFarlane 1992).  Pine beetle management involving clear-cutting of
large areas or establishing cleared buffers around cavity trees can be detrimental
to both the RCW population and the surrounding forest.  Beetle depredations are
elevated by fire suppression which creates stands that are multi-layered,
overstocked, and susceptible to infestation.  Severity and duration of outbreaks
could be returned to historical ranges of variability by reducing stand stocking and
increasing spacing of trees.  Jackson (1986) suggests that the control of pine beetles
can best be accomplished through implementation of appropriate burn programs.

Where treatment is necessary, managers should choose to leave beetle-vacated trees
in place as they may provide cavity and feeding substrates for an array of birds.
Where RCW cavities are limited and competition from other species is a problem,
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cavity augmentation should be considered to reduce eviction pressure on RCWs.
Leaving standing snags may provide cavity sites for many years and cutting them
to reduce available nesting substrates for RCW cavity competitors will only increase
eviction pressure on RCWs as remaining cavities become more desirable.  

Prescribed Burning

Paragraph V.E.3. states that prescribed burning will be the primary method of
hardwood midstory control.  Burns will be conducted at least every three years in
longleaf, loblolly, slash, and shortleaf pine systems.  With the agreement of the
USFWS, the burn interval may be increased to no more than five years after the
hardwood midstory has been brought under control.  Burning would normally be
conducted in the growing season since the full benefits of fire are not achieved from
non-growing season burns.  Winter burns may be appropriate to reduce high fuel
loads.  Use of fire plows in clusters would be used only in emergency situations.

It is generally recognized that habitat conditions favored by red-cockaded
woodpeckers are best maintained by growing season burns, every 2-6 years, because
of enhanced control of hardwoods (Platt 1988, Robbins and Myers 1992, SNN 1990).
Burning was probably the natural control method and serves other important
ecosystem functions in the longleaf pine forest and surrounding habitats, including
triggering reproduction in many plant species.  Recent research at Fort Bragg,
North Carolina, has shown that frequent growing season burns are very effective
at achieving stewardship of different habitat types.  In two years since growing
season burns were initiated, dense, fire-suppressed pocosins were converted to open,
species rich bogs and ecotones and overgrown uplands were converted to scenic
longleaf pine savannas (TNC 1993).  

While growing season burns probably represent the natural seasonal regime for
southeastern pine forests (Platt 1988), a fire-management program must be tailored
to the particular managed area and cannot be strictly held to a "growing-season-
only" philosophy.  Fire in any season is better than no fire at all (Robbins and Myers
1992), and dormant season burns may be preferred initially to reduce fuel loads and
avoid hazardous or damaging fires.  Fuel reduction burns should avoid consuming
all forest litter and duff and altering structure and color of mineral soils on more
than 20% of areas burned.  They should use techniques designed to reduce soil
heating (e.g., use of backing fires on steep slopes, scattering slash piles and heavy
fuel accumulations).  Sites that are severely fire-suppressed should first be burned
in winter to reduce heavy fuel loads.  Subsequent growing season burns should be
done two to three years following the winter, fuel-reduction burn.  Proper
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restoration of fire-suppressed areas may require a long-term commitment of time
and effort.  For example, particular caution must be employed when returning fire
to severely fire-suppressed pocosins or bogs which may support sensitive species
such as bog spicebush (Lindera subcoriacea).  Overgrown, shrub-dominated sites
often lack finer fuels which help to carry ground fires.  Consequently, hot, very
destructive fires are sometimes necessary to kill back the shrub layer.  Since it is
not clear how bog spicebush responds to hot fires, it would be more advisable to use
several, low-intensity burns spread out over extended periods to reduce the shrub
layer to more "natural" levels rather than using one hot, very destructive fire.  If
properly managed, areas will support future fires determined by fuel loads and
other conditions.

Winter fires may serve other landscape purposes as well.  Winter burns on a 3 yr
rotation should be employed in flatwoods, but intervals of 5-10 yr in mixed pine-
hardwood habitats to allow mast-producing species to reach fire-resistant size.
Also, ecotones between pine and pine-scrub oak ridges and Carolina bays or
hardwood swamps can be burned during the winter on a medium to long rotation
to enhance production of soft mast (Hamilton 1981).

Burning should employ a variety of techniques and use both nongrowing season and
growing season burns of varying fire intensities and prescription cycles to achieve
management objectives.  Variation in the frequency of fires in longleaf pine systems
is important (but sometimes overlooked) since a longer fire interval (8-10 years) is
occasionally needed to allow pine seedlings to establish (Robbins and Myers 1992).
Areas with new trees should be excluded from the fire program for 12-15 years so
that young trees can grow past the critical stage where a fire might kill them (SNN
1990).  Robbins and Myers (1992) provide detailed guidelines for establishing
burning programs in longleaf pine systems.  

Burning to accomplish habitat goals may require burning whenever conditions
permit, year-around.  Prescribed burns should be coordinated with wildlife
biologists to avoid adverse impacts to specific species (e.g., dispersing indigo snakes
during winter and nesting Bachman's sparrows during growing season) and
sensitive communities  (e.g., during drought conditions, organic muck soils of bogs,
along with subsoil plant organs, can be consumed or damaged by fire).  Specific
burning recommendations for species may be found in Species Stewardship
Abstracts (Appendix B).  

Managers should reduce the number of burn units and increase the size of burn
units by closing existing fire breaks where possible.  Use of natural firebreaks
(streams, wetlands, lakes, etc.) should be encouraged wherever possible to reduce
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Habitat Type Soil Type Drainage
Topographic

Exposure
Inferred Fire

Return Interval

Sand pine-scrub sandy rapid very low 20-100 yr

Sandhill sandy rapid moderate 3-20 yr

Longleaf pine savanna loamy-sand moderate high 2-4 yr

Longleaf pine flatwoods sandy slow high 2-4 yr

Slash pine flatwoods sandy slow moderate 5-10 yr

Canebrake sandy slow moderate 5-7 yr

Herb bog sandy-peaty slow moderate periodic

Freshwater marsh sandy-peaty very slow moderate periodic

Baygall sandy-peaty very slow low 12-16 yr

Shrub-pond pine bog sandy-peaty very slow low 10-20 yr

Swamp forest sandy-peaty very slow very low 25-33 yr

Table 13.  Estimated fire return intervals in habitat types influenced by fire originating
in longleaf pine forests (after Landers et al. 1990).

the impacts of constructing firelines.  Larger burn units would result in more patchy
fires, since touch ups and repeat burns would be less likely and natural fire breaks
would modify the effects of the burn on different habitats.  Natural fire tension
zones (e.g., steep slopes, wetland edges) result in changes in natural fire frequen-
cies.

Managers should attempt to restore conditions that could support frequent fires,
rather than enforce a three or five year burn interval (Table 13).  Natural fire
return is a function of fuel loads, ignition sources, and prevailing weather
conditions.  Cluster management should strive to maintain an intact ground layer.
In particular, avoid disturbance of wiregrass (Aristida stricta) and other grasses
(e.g., Sporobolus) which provide the fine fuels necessary to carry frequent, low-
intensity fires which would promote the open stands that traditionally were used
by RCWs.  

Fire may damage or destroy special habitat elements such as den trees (snags) and
fruit/mast trees.  Prescribed fire in Arizona ponderosa pine forests can cause a 45%
net decrease in snags > 15 cm in diameter in the first year after burning.  Snags >50
cm in diameter or that are in advanced stages of decay are especially vulnerable
because of debris that accumulates at their base (Horton and Mannan 1988, Hunter
1990).  Fire frequency and intensity can influence the fruit production of the forest
understory:  fruit production is often temporarily reduced when shrubs are set back
by fire (Hunter 1990).  Johnson and Landers (1978) in Georgia slash pine concluded
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that the maximum number of species fruiting occurs 6-10 yr after a fire and some
species take 4 yr to reach peak production.  A 3 yr interval between burns yielded
best overall fruit production.

These examples suggest that, rather than addressing the specific needs of a single
species (e.g., midstory control in RCW cluster sites), fire management should be
conducted in an ecosystem context:  managing fire as a natural agent to maintain
the integrity of ecosystem processes across landscapes.  A fire management plan of
this sort suggests a series of broad objectives (from Babb 1990):

1. reduction of hazardous fuels through cool season burns;

2. maintenance of habitat for rare plant and animal species;

3. maintenance of rare fire-adapted natural communities;

4. creation of a vegetation mosaic by varying the intensity, frequency, and timing
of burns within each of the fire-maintained natural communities;

5. maintenance of natural transition zones between vegetation types; 

6. use of fire as a disturbance agent in non-pyrophytic vegetation types to create
patches of vegetation in different stages of development, maintaining and
enhancing habitat diversity; 

7. reintroduction of growing season fire regime; and

8. stimulation of flowering of herbs and forbs.

Many species require particular strategies to insure their persistence in managed
environments.  For example, in managing for rare insects, Hall and Schweitzer
(1993) recommended prescribed burns that create patch heterogeneity so that the
species that are unable to escape fires will be able to persist in and recolonize from
unburned sites.  Prescribed burns in areas which harbor rare insects should be
modified to include activities which promote small-scale habitat heterogeneity
(Wheaton 1995):

1. Divide the HMU into small multiple burn units.  Burn only a fraction of the
HMU or management area during a given season.  Recommendations vary
from setting aside half of the area to two-thirds, so only one-third of a burn
unit (not an entire HMU) would be burned in a given year.  Adjacent units
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should not be burned consecutively so that the insects will be able to move
easily from one area to another.

2. Information regarding the location of insect populations should be used to
determine which areas to burn during a given year.

3. An attempt should also be made for each burn unit to contain populations of
food plants, nectar sources, or other habitat features necessary for the insects.
Where these features are concentrated in only one part of an HMU or burn
unit, that area should be handled with special precautions such as wetting
down the areas of critical importance to the rare insects.

4. Allow sufficient time for colonists to spread out from unburned refugia.
Recolonization may take several years so that adjacent units should not be
burned in successive years and that burned units should not be re-burned
before they can serve as significant recolonization sources for other burn
areas.  This automatically imposes a 4-yr burn cycle in areas where only 2
burn units are used.  Where the area is divided into 3 burn units, the burn
rotation may be reduced to every 3 yr. Again, specific information on the
individual species population size and status should be used to modify the
rotation schedule.

5. Fires should be intense enough to reduce midstory and shrub layers, but not
kill host plant foliage.

6. Reduce the use of backfires since they travel more slowly and are hotter than
headfires.

7. Prohibit the re-torching of skipped areas, particularly in wet sites (Panzer
1988).  Particular restraint should be used in burning shrubs occurring in wet
swales and in pockets of pocosin or swamp forest habitat because these sites
harbor several rare species including flightless grasshoppers (Melanoplus spp.)
and several moths.

Similar management strategies may be effectively employed for reptiles and
amphibians.  Maintenance of habitat patches with varying times since they were
last burned appears to be important in structuring the herpetofauna inhabiting the
longleaf pine forest, since not all species require the same habitat conditions
(Campbell and Christman 1982).
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Protecting RCW Cavity Trees

The loss of active clusters coupled with the lack of new group formation have been
serious obstacles in RCW recovery efforts (Walters 1991).  Some cavities can be lost
to the prescribed fires required to maintain appropriate habitat conditions.  Cavity
trees are extremely susceptible to burning because of volatile turpenes in abundant,
fresh resin flows (Conner and Locke 1979, Stamps et al. 1983).  

Stamps et al. (1983) suggested low intensity procedures to protect cavity trees from
fire that would also maintain natural ground cover.  They raked away combustible
materials and set back fires on the leeward side of each cavity tree.  This created
head and flank fires burning away from the tree, and these were controlled in turn
by back fires being set concurrently on the leeward end of the timber stand.  When
the leeward cavity tree was secured, areas around the other cavity trees were
secured using the same method.  Temperature readings monitored in two nests did
not threaten nestlings.  More recently, a fire-retardant foam has been used as an
effective fire break in situations where maintenance of ground cover is important.
This foam can be used to protect cavity trees as well.  The foam is a detergent-water
mixture that is aerated and applied prior to a burn.  The foam increases the
moisture content of plants to the point that they do not burn, and it also impedes
the fire directly.  

Burning should be monitored closely where it has the potential for damaging dead
standing trees.  Fire protection should be considered for inactive cavity trees and
other snags, including hardwood snags.  Loss of such snags to fire could increase
eviction pressure on RCWs.  Standing snags are also important habitat substrates
for many species of birds and several species of reptiles (Wilson 1994).

Fire Management

Fire planning and fire management becomes increasingly important as the goals of
the fire program become more complex.  Prescribed burns should follow a site-
specific fire management plan which details ecological and technical information
needed to determine whether a prescribed fire is ecologically justified and
technically feasible.  A fire plan should:

1. define and justify burn units and burn schedules;
2. describe site-specific fuel conditions and burn prescription parameters; and,
3. stipulate site-specific fire management operations.
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Smoke management is important to prevent adverse public health impacts that
could jeopardize acceptance of habitat management.  Fire management planning
should include tactics to reduce or control smoke, including rapid ignition,
accelerated mop-up, and avoiding burns during stagnant weather conditions or
when weather predictions suggest adverse impacts to surrounding areas.

Fire control vehicles should stay as much as possible on roads and firebreaks.  Off
road areas pose hazards to vehicles and occupants and are often sensitive to
disturbance (e.g., wetland soils).  Creation of fire lines should employ discing rather
than plowing to promote regeneration of natural cover after fire control operations
are completed.   

Because the location of fire control lines can have significant adverse impacts on an
array of wildlife habitats and natural communities, restrictions on use of fire plows
should be extended to all areas of the HMUs.  The Natural Resources Management
Plan for Eglin Air Force Base (USDOD/DAF 1993) devotes considerable coverage
to this issue.  Fire management should adopt low-impact procedures where ever
possible:

1. Avoid location of fire lines in soils with high erosion hazard and on steep
slopes except in emergency situations.

2. Use existing control lines where ever practicable to avoid creation of new lines.

3. Existing trails and unimproved roads should be cleared or skimmed for use as
fire control lines where ever practicable to minimize creation of new lines.

4. Location of new lines should be done to avoid impacts to sensitive habitats:

a. Avoid wetland edges and in general avoid placement in habitat ecotones.
b. Avoid placement within 100 ft of streams.
c. Avoid placement in areas supporting wiregrass (Aristida stricta) communi-

ties.
d. Use alternative methods for securing control lines in sensitive areas (e.g.,

hose lays, handlines).

In emergency situations, use backfires from roads, fencelines, and field edges.  High
impact techniques, such as plow lines and retardants, should be restricted to
installation perimeters as much as possible.  Where plowed fire lines are unavoid-
able, they should be located to minimize adverse impacts (USDOD/DAF 1993):
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1. Use the minimum number of plow lines necessary to contain the fire.

2. Fire plow lines depth should be no greater than the minimum needed to
contain the fire.

3. Avoid location of fire plow lines in habitat ecotones unless absolutely
unavoidable.  In wetland areas, offset fire lines up slope of wetland edge.

4. Fire plow lines should be oriented to follow slope contours and maintain the
integrity of local topography.

5. Fire plow lines should not be located within 200 ft of RCW cluster sites unless
the hazard from the fire exceeds the expected impact from plow line construc-
tion.

6. Fire plow lines should not cross or merge with waterways or riparian zones,
be placed down slope at right angles to steep slopes unless required by the
emergency.

7. All emergency plow lines located in sensitive areas or in highly erodible soils
should be stabilized or restored immediately after emergency fire suppression.

A post-burn evaluation should be conducted within two weeks to compare the
results with management objectives.  This provides feedback for planning future
activities and to modify planning where objectives are not being met.  The effects
of burns should be closely monitored so that new occurrences of species may be
documented.  In addition, the most suitable fire frequencies and regimes for many
species are either unknown or poorly known and monitoring can supply data
necessary for appropriate adaptive management.

Extractive Land Uses

Timber Harvest

Where there are no other competing land uses, forest management for RCW cavity
production and foraging habitat requires simply that stands be burned regularly
and allowed to age naturally.  Where timber production must be supported, as on
the national forests, logging operations place constraints on the management
options available.  Timber harvest generally has an adverse effect on populations
of red-cockaded woodpeckers.  However, there are situations where timber
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operations can be made more compatible with RCWs and where the reestablishment
of suitable habitat conditions for RCWs may be aided by certain timber operations.
This may be particularly true in areas that are heavily stocked with dense pine and
hardwood (Loeb et al. 1992).  

Paragraph V.F. provides that timber harvesting in HMUs will be permitted if
consistent with the conservation of the red-cockaded woodpecker.  Harvest methods
are required to maintain or regenerate the historical pine ecosystem, described as
old growth longleaf pines in an uneven-age forest, with small (¼ to 5 ac) even-age
patches varying in size.  Timber harvesting is required to achieve and maintain
historical conditions through the emulation of natural processes.

Timber harvest in HMUs should be considered if it will not adversely affect RCWs
and their habitat.  Stewardship of HMUs should not be driven by an attempt to
practice multiple-use management in the HMUs.  The first goal of any silvicultural
operations should be to restore longleaf and loblolly stands within HMUs to suitable
RCW habitat and to avoid the fragmentation of that habitat.  After that has been
achieved, the suitability of any stands within the HMUs for limited harvest may be
assessed.  Timber harvest not designed to meet the needs of RCW management
should be directed to other stands, such as off-site stands scheduled for conversion
to longleaf pine.

Rotation Lengths.   The Guidelines mandate that no rotation lengths are to be set
in cluster sites or replacement stands.  In other areas of the HMU, rotations are to
be lengthened to 120 yr for longleaf pine and 100 yr for other species.  These
requirements fall within the ranges suggested for situations where RCWs must be
managed in conjunction with forestry operations (Lennartz and Henry 1985, SNN
1990).  However, if designation of HMUs represents a long-term commitment of
resources to the recovery of RCW populations, it seems prudent to extend the no-
rotation age guidelines to the entire HMU, including areas outside of clusters and
replacement stands.  Habitat Management Units should provide sustainable RCW
nesting and foraging habitat for the long-term, rather than provide multiple uses.
Managing HMUs to maintain ecosystem process integrity will also benefit other
species of concern, thus ameliorating any adverse effects of future demographic
shifting of RCW clusters required to avoid installation mission conflicts.

However, there are serious deficiencies in the age class distributions of forests
currently managed for RCWs (Hooper 1995, pers. comm.).  For example, longleaf
pine stands on Fort Bragg and the Sandhills Gamelands in North Carolina are
approaching single-aged forest conditions, with the majority of stands 80 yr of age
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and with little regeneration present to replace current RCW clusters in the next 50
yr (Sharpe 1995, pers. comm.).  Simply extending rotations or eliminating them can
provide relatively large amounts of habitat in all parts of the HMU for some period
of time.  However, timber harvests may make available habitat conditions highly
cyclical.  The current unbalanced age distributions in forests are the result of past
exploitative harvests.  Without some guidelines for correcting and regulating age
distributions over time, there will be drastic oscillations in both habitat availability
and distribution.  Lennartz (1988) suggested that this situation may be partially
avoided by:

1. imposing no rotation lengths in managed areas;

2. leaving relict trees scattered across the area; and, 

3. leaving remnant groups of trees unharvested and allowed to mature to
decadence evenly distributed throughout the managed area.

Leaving remnant trees and patches evenly distributed over clusters, recruitment,
and replacement stands will aid in providing continuous supply of older trees and
provide old-growth conditions for other species.  Retention of relict trees should
include relict hardwoods.  Snags should be retained indefinitely and protected in
prescribed burns.  

Silvicultural Prescriptions.   Where timber harvest is required in HMUs, the
selection of harvest methods (including the frequency of entry into stands) should
be assessed according to the likely impacts on other sensitive species (particularly
understory plants).  For this reason, natural regeneration of longleaf pine is
recommended in HMUs.  It is a cost effective management prescription in areas like
HMUs where there is existing longleaf pine with well-distributed seed producing
trees (Boyer and White 1989).  Natural regeneration offers an array of management
options and avoids the potentially adverse effects of intensive site preparation and
planting required in artificial regeneration (see below:  Site Preparation).  While it
requires substantially more active management and monitoring, it also provides the
flexibility needed for adaptive management planning.     

Even-aged Management.   There is considerable evidence that clear-cutting is
inappropriate as a means of managing for RCWs and longleaf pine.  McFarlane
(1992) pointed out that the historic condition in longleaf pine forest was old growth
with disturbance affecting only some 10 percent of the landscape (catastrophic fire
or blow down) creating isolated, widely dispersed clearings.  In the contemporary
forest, the situation is reversed.  The isolated patches are islands of old growth in
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a sea of secondary growth stands in various ages.  Clear cutting and plantation
forestry forces RCWs to seek out the scattered old growth islands in a matrix of
inhospitable habitats.  This is very different from avoiding island clearings in a
broad old growth forest.

Hooper et al. (1980) reported that red-cockaded woodpeckers abandoned sites where
extensive clear cuts were created within the foraging area.  Conner and Rudolph
(1991b) found that the removal of forest cover within 800 m of cavity clusters was
associated with cluster inactivation.  The effects of forest removal were particularly
noticeable in small populations.  Forest fragmentation created by clear-cutting also
influenced a group's access to foraging habitat by forcing birds to go through
territories of adjacent groups.  This increases the probability of cluster inactivation.
Fragmentation leads to more edge between stands.  Edge situations are favored by
other woodpecker species and other competitors for RCW cavity trees (McFarlane
1992).  Clear cuts may also funnel strong winds into areas with cavities (Conner et
al. 1991), which could increase loss of cavity trees from wind damage.  

In addition, clearcut and seed tree prescriptions are not practical methods of
natural regeneration.  Clearcutting can destroy much of the available advanced
reproduction in longleaf pine stands (Boyer and Peterson 1983).  On average sites,
and with the optimum number and quality of seed-bearing trees available, seed
crops adequate for regeneration occur, on average, once every four years (Croker
and Boyer 1975).  Intensive site preparation necessary to establish seedlings in
clearcuts can have significant adverse impacts to forest ground layer vegetation and
soils (see below).

Because of the very limited seed dispersal range of longleaf pine, most of the cleared
area in a seed tree cut must be within 100 ft (30.5 m) of a seed source.  Leaving 8
to 10 scattered trees per acre (20-25/ha) does not constitute a forest acceptable to
nesting or foraging RCWs (McFarlane 1992).  If there is an extended delay before
the next seed crop, the open space may be occupied by hardwoods and brush.  The
unwanted understory would then have to be removed prior to the seed crop which
may or may not be adequate to regenerate the area (Boyer and Peterson 1983).
Even with periodic burning, the lower fire intensity in seed tree stands, resulting
from the lack of a heavy needle-litter fuel load, can permit hardwood encroachment
to escape to fire-resistant size.  

Uneven-aged Management.   Because longleaf pine is resistant to fire at all ages
except young seedlings (< 0.3 in (0.8 cm) root-collar diameter), it is well suited to
uneven-aged management (Boyer and Peterson 1983).  Uneven aged management
procedures offer a number of benefits.  Small group selection cuts minimize forest
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fragmentation, provide better distribution of foraging habitat, reduce beetle
infestation hazards, and minimize the potential impacts of stochastic events
(Engstrom and Evans 1990, SNN 1990).  Selection cutting does present several
potential drawbacks, including site disturbance from the construction and repeated
use of access roads, difficulty of burning in some stands, and the potential for pine
midstory encroachment in cluster sites.  

Shelterwood cutting offers a number of advantages over even-aged methods that
makes it probably the most suitable means of naturally regenerating longleaf pine
(Boyer and Peterson 1983):

1. The final harvest of mature trees is delayed until adequate advanced
regeneration is established.

2. Shelterwood stands produce enough needle-litter to fuel fires capable of
restricting hardwood and brush encroachment and maintaining an understory
that is primarily grass and forbs.

3. Shelterwood overstory inhibits the development of brown-spot needle blight
on established pine seedlings (Boyer 1975).

A shelterwood overstory of 30-40 ft2/ac (6.9-9.2 m2/ha) maximizes seed production
and in good seed years produces three times as many seeds as a seed tree stand
(Boyer and White 1989).  This approaches the lower limit of suggested basal area
(9-14 m2/ha) recommended for RCW stands (Jackson et al. 1986) and should not be
managed below this stocking level.  Shelterwood cuts also maintain residual trees
for foraging, maintain foraging habitat over a greater area, provide good distribu-
tion of old growth trees of known age, and minimizes costs and environmental
impacts of stand regeneration (SNN 1990).  Forest managers on Fort Bragg, North
Carolina, have reported significant success using shelterwood cuts and prescribed
fire to regenerate longleaf pine on thousands of acres (Sewell 1992).

Group or patch shelterwood cuts allow managers to create a diverse age structure
that fosters the provision of RCW cavity trees in the long-term (McFarlane 1992).
Patches are small (< 10 ac) regeneration areas within the HMU that are created
and regenerated over time to obtain a desired distribution of age classes.  Patch
shelterwood cuts can be even-aged or uneven-aged.  In the latter case, the entire
stand is treated as the patch and no consideration is given to the various age or size
classes within the cut.  Cutting is regulated by volume or stand structure (diameter
distribution) control (Boyer and White 1989).  In either case, McFarlane (1992)
suggests that the shelterwood trees not be harvested in the subsequent cutting
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cycle, at least in some patches, to provide older growth individuals distributed in
HMUs.  Group shelterwood cutting produces patches of the successional habitats
favored by Bachman's sparrow and can produce them in clusters which are more
easily reached by dispersing juveniles.  This increases the likelihood that sparrow
populations will remain stable or increase in limited areas (Liu et al. 1995). 
 
Boyer and White (1989) point out that patch shelterwood management requires
careful use of prescribed fire.  Burning or protecting from burning a single age class
will be impossible since age classes will be widely distributed throughout HMUs.
However, because longleaf pine is resistant to fire throughout much of its life cycle,
careful burns should result in minimal damage to regenerating pine.  Uneven-aged
shelterwood practices provide many of the components of ecological forestry
compatible with timber production (Neel 1991):

1. patch regeneration and gradual release of pines;
2. variety of pine age classes, dominance classes, snags, and treeless areas within

a mosaic of stand types;
3. minimal disturbance to soils and ground cover vegetation; and
4. frequent burning to maintain open, park-like conditions.

Uneven-aged silvicultural practices used to increase habitat availability for RCWs
should have positive effects on many associated species.  Group shelterwood cuts
which create diverse, all-age stands of longleaf pine with open understories will
benefit fox squirrels, Bachman's sparrows, and pine snakes.  Lengthened rotations
provide for longer periods of time when pine stands may support large bird
populations.  Harvest methods which employ natural regeneration and thinning
practices improve stand complexity and the availability of an array of bird habitats
(Wood and Niles 1978).  Uneven-aged, patchy cuts can reduce habitat fragmentation
while preserving a diversity of mature and regenerating forest habitats across the
landscape, mimicking to some extent natural forest processes.  Use of natural
regeneration that eschews intensive site preparation will benefit most plant species
in the forest ground layer, as well as reptiles and amphibians which rely on forest
floor microsites (see below:  Site Preparation).  Finally, reliance on prescribed
burning to prepare longleaf pine seedbeds, coupled with the promotion of all-age
canopies, will help insure the integrity of an array of ecosystem processes across the
managed landscape (Lennartz 1988, Hunter 1990, Petit et al. 1994).

Site Preparation.   Longleaf pine seeds require direct contact with mineral soil for
successful germination and establishment (Boyer and White 1989).  However,
silvicultural practices in longleaf pine forests within HMUs should minimize the
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need for intensive site preparation.  Mechanical site preparation can have positive
effects on plant species requiring some sort of disturbance for successful regenera-
tion, but appears to be detrimental to most species (Robinson 1977).  Stransky and
Halls (1980) compared mechanical site preparation (chopping and KG blading) to
burning and recorded significantly more soil disturbance and negative effects on
fruiting by shrubs because of damage to woody stems caused by mechanical
methods.  Soil disturbance can adversely effect native plants (Cox et al. 1987,
Komarek 1982, Means and Campbell 1981, Tanner and Terry 1981).  Moore et al.
(1982) showed that mechanical site preparation changes species composition of
herbaceous layers and reduces the aerial coverage of soft mast-producing shrubs
such as Vaccinium spp. and Gaylussaccia spp.  

High intensity site preparation is considered to have adverse effects on most species
of flatwoods wildlife (Marion and Harris 1981).  Intensive site preparation reduced
abundance of soil arthropods and small mammals in comparison to low and
moderate intensity preparation (White et al. 1975).  Mowing indiscriminately kills
young trees and shrubs and can kill gopher tortoises.  Roller chopping and web
plowing can destroy gopher tortoise burrows.  

Drainage of flatwoods has negative effects on most species and should not be done
even to restore longleaf pine stands (Robinson 1977).  Many flatwoods species are
adapted to soils where the water table is seldom below 4 ft from the surface and at
or near the surface at some point during the growing season.  Riekerk and Korhnak
(1985) showed that timber management in flatwoods can lead to acid runoff and
nutrient depletion, suggesting long-term site degradation.

Of particular concern is that site preparation should minimize adverse impacts to
wiregrass and other ground-layer species.  Wiregrass biomass and the frequency of
occurrence of associated herbaceous species is negatively affected by intensity of site
preparation measures (White 1975, White et al. 1975).  Wiregrass can tolerate some
levels of disturbance, but will not survive severe soil disturbance.  It is a poor
colonizer and once removed from a site it is unlikely to reappear for many years, if
at all.  Wiregrass is also a crucial component of the fire ecology of longleaf pine
forests and without it, or with reduced cover, other less effective, more costly, and
more potentially damaging methods of hardwood control may be necessary (e.g.,
mechanical or chemical control).  Restoration of wiregrass is labor intensive, costly,
and unproven in many cases.

As discussed previously, fire is preferable to mechanical manipulation in site
preparation.  Use of prescribed fire:
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1. reduces the amount of ground litter, reducing the threat of unplanned
wildfires;

2. quickly releases nutrients to the soil; 
3. does not disturb soil and wildlife resources to the extent that mechanical

techniques do (Cox et al. 1987); and,
4. is less expensive than mechanical techniques (Tanner and Terry 1981, Means

and Campbell 1981).

Pine Straw Harvesting

Paragraph V.G. (pg. 15) allows pine straw harvest in HMUs, with the provision that
sufficient pine straw be left to allow for effective prescribed fires and to maintain
soils and herbaceous vegetation.  Areas within HMUs are not to be raked more than
once every three to six years and bailing machinery will not be used or parked
within clusters.

Pine straw harvesting is generally not an appropriate use in HMUs.  At Fort Bragg,
mechanized harvest (metal rakes mounted on tractors) on annual or biennial
schedules was found to destroy ground-layer herbs and longleaf pine seedlings,
concentrate pine seeds into unnaturally high densities, cause or accelerate erosion,
and adversely influence fire dynamics (TNC 1993).  Raking of pine straw removes
drought-resistant cover which maintains mesic refugia for some reptiles and
amphibians (Enge and Marion 1986).

Fire frequency is related at least in part to fuel accumulation.  In some areas
sufficient pine litter and ground fuel to carry low-intensity fire may accumulate
within 3 to 5 yr, but in driest sites in the sandhills, 30 to 40 yr may be required to
accumulate sufficient fuel to carry a fire (Christensen 1981).  No pine straw harvest
should be allowed in HMUs until a 3 yr fire return interval has been established.
After regular growing season fire has been established, assessments may be made
to determine whether sufficient pine straw is available for harvest without altering
the burn regime.  In some areas it is conceivable that even a six year harvest return
may alter the burn regime in HMUs.

Pine straw harvest should be excluded from areas known to support any endan-
gered, threatened, or candidate plant species.  Harvesting should be restricted to
off-site or degraded stands not suitable as cluster sites.  Degraded areas may be
replanted to longleaf pine to provide suitable areas for pine straw harvest in the
future.
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Where pine straw is allowed in HMUs, the extended 6 yr rotation should be
enforced, if it does not interfere with the maintenance of fuel loads necessary to
carry low-intensity fires.  Pine straw raking should not be practiced in heavily
vegetated areas, particularly in mesic and wet pine flatwood habitats.  Harvesting
should be done manually, using hand rakes, pitchforks or other hand tools.
Populations of sensitive species should be flagged prior to any harvest within
HMUs.   Harvesters should be made aware of sensitive plant populations and their
locations.  Any pine straw harvest prescriptions must include effective monitoring
protocols to assess the effects of harvest on sensitive plants, wiregrass cover, and
soil integrity.
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5 Integrating Ecosystem-based Approaches
into Endangered Species Management on
Southeastern Army Installations

"All management is a long-term experiment, and decisions are always
made with less than complete information” (Agee and Johnson 1988, pg.
226).

Some Principles of An Ecosystem Approach to Management

An ecosystem approach to management recognizes that autecological information
necessary for the management of individual species is often lacking, but that all
species would benefit from proper management of the ecosystems in which they are
found.  Instead of focusing efforts on small discrete populations and management
units, an ecosystem approach fosters the management of species within the context
of the natural communities in which they occur (Hart and Lester 1993).  Landscape-
level management, focusing on the entire mosaic of community types and the
processes that shape them, attempts to mimic those processes or allow them to
continue unimpeded (Hardesty 1992).  It recognizes that single management
decisions taken at seemingly small scales may produce cumulative effects over
much larger scales (Walters 1991).  

The Department of Defense has recognized that ecosystem management may
provide the best chance for reconciling training requirements and conservation of
biodiversity, including endangered species (Trame and Tazik 1995).  In 1994, the
Office of the Under Secretary of Defense issued a memo calling for implementation
of ecosystem management in the Department of Defense (DOD; DUSD[ES]/EQ-CO
memo, 08 Aug 1994).

A primary goal of ecosystem management is the maintenance of biological diversity
(Grumbine 1994).  As pointed out by Everett et al. (1995):  "...no species or habitats
are expendable.  When some species are considered expendable, the unstated
intention is to manage for declining ecosystem adaptability, and a declining number
of management options (pg. 22)."
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Grumbine (1994) suggested that the most important goal of ecosystem management
is the maintenance of ecosystem integrity.  He listed five common objectives related
to reaching this goal:

1. Maintain viable populations of all native species in situ.

2. Represent, within protected areas, all native ecosystem types across their
natural range of variation.

3. Maintain ecological and evolutionary processes.

4. Manage over periods of time long enough to maintain the evolutionary
potential of species and ecosystems.

5. Provide for human use and occupancy within these constraints.

Ecological Integrity

Karr (1990) defined system integrity as the capability of "supporting and maintain-
ing a balanced, integrated, adaptive community of organisms having a species
composition and functional organization comparable to that of the natural habitat
of the region."  Human needs and desired levels of outputs must also be embedded
within defined limits of ecosystems (Hardesty and Murin 1994).

Managing for ecosystem integrity includes maintaining the processes which shape
and drive the system at large scales (e.g., fire, flooding, grazing) and small scales
(e.g., windthrows, insect damage, soil disturbance).  Ecosystem processes include
movement and interaction among organisms, transformation of energy and
material, and the successional trajectories, changes in patchiness, or responses to
environmental change that a system exhibits (e.g., disturbance regimes, hydrologi-
cal processes, nutrient cycles, food webs, etc.) (Pickett and Parker 1994).  

Integrity thus includes the historical ranges of variability for landscape disturbance
effects (frequency, extent, and intensity).  However, disturbance regimes (such as
fire in the longleaf pine landscape) that maintained historical ecosystems may not
be appropriate in some contemporary ecosystems.  Historical disturbance regimes
are reference points and not recipes.

Holling et al., cited in Hardesty and Murin (1994), suggest that not all processes or
elements are of equal importance in maintenance of ecological integrity.  A
relatively small subset of abiotic and biotic factors may actually structure the entire
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system.  This implies that identification and maintenance of these structuring
factors should result in maintenance of the system and of its ecological integrity
(Hardesty and Murin 1994).

As Hardesty and Murin (1994) point out, while overly simplistic, this concept
permits the development of criteria for setting measurable ecological objectives and
associated monitoring programs.  Such a monitoring system depends on:

1. developing specific management objectives which are stated as ecosystem
conditions to be achieved or maintained (e.g., a given fire return interval, the
presence or absence of a particular species), and

2. selecting indicators that measure whether objectives are being maintained
within desired ranges (e.g., a fire return of 3-8 yr).  

Selection of indicators and acceptable ranges derives from expert opinion,
management experience, and from adaptive experience over time.

Adaptive Management

Few management practices are either universally beneficial or universally
damaging to ecosystems or landscapes (Everett et al. 1994).  Management practices
must be applied at the time, place, and scale that is appropriate to meet stated
objectives.

Adaptive resource management recognizes that all resource policy is experimental,
that all outcomes are uncertain and that both short and long-term effects will be
unpredictable (Hardesty and Murin 1994).  Liu et al. (1995) showed that manage-
ment for RCWs can have unforeseen consequences for other species such as
Bachman's sparrow that may be impossible to predict prior to implementing RCW
management plans.  This is especially true when management options affect habitat
distribution and quality over large areas or produce changes that may not be
identifiable for several years.  As pointed out by Walters and Holling (1990) "...some
actions may change the sensitivity of managed systems to natural environmental
factors that themselves have complex temporal patterns (pg. 2065)."  

Ecosystem management is intuitively adaptive management.  Managers have to
adopt a policy of learning from mistakes.  Adaptive management strategies assume
that knowledge of the system in which we work is incomplete and "the system itself
is a moving target, evolving because of the impacts of management and the
progressive expansion of the scale of human influences... (Walters and Holling 1990,
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pg. 2067)."  Better project results can be achieved by working with flexible objectives
and adopting changes to management plans as new information obtained from
monitoring or research becomes available or as resource priorities change.

Developing Ecological Indicators

Successful management requires that there must be a consensus among all affected
parties on the specific indicators of desired future conditions and on the constraints
on achieving those conditions (Agee and Johnson 1988).  At Avon Park Air Force
Range, Florida, selection of indicators was based on the identification of structural
and process variables which could be used to track the condition of the ecosystem,
rather than on selection of particular "indicator species" (Hardesty 1994).  The
selection process involved the distribution of a questionnaire to managers
suggesting 20 to 30 possible ecological indicators derived from the literature which
described the natural communities on the installation (e.g., Is the mean age of pine
stands increasing or decreasing?  What is the trend in age class distributions and
how do you know?).  An iterative process of discussions among all interested
personnel was used to define the final list of appropriate indicators which compared
current installation conditions to a generally accepted set of desired future
conditions.

Indicators should provide direct and indirect measures of the status of important
ecosystem factors.  They should be (adapted from Hardesty and Murin 1994):

1. measurable;

2. based on management goals and objectives set in advance;

3. easily interpreted, displayed, and communicated to all interested parties;

4. efficiently measured and analyzed by existing staff with existing resources,
programs, and partners;

5. capable of detecting real change within specified levels of confidence;

6. able to provide threshold levels of change in indicators and their relationship
to management strategies (Agee and Johnson 1988) that indicate need for
management action;

7. able to directly assess compliance with legal mandates;
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8. directly or indirectly measure one or more indicators related to ecosystem
integrity;

9. represent multiple levels of biological organization measured at appropriate
spatial and temporal scales.

Setting Management Priorities:  Inventory, Monitoring, and Dialog

Management priorities are set through the integrated use of inventory, monitoring,
and continuing dialog (Hardesty and Murin 1994).

Inventory is the initial key component of any endangered species management plan,
providing the baseline, pre-management data that can be used to assess change and
the effects of management actions.  The inventory should characterize
compositional, functional, and structural components of the landscape at one or
more points in time.  A completed inventory:

1. illustrates the spatial distribution of species and communities, including the
best examples of each;

2. places the installation in a regional context and defines its role in protecting
regional biodiversity; and

3. helps direct management priorities and goals by demonstrating which species
or communities are most at risk (e.g., at Fort Bragg management emphasis is
placed on those key species or communities with five or fewer occurrences on
the installation).

Monitoring includes procedures and programs used to assess the effects of
management actions and on-going land uses.  Specifically, monitoring tracks the
status and trends of particular abiotic elements, plant and animal populations,
communities, ecosystems, and indicators.  By definition it is a repeated, long-term
activity and often includes the measurement of attributes (indicators) that are
thought to act as surrogates for the health of guilds, whole communities, or even of
ecosystems (Hardesty and Murin 1994).  

Repeated sampling detects trends not observable otherwise and points out areas
where monitoring procedures (e.g., trap grid placement) should be modified.  Useful
monitoring indicators should provide rapid and readily observable indications of
change in response to disturbance or management alterations, have low variance
in measurable parameters, be amenable to replication, and be inexpensive to
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sample.  Monitoring procedures must have acceptable level of accuracy, be
repeatable over years among personnel, be long-term enough to capture the
important natural processes or responses to management, and meet the logistical
needs of the manager.  Multiple reference sites in all managed habitats should be
selected to characterize ecosystem potentials, processes, unmanaged ecosystem
characteristics, and variability among sites.

Monitoring should be designed to answer pertinent questions:  Which management
practices are most ecologically sound?  How do current and proposed activities alter
ecosystem composition, structure, and function and at what spatial and temporal
scales do they operate?

Dialog seeks to bring scientists, regulators, and managers together on a regular
basis around specific issues and questions (Hardesty and Murin 1994).  For
example, at Eglin Air Force Base, initial dialogs focused on the qualitative
assessment of initial conditions (e.g., the longleaf pine sandhills) while subsequent
dialog focused on particular issues (e.g., RCW recovery, defining ecological
integrity).  Continuing dialog helps to define what various installation programs
value and how these values can be expressed in management (Hardesty and Murin
1994).

Significance of Military Installations

Recent work on Fort Bragg, North Carolina, Fort Stewart, Georgia, and Eglin Air
Force Base, Florida, has clearly demonstrated the important role military
installations play in the preservation and maintenance of landscape level
biodiversity in the Southeast.  

1. Military installations possess natural features that are of regional, national,
and international significance, including outstanding examples of many
different community types and populations of rare and endemic species.

2. Because of their large size, installations offer the opportunity to manage
relatively intact longleaf pine landscapes.

3. Natural areas on the installations are becoming increasingly valuable as the
rate of loss of longleaf pine forest on private lands continues.

4. Large contiguous tracts of longleaf pine on the installations do not exist in
isolation.  They are linked ecologically with other state and/or federal lands
adding to the significance of protected lands complex.
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5. Experience at Fort Bragg, Eglin Air Force Base, and Fort Hood, Texas,
demonstrates that military missions and sound natural resource management
are largely compatible.

Some Emphasis Areas for Longleaf Pine Ecosystem Management

Ecosystem management planning is meaningful only in the context of specific
installation landscapes and management objectives.  However, certain goals may
be generalizable across the range of longleaf pine ecosystems (Stout et al. 1988):

1. maintenance of normal ecosystem processes;
2. soil conservation;
3. maintenance or restoration of normal hydrologic processes;
4. prevention of establishment of exotic species; and
5. minimization or prevention of human disturbance.

The following paragraphs provide overviews of several key components that should
be incorporated into ecosystem management planning in longleaf pine landscapes:

1. Identification and management of natural areas.
2. Use of fire to protect and promote ecosystem integrity.
3. Protection of wetland and aquatic habitats.
4. Management for reptiles and amphibians.
5. Mapping RCW Habitat Management Units in an ecosystem context.

The first three topics provide some specific management procedures and recommen-
dations adaptable to particular management goals.  The fourth is provided as an
example of a group of species which integrates many of the ecosystem processes and
management concepts discussed previously.  The final topic provides a suggestion
for integrating ecosystem principles into the designation of RCW management areas
as a first step in an adaptive management process.

Identification and Management of Natural Areas

Federally listed Endangered species are protected under the Endangered Species
Act of 1973 and sites supporting them should be marked as off limits to incompati-
ble fixed-site activities and disturbances.  Sites which support Threatened and
Candidate 2 species or State-listed Endangered and Threatened species have no
special protection.
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However, protection of species on an occurrence by occurrence basis may promote
management of fragmented habitats.  To avoid this, installation inventories should
include identification and description of significant natural areas.  Natural areas
are identified as units of land (ranging in size from several acres to an entire
watershed or physiographic region) that contain assemblages of plant and animal
communities whose characteristics and functioning are shaped by the processes of
evolution and ecological interactions over long periods of time, without the
overriding influence of modern human activities (Schafale and Weakley 1990).

Natural areas should be selected based on compatibility with the military training
and testing mission, consultation with regional experts, published historical
descriptions, and comparisons with other areas on the installation (TNC 1993).
Experts should be familiar with the potential sites and with the general distribution
and rarity of plant communities and rare plants in the region.  Possible criteria for
selection include overall quality and diversity of plant communities, abundance and
diversity of rare plants, area size, and representativeness (i.e., relative rarity of the
plant community types at local, state, and regional levels) (TNC 1993).

Significance of Natural Areas

Designation, protection, and management of such areas will aid in the survival of
rare plants and help installation managers avoid potential future conflicts with
endangered species.  Scott et al. (1989) pointed out that protecting groups of species
in self-maintaining communities offers a cost-effective supplement to endangered
species recovery.  "Identifying and protecting areas rich in regional diversity is, in
fact, proactive endangered species management:  its goal is the long-term security
of most of the planet's biodiversity (pg. 85)."

In addition to individual rare species, plant communities should be included as
biological features that are unique to a region or landscape.  Communities are
significant landscape elements that are important to the support of biological
diversity.  By protecting examples of all of the natural community types that occur
on an installation, the majority of species dependent on those communities can be
protected.  These protected examples of community types can provide standards
from which recovery of damaged ecosystems can be judged (TNC 1993).

Finally, natural areas provide protection of landscape-level functions.  Species and
communities interact with each other in complex ways, and they require intact,
contiguous landscapes upon which to carry out these interactions.  For example, as
discussed below, many amphibians in the longleaf pine ecosystem use seasonally
flooded pools for breeding, while living as adults in adjacent flatwoods or sandhills
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habitats.  On a larger scale, species such as fox squirrels and pine snakes occupy
extensive home range areas comprising longleaf pine forests and adjacent hardwood
and bottomland areas.  Landscape level protection is the best means of insuring
that corridors between these habitats remain intact.  

Wetlands

The longleaf pine ecosystem is characterized by a number of unique plant
communities.  Many are transitional areas between major forest types or wetland
areas embedded within a broader forest landscape.  Several community types
typical of forests supporting RCWs are recognized by the Nature Conservancy as
globally imperiled, including Coastal Plain Hillside Herbaceous Seepage Bogs and
Coastal Plain Pitcher Plant Flats.  

Hillside seepage bogs are relatively uncommon throughout the southeastern Coastal
Plain.  For example, in North Carolina, good to excellent hillside seeps are
restricted to the fire-maintained areas of Fort Bragg, Camp Mackall, and Sandhills
Game Land (TNC 1993).  Of the approximately 100 examples of hillside bogs
identified by Bridges (1988) and Orzell (1987) in the West Gulf Coastal Plain,
probably less than 30 bogs remain relatively undisturbed (Bridges and Orzell 1989).

The greatest threats to these communities, which support a number of candidate
species such as Xyris scabrifolia, include: 1) habitat destruction by conversion to
urban, suburban, agricultural, silvicultural, or military use; 2) alteration of
hydrology as a result of habitat fragmentation; and, 3) loss of herb diversity due to
fire suppression (see Chapter 5, Protection of Wetlands And Aquatic Habitats).

As part of installation inventory and the identification of key natural areas, the
extent of all wetland areas should be delineated and recorded on USGS 7.5'
topographic quadrangles or other suitable scale mapping.  The hydrologic integrity
of mapped wetlands should be protected by identifying those adjacent areas which
contribute to the inflow and maintenance of water levels and which may be
threatened by land use on the installation.  

Protection of sites which support rare species or communities should be encouraged
to the extent that such actions can be accommodated within the training mission
of the installation.  Management of natural areas should emphasize the conserva-
tion of rare, threatened, and endangered species and the natural communities in
which they are found.  Training and other land uses should be minimized in these
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areas.  As a general rule, extractive land uses, including timber harvest and pine
straw raking, should be prohibited.

Use of Fire to Protect And Promote Ecosystem Integrity

The restoration of longleaf pine community integrity can most effectively be
achieved through the judicious use of prescribed fire (Myers 1991).  Both Myers
(1991) and Baker (1992) pointed out that prescribed fire on contemporary
landscapes is unlikely to ever approach the extent or effects of pre-settlement burns
due to changes in other components of the landscape (e.g., distribution of
development, changes in forest acreage).  Current management can only approxi-
mate historical conditions.  Natural resource management beyond general
principles is an idiosyncratic process that may concern endemic species, restoration
of specific communities, and a range of other concerns (Stout et al. 1988).
Consequently, managers should not develop fire programs that adhere strictly to
fire return intervals without considering other site specific factors which may argue
for subtle variation in the timing and extent of prescribed fires.  

Use of prescribed fire in RCW management areas and fire management practice
have already been discussed (see Chapter 4, Prescribed Burning).  Several
additional points should be emphasized in the use of fire in ecosystem approaches
to managing longleaf pine systems.

Emphasize Understory Diversity and Integrity

Fire is the most important functional process in the longleaf pine landscape.  Fire
supports, and is supported by, a diverse understory and a relatively simple
overstory, both of characteristic composition and structure (Christensen 1988, Stout
and Marion 1993).  The longleaf pine canopy may be the most important structural
element of the landscape.  However, from an ecosystem perspective, the understory
and ground layer herbaceous community of plants is the most important functional
element, both because it is remarkably diverse and because it provides the fine fuel
matrix essential for carrying frequent, low-intensity fire and for creating the
conditions necessary for the natural regeneration of longleaf pine (Hardesty 1992).

Fire suppression and mechanical soil disturbance leads to changes in biological
diversity as indicated by changes in key indicators of composition, structure, and
function.  A more proactive management approach tolerates, preserves, and restores
ecosystem functions (e.g., fire regimes, hydrological gradients, pine beetle
outbreaks), structure (e.g., removal of hardwood midstory through fire), and
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composition (e.g., preservation or reintroduction of ground layer vegetation,
reclamation of roads and plow lines).  Ultimately, such management emphasis helps
to maintain ecological integrity at the ecosystem and landscape levels (Hardesty
1992).

Management strategies should emphasize the protection of the natural understory
and the reintroduction of growing season fire.  Strategies that emphasize the
overstory (e.g., intensive site preparation and the artificial regeneration of longleaf
pine) do not represent an ecologically-based approach to resource management
(Hardesty 1992).

Use Appropriate Prescribed Fire Regimes

The prescribed fires should attempt to mimic the natural fire regime in frequency,
predictability, and seasonality, and should be tailored to different community types.
Hart and Lester (1993) suggested using a weighted randomized burning schedule,
in which the likelihood of fire increases with the number of years since the last burn
to allow for variance in fire periodicity.  Such a schedule would also allow for
variability in the magnitude and severity of prescribed burns.  As suggested
previously, burns should not be constrained by uniformity.  Patchy burns increase
landscape heterogeneity and provide refugia for wildlife.

Fire management may benefit management-sensitive species by providing a mosaic
of habitat types.  For example, a rotational system of burning in some areas in
which sections are burned on a regular rotation, resulting in a variety of habitats
in every year and providing habitats across a spectrum of fire dependence (Herkert
1994).  Komarek (1964) and Landers et al. (1990) suggest ways of managing the
temporal variability of prescribed burns.  Landers et al. (1990) pose several
questions for land stewards trying to devise appropriate burn schedules:

1. Did late-summer fires in the natural forest commonly burn on into or reignite
during the dormant seasons?

2. Did lightning induced fires starting in the drier dormant seasons cover much
greater extents than the ignition frequency might imply?

3. Did natural history aspects of some native species become attuned to burning
at times other than at peak lightning ignition periods?

Finally, aggressive suppression of wildfires and mission-caused fires often leads to
degradation of the understory through use of emergency plow lines and the
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fragmentation of forest stands which may have been scheduled for prescribed
burning in the future.  Rather, such fires should be incorporated as controlled
management burns whenever possible.  Similarly, prescribed fire rotations designed
to protect longleaf pine regeneration (i.e., limiting growing season fires in
"regenerating stands") does not address ecosystem goals and is probably unneces-
sary (see  Chapter 4, Extractive Land Uses).

Emphasize the Use of Natural Fire Breaks

Rebertus et al. (1991) pointed out that the relative frequency of natural fires
probably influenced the abundance of longleaf pine savannas relative to adjacent,
less pyrogenic communities.  Boundaries between longleaf pine savannas and xeric
scrub or hammock, as well as ecotones between savannas and downslope wetlands,
were probably dynamic, changing with the frequency of fire.  They suggest that
some of the mesic and wetland communities probably depend for the maintenance
of structure and composition on periodic fires spreading from drier, more frequently
burned savannas.

Burn units should be bounded by existing landscape features to minimize habitat
fragmentation.  Use of plowed fire lines should be minimized (see Chapter 4,
Prescribed Burning).  Permanent fire breaks should be established where they can
be maintained to avoid having to construct emergency lines where fires must be
strictly controlled (e.g., at installation boundaries, around cantonment areas). 

Frost (1994) suggested adaptive management principles which use landscape
patterns to determine appropriate fire frequencies as a means of developing the
framework for a burning program, including:

1. location of indicator species that are fire-tolerant or fire-adapted

2. location of historic indicator community types (e.g., with fire suppression,
canebrakes succeed to shrubby swamps and pocosins)

3. successional processes observed on different soil types at different locations on
the installation that are subject to various treatment or management

4. current landscape structure (e.g., fire tension zones between community types
or changes in soil type that create natural differences in fire frequency)

5. historic patterns of lightning frequency and historic fire records.  
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Recognize the Influence of Other Disturbance Factors

As pointed out by Landers et al. (1990), "arranging a set of key plant species into
a preconceived pattern with appropriate prescribed fires may not insure that
community members will all fall into place (pg. 160)."  For some species (e.g.,
Agrimonia incisa), it is possible that individuals persist after the cessation of fire,
but disturbance such as animal burrowing, creation of tree-fall mounds, or fire-
generated patches of open soil may be required for recruitment of new individuals
into the population.  Many species in longleaf pine communities appear to benefit
directly from soil disturbance, and some of the rarest species depend upon it for
their persistence (Landers et al. 1990).  Several historical disturbance agents (e.g.,
bison, pocket gophers) have been either completely removed or significantly reduced
in the current landscape.  Consequently, the interactions between growing season
fires and these forces is poorly understood.  However, management beyond simple
re-introduction of growing season fire may be required to perpetuate all members
of the forest community (Landers et al. 1990).

Protection of Wetlands And Aquatic Habitats

The general ecological value of wetlands in an array of different landscapes has
been addressed elsewhere (e.g., Mitch and Gosselink 1993).  In the present context,
it is significant to note that 63 percent of the candidate, threatened, and endangered
plants considered in this report are either obligate or facultative hydrophytes.  In
all, 78 percent of the species are found either in wetlands or in the adjacent ecotone.

A number of amphibians, including the flatwoods salamander and gopher frog,
require intact ephemeral wetland depressions in longleaf pine flatwoods as breeding
habitat and spend much of the nonbreeding season in wetland ecotones.  Adams
(1990) pointed out that the habitat niches of most, if not all, terrestrial mollusks in
the longleaf pine forest are so poorly known that we have no tools to adequately
assess the potential impacts of any proposed action on a given population.  They
may live in pocosin edges, but move out into surrounding areas due to population
pressures or on humid nights (Adams 1995).

Wetlands are of particular importance for many longleaf pine endemics.  For
example, all four of the known extant populations of the state endemic Amorpha
georgiana var. confusa occur within the Green Swamp Nature Preserve in
Brunswick County, North Carolina, scattered primarily within seasonally saturated
pine savannas.  The endangered Saint Francis' satyr (Neonympha mitchellii
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francisci) is known solely from herbaceous wetlands in the impact areas of Fort
Bragg, North Carolina (Hall 1993).

Apart from the direct conversion of wetlands in development, agriculture, and
silviculture, the greatest threats to the integrity of longleaf pine wetland communi-
ties are fire suppression, interruption of hydrologic patterns, and soil erosion. 

Fire Suppression

Frequent fire is essential for maintaining the high species diversity and
vegetational structure in most wetlands, such as wet savannas and seepage bogs.
Lack of periodic fire in these communities has a number of adverse consequences:

1. Suppression of fire will promote rapid shrub invasion, out competing rare
herbaceous species for sunlight and nutrients.  In the more mesic upland
savannas, shrub invasion may be slow, but certain graminoids, such as
Schizachyrium scoparium (Little Bluestem), may predominate, leaving little
open ground available for colonization by herbaceous species.  

2. The dense woody cover which develops after years of suppression may also
change the hydrologic conditions of seepage slopes and other wetlands, as
woody vegetation alters evapotranspiration rates in hydric soils.

3. The absence of fire may reduce the availability of soil nutrients.  Reproductive
cycles and long-term health of wetland plants may depend on nutrient pulses
usually available following a burn.

Growing-season burns on a three- to five-year rotation are recommended for
moderately fire-suppressed habitats (i.e., sites that have not been burned in the last
10-15 years).  Excessively hot fires should be avoided.  Sites that are more severely
fire-suppressed should first be burned in winter to reduce heavy fuel loads.
Subsequent burns (two to three years following the winter, fuel-reduction burn)
should be done in the growing season.

Wetland management should require fire regimes for all types of habitats.  For
example, fires should not only be conducted in savannas and ecotones but should
also penetrate into adjacent pocosins.  To burn pocosin edges, Peterson (1992) (cited
in Smith 1993) suggests burning on two- to three-year rotations.  This allows
enough fuel to accumulate in bordering habitats to start fires that will burn into the
edges of pocosins.  These burns should be done in the winter when pocosins are less
likely to burn out of control (Peterson 1992).  However, it still remains to be
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determined if winter burns are as effective as summer burns in producing the
desired results.  Any prescribed burning programs should include prompt post-fire
assessment and monitoring across several seasons (see Chapter 4, Prescribed
Burning, Fire Management).

Disturbance of Hydrologic Patterns

Wetlands are directly threatened by foot and vehicle trails, fire plowlines, and roads
which all work to disrupt natural hydrologic patterns.  These communities are
dependent on intact recharge areas upslope and undisturbed discharge areas
downslope.  Fragmentation of recharge areas may lead to extended low-moisture
conditions, which may seriously affect habitat conditions for most obligate species
such as Xyris scabrifolia.  Plant habitats may also be adversely affected by flooding
caused by backed up discharge areas.  Roads or trails located at the base of seepages
often cause this type of flooding.

Numerous streamhead pocosins and sandhill seeps, rare communities on Fort Bragg
and Camp Mackall, North Carolina, have been dissected and severely degraded by
firebreaks and trails created in the 1960s and 1970s (TNC 1993).  In addition, fire
plowlines were placed around most seepage slopes, small streams, and other
wetlands by wildlife biologists and foresters who felt that fires passing into
wetlands were destructive to animal populations.  While this practice has been
stopped, the plowlines still persist and continue to prevent effective burning of
wetland areas, while disrupting water recharge and the natural nutrient flow from
adjacent areas.

Management of wetland communities should include protecting sites against any
mechanical damage (e.g., fire plowlines), sedimentation from adjacent upland areas,
and ditching or other forms of drainage.  In areas where the threat of mechanical
damage is high, signs should be posted to help protect the site from disturbance.
On Fort Bragg, as populations of endangered plants are located, a white-line buffer
is marked around the site and permanent signs emplaced stating "Endangered
Species Site - Do Not Disturb - No Fixed Activity" (TNC 1993).

Soil Erosion and Siltation

Soil erosion causes direct destruction of plant communities and natural features
such as seeps and bogs.  Erosion also disturbs soil nutrient and water regimes.
Eroded firebreaks and gullies can act as drains which alter hydroperiods of nearby
wetlands.  Erosion from poorly maintained roads and fire breaks has been observed
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to have several direct adverse impacts on wetlands and aquatic habitats at Fort
Bragg, North Carolina (TNC 1993):

1. Direct siltation of streams and open water bodies.  Siltation in black water
streams creates anoxic soil conditions unsuitable for aquatic plants and plant
species diversity is significantly altered in areas immediately upstream and
downstream of fire break stream crossings.

2. Firebreaks and roads alter flow regimes in streams by directing unnaturally
large volumes of surface runoff into stream channels during storms.  The
resulting increased stream-flow rates damage stream integrity by altering
channel shape, increasing streambank erosion, and destroying stream bottom
microhabitats.

3. Degraded intermittent stream channels carry high sediment burdens into
perennial streams during storm events.  Adjacent floodplain vegetation can be
smothered by siltation fans deposited from streams during flood periods.  

In general, excess numbers of poorly-maintained secondary roads and fire breaks
compromise watersheds within longleaf pine landscapes.  Changing inappropriate
management practices now is more cost effective than attempting to restore
degraded wetland communities later.

Planning for Erosion Control and Stream Integrity

Control of erosion is an important tool in the protection of wetlands, streams, and
other sensitive habitats.  Erosion control plans should be a key component of
endangered species management on the installations.  Plans should identify
existing problem areas and identify suitable mitigation measures.  
Erosion control measures should include (adapted from USDOD/DAF 1993):

1. Erosion-prone sites and structures should be inspected quarterly to identify
maintenance and mitigation needs.  Surveys should identify existing problem
areas along major roads and stream crossings, as well as disturbed wetlands
and stream channels that require mitigation.

2. Fire management should avoid construction of plowed fire lines adjacent to
stream corridors.  All fire lines should be constructed to minimize erosion
potential.  Stabilize and restore emergency plowed fire lanes as soon as
possible after fire suppression.
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3. Silvicultural activities should avoid impacts to wetlands, particularly in
flatwoods sites.  Wetland ecotones, embedded wetlands, temporary ponds, and
other significant habitats should be flagged prior to forestry operations.

a. Logging roads should be designed and located to prevent ponding of water
and other disruption of natural hydrology.

b. No skid trails should be established in wetlands or in wetland ecotones.

c. No harvesting activities should be allowed on sustained slopes with highly
erodible soils.

d. No harvesting should be allowed within 100 ft of streams.

e. Upon completion of silvicultural activities, access roads should be blocked
off and seeded with native vegetation.

f. Pine thinning operations should avoid soil disturbance and ground layer
disturbance, especially on erosion-prone soils.  Disturbance of soils should
be stabilized.  

4. All perennial and intermittent streams should be protected using vegetation
transition areas.

5. All surface and subsurface waters should be protected from herbicide use.
Herbicides should not be used within 100 ft of stream corridors and aquatic
herbicides should not be employed upstream of known fish habitats.

6. All stream crossings should be evaluated for erosion presently or potentially
entering streams and the adverse effects of practices and materials used in
road, bridge, or culvert construction.  

a. Use of bioengineering principles and low-tech solutions should be
emphasized where possible.  In all cases, avoid the use of exotic species for
soil stabilization, especially in or near wetlands and wetland ecotones.

b. Evaluate, close, and stabilize unnecessary stream crossings with potential
for adverse effects on known populations of sensitive species.  



116 USACERL SR-97/94

c. Stream crossings using culverts should minimize elevational differences
which would prevent movement of fishes along stream channels.  Borrow
pits should be stabilized.  

7. The requirements of intensive military training make some indirect impacts
to wetlands and water courses unavoidable.  

a. In areas designated for dismounted infantry training, personnel should
flag temporary wetlands and wetland ecotones to keep off-road traffic from
destroying these habitats.

b. In Direct Fire Areas, protective berm construction (e.g., for protection of
RCW cluster sites) should take into account local topography and the
hydrologic patterns which support wetlands.  Recharge and discharge
pathways should not be disturbed.  Use of heavy equipment should avoid
damage to sensitive wetland ecotones.

c. Identify areas where unauthorized off-road vehicles are degrading near
stream areas.  Areas subject to high erosion potential may be prevented
with a series of poles or poles and cables to prevent vehicular access.

Roadways and Firebreaks

The existing installation road networks should be reviewed and the purposes and
value of existing secondary roads and trails assessed.

1. Road maintenance standards should be upgraded to reduce erosion from road
surfaces and shoulders.

2. In coordination with military trainers, plan and implement phased closures
and restoration of active unimproved roads and fire lanes which are no longer
required for mission support or other installation operations.

3. New trails, roads and fire breaks constructed in HMUs, after consultation with
the USFWS, must observe the topographic contours, highly erosion-prone
soils, and the location of sensitive plants.  Avoid any new wetland or stream
crossings.

Rich et al. (1994) showed that secondary roads as narrow as 16 to 23 m wide
significantly reduced the abundance of neotropical migrant songbirds in oak-pine
forests in southern New Jersey.  Such narrow forest-dividing corridors affected the
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distribution and abundance of birds in ways typically associated with the effects of
forest fragmentation.  They suggested that, at the landscape level, the ubiquitous
distribution of paved and secondary roads and powerline rights-of-way through
forested areas "raises the prospect of significant cumulative reduction in the
potential abundance of forest-interior species (pg. 1117)."

Of equal concern is the fact that a number of rare species, including Plantago
sparsiflora, Rhus michauxii, and Amorpha georgiana are known from localized
populations in disturbed or artificially maintained habitats, such as roadside
ditches, powerline rights-of-way, and even fire breaks.  These populations are
especially vulnerable to direct damage through heavy equipment use for road
maintenance, alterations to roadside ditches, poorly timed mowing which interferes
with reproductive cycles, or other side effects of maintaining the area for human
purposes.  Roadsides and utility rights-of-way may need sensitive maintenance to
avoid adverse impacts to isolated populations of rare species.

Fragmentation of Aquatic Habitats

Streams should be surveyed to characterize faunal and floral composition and they
should be protected, including protecting flow rates and water quality.  This is the
best way of protecting instream biodiversity, particularly for rare aquatic insects
which may otherwise be very difficult to protect (Morse 1979).  Preservation of
streams and watersheds now will preserve populations of rare species which may
then be available to colonize new areas; also provides potential for alternatives in
the future (Morse 1979).

Dodd (1990) discussed the effects of fragmentation of the habitats of stream-
dwelling species.  Alteration of stream habitats can result from direct modification
of stream channels (e.g., channelization, damming, diversion) and from adverse
modification of water quality (e.g., sewage effluent, siltation, and chemical spills).
Fragmentation results in occurrences of species in stream reaches that are widely
separated by degraded conditions.  Snelson and Suttkus (1978) pointed out that
streams in the Carolina Sandhills are subject to extremely low flows during dry
periods.  During periods of low water flow, or when flows are interrupted due to
human interference, the receding water concentrates both animals and contami-
nants into smaller and smaller areas, exacerbating adverse effects (Adams 1995).
Any action which would result in diverted or restricted flows should be reviewed
and mitigated.
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Management for Reptiles And Amphibians

Landers et al. (1990) suggested that the real challenge in maintaining community
integrity occurs as the pine-grassland balance begins to be restored.  Many
indigenous wildlife species may be adversely affected if habitat uniformity is over-
emphasized (e.g., eradication of hardwoods, reduction in available fruiting shrubs).
Certain habitats may have always been scarce on the landscape, however managers
must recognize that in excess of 60 million acres of longleaf pine once covered the
Southeast.  Even rare habitats would have covered significant areas.  In the
contemporary landscape, with only a small fraction of the longleaf forest remaining,
it becomes necessary to narrow the management focus and tighten the scale at
which some habitat components occur.  Such habitats thus become more important.

The guild of longleaf pine herpetofauna presents important examples of this trend
toward declining habitat availability.  Amphibians and reptiles have received very
little attention relative to management in comparison to other vertebrate groups
(Wilson 1994).  In contrast to the years of breeding bird census data and density
estimates available in the literature, reptiles and amphibians have only recently
begun to be incorporated into management planning (Szaro et al. 1988).  From the
perspective of ecosystem integrity, this group offers in microcosm the array of
features necessary for successfully implementing an ecosystem approach to the
management of the longleaf pine landscape:

1. reliance on fire-maintained habitats;
2. adaptation to specific old-growth microhabitats;
3. sensitivity to local hydrology and water quality; and,
4. dependence on a mosaic of different habitats.

Reliance on Fire-maintained Habitats

Fire suppression in longleaf pine forests allows woody succession to obliterate the
microhabitats of small vertebrates narrowly adapted to xeric pinelands.  The
eastern indigo snake depends on active management of existing intact stands of
mature longleaf pine and turkey oak to restore or maintain the open, parklike
understory conducive to both the indigo snake and the gopher tortoise upon whose
burrows the snake depends for refugia.  In Florida sandhills habitats, annual fires
increased herpetofaunal diversity by reducing the density of herbs and grasses
(Mushinksy 1985).  Some fire frequencies are better than others:  A two-year return
did not control the vegetation or provide open sand microhabitats and thus
supported lower species diversity.  
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Growing season fire appears to be important to the maintenance of larval gopher
frog habitat.  The wetlands in which gopher frogs breed characteristically dry out
completely or partially during the lightning season.  A fire passing through these
sites when dry would consume herbaceous vegetation and possibly kill woody
vegetation, thus maintaining the open, grass-dominated character typical of most
gopher frog breeding ponds.  In addition, fire releases nutrients bound in plant
material.  This release of nutrients results in a flush of primary productivity that
would be available to herbivorous gopher frog tadpoles the following winter.
Similarly, the grassy wetland/upland ecotone around seasonally flooded wetlands
appears to be critical to successful flatwoods salamander reproduction.  Mainte-
nance of these conditions requires burning during the growing season when
wetlands are dry or nearly dry (Huffman and Blanchard 1990).  

Timing of prescribed fires is an important consideration in the management of
herpetofaunal habitats.  As already discussed, natural fires in the longleaf pine
ecosystem were probably largely lightning derived, most often between May and
September (Robbins and Myers 1992).  Such fires promote flowering of much of the
ground cover flora, such as wiregrass, and lightning-season fires are outside the
reproductive period of gopher frogs and other species and thus would not interfere
with dispersal between breeding and wintering sites.  However, Zappalorti (1994)
pointed out that growing season fires may have adverse impacts on pine snakes in
some cases and suggested that winter fires, where appropriate, would avoid impacts
as snakes would tend to be in hibernacula.  Also, eastern indigo snakes are
particularly active during the spring months, but winter burns at intervals of 2 to
4 years have been shown to be beneficial (USFWS 1982). 

Adaptation to Specific Old-growth Microhabitats

In most managed forests, large (>30 cm dbh) downed trees are typically salvaged.
However, downed trees provide at least three small-scale disturbance microhabitats
used by amphibians, reptiles, and other small animals:  1) tip-up mounds, 2) burned
out areas of ground cover associated with hot spots created by excess fuel from
downed trees, and 3) patchy burns due to temporary fire breaks created by the
downed tree.  Such disturbances may be critical to establishment and spatial
patterns of ground cover species and longleaf pine (Hermann 1991) and the reptile
fauna in xeric longleaf pine habitats is often determined by the amount and
availability of bare ground, litter, shrub cover, fallen woody material, and
associated micro-climate features (Greenberg et al. 1994).  For example, hot spots
burned around fallen trees in high fuel areas create open sandy areas required by
pine snakes and other species (Means and Campbell 1981, Stout et al. 1988).
Flatwoods herpetofauna are characterized by species preferring mesic conditions
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and whose main refugia are often plant litter, stumps, and fallen logs (Enge and
Marion 1986).  
Sensitivity to Changes in Local Hydrology and Water Quality

Amphibians, probably more than any other terrestrial vertebrate taxon, are
dependent upon environmental moisture, since most depend on standing water in
which to complete their larval stages (Wilson 1994).  Vickers et al. (1985) showed
that herpetofauna of Florida flatwoods were very sensitive to changes in
hydroperiod resulting from ditching during timber harvest.  Altered hydroperiods,
with less consistent water depths and less persistent standing water, reduced
species richness during dry weather.  The relative abundance of terrestrial species
compared with aquatic species was greater in ditched habitats.  Ditching resulted
in greater water level fluctuation and removed standing water before young of the
year could successfully metamorphose (Enge and Marion 1986).

Gopher frog breeding sites are readily disturbed or are destroyed by off-road vehicle
(ORV) use or by sand roads that pass through or adjacent to the ponds (J. Palis,
pers. comm.).  Vehicular traffic disrupts pond floor micro-topography and eliminates
herbaceous vegetation used for oviposition and cover.  Erosion of unpaved roads
lying adjacent to breeding sites may result in an influx of sedimentation from
surrounding uplands during rainstorms.  Finally, the large tires used on ORVs may
break the organic hardpan that lies below the pond floor.  Breaking the hardpan
could result in a shorter hydroperiod and thereby make some wetlands unsuitable
for gopher frog reproduction or result in complete drainage of the wetland.  

Breeding ponds used by pine barrens treefrogs are typically small (5 to 10 m
diameter), sphagnum-filled depressions dependent on disturbances such as fire to
maintain the appropriate species composition and vegetation structure.  Also of
critical importance is the characteristic water chemistry of these wetland systems,
particularly a very low pH and low nutrient content.  Protection and management
must concentrate on maintaining community integrity as well as water quality
within critical habitats.  Similar sensitivity to water conditions is undoubtedly
shared by many of the other amphibians using longleaf pine-associated wetlands.

Dependence on a Mosaic of Different Habitats

Pine snake home ranges typically comprise an array of habitats, with a substantial
mature pine-oak component, but with ready access to bottomland forest.  For most
amphibian species, management should supply a mosaic of xeric pinelands, mesic
forests, and seasonal and permanent wetlands (Enge and Marion 1986, Stout et al.
1988).  Many species require more than one contrasting habitat.  Eastern narrow-
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mouthed toads (Gastrophryne carolinensis) are commonly encountered in sandhills
habitats as much as 100 m from the nearest water source (Dodd and Charest 1988).
Moler (1985) pointed out that indigo snakes have home range requirements that
include upland and wetland habitats spread over areas as large as 122 to 202 ha.

Gopher frogs live primarily in tortoise burrows in longleaf pine-turkey oak sandhills
in late spring, summer and early fall.  However, they migrate up to 2 km into
temporarily wet seasonal depressions in flatwoods to breed during the winter and
early spring (Moler and Franz 1988).  Flatwoods salamanders are known to travel
up to 1.7 km between reproductive and non-reproductive habitat.  Management of
both of these species thus requires maintenance of a mosaic of upland and wetland
habitats in close proximity (Appendix B).  High quality occurrences include several
wetlands within a matrix of pine flatwoods and savanna (for the salamander) and
xeric upland pine-dominated communities (in the case of the gopher frog).  Based
on the maximum distance adults of these species are known to travel between
breeding and wintering habitat, each breeding site should be surrounded by at least
12 km2 of terrestrial habitat.  A suite of wetlands guards against extirpation at any
one breeding site, since animals can immigrate from nearby wetlands.  

Conclusions

The admittedly scant literature on the ecology of longleaf pine-associated h-
erpetofauna in general, and that of small isolated wetlands in particular, suggests
a number of key issues related to their management (Dodd and Charest 1988):

1. Large numbers of species use isolated, often ephemeral, wetland habitats:
some are permanent residents, some are migrants, and some use these areas
on an irregular basis.  The species composition in ponds may vary within
years:  some species are found only in one season, some predominate at one
time but are found commonly at other times, and some species are only rarely
observed.

2. Reproductive output varies widely among species:  in one year spring breeders
may be successful, in other years summer breeders may be successful, in other
years both probably produce young, and in some years neither may success-
fully reproduce.

3. These wetland habitats are used year-round, despite seemingly unfavorable
periods of drought and cold weather.  Activity patterns change seasonally and
annually.  Amphibian activity in temporary sandhills ponds increases
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dramatically during and immediately after periods of rainfall or high
humidity.  

4. All pond-breeding species live in the surrounding terrestrial habitats during
the non-breeding season so that both the pond and a portion of this terrestrial
habitat are equally important for species persistence.

5. Long-term studies and monitoring are required to develop an understanding
of these complex communities that is adequate for management and
conservation.  Determination of the total number of species using such
temporary wetlands can be best accomplished using spring and early summer
sampling, but single season or even annual sampling will not identify all
species.  Quick surveys underestimate both numbers of species and individu-
als, as well as annual variation, and thus underestimate the importance of
isolated sandhills wetlands.

Unlike birds, most reptiles and amphibians have limited dispersal capabilities
(Wilson 1994).  Because of their relatively slow dispersal rates, stand conversion
from one to another cover type may have unanticipated results.  In fragmented
habitats, without adequate dispersal corridors between habitat patches, there may
sometimes exist suitable habitat without species being present.  Also, creating
suitable habitats for a given species does little good without providing suitable
corridors for dispersal from existing habitat patches.

Maintenance of intact longleaf pine-wiregrass habitats, and the ephemeral wetlands
found within them, by mimicking natural forces, such as lightning-season fire, is
the most appropriate form of management.  Periodic burning is essential to the
maintenance of these habitats to insure the open, grassy areas between widely-
spaced trees.  Reducing physical impediments to burning, including roads and
habitat fragmentation, would help reduce the isolation of subpopulations.  Tree
harvest should be restricted to dry periods to prevent soil compaction and rutting.
Clearcutting should be replaced with selective timber harvest and natural
regeneration enhanced by fire, particularly lightning-season fire.  Mechanical
disturbance of the wetland-upland ecotone should be avoided, and the practice of
"protecting" wetlands by encircling them with plow line abandoned.  Where present,
berms should be removed and drainage ditches filled.  Reduced human disturbance,
particularly off-road vehicle traffic, would help keep sandhill ridges intact and
prevent erosion.



USACERL SR-97/94 123

Mapping RCW Habitat Management Units in An Ecosystem Context

Habitat Management Units are unlikely to capture the entire range of the
landscape habitat mosaic required by all species.  We propose that known locations
or potential distributions of other elements of concern (rare species populations or
significant natural communities) should be overlaid on the installation RCW HMU
map.  This additional data layer could be used to either modify management
prescriptions in particular HMUs or to aid in selection of stands to include in
HMUs.  Location of other elements would assist in setting management priorities
for stands outside of cluster sites.  

Mapping locations of other species, even potential distributions based on likely
habitat preferences, can suggest ways of shifting management emphasis among
stands in the HMU to benefit other species.  For example, without such additional
element mapping, a stand which abuts a forested wetland may be designated as a
recruitment area when it might more productively be less intensively managed for
foraging habitat:  Fox squirrels and cavity-nesting birds which use the hardwood
area might benefit from the availability of hardwood snags that could be preserved
in a foraging stand, but which would be selected against in a recruitment stand.

Mapping locations of other species and significant community locations may suggest
areas where HMUs might be expanded to include other habitats not necessarily
used by RCWs and extend HMU-level protection (or some lesser degree of
management protection) to these additional areas.  For example, a wetland system
which falls partly outside the boundary of an HMU drawn strictly based on the
management needs of RCWs could be fully incorporated within the HMU boundary.
Species such as Lindera melissifolia which are found in pocosin margins and other
wetland ecotones would benefit from such actions that could help protect adequate
recharge and discharge areas for wetlands upon which they depend.  Using the
distribution of species and landscape features to help designate HMU in this way
boundaries will facilitate the maintenance of ecosystem process integrity (Para-
graph III.D. pg. 3).

Conclusions

Military installations are often defacto refuges for plants and animals in developing
landscapes of increasingly degraded habitats (Hayden and Tazik 1993).  Managers
face the unique challenge of stewarding valuable resources in which the public has
an abiding interest, while fulfilling the primary mission of maintaining a well-
trained, combat-ready fighting force.
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As habitat loss continues in surrounding areas, and species acquire legal protection,
their presence on an installation can significantly impact training as access to
endangered species habitats is constrained, with potentially direct impact on
military readiness.  The military has recognized both its responsibility as the
steward of significant areas of public lands and a definite self-interest in conserving
species before they require legal protection. 

The single-species approach to the conservation of endangered species is increas-
ingly being supplanted as the guiding paradigm in land management by multiple-
species or ecosystems-based planning.  An ecosystems-approach promotes species
management within the context of the natural communities in which they occur and
thus focuses on the larger system in which discrete populations or management
units are found (Hart and Lester 1993).  Such an approach strives to conserve as
many occurrences of species and community types as possible to accommodate
unforeseen fluctuations in demographic parameters and land use changes, reduce
fragmentation and isolation of habitats, and maintain the natural ecological
gradients which structure and shape the landscape. 

Ecosystem management directed toward the conservation of the longleaf pine forest
is driven primarily by the recovery needs of the red-cockaded woodpecker.  However,
even in the case of a species such as the red-cockaded woodpecker, whose habitat
needs and home range size appear to integrate the needs of many other species and
make it a ready candidate for umbrella species status, it is increasingly apparent
that management which focuses only on the needs of the one species may have
unappreciated adverse effects on other key components of the longleaf pine
ecosystem (Liu et al. 1995).

Simberloff (1991) suggested that longleaf pine forests may be unique in terms of
conservation prospects in the face of human exploitation.  While they appear to be
subject to the same negative effects of fragmentation that have affected other
forested systems, the structure and organization of longleaf pine forests characteris-
tically differ from those of many of these other threatened forest systems in three
important ways:

1. The majority of the biological diversity in longleaf pine forests is associated
with the ground cover stratum rather than the canopy.

2. Second-growth trees can provide, to at least some extent, structural aspects
of the "natural" system provided by canopy trees.
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3. The sparseness of trees, the prevailing edaphic conditions, and gentle terrain
permit economical selective logging of the type that would be exceedingly
difficult in a system such as the mountainous rain forest of the Pacific
Northwest.

Simberloff (1991) pointed out that large tracts of longleaf pine must be preserved
in order to carry out the controlled experimentation necessary to address these
issues in a way that considers a large array of components of the community.  With
only 2 or 3% of the original longleaf pine ecosystem remaining in the Southeast
(Ware et al. 1993), we are challenged to manage what is left to guarantee the
survival of all of the native plant and animal species and the full array of original
communities.  In this context, managers cannot assume that providing suitable
habitat for RCWs and attempting to mimic historic conditions will capture the
habitat needs of the array of species dependent upon longleaf pine communities.
Endangered, threatened, and candidate species should not be considered either a
by-product or a constraint on land management.  Rather, managers must look
beyond installation boundaries and plan for effective multi-species management
that contributes to the conservation needs of the states, physiographic provinces,
and regions within which they reside (Gaines 1993).

In developing and adopting the Guidelines, the Army has entered into a long-term
commitment to the recovery of the red-cockaded woodpecker and the protection of
its habitat.  We hope that the application and testing of the suggested modifications
to the Guidelines presented in this report will help to focus management efforts on
the broader context within which woodpecker recovery must operate.  Never
designated or meant to serve as reserves of biodiversity, military installations are
not designed with the conservation of biodiversity in mind.  Neither do they
necessarily capture the range of diversity inherent in the longleaf pine ecosystem.
However, these suggestions may assist managers to promote a management
philosophy that is responsive to short-term and long-term environmental and social
changes and which conserves the ecological potential of the areas within their care.
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APPENDIX B:  INDIVIDUAL SPECIES ACCOUNTS

INTRODUCTION

Species Stewardship Summaries

The following Species Stewardship Summaries have been prepared to provide land managers with
current management-related information on those endangered, threatened, or candidate species which
may co-occur with the red-cockaded woodpecker (RCW) or which are associated with particular habitat
types which occur within the longleaf pine landscape.  All species in this report are either known to
occur or potentially occur on at least one of the U.S. Army installations subject to the 1994 Army-wide
RCW Management Guidelines.  Lists were compiled through correspondence with natural resources
personnel at each of the installations, with natural heritage programs in the respective states, Nature
Conservancy state field offices, and with recognized experts in the academic community.  

The individual species accounts organize and summarize information from numerous sources including
literature searches and interviews with researchers and managers actively working with the species or
its habitat.  In some cases, very little published information is available on a particular species and the
Stewardship Summary points out the gaps in the present state of our understanding.  

Stewardship Summaries are organized to provide both basic information on the ecology of the species
as well as an abstract of the best available information concerning its status and management.  The first
headings, DESCRIPTION, DISTRIBUTION, HABITAT, BIOLOGY-ECOLOGY, are self-
explanatory.  They provide information regarding the identification, current range, habitat needs and
use patterns, and the autecology of the species, including food habits and reproduction.  Species
descriptions include those Diagnostic Characteristics needed to discriminate between two or more
closely related or similarly appearing taxa.  Habitat descriptions encompass the entire range of the
species where such data is available.

Under THREATS is provided a brief overview of those pressures, whether natural or human-produced,
which have resulted in the species receiving protection status.  Where enough information is available,
an assessment of the potential for successful management is provided under RECOVERY
POTENTIAL.  Under STEWARDSHIP is provided an abstract of the available information
concerning on-going research, monitoring, and management for the species.  Sections include current
information on monitoring and management procedures and on-going management programs.  

Species Specific Impact Analyses

Following each individual species account is a review of the potential effects on the species from
implementation of the 1994 Army-wide RCW Management Guidelines.  The analyses are presented in
tabular form to provide a rapid understanding of the potential for adverse or beneficial effects resulting
from RCW Management on the species of concern or its habitat.  Where management activities are
deemed to have a positive or negative impact on the species of concern, brief accounts of those potential
effects are provided.  

Potential effects of RCW management on other species are considered to range from completely
negative ("Adverse Effect") to completely positive ("Beneficial Effect").  Where lack of published
information makes definite assessment of the effect speculative, we have indicated a range of potential
effects.  

Where a species is fairly well known, the impact assessment generally follows from the review of the
available information on its ecology and management.  However, in the case of many of the species,
their reproductive biology, ecology, and habitat requirements are so poorly known that the impact
analyses can be only approximations based on the level of information.  Often, in the case of the plants
and insects, assumptions of a positive or negative impact were made based on the likely outcome of a
management activity on a particular habitat type or community (e.g., streamhead pocosin) upon which
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the species appears to depend, rather than on the species itself.  In all cases, assessment of the potential
effects of RCW management have been conservative, that is, erring on the side of the species.  As
pointed out by others (White and Bratton 1980, Stout et al. 1988), management follows protection.

Species Status and Rank

Each Stewardship Summary provides information on the protected status and rarity of each species. 
"Status" indicates the degree of protection, if any, based on rarity, of a species or taxon.  "Rank" is a
numerical scale of the rarity of a species, or taxon, regardless of its legal protection.  The following
conventions are used in this document.

Federal Status is designated by the U.S. Fish and Wildlife Service.  Federally listed Endangered and
Threatened species are protected under the provisions of the Endangered Species Act of 1973 (ESA), as
amended through the 100th Congress.  Unless otherwise noted, definitions are taken from the Federal
Register, vol. 56, No. 225, November 21, 1991 (50 CFR Part 17).

STATUS
 CODE STATUS DEFINITION

  LE Endangered Taxon formally listed as endangered and "which is in danger of
extinction throughout all or a significant portion of its range" (ESA,
Section 3).

  LT Threatened Taxon formally listed as threatened and "which is likely to become an
endangered species within the foreseeable future throughout all or a
significant portion of its range" (ESA, Section 3).

  C1 Candidate 1 "Taxa for which the [Fish and Wildlife] Service has on file enough
substantial information on biological vulnerability and threat(s) to
support proposals to list them as endangered or threatened species. 
Proposed rules have not yet been issued because this is precluded at
present by other listing activity.  [Such proposed rules] are
anticipated, however, and the Service encourages other Federal
agencies to give consideration to such taxa in environmental
planning."

  C2 Candidate 2 "Taxa for which information now in the possession of the [Fish and
Wildlife] Service indicates that proposing to list as endangered or
threatened is possibly appropriate, but for which conclusive data on
biological vulnerability and threat(s) are not currently available to
support proposed listing....Further biological research and field study
usually will be necessary to ascertain the status of taxa in this
category....The Service hopes that this notice will encourage
necessary research on vulnerability, taxonomy, and/or threats for
these taxa."

  3C Candidate 3C "Taxa that have proven to be more abundant or widespread than
previously believed and/or those that are not subject to any identifiable
threat.  If further research or changes in habitat indicate a significant
decline in any of these taxa, they may be reevaluated for possible
inclusion in Categories 1 or 2."

  P_ Proposed Species currently proposed, as either endangered or threatened. 
Species formally proposed receive some protection by law.

State Status.  State status codes vary from state to state depending on the legal protection status
provided and the nature of the enabling legislation.  The following codes are in general use, although
certain states may employ slightly modified versions.
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STATUS
 CODE STATUS DEFINITION

LE or E Endangered A species or taxon whose continued existence in the state's fauna is in
jeopardy or one that is designated as endangered pursuant to the ESA.

LT or T Threatened A species or taxon that is likely to become endangered within the
foreseeable future throughout all or a significant portion of its range
or one which is designated as threatened pursuant to the ESA.

S Stable

SC Special concern A species or other taxon which is native or once-native to the state and
which has been determined to require monitoring, but which may be
taken.

SR Significantly rare A species not formally listed by the appropriate state agency, but
which exists in small numbers and has been determined to require
monitoring.

U Undetermined Species or taxa which are secretive or are otherwise poorly known in
the state, but which are believed to be rare and should be monitored.

EX Extirpated A species or taxon no longer believed to occur in the state.
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State Rank.  State ranks are based on the Natural Heritage Program Network of measuring rarity and
threat status.  This system is widely used by state agencies and other organizations, as the best available
scientific and objective assessment of a species' rarity at the state level.

 NUMBER OF
   EXTANT

 RANK POPULATIONS DESCRIPTION

  S1      1 - 5 Critically imperiled in the state because of extreme rarity or because
of some factor(s) making it especially vulnerable to extirpation.

  S2      6 - 20 Imperiled in the state because of rarity or because of some factor(s)
making it very vulnerable to extirpation.

  S3     21 - 100 Rare or uncommon.

  S4    100 - 1000 Apparently secure in the state with many occurrences.

  S5    1000+ Demonstrably secure in the state and essentially ineradicable under
present conditions.

  SA      1 - ? Accidental or casual; one to several records for the state, but the state
is outside of the normal range of the species.

  SR      -- Reported from the state, but without persuasive documentation which
would provide a basis for either accepting or rejecting the report.

  S?      -- Unranked or rank uncertain.

  _B      1 - ? Rank of the breeding population in the state.  Used for migratory
species only.

  _N      1 - ? Rank of the non-breeding population in the state.  Used for migratory
species only.

Global Rank.  Similar to state ranks, global ranks are assigned by a consensus of scientific experts, the
individual natural heritage programs, and the Natural Heritage Network.  Global ranks apply to the
status of a species throughout its range, and are based on data on the species' status rangewide.  This
system is widely used by other agencies and organizations, as the best available scientific and objective
assessment of a species' rarity throughout its range.

 NUMBER OF
   EXTANT

 RANK POPULATIONS DESCRIPTION

  G1      1 - 5 Critically imperiled globally because of extreme rarity or because of
some factor(s) making it especially vulnerable to extinction.

  G2      6 - 20 Imperiled globally because of rarity or because of some factor(s)
making it very vulnerable to extinction throughout its range.

  G3     21 - 100 Either very rare and local throughout its range or found locally (even
abundantly at some of its locations) in a restricted range (e.g., a single
physiographic region) or because of other factors making it vulnerable
to extinction throughout its range.

  G4    100 - 1000 Apparently secure globally, though it may be quite rare in parts of its
range, especially at the periphery.

  G5    1000+ Demonstrably secure globally, though it may be quite rare in parts of
its range, especially at the periphery.
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  T_        -- The rank of a subspecies or variety.  As an example, G4T1 would apply to a
subspecies of a species with an overall rank of G4, but the subspecies
warranting a rank of G1.
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Species Stewardship Summary
AGROTIS BUCHHOLZI

ELEMENT CODE: IILEVKL140
SCIENTIFIC NAME: Agrotis buchholzi (Barnes & Benjamin)
COMMON NAME: Buchholz's Dart Moth, Buchholz's Cutworm, Pyxie Moth

STATUS

GLOBAL RANK: G2G3
STATE RANK: S1S3 (NC); S2 (NJ)

FEDERAL STATUS: Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  SR (NC)

DESCRIPTION
 
  General Description

Buchholz's dart moth is a member of the family NOCTUIDAE, subfamily NOCTUINAE.  The noctuid
moth larvae is thought to be monophagus on pyxie moss, Pyxidanthera barbulata Michaux, a
shade-intolerant species that requires fire to remove taller herbaceous groundcover (Hall and Schweitzer
1993).  There is some speculation that this moth also may use P. b. var. brevifolia (Wells) Ahles
(Schweitzer 1994, pers. comm.).  Because of its host plant association, Buchholz's moth is found in
fire-maintained longleaf pine savannas and sandhills where Pyxidanthera spp. also are found.

  Diagnostic Characteristics

Schweitzer (1991) suggested that North Carolina populations should be ranked as a new subspecies
because these adults are larger, paler, and more boldly marked than the New Jersey specimens.  The
foodplant is the same for all populations, however.

DISTRIBUTION

  Historic Range

Before collection by Hall and Schweitzer in 1991, Agrotis buchholzi was found only in the most xeric
habitats in the center of the New Jersey Pine Barrens.  A specimen was collected from Croatan National
Forest in 1990, but it was not identified as A. buchholzi until 1992 (Hall and Schweitzer 1993).

  Current Range

Agrotis buchholzi has now been found in very limited ranges in two widely separated areas.  The
species occurs in the New Jersey Pine Barrens and in at least four Coastal Plain counties in North
Carolina: Brunswick (1991), Pender (1991), Bladen, and Craven Counties.   Dale Schweitzer (1994,
pers. comm.) states that there is very little potential habitat in other areas.  It is possible that the moth
could occur in habitat that currently supports the host plant.  For example, Pyxidanthera barbulata var.
brevifolia is found at Fort Bragg, North Carolina (Russo 1993).  

HABITAT

Buchholz's dart moth may be found in only a few sandhills and savannas where host species
Pyxidanthera barbulata barbulata and P. barbulata var. brevifolia occur.  Breeding habitats must  have
substantial populations of Pyxidanthera because it is the only larval food plant.  Habitat for the moth is
the same as for the host plant.  Sites are xeric to mesic, partially open areas in Atlantic Coastal Plain
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pine barrens, pine plains, and savannas.  The plant communities in which pyxie moss most commonly
occurs are classified as Pine/Scrub Oak Sandhill and Xeric Sandhill Scrub (Russo 1993).  Known
habitat sites often have been recently burned.  In New Jersey, burned pitch pine lowlands and dwarf
pine plains are preferred (Schweitzer 1991).  New Jersey adults prefer open, almost treeless habitats,
but will occur in more wooded areas where the foodplant is available (Schweitzer 1994, pers. comm.).  

BIOLOGY-ECOLOGY

Little is known about the ecology or life history of A. buchholzi.  Buchholz's dart moth is a burrowing
cutworm, which is typical of the subfamily.  Agrotis buchholzi caterpillars burrow below ground to hide
during the day and emerge to feed on the host plant at night.  Eggs are oviposited on the living stems of
the host plant.  Pre-pupal larvae and pupae probably hibernate under the soil, but more research needs
to be conducted on specific overwintering activities. The moth is at least bivoltine in both North
Carolina and New Jersey.  Adults are found in April and again in June, and there is some evidence that
another brood occurs in September in North Carolina populations (Schweitzer 1989; Hall and
Schweitzer 1993).   

  Host Plant

The moth is pre-adapted for one host plant, pyxie moss (Pyxidanthera barbulata barbulata Michaux and
P. b. var. brevifolia (Wells) Ahles).  Pyxidanthera barbulata var. brevifolia is considered significantly
rare and is classified as a Candidate Level 2 (C2) species by the U.S. Fish and Wildlife Service.  Pyxie
moss is a slow-growing perennial plant that occurs on xeric, thinly wooded, sterile sands or sandy clays
on the upper slopes of sandhills of the Southeast Coastal Plain. 

Pyxie moss is the moth's only larval food source.  Adult pyxie moths also use P. barbulata for
oviposition.  Species with such tight associations are especially vulnerable if the host plant population is
damaged.  For more detailed information on Pyxidanthera barbulata var. brevifolia, see the Element 
Stewardship Abstract on this species referenced at the end of this abstract (Hall and Schweitzer  1993;
Russo 1993).

  Fire Ecology

Buchholz's dart moth has a very tight association with its fire-dependent host plant.  In fact, the moth
may only exist on sites where frequent fires occur.  However, Buchholz's dart moth, and other insect
species with similar life histories, are still very vulnerable to fire, especially if they occur at the wrong
time of the year, are too intense, or are not patchy.  

Fires often kill all vegetation to the ground level.  Pre-pupal larvae and pupae may burrow underground
and thus escape being killed by fires that occur during those life stages.  Individuals in the egg, early
larval, and adult life stages are above ground and generally are killed in fires that occur during these
life stages (Schweitzer 1989; Hall and Schweitzer 1993).

The species is an obligate recolonizer because fires that occur at certain seasons may destroy moth and
host plant populations.  The moth populations, as part of a metapopulation, must cover a large enough
region so that not all areas are burned at one time and burned sites can be recolonized from unburned
refugia.  The moth is a good disperser and can recolonize over relatively large distances.  Females have
been found at unsuitable habitats within a half mile or more of good populations (Schweitzer 1989).

THREATS

There are several threats to Agrotis buchholzi populations, including fire suppression, non-patchy or too
intense fires at the wrong time of year, loss of longleaf pine flatwoods to land development, and certain
forestry activities.  Collection is unlikely to cause a significant threat (Hall 1993).  

The host plant of Buchholz's dart moth is extremely fire dependent.  Fire suppression allows a taller
herbaceous or shrub layer to grow, which destroys the shade-intolerant host plant population.  Fewer
Pyxidanthera reduces food, shelter, and reproductive sites for all  life stages of  A. buchholzi.  While
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the moth is dependent on fire for the survival of its host plant, fire also may destroy individuals in the
egg, early larval, and adult stages.  Because the moth is at least bivoltine, there is very little time
during the year when the species is not threatened by fire.  The eggs of A. buchholzi are very
vulnerable to fire because they are oviposited on the stems of the host plant.  Late-instar larvae are
thought to hibernate under the soil, which means that they may be able to survive winter fires because
they are insulated from the fire.  In the summer, however, larvae that have not yet burrowed under the
soil are less protected and may be destroyed during growing season burns.  

Observation of summer ground-brush fires at Fort Dix, New Jersey indicates that fires often burn the
edges of pyxie moss mats but do not reach the center of the mats.  Summer fires may be less of a threat
to the moth if they are light intensity and relatively patchy because the moths in the center of the mats
may be able to survive.  Even if pyxie moss is scorched completely, the plants (but not the moths)
usually recover during the growing season (Schweitzer 1994, pers. comm.).  While the phenology of 
this species is somewhat unclear, it seems as though no season is particularly "safe" for complete burns:
larvae may be destroyed in summer burns, but pyxie moss may be temporarily destroyed during winter
burns.

Land use conversion for commercial, agricultural or residential development further reduces habitat
available for the moth and its host plant.  Silvicultural activities such as mechanical site preparation
(V-blading or roller-chopping), pinestraw raking, and herbicide use to control hardwoods destroy the
host plant and therefore reduce suitable moth habitat (Russo 1993).  Host plant and habitat loss also are
caused by military training activities, especially when tracked vehicles are used (Russo 1993).  

STEWARDSHIP

  RESEARCH NEEDS

While the moth has been classified as a Candidate level 2 species, its present population trends are
unknown.  Further studies and inventories of populations are needed.  Fort Bragg and other Sandhills
sites especially need inventories.  Other information needs are species phenology, species vagility, and
overwintering details for the North Carolina populations (Schweitzer 1991).  

Research also should be conducted to determine the habitat and management needs of the host plant,
Pyxidanthera barbulata, and P. b. var. brevifolia.  Researchers and managers must determine at what
time of year, if any, the species is not directly affected by fires.   In the Element Stewardship Abstract
for pyxie moss, research recommendations include establishing a monitoring program to identify
different responses of the moss to winter and growing-season burns as well as to other forms of
disturbance (Russo 1993).

Contacts:

Steve Hall 
North Carolina Heritage Program, Division of Parks and Recreation, Department of Environment,
Health, and Natural Resources, P.O. Box 27687, Raleigh, NC 27611-7647

Dale Schweitzer 
The Nature Conservancy, RD 1, Box 30B, Port Norris, NJ 08349

  MANAGEMENT NEEDS

Since so little is known about the management requirements for this moth, it is important to also
consider management of the host plant and habitat in which this moth occurs.  However, while attempts
at restoration and maintenance of particular longleaf pine communities through burn programs have
been relatively successful, it is important to keep in mind that management for plants may not always be
good for management for insects.

Prescribed burning should be conducted on public and preserve lands to maintain habitat for Agrotis
buchholzi and its host plant, Pyxidanthera barbulata.  Hall (1993) states that managed burns should
follow the guidelines recommended by Dale Schweitzer.  Some of Schweitzer's (1991)
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recommendations include dividing all occurrence sites into multiple burn units that are not burned in the
same year.  Prescribed fires must not burn an entire managed area at one time.  Instead, some burn
units must be left unburned to allow recolonization of disturbed sites.

Fires need to be intense enough to severely restrict or kill the herbaceous and shrub layers that shade
the host plant, but preferably weak enough to not kill the host plant foliage.  If pyxie moss is burned,
the plant may still recover (Schweitzer 1994, pers. comm.).  While many of the general burn
recommendations may work well for moth management, more detailed research is needed on both the
moth and host plant responses to fire and other management practices.  

At Fort Dix, New Jersey, a regime of frequent, variable season, patchy, random burning over a large
tract (about 12,000 acres) of impact zone works very well for maintaining this species and many other
(but not all) rare Pine Barrens Lepidoptera.  There are no complete burns, but there are occasional
massive crown fires and some fire somewhere in the area almost every month (Schweizter 1994, pers.
comm.).

Schweitzer (1991) determined that the best quality site for the moth would be a metapopulation with
multiple demes spread over more than 5000 acres (2023.5 hectares) suitable for fire management and
with appropriate fire regimens.  The next best managed site would be a metapopulation over 1000-5000
acres ( 404.7 - 2023.5 hectares) suitable for fire management.  The third best situation would be either
large isolated habitats with single demes or metapopulations on less than 1000 acres (404.7 hectares). 
The least favorable option would be marginally viable to inviable remnants or small isolated
populations.  Viability with fire may be low for small, isolated populations because the adults will not
be able to move to nearby, suitable refugia, and the site will be too isolated for recolonization after the
fire if mortality is high.

STEWARDSHIP SUMMARY

There is little chance that the status of Agrotis buchholzi (Barnes & Benjamin) will improve without
appropriately sized habitat and proper fire management.  If the moth occurs at Fort Bragg, North
Carolina, it should be able to persist at least in the impact zones due to the frequent fires in those areas
(Schweitzer 1994, pers. comm.).  Possible management activities may include reducing mechanical
ground disturbance in habitat areas and conducting light, patchy prescribed burns.  The management of
Pyxidanthera barbulata also will determine the recovery of the pyxie moth.  

Information on the life history, habitat requirements, and threats for Agrotis buchholzi is extremely
limited.  Therefore, much of the management information in this stewardship abstract is speculation and
should be approached with caution.  More research needs to be conducted to determine the specific
stewardship needs of this rare species, including the species' response to fire, population trends, and
overwintering behavior.  
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Summary of the potential effects of the RCW Management Guidelines on Agrotis buchholzi.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X       

         Plowed fire lanes    X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control       X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Buchholz's Dart Moth (Agrotis buchholzi)

Buchholz's dart moth may be found in only a few sandhills and savannas where host species
Pyxidanthera barbulata barbulata and P. barbulata var. brevifolia occur.  Sites are xeric to mesic,
partially open areas in Atlantic Coastal Plain pine barrens, pine plains, and savannas.  

Cavity Tree Protection:  Brush clearing and fuel removal may help the moth by reducing midstory
vegetation and maintaining a healthy herbaceous layer.  However, clearing and removal specified for a
50 foot buffer around an RCW cavity only affects a small portion of the total Habitat Management Unit
(HMU) where the moth is likely to occur.  Also, machinery (including rakes) or traffic to remove brush
and fuel in the area could harm moth eggs and the host plant, pyxie moss (Pyxidanthera barbulata).

Prescribed Burning:  Pre-pupal larvae hibernate under the soil, and may be less vulnerable to winter burns.
Larvae are less protected during the summer, and may be destroyed during growing season burns.
However, summer ground-brush fires may only burn the edges of pyxie moss mats, and may leave the
center of the mats intact.  While it seems as though winter burns may be better for the species, winter burns
may cause more damage to the pyxie moss and reduce necessary host plant availability.  Prescribed burns
should be divided into multiple burn units that are not burned in the same year to allow for recolonization
of disturbed sites.  Fires should be intense enough to reduce midstory and shrub layers but not kill host
plant foliage.

Fire Management:  The construction of berms, plowed fire lanes and artificial fire barriers may damage
the moth's host plant, and disrupt eggs and larvae on the host plant or in the soil.  Natural fire breaks
are beneficial to the moth because they promote patchy burns without disturbance of the
microtopography as well as restoration of a relatively natural fire-maintained habitat.

Mechanical and Chemical Control:  Mechanical control, including disking, tilling, and V-blading
should be avoided because the activities will destroy the host plant and therefore reduce suitable moth
habitat.  Herbicides used to thin the hardwood midstory and shrub layer also will destroy the host plant. 
Mechanical and chemical control should employ best management practices to reduce the effects of
erosion, destruction of the herbaceous layer, and non-target effects of herbicides.

Hardwood Control and Pine Thinning:  Hardwood control and pine thinning should benefit the moth to
the extent that the activities promote pine/scrub and xeric sandhill scrub communities.  The effect of
pine thinning on the host plant and moth eggs, based on the level of mechanical impact, is unknown.  

Pine Beetle Control:  The effect of pine beetle control on Buchholz's dart moth is unknown.  Research
should be conducted to determine the effect of thinning and pheromones on rare invertebrates.

Erosion Control:  Erosion control will benefit the moth by maintaining a healthy herbaceous layer. 
Best management practices as well as mechanical means of erosion control should be employed to
reduce further erosion and to stabilize hydrologic systems in the area.

Longleaf Pine Regeneration:  Re-establishment and regeneration of longleaf pine savannas and
flatwoods will benefit the moth because these activities will expand possible habitat sites for the species
and its host plant.  Site preparation should employ fire instead of mechanical or chemical methods
where possible, although more research should be conducted to determine the specific effects of
growing season and winter fires on pyxie moss and on the moth. 

Extractive Land Uses:  Pine straw raking severely damages Pyxidanthera barbulata and in turn
damages Buchholz's dart moth.  Pine straw raking also may alter the fire regime and fuel loads in the
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area.  Although timber harvesting may damage some of the herbaceous layer, longer rotations, patch
creations and stand conversion to longleaf pine will restore natural fire, hydrologic and nutrient
dynamics to the longleaf pine-associated communities.  Extractive activities should attempt to minimize
impact to the herbaceous layer.

Training Restrictions:  Training restrictions, to the extent to which they are outlined in the RCW
Management Guidelines, generally should benefit the moth.  However, these restrictions may not be
beneficial if they apply only to areas directly around cavity trees instead of to the whole HMU. 
Bivouac, digging and smoke/gas restrictions should reduce training impacts on the moth.  On-road
vehicular traffic should have no effect on the moth, but off-road traffic, even limited to vehicles less
than 5 tons, would significantly damage the host plant and habitat areas.  Expanded training activities
within HMU's will adversely affect the moth and its host plant especially because of increased
trampling and habitat destruction.
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Species Stewardship Summary
ATRYTONE AROGOS AROGOS

ELEMENT CODE: IILEP70011
SCIENTIFIC NAME: Atrytone arogos arogos (Boisduval & LeConte, 1834)
COMMON NAME: Arogos Skipper, Eastern Beardgrass Skipper

STATUS

GLOBAL RANK:  G4T1T3
STATE RANK:  SH (AL); S2S3 (FL); SH (GA); SU (LA); S2S3 (MS); S1 (NC); SH (NJ); 

 SH (NY); SX (PA); S1 (SC); SH (VA)
FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.

DESCRIPTION

  General Description

Atrytone arogos arogos (family HESPERIIDAE) is one of the rarest butterflies in the eastern United
States.  The reason for the population decline of this small orange butterfly is unknown, but probably
the decline has been caused by fire suppression and the resulting lack of fresh food plant growth
immediately following fires.  While the skipper is an associate of fire-dependent systems, the subspecies
also is very vulnerable to fires (Hall 1993; Hall and Schweitzer 1993).  

  Technical Description

Atrytone arogos Eggs are hemispherical with a slightly flattened top and a proturberant micropyle, and
are creamy white with two irregular, pale red bands.  Eggs have an average height of 1.1 mm and an
average width of 1.2 mm.  Newly emerged larvae are creamy white with a few long white setae and
orange-brown heads.  Larvae quickly turn pale green after they start feeding on the host plant.  The
pre-pupal larvae (sixth instar) average 34 mm in length and 5 mm in width.  The bodies are pale
yellowish green with yellow intersegmental folds.  The heads are gray-white with four vertical
orange-brown stripes.  The pupae average 18-20 mm in length with a 4.5 mm width at the wing cases. 
The pupae are pale yellow with bright yellow on the abdomen, and white on the wing cases, tongue
case, and last two abdominal segments.  Reddish setae cover the abdomen (Heitzman 1966).  For a
more detailed description of  the immature life stages, see Heitzman (1966).

The adult Arogos skipper's ventral hindwings are yellow-orange with paler scaling lining the veins. 
The dorsal wings have broad black borders and are unmarked and fulvous basally.  On average, male
forewings are 1.3 cm wide and female forewings are 1.5 cm wide (Opler and Krizek 1984).  

  Diagnostic Characteristics

The Great Plains populations are subspecies Atrytone arogos iowa, and the Atlantic Coastal Plain
populations are subspecies A. a. arogos.  Individuals from the plains populations are smaller than those
from the Atlantic coast (Opler and Krizek 1984).  Similar species include the Delaware skipper
(Atrytone logan), which is brighter orange but has no broad black borders on its wings, and the male
Byssus skipper (Problema byssus), which has large areas of  black on the bases of the upper sides of 
both wings (Opler and Malikul 1992). 

DISTRIBUTION

  Historic Range

The species Atrytone arogos once ranged from Long Island south along the Coastal Plain to Florida and
west to Texas, and also across the Great Plains.  Although this species occurred across a wide range of
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states, it seems to have been rare across its range since its discovery.  (Moffat and McPhillips 1993;
North Carolina Natural Heritage Program 1993).

  Current Range

The Arogos skipper is now divided into two taxa that are considered relict subspecies.  Atrytone arogos
arogos, the southern subspecies that once was found across the Atlantic and Gulf Coastal Plains, is
missing from much of its historic range and is gone entirely from the Northeast.  There may be only a
few populations remaining in Florida, where the subspecies is thought to be declining (North Carolina
Natural Heritage Program 1993).  Historical records show that Atrytone arogos arogos once inhabited
the Sandhills and Green Swamp areas of  North Carolina, although now it is considered to be extant in
these locations.  This subspecies was found in 1992 in the Croatan National Forest in North Carolina,
but the following year the butterfly population was almost gone (Schweitzer 1989; North Carolina
Natural Heritage Program 1993).  In 1994, the subspecies was found in the North Carolina Coastal
Plain, and one extant colony in South Carolina was rediscovered (Hall 1994, pers. comm.).  

Even in the few areas where this subspecies is still found, its numbers are very small (Hall 1993). 
Proposed surveys of Atrytone arogos arogos will look for the subspecies at several potential habitat sites
in the Southeast Coastal Plain, including the Sandhills Gamelands, Croatan National Forest, Fort
Bragg, and other military installations (North Carolina Natural Heritage Program 1993).

HABITAT

The habitat requirements of this subspecies are poorly understood because there are too few sampled
populations to make generalizations, except that the skipper is restricted to open grassy areas (Hall
1994, pers. comm.).  The typical habitat for Atrytone arogos arogos in the Coastal Plains pinelands of
the Southeast was thought to consist of xeric to mesic, sandy, successional or fire disclimax grassy
areas in savannas, barrens, and sandhills (Schweitzer 1989).  However, recent surveys also have found
populations in wet swales or in the ecotones between wet swales and sandy, xeric sandhills vegetation
(Hall 1994, pers. comm.).  Unlike the closely related Delaware skipper (Atrytone logan), A. a. arogos
has not adapted successfully to disturbed habitats such as roadsides, old fields, and pastures (Heitzman
1966; Opler and Krizek 1984).  

The Staten Island population of A. a. arogos was located on a series of small serpentine outcrops that
were relatively open and subject to patchy fires (but this site was not classified as a serpentine barren). 
True serpentine barren sites in Pennsylvania and Maryland do not support the skipper species.  The
subspecies, Atrytone arogos iowa, occurs in the both the tall and short-grass prairies of the Great Plains
(Schweitzer 1989; Hall 1993; Moffat and McPhillips 1993).

BIOLOGY-ECOLOGY

In the northern portion of its range, both subspecies of A. arogos are univoltine, usually flying during
most of July.  In the Southeast, however, the subspecies A. arogos arogos is bivoltine.  Broods occur at
different times of the spring and summer depending on their location.  There are two full broods that
occur in the spring and fall in Florida, and in June and August in North Carolina (Schweitzer 1989).    

The first larval stage emerges seven days after eggs are laid.  Larvae from the first brood complete
development over the summer.  The first through the fifth instars take eight days each and the final
instar takes 18 days.  Pupation takes two days after the cocoon is constructed, and adults emerge after
12 days.  Larvae from the second brood overwinter in the larval stage.  Hibernation begins soon after
these larvae enter the fourth instar.  The hibernating larvae seal themselves in a small case between two
blades of the host plant  for the winter and following summer, fall, and winter.  The final instars are
completed the next spring, and adults emerge in June (Heitzman 1966; Opler and Krizek 1984).

  Host Plants

There is varying information on the host plants for the species, although in general the preferred host
plants seem to be grasses in the Andropogon genus.  These grasses depend on fire to reduce shading
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from midstory woody vegetation.  The host plant for the Arogos skipper in North Carolina has not been
determined, although one possibility is the ecotonal grass Andropogon glomeratus (Hall 1994, pers.
comm.).  Andropogon glomeratus is an ecotone grass that generally occurs in moist areas, where nectar
flowers generally are more available and the effects of fires may be less severe (Schweitzer 1989). The
host plant for the Arogos skipper in Florida is Sorghastrum secudum, a dry grass (Hall 1994, pers.
comm.; Schweitzer 1994, pers. comm.).  In New York and possibly New Jersey, the host plant is
beardgrass, which also is called little bluestem (Schizachyrium scoparius, formerly Andropogon
scoparius).  In Missouri the host plant is big bluestem (Andropogon gerardii) (Grese 1993; Opler and
Krizek 1984).  

The host plants are vital not only as a food source but also as oviposition and shelter sites for the
various life stages of the butterfly.  Females lay individual eggs on the undersides of host plant leaves,
about two or three inches below the tips of the grass blades.  Larvae and pupae live on the tops of host
plants in tents made of  connected grass blades.  The larvae build a small tent about 10 mm long at the
end of the grass blade or along the side of the blade.  The tent is made out of two grass leaves sewn
together and open at the bottom.  Between the third and fourth instar the larval tent is about 40 mm
long.  By the final (sixth instar), the tent is from 50 to 70 mm long and sealed at both ends during
molting.  Larvae that hibernate during the fourth instar seal themselves in a small case made of grass
leaves for the winter.  The pupal cocoon is built between the tops of two grass blades about three or
four feet up the stem (Heitzman 1966; Opler and Krizek 1984).  The skipper's dependence on the above
ground portions of the host plant for all of its life stages makes the butterfly particularly vulnerable to
fires or other vegetation disturbances at any season.  

Adults also require a nectar source.  They perch on the ground around the bases of the food plants and
spend a lot of time nectaring (Schweitzer 1989).  Males perch on low vegetation during the afternoon
(Opler and Krizek 1984).  Adult nectar sources in prairie habitats include stiff coreopsis (Coreopsis),
purple coneflower (Echinacea), green milkweed (Asclepias), and ox-eyes (Heliopsis).  In the Northeast
nectar sources include purple vetch (Vicia), dogbane (Apocynum), and Canada thistle (Cirsium arvense)
(Radford et al. 1968; Opler and Krizek 1984; Grese 1993).  Thistles are reported as favorite nectar
sources in many areas.  A lack of appropriate nectar flowers in some areas may partially explain the
increased rarity of the skipper.

  Fire Ecology

The Arogos skipper is closely tied to its host plant, which is most likely a fire-dependent grass species. 
In longleaf pine communities, Andropogon species and other shade-intolerant grasses may depend on
disturbances such as fire or mowing to reduce midstory woody vegetation.  While the skipper depends
on fire for the survival of its host plant, the skipper is very vulnerable to fire because all of its life
stages occur above ground in the very flammable foliage of the host plant (Schweitzer 1989).  Species
with such close associations with fire-dependent host plants often are obligate recolonizers.  Skipper
populations from unburned refugia recolonize burned areas where most individuals presumably perished
in the fire.  In order for this species to survive, there must be new areas for it to colonize before its
current habitat becomes unsuitable either during a fire or because of fire suppression.  Very little is
known about the vagility of the species or its specific recolonizing behavior.  Heitzman (1966) noted
that adult males are more wary and fly faster and longer distances than adult females.
 
The skipper also may be an obligate recolonizer of freshly burned areas because it feeds on newly
sprouted grasses that are induced by recent fires (Schweitzer 1989; North Carolina Natural Heritage
Program 1993).  Although the host plant is widely available in disturbed sites such as along roads or
under powerlines, Atrytone arogos arogos probably only briefly flourishes in areas that have been
burned recently, although it is too soon to be sure about this (Schweitzer 1989; Hall 1994, pers.
comm.).  The skipper probably moves into an area soon after a fire, and it disappears from an area long
before the host plants are outcompeted by more shade tolerant species.  The skipper is not present at
locations that were burned in the previous year, even if there was little change in overall vegetative
composition since the fire.  However, while fire is necessary to keep the grassy habitat open and free of
woody midstory vegetation, fires may not be necessary for the subspecies to recolonize a site (Hall
1994, pers. comm.).

THREATS
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The causes underlying the drastic decline of this species are not well understood.  The population
decline is not attributed to loss of host plant availability, however (North Carolina Natural Heritage
Progam 1993).  Presumed larval host plants are widespread throughout the species' habitat and occur on
both native grasslands as well as disturbed sites.  One theory for the subspecies' decline is that fire
suppression may reduce the availability of nectar-producing flowers used by the skipper that bloom
following a fire.  Also, skipper larvae may feed on just the fresh host plant growth stimulated by recent
fires (Hall and Schweitzer 1993).  Over-collection is considered a threat only in the smaller, more
isolated populations. 
 
The skipper is strongly associated with fire-maintained habitats, but it is also extremely sensitive to fire
and has few adaptations for surviving a fire.  For example, all of the butterflies' life stages occur in the
foliage of the host plant (Heitzman 1966).  The overwintering larval stage and the late-spring and
mid-summer pupal periods are especially vulnerable to fires because the vegetation in which they
shelter is highly flammable.  While it is possible for adults to escape a fire and recolonize in refugia,
larvae could only possibly burrow into the basal clumps of the grasses to try to survive the fire (this has
not been documented, however).  Based on a published life history account for this species (Heitzman
1966), it can be assumed that a fire would cause close to 100 percent mortality (Hall 1993; Schweitzer
1989).  

STEWARDSHIP

  RESEARCH NEEDS

A status survey for this subspecies currently is being developed for the U.S. Fish and Wildlife Service
by the North Carolina Heritage Program in the North Carolina Department of Environment, Health,
and Natural Resources.  There are several additional research projects that should be pursued in order
to develop better management practices for the skipper.  Priority research should be conducted to
determine the specific habitat and host plant needs of the species in North Carolina (possibly
Andropogon glomeratus).    

The threats causing species decline, including the effects of both fire suppression and prescribed burns,
also should be researched.  The possibility of larvae sheltering or feeding in the basal section of the host
plant should be investigated.  In order to sustain A. a. arogos, recolonization behavior also should be
studied.  

Hall (1993) recommends that a status survey of this species along the entire Atlantic Coastal Plain is
urgently needed.  The species status is poorly understood and extensive inventories are needed to better
assess the remaining populations.

Further information on this species may be obtained from:

Steve Hall
North Carolina Heritage Program, Division of Parks and Recreation, Department of Environment,
Health, and Natural Resources, P.O. Box 27687, Raleigh, NC 27611

Dale Schweitzer
The Nature Conservancy, RD1, Box 30B, Port Norris, NJ 08349

  MANAGEMENT NEEDS

Management recommendations include immediately beginning protection measures for the skipper. 
Prescribed burning policies should be modified to provide better protection for insects dependent on
fire-maintained habitat (Hall 1993).  Prescribed burning should be used to preserve habitat, particularly
on public lands and TNC preserves.  Prescribed burns should be patchy and of light intensity in order to
mimic the natural, shifting mosaic of burned sites and unburned refugia.  Patchy fires are essential
especially because the species appears to be vulnerable to direct fire mortality during all life stages and
therefore during all seasons of the year.  The densities of larval host plants throughout the skipper's
range should be increased.  Nectar sources for A. a. arogos also should be enhanced.
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STEWARDSHIP SUMMARY

Atrytone arogos arogos may be able to survive in areas where there are frequent fires that are patchy
enough to support a shifting mosaic of recently burned sites and refugia.  Regional survival of the
skipper probably depends on the presence of a well-dispersed metapopulation so that small, pocket
populations can quickly recolonize disturbed areas following fire.  Areas with these characteristics are
increasingly rare and highly isolated.  Even in locations where managed burns occur, any history of
suppressed fires may have been enough to extirpate the entire butterfly metapopulation.  In order to
restore the subspecies to more of its former range, managers need to develop and implement
appropriate prescribed burn and related habitat management practices.  Research needs include
determining specific habitat and host plant requirements, and the effects of prescribed burns on the
species.
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Summary of the potential effects of the RCW Management Guidelines on Atrytone arogos arogos.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Atrytone arogos arogos

The habitat requirements of this subspecies are poorly understood because there are too few sampled
populations to make generalizations.  Its habitat in n the Coastal Plains pinelands of the Southeast was
thought to consist of xeric to mesic, sandy, successional or fire disclimax grassy areas in savannas,
barrens, and sandhills.  However, recent surveys also have found populations in wet swales or in the
ecotones between wet swales and sandy, xeric sandhills vegetation.

Cavity Tree Protection:  Brush clearing and fuel removal may help the skipper by reducing midstory
vegetation and maintaining grassy habitat areas.  However, clearing and removal specified for a 50 foot
buffer around an RCW cavity only affects a small portion of the total Habitat Management Unit (HMU)
where the skipper is likely to occur.  Also, machinery used to remove brush and fuel in the area, as
well as associated traffic, may harm the skipper. 

Prescribed Burning:  The skipper is strongly associated with fire but has few adaptations for surviving a
fire.  All of the life stages of the skipper occur in the foliage of the host plant.  The over wintering larval
stage and the late spring and mid-summer pupal periods are all especially vulnerable to fire because of the
high flammability of the host plants.  A three-year fire return may have a beneficial effect in that it more
closely mimics the natural fire return and allows moths to recolonize a previously burned area.  Prescribed
burns should be divided into multiple burn units that are not burned in the same year to allow for
recolonization of disturbed sites.  Research should be conducted to determine whether winter or growing
season fires are less damaging to the species.

Fire Management:  The construction of berms, plowed fire lanes and other artificial fire barriers may
damage the skipper's host plant, and disrupt the eggs and larvae that are in or on the host plant. 
Natural fire breaks are beneficial to the skipper because they promote patchy burns without disturbance
of the microtopography as well as restoration of a relatively natural fire-maintained habitat.

Mechanical and Chemical Control:  Mechanical control, including disking and tilling, should be
avoided because the heavy machinery may disrupt the host plant as well as the skipper's larvae and
eggs.  Herbicides used to thin the hardwood midstory and shrub layer may have adverse effects on the
grass host plants and other herbaceous species.  Mechanical and chemical control should employ best
management practices to reduce the effects of erosion, destruction of the herbaceous layer, and non-
target effects of herbicides.

Hardwood Control and Pine Thinning:  Hardwood control and pine thinning should benefit the butterfly
to the extent that the activities promote open savanna communities.  The effect of pine thinning on the
skipper, based on the level of mechanical impact, is unknown.  

Pine Beetle Control:  The effect of pine beetle control on Atrytone arogos arogos is unknown. 
Research should be conducted to determine the effect of thinning and pheromones on rare invertebrates.

Erosion Control:  Erosion control will benefit the skipper by maintaining a healthy herbaceous layer
and by reducing siltation into some of the wetter areas inhabited by the skipper.  Best management
practices as well as mechanical means of erosion control should be employed to reduce further erosion
and to stabilize hydrologic systems in the area.

Longleaf Pine Regeneration:  Re-establishment and regeneration of longleaf pine savannas and
flatwoods will benefit the Arogos skipper because these activities will expand possible habitat sites for
the butterfly.  Site preparation should employ fire instead of mechanical or chemical methods where
possible to generate higher host plant availability. 
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Extractive Land Uses:  Pine straw raking will adversely affect the skipper and its host plant.  Pine straw
raking severely damages the herbaceous layer and may alter the fire regime and fuel loads.  Although
timber harvesting may damage some of the herbaceous layer, longer rotations, patch creations and stand
conversion to longleaf pine will restore natural fire, hydrologic and nutrient dynamics to the longleaf
pine-associated communities.  Extractive activities should attempt to minimize impact to the herbaceous
layer.

Training Restrictions:  Training restrictions, to the extent to which they are outlined in the RCW
Management Guidelines, generally should benefit the skipper.  However, these restrictions may not be
beneficial if they apply only to areas directly around cavity trees instead of to the whole HMU. 
Impact/Danger areas may be good habitat sites for the skipper because of the high levels of disturbance
and fire in these areas.  Bivouac, digging and smoke/gas restrictions also should reduce training impact
on the butterfly.  On-road vehicular traffic should have no effect on the butterfly, but off-road traffic,
even limited to vehicles less than 5 tons, may significantly damage the habitat areas.  Expanded training
activities within HMU's will adversely affect the skipper because of increased trampling, soil
compaction and soil erosion.



     1Text from:  Wheaton, K.S. 1995. Draft Element Stewardship Abstract for Neonympha mitchellii
francisci. The Nature Conservancy, Southeastern Regional Office, Chapel Hill, NC.
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Species Stewardship Summary1
NEONYMPHA MITCHELLII FRANCISCI

ELEMENT CODE: IILEPN3022
SCIENTIFIC NAME: Neonympha mitchellii francisci Parshall and Kral, 1989
COMMON NAME: Saint Francis's Satyr

STATUS

GLOBAL RANK: G2T1
STATE RANK: S1 (NC)

FEDERAL STATUS: Listed as an Endangered species by the USFWS.
STATE STATUS:  SR (NC)

DESCRIPTION 

  General Description

Saint Francis's satyr is one of the most rare and least well known Lepidopterans in North America.  It
is a relatively small, dark brown butterfly in the family NYMPHALIDAE, subfamily SATYRINAE. 
Currently the butterfly is found only at Fort Bragg, North Carolina.  The subspecies was listed as
federally Endangered in 1994.  

  Technical Description

The wingspan for N. m. francisci ranges from 34 to 44 mm.  The average length of the forewing in
francisci is 16.7 mm for males and 18.8 mm for females (the wingspan for mitchellii is marginally
smaller).  Like the majority of species and subspecies in the satyr subfamily, francisci has conspicuous
"eyespots" or "ocelli" on its wings.  The ocelli appear as chains of eyespots on the underside of the
hindwings.  The eyespots are dark maroon-brown and have patches of translucent scales in the center
that look silvery in certain lights (Hall 1994, pers. comm.).  The border of the eyespots is straw yellow
with an outer border of dark brown.  There are two bright orange bands along the posterior wing edges
and two darker brown bands across the center of each wing.  Like most Nymphalidae, the forelegs are
vestigial in both sexes and instead have brushy tufts (Parshall and Kral 1989; Opler and Malikul 1992;
Murdock 1994).  

Currently there is no description of the immature stages of St. Francis's satyr.  For descriptions of all
life stages of Neonympha mitchellii mitchellii, see the reference by McAlpine et al. (1960) at the end of
this abstract.  The two subspecies of Neonympha mitchellii are almost identical in size and are only
slightly sexually dimorphic (Hall 1993).  For a more detailed description of the francisci subspecies as
well as its differences from the nominate subspecies, see the reference by Parshall and Kral 1989.

  Diagnostic Characteristics

There are eight other satyrines that occur in the same habitat as N. m. francisci.  These species are:
wood nymph (Cercyonis pegala); pearly eye (Enodia portlandia); creole pearly eye (Enodia creola);
Appalachian eyed brown (Satyrodes appalachia); little wood satyr (Megisto cymele); gemmed satyr
(Cyllopsis gemma); Carolina satyr (Hermeuptychia sosybius); and Georgia satyr (Neonympha areolata
septentrionalis).  The Carolina and the Georgia satyrs are the most easily confused with St. Francis's
satyr because these three species all are relatively dark colored, lack eyespots on the upper surface of
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their wings, and have chains of eyespots on the underside of their wings.  The Carolina satyr is smaller
than the two species of Neonympha and has a more erratic and rapid flight (Hall 1993).  

It is difficult to distinguish between the Georgia satyr and St. Francis's satyr while they are on the
wing.  Both species have a slow, bouncing or skipping flight pattern that barely clears the grass tops. 
The male septentrionalis at Fort Bragg are slightly larger than male francisci and about the same size as
female francisci.  Female septentrionalis are somewhat larger and paler.  While there also are slight
differences in wing shape and male genitalia between the two subspecies, the most visible difference is
the shape and color of the four bands on either side of the chain of ocelli on the hindwings (see Hall
1993 for a more in depth description).

DISTRIBUTION

  Historic Range

The known range for Neonympha mitchellii before 1983 was Michigan, Indiana, Ohio, and New Jersey
(Parshall and Kral 1989).  The discovery of a population of Neonympha mitchellii in central North
Carolina in 1983 significantly extended the range of the species.  The North Carolina population was
named as N. m. francisci by Parshall and Kral in 1989.

  Current Range

The subspecies francisci is entirely isolated from the nominate subspecies.  Neonympha mitchellii
francisci is restricted to a possible geographic range of about 110-160 square kilometers (70-100 square
miles) in the xeric Sandhills region of North and South Carolina.  The butterfly actually occupies less
than one percent of this area, however.  The only known populations are a few small colonies found at
Fort Bragg, North Carolina, that represent one metapopulation (Hall and Hoffman 1994).  While the
distance between colony sites varies, there is francisci movement between some of these
subpopulations.  Movement between the different colony subpopulations is considered essential for the
survival of the subspecies (Hall 1994, pers. comm.).  The number of known colonies continues to
increase as more surveys are conducted, although all additional colonies are still linked to the one
metapopulation at Fort Bragg (Hall 1994, pers. comm.).

BIOLOGY-ECOLOGY
 
The information below is from Hall (1993) and Hall and Hoffman (1994).  These status surveys
contained all of the life history and ecological information available for this subspecies at the time they
were written.  

While no research has yet been done on the specific life history of St. Francis's satyr, its life history
probably closely resembles its close relatives, Neonympha m. mitchellii and Neonympha areolata
[septentrionalis] (McAlpine et al. 1960; Hall 1993).  While Neonympha m. mitchellii in the north is
univoltine, however, the subspecies in the south is bivoltine.  This type of annual life history cycle is
typical of many butterflies in the North Temperate Zone, and represents a function of the growing
season, not a significant taxonomic difference.  The bivoltine southern subspecies, N. m. francisci, flies
in late spring and again in late summer. 

Francisci eggs most likely are laid on a larval host plant, or possibly on the litter beneath it, and hatch
within 7-10 days.  The early summer brood probably completes its larval development in less than 80
days and pupation takes up about 2 weeks of this period.  The second brood most likely overwinters in
one of the late larval instars (the fourth instar in N. m. mitchellii).  Extensive feeding and growth are
thought to recommence in the spring before pupation takes place (McAlpine et al. 1960).  
 
After larval development and pupation, males typically emerge before females.  Female adults also are
generally the last to disappear in a given generation.  The total flight period for N. m. francisci may last
for more than a month (in the northern subspecies, the flight period only lasts about 2 weeks). 

  Host Plant Specificity
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Host plant specificity in satyrines is thought to be related to choice of oviposition sites rather than
feeding sites selected by larvae.  While the specific host plant for francisci has not been determined, it
is assumed that francisci prefer sedges because McAlpine successfully reared francisci on sedges for
several lab trials (McAlpine et al. 1960; Hall 1994, pers. comm.).  Larval food choices observed in lab
trials with N. m. mitchellii were fairly broad and included bulrush (Scirpus atrovirens), and a variety of
sedges (McAlpine et al. 1960).  The most preferred sedge was Carex alopecoidea.  Adults typically do
not feed on nectar from flowers, but may feed on sap, fermented fruit, or dung (McAlpine et al. 1960).

All of the francisci sites surveyed on Fort Bragg contained Carex species, although other sedge species,
including Rhychospora and Scirpus, also were commonly present (Hall and Hoffman 1994).  However,
francisci were recently observed ovipositing on a grass, Dicanthelium (spp.) (Hall 1994, pers. comm.). 
Larvae probably live on the leaves of the host plant, or they may create shelters by sewing leaf blades
together with silk.  Pupation also probably occurs in the host plant foliage.   

  Habitat

Habitat information is compiled from Schweitzer 1991; Hall 1993; Hall and Hoffman 1994; and
Murdock 1994.  St. Francis's satyr occurs at Fort Bragg, North Carolina, as a metapopulation diffusely
distributed within a mosaic of transiently open, boggy sites.  Unlike Mitchell's satyr, the Saint Francis's
satyr's habitat cannot be classified as a fen because of the highly acidic and ombitrophic characteristics
of the boggy sites.  Also unlike Mitchell's satyr, francisci habitat is very impermanent; the subspecies
relies on recolonization of disturbed sites for its survival.

At least fifteen subpopulations of francisci have been found at Fort Bragg as of 1994 (Hall 1994, pers.
comm.).  Most of these sites occur on main artillery ranges: Coleman, MacPherson and MacRidge
Impact Areas.  These areas are adjacent to each other and share the same basic habitat features created
by frequent disturbance from flare fires, shells, and other munitions.  There also are at least three or
four other peripheral locations that support small subpopulations of francisci on Fort Bragg.  The
peripheral sites, which have somewhat different habitats from the main artillery ranges, may function as
dispersal corridors or as reproductive areas for the butterflies (Hall 1993; Hall and Hoffman 1994). 
More research is needed to fully support this hypothesis, however.  

At least three habitat types are associated with N. m. francisci: beaver sedge meadows, burned-out
pocosins, and sedgy ecotones (Hall 1994, pers. comm.).  The formation and maintenance of the boggy
habitats occupied by francisci depends on a combination of fire and wetland succession.  While habitat
preference seems to depend on the presence of Carex species, there is no correlation between francisci
and any rare sedge species (McAlpine 1960; Hall 1993).  Sedges at the butterfly sites are neither rare
nor limited in distribution except by habitat availability.

Beaver Sedge Meadows: Hall and Hoffman (1994) suggest that francisci prefer open, sedge meadow
habitats created by filling-in of abandoned beaver impoundments and maintained by frequent fires.  The
burned-over beaver sedge meadows are dominated by a high diversity of sedges and other wetland
graminoids, and often are crossed by meandering mucky channels.  Francisci  generally are found in
open areas where Carex species are most dense, although individuals also may be found in the sedgy
ecotone at the edge of these clearings.
  
Burned-out Pocosins: Presumably lower quality, but still suitable habitat includes smaller sedge patches
found in burned-out streamhead pocosins, fringe sedges surrounding shelling craters and small
depression ponds, hillside seepage bogs, and other similar transient habitats (Hall and Hoffman 1994). 
The smaller boggy areas of this habitat type are kept open and sedgy by fire.  Swales are seasonally wet
with small pockets of Carex, Sarracenia, and other wetland species.  Because the shell craters and
swales are too small to provide ample habitat for a stable colony,  this habitat type may be used by the
butterflies as a dispersal corridor or for reproduction (Hall 1993; Hall and Hoffman 1994). 

Sedgy Ecotones: Another habitat in which francisci have been found is the sedgy ecotone between
pocosin and sandhill communities.  This habitat will become less desirable for the subspecies if it is fire
suppressed and allowed to succeed to a swamp forest community.  Without frequent fires, species
including red maple (Acer rubrum) and swamp blackgum (Nyssa sylvatica) form a canopy that shades
out the sedges and other marsh species in the open glade.  This type of habitat may function mainly as a
dispersal corridor between other colonies or as a breeding ground (Hall and Hoffman 1994; Hall 1993).
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  Fire Ecology

The ecology of this subspecies differs greatly from that of N. m. mitchellii.  Rather than being a
resident of relatively permanent calcareous fens, Saint Francis's satyr is a fugitive species that prefers
habitat that is only temporarily available at any one location (Hall and Hoffman 1994).  It appears that
francisci is able to move significant distances through unfavorable habitat.  The shifting, patchy mosaic
of fire-maintained communities in the Sandhills region favors species with good dispersal abilities that
are able to quickly recolonize and repopulate recently disturbed areas.  This is especially true for many
insect species, including francisci, that must establish new colonies as successional change occurs, and
because they are obligate recolonizers (the same fire that creates new habitat may destroy established
populations).  

While the species can disperse across unfavorable habitat to new sites some distance away, many
suitable habitats probably are not colonized because they are too isolated.  For example, suitable habitat
similar to the sites at Fort Bragg exists at Fort Jackson and in the Sandhills Gamelands, but these
locations are inaccessible because they are surrounded by miles of fire-suppressed forests, pine
plantations, or croplands (Hall and Hoffman 1994).

Schweitzer (1994, pers. comm.) believes that several federally listed C2 moths, as well as dozens of
North Carolina state-level rare insects, are virtually certain to co-occur with francisci.  The
broad-winged sedge grasshopper (Stethophyma celata) appears to have an ecology and distribution very
similar to St. Francis's satyr.  The grasshopper not only feeds on sedges, but is found in only a few,
very disjunct populations in the Coastal Plain of North and South Carolina.  The grasshopper occurs in
wet savannas of the outer Coastal Plain as well as in sandhills sedge meadows and bogs (see Brimley
1938; Otte 1981).  At the Bones Creek site, a pine barrens tree frog (Hyla andersoni) and a newly
identified lily also were found (Hall 1993).

THREATS

The primary threats facing the butterfly are those that alter the landscape, including habitat conversion
for agricultural and residential uses, fire suppression, and beaver elimination.  Other potential threats
include over-collection, application of pesticides, siltation, foot and vehicle traffic, changes in Army
management of impact areas, and stochastic weather events (Hall 1994, pers. comm.).  

One of the largest threats to the survival of francisci is the alteration of the once common longleaf pine 
communities of the southeast Coastal Plain.  The metapopulation structure of the butterfly requires
numerous and scattered habitat areas as well as dispersal corridors between habitats so that
recolonization can occur.  Reduction of either habitat or corridors will reduce the metapopulation.  As
the open mosaic forest and wetland landscape of the longleaf pine ecosystem has been fire-suppressed
or replaced by farms, pine plantations, and houses, metapopulations of francisci have become
increasingly fragmented and colonization of new habitat has become increasingly rare (Hall 1993;
Murdock 1994).  Francisci cannot disperse to new areas or recolonize disturbed areas if the landscape
between the areas is unsuitable.  While there are several suitable habitat sites throughout the southeast
Coastal Plain, the areas are widely separated by plant communities that will not support butterfly
dispersal.  The one known metapopulation at Fort Bragg is extremely vulnerable to catastrophic threats
such as climatic events, the spread of viruses or parasites, and possibly inbreeding depression,  although
the actual population size remains unknown (Hall 1993).  

Fire has both a positive and a negative impact on francisci.  While fire is necessary to maintain the
longleaf pine ecosystem and the burned-over sedge meadows that the butterfly inhabits, fire also
destroys francisci larvae.  It is possible that the frequent fires are responsible for the low number of
adults found on Fort Bragg (Schweitzer 1994, pers. comm.).  For planning purposes, a 100 percent
mortality can be assumed in a burned area, although actual mortality may be lower (Schweitzer 1991;
Hall 1993).  On the other hand, fire suppression not only reduces the available habitat for the butterfly,
but also makes metapopulation dispersal to remaining habitat almost impossible.  The historic
elimination of beavers in the southeast Coastal Plain also reduced the habitat available to francisci. 
Beavers create the butterfly's preferred habitat, the impoundment areas where shallow wetlands and
eventually sedge meadows form. 
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A potential threat to the endangered butterfly is over-collection.  Fewer than 100 adults are observed a
year in the Fort Bragg metapopulation, and the actual population size is believed to be small, which
means that over-collecting can damage the subspecies genetically (reducing long-term viability) as well
as directly reducing population size.  Collectors are known to have drastically depleted populations of
the other subspecies of this butterfly.  Even though listing francisci as Endangered has reduced
over-collection of the subspecies (Schweitzer 1994, pers. comm.), collection will continue to be
somewhat of a threat as long as the peripheral sites on Fort Bragg are accessible to the public (the
impact area sites are not accessible to the public because they are in the middle of a gunnery range)
(Cole 1994; Hall 1993; Schweitzer 1991).

While the butterfly appears to do well in the artillery ranges, there are other military activities that may
negatively affect the species.  Potential problems include heavy siltation as sand is washed off drop
zones, tank tracks, fire breaks, and construction sites and clogs the small drainage basins that might
otherwise be suitable habitat for the butterfly.  Foot and vehicle traffic also may become a problem if
ground training activities are conducted in francisci habitat.  Another potential threat is changes in
Army management of impact areas, such as reducing the frequency of fires in these sites.

STEWARDSHIP

  RESEARCH AND MONITORING NEEDS

Hall (1993) recommends that additional research needs to be conducted on habitat needs, life history,
and management impacts on this subspecies: 

1. Determine the extent of the metapopulation centered on Bones Creek (MacRidge Impact Area),
and clarify the role of small sedge patches and depression ponds.

2. Discover whether other impact areas or watersheds neighboring Bones Creek contain additional
populations linked to the identified metapopulation.

3. Conduct mark-recapture studies (unless the population is extremely small) to determine
population size, vagility, and longevity.

4. Conduct behavioral studies to determine host plant preferences, movement tendencies, and
interactions with predators and competitors.  In particular, determining the natural host plant(s)
for N. m. francisci would help narrow the types of habitats to search for the butterfly.  

5. Confirm the role of fire and lacustrine succession in creating habitat for francisci.

6. Discover how this species copes with fire and when it is most vulnerable to the effects of fire. 
7. Redesign the burn prescriptions.

An extensive status survey of the species was conducted in 1993 prior to federal listing of the species as
Endangered.  However, no long-term monitoring of the species has been conducted at the Fort Bragg
sites.  In fact, the status survey field observations were the first sightings of the population described by
Parshall and Kral that were thought to be extirpated.  There are several monitoring needs for this
species related to the research needs listed in the previous section.  The populations at the Fort Bragg
sites need to be monitored to determine shifts in population size and any impact caused by factors such
as prescribed burns or other management activities.  The sites also should be monitored to assure that
now-illegal collection of the highly sought-after species does not continue.

  MANAGEMENT NEEDS

There are no existing management programs for the subspecies, although the Army is generally
responsive to the needs of the butterfly.  Fort Bragg listed management objectives for the butterfly in
the draft of their Endangered Species Management Plan (Fort Bragg ESMP 1994).  The management
needs of Saint Francis's satyr are consistent with the Army's RCW, rough-leafed loosestrife
(Lysimachia asperifolia) and other federally listed species' management guidelines (Hall 1993).  Unlike
the RCW, however, St. Francis's satyr does not need an immobile resource like longleaf pines that can
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be damaged by shrapnel, bullets or explosions.  Instead the butterfly persists within the artillery areas
that are constantly disturbed (Hall 1993).

Army activities that could impact St. Francis's satyr include but are not limited to the following: road
and firebreak construction, pesticide application, beaver control, troop movements, prescribed burning
and fire suppression, and facilities construction (Murdock 1994).  Positive Army land use and
management changes include moving the orienteering training conducted on francisci sites to other
locations, and using careful prescribed burning or hand clearing to open up the habitat while it is still
hospitable for the butterfly (Hall 1993).  

Hall also suggests several active measures that could be taken by the Army and the U.S. Fish and
Wildlife Service to better manage the butterfly:

1. Modify the prescribed burn program to avoid burning all units of potential francisci habitat
either in the same or consecutive years.  Do not burn any habitat currently occupied by
francisci until more is known about its biology and population size (use hand-thinning of shrubs
as a substitute).  Create new habitat available for colonization by francisci by burning wetland
areas including filled-in impoundments.

2. Expand the amount of sedge meadow habitat through encouragement of beaver activity and
reduction of siltation.  Actively work to develop habitat corridors between the existing
populations and new habitats.

3. Translocate gravid females, preferably from reared stock, to new sites on Fort Bragg and
elsewhere in protected areas in the Sandhills (e.g. Camp Mackall and Fort Jackson).

4. Initiate long-term monitoring of the populations and strict enforcement of base regulations
restricting entry into colony sites.

5. Continue research into the habitat needs of this species and other aspects of its life history.

STEWARDSHIP SUMMARY

Saint Francis's satyr occupies a range of habitats including beaver sedge meadows, burned-out
pocosins, and sedgy ecotones.  As an obligate recolonizer dependent on fire-maintained communities,
the butterfly requires frequent, low-level, patchy fires.  While fire, in addition to beaver activity, is
necessary to maintain the habitats of the satyr, fire also destroys francisci larvae.  While the existing
management guidelines for other Endangered species at Fort Bragg may apply to St. Francis's satyr,
certain Army activities may damage the butterfly populations.  There are several management programs
that should be implemented to help the butterfly, including modifying prescribed burn programs so that
small, non-adjacent areas are burned in different years.  However, because of the extreme rarity of
Neonympha mitchellii francisci and because of the lack of information about the subspecies, research
should be conducted to determine how this subspecies copes with fire and when it is most vulnerable to
fire.  No new burn prescriptions should be implemented until further research is conducted so that the
viability of the one known metapopulation will not be compromised by improper management activities. 
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Summary of the potential effects of the RCW Management Guidelines on Neonympha mitchellii
francisci.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Neonympha mitchellii francisci

The Saint Francis's satyr occurs as a metapopulation diffusely distributed within a mosaic of transiently
open, boggy sites on Fort Bragg, North Carolina.  The habitat is impermanent and relies on
recolonization of disturbed sites for its survival. 
 

Cavity Tree Protection:  Brush clearing and fuel removal may help the butterfly by reducing midstory
vegetation and maintaining a healthy herbaceous layer.  However, clearing and removal specified for a
50 foot buffer around an RCW cavity only affects a small portion of the total Habitat Management Unit
(HMU) where the butterfly is likely to occur.  Brush clearing and fuel removal, including raking, may
destroy butterfly eggs and larvae that are attached to host plants, however.

Prescribed Burning:  Prescribed burns have both a positive and a negative impact on this species.  Fires
are needed to maintain appropriate habitat and dispersal areas.  Because fire also may destroy the
satyr's larvae, the species is an obligate recolonizer of an area following fire.  Unlike the patchy fires in
the Impact Areas where Saint Francis's satyr does well, habitat areas and management units that are
completely burned in either the same or consecutive years are thought to be extremely damaging to the
species.   Known habitat areas for this species, outside of Impact Areas, should not be burned until
more is known about the species' biology and population size.  Hand-thinning should be used as a
substitute to control shrub and midstory vegetation.

Fire Management:  Saint Francis's satyr requires wet habitats, and the construction of berms, plowed
fire lanes and other constructed fire breaks may change the hydrology of a particular habitat site. 
Artificial fire barriers also may damage eggs and larvae.  Natural fire breaks are beneficial to the
butterfly because they promote patchy burns without disturbance of the microtopography as well as
restoration of a relatively natural fire-maintained habitat.

Mechanical and Chemical Control:  Mechanical control, including disking and tilling, should be
avoided because the heavy machinery may disrupt the butterfly's larvae and eggs.  Herbicides used to
thin the hardwood midstory and shrub layer may have adverse effects on herbaceous species used by
Saint Francis's satyr.  Mechanical and chemical control should employ best management practices to
reduce the effects of erosion, destruction of the herbaceous layer, and non-target effects of herbicides.

Hardwood Control and Pine Thinning:  Hardwood control and pine thinning should benefit the butterfly
to the extent that the activities promote sedge meadows and open, wet swale habitats.  The effect of
pine thinning on the butterfly, based on the level of mechanical impact to the soil, herbaceous
vegetation, and eggs and larvae, is unknown.  

Pine Beetle Control:  The effect of pine beetle control on the butterfly is unknown.  Research should be
conducted to determine the effect of dead tree thinning and pine beetle pheromones on rare
invertebrates.

Erosion Control:  Erosion control will greatly benefit the satyr if the activities reduce the amount of
sand and silt washing into and clogging small drainage basins that might otherwise be suitable habitat
for the butterfly.  Best management practices and mechanical means should be used to reduce
sedimentation from drop zones, tank tracks, fire breaks and construction sites.

Longleaf Pine Regeneration:   Re-establishment and regeneration of longleaf pine savannas and
flatwoods will benefit Saint Francis's satyr because these activities will expand possible habitat sites for
the butterfly, especially where wet ecotones are present.  Increasing suitable habitat areas also requires
creating and maintaining appropriate dispersal corridors for the species to recolonize the new areas. 
Site preparation should employ fire to create new habitat and dispersal corridors for the butterfly. 
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Extractive Land Uses:  Pine straw raking will adversely affect the butterfly.  Pine straw raking severely
damages the herbaceous layer and may alter the fire regime and fuel loads.  Although timber harvesting
may damage some of the herbaceous layer, longer rotations, patch creations and stand conversion to
longleaf pine will restore natural fire, hydrologic and nutrient dynamics to the longleaf pine-associated
communities.  Extractive activities should attempt to minimize impact to the herbaceous layer.

Training Restrictions:  Training restrictions, to the extent to which they are outlined in the RCW
Management Guidelines, generally should benefit the butterfly.  However, these restrictions may not be
beneficial if they apply only to areas directly around cavity trees instead of to the whole HMU. 
Impact/Danger areas are excellent habitat sites for the butterfly because of the frequent patchy fires in
these areas.  Bivouac, digging and smoke/gas restrictions should reduce training impacts on the
butterfly.  On-road vehicular traffic should have no effect on the butterfly, but off-road traffic, even
limited to vehicles less than 5 tons, may significantly damage the habitat areas by increasing erosion,
compaction and trampling problems.  Expanded training activities within HMU's will adversely affect
the butterfly because of increased trampling, soil compaction, soil erosion, and hydrologic changes that
may alter the swales, flatwoods and ecotone habitats.
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Species Stewardship Summary
SPARTINIPHAGA CARTERAE  

ELEMENT CODE: IILEYBQ030
SCIENTIFIC NAME: Spartiniphaga carterae Schweitzer, 1984
COMMON NAME: Carter's Noctuid Moth

STATUS

GLOBAL RANK:  G2G3
STATE RANK:  S2S3 (NC); S2 (NJ)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  SR (NC)

DESCRIPTION

  General Description

Carter's noctuid moth is in the family NOCTUIDAE, subfamily NOCTUINAE.  Moths in this
subfamily often are nocturnal in habit.  There is very little published information on this species. 

Spartiniphaga carterae is monophagous on pine barrens sandreed (Calamovilfa brevipilis), a
fire-adapted grass found in the Sandhills region of the North Carolina Coastal Plain and in the Pine
Barrens of New Jersey (Schweitzer 1989; Hall and Schweitzer 1993).  Calamovilfa brevipilis used to be
considered quite rare, but it is now more extensive in its distribution than previously thought, and has
been down listed from C2 status.  It is actually common in the frequently burned regions of the North
Carolina Sandhills and the New Jersey Pine Barrens.  Another Sandhills C2 moth in this subfamily with
similar limited distribution is Buchholz's dart moth, Agrotis buchholzi (Barnes & Benjamin).  In fact,
these two species often occur in the same sites (Hall and Schweitzer 1993; Schweitzer 1994, pers.
comm.).
 
  Taxonomic Description

This species was first described by Schweitzer in 1984.  For a detailed taxonomic description, see
Schweitzer, D. F. 1984. J. Lepid. Soc. 37(4): 301-305.  North Carolina specimens do not appear to
differ from the New Jersey form (Schweitzer 1994, pers. comm.).

DISTRIBUTION

  Historic Range

Before the 1993 survey conducted in North Carolina by Hall and Schweitzer, this species was thought
to exist only in the New Jersey Pine Barrens.  The bimodal distribution of the species, common in
fire-adapted plants and animals, indicates a past biogeographic connection between these two regions
(Hall and Schweitzer 1993).

  Current Range

The moth is geographically restricted to a limited area in New Jersey and on the Outer Coastal Plain of
North Carolina.  North Carolina sites have been found in Brunswick, Pender, Craven, and Bladen
Counties (The Nature Conservancy preserve sites include Lanier Quarry Savanna, Myrtle Head
Savanna, and Angola Creek).  The moth has a distribution similar to its host plant and could be
downgraded from its C2 status, but further surveys need to be conducted to better determine the
ecology and vulnerability of the species (Schweitzer 1989; Hall and Schweitzer 1993).
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HABITAT

Spartiniphaga carterae inhabits wet, grassy sites including recently burned pitch pine lowlands, pine
savannas, swales, and edges of bogs.  Dominant plants in the moth's habitat are graminoids, forbs, and
shrubs, and include Carex species (Schweitzer 1991).

Spartiniphaga carterae typically is restricted to areas where fires frequently occur because fires are
needed to maintain healthy populations of its host plant.  Calamovilfa brevipilis has now been found at
all S. carterae sites in North Carolina (Hall 1994, pers. comm.).  In New Jersey, both the moth and C.
brevipilis are most abundant at sites with recent, very hot fires during the growing season.  However, in
New Jersey, Schweitzer (1994, pers. comm.) finds the species often still numerous years after the
Calamovilfa has ceased to flower.    

BIOLOGY-ECOLOGY

Like the New Jersey populations of this species, the North Carolina populations of S. carterae are
univoltine with a fall emergence (Hall and Schweitzer 1993).  Eggs are oviposited above ground on
Calamovilfa brevipilis.  It is known that eggs hatch in late fall in New Jersey (Schweitzer 1994, pers.
comm.).  Larvae overwinter above ground and eventually bore into the basal stems or roots of the host
plant, but it is not known when the larvae bore into the host plant.  The moth pupates underground
(Schweitzer 1989).

  Host Plant

Carter's noctuid moth has a host plant that is widespread in the fire-maintained Sandhills communities
of the Southeast Coastal Plain (Hall and Schweitzer 1993).  The host plant for S. carterae is a grass,
pine barrens sandreed, Calamovilfa brevipilis (Torrey) Scribner.  Both Spartiniphaga carterae
immatures and adults are assumed to be monophagous on this plant.  Eggs are oviposited on the
sandreed or on stems of nearby grasses, and larvae bore into and feed on the host plant.  Adults also
rest on or fly around clumps of the host plant (Schweitzer 1989; Hall and Schweitzer 1993).  

Calamovilfa brevipilis is fire-dependent.  It is most abundant following very intense fires, and generally
only reproduces within a year or two after these hot fires occur.  The host plant may remain vigorous
enough to sustain S. carterae for at least five years after the grass stops flowering (Schweitzer 1994,
pers. comm.).  After about five years the grass usually is outgrown by shrubs and its growth is stunted. 
While shaded, stunted plants may survive for many years without fire or may recover after the next
fire, they rarely make good host plants for the moth presumably because of their stunted growth
(Schweitzer 1989). 

  Fire Ecology

While both Spartiniphaga carterae and Calamovilfa brevipilis are found at sites with recent hot growing
season fires (Hall and Schweitzer 1993), it is not known how sensitive the moth is to direct fire
mortality (Schweitzer 1989).  Because the eggs of Spartiniphaga carterae overwinter above ground on
the host plant, they are vulnerable to fire from fall to spring, which corresponds to the plant's dormant
season.  While larvae bore into the bases of stems or the roots of the host plant and can survive most
fires in these locations, it is not known when the larvae burrow into the plant.  The thick, basal portions
of C. brevipilis serve as fire refugia for the larvae except during fires in hot, dry weather when the
plant is no longer fire-tolerant  (Schweitzer 1989).  The moth pupates underground, and the pupae
should be relatively safe from fire at this time.  The moth survives summer crown fires in New Jersey
(Hall and Schweitzer 1993).

Insects with close associations with fire-dependent host plants often are obligate recolonizers.  In order
for the insects to survive they must recolonize burned areas from unburned refugia.  Carter's noctuid
moth may be adept at recolonization (Hall and Schweitzer 1993), although more research needs to be
completed on the moth's recolonization behavior.

THREATS



35

The wet pine savannas and grasslands typical of this species now exist only as remnant patches of
habitat within an altered, fire-suppressed landscape.  The most significant threat to this species is the
loss of habitat through fire suppression.  Fire suppression allows hardwoods to establish in the wet
grasslands and savannas and to out-compete C. brevipilis.  Less suitable habitat for the moth's host
plant reduces food and shelter available for the moth.  Other threats include improperly timed and
managed burns, and silvicultural activities such as pine straw raking that disturb the grasses on which
the moth lives and feeds.  The moth is not threatened by collecting.

Paradoxically, while the moth is monophagous on a fire-dependent host plant, fire also may decimate
moth populations.  It is not known how sensitive the moth is to direct fire mortality, however.  Based
on other similar species, it is likely that the larva overwinter above ground on the host plant.  While the
thick, basal stems of C. brevipilis are normally fire-resistant and act as fire refugia for burrowing
larvae, more intense fires caused by improperly timed prescribed burns or by high fuel loading from
fire suppression can burn the otherwise resistant host plant.  Spring prescribed burns are especially
damaging to this species as well as to other invertebrates (Schweitzer 1989).  While the larvae can
survive summer crown fires, eggs and young larvae are vulnerable to dormant season burns (from fall
to early spring) because the previously insulating grass they inhabit no longer protects them.  Pupae,
however, are relatively insulated from fire because they are in the soil (Hall and Schweitzer 1993).  

STEWARDSHIP

  RESEARCH NEEDS

Research and monitoring should be conducted to determine S. carterae population trends and complete
distribution range, which currently are unknown.  Research also should be conducted to determine more
exact habitat and life history information for the moth, including when the larvae burrow into the basal
stems and roots of the host plant, and whether C. brevipilis is the only host plant used by the noctuid
moth.  It is not clear whether C. brevipilis responds well to light winter prescribed burns, (however
fires at that season probably would kill most S. carterae larvae).  More research should be conducted to
determine the moth's response to direct fire mortality and to summer prescribed burns.

Contacts:

Jamie Cromartie, Stockton State College, NJ

Steve Hall
North Carolina Heritage Program, Division of Parks and Recreation, Department of Environment,
Health, and Natural Resources, P.O. Box 27687, Raleigh, NC 27611-7647

Dale Schweitzer 
The Nature Conservancy, RD 1, Box 30B, Port Norris, NJ 08349

J.B. Sullivan, Beaufort, NC

  MANAGEMENT NEEDS

Prescribed burning should be used to preserve and restore habitat.  A fire management plan for the
moth's habitat, especially if the plan included co-occurring species such as Agrotis buchholzi would
help restore the species as well as the habitat (Schweitzer 1989).  No winter prescribed burning should
be done (Schweitzer 1994, pers. comm.).  The North Carolina Field Office of The Nature Conservancy
is modifying its prescribed burning policies to provide better protection for insects that are dependent
on fire-maintained habitats.  Steve Hall recommends that burning prescriptions should follow Dale
Schweitzer's guidelines, which include burning on non-adjacent units of land on a rotating schedule to
simulate the natural mosaic of shifting habitats and refugia.

Current practices in the impact and direct fire areas at Fort Bragg, North Carolina may be quite suitable
for the moth.  As with Agrotis buchholzi and many other rare species, the current regimen of frequent,
patchy, partial, seasonally unpredictable burns at Fort Dix, New Jersey impact areas is maintaining an
outstanding occurrence for S. carterae (Schweitzer 1994, pers. comm.).
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STEWARDSHIP SUMMARY

This species is seriously threatened by dormant season (fall through spring) burns, so no dormant
season burns should be conducted in this species' habitat.  Fall appears to be the worst time to burn for
this species.  However, this species also may be eliminated if fires are suppressed.  Spartiniphaga
carterae and its host plant, Calamovilfa brevipilis (Torrey) Scribner, are well adapted to natural,
lightning-induced summer (growing season) fires as long as unburned areas near burn units remain
available as refugia.  These light fires prevent intense summer fires and stimulate food plant growth. 
Patchy fires are necessary to promote recolonization of recently burned areas by small populations
within the metapopulation.  Future research needs include determining when early larval instars burrow
into the host plant, and further population and habitat inventories in the Southeast Coastal Plain.
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Summary of the potential effects of the RCW Management Guidelines on Spartiniphaga carterae.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control       X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Carter's Noctuid Moth (Spartiniphaga carterae)

Spartiniphaga carterae inhabits wet, grassy sites including recently burned pitch pine lowlands, pine
savannas, swales, and edges of bogs.  Dominant plants in the moth's habitat are graminoids, forbs, and
shrubs, and include Carex species.

Cavity Tree Protection:  Brush clearing and fuel removal may help the moth by reducing midstory
vegetation and maintaining a healthy herbaceous layer.  However, clearing and removal specified for a
50 foot buffer around an RCW cavity only affects a small portion of the total Habitat Management Unit
(HMU) where the moth is likely to occur.  There also is some potential that machinery (including
rakes) or traffic to remove brush and fuel in the area could harm moth eggs and larvae (eggs are
oviposited on pine barrens sandreed or other grasses, and larvae burrow into the basal portion of the
host plant for food and shelter).

Prescribed Burning:  Prescribed burns are needed to control the shrub and midstory woody vegetation so
the pine barrens sandreed and the entire herbaceous layer can thrive.  Paradoxically, fire may decimate
moth populations.  No winter prescribed burning should be done when managing for this species because
moth larvae over winter above ground on the host plant and would be vulnerable to fire from fall to early
spring (eggs hatch in late fall).  Spring prescribed burns also are damaging to this species.  Prescribed burns
should be done in a patchwork system to provide unburned areas that surviving moths can recolonize.  A
three-year fire return may have a beneficial effect in that it more closely mimics the natural fire return and
allows moths to recolonize a previously burned area.  

Fire Management:  Carter's noctuid moth requires fairly wet habitats, and the construction of berms
and plowed fire lanes may change the hydrology in a particular area.  Artificial fire barriers also may
damage the moth's host plant, and disrupt the eggs and larvae that are in or on the host plant.  Natural
fire breaks are beneficial to the moth because they promote patchy burns without disturbance of the
microtopography as well as restoration of a relatively natural fire-maintained habitat.

Mechanical and Chemical Control:  Mechanical control, including disking and tilling, should be
avoided because the heavy machinery may disrupt the host plant as well as the moth's larvae and eggs. 
Herbicides used to thin the hardwood midstory and shrub layer may have adverse effects on the pine
barrens sandreed and other herbaceous species.  Mechanical and chemical control should employ best
management practices to reduce the effects of erosion, destruction of the herbaceous layer, and non-
target effects of herbicides.

Hardwood Control and Pine Thinning:  Hardwood control and pine thinning should benefit the moth to
the extent that the activities promote open savanna, flatwoods and bog edge communities.  The effect of
pine thinning on the moth, based on the level of mechanical impact, is unknown.  

Pine Beetle Control:  The effect of pine beetle control on Carter's noctuid moth is unknown.  Research
should be conducted to determine the effect of thinning and pheromones on rare invertebrates.

Erosion Control:  Erosion control will benefit the moth by maintaining a healthy herbaceous layer and
by reducing siltation into some of the wetter areas inhabited by the moth.  Best management practices as
well as mechanical means of erosion control should be employed to reduce further erosion and to
stabilize hydrologic systems in the area.

Longleaf Pine Regeneration:  Re-establishment and regeneration of longleaf pine savannas and
flatwoods will benefit Carter's noctuid moth because these activities will expand possible habitat sites
for the moth (especially where wet ecotones are present).  Site preparation should employ fire instead of
mechanical or chemical methods where possible. 
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Extractive Land Uses:  Pine straw raking will adversely affect Carter's noctuid moth and its host plant,
pine barrens sandreed.  Pine straw raking severely damages the herbaceous layer and may alter the fire
regime and fuel loads.  Although timber harvesting may damage some of the herbaceous layer, longer
rotations, patch creations and stand conversion to longleaf pine will restore natural fire, hydrologic and
nutrient dynamics to the longleaf pine-associated communities.  Extractive activities should attempt to
minimize impact to the herbaceous layer.

Training Restrictions:  Training restrictions, to the extent to which they are outlined in the RCW
Management Guidelines, generally should benefit the moth.  However, these restrictions may not be
beneficial if they apply only to areas directly around cavity trees instead of to the whole HMU. 
Impact/Danger areas may be good habitat sites for the moth because of the high levels of disturbance
and fire in these areas.  Bivouac, digging and smoke/gas restrictions also should reduce training impact
on the moth.  On-road vehicular traffic should have no effect on the moth, but off-road traffic, even
limited to vehicles less than 5 tons, may significantly damage the habitat areas.  Expanded training
activities within HMU's will adversely affect the moth and pine barrens sandreed because of increased
trampling, soil compaction, soil erosion, and hydrologic changes that may alter the swales, flatwoods
and ecotone habitats.



     2Text from:  Palis, J.G. 1995. Element Stewardship Abstract for Ambystoma cingulatum. The Nature
Conservancy, Southeast Regional Office, Chapel Hill, NC.
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Species Stewardship Summary2
AMBYSTOMA CINGULATUM

ELEMENT CODE: AAAAA01030
SCIENTIFIC NAME: Ambystoma cingulatum Cope
COMMON NAME: Flatwoods Salamander

STATUS

GLOBAL RANK:  G2G3
STATE RANK:  S1 (AL), S2S3 (FL), S3 (GA, SC), SR (MS)

FEDERAL STATUS:  Listed as Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  N (FL), R (GA), SC (SC), SP (AL)

DESCRIPTION 

A moderately-sized (up to 76 mm snout-vent length, 135 mm total length; Palis, unpubl. data), slender
salamander with a relatively small, pointed head and stout tail, weighing from 4.5 - 10.5 grams (adult
male and gravid female, respectively; Palis, unpubl. data)  The body is black to chocolate-black with
fine, irregular, light gray lines that form a net-like or cross-banded pattern across the back.  In some
individuals the gray pigment is widely scattered and "lichen-like."  Melanistic, uniformly black
individuals are occasionally encountered (Carr 1940).  The belly is black to chocolate-black with a
scattering of gray spots or flecks.  

Although sexual dimorphism is not pronounced in A. cingulatum, males can be distinguished from
females during the breeding season by their slightly swollen cloaca (pers. obs.).  In addition, mature
gravid females are heavier and more robust than males at this time (pers. obs.). 

The broad-headed, boldly striped pond-type larva can attain a snout-vent length of 47 mm and total
length of 96 mm before metamorphosis (Palis, unpubl. data).  The striping pattern, from mid-dorsum
down the sides, is as follows: pale tan mid-dorsal stripe, grayish-black dorsolateral stripe, pale cream
mid-lateral stripe, blue-black lateral stripe, and pale yellow ventrolateral stripe.  A black stripe extends
from the snout, through the eyes, to the base of the gills.  A second dark stripe, extending along the
upper jaw, is typically present, as well.  

  Diagnostic Characteristics

Adults may be confused with the slimy salamander (Plethodon grobmani), small-mouthed salamander
(Ambystoma texanum), or Mabee's salamander (Ambystoma mabeei).  Slimy salamanders are readily
distinguished by the presence of a small groove (nasolabial groove) from the nostril to upper lip (absent
in all Ambystoma).  Ambystoma texanum overlaps the range of A. cingulatum in extreme southwestern
Alabama.  Small-mouthed salamanders have a very short, rounded snout and, in Alabama, are brown or
dark gray with lichen-like light blotches (Mount 1975).  In South Carolina, A. cingulatum has been
observed breeding in the same wetland as A. mabeei (Anderson and Williamson 1976).  The body of
Mabee's salamander is dark brown or black with pale specks that are concentrated along the sides.

Although the flatwoods salamander larval pattern is distinctive, two other Ambystoma larvae may
appear similar to the untrained eye.  Like A. cingulatum, A. mabeei larvae have a light mid-lateral
stripe between two dark lateral stripes.  However, unlike the continuous lateral stripes of A.
cingulatum, those of A. mabeei are broken into blotches (Hardy and Olmon 1974).  In addition, the
stripe extending from the snout to the gills in A. mabeei is diffuse and indistinct, and the upper lip
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stripe is replaced by a series of spots (Hardy and Olmon 1974).  Larval mole salamanders (A.
talpoideum) may have an indistinct, light mid-lateral stripe, but are readily distinguished from A.
cingulatum larvae by the presence of a dark mid-ventral stripe and dark dorsal crossbands (pers. obs.). 
The light mid-lateral stripe of larval A. cingulatum is retained by metamorphs through their first year
(pers. obs.).  It is best observed by shining a bright light through the body.

DISTRIBUTION

The flatwoods salamander inhabits the lower Southeastern Coastal Plain from southern South Carolina,
southward to Marion County, Florida, and westward to extreme southwestern Alabama (Conant and
Collins 1991).  The inclusion of North Carolina and Mississippi on old range maps is apparently the
result of mis-identification of larval specimens (Hardy and Olmon 1974; P. Moler, pers. comm.).  No
subspecies are recognized.

HABITAT

Post-larval flatwoods salamanders inhabit mesic longleaf pine (Pinus palustris) - wiregrass (Aristida
stricta) flatwoods and savannas.  The terrestrial habitat is best described as a topographically flat or
slightly rolling wiregrass-dominated grassland having little to no midstory and an open overstory of
widely scattered longleaf pine.  Low-growing shrubs, such as saw palmetto (Serenoa repens), gallberry
(Ilex glabra) and blueberries (Vaccinium spp.), co-exist with grasses and forbs in the groundcover. 
Groundcover plant diversity is usually very high.  The underlying soil is typically poorly drained sand
that becomes seasonally inundated.

Slash pine flatwoods is often cited as the preferred terrestrial habitat of the flatwoods salamander (e.g.,
Conant and Collins 1991).  This may be the result of an error made by Martof (1968) in which he
referred to longleaf pine as slash pine (P. elliottii).  In addition, slash pine now dominates or co-occurs
with longleaf pine in many pine flatwoods communities as a result of fire suppression and preferential
harvest of longleaf pine (Avers and Bracy, 1975).  Historically, however, fire-tolerant longleaf pine
dominated the flatwoods, whereas slash pine was confined principally to wetlands (Harper 1914, Avers
and Bracy 1975).

Larval flatwoods salamanders occur in acidic (pH 3.6 - 5.6; Palis, unpubl. data), tannin-stained
ephemeral wetlands (swamps or graminoid-dominated depressions) that range in size from 0.02 to 9.5
ha, and are usually #0.5 m deep (Palis, unpubl. data).  The overstory is typically dominated by pond
cypress (Taxodium ascendens), blackgum (Nyssa sylvatica var. biflora) and slash pine, but can also
include red maple (Acer rubrum), sweetgum (Liquidambar styraciflua), sweetbay (Magnolia
virginiana), and loblolly bay (Gordonia lasianthus).  Canopy coverage ranges from near zero to almost
100% (Palis, unpubl. data).  The midstory, which is often very dense, is most often composed of young
of the aforementioned species, myrtle-leaved holly (Ilex myrtifolia), Chapman's St. John's-wort
(Hypericum chapmanii), sandweed (H. fasciculatum), titi (Cyrilla racemiflora), storax (Styrax
americana), popash (Fraxinus caroliniana), sweet pepperbush (Clethra alnifolia), fetterbush (Lyonia
lucida), vine-wicky (Pieris phillyreifolia), and bamboo-vine (Smilax laurifolia).  Depending on closure
of the canopy and midstory, the herbaceous groundcover of breeding sites can range from about 5% to
nearly 100% (Palis, unpubl. data).  The groundcover is dominated by graminaceous species, including
beakrushes (Rhynchospora spp.), sedges (Carex spp.), panic grasses (Panicum spp.), bluestems
(Andropogon spp.), jointtails (Manisurus spp.), three-awned grass (Aristida affinis), plumegrass
(Erianthus giganteus), nutrush (Scleria baldwinii) and yellow-eyed grasses (Xyris spp.).  

The floor of breeding sites is riddled with the burrows of crayfish (Genus Procambarus).  Breeding
sites are typically encircled by a wiregrass-dominated graminaceous ecotone.  Breeding sites can
include roadside ditches (Anderson and Williamson 1976; Palis, pers. obs.) and borrow pits (D.
Stevenson, pers. comm.).  Breeding sites often harbor fishes, the most typical species include pygmy
sunfishes (Elassoma spp.), mosquitofish (Gambusia holbrookii), and banded sunfish (Enneacanthus
obesus) (Palis, unpubl. data).

BIOLOGY-ECOLOGY
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Post-larval flatwoods salamanders are fossorial and occupy burrows (Goin 1950, Neill 1951, Mount
1975, Ashton 1992).  They have been tracked moving as far as 1.7 km from a breeding site (Ashton
1992).  Preliminary data suggests that flatwoods salamanders have a home range of 1500 m2 (Ashton
1992).  During the breeding season (October through December), adults leave their subterranean
retreats and migrate to breeding sites during rains associated with passing cold fronts (Means 1972;
Anderson and Williamson 1976; Palis, unpubl. data).  Despite this activity at the surface, adult A.
cingulatum are rarely encountered under cover objects at or near breeding sites (pers. obs.).  Migration
takes place at night, most often during rain (Palis, unpubl. data).  Small numbers of post-larval
salamanders continue to be active on the surface during the winter months (Palis, unpubl. data).  
Metamorphs emigrate from their natal ponds during the months of March and April (pers. obs.). 
Presumably, post-larval flatwoods salamanders remain underground during the lightning-season (May
through September).  Females produce up to 225 eggs (Ashton 1992), with larger individuals producing
more eggs than smaller ones (Anderson and Williamson 1976).  Before breeding sites fill with water,
eggs are deposited singly or in small groups on the ground beneath leaf litter, under logs and Sphagnum
mats, at the base of grasses, shrubs or trees, or at the entrance to crayfish burrows (Anderson and
Williamson 1976).  In wetlands that fill incrementally, eggs are deposited amid graminaceous
vegetation  at the edge (pers. obs.).  The eggs develop to hatching size within three weeks, but do not
hatch until inundated (Anderson and Williamson 1976). 

Larvae hide amid inundated graminaceous vegetation by day, but will enter the water column at night
(pers. obs.).  The larval period lasts for three to four months, with metamorphosis typically occurring
in March and April (Means 1986; Palis, unpubl. data).  In captivity A. cingulatum can attain adult size
within one year (Means 1972).  Preliminary field data, however, suggest that flatwoods salamanders do
not attain full size until their third or fourth year in the wild (Palis, unpubl. data).  Although not much
bigger than metamorphs, males attain sexual maturity in their first year (Palis, unpubl. data).  Females,
however, do not sexually mature until at least two years old (Palis, unpubl. data.).  Little information is
available regarding the food habits of flatwoods salamanders.  Goin (1950) found earthworm remains in
the stomachs of adults he dissected.  The food habits of larvae have not been studied, but undoubtedly
they prey upon smaller animals as do other larval Ambystoma.

THREATS

The principal threat to A. cingulatum is habitat destruction as a result of agriculture, silviculture, and
residential and commercial development.  Modern silvicultural methods rely on altering soil hydrology,
suppressing fire, shortening timber rotations, and replacing widely-spaced longleaf pine with dense
plantations of slash pine.  Loss of groundcover vegetation due to mechanical soil preparation, fire
suppression, and shading of the slash pine overstory has been implicated in the decline of a flatwoods
salamander population in north Florida (Means et al. 1994).  

Larvae are threatened in some wetlands by the harvest of crayfish as bait.  Bait harvesters drag large
hardware cloth buckets through inundated vegetation, dump the contents of the bucket on the ground,
and then sort out the crayfish.  Flatwoods salamander larvae taken in this manner are left to die or are
collected as bait (pers. obs.).  

The effect of herbicide or fertilization application on flatwoods salamanders is unknown.  However,
fertilization of plantations often results in eutrophication of wetlands, promoting algal blooms.  Larval
flatwoods salamanders have not been observed in algal-choked wetlands (pers. obs.).  

Ditching or berming of small, isolated pond-cypress wetlands, a common practice when establishing
slash pine plantations on mesic sites, results in lowered water levels and shortened hydroperiods
(Marois and Ewel 1983).  These hydrologic perturbations could prevent successful flatwoods
salamander reproduction by preventing egg inundation or stranding larvae before they are capable of
metamorphosis.  Altered hydrology, in association with fire exclusion, results in a shift in dominance
from pond-cypress to broad-leaved hardwoods which reduce herbaceous groundcover vegetation
through shading (Marois and Ewel 1983).  This may be detrimental to A. cingulatum since larvae take
shelter in herbaceous vegetation during the day.  Ephemeral pond-cypress depressions are sometimes
converted into permanent water bodies, rendering them unsuitable for flatwoods salamander
reproduction (pers. obs.).
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RECOVERY POTENTIAL

Flatwoods salamander recovery is directly linked with the ability to preserve existing habitat and restore
degraded habitat.  Given the drastic decline in the extent of longleaf pine-dominated communities (Ware
et al. 1993), elevation of flatwoods salamander populations above present levels is unlikely. 
Restoration of degraded mesic, seasonally inundated longleaf pine flatwoods and savannas has not been
attempted, and may only be feasible in cases where soil disturbance is minimal.  The effectiveness of
reintroducing flatwoods salamanders into areas where extirpated is unknown.

STEWARDSHIP

  LAND PROTECTION SPECIFICATIONS

High quality occurrences include several wetlands within a matrix of pine flatwoods and savanna. 
Based on the maximum distance adults are known to travel between reproductive and non-reproductive
habitat (1.7 km), each breeding site should be surrounded by at least 10 km2 of terrestrial habitat.  A
suite of wetlands guards against extirpation at any one breeding site, since animals can immigrate from
nearby wetlands.  The minimum viable population size needed to sustain a population of flatwoods
salamanders longterm is not known.  Preliminary drift fence data at Eglin Air Force Base, Florida,
suggests that breeding population sizes are low relative to other Ambystoma (Palis, unpubl. data). 
However, this may be a site specific observation as larger breeding migrations have been observed
elsewhere in the species' range (R. Moulis, pers. comm.).  Presently, there is no method of assessing
an occurrence based on the number of animals captured at a drift fence or the number of larvae
inhabiting a breeding site.

  RESEARCH NEEDS

Despite recent surveys throughout the species' range, we still have an incomplete understanding of the
flatwoods salamander's present-day distribution.  Demographic data are needed to better understand the
natural history and, in particular, factors that limit population size (e.g., egg, larval, and metamorph
survivorship; competition with other species).  Longterm drift fence studies are needed at several
nearby sites to examine inter-pond salamander movement and to delineate the range of natural
population fluctuations.  The species' response to anthropogenic habitat disturbance and altered fire
regimes needs study.

  RESEARCH PROGRAMS

The environmental factors influencing movement into and out of a breeding site are being studied with a
drift fence and funnel traps at Eglin Air Force Base, Okaloosa County, Florida.  The annual variation
in pond usage is being examined with larval surveys on the Apalachicola National Forest, Liberty
County, Florida. 

Contact: John Palis, RR 1, Box 258, Tell City, Indiana 47586 (812-836-4216).

  MONITORING NEEDS

Development of a quantitative means of surveying larvae which would provide an indication of the size
of the adult breeding population is needed.  Drift fence monitoring programs should be implemented at
various locations within the range of the flatwoods salamander at sites exhibiting varying degrees of
anthropogenic disturbance.

  MONITORING PROCEDURES

The simplest and most inexpensive means of monitoring flatwoods salamanders is dipnet surveys of
larval habitat.  A 4-mm mesh nylon dipnet, manufactured by Mid-Lakes Corporation, Knoxville,
Tennessee (net no. SH-2), has been successfully utilized for larval sampling in Florida (Palis, unpubl.
data).  Larval surveys are most successful during the latter half of February and the first half of March
(pers. obs.), although sampling in other months may be as productive depending upon rainfall patterns
and wetland hydrology.  Larvae are most readily captured by sweeping a dipnet through inundated
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graminaceous vegetation by day or night (pers. obs.).  Several dipnetting techniques will capture larvae. 
The net can be swept back and forth through inundated vegetation in a Z or S pattern.  A second
method involves submerging the bag of the net adjacent to the vegetation to be sampled, agitating the
vegetation by foot or hand toward the net, and then thrusting the net through the vegetation in the
opposite direction.  In addition, multiple parallel dipnet sweeps can be made in the same direction. 
Because flatwoods salamander larvae occur in low densities (Sekerak 1994) an average of 50 meter-long
dipnet sweeps are required to capture the first larva (Palis, unpubl. data).

Because flatwoods salamander larvae will enter the enter column at night (pers. obs.), nocturnal
transects using a flashlight can provide an estimation of the larval density.  However, this technique is
only applicable to wetlands having little herbaceous vegetation and relatively clear water.  Minnow
trapping (Gee 6-mm wire mesh funnel trap) has been used with limited success.  Methods of
quantifying larval sampling are described by Shaffer et al. (1994). 

The population breeding at a particular wetland can be monitored by the use of a drift fence and traps. 
To obtain an accurate estimate of the population size, the entire breeding site must be encircled with a
drift fence.  Drift fences with traps have proven to be excellent means of surveying amphibian
movement into and out of breeding sites (Gibbons and Semlitsch 1981).  Because the water table at
flatwoods salamander breeding sites is high, aluminum window screen funnel traps are required.  Drift
fencing is most productive between October and December when flatwoods salamanders are at the
surface moving to and from breeding sites (Palis, unpubl. data).

  MONITORING PROGRAMS

A population of flatwoods salamanders is presently being monitored at one breeding site on Eglin Air
Force Base, Okaloosa County, Florida.  This population is being monitored with a combination of a
drift fence, which completely encircles the breeding site, and funnel traps.  In addition, annual larval
surveys of known breeding sites are being conducted on the Apalachicola National Forest, Liberty
County, Florida.

Contact: John Palis, RR 1, Box 258, Tell City, Indiana 47586 (812-836-4216).

  MANAGEMENT NEEDS

Maintenance of intact mesic longleaf pine-wiregrass flatwoods and ephemeral wetlands by mimicking
natural forces, such as lightning-season fire, is the most appropriate form of management.  On sites
where timber extraction is practiced, several precautions should be taken to limit the impact to
flatwoods salamanders.  Tree harvest should be restricted to dry periods to prevent soil compaction and
rutting.  Clearcutting should be replaced with selective timber harvest and natural regeneration
enhanced by fire, particularly lightning-season fire.  If off-site species such as slash pine have been
planted, they should be removed and replaced with longleaf pine at densities found in nature. 
Mechanical preparation of the soil should be avoided.  If a site supports mature, closed-canopy pine
plantations, they should be thinned with as little disturbance to the soil and remaining groundcover as
possible.  The natural hydrology and fire regime of terrestrial and aquatic habitats should be restored on
sites where altered.  The wetland/upland ecotone appears to be critical to successful flatwoods
salamander reproduction.  Maintenance of a graminaceous ecotone and breeding site will require
burning in the lightning-season when wetlands are dry or nearly dry (Huffman and Blanchard 1990) . 
Mechanical disturbance of the wetland-upland ecotone should be avoided, and the practice of
"protecting" wetlands by encircling them with plow line abandoned.  Where present, berms should be
removed and drainage ditches filled.

  MANAGEMENT PROGRAMS

There are no known management programs in progress aimed specifically at this species.  The
flatwoods salamander is state listed as rare in Georgia and endangered in South Carolina.  It has no
state status in Alabama or Florida, although in Alabama it cannot be collected legally without a state
scientific collecting permit.  The flatwoods salamander is listed as a category two candidate for listing
by the U.S. Fish and Wildlife Service.
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STEWARDSHIP SUMMARY

Ambystoma cingulatum is threatened by habitat destruction throughout its range.  Its stronghold appears
to be Florida, where 33 extant populations are known to occur west of the Suwannee River (Palis,
unpubl. data).  The only known extant Florida population east of the Suwannee River occurs in the
Osceola National Forest (Palis, unpubl. data).  In Georgia, extant populations of A. cingulatum occur at
opposite ends of the state.  Flatwoods salamanders are presently known from Fort Stewart and the
Naval Bombing Range in southeastern Georgia (D. Stevenson, pers. comm.; Seyle, unpubl. data), and
Ichauway Plantation in southwestern Georgia (pers. obs.).  Ambystoma cingulatum has not been
observed in Alabama since 1981 (J. Godwin, pers. comm.), or in South Carolina since 1990 (S.
Bennett, pers. comm.).  Available evidence indicates a dramatic decline in flatwoods salamander
observations since the implementation of plantation forestry.

Because flatwoods salamanders are sensitive to anthropogenic alteration of their habitat (Means et al.
1994), perpetuation of existing populations will require preservation of undisturbed mesic longleaf pine-
wiregrass flatwoods and savannas, and graminaceous ephemeral wetlands.  Based on the maximum
distance flatwoods salamanders are known to move between reproductive and non-reproductive habitat
(1.7 km), at least 10 km2 of terrestrial habitat surrounding each breeding site is probably needed to
sustain each breeding population.  Longterm perpetuation of a viable population of flatwoods
salamanders will presumably require protection of a larger area of terrestrial habitat encompassing a
suite of alternative breeding sites (Travis 1994).  Protection of terrestrial and aquatic habitats will
require implementation of the steps outlined in the management section below.
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Summary of the potential effects of the RCW Management Guidelines on Ambystoma cingulatum.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X X X

         Three-year fire return X

         Winter fire X      

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control    X    

      Thinning    X    

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X X X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Ambystoma cingulatum

Flatwoods salamanders inhabit mesic, flat or slightly rolling wiregrass-dominated grassland in longleaf
pine flatwoods.  Larval salamanders occur in acidic, tannin-stained ephemeral wetland depressions that
range in size from 0.02 to 9.5 ha, and are usually #0.5 m deep 

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for the salamander.  All management activities should avoid 50 ft buffer area
around temporary and permanent breeding ponds and wet areas supporting wiregrass.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of salamander habitat because it acts to reduce the shrub and midstory woody vegetation and promotes a
well-established herbaceous layer.  Growing season burns are preferable to winter burns, since such
fires would tend to promote the dense grass cover and sparse woody vegetation favored by the
salamander.  Winter burns should be avoided because breeding migrations take place in the fall and
winter when salamanders are likely to be out of water in areas some 1500 m2 around breeding ponds.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and possible breeding ponds.  A buffer
area of at least 50 ft should be maintained around temporary and permanent wetland depressions. 
Backfires which are hot enough burn to the mineral soil should be avoided.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the salamander.  Chemical and mechanical methods of hardwood control should
employ best management practices to avoid soil disturbance, destruction of ground layer vegetation, and
non-target effects of herbicides.  Herbicide use should be prohibited within 50 ft of breeding ponds.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on salamander habitats by maintaining the integrity of herbaceous layers and gopher
tortoise burrow systems.  Use of native vegetation should be used wherever possible and non-native
species should be avoided.  Mechanical means of erosion control should maintain the natural contours
of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the salamander.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
salamanders and the isolated wetland depressions upon which they depend for refugia and breeding
sites.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines and
hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant
communities.  Forest management should minimize adverse impacts to wiregrass and other herbaceous
ground-layer species.
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Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit salamanders.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of breeding ponds.



     3Text from:  Jordan, R.A. 1995. Draft Element Stewardship Abstract for Hyla andersonii. The
Nature Conservancy, Southeastern Regional Office, Chapel Hill, NC.
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Species Stewardship Summary3
HYLA ANDERSONII

ELEMENT CODE: AAABC02010
SCIENTIFIC NAME: Hyla andersonii Baird
COMMON NAME: Pine Barrens Treefrog

STATUS

GLOBAL RANK:  G4
STATE RANK:  S2 (AL); S2S3 (SC); S3 (FL, NC, NJ); SR (GA)

FEDERAL STATUS:  3C
STATE STATUS:  E (NJ, SC); LS (FL); SP (AL); SR (NC)

DESCRIPTION

Hyla andersonii is pea green to dark olive green on the dorsum and upper surfaces of the legs.  A
prominent chocolate-brown to plum-colored or lavender stripe extends along the sides from the nostril
to the hind limb bordered dorsally by a narrow white stripe (lemon-yellow in Florida).  The venter is
white with a light gray chin in the male.  Discrete, bright yellow-orange spots and blotches mark the
axilla, the inside surfaces of the hindlegs, and the lower sitdes of the body, which are concealed when
the frog is at rest.  The partly webbed toes have expanded terminal disks.  Adult snout-vent length
reaches 5 cm (2 in) (range: 2.9 to 4.4 cm (1.1 to 1.75 in; record 5.1 cm or 2 in) (Conant 1975, Means
and Longden 1976).  Florida frogs tend to be larger than frogs in New Jersey and the Carolinas and to
differ in the pitch of the breeding call of males (Means and Longden 1976).

DISTRIBUTION

There are apparently disjunct populations in southern New Jersey, southeastern North Carolina and
adjacent South Carolina, with isolated populations in Georgia, the Florida panhandle, and in two
counties in Alabama (Conant 1975, Means and Mohler 1979).  The largest populations occur in New
Jersey (Freda and Morin 1984) and the treefrog was not discovered in Florida until recently (Christman
1970), some 750 km southwest of the nearest South Carolina population.  Palmer (1977) suggests that
the current distribution reflects relicts from a considerably more widespread distribution in the past. 
The treefrog is generally restricted to specific habitats, including the Pine Barrens of New Jersey (Freda
and Morin 1984) and the Sandhills region of South Carolina, including 16 sites within the Carolina
Sandhills National Wildlife Refuge in Chesterfield County (Garton and Sill 1979, Brown 1980).

HABITAT

In the Southeast, typical habitat is characterized by the topography, soils, and vegetation of the Carolina
Sandhills, with pocosin or evergreen shrub swamps established along seeps and small streams within the 
surrounding longleaf pine-oak forest (Noble and Noble 1923, Wright and Wright 1949, Gosner and
Black 1957, Bullard 1965, Means and Moler 1978, Tardell et al. 1981).  Means and Moler (1978)
suggested that adult H. andersonii tended to be found more often in drier shrub bogs, while larval frogs
were more often found in wetter herb bogs.  The best habitat appears occur where these two types of
communities are juxtaposed.
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In North Carolina, Hyla andersonii is a species almost exclusively of areas in or near pocosins or shrub
bogs with dense growth of pines, bays, and various ericaceous shrubs (Palmer 1977).  Bullard (1965)
captured H. andersonii in Carolina bays and pocosins dominated by Pinus serotina, Quercus laevis,
Magnolia virgniniana, Gordonia lasianthus, Clethra alnifolia, and Acer rubrum.  Frogs were taken
either in the bays themselves or in the adjacent transition zone between wetland and adjacent upland. 
Most frogs were collected in Magnolia and Gordonia and none in pines.

Garton and Sill (1979) described breeding habitat in South Carolina as low vegetation with dense
growth of Sphagnum mosses, similar to those described by Means and Longden (1976) in Florida.  The
largest population (some 50 calling males) in the Carolina Sandhills National Wildlife Refuge was found
in a sphagnaceous seepage slope comprising about 5 acres.  The area was characterized by scattered
pines and sweet bay (Magnolia virginiana), with dense growths of pitcher plants (Sarracenia flava) and
cinnamon fern (Osmunda cinnamomea).  Calling males were also heard in areas of grass and shrubs
along the borders of pools and seeps and in dense stands of evergreen shrubs (Lyonia lucida, Persea
borbonia, Ilex glabra, and others) located along small stream courses in sphagnaceous areas.  Common
associates in South Carolina include pinewoods treefrog (H. femoralis), gray treefrog (H. versicolor
and/or H. chrysocelis), and the southern cricket frog (Acris gryllus).

Cely and Sorrow (1986) provided a detailed habitat description.  They found that the species in South
Carolina appears to be restricted to the Fall Line Sandhills at elevations ranging between 61 and 122 m. 
Characteristic vegetation is longleaf pine (Pinus palustris) and various scrub oaks (Quercus laevis, Q.
marilandica, Q. incana) on the ridges and upper slopes and hardwoods, primarily red maple (Acer
rubrum), yellow poplar (Liriodendron tulipifera), and blackgum (Nyssa sylvatica var. biflora) in the
stream bottoms.

The general aspect of 18 H. andersonii localities was evergreen shrub-herb bog found along small black
water tributaries, sometimes upstream from extensive hardwood bottomland forest.  The overstory was
typically sparse (basal area ranging from 0 to 13.5 m2/ha; x6 = 3.0 m2/ha).  Canopy height ranged
from 0 to 28 m (x6 = 12 m) with overstory tree density ranging from 0 to 575 trees/ha (x6 = 118/ha). 
Red maple occurred at the greatest densities, but yellow poplar had the greatest frequency of occurrence
(44%), followed by red maple (39%) and dead trees (mostly pine) (39%).

The understory (stems 2.5 to 7.5 cm dbh) averaged 3 m tall with an average density of 2290 stems/ha. 
Red maple and sweet bay (Magnolia virginiana) were the understory dominants.  The shrub layer
(stems < 2.5 cm dbh) averaged 1.4 m tall and between 50 to 75% total coverage.  Sweet pepperbush
(Clethra alnifolia), greenbriar (Smilax sp.), and red maple were the dominant shrub layer species. 
Cinnamon fern (Osmunda cinnamomea) was prevalent throughout the woody areas.  The herb bog was
dominated by sedges and grasses, notably beakrush (Rhynchospora sp.), broomsedge (Andropogon sp.),
and needlerush (Juncus sp.).  Sphagnum mosses occurred at roughly half the sites.  Cely and Sorrow
(1986) concluded that H. andersonii occurred across a broad spectrum of shrub-herb bog community
types with great variability in measured habitat parameters.  

Hyla andersonii is often encountered in disturbed sites associated with utility rights-of-way and recent
clearcuts (Tardell et al. 1981, Cely and Sorrow 1986).  Seven (39%) of the sites described by Cely and
Sorrow (1986) were in gas, powerline, or railroad rights-of-way which crossed evergreen wetlands and
in which periodic maintenance had created a herb bog community.  Eight of 18 surveyed sites (44%)
were associated with recent clearcuts or heavily logged areas.  Two sites were found on the edges of
beaver ponds.  One site was actively managed for H. andersonii using prescribed burning.

During a four-year survey in the South Carolina Sandhills, Cely and Sorrow (1986) found calling males
in atypical habitats, including temporary habitats created by exceptionally heavy rainfall, but persistent
populations (i.e., sites occupied for at least two years) were generally associated with permanent open
water of large stream drainages.

BIOLOGY-ECOLOGY

Individuals are rarely seen.  They are disruptively colored, which makes them almost invisible when
perched in green vegetation, and call sporadically, which makes them very difficult to locate.  On
warm, rainy nights males can be found calling from perches in vegetation (Palmer 1977) and most is
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known about the species choice of breeding habitats, with very little understood about its non-breeding
ecology (Freda and Morin 1984).

Freda and Morin (1984) used radio-isotope tagging to track eight individual treefrogs for periods
ranging from four to 30 days.  Four of the marked frogs moved more than 50 m from the breeding
pond and one frog spent five days > 100 m from the pond.  Frogs were also capable of moving great
distances in a short period of time.  One tagged frog moved 102 m in a single day.  Freda and Gonzalez
(1986)Average estimated daily movements of adult frogs ranged between 0 and 20 m, with longer range
movements ranging from 21 to 48 m (Freda and Gonzalez 1986).  Of the eight frogs tagged, seven
remained within 70 m of the breeding pool near which they were initially captured.  Daily movements
were not correlated with temperature or daily rainfall.

  Reproduction

The breeding season in North Carolina appears to be protracted, with choruses heard from April
through August (Palmer 1977).  Vocalization occurs between mid-April and early September in South
Carolina, being most consistent from May through July.  Choruses begin at dusk, with periodic
choruses of short duration occurring after dark (Garton and Sill 1979, Cely and Sorrow 1986). 
Locations are generally represented by only a few calling males (Means and Longden 1976, Garton and
Sill 1979, Moler 1981, Tardell et al. 1981, Cely and Sorrow 1986).

In New Jersey, males called nightly beginning in May and early June from the ground near the edge of
open water (Freda and Gonzalez 1986).  In late June, males called from low branches, 1 to 10 m from
open water.  In July, males called only infrequently and only after rainstorms.  July calling stations
were usually in  excess of 20 m from open water.  In late July, some males called during the day and
frogs remained greater than 100 m from water.  Nightly calling ceased by August.  Mid-day locations
of tagged frogs were on the ground (33% of locations), buried in leaf litter under scrub oaks (5%), on a
scrub oak leaf (23%), or on a pitch pine or oak branch (39%).

In Florida, males call from April to September and larvae are found from mid-June to early September
(Means and Longden 1976).  Calling activity was strongly correlated with humidity and thundershower
activity and no males were heard calling on dry nights, especially after several dry days.  Frogs
generally called from shrubs and low growing trees at heights between 1 and 1.5 m.  Amplexed pairs
were observed in mid-June and mid-July.  Larvae were found in the field from mid-June through
August, but probably occur earlier in May and later into September.  

Breeding has been reported in small pools, streams, and ditches (Gerhardt 1974).  Breeding habitats are
typically characterized by seepage areas, or small streams, with dense Sphagnum cover.  Herbaceous or
shrubby areas are preferred, but densely forested areas do not support the species (Means and Longden
1976, Garton and Sill 1979).  Palmer (1977) reported that adults kept for several years in a large
outdoor pen failed to deposit eggs.

Freda and Gonzalez (1986) described breeding season habitat in their New Jersey Pine Barrens study
site as a small seepage stream, dammed by a sand road, and choked with vegetation (Sphagnum sp. and
Utricularia sp.).  Water in the seep was 0.01 to 0.5 m deep.  Vegetation within 20 m of the seep
consisted of dense blueberry (Vaccinium sp.) and a ground cover of sundews (Drosera sp.).  Adjacent
uplands supported dwarf pitch pine (Pinus rigida) and scrub oaks (Quercus spp.).  Breeding habitat in
the panhandle of Florida is characterized by acid hillside seepage bogs with copious Sphagnum mosses
and dense woody vegetation (dominantly Cliftonia monophylla and Cyrilla racemiflora) (Means and
Longden 1976). 

Females oviposit in ponds, depositing 800 to 900 eggs (although Freda and Morin (1984) suggest a
range of 50 to 200 eggs) which sink individually to the pond's bottom (Noble and Noble 1923).  Means
and Longden (1976) described a clutch of 206 eggs from one female hatching in 72 h at 25 C. 
Laboratory-reared larvae reached adult size in one year.  Descriptions of eggs, larvae, and larval
development in New Jersey are provided by a number of authors (Noble and Noble 1923, Gosner and
Black 1957, Gosner 1960) and Means and Longden (1976) provide a detailed description of larvae in
Florida.  

  Food Habits
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Principal foods include insects and other small invertebrates (Palmer 1977).  Bullard (1965) described
captive frogs consuming flies and crickets, often attacking crickets "almost as large as themselves" (p.
155).

THREATS

The primary threat to the treefrog in the New Jersey Pine Barrens is habitat destruction or alteration
from residential, agricultural, and industrial development (Palmer 1977, Freda and Morin 1984).  The
early successional shrub bogs, seeps, and sphagnum ponds selected as breeding sites are very acidic and
nutrient poor ecosystems and any changes in the chemistry of the waters in these habitats (as, for
example, from stormwater runoff) would likely cause the disappearance of their characteristic flora and
fauna (Ehrenfeld 1983, Morgan et al. 1983, Freda and Morin 1984).  The sandy soils of the Pine
Barrens are very porous and allow pollutants to quickly enter the ground water, which is the major
water source for the wetlands upon which the treefrog depends.  Development can also lower the water
table which would have dramatic effects on the hydrology of bog wetlands.

Garton and Sill (1979) reported that the specific habitat requirements of the species made it susceptible
to local extirpation.  Unlike other sympatric species of treefrog, H. andersonii apparently does not
breed in temporary water bodies such as natural rain pools, and man-made areas such as roadside
ditches and borrow pits.  However, Bullard (1965) reported chorusing males along a roadside ditch in
North Carolina.  As is true for other Sandhills species, plant succession due to fire suppression appears
to be a significant threat to H. andersonii in South Carolina (Cely and Sorrow 1986).

RECOVERY POTENTIAL

Palmer (1977) suggested that populations might easily be preserved in public areas in North Carolina,
including Fort Bragg Military Reservation, Bladen Lakes State Forest (Bladen County), and Sandhills
Wildlife Management Area (Moore, Richmond, and Scotland Counties).

Garton and Sill (1979) suggested that the species was well distributed within its restricted range in
South Carolina and that extensive searches would likely identify additional occurrences.  In addition, its
survival in South Carolina appeared to be enhanced because known populations were located on the
protected Carolina Sandhills National Wildlife Refuge.  Cely and Sorrow (1986) described a ten-fold
increase in the number of H. andersonii populations since its listed as state endangered in 1976.  Its
presence on public lands (some 40,000 ha of federal wildlife refuge, state forest, and state park can be
found within the species range in South Carolina) provide opportunities for management.

In New Jersey, the greatest density of treefrogs, and the largest numbers of colonies, are found in
protected areas within Lebanon and Wharton State Forests and Greenwood and Pasadena Wildlife
Management Areas (Freda and Morin 1984).  Development pressures within the Pine Barrens place
isolated populations outside these preserves at increasing risk of elimination.

Means and Moler (1978) and Tardell et al. (1981) suggested that the presence of H. andersonii in
disturbed situations may indicate that the species can readily colonize new areas of suitable habitat and
that existing areas may be managed to maintain suitable open shrubby plant communities through
judicious use of prescribed burning and selective logging and clearing.

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

Montanucci and Wilson (1980) and Freda and Morin (1984) summarized the large amount of
information available about the vegetation surrounding breeding colonies.  The 40 sites described in
New Jersey, North Carolina, South Carolina, and Florida typically had an open canopy with a shrub
understory averaging 1.6 m high and a stem density of 32 stems/m (– 50 % foliage coverage).  The
overstory density ranged from 0 to 112 stems/m (x6 = 26 stems/100 m2).  The herbaceous zone
contained as many as 22 species of plants (x6 = 18.8 species).  Breeding sites can best be characterized
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by the presence of a shrub or herbaceous zone and it appears that the structure of the vegetation rather
than species composition best determines site suitability (see also Means and Mohler 1979, Cely and
Sorrow 1982).

Breeding ponds within the wetland matrix described by Freda and Morin (1984) were typically small (5
to 10 m diameter), sphagnum-filled depressions.  Ponds which significantly deviated from this pattern
supported few or no calling males and males were never heard calling from lakes and only infrequently
from streams, although large numbers were heard in associated back water areas.  Zampella (1994)
pointed out that treefrogs were typically found in small, ephemeral ponds, rather than in larger water
bodies.

The typical shrub bog which supports breeding colonies of H. andersonii is an early successional,
subclimax community dependent on disturbances such as fire to maintain the appropriate species
composition and vegetation structure (Means and Mohler 1979, Freda and Morin 1984).  Also of
critical importance is the characteristic water chemistry of these wetland systems, particularly a very
low pH (Wright and Wright 1949, Gosner and Black 1957, Means and Longden 1976, Means and
Mohler 1979, Cely and Sorrow 1982, Freda and Morin 1984) and low nutrient content (Freda and
Morin 1984).  Protection and management must concentrate on maintaining community integrity as well
as water quality within critical habitats.

  RESEARCH NEEDS

Freda and Morin (1984) suggested that further research was needed on post-breeding movement of
females, as well as on the home ranges of males and females during the late summer and fall. 
Dispersal of newly metamorphosed froglets is also poorly understood.  Zampella (1994) stressed that
more information is needed on the functional hydrology of ephemeral wetlands used for breeding as
well as the effects of fire on bog management.

  MONITORING NEEDS

Existing populations of treefrogs should be monitored regularly to track trends in numbers and the
effects of habitat alterations.  As sensitive components of fragile ecosystems, they may provide
indicators of environmental quality for an array of associated species.

  MONITORING PROGRAMS

The U.S. Fish and Wildlife Service has recently distributed for comment a Draft Habitat Suitability
Index (HSI) model for the Pine Barrens treefrog in New Jersey which is designed to evaluate the quality
of potential habitat for the species.  The model was developed by Dr. Dean Stauffer of Virginia
Polytechnic and State University and has undergone some preliminary field testing.  Point of contact for
the model is:

Ms. Paula Halupa
U.S. Fish and Wildlife Service
927 North Main Street (Bldg. D1)
Pleasantville, NJ    08232
(609) 646 - 9310

The New Jersey Pinelands Commission has been monitoring Pine Barrens treefrogs as part of a larger
study of the Mullica River watershed.  Data on calling males and water quality parameters in breeding
ponds has been collected since 1990.

Dr. Robert A. Zampella
New Jersey Pinelands Commission
P.O. Box 7
New Lisbon, NJ    08064
(609) 894 - 9342
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Staff at the Carolina Sandhills National Wildlife Refuge conduct regular annual monitoring of the
presence or absence of treefrogs at several sites on the refuge.  The surveys are not detailed and do not
involve counts.

Mr. Larry Williams
Assistant Refuge Manager
Carolina Sandhills NWR
Rt. 2, Box 330
McBee, SC    29101
(803) 335 - 8401

  MONITORING PROCEDURES

The most effect survey method for treefrogs appears to be counts of calling males.  Calling tends to be
affected by ambient conditions, but may be influenced more by local hydrology of seepage bogs than by
ambient weather conditions (Moler 1981, Cely and Sorrow 1986).  Means and Longden (1976) pointed
out that calling, stimulated by high humidities and rainfall, can extend until September, despite the
absence of gravid females.  Also, locations are generally represented by only a few calling males
(Means and Longden 1976, Garton and Sill 1979, Moler 1981, Tardell et al. 1981, Cely and Sorrow
1986).  Cely and Sorrow (1986) point out that the calling of males can be erratic and revisited sites at
least three times to increase the probability of finding the species.  Surveys were conducted from late
March through mid-September to capture the entire potential breeding season.  Males are readily
stimulated to call by recorded vocalizations, but synchronous calling can make discrimination of
individuals difficult (Means and Longden 1986).

The New Jersey Pinelands Commission monitors some 100 sites on a monthly basis (Zampella 1994). 
Each site is visited during April to June on warm, humid nights and the numbers of calling males is
estimated by the same two person crew, to avoid observer biases.  Calling  males are recorded in three
increments:  2-5, 5-10, and >10.  Each site is visited at least three times during the breeding season. 
In addition, reference ponds have been established with known populations that are sampled at the
beginning and end of each night to reduce error due to ambient temperature and weather conditions.

Freda and Morin (1984) and Freda and Gonzalez (1986) presented the results of a short-term (one
summer) study of H. andersonii movements using 51Cr radio-labels.  They were able to follow them
throughout the breeding and non-breeding season.

Cely and Sorrow (1986) describe use of soils survey maps and USGS topographic maps to delineate
potential habitat for H. andersonii in the South Carolina Sandhills.

  MANAGEMENT NEEDS

Periodic fire was probably the dominant force in pre-settlement times that created and maintained
habitats suitable for H. andersonii (Means and Moler 1979).  Cely and Sorrow (1986) believed that
active fire suppression  in the Carolina Sandhills has largely eliminated natural creation of suitable
habitat.  In New Jersey, the greatest threat to the treefrog on protected lands is vegetation succession
due to fire suppression.  Management regimes for shrub bog wetlands, including prescribed fire and
woody vegetation control, should be researched (Freda and Morin 1984).

  MANAGEMENT PROGRAMS

Due to restricted range and habitat destruction, the species is considered endangered in South Carolina
(Garton and Sill 1979).  Habitat loss to development and limited range have caused Florida to classify
the species as endangered (Means and Longden 1976).

Annual burning, not specifically to benefit treefrogs, conducted on Carolina Sandhills National Wildlife
Refuge appears to maintain the mix of herb bog/shrub bog favored by the treefrog.  Staff at the refuge
plan to experiment with growing season burns to increase the availability of herbaceous bog wetlands
(Williams 1994).

  MANAGEMENT PROCEDURES
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Freda and Morin (1984) and Freda and Gonzalez (1986) demonstrated that treefrogs often travel
distances of 100 m from breeding ponds during the non-breeding season.  Protection of habitat for the
treefrog should include buffer areas which accommodate these post-breeding movements.  A buffer
zone of 100 m would include the typical range of dispersing adults and would provide important
protection for the sensitive water chemistry of seepage bogs (Freda and Morin 1984).

STEWARDSHIP SUMMARY

1. Hyla andersonii appears to be relatively secure in most of its disjunct range, although its
relative scarcity and specialized habitat requirements justify continued monitoring and
protection of the species.

2. Considerable knowledge exists regarding habitat requirements during the breeding season when
calling males and amplexed pairs are typically found in small, sometimes ephemeral, ponds
within a matrix of shrub and herbaceous bog or pocosin.  Successful establishment of breeding
colonies appears to depend on an array of specific habitat parameters, including acid pH and
low nutrient content in breeding ponds, which are threatened by fire suppression and
development of surrounding areas.

3. Data from New Jersey indicate that post-breeding males may move up to 100 m from breeding
ponds, so that efforts to protect critical habitat must include protection of suitable buffer zones
in upland areas to accommodate these movements.  The extreme sensitivity of water quality in
breeding habitats makes monitoring of water chemistry important.

4. Use of prescribed fire in shrub and herbaceous seepage bogs and pocosins should be further
researched.  Successional processes in fire-suppressed systems rapidly alter the sphagnaceous,
open water breeding areas essential to the treefrog's survival.
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Summary of the potential effects of the RCW Management Guidelines on Hyla andersonii.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection       X    

      Brush clearing    X   

      Fuel removal and raking    X   

   Midstory control X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes    X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X

   Cavity tree retention X

   Pine beetle control    X    

      Thinning    X    

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Pine Barrens Treefrog, Hyla andersonii

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  Such activities are unlikely to occur
in pocosin or bog situations; however, to the extent that such activities restore an open midstory and
maintain the integrity of the herbaceous layer in depressional wetlands embedded in the pine flatwoods,
they should positively affect habitat quality for the treefrog.  Brush clearing and fuel removal should be
set back at least 150 ft from the margins of breeding ponds.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of treefrog habitat because it acts to reduce the shrub and midstory woody vegetation encroachment into
early successional bog habitats.  Growing season burns should be preferred over winter burns, since the
former favors the control of encroaching hardwoods in bog situations.  Late season burns (i.e.,
September into winter) may adversely affect post-breeding adults as they disperse from pond margins.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of natural features must be sensitive to use of bog margins by breeding
treefrogs and by adult treefrogs dispersing during the non-breeding season.  Low-impact buffers (eg.
wetlines) should be used to manage fire during critical seasons.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to local hydrology and topography,
soil stability, and potentially water quality.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the treefrog.  Chemical and mechanical methods of hardwood control should
employ best management practices to avoid soil disturbance, destruction of ground layer vegetation, and
non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on treefrog habitats by maintaining the integrity of herbaceous layers in open bogs and
by avoiding siltation into breeding ponds.  Use of native vegetation should be used wherever possible
and non-native species should be avoided.  Mechanical means of erosion control should maintain the
natural contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the treefrog.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping, which may promote
erosion from regeneration sites.  Embedded wetlands should be protected from forestry practices.

Extractive Land Uses:  Pine straw harvest is not an issue in bog systems.  However, pine straw raking
has been shown to destroy ground-layer vegetation and cause or exacerbate erosion problems.  In the
long-term, removal of pine straw fuels may also alter fire regimes.  All of these potential effects would
have negative impacts on treefrogs.  Timber harvest which shifts forest stands toward longer rotations
and replaces off-site pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and
nutrient dynamics in plant communities.  Forest management should minimize adverse impacts to
wiregrass and other herbaceous ground-layer species to maintain soil stability and reduce erosion.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit treefrogs.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
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be prohibited from within 150 ft of treefrog breeding ponds, particularly during post-breeding dispersal
periods.  



     4Text from:  Palis, J.G. 1995. Draft Element Stewardship Abstract for Rana capito. The Nature
Conservancy, Southeast Regional Office, Chapel Hill, NC.
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Species Stewardship Summary4
RANA CAPITO

ELEMENT CODE: AAABH01270
SCIENTIFIC NAME: Rana capito LeConte
COMMON NAME: Gopher Frog

STATUS

GLOBAL RANK:  G4
STATE RANK:  S2 (NC), S3 (FL), S5 (LA), S? (AL,MS,SC)

FEDERAL STATUS:  Listed as Candidate level C2C1 species by the USFWS.
Rana capito capito (Carolina gopher frog):  C2
Rana capito aesopus (Florida gopher frog):  C2
Rana capito sevosa (Dusky gopher frog):  C1

STATE STATUS: LS (FL)
Rana capito capito (Carolina gopher frog):  SC (NC)
Rana capito sevosa (Dusky gopher frog):  SP (AL)

DESCRIPTION

A medium-sized (up to 112 mm snout-vent length), stocky frog with a relatively large head and short
legs, weighing from 47 - 151 grams (adult male and gravid female, respectively; Palis, unpubl. data). 
The skin ranges in texture from smooth to warty, and from creamy-white to gray or brown in color. 
The dorsum and sides are dotted with dark brown or black spots and blotches of various sizes and
shapes.  A pair of prominent raised folds (dorsolateral folds) lie along either side of the back.  The
venter is white, cream or yellowish, and is typically spotted or mottled with dark pigment.  

The egg mass of the gopher frog is a fist-sized glob, oval to nearly circular in shape.  Eggs of gopher
frogs and leopard frogs can be distinguished by size (1.44 - 1.76 mm in diameter in leopard frogs, 1.67
- 2.4 mm in diameter in gopher frogs; Volpe 1958), and color (leopard frog eggs are dark black,
whereas those of gopher frogs are gray to gray-black).  Gopher frog egg masses are typically larger
than those of the leopard frog (pers. obs.).

  Diagnostic Characteristics

The gopher frog is most likely to be confused with the southern leopard frog (Rana utricularia), with
which it is sympatric, and the closely related crawfish frog (Rana areolata), which inhabits the
Mississippi River drainage from Louisiana northward into Illinois and Indiana.  The southern leopard
frog has a pointed snout and fewer, widely scattered dorsal spots.  The dorsal spots of the crawfish frog
are encircled by white borders.

Gopher frog tadpoles are yellowish-green to olive-green with scattered, relatively large, diffuse black
spots on the upper body, tail musculature and fin.  They attain a length of 84 mm before transformation
(Wright and Wright 1933).  Positive identification of larval gopher frogs is difficult because they
closely resemble those of the southern leopard frog (pers. obs.).  However, as with eggs, fresh
hatchlings can be distinguished on the basis of size.  In western Florida, hatchling gopher frog tadpoles
are 11.9 - 12.7 mm in total length, whereas southern leopard frog hatchlings range from 7.3 - 7.9 mm
total length (Palis, unpubl. data).  Tail depth also differs between hatchlings of the two species. 
Hatchling gopher frog tadpoles have a deeper tail fin (3.1 - 3.4 mm) than do southern leopard frogs (1.5
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- 1.9 mm) (Palis, unpubl. data).  Larger tadpoles of the two species can be distinguished with limited
reliability.  Unlike gopher frog tadpoles, southern leopard frog tadpoles often have a light line on each
side of the head near the mouth.  The skin of gopher frog tadpoles is more transparent than that of
southern leopard frogs, rendering the internal organs visible through the ventral surface.  In North
Carolina, the origin of the dorsal fin of gopher frogs lies in front of the spiracle, whereas in southern
leopard frogs it lies behind the spiracle (A. Braswell, pers. comm.).  This character is unreliable in
panhandle Florida (pers. obs.).

The call of the gopher frog is a loud snore that lasts up to two seconds and carries nearly 0.4 km
(Wright and Wright 1933).  The only other species within the range of the gopher frog that has a
similar call is the river frog (Rana heckscheri).  The river frog, however, breeds in blackwater streams
and lakes (K. Dodd, pers. comm.) during the summer months (P. Moler, pers. comm.).

  Taxonomic Comments

Until its recent elevation to species status, the gopher frog was considered a subspecies of Rana
areolata.  Three subspecies of gopher frog are currently recognized.  The dusky gopher frog (Rana
capito sevosa) occurs from Louisiana to the vicinity of the Choctawhatchee River in Florida; the
Florida gopher frog (R. c. aesopus) inhabits the remainder of Florida and Georgia south of the
Altamaha River; and the Carolina gopher frog (R. c. capito) inhabits Georgia north of the Altamaha
River northward into North Carolina (Conant and Collins 1991).

DISTRIBUTION

The gopher frog inhabits xeric upland pine communities of the Southeastern Coastal Plain from the
southern half of North Carolina (Beaufort County) southward to southern Florida (Collier County on
the west coast, Broward County on the east coast), and westward to Tangipahoa Parish, Louisiana
(Martoff et al. 1980, Conant and Collins 1991, Godley 1992).  The gopher frog also occurs outside the
coastal plain in Shelby County, Alabama (Bailey 1991).  With the exception of Shelby County,
Alabama, North Carolina, and most of South Carolina, the gopher frog is contained within the range of
the gopher tortoise (Conant and Collins 1991).

HABITAT

The principal habitat of the gopher frog is longleaf pine (Pinus palustris)-turkey oak (Quercus laevis)
sandhill.  It is also known to inhabit xeric to mesic longleaf pine flatwoods, sand pine (Pinus clausa)
scrub, xeric oak hammock, and ruderal successional stages of these natural communities (Godley 1992).

Gopher frogs breed in ephemeral to semi-permanent graminoid-dominated wetlands that lack large
predatory fish (Bailey 1991; Moler and Franz 1987; Palis, unpubl. data).  Gopher frogs have also been
observed breeding in ditches and borrow pits (Means 1986), and have been heard calling from a
recently re-filled, normally permanent wetland following an extreme drought (Franz 1991).  The
reproductive habitat is best described as a circular or near-circular depression marsh, ranging from 0.4
ha to 33.5 ha (Palis, unpubl. data).  Dominant emergent graminaceous vegetation typically includes
maidencane (Panicum hemitomon), panic grasses (Panicum spp.), bluestem (Andropogon sp.), yellow-
eyed grasses (Xyris spp.), pipewort (Eriocaulon compressum), beakrushes (Rhynchospora spp.), and
spikerushes (Eleocharis spp.).  Most breeding sites have a small component of woody vegetation such
as St. John's-wort (Hypericum fasciculatum), myrtle-leaved holly (Ilex myrtifolia), and slash pine that is
typically restricted to the edge.  Gopher frogs occasionally breed in pond-cypress (Taxodium
ascendens)-dominated depressions (Godley 1992; Palis, pers. obs.).

BIOLOGY-ECOLOGY

Post-larval gopher frogs are terrestrial and inhabit the relatively cool, moist tunnels of burrowing
animals such as the gopher tortoise (Gopherus polyphemus) and oldfield mouse (Peromyscus polionotus)
(Gentry and Smith 1968, Lee 1968, Franz 1986).  Gopher frogs also take shelter within hollow stumps
and in holes beneath logs, trees and stumps (Wright and Wright 1949).  The species is generally
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nocturnal at which time it can sometimes be observed at the mouths of tortoise burrows.  According to
Wright and Wright (1949), gopher frogs will range "some distance from their burrows in foraging at
night."  Activity outside the burrow is not confined exclusively to dark periods, however, as gopher
frogs have been observed foraging on the surface during the day (Einem and Ober 1956).

The gopher frog is a winter and early spring breeder throughout most of its range.  Dundee and
Rossman (1989) delineate the calling period as December through March in Louisiana.  In panhandle
Florida, gopher frogs typically reproduce from January through April (Bailey, 1991; Palis, pers. obs.),
although Bailey (1991) observed reproduction in southern Alabama in September and October following
heavy rains associated with hurricanes.  In peninsular Florida, gopher frogs breed most often in the
summer months (Godley 1992).  Gopher frogs typically breed between February and April in North and
South Carolina, but have been heard calling in every month of the year in South Carolina (A. Braswell,
pers. comm., S. Bennett, pers. comm.).  Egg masses are laid within an average of 4.5 cm (range 0 - 20
cm) of the surface, in water 33 - 78 cm (mean 59 cm) deep, typically attached to vertical stems of
graminaceous emergent vegetation (Palis, unpubl. data).  Egg masses may also be attached to branches
of St John's-wort (pers. obs.) or deposited on the bottom in shallow water (Bailey, pers. comm.).  An
egg mass can contain up to 6,000 eggs (Volpe 1958).

The larval period in captivity is approximately 5 months (Volpe 1958).  Tadpoles are herbivorous and
can be raised on boiled spinach (Volpe 1958).  Smaller tadpoles are more susceptible to predation by
Notonectids and dragonfly nymphs than larger tadpoles (Cronin and Travis 1986, Travis et al. 1985). 
Post-larval gopher frogs eat invertebrates and other frogs, including toads (Godley 1992).

In north-central Florida, gopher frogs metamorphose at a snout-vent length of 35 - 40 mm (Franz
1986).  At a mean monthly growth rate of 1.5 mm (Franz 1986), two years are required for gopher
frogs to attain the minimum size of sexual maturity (70 - 75 mm SVL) (Franz, unpubl. data).

Gopher frogs move as far as 2 km between breeding and non-breeding habitats (Franz et al. 1988). 
Migration to and from breeding sites is positively correlated with rainfall and rising air temperatures
(Bailey 1990).

THREATS

Threats to the continued existence of the gopher frog throughout most of its range are closely linked to
those that threaten the gopher tortoise (Bailey 1991, Godley 1992) and oldfield mouse.  Within the
range of the gopher tortoise, gopher frogs most often use tortoise burrows as diurnal retreats (Godley
1992).  Thus, management that benefits the gopher tortoise will, in turn, benefit the gopher frog.  The
greatest threats to gopher tortoise populations are fire suppression and conversion of the open, longleaf
pine sandhill community to dense monocultures of sand or slash pine, although poaching of random
individuals may be suppressing the species' recovery (Auffenburg and Franz 1982).  Tortoise density
can decline as much as 80% when fire is excluded for eight or more years (Diemer 1989).  Because
gopher tortoise densities are linked with the availability of forage (forbs and grasses) (Diemer 1989),
reduction of groundcover vegetation as a result of shading by closed-canopy pine plantations or leaf
litter accumulation due to fire suppression can depress gopher tortoise numbers.  Because the oldfield
mouse also occurs in open, graminoid-dominated habitats (e.g., sandhill and oldfields; Webster et al.
1985), its numbers also decrease with a reduction of the groundcover (pers. obs.).

Mechanical site preparation (e.g., roller chopping) destroys openings to subterranean burrows which
may result in entrapment of inhabitants.  Although gopher tortoises are able to dig out from occluded
burrows in deep sandy soils, soils with greater clay content may entrap tortoises (Diemer 1992).  It
seems unlikely that gopher frogs could exhume themselves from occluded burrows since they are unable
to excavate their own burrows.  Thus, unless they co-occur with tortoises in their burrows when a site
is mechanically disturbed, they may become entombed.

Because gopher frog tadpoles are palatable to fishes (LaClaire and Franz 1991), the introduction of
predatory game fishes (e.g., Lepomis or Micropterus) into gopher frog breeding sites can render them
unsuitable.  Gopher frog breeding sites are often degraded by off-road recreational vehicle (ORV) use
or by sand roads that pass through or adjacent to the ponds (pers. obs.).  Vehicular traffic disrupts pond
floor micro-topography and eliminates herbaceous vegetation (pers. obs.).  The large tires used on
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ORVs may break the organic hardpan that lies below the pond floor.  It is this hardpan, formed by
accumulation of organic material, which prevents water from draining into the sand below the wetland
(LaClaire and Franz 1991).  Breaking the hardpan could result in a shorter hydroperiod and thereby
make some wetlands unsuitable for gopher frog reproduction.  Loss of herbaceous vegetation from
ORV usage could also discourage gopher frog reproduction, since egg masses are attached to stems of
herbaceous vegetation (Bailey 1990; Palis, pers. obs.).  Erosion of unpaved roads lying adjacent to
breeding sites may result in an influx of sedimentation from surrounding uplands during rainstorms. 
Introduction of sediment is exacerbated by emplacement of wing ditches that divert water from roads
into ponds (Bailey, pers. comm.).

RECOVERY POTENTIAL

Gopher frog recovery is directly linked with the ability to preserve existing habitat and restore degraded
habitat.  Given the drastic decline in the extent of longleaf pine-dominated communities (Ware et al.
1993), elevation of gopher frog populations above present levels is unlikely.  However, experimental
restoration of a degraded xeric upland longleaf pine sandhill is being conducted by The Nature
Conservancy in Florida (G. Seamon, pers. comm.).  In addition, Alvin Braswell (pers. comm.) is
experimenting with construction of breeding sites in North Carolina, and the U.S. Forest Service is
attempting to eliminate introduced predatory fishes from two historic gopher frog breeding sites in
Alabama (Bailey, pers. comm.).  Should these efforts prove successful, then re-introduction of gopher
frogs onto historic sites where extirpated may be feasible on a larger scale.

STEWARDSHIP

  LAND PROTECTION SPECIFICATIONS

High quality occurrences include several wetlands within xeric upland pine-dominated communities.  In
the range of the gopher tortoise, a high quality occurrence would also include a large, viable population
of tortoises.  Based on the maximum distance adults are known to travel between reproductive and non-
reproductive habitat (2 km), each breeding site should be surrounded by at least 12 km2 of terrestrial
habitat.  A suite of wetlands guards against extirpation at any one breeding site, since animals can
immigrate from nearby wetlands.  The minimum viable population size needed to sustain a population
of gopher frogs longterm is not known.  A total of 269 gopher frogs was captured during one breeding
season at a drift fence in southern Alabama (Bailey 1990).  At a site in South Carolina, however, fewer
than 10 adults per year were captured at breeding sites during a 25-year period (Semlitsch, et al. In
Press).  Presently, there are no standards for assessing an occurrence based on the number of animals
captured at a drift fence, number of egg masses observed, or the number of larvae captured at a
breeding site.

  RESEARCH NEEDS

Surveys of potential breeding sites and remnant upland pine communities need to be undertaken to
better define the species' present distribution.  Additional demographic data are needed to improve our
knowledge of the life history of the gopher frog, particularly factors that limit population size (e.g.,
egg, larval and metamorph survivorship; competition with other species; burrow availability).  The
species' response to anthropogenic habitat disturbance and altered fire regimes needs study.

  RESEARCH PROGRAMS

The environmental factors influencing movement into and out of a breeding site are being studied with a
drift fence and pitfall traps at Eglin Air Force Base, Okaloosa County, Florida.  Egg survivorship is
also being examined at this breeding site.

Contact: John Palis, RR 1, Box 258, Tell City, Indiana 47586 (812-836-4216).

Construction of breeding ponds and establishment of new populations by introducing tadpoles is being
attempted in North Carolina.
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Contact: Alvin Braswell, North Carolina State Museum of Natural Science, P.O. Box 27647, Raleigh,
North Carolina 27611 (919-733-7450).

  MONITORING NEEDS

Determination of the number of egg masses deposited by each female is needed to provide an indication
of the size of the adult breeding population based on egg mass counts.  A positive means of identifying
live gopher frogs tadpoles is needed rangewide to facilitate surveying and monitoring.  Drift fence
monitoring programs should be implemented at various locations within the range of the gopher frog at
sites exhibiting varying degrees of anthropogenic disturbance.

  MONITORING PROCEDURES

Gopher frog breeding activity can be monitored by surveying for egg masses.  Egg mass surveys should
be conducted several days after heavy rains during the breeding season.  Surveying consists of slowly
wading through the wetland and visually investigating vegetation to which eggs are commonly attached. 
Egg masses are most readily located on overcast, windless days (pers. obs.).  Nocturnal vocalization
surveys can also be performed during conditions conducive to frog calling activity (usually during or
following rains, with air temperatures above 7° C).  Caution must be exercised when conducting aural
surveys, however, as gopher frogs can produce muted calls from under water that are audible at less
than 10 m (pers. obs.).  To avoid missing submerged calling males, vocalization surveys should be
conducted at the pond edge at various points around the pond.  On rainy nights when frogs are moving
to and from breeding sites, they can often be encountered crossing roads.  Gopher frogs can also be
monitored at tortoise burrows.  Gopher frogs are readily trapped at night at the mouth of tortoise
burrows with screen funnel traps, Sherman traps, or bucket traps.  Burrow trapping is most successful
outside the breeding season since animals abandon upland habitats during this period (Franz 1986).

  MONITORING PROGRAMS

A population of gopher frogs is presently being monitored at a breeding site on Eglin Air Force Base,
Okaloosa County, Florida.  This population is being monitored with a combination of a drift fence,
which completely encircles the breeding site, and pitfall traps.

Contact: John Palis, RR 1, Box 258, Tell City, Indiana 47586 (812-836-4216).

Annual gopher frog reproduction is being studied on the Conecuh National Forest, Alabama.

Contact: Mark Bailey, Alabama Natural Heritage Program, Dept. of Conservation and Natural
Resources, State Lands Division, 64 N. Union St., Montgomery, AL 36130 (205-242-3007).

  MANAGEMENT NEEDS

Maintenance of intact xeric longleaf pine-dominated uplands and ephemeral and semi-permanent
wetlands by mimicking natural forces, such as lightning-season fire, is the most appropriate form of
management.  Clearcutting should be replaced with selective timber harvest and natural regeneration
enhanced by fire, particularly lightning-season fire.  If off-site species such as slash or sand pine have
been planted, they should be removed and the site replanted with longleaf pine at densities found in
nature.  Mechanical preparation of the soil should be avoided.

Seasonality of fire is an important consideration in a prescribed fire plan.  Historically, fire was ignited
by lightning, most often between May and September (Robbins and Myers 1992).  Many components of
the groundcover flora, such as wiregrass, flower profusely only after lightning-season fire (Robbins and
Myers 1992).  Furthermore, lightning-season fires are outside the reproductive period of gopher frogs
and thus would not interfere with the species' movements to and from breeding sites.  Caution must be
exercised, however, when re-introducing fire at fire-suppressed sites.  Un-naturally high fuel loads, a
consequence of fire exclusion, could endanger longleaf pine if a lightning-season fire is ignited without
first reducing the fuel load with cool-season fire(s).

Lightning-season fire may also be important to the maintenance of larval gopher frog habitat.  Wetlands
used by gopher frogs for reproduction are typically dry or partially dry during the lightning season.  A
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fire passing through these sites when dry would consume herbaceous vegetation and possibly kill woody
vegetation.  Elimination or suppression of woody vegetation is important in maintaining the open,
graminaceous character typical of most gopher frog breeding ponds.  In addition, fire releases nutrients
bound in plant material.  This release of nutrients results in a flush of primary productivity that would
be available to herbivorous gopher frog tadpoles the following winter.

  MANAGEMENT PROGRAMS
 
There are two management programs in progress aimed specifically at this species.  In North Carolina,
breeding ponds are being constructed and stocked with gopher frog larvae (A. Braswell, pers. comm.). 
An effort is being made on the Conecuh National Forest in Alabama to restore historic breeding sites by
eliminating introduced predatory fishes (M. Bailey, pers. comm.).  The gopher frog is state listed as
endangered in Mississippi (L. LaClaire, pers. comm.), and a Species of Special Concern in Florida and
North Carolina (Wood 1992; A. Braswell, pers. comm.).  It is not listed in Louisiana, Georgia, South
Carolina or Alabama, although in Alabama a scientific collecting permit is required to collect the
species legally (J. Godwin, pers. comm.).  The gopher frog is listed as a category two candidate for
listing by the U.S. Fish and Wildlife Service (the subspecies sevosa is a category one).

STEWARDSHIP SUMMARY
 
The gopher frog may be extirpated in Louisiana and is limited to one breeding site on the DeSoto
National Forest in Mississippi (R. Seigel, pers. comm.).  In Alabama, the gopher frog still occurs at six
breeding sites (M. Bailey, pers. comm.).  In Florida, the gopher frog is known to still occur at 79 sites
east of the Apalachicola River (Franz, unpubl. data) and breed in 23 wetlands west of the Apalachicola
River (pers. obs.).  The gopher frog is known to occur at five sites in Georgia (Fort Benning, Fort
Stewart, McIntosh County, Baker County, and Charton County (Seyle, unpubl. data).  The species is
known from two widely separated sites (Savanna River Ecology Lab and Santee Coastal Reserve) in
South Carolina (S. Bennett, pers. comm.).  In North Carolina, the gopher frog still breeds at 11 sites
(Braswell, unpubl. data).

Stewardship activities aimed at restoring/maintaining the ecological integrity of mesic longleaf pine-
turkey oak sandhill and associated ephemeral and semi-permanent wetlands will preserve extant
populations of gopher frogs.  Because gopher frogs are sensitive to anthropogenic alteration of their
habitat (Bailey 1991, Godley 1992), perpetuation of existing populations will require preservation of
relatively undisturbed xeric longleaf pine-dominated uplands, and graminaceous, fish-free ephemeral to
semi-permanent wetlands.  Based on the maximum distance gopher frogs are known to move between
reproductive and non-reproductive habitat (2 km), at least 12 km2 of terrestrial habitat surrounding each
breeding site is probably needed to sustain each breeding population.  Longterm perpetuation of a viable
population of gopher frogs will presumably require protection of a larger area of terrestrial habitat
encompassing a suite of alternative breeding sites (Travis 1994).
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Summary of the potential effects of the RCW Management Guidelines on Rana capito.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Rana capito

Gopher frogs inhabit longleaf pine-turkey oak sandhills, xeric to mesic longleaf pine flatwoods, sand
pine scrub, xeric oak hammock, and ruderal successional stages of these natural communities.  Gopher
frogs breed in ephemeral to semi-permanent graminoid-dominated wetlands that lack large predatory
fish.

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for the gopher frog.  All brush clearing and fuel removal activities should be
precluded from a 25 ft buffer zone surrounding gopher tortoise burrow entrances.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of gopher frog habitat because it acts to reduce the shrub and midstory woody vegetation and promotes
a well-established herbaceous.  Growing season burns should be preferred over winter burns, since the
former favors the control of encroaching hardwoods and maintenance of the wiregrass-dominated
herbaceous layer, particularly in breeding habitat.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and gopher tortoise burrow systems. 
Any mechanical fire management practices, particularly plowed fire lanes, should be prohibited from a
25 ft buffer around burrow entrances and a 50 ft buffer around breeding ponds.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the gopher frog.  Chemical and mechanical methods of hardwood control should
employ best management practices to avoid soil disturbance, destruction of ground layer vegetation, and
non-target effects of herbicides, especially on breeding ponds.  Crown closure should be maintained at
less than 60 percent to promote adequate sunlight to penetrate to the herbaceous layer.  Logging
equipment should be excluded from a 25 ft buffer around burrow entrances and a 50 ft buffer around
breeding ponds.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on gopher frog habitats by maintaining the integrity of herbaceous layers and gopher
tortoise burrow systems.  Use of native vegetation should be used wherever possible and non-native
species should be avoided.  Mechanical means of erosion control should maintain the natural contours
of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the gopher frog and gopher
tortoise.  Natural regeneration methods should be used in order to avoid high-impact artificial means. 
Site preparation should employ fire where possible rather than mechanical methods such as discing or
chopping.  Any mechanical site preparation should be excluded from a 25 ft buffer area around burrow
entrances and a 50 ft buffer around breeding ponds.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
gopher frogs.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site
pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics
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in plant communities.  Forest management should minimize adverse impacts to wiregrass and other
herbaceous ground-layer species.  Site preparation activities should maintain the integrity of breeding
ponds and associated wetlands.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit both gopher frogs and gopher tortoise.  Vehicular
traffic on roadways should be monitored to reduce soil erosion and off-road traffic should be prohibited
as highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 25 ft of gopher tortoise burrows and a from within 50
ft of breeding ponds.



     5The following Abstract includes information contained in the Vertebrate Characterization Abstract
for the Eastern Indigo Snake developed by The Nature Conservancy's Fort Stewart, Georgia, Natural
Resources Inventory, Pembroke, GA. 
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Species Stewardship Summary5
DRYMARCHON CORAIS COUPERI

ELEMENT CODE: ARADB1101
SCIENTIFIC NAME: Drymarchon corais couperi Holbrook
COMMON NAME: Eastern Indigo Snake

STATUS

GLOBAL RANK:  G4T3
STATE RANK:  S1 (AL, MS), S3 (FL, GA), S? (SC)

FEDERAL STATUS:  Listed as Threatened by the USFWS.
STATE STATUS:  LE (MS), T or LT (FL, GA), SE (SC), SP (AL)

DESCRIPTION  

The eastern indigo snake is the longest of North American snakes, with adults ranging from 60-103
inches (152-263 cm).  It is entirely shiny bluish black, except the chin and sides of the head which may
be reddish or orange-brown.  The scales are normally smooth, however, some larger males may have
faintly keeled scales on as many as five middorsal rows, starting about the second quarter of the body. 
The third from last upper labial scale is wedge-shaped and cut off above by contact between adjacent
labials.  Anal plate single.  Young are similar to adults but with much more reddish on the head and on
the forward part of belly.  Some show a blotched yellowish dorsal pattern.  Juveniles are 17-24 in
(43-61 cm) at hatching (Conant and Collins 1991).

  Diagnostic Characteristics

There are 8 subspecies of indigo snakes, collectively extending from the southeastern United States to
northern Argentina.  The eastern indigo snake (Drymarchon corais couperi) is isolated from the Texas
indigo snake (D.  c.  erebennus), the nearest of the other indigo snakes, by a distance of approximately
600 miles (Moler 1992).  The Texas subspecies has distinct dark lines downward from the eye and has
14 rows of dorsal scales on the rearmost part of the body, whereas the eastern subspecies has 15.  

The similar appearing black racer (Coluber constrictor) is dull black above with a white or brown on
the throat and lower labial scales.  In addition, the iris is reddish and the anal plate divided.  The black
racer seldom exceeds 4 ft in length and has a markedly lighter build (Ashton and Ashton 1981).  Any
other plain black snake within the range of the eastern indigo snake will have entirely keeled scales, a
divided anal plate, or both (Conant and Collins 1991).

DISTRIBUTION

The historic range of the eastern indigo snake extended from South Carolina through Georgia and
Florida to the Keys, and west to southern Alabama and Mississippi.  Its current range includes southern
Georgia (Diemer and Speake 1983) and Florida, where it is widely distributed throughout the state,
south to the Keys (Moler 1985).  The species is now extremely rare or extirpated in Alabama,
Mississippi, and South Carolina.  Recent reintroductions have been made in Florida, Alabama,
Georgia, and Mississippi.  Moler (1985) suggests that western Florida records near the Alabama border
may indicate that the species occurs naturally in that state.  The snake is known from 50 counties in
Georgia, where it appears to be maintaining viable populations in protected areas of good habitat
(USFWS 1982).
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HABITAT

The eastern indigo snake is found in a variety of habitat types including xeric uplands, pine flatwoods,
wet prairies, and mangrove swamps.  In south Florida, tropical hammocks, dry glades, and muckland
fields are inhabited (Carr and Goin 1955).  Habitat preferences appear to be less restricted in the
southern portions of its current range, possibly due to climate and winter behavior (USFWS 1982). 
Indigo snakes are typically found associated with xeric, well-drained sandy soils in the sandhill habitats
favored by the gopher tortoise (Gopherus polyphemus).  Specific habitat includes longleaf pine (Pinus
palustris) - turkey oak (Quercus laevis) sandhills, a subclimax fire-adapted community established on
sandy to loamy, well-drained soils.

In Georgia the species is characteristic of longleaf pine-turkey oak sandhills associated with deep,
excessively drained sandy soils along major coastal plain streams (Diemer and Speake 1983). 
Vegetation in these areas is primarily scrub oak and longleaf pine and occasional Quercus virginiana
and has been variously described as "sandhill" or "dry pine barren" (Harper 1906), oak-pine-heath
(Bozeman 1971), and dwarf-oak forest (USFWS 1982).  Less frequently, the dry upland soils in the
snake's range in Georgia support a "Florida Scrub" type habitat of myrtle oak (Q. myrtifolia) and
Chapman's oak (Q. chapmanii).  Diemer and Speake (1983) also report indigo snakes using slash pine
(P. elliottii)-dwarf oak areas, as well as clear cut areas with windrows.

Winter sightings in Georgia are almost exclusively on sandhills in association with the burrows of
gopher tortoise (Gopherus polyphemus) (92% of sightings), whereas non-winter sightings tended to be
made in creek bottoms (Speake et al. 1978, Diemer and Speake 1983).  During the spring and fall,
indigo snakes in Georgia use additional habitats, including creek bottom thickets, upland pine-hardwood
forest, mixed hardwood forest, and agricultural fields (Speake et al. 1978).

BIOLOGY-ECOLOGY

During the warmer months indigo snakes make extensive movements with individual territories ranging
from 50-100+ hectares; during the winter, however, indigo snakes usually stay fairly close to a burrow
or other refuge, with individual ranges typically less than 10 ha (Moler 1992).  In southwest Georgia,
Speake et al. (1978) reported an average seasonal homerange of 4.8 ha during the winter (December
through April), 42.9 ha during late spring and early summer (May through July), and 97.4 ha during
late summer and fall (August through November).  Radio-tagged indigo snakes monitored in south
Georgia were found to make extensive movements during May-June as they left den sites on sandhill
ridges and crawled to pinewoods or creek bottom areas (Speake et al. 1978).  Snake movements were
also pronounced during August-November (Speake et al. 1978).  Wetlands are utilized to a large extent
during spring-fall and are important foraging areas for the snakes.   

Indigo snakes may take refuge in gopher tortoise burrows, land crab burrows, armadillo burrows,
stump holes, root channels and rodent burrows at the base of large live oaks, and limestone solution
holes, as available (Moler 1986, 1992).  In Georgia, indigo snakes are dependent upon gopher tortoise
burrows, and to a lesser extent stumpholes, for refugia, particularly during the winter months (Speake
et al. 1978, Diemer and Speake 1983, Moler 1992).  Speake et al. (1978) described a total of 108 den
sites, including 77% in gopher tortoise burrows, 18% in or under decayed stumps and logs, and 5%
under plant debris.  The authors described snakes foraging and denning in windrows remaining from
site preparation in a slash pine plantation during the 1960's.  Indigo snakes are exclusively diurnal and
remain active to some degree throughout the winter, leaving their dens when air temperatures exceed 50
F (Ernst and Barbour 1989).  Snakes are typically inactive for a week or two prior to shedding (Moler
1992).  

  Reproduction

Little is known about reproductive behavior in natural populations.  However, indigo snakes have bred
successfully in captivity.  Indigo snakes appear to reach sexual maturity at 3 to 4 years of age. 
Copulation in captivity has occurred primarily between 30 October and 20 January (Ernst and Barbour
1989), although Moulis (1976) reported that mating during April in Georgia.  Clutches of 5 to 12 eggs
(clutches average eight to nine eggs) are laid from April through May with hatchlings appearing from
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late July through October (Behler and King 1979, Ernst and Barbour 1989).  Females can lay fertile
eggs after several years of isolation (Behler and King 1979, Moler 1992).  Nest sites have not been
described, although eggs may be laid in gopher tortoise (Gopherus polyphemus) burrows (USFWS
1992).  Detailed descriptions of courtship are given in Gillingham and Chambers (1980).

  Food Habits

The indigo snake catches prey with strong jaws and, despite its large size, does not kill by constriction. 
The snake feeds on a variety of vertebrates including fish, frogs, toads, lizards, small turtles including
young gopher tortoise, snakes, birds and small mammals.  Ernst and Barbour (1989) provide a review
of published accounts of food habits and conclude that the indigo snake prefers reptilian prey.  It is an
active, diurnal predator, often foraging along the edges of wetlands (Moler 1992).  An early study
described the gut contents of a 6 ft indigo snake as containing two Sistrurus miliarius barbouri (12-14 in
long), four turtle eggs (averaging 1.25 X 0.5 in), unidentified eggshell fragments, gravel and small
stones (scattered throughout the length of the intestines) (Babis 1949).

THREATS

In recent years there has been much concern over the decline of D. c. couperi across most of its
original range.  It is presently listed as Federally Threatened.  Overall trends in indigo snake
populations are declining abundance and distribution, especially in southern Georgia.

The primary cause of declines in eastern indigo snake populations have been attributed to habitat
destruction due to alternative land uses such as farming, construction, forestry, and pasture (Lawler
1977, Moler 1992).  In addition to outright habitat loss, remaining habitat continues to be degraded so
that its value to the indigo snake is reduced.  Fire suppression in longleaf pine-turkey oak stands allows
the hardwood component to become dominant.  Areas converted to pine plantations are not burned
properly or are stocked too densely.  The indigo snake is critically dependent upon the availability of
suitable winter and summer refugia, historically provided by gopher tortoise burrows  and stump holes
(Moler 1992).  In xeric habitats, the snake is particularly prone to desiccation (Bogert and Cowles
1947).

Habitat fragmentation also has severe negative effects on the indigo snake, which are large, highly
visible, and wide-ranging (Moler 1992).  In contrast to other secretive species which can persist on
small woodlots, indigo snakes require relatively large tracts of suitable habitat.  Moler (1992) pointed
out that even very low density development (eg. 8 ha (20 ac) lot size) can seriously impact indigo snake
populations, since the home range of a single snake may overlap 20-50 individual properties.  Seasonal
movements of the indigo snake may contribute to human conflicts and mortality.  In the summer,
snakes disperse from their over-wintering habitats in the sandhills into areas where human encounters
are more likely (eg. fields, yards, and areas near water), resulting in increased roadway mortality
(Diemer and Speakes 1983).

The snake's docile nature makes it easy prey to collecting for the pet trade (USFWS 1992).  Over-
collecting was directly blamed for the snake's decline in numbers in southern Florida (Blaney and
Blaney 1974).  Additional threats include highway fatalities and wanton killing (Diemer and Speake
1981).  Use of all-terrain vehicles (ATV) in sandhill areas destroys native vegetation which is crucial
for soil stability.  In addition, forage for gopher tortoises may be eliminated, as well as the tortoises'
ability to construct burrows, increasing the rates of erosion and leading to the disruption of the entire
community (Lawler 1977).

Another potential source of pressure is brought on by the indigo snake's association with the eastern
diamondback rattlesnake (Crotalus adamanteus).  Both snakes winter in gopher tortoise burrows. 
During "rattlesnake roundups", gasoline poured into the burrows to force out the rattlesnakes may kill
or injure indigo snakes and other burrow commensals.  Studies have suggested that indigo snakes are
often found dead near burrows within hours or days after roundups (Lawler 1977, Speake and Diemer
1983).  However, the actual extent of such mortality is unknown (USFWS 1992).
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Lawler (1977) reported specimens containing extremely high levels of chlordane metabolites.  Because
the indigo snake is apparently long-lived and an upper level predator, it may be susceptible to direct or
secondary effects of pesticides, including bioaccumulation from prey (USFWS 1982).  

RECOVERY POTENTIAL

Current population levels of the eastern indigo snake are not well known.  Decline of indigo snake
numbers is intimately related to the status of the remaining longleaf pine habitats and gopher tortoise
populations upon which it depends.  Recovery of indigo snake populations depends on the preservation
of large tracts of remaining forest, restoration of disturbed forest, and provision of habitat linkages to
obviate fragmentation of snake home ranges.  Captive breeding and reintroduction is feasible in areas of
low snake densities.  

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

Effective land protection for the eastern indigo snake depends upon the protection and restoration of
mature longleaf pine-turkey oak sandhill habitats.  The extensive seasonal movements of the indigo
snake, particularly in Georgia, bear importantly on the reestablishment of the species (USFWS 1982). 
Moler (1992) emphasized the need for protection of large tracts of suitable habitat (generally at least
1,000 ha).  Studies in Georgia and Florida have indicated that the snakes occur in a number of habitat
types so that areas several thousand acres in size should be protected.  Land management should aim to
protect large areas of longleaf pine, as well as associated habitats, notably hardwood bottomlands of
suitable age to insure the production of mast, in order to  promote the mosaic of habitat types most
beneficial to the snake.  Diemer and Speake (1983) suggested that properly managed slash pine (i.e.,
seasonally burned), where slash pine has replaced longleaf pine in the Georgia sandhills, may support
the gopher tortoise and, consequently, the indigo snake.  Diemer and Speake (1983) described key
habitat as including long (>50 km) strands of contiguous, parabolic or elliptical sand ridges associated
with Ohoopee, Canoochee, and Alapaha Rivers in the Georgi sandhills.

  RESEARCH NEEDS

Recovery of the species requires the maintenance of numerous stable and protected populations where
suitable habitat remains within its historical range.  Necessary research objectives include (USFWS
1982, 1991):

1. develop appropriate population monitoring methods;
2. determine juvenile habitat requirements;
3. explore captive breeding and restocking potential for the species;
4. describe the species reproductive behavior in the wild;
5. investigate the extent and effects of pesticide exposure;
6. determine optimum gopher tortoise burrow density required to maintain populations of indigo

snakes in the northern portion of the snake's range.

  MONITORING NEEDS

A long-term monitoring program is required which includes a means of estimating population size and
demographic trends.  Long-term monitoring is also required to track changes in habitat use and
availability.

  MONITORING PROGRAMS

None known at this time.

  MONITORING PROCEDURES
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Diemer and Speakes (1983) described the use of questionnaires, follow-up surveys, snake hunting, soil
survey data, and LANDSAT imagery in the delineation of key areas of suitable habitat.  They pointed
out that use of LANDSAT allows the establishment of permanent tracking records, the location of
noteworthy areas, and the monitoring of population trends.

  MANAGEMENT NEEDS

Areas of suitable habitat throughout the remaining and historic range of the snake should be designated
as sanctuaries for the indigo snake and the gopher tortoise.  Habitat management should encourage the
maintenance of community types that enhance the welfare of these species.  Permanent protection
should ideally be given to separate 10,000 ac tracts in Georgia and Florida (USFWS 1982).  The indigo
snake apparently reproduces well in captivity and reintroductions using captive-bred animals might be
feasible if habitat is protected and properly managed.  As of 1990, the Alabama Cooperative Wildlife
Research Unit had released captive-reared individuals in Florida, Alabama, Georgia, and Mississippi.

  MANAGEMENT PROGRAMS

Florida has protected the eastern indigo snake as a threatened species since 1971 and Georgia has
protected the species since 1977.  Both states prohibit taking without a permit.  The snake was
Federally listed as Threatened in 1978 (Federal Register 43(52): 11082-11093).

Beginning in 1979, the Alabama Cooperative Wildlife Unit at Auburn University has released indigo
snakes on an experimental basis at 9 sites in Alabama, Florida, Georgia, and Mississippi.  The Wildlife
Unit is funded to develop propagation techniques.

In July 1989, the U.S. Department of the Interior created a 30,000 ac wildlife refuge to protect the
Florida panther which will also protect the habitat of the indigo snake (Lowe et al. 1990).  Many of the
last remaining large areas of longleaf pine-turkey oak sandhills and forest are found on U.S. Forest
Service and military lands.  Many of the these areas are being managed for recovery of the Red-
cockaded Woodpecker.  Those national forests and military installations which manage for the
woodpecker have instituted programs of controlled burns (two to three year intervals), hardwood
midstory control, and restoration of longleaf pine on suitable sites.  Management prescriptions for this
species are generally beneficial for the eastern indigo snake, with some modification.

  MANAGEMENT PROCEDURES

Active management of existing intact stands of mature longleaf pine and turkey oak is necessary to
restore or maintain the open, parklike understory conducive to both the indigo snake and the gopher
tortoise.  Periodic burning is essential to the maintenance of these habitats to insure the open, grassy
areas between widely-spaced trees.  Burning reduces litter accumulation and aids in the persistence of
wiregrass (Aristida stricta) and associates which provide gopher tortoise browse.  Large enough areas
are required to allow adequate burrow systems.  Large areas would also minimize habitat fragmentation
and roadkills during dispersal.  Reduced human disturbance would help keep sandhill ridges intact and
prevent loose blowing sand and erosion (Ashton and Ashton 1981).

Concern for the endangered Red-cockaded Woodpecker (Picoides borealis) has generated increased
interest in the preservation and restoration of the longleaf pine forest ecosystem.  Because of its large
home range, and its dependence on mature forest stands, the woodpecker integrates the needs of many
other plants and animals dependent on this shrinking resource.

In general, management recommendations for woodpecker habitat, as outlined in the U.S. Forest
Service Regional Wildlife Habitat Management Handbook, would apply equally well to the indigo
snake.  In particular, institution of a regime of periodic fires on a 2-3 year rotation to control the
hardwood midstory, maximize the regeneration and growth of groundcover, and prepare a suitable
seedbed for longleaf pine, is important to the maintenance of indigo snake habitat as well.  Reducing
physical impediments to burning, including roads and habitat fragmentation, would help reduce the
isolation of snake subpopulations.  

Burn frequencies should be at least once every 5 to 10 yr, but intervals of 2 to 4 years between winter
burns have also been shown to be beneficial (USFWS 1982).  The snake is particularly active during the
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spring months so that growing season burns should be managed accordingly.  In pine plantations,
commercial thinning is beneficial in opening the canopy and increasing understory development.  Low
intensity site preparation through burning should be used rather than more intensive methods such as
root raking (USFWS 1982).

The indigo snake has proven to breed successfully in captivity and reintroduction in suitable habitats
with low populations could be beneficial to maintaining viable populations (Lowe et al. 1990). 
Guidelines for selection of reintroduction sites include (USFWS 1982):

1. areas of a minimum of 200 ha in size;
2. similarity in vegetation and soils to the closest known habitat presently or historically occupied;

and,
3. long-term security for the species that can be managed as needed.

In addition, snakes taken from the wild for reintroduction should come from areas where snakes are
abundant or where suitable habitat is about to be destroyed.  Released snakes should be taken from
parent stock originating as near as possible to the release site (USFWS  1982).  All reintroductions
should be monitored until sufficient evidence of successful establishment has been obtained.

STEWARDSHIP SUMMARY

1. Active management is required to restore degraded pine-oak forests to maintain existing eastern
indigo snake populations and recover declining populations.  Land protection through
acquisition, easement, and registry programs is the best means of ensuring that large tracts of
suitable habitats for eastern indigo snake are preserved.  Habitat preservation must include the
avoidance of habitat fragmentation which may put populations of this large, wide-ranging snake
at greater risk.  Diemer and Speake (1981) stated that the indigo snake in Georgia was
maintaining viable populations in areas of suitable habitat.  They recommended protection of
suitable riverine-sandhills ecosystems.

2. Censuses are needed to determine the status of the species in the remaining longleaf pine-turkey
oak habitats in the Southeast.  Monitoring programs are needed to assess the impacts of
collecting, pesticide use, and human modification of those habitats on population size and
demography.  

3. Management of public lands, including the national forests and military installations, offer the
best opportunities for protection of longleaf pine habitats with such protection efforts often
being driven by recovery of the Red-cockaded Woodpecker.  Management plans for the
woodpecker should be adapted to take into account the requirements of the eastern indigo
snake, particularly when the needs of the two species do not conflict.

4. Public education regarding the preservation and restoration of the longleaf pine ecosystem
should include information about the habitat requirements of the eastern indigo snake and its
status in the Southeast.
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Summary of the potential effects of the RCW Management Guidelines on Drymarchon corais couperi.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection       X    X    X

      Brush clearing    X    X    X

      Fuel removal and raking    X    X    X

   Midstory control    X

      Prescribed burning    X

         Three-year fire return    X

         Winter fire    X    X    X

         Growing season fire    X    X    X

      Fire management    X    

         Berm construction    X       

         Plowed fire lanes    X     

         Back fires    X

         Natural fire breaks    X

      Mechanical control    X    X    X

      Chemical control    X    X    X

   Hardwood control    X    X    X

   Pine thinning       X

   Cavity tree retention    X

   Pine beetle control    X    X    X

      Thinning       X    X

      Pheromones    X

EROSION CONTROL    X

LONGLEAF PINE REGENERATION    X    X    X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION    X

   Cavity construction    X

   Cavity restriction    X

   Cavity closure    X

EXTRACTIVE LAND USES    X

   Pine straw raking       X

   Timber harvest    X       

      Lengthened rotations    X

      Patch creation    X

      Stand conversion    X    X    X

TRAINING RESTRICTIONS    X

   Impact/Danger areas    X

   Bivouac restrictions    X

   Digging restrictions    X

   Smoke/Gas/Incendiaries    X

   Small arms firing    X

   On-road vehicular traffic    X

   Off-road vehicular traffic    X

EXPANDED TRAINING GUIDELINES    X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Eastern Indigo Snake, Drymarchon corais couperi

Indigo snakes are typically found associated with xeric, well-drained sandy soils in the sandhill habitats
favored by the gopher tortoise.  Specific habitat includes longleaf pine - turkey oak sandhills, a
subclimax fire-adapted community established on sandy to loamy, well-drained soils.

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for the indigo snake.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of indigo snake habitat because it acts to reduce the shrub and midstory woody vegetation and promotes
a well-established herbaceous layer (which, in turn, favors the gopher tortoise).  Winter burns are
preferred over growing season burns, since the indigo snake tends to be actively moving from winter
habitats in the xeric sandhills to lower-lying habitats for the summer and fall months during the spring
season.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and gopher tortoise burrow systems.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the indigo snake.  Chemical and mechanical methods of hardwood control should
employ best management practices to avoid soil disturbance, destruction of ground layer vegetation, and
non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on indigo snake habitats by maintaining the integrity of herbaceous layers and gopher
tortoise burrow systems.  Use of native vegetation should be used wherever possible and non-native
species should be avoided.  Mechanical means of erosion control should maintain the natural contours
of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the indigo snake and gopher
tortoise.  Natural regeneration methods should be used in order to avoid high-impact artificial means. 
Site preparation should employ fire where possible rather than mechanical methods such as discing or
chopping.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
indigo snakes and the gopher tortoise upon which the snake depends for refugia.  Timber harvest which
shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with longleaf pine
should restore natural fire, hydrologic, and nutrient dynamics in plant communities.  Forest
management should minimize adverse impacts to wiregrass and other herbaceous ground-layer species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit both indigo snakes and gopher tortoise.  Vehicular
traffic on roadways should be monitored to reduce soil erosion and off-road traffic should be prohibited
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as highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 25 ft of gopher tortoise burrows as well as from within
50 ft of RCW cavity trees.



     6Text from:  Wilson, D.S. and H.R. Mushinksy. 1995. Draft Element Stewardship Abstract for
Gopherus polyphemus. The Nature Conservancy, Eastern Regional Office, Boston, MA.
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Species Stewardship Summary6
GOPHERUS POLYPHEMUS

ELEMENT CODE: ARAAF01030 
SCIENTIFIC NAME: Gopherus polyphemus Daudin
COMMON NAME: Gopher Tortoise

STATUS

GLOBAL RANK:  G3
STATE RANK:  S1 (LA,SC), S2 (AL, MS), S3 (FL, GA)

FEDERAL STATUS: Threatened in Louisiana, Mississippi, and west of the Tombigbee and Mobile
Rivers in Alabama (Federal Register, July 7, 1987).

STATE STATUS:  LE (MS), SE (SC), T (GA), LS (FL), SP (AL)

DESCRIPTION

The gopher tortoise is a relatively large (up to 38 cm carapace length) terrestrial turtle.  External
features that distinguish it from other turtles include short elephantine hindlimbs, shovellike forelimbs,
and a gular projection from the anterior plastron.  Often the surface of the carapace is quite smooth
reflecting the abrasion it receives as an individual enters or exits it's burrow.  The carapace is keelless
and oblong, with the greatest width just anterior to the well-developed bridge (connecting the carapace
to the plastron), and the greatest height in the sacral region.  The carapace drops off abruptly to the rear
of the highest region (Ernst and Barbour 1972).  The carapace of an adult varies from dark-brown to
grayish-black.  In Florida, individuals from coastal areas are generally darker than those from central
populations.  The gular scutes of the robust, hingless plastron project below the chin of a gopher
tortoise.  Males often have greater gular projections than females, however, because both sexes use
their projections during agonistic encounters, the gular projections are often broken and may not be an
accurate diagnostic feature of the sex of an individual (Mushinsky et al. 1994).  Most gopher tortoises
have well defined "growth rings" on the scutes of the yellowish plastron.  Use of the growth rings to
age individuals must be done with caution, as there is much variation in the number of "false" growth
rings throughout the range of this taxon.    

Hatchlings emerge from their eggs at a carapace length of about 5 cm.  Coloration of the vertebral and
costal scutes of the carapace of hatchlings is yellowish to yellowish-orange and each scute is bordered
by brownish coloration (Allen and Neill 1953).  The skin on the head and limbs is likewise brightly
colored yellow to yellowish-orange.  The bright coloration of hatchlings darkens during the first year or
two of life.  The gular scutes of young tortoises do not project forward as in the adult tortoises and the
claws of young tortoises are long and sharp (Allen and Neill 1953).  Hatchlings dig their own burrows,
often just a few meters away from the nest from which they emerged.  Hatchlings and juveniles, up to
an age of 5-7 years, have relatively soft shells and are highly vulnerable to predation (Wilson 1991).  

Female gopher tortoises become sexually mature at a carapace length of about 23-24 cm.  Males are
somewhat smaller at maturity and do not obtain the large body size of females.  The best indicator of
the sex of an adult gopher tortoise is the depth of the plastral concavity (Mushinsky et al. 1994). 
Mature males have a shallow depression in the posterior, central portion of the plastron to facilitate
mounting a female for copulation.  Large females may have a shallow plastral concavity (2-4 mm)
compared to the deeper concavity found on mature males (5-8 mm).  Males often have larger
integumentary glands under the chin than females (Ernst and Barbour 1989), but the size of these
integumentary glands varies seasonally.  Based upon numerous anatomical measurements, McRae et al.
(1981a) developed a discriminant function that accurately identified the sex of adult individuals.  Using
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a stepwise multiple regression on numerous morphological measurements, Burke et al. (1994)
developed a non-invasive sex identification technique for determining the sex of hatchling and juvenile
gopher tortoises. 

  Diagnostic Characteristics 

The gopher tortoise is the only terrestrial tortoise east of the Mississippi River.  The only other
terrestrial turtle within the geographic range of the gopher tortoise is the box turtle.  Box turtles are
smaller than gopher tortoises, have a high doomed carapace, and a hinged plastron.  Box turtles can
close their shells completely so that neither the head nor any appendage is visible when retracted
completely.  Gopher tortoises cannot withdraw completely into their shells.  A startled gopher tortoise
will withdraw it's limbs into the shell, but the limbs are visible when retracted.  

DISTRIBUTION

The gopher tortoise ranges throughout the southeastern United States from southern South Carolina
through southern Georgia to Florida (excluding the Everglades), west through southern Alabama and
Mississippi to the eastern edge of Louisiana (Diemer 1989).  They also occur on islands off the Gulf
coast of Florida as far south as Cape Sable (Logan 1981, Kushlan and Mazzotti 1984, Mushinsky and
McCoy 1994).  For a detailed range map see Iverson (1992).

HABITAT

The gopher tortoise commonly occupies habitats with a well-drained sandy substrate suitable for
construction of its extensive burrows, ample herbaceous vegetation for food, and sunlit areas for nesting
(Hallinan 1923, Landers 1980, Landers et al. 1980, Diemer 1989).  These habitat types include sandhill
(pine-turkey oak), sand pine scrub, xeric hammock, pine flatwoods, dry prairie, coastal grasslands and
dunes, and mixed hardwood-pine communities (Landers and Speake 1980, Auffenberg and Franz 1982,
Kushlan and Mazzotti 1984, Diemer 1986, 1992a).  Tortoises prefer open habitats that support a wide
variety of herbaceous ground cover vegetation for forage.  The gopher tortoise usually abandons
densely canopied areas and frequently can be found in disturbed habitats such as roadsides, fence-rows,
old fields, and the edges of overgrown (unburned) uplands (see Diemer 1989, Stewart et al. 1993,
Breininger et al. 1994).  Upland habitats with extensive canopies reduce the amount of direct sunlight
on the ground which may hamper tortoises from reaching minimum thermal requirements for normal
daily activities, and decrease herbaceous vegetation essential for growth, development and reproduction
(Mushinsky and McCoy 1994).  Densities of gopher tortoises are known to be relatively high in sandhill
communities, however, high densities may not be indicative of a healthy population (Mushinsky and
McCoy 1994).  Mushinsky and McCoy (1994) report that high densities of some tortoise populations
may be the result of tortoises confined to a true or "habitat" island.  Tortoises in this situation are
unable to move freely to new locations as the quality of the habitat degenerates.  More research is
needed on the demography of tortoises in confined areas.

BIOLOGY-ECOLOGY

Gopher tortoises excavate deep burrows which provide shelter from environmental climatic conditions
and refuge from predation for the tortoises as well as a wide variety of vertebrate and invertebrate
species (Hansen 1963, Jackson and Milstrey 1989, Lips 1991, Witz et al. 1991).  Adult burrows
average approximately 4.5 m in length and about 2 m deep (Diemer 1989).  Burrows have been found
to be significantly shorter in clayey soils than sandy soils which may be a result of respiratory
limitations (Ultsch and Anderson 1986); O2 decrements and CO2 increments were greatest in clayey
soils and were positively correlated with burrow length.  The high humidity associated with the burrow,
may offer the tortoise protection from desiccation (Auffenberg and Weaver 1969, Means 1982).  At the
mouth of each burrow is a mound of subsoil excavated by the burrow resident.  Kaczor and Hartnett
(1990) found that these soil mounds undergo microsuccession and contribute toward increased plant
species diversity in the surrounding habitat.   
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The enlarged area at the bottom of the burrow usually contains fecal matter and other organic debris,
which serves as an important food source for a suite of other species (Milstrey 1986).  Many vertebrate
and invertebrate species have been recorded from gopher tortoise burrows (Young and Goff 1939,
Brode 1959, Franz 1986, Jackson and Milstrey 1989) including protected species such as the eastern
indigo snake (Drymarchon corais couperi) and the gopher frog (Rana capito) (Auffenberg 1969, 1978,
Diemer 1986).  Gopher tortoise burrows can be classified as active, inactive or abandoned by the
physical appearance of the entrance (Auffenberg and Franz 1982, Cox et al. 1987).  Some burrow
associates have been shown to prefer some burrow types over others (Lips 1991).  Eisenberg (1983)
found that 73.7% of gopher frogs censused were found in active tortoise burrows.  Witz et al. (1991)
excavated 1019 burrows and found that of the vertebrate symbionts captured only lizards were found
significantly more often in active than either inactive or abandoned burrow.   

  Population Biology

A comprehensive study of about 50 populations of gopher tortoises in Florida (McCoy and Mushinsky
1988) found several trends.  Gopher tortoise populations residing on sites that had experienced severe
area reduction (greater than 25% reduction over the past 20 years), or occurred on sites with greater
than 50% tree canopy, or occurred on sites of small size (< 2 ha) tended to have truncated
demographic profiles.  A truncated profile suggests little recruitment of individuals into the population
and abandonment of the site by larger, mature individuals.  In contrast, tortoise populations on sites
with no or limited area reduction, or sites with less than 50% tree canopy, or relatively large sites (> 2
ha) tended to have a high proportion of large, mature individuals and evidence of recruitment of young
into the population (McCoy and Mushinsky 1988).  

Comparisons of tortoise populations on true islands with populations on the mainland suggested that
tortoises do respond to relatively small, isolated habitats (Mushinsky and McCoy 1994).  Both island
and mainland tortoise populations show a positive relationship between the number of active and
inactive burrows and the area of habitat.  Density of burrows, however, decreased as area increased on
the mainland, but density of burrows was not related to area on the islands.  Also, on the mainland, the
ratio of inactive to active burrows (a measure of the tendency of individuals to construct new burrows)
increased with area of habitat, and burrow density increased with increasing herbaceous vegetation, but
neither of these relations could be demonstrated on islands.  Collectively, these findings suggest that
tortoises have a greater selection of habitats on the mainland than on islands.  Tortoises on islands are
confined and may be forced to live in less than ideal conditions.  The implications of these findings are
profound for tortoises living in small, fragmented "habitat islands" on the mainland.  In time, perhaps a
few decades, as the quality of their habitat island is degraded, mature adults may be forced to abandon a
site in search of better habitat quality.  Such individuals, which may be forced to abandon isolated
patches of habitat in areas surrounded by human dwellings seem doomed to perish.  From a practical
perspective, prior to this study (Mushinsky and McCoy 1994), observing large numbers of active and
inactive gopher tortoise burrows in a confined area likely would have been viewed as indicators of a
"healthy" population, however, these findings suggest just the opposite.  Rather than a signal of a
healthy population, large numbers of active and inactive gopher tortoise burrows, relative to the actual
number of tortoises, may signal a stressed population (see also Stewart et al. 1993)  

In Northern Florida, Diemer (1992b) studied tortoise populations for several years.  She found that the
number of burrows showing signs of recent activity increased in April, peaked in July, and remained
high through October.  The burrow surveys showed a continuous cycle of burrow creation and
abandonment.  The ratio of captured tortoises to burrows (active and inactive) varied among sites and
years; the ratio of burrows to tortoises ranged from 0.45-0.69. Percentages of adult individuals in the
three populations studied ranged from 40-62%.  

  Home Range

Estimated sizes of activity ranges for adult female gopher tortoises range from 0.08 ha (McRae et al.
1981b) to 0.56 ha (Doonan 1986) and adult males from 0.45 ha (McRae et al. 1981b) to 1.27 ha
(Diemer 1992c).  Male activity ranges have been reported to be larger than those of females in some
populations (Auffenberg and Iverson 1979; McRae et al. 1981b), but not in others (Diemer 1992c). 
The activity range for juveniles (1-4 yrs), ranges from 0.0095 ha to 0.3576 in a central Florida
population (Wilson et al. 1994) and from 0.0004 ha to 0.2502 ha in a north Florida population (Diemer
1992c).  Similar to adults, Wilson and coworkers (1994) found that home ranges of juveniles were
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larger in the summer months than in the other seasons.  The size of the activity range of the gopher
tortoise has been shown to decrease with an increase in the amount of herbaceous ground cover
(Auffenberg and Iverson 1979, Mushinsky and Gibson 1991).  Management of gopher tortoise habitat
by controlled burning increases the amount of herbaceous ground cover, whereby tortoises do not have
to travel far from their burrows to find ample food.  Thus, activity ranges for this species may vary
between populations depending on the quality of the habitat (Diemer 1992c, Mushinsky and McCoy
1994).  

  Movements

For adult tortoises the calculated mean moved distance from and between burrows is 37.0 ± 37.0 m by
females and 79.0 ± 69.0 m by males (Diemer 1992c).  For juvenile tortoises the calculated mean
moved distance is 16.0 ± 17.0 m in a north Florida population (Diemer 1992c) and 15.2 ± 22.8 in a
central Florida population (Wilson et al. 1994).  Excluding moves between burrows, movements away
from the burrow have been considered a tortoise's feeding radius.  McRae et al. (1981b) reported a
mean feeding radius of 7.8 ± 4.4 m for juvenile tortoises and 13.0 ± 8.6 m for adult tortoises in a
Georgia population.  In central Florida, Wilson et al. (1994) reported a mean feeding radius of 7.9 ±
8.6 for juveniles.  Tortoises are reported to make long distance movements.  Using radio-telemetry,
Diemer (1992c) found that of her radio-tagged animals the longest movement made was 0.74 km by an
emigrating subadult.  Juveniles will also make long distance movements usually following some type of
disturbance to the resident burrow (Diemer 1992c, Wilson et al. 1994).  

  Activity Patterns

Gopher tortoises spend a limited amount of time above ground outside of their burrows.  The gopher
tortoise has been found to desiccate more rapidly when deprived of a burrow than any other member of
the genus, Gopherus (Auffenberg and Weaver 1969).  The gopher tortoise can with stand high body
temperatures (Bogert and Cowles 1947), although when heat stressed it will froth at the mouth and
breathe rapidly.  Critical thermal maximum for the gopher tortoise is reported as 43.9 C (Hutchinson et
al. 1966).  With a device that automatically recorded activity, Auffenberg and Iverson (1979) calculated
that an adult tortoise was active 9.2% of its time.  Juveniles have been reported to spend 90% of their
time underground inside their burrows (Wilson et al. 1994).  Activity away from the burrow tends to
peak in the late spring and summer.  For juveniles, Wilson and coworkers (1994) found that 80% of
observed activity in fall, winter and spring consisted of basking on the burrow mound; juveniles moved
away from their burrows significantly more during the summer months.  During the winter months,
tortoises have been observed basking at the mouths of their burrows on warm days throughout their
range (Douglas and Layne 1978, McRae et al. 1981b, Wilson et al. 1994).  Thus, the activities of
gopher tortoises away from their burrows are limited in the winter months and increase as seasonal
temperatures increase.  Daily activity has been reported as unimodal in the spring and bimodal in the
summer in a Georgia population (McRae et al. 1981b).  These investigators suggest that adult tortoises
may be active in the late morning and late afternoon in summer to avoid the hottest part of the day.  In
contrast, Douglass and Layne (1978) and Wilson et al. (1994) found that juvenile tortoises were more
active in the mid afternoon and did not display a bimodal activity pattern in the summer.  Activity
patterns of juvenile tortoises may be influenced by the risk of predation and thermoregulatory behavior
(see Wilson et al. 1994 and Wilson 1991).  No evidence of nocturnal activity has been reported for the
gopher tortoise.   

  Burrow Use

In northern Florida, Diemer (1992c) found that, on average, adult male tortoises use 5.5 burrows and
adult female tortoises use 2.7 burrows per activity season (April-December).  In Georgia, tortoises were
reported to use 7 and 4 burrows for males and females, respectively (McRae et al. 1981b).  Average
annual burrow use by juvenile tortoises ranged from 1.1 by 0-1 yr olds, 2.2 by 2 yr olds, 1.7 by 4-5 yr
olds in a southern Georgia population (McRae et al. 1981b) to 4.4 burrows (1-4 yr olds) in a central
Florida population (Wilson et al. 1994).  Suggested reasons for differences in burrow use between
populations may be because of differences in ground cover, soil composition, temperature extremes at
different latitudes, and number of disturbances to burrows.  Although juvenile tortoises use several
burrows they spend most of their time in a primary burrow.  Annual use of the primary burrow for
juveniles tortoises in a central Florida population was 75% of the use of all burrows (Wilson et al.
1994).  The data for estimated use of the primary burrow for adult gopher tortoises are not available.  It
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has also been noted in several studies that gopher tortoises will use shallow depressions, possibly as
resting sites when travelling far from their burrows (Fucigna and Nickerson 1989, Godley 1989, Stout
et al. 1989, Diemer 1992c) and windrows, possibly for protection from cattle and machinery (Diemer
1992c).

  Growth and Reproduction

In Georgia, Landers and coworkers (1982) report pronounced growth through the age of 11 years after
which growth rates gradually decrease.  In central Florida, Mushinsky and coworkers (1994) report an
average increase of 18.9 mm/yr for ages 1-11 after which time growth slows to approximately 3%/yr
until age 20.  Female gopher tortoises become sexually mature at a carapace length of 23-24 cm.  Body
size, rather than age, seems to determine sexual maturity in gopher tortoises.  In southern Georgia, it
may take from 19-21 years for females to become sexually mature (Landers et al. 1982), while in
central Florida females may mature in 9-11 years (Mushinsky et al. 1994).  In part, this variation
reflects the long activity season available to tortoises in central Florida.  In addition to geographic
location, however, local conditions also influence the number of years required to achieve sexual
maturity.  For example, one study of gopher tortoises in central Florida (Godley 1989) found that
females attain sexual maturity in 14-16 years, while results of another study from the same county
found that females attain sexual maturity in 9-11 years (Mushinsky et al. 1994).  The study area
occupied by the faster maturing females was a frequently burned sandhill habitat, whereas the other
study area was a mosaic of habitats including pine flatwoods and mixed mesic forests.  Males likely
mature at a smaller size than females.  In north Florida, Diemer and Moore (1994) reported males that
were apparently mature at a carapace length of about 18 cm.  

Male tortoises seek females for mating from May to July.  There is some evidence that dominant males
breed with several females (Douglass 1990).  When seeking a female, a male will move to the mouth of
a burrow occupied by a female and display a head bobbing behavior (Auffenberg 1966, Wright 1982). 
If the female exits her burrow the courting male will walk in a circle around the female, periodically
stopping and performing the head bobbing behavior.  When the female approaches the courting male,
he bobs his head violently, and bites her on the forelegs, head, anterior edge of the carapace and gular
projection.  The female then backs in a semicircle, stops, and extends her hindlimbs.  Thereafter, she
rotates her body about 180 degrees, so that her posterior end is near the male's head.  The courting
male will attempt to mount the female, and if unsuccessful, he will repeat the courting behavior
(Auffenberg 1966, Ernst and Barbour 1972).  

Nesting occurs primarily from May through mid-June (Iverson 1980, Landers et al. 1980, Wright
1982).  White, nearly spherical, brittle-shelled eggs are deposited in a typical flask-shaped nest cavity
excavated by the hindlimbs of the female to a depth of about 10-15 cm. [For photographs of eggs see
Allen and Neil (1951) and Pope (1939)].  Iverson (1980) reported an average maximum egg diameter of
42-43 mm and an average wet mass of 40.9 g (also see Arata 1958, Landers et al. 1980).  Nests may be
located in any open sunny area near the burrow of the female, but most often, nests are placed in the
spoil mound immediately outside the female's burrow (e.g., Hallinan 1923, Allen and Neil 1951, Arata
1958, Mount 1975, Landers et al. 1980).  Female tortoises lay a single annual clutch of 5 to 9 eggs (see
Diemer and Moore 1994 for a summary), however a large female from central Florida produced an
unusually large clutch of 25 eggs (Godley 1989).  Clutch size of female gopher tortoises has been
shown to increase with increasing carapace length in northern Florida (Diemer and Moore 1994) and
with plastron length in southern Georgia (Landers et al. 1980).  The ovarian cycle of female tortoises is
described by Iverson (1980) and Palmer and Guillette (1988).  

The incubation period of eggs varies latitudinally from about 80-106 days (Iverson 1980, Landers et al.
1980).  Hatching of eggs occurs from August through September.  At hatching, and about 24-48 hours
prior to emergence, hatchlings exhibit a large external yolk sac (Linley and Mushinsky 1994).  The
external yolk sac is absorbed as the hatchlings remain in the nest cavity prior to emergence.  Just after
emergence a deep transverse groove across the plastron is visible, it will disappear two to three days
after emergence as the anterior-posterior axis of the body becomes straight and the plastron flattens
(Ernst and Barbour 1972).

  Predation
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The level of predation on gopher tortoise eggs and young individuals is high.  For example, over a two
year period in South Carolina, 17 of 24 (74%) nests were destroyed (Wright 1982).  In Georgia, an
average female is estimated to produce a successful clutch of eggs (eggs are not destroyed prior to
hatching) once a decade (Landers et al. 1980), because about 90% of their nests are destroyed annually. 
Common predators of eggs are armadillos (Dasypus novemcinctus), raccoons (Procyon lotor), gray
foxes (Urocyon cinereoargenteus), striped skunks (Mephitis mephitis), and opossums (Didelphis
virginianus) (Hallinan 1923, Ernst and Barbour 1972, Douglass and Winegarner 1977, Landers et al.
1980).  Hatchling gopher tortoises (individuals in their first year of life) also are subjected to high
levels of predation.  From egg laying to one year of age, gopher tortoises in northern Florida were
estimated to have a mortality rate of 94.2% (Alford 1980).  Results from another study in central
Florida, which also combined mortality of eggs and hatchlings, suggested an annual mortality rate of
92.3% (Witz et al. 1992).  Estimated rates of survivorship of juvenile gopher tortoises (age 1 to 4
years) have been reported from one location in central Florida (Wilson 1991).  Wilson (1991) found
that predation of juvenile tortoises was higher in October-November and April-May than any other two
month interval of the year.  Juvenile tortoises are known to bask at the mouths of their burrows more
often in the spring and fall of the year than during the summer or winter months (Wilson et al. 1994). 
It appears that a juvenile tortoise, when positioned at the mouth of the burrow to thermoregulate during
the cool months of the year may be quite vulnerable to predation by avian and mammalian predators
(Wilson 1991, see also Fitzpatrick and Woolfenden 1978).  

  Food Habits

Gopher tortoises feed primarily on grasses and other herbaceous plants (Carr 1952, Garner and Landers
1981).  Macdonald and Mushinsky (1988) identified 26 families of plants from 68 genera in scat
analyses and foraging observations of gopher tortoises.  The most common families of plants ingested
were the Poaceae, Asteraceae, Fabaceae, Pinaceae and Fagaceae.  The most common genus of plants
ingested was Aristida (see also Wright 1982).  Insects were found in 75% of scats and charcoal in 67%
suggesting intentional ingestion of these items.  Young tortoises tend to ingest fewer plants of the
family Poaceae and plants with external defense mechanisms and more forbs such as legumes than
adults (Garner and Landers 1981, Macdonald and Mushinsky 1988).  Macdonald and Mushinsky (1988)
conclude that gopher tortoises tend to fall somewhere between a generalist and a specialist forager and
prefer some plants over others with respect to their availability in the habitat.  Rocks may be
intentionally ingested as a source of minerals.  During a study on the reproduction of adult female
gopher tortoises in central Florida, radiography revealed that a large proportion of the females
contained rocks in their digestive tracts (Mushinsky and Wilson, unpublished data).  Digestive
efficiencies of the gopher tortoise have been studied by Bjorndal (1987). 

THREATS

Area reduction and habitat degradation are two of the greatest threats to the future of tortoise
populations: as either increases, the probability of extinction also increases.  In combination, the effects
of area reduction and habitat degradation likely increase the probability in a synergistic fashion.  Other
impacts to gopher tortoise populations include predation on eggs and young by raccoons and other
predators, predation by humans, conversion of upland habitats to citrus groves and agriculture fields,
phosphate mining in central Florida, and increasing urbanization throughout the range of the gopher
tortoise.  Any development that fragments a population and/or creates a barrier to the natural movement
of gopher tortoises will have an influence on that population.  

Gopher tortoises formerly were considered common in upland ecosystems throughout the southeastern
United States, however, this species is now threatened with extinction in many areas and is in serious
decline in others.  In Florida, major causes of the species' decline include increased urbanization,
phosphate mining, unmanaged habitats, and citrus production.  This widespread development and
destruction of Florida's upland habitats results in fragmentation of large tortoise populations and pushes
individuals into unsuitable habitats and onto highways (Diemer 1989).  In the Florida panhandle, human
predation on tortoises has drastically reduced populations in this part of the species range (Auffenberg
and Franz 1982, Taylor 1982, Diemer 1986), especially during the Depression (Hutt 1967).  Another
problem facing the gopher tortoise in the Florida panhandle is the planting of pine plantations.  The
dense canopy of closely packed pine trees shades the understory preventing the growth of grasses and
herbaceous plants that provide food for gopher tortoises (Landers and Buckner 1981).  



95

In Georgia, large populations of tortoises have been fragmented by extensive agricultural and urban
development, the construction of damns, and sand extraction (Landers and Garner 1981, Diemer 1989). 
Human predation and large-scale rattle snake roundups also are a threat to many tortoise populations
throughout the Georgia Coastal Plain.  In Mississippi, habitat loss to crops and pasturage is the primary
reason for the tortoises' decline and most of the remaining tortoise populations are located on protected
lands (Lohoefener and Lohmeier 1984). Alabama populations are reported to be recovering from past
exploitation, but these populations are in danger of habitat degradation as a result of fire exclusion
(Lohoefener and Lohmeier 1984).  In South Carolina, a few tortoise populations are located in the
southern most parts of the state, however, these populations are threatened by human predation and
slash pine monocultures (Auffenberg and Franz 1982).  In Louisiana, most of the tortoise habitat has
been converted into pine plantations and this conversion has pushed the tortoise into near extinction in
this peripheral part of its range (Lohoefener and Lohmeier 1984, Auffenberg and Franz 1982).  

RECOVERY POTENTIAL

The gopher tortoise is a long-lived species that has delayed sexual maturity and a low reproductive
potential.  These demographic factors make gopher tortoise populations extremely vulnerable to
reduction in population numbers, especially of the larger adults.  Intensive predation pressure by over-
harvesting sustained over a long period of time could have a serious impact on local populations
(Diemer 1989).  Because of prohibition or regulation of harvest throughout most of its range, collecting
of the gopher tortoise for food has declined.  Poor habitat management also is a serious threat to the
persistence of gopher tortoise populations.  As the habitat becomes increasingly overgrown, large
sexually mature adults will leave the population in search of better forage resulting in a decrease in the
recruitment of young into the population.  Habitat management that reduces the canopy and promotes a
lush herbaceous ground cover (burning or stand thinning) is necessary to promote a healthy population
of tortoises.  Very little information is available on the potential of this species for recovery following a
major decline in population numbers.  Cox (1989) using population models, however, estimated
minimum viable population sizes needed for a relocation of tortoises to an unoccupied site.  They
suggested that the persistence of small populations was longer for mixed populations consisting of
subadults and adults than those of composed strictly of adults.  

STEWARDSHIP

  LAND PROTECTION SPECIFICATIONS

Landers and Speake (1980) recognized that gopher tortoises can be maintained on small management
units, but they proposed that larger units (up to several hundred hectares) would lessen the impact of
emigration and mortality.  Similarly, Cox et al. (1987) suggested that areas of 10-25 ha (25-70 acres) of
favorable, managed habitat should be set aside for populations occupying lands slated for development. 
Perhaps the most extensive study of gopher tortoise populations was that conducted by McCoy and
Mushinsky (1988).  They surveyed a wide variety of sites for tortoises, including some of the largest
federal lands in Florida as well as numerous, relatively-small, largely unprotected populations of
tortoises.  They recognized the importance of protecting, if possible, large areas (tens to hundreds of
hectares) of gopher tortoise habitat, but emphasized the value of the numerous small isolated
populations that exist throughout the range of the tortoise.  McCoy and Mushinsky (1988) pointed out
four themes to be considered regarding the protection of gopher tortoises: (1) gopher tortoises function
as "keystone species" (Campbell and Christman 1982, Jackson and Milstrey 1989), and therefore merit
special consideration in ranking conservation priorities; (2) fragmentation of gopher tortoise populations
will continue to increase, and relatively-large tracts of habitat will rapidly become rare; (3)
conservation of large areas of gopher tortoise habitat is not without risk; and (4) conceiving of
fragmented gopher tortoise populations as metapopulations suggests alternate conservation strategies.

Conservation of large areas of land has the potential side-effect of creating false security about the
future of resident tortoises.  Continuous management is critical to these populations; but tortoises
occupying extant large conservation areas typically have not been so managed (McCoy and Mushinsky
1992b).  Development patterns throughout peninsular Florida are such that it is not practical to set aside
even 10 ha of land in many places.  Populations of tortoises on single large areas of land are vulnerable
to stochastic disturbances that may have profound effects on their well-being, effects which are



96

exacerbated if the areas become isolated.  The fragility of tortoise demography in general, may make
tortoise populations even more vulnerable to extinction from disturbance events than other long-lived
vertebrates.  McCoy and Mushinsky (1988) believed it unwise to place full emphasis upon the single
large area notion of conservation.  Rather they proposed that greater emphasis be placed upon alternate
conservation strategies for the gopher tortoise in Florida.  They proposed a two-pronged approach. 
Whenever feasible, large areas of land should be secured, with the stipulation that rigorous management
practices are to be employed to monitor continuously the demographic health of the resident population. 
In parallel with the securing of large areas, they recognized a need to secure large numbers of small
areas.  Such small areas allow "banking" of genetic diversity, as well as of individuals, for decades or
perhaps longer.  Management practices tailored to these small areas might even be able to perpetuate a
metapopulation for tens of decades or longer.

Dichotomies created between apparently suitable and less-than-suitable gopher tortoise habitats may be
misleading, and cause some small sites to be dismissed too quickly as unworthy of conservation effort. 
It seems imperative to view tortoise habitat quality as a dynamic gradient.  Area reduction and habitat
degradation are two of the greatest threats to the future of tortoise populations: as either increases, the
probability of extinction also increases.  In combination, the effects of area reduction and habitat
degradation likely increase the probability in a synergistic fashion.  Hence, while tortoises on large
areas of land are in need of continuous monitoring, tortoises on small areas are likely in need of
continuous management as well.  Each state in which the gopher tortoise resides should serve as
steward over these small areas of land, to coordinate research efforts designed to address critical
questions regarding tortoise management on them, and to serve as a clearing house for all translocations
of individuals among them.  Research priorities concerning management of small areas should include
delineation of the potential consequences of tortoise translocation and derivation of methods of
increasing site tenacity.  

  RESEARCH NEEDS

The following list identifies some research needs for the gopher tortoise throughout its range.  

1. Long-term studies designed to understand natural population trends.  
2. Identification of factors that contribute to local extinctions of small populations.  
3. Estimates of minimum viable population size.  
4. Genetic studies to determine variation and heterozygosity of populations of tortoises throughout

their range.  
5. More studies concerning alternate habitat management techniques in areas where burning is not

feasible.

Three recent reports summarize topics in need of further study for North American tortoises (Burke and
Cox 1988, Germano and Bury 1994, McCoy 1994).  Below is a selected summary of those
recommendations that are particularly pertinent to management needs.
  
1. Quantification of habitat use. 
2. Definition of habitat requirements.
3. Determination of what constitutes "quality" habitat.
4. Improving methods to determine tortoise density.
5. Long-term studies to determine temporal variability.
6. Studies on egg and hatchling survivorship.
7. Behavioral studies to determine social interactions and hierarchies.
8. Genetic studies of parentage and selective mate assortment.
9. Genetic studies to determine gene exchange among neighboring populations. 10. Studies on

homing and orientation.
10. Studies of the long-term success of relocated tortoises.
11. Studies of diseases and disease transmission among populations.
12. Studies of nutritional requirements and foraging preferences of free ranging tortoises.  

  RESEARCH PROGRAMS

Numerous universities in the southeast United states have active research programs on gopher tortoises. 
The University of Florida has a long history of tortoise researchers (see Auffenberg and Franz 1982). 



97

Dr. Elliot Jacobson and coworkers (UF) are currently studying the upper respiratory tract disease in
gopher tortoises.  Several papers have been published on the population of gopher tortoises at the
University of South Florida's Ecological Research Area (i.e., Macdonald and Mushinsky 1988, Kaczor
and Hartnett 1990, Linley and Mushinsky 1994, Mushinsky et al. 1994, Wilson et al. 1994), others are
in progress.  Researchers at the University of Southeast Louisiana (e.g., Dr. Richard Seigel), Auburn
University (e.g., Dr. Craig Guyer), Georgia Southern University (e.g., Dr. Doug Rostal), the
University of North Florida (e.g., Dr. Joe Butler), the University of Central Florida (e.g., Dr. Jack
Stout) and several others are studying various aspects of gopher 
tortoise biology, many of which have direct management implications.  

  MONITORING NEEDS

Fortunately, gopher tortoises dig burrows, so counts and measures of burrows can be used to estimate
demographic profiles of populations.  Clearly, one must establish the tortoise/burrow relationship for
each site before one can accurately interpret the data derived from burrow counts at a specific site. 
Repeated surveys, perhaps spaced over a period of 5-10 years, could provide information about
population trends.  Demographic profiles can be constructed by evaluating the size distributions of
burrows and the number of active, inactive, and abandoned burrows in a population.  One can use these
profiles to evaluate the relative demographic "health" of populations (Mushinsky and McCoy 1994).  A
healthy population should have some very large (old) tortoises and show signs of recent recruitment (see
Cox et al. 1987).  

  MONITORING PROCEDURES

Determining population size directly by use of underground cameras or bucket trapping of burrows can
be expensive and time consuming.  More commonly, estimates of the number of tortoises in a
population have been based on surveys of tortoise burrows (Carr 1952, Alford 1980, Cox et al. 1987). 
Because not all burrows in a population are occupied, this indirect method requires the calculation of a
correction factor which relates number of tortoises to the number of burrows.  Based on the results of a
long-term study (Auffenberg and Franz 1982), a "standard correction factor" of 0.614 was adopted by
the Florida Game and Fresh Water Fish Commission.  Counts of active and inactive burrows are
multiplied by the correction factor to determine the number of tortoises present relative to the number
of burrows present in a population.  Several authors have suggested that accurate correction factors
must be site specific (Burke 1989, Godley 1989, Stout et al. 1989, Breininger et al. 1991, Diemer
1992b).  A study of 26 populations of gopher tortoises showed that the "standard correction factor"
overestimated the number of tortoises present in a population in 22 of the 26 populations.  With proper
caution, an accurate estimate of tortoises present in a population can be made by an accurate assessment
of active burrows in a population (see McCoy and Mushinsky 1992a).  

  MONITORING PROGRAMS

The Florida Department of Natural Resources initiated surveys of selected State Parks for gopher
tortoises in 1990.  McCoy and Mushinsky (1991) reported on their surveys of 12 parks and made
management recommendations for maintaining or increasing current populations on those sites. 
Funding limitations have curtailed the continuation of the surveys of State Parks.  

In 1978, a group of concerned biologists and citizens formed the Gopher Tortoise Council (GTC). 
Members of the GTC meet each year to discuss the current research and problems facing the gopher
tortoise and its habitat.  The major goals of the GTC are to 1) offer professional advice on
management, conservation, and protection of the gopher tortoise, 2) encourage research on the life
history, ecology and behavior of the gopher tortoise, 3) educate the public by public awareness
programs, and 4) seek protection for the species and its habitat throughout its range.  The GTC elects a
state representative for each state where the gopher tortoise occurs.  These individuals have the most
recent information concerning the status of the species in their state.  
The current 1994-1995 GTC state representatives are as follows:

Alabama: Ed Wester, Dept. of Zoology & Wildl. Serv., 101 Cary Hall, Auburn
University, AL 36847.

Florida: Joan Diemer-Berish, Florida Game and Fresh Water Fish Comm., 4005 S.
Main St., Gainesville, FL 32601.
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Georgia: Bob Herrington, Dept. of Biology, Georgia Southwestern College, Americus,
GA. 31709.

Louisiana: Janie Hurley, Dept. of Biology, S. E. Louisiana Univ., P. O. Box 814,
Hammond, LA 70402.

Mississippi: Michael Hurst, U. S. Forest Serv., P. O. Box 428, Wiggins, MS 39577.
South Carolina: Jeff McLemore, S. C. Wildl. and Marine Resources Dept., Nongame and

Heritage Trust Section, P. O. Box 167, Columbia, SC 29202.

  MANAGEMENT NEEDS

Recommendations for specific management procedures for gopher tortoises have been made by Landers
and Speak (1980) for Georgia, Wright (1982) for South Carolina, Lohoefener and Lohmeier (1984) for
Louisiana, Mississippi, and Alabama, and Auffenberg and Franz (1982) and Diemer (1986, 1994) for
Florida.  Conservation measures include habitat management, establishment of preserves, protection
from overharvest, and public education (Landers 1980, Diemer 1986, Diemer-Berish 1994).  

Conservation efforts to maintain populations of gopher tortoises require significant habitat management
practices, even on seemingly "protected" lands owned by states or the federal government (McCoy and
Mushinsky 1992b).  Active management of upland habitats increases food abundance and nest site
availability for gopher tortoises (Landers and Speak 1980).  Gopher tortoises prefer, and attain their
highest densities, in grassy, open-canopied sites (Auffenberg and Franz 1982, Mushinsky and McCoy
1994).  Prescribed burning is the preferred method for managing gopher tortoise habitats (Landers
1980, Mushinsky and Gibson 1991).  

  MANAGEMENT PROCEDURES

The details of any habitat management program aimed at maintaining or increasing the number of
gopher tortoises present in an area must be site specific, however, the goal should be to produce a
mosaic of vegetation density by altering the frequency and timing of controlled burns (Diemer-Berish
1994).  A multi-aged forest is desirable, ranging from treeless areas with high diversities and
abundances of grasses and herbaceous plants, to areas with tree canopies that cover about 30-50% of
the area.  Summer burning mimics the natural fire cycle, promotes flowering of annual herbaceous
plants, and facilitates the production of seeds by many of the grasses.  Sandhill habitat responds well to
summer burns on a 2-7 year periodicity.  Pine flatwoods also should be subjected to summer burns on a
2-5 year cycle to encourage the production of the plants used as forage by gopher tortoises.  Sand pine
scrub habitat burns less frequently, perhaps every 15-30 years.  A highly overgrown site may be first
burned during the winter months to reduce the risk of a very hot fire and thin the canopy prior to
implementing a cycle of summer burns which promote vegetative regrowth.  

Because predation on tortoise eggs and hatchlings is great, protection of these stages of their life history
has been recommended (Wright 1982).  Nests can be protected by predator-proof enclosures, and
predators can be removed by hunting or trapping (Landers 1980).  Restocking of all ages of tortoises to
sites they formerly occupied has been tried in Florida, but the fate of relocated tortoises is unknown
(Diemer 1986).  In south Georgia, about 40% of the tortoises introduced into an area remained in that
area three years after their introduction (Landers 1981).  In north Florida, Diemer (1987b) recaptured
about 30% of relocated tortoises five years after their release.  Clearly, these studies suggest that most
tortoises quickly abandon sites to which they have been relocated.  

Mitigation standards and requirements for gopher tortoises have developed in Florida over the last
decade.  Mitigation options include avoidance of individual burrows during development, habitat
protection on or off site (usually preserving an area equal to 15-25% of the occupied tortoise habitat
being developed, and relocation of tortoises to suitable habitat (Diemer-Berish 1994).  The habitat
protection option may be fulfilled by contribution to a mitigation banking fund to purchase the requisite
acreage in a mitigation park.  Tortoise relocation is controversial, especially since the discovery of the
upper respiratory tract disease (URTD) in some gopher tortoise populations.  Current relocation
practices prohibit relocation of infected tortoises, so testing of individuals slated for relocation is now
required.  

  MANAGEMENT PROGRAMS
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In north Florida, a gopher tortoise management area has recently been developed (Ashton et al. 1994). 
The site is along the Sumter and Marion County line, where a 2,000 acre retirement and golf
community is being developed.  The site has been used for farming and ranching for the past 100 years. 
The goal of the preserve development is to establish and maintain optimal habitats for gopher tortoises,
burrowing owls, and American kestrels.  Three tortoise preserves, totaling about 150 acres, have been
created.  Each preserve was surrounded by fencing, above and below the ground, to insure the integrity
of the designated preserve sites.  These preserves have not been in place for a sufficiently long time
period to draw any meaningful conclusions  about their success or future.  However, the concept of a
multiple species approach to on-site mitigation for non-competitive species is one that should appeal to
developers and conservation biologists and has great promise for these taxa.  

STEWARDSHIP SUMMARY

The gopher tortoise, Gopherus polyphemus, is a large, herbivorous terrestrial turtle that is found in six
states in the southeastern United States.  Gopher tortoises most commonly are found in upland areas
that are characterized by a deep, well-drained, sandy substrate suitable for construction of their
extensive burrows.  The gopher tortoise prefers relatively open-canopied habitats that provide sunlit
areas for nesting and thermoregulation, and ample herbaceous ground vegetation for forage.  Because
the gopher tortoise is seldom found above ground outside of its burrow, it is often necessary to use
tortoise burrows as a means of assessing current population profiles.  Burrows within a defined area are
designated a status or condition based on time since occupancy.  The width of a burrow can be
measured to estimate the size of the current resident tortoise.  With these survey data, population counts
and size class distributions can be determined for populations under study.   

Historically, gopher tortoises were considered common in upland habitats throughout their range,
however, this species now faces numerous threats to its continued survival in many areas. 
Overharvesting by humans, as well as habitat destruction, degradation, and fragmentation have
contributed to the decline of this species.  Because the gopher tortoise is long-lived with delayed sexual
maturity and a low reproductive potential, it is essential to develop adequate management schemes that
offer the tortoise protection into the projected future.  Management schemes must be formulated to
address the needs of the specific population under consideration.  Along with current conservation
measures of habitat protection and restrictions on harvesting by humans, public awareness through
comprehensive public education is imperative for the continued persistence of this species.
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Summary of the potential effects of the RCW Management Guidelines on Gopherus polyphemus.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X

      Brush clearing X

      Fuel removal and raking X  

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X

      Thinning X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Gopherus polyphemus

The gopher tortoise is primarily associated with longleaf pine-xerophytic oak woodlands (sandhills) but
also occur in xeric hammock, sand pine and oak scrub, pine flatwoods, coastal grasslands, dry prairie,
and a variety of ruderal and successional habitat types. 
 

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for the gopher tortoise.  All brush clearing and fuel removal activities should be
precluded from a 25 ft buffer zone surrounding gopher tortoise burrow entrances.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of gopher tortoise habitat because it acts to reduce the shrub and midstory woody vegetation and
promotes a well-established herbaceous layer (which, in turn, favors the gopher tortoise).  Growing
season burns should be preferred over winter burns, since the former favors the control of encroaching
hardwoods and maintenance of the wiregrass-dominated herbaceous layer.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and gopher tortoise burrow systems. 
Any mechanical fire management practices, particularly plowed fire lanes, should be prohibited from a
25 ft buffer around burrow entrances.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the gopher tortoise.  Chemical and mechanical methods of hardwood control
should employ best management practices to avoid soil disturbance, destruction of ground layer
vegetation, and non-target effects of herbicides.  Crown closure should be maintained at less than 60
percent to promote adequate sunlight to penetrate to the herbaceous layer.  Logging equipment should
be excluded from a 25 ft buffer around burrow entrances.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on gopher tortoise habitats by maintaining the integrity of herbaceous layers and
gopher tortoise burrow systems.  Use of native vegetation should be used wherever possible and non-
native species should be avoided.  Mechanical means of erosion control should maintain the natural
contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the gopher tortoise.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping.  Any
mechanical site preparation should be excluded from a 25 ft buffer area around burrow entrances.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
gopher tortoises.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site
pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics
in plant communities.  Forest management should minimize adverse impacts to wiregrass and other
herbaceous ground-layer species.
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Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit both gopher tortoises and gopher tortoise.  Vehicular
traffic on roadways should be monitored to reduce soil erosion and off-road traffic should be prohibited
as highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 25 ft of gopher tortoise burrows.



111

Species Stewardship Summary
HETERODON SIMUS

ELEMENT CODE: ARADB17030
SCIENTIFIC NAME: Heterodon simus Linnaeus
COMMON NAME: Southern Hognose Snake

STATUS

GLOBAL RANK:  G4G5
STATE RANK:  S1 (AL); S2 (MS); S3 (GA,NC); S4 (IN); S? (FL,SC)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  E (MS), SP (AL), SR (NC) 

DESCRIPTION

A medium-sized to moderately long (36 to 51 cm, record 61 cm), smallest of the hognose snakes.  The
snout is sharply upturned and dorsally keeled.  The dorsum is gray-brown to tan with three longitudinal
rows of dark brown blotches outlined anteriorly and posteriorly with black.  Usually the larger mid-
dorsal blotches alternate with smaller lateral blotches.  There is a dark brown or black stripe on either
side of the neck and a short dark stripe may occur from the rear of the eye to the corner of the mouth. 
A dark transverse bar often occurs on the snout in front of the eyes.  The venter is white, cream, or
pinkish-brown with fain brownish pigment posteriorly.

Dorsal scales are keeled with pits, in 25 rows anteriorly and at mid-body and 21 rows posteriorly.  The
anal plate is divided.  Dorsally, on the head behind the rostral scale are three or more azygous scales
separating the two internasals.  Diagnostic head scalation includes a loreal, a complete ring of oculars,
3-4 + 4-5 temporals, 6-8 supralabials, and 9-12 infralabials.  The 6-11 anterior maxillary teeth are
separated from the two enlarged, ungrooved, posterior teeth by a diastema (Ernst and Barbour 1989).

Males have shorter bodies with 122 or fewer ventrals, and longer tails with up to 44 subcaudals;
females have 134 or fewer ventrals and 35 or less subcaudals (Ernst and Barbour 1989).  Coloration is
not as variable as the Eastern hognose snake, H. platyrhinos, in which the underside of the tail is lighter
than the belly and which has a relatively straight rostral scale.  The pygmy rattlesnake Sistrurus
miliarius has a tail rattle, a pit between the nostril and the eye, and a vertical pupil (Conant 1975, Ernst
and Barbour 1989).

DISTRIBUTION

Heterodon simus occurs from southeastern North Carolina to south-central Florida (Pinellas, Polk, and
Brevard Counties) and west to southern Mississippi (Conant 1975).

HABITAT

Southern hognose snakes are prevalent in dry, upland situations with sandy soils which facilitate
burrowing.  The snake favors sandhills, pine and wiregrass flatwoods, or longleaf pine (Pinus
palustris)-turkey oak (Quercus laevis) habitats (Edgren 1955).  It is also known from oldfields, dry
river floodplains, and hardwood hammocks.  Its habits are diurnal or crepuscular (Conant 1975, Ernst
and Barbour 1989).  Heterodon simus is notably fossorial and may thus make little use of above-ground
shelter (Edgren 1955).

BIOLOGY-ECOLOGY
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The ecology of pine snakes across the range of the species remains poorly known.  Published
information tends to be incomplete or anecdotal, and few recent studies have been published.  Little
data has been published on hibernation in H. simus.  Edgren (1955) stated that H. platyrhinos in Ohio
goes into  hibernation in September-October and emerges in April.  The same species in Georgia
hibernated beneath rocks, stumps, or brush piles, burrows in "hard red clay soil", and beneath sheets of
tin on open soil.

When disturbed, hognose snakes will flatten its neck, spreading an almost cobralike hood, and emit a
loud hissing sound.  If this display fails to intimidate, the snake will roll over on its back, writhe about
with its mouth held open and its tongue hanging out, and finally lie still.  If righted, the snake will
immediately roll back over (Van Duyn 1937, Myers and Arata 1961).

  Reproduction

Copulation takes place in mid to late May (Ernst and Barbour 1989).  Price and Carr (1943) report
oviposition of six eggs in mid-October.  Clutch sizes of 10 have been reported from Georgia (Edgren
1955) and 9 in mid-July Florida (Ashton and Ashton 1981).

There is little information available on natural nests.  Edgren (1955) reviewed the literature and
reported nests 6 inches below the surface in a gravel deposit, under a rock, and at depths of 4-6 inches
in sandy fields.  Heterodon platyrhinos in captivity digs a wide U-shaped burrow to receive eggs. 
There is also little data on hatching success or hatchling survival, although data on H. platyrhinos
suggests high hatching rates (Edgren 1955).

  Food Habits

The upturned snout of hog-nosed snakes is used to burrow and in digging for toads (Bufo spp.,
Scaphiopus spp.) (Goin 1947, Ashton and Ashton 1981), but the snake also feeds on frogs,
salamanders, lizards, and small mammals (Martof et al. 1980, Ernst and Barbour 1989).  Goin (1947)
described a 10 inch long snake burrowing in "hard packed sand" to excavate a "half-grown Scaphiopus
h. holbrookii" from a depth of 115 mm.  Edgren (1955) suggested that, because snakes are diurnal
while toads are chiefly nocturnal, the foraging snakes may follow chemical trails left by toads to their
burrows.

THREATS

Edgren (1955) lists potential predators of H. simus as kingsnakes (Lampropeltis spp.), red-tailed hawks,
various mammals, and described one instance of predation by a tarantula.  Hognose snakes in the
Southeast appear to be primarily restricted to xeric pine forests and sandhills.  Consequently,
commercial logging of these limited habitats leads to the disappearance of the snake.  As with many
sandhills-dependent organisms, outright loss of habitat occurs when land is converted to agriculture,
housing, or single-species pine plantations.  Remaining areas are degraded so that their suitability for
the snakes is greatly diminished.  Exclusion of fire leads to the oak component becoming too dominant,
and densely stocked stands may not provide adequate openings for nesting or hibernacula.

RECOVERY POTENTIAL   

Population levels of hognose snakes are very poorly known across the species range.  Apparently low
numbers in the Southeast may be related to the status of mature, xeric pine and sandhills habitats upon
which it depends.  Recovery/persistence of snake populations depends on the preservation of large
tracts of remaining forest, restoration of disturbed forest, and provision of habitat linkages to obviate
fragmentation of existing populations.

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS
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Good quality habitat appears to be characterized by xeric, pine-dominated or pine-oak (50 to 80% pine)
woodland with an open, low understory established on sandy soils.  Longleaf pine sandhills may
represent important habitat over much of the Southeast.  Hognose snakes appear to require forest
openings, with level, well-drained sandy soils and little shrub cover, as nesting and hibernation sites.  
  RESEARCH NEEDS

The ecology and population status of hognose snakes remains poorly understood throughout its range. 
Information is needed concerning the spatial ecology of the snakes, particularly in response to an
increasingly fragmented habitat (Durner and Gates 1993).  Home range sizes, movement patterns across
different habitat types, and viable population densities must be reliably investigated to provide
information necessary for management of existing populations.  For example, Moler (1992) suggested
that habitat protection for the indigo snake (Drymarchon corais couperi), a larger snake with similar
habitat proclivities, should focus on large tracts of at least 1000 ha.

Research is also needed to develop appropriate, cost-effective monitoring methods to monitor both
population trends and habitat requirements in managed landscapes.  Census methods should include
systematic searches of available habitats which avoid biases toward those habitats where the snakes are
easier to spot during random searches and against habitats that are more difficult to search.

  MONITORING NEEDS

Population monitoring is needed to determine the status of the hognose snake in southeastern states and,
in particular, whether the often reported low densities is a reflection of rarity or of its secretive nature. 
Systematic searches and long-term monitoring of populations are required to determine actual status of
the snake across its range.

  MONITORING PROGRAMS

The status of the pine snake is monitored by Heritage Programs in Alabama, Georgia, Indiana,
Mississippi, and North Carolina.  

  MONITORING PROCEDURES

The primary method for censusing hognose snakes has been through walking transects through suitable
habitat.  Burger and Zappalorti (1988) and Franz (1992) have effectively used implanted radio-telemetry
to elucidate pine snake (Pituophis melanoleucus) movement and behavior patterns.  Where information
on specific habitat and range requirements is required, the cost of such methods, both in equipment and
human resources, may be justified.

  MANAGEMENT NEEDS

Effort is required to locate and delineate present populations of hognose snakes through field surveys
and distribution studies.  The status of the snake on Forest Service lands and military reservations
should be determined to take advantage of proposed management prescriptions for the Red-cockaded
Woodpecker (Picoides borealis).

  MANAGEMENT PROGRAMS

Many of the last remaining large areas of longleaf pine-turkey oak sandhills and forest are found on
U.S. Forest Service and military lands.  Many of the these areas are being managed for recovery of the
Red-cockaded Woodpecker (Picoides borealis).  Management prescriptions for this species may be
beneficial for the southern hognose snake.  Those National Forests and military installations which
manage for the woodpecker have instituted programs of growing season controlled burns (two to three
year intervals), hardwood midstory control, and restoration of longleaf pine on suitable sites.

  MANAGEMENT PROCEDURES

Of primary importance to the preservation of the hognose snake is the maintenance of suitable habitats. 
Until the habitat requirements of the snake are better known, it is probably prudent to address the
integrity of sandhills habitats in general.  The management needs of the longleaf pine sandhills habitat
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have been well-researched.  The hardwood midstory should be controlled in order to achieve an open
canopy and a well-developed herbaceous ground cover dominated by Aristida stricta and others. 
Growing season burning provides the best means of achieving these goals.  Where there is adequate
ground fuel, a fire return frequency of at least once every 5 to 10 years.  To avoid interference with the
snake's fossorial habits, low-intensity site preparation methods (e.g. burning) should be used rather than
more intensive methods (e.g. root raking, chopping).

Concern for the endangered Red-cockaded Woodpecker has generated increased interest in the
preservation and restoration of the longleaf pine forest ecosystem.  In general, management
recommendations for woodpecker habitat, as outlined in the U.S. Forest Service Regional Wildlife
Habitat Management Handbook, would apply equally well maintenance of the overall integrity of the
sandhills habitats apparently used by hognose snakes.  In particular, institution of a regime of regular
prescribed fires on a 2-3 year rotation to control the hardwood midstory, maximize the regeneration and
growth of groundcover, and prepare a suitable seedbed for longleaf pine, is important to the
maintenance of open pine stands suitable for snake habitat.  Further research is required to determine
the most appropriate season for burning that avoids adverse impacts to hognose snake populations.

Reducing physical impediments to burning, including roads and habitat fragmentation, would help
reduce the isolation of subpopulations.  Preservation of the mature pine-oak forest must also include
protection for adjacent lowland habitats.  Mature pine forest is not the only habitat type used or
required by the snakes and it need not occur in single large units.  A mosaic of habitats, with a
substantial mature pine-oak component and access to bottomland forest, should be managed to
approximate natural conditions.  

Education programs directed toward altering public opinion concerning snakes in general, and the
common tendency to kill snakes on sight, is appropriate.  Such education might most profitably be
aimed at private owners or leaseholders of large tracts of sandhills habitats where snakes are brought
into contact with agricultural workers, loggers, and hunters.  

STEWARDSHIP SUMMARY

1. The ecology and population status of southern hognose snakes remain poorly understood across
the geographic range of the species.  The snakes appear to prefer mixed, xeric, pine and pine-
oak woodland with open canopies, patchy to dense ground layer, and scattered areas of open
sand necessary for nesting.  The mature pine and sandhills habitats favored by the snakes
continue to decline in abundance in the Southeast, so that habitat loss and fragmentation are the
primary threats to the species survival.

2. Active management is required to restore degraded pine-oak forests to maintain existing snake
populations and recover declining populations.  Land protection through acquisition, easement,
and registry programs is the best means of ensuring that large tracts of suitable habitats are
preserved.  Habitat preservation must include the avoidance of habitat fragmentation which may
put populations of the snakes at greater risk from roadway mortality.  

3. Population monitoring is needed to determine the status of the hognose snake in southeastern
states and, in particular, whether the often reported low densities is a reflection of rarity or of
its secretive nature.   Long-term monitoring programs should emphasize systematic census in all
potentially suitable habitats.

4. Management of public lands, including the national forests and military installations, offer the
best opportunities for protection of large, contiguous areas of mature pine and pine-oak forest
habitats with such protection efforts often being driven by recovery of the Red-cockaded
Woodpecker.  Management plans for the woodpecker should be adapted to take into account the
requirements of the hognose snake, particularly when the needs of the two species do not
conflict.

5. Public education regarding the preservation and restoration of the longleaf pine ecosystem
should include information about the habitat requirements of the hognose snake and its status in
the Southeast.  
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Summary of the potential effects of the RCW Management Guidelines on Heterodon simus.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X

      Brush clearing X X X

      Fuel removal and raking X  

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X    X      

         Plowed fire lanes X     

         Back fires X X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Southern Hognose Snake, Heterodon simus

Until additional research is done regarding the ecology and habitat preferences of the southern hognose
snake, any assessment of the potential impacts of RCW management must be based on the snake's
apparent prevalence in xeric sandhill habitats.  The following discussion is based on this assumption and
on the habitat requirements of the better known northern pine snake (Pituophis melanoleucus).

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for the hognose snake.  Brush clearing and fuel removal should not take place
during the nesting period or should be precluded from within 25 ft of nest entrances.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of hognose snake habitat because it acts to reduce the shrub and midstory woody vegetation and
promotes a well-established herbaceous layer (which, in turn, favors the primary prey species utilized
by hognose snakes).  Growing season burns may have adverse short-term impacts on dispersing snakes. 

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and hognose snake burrow systems. 
Snake nests appear to be fairly shallow in sandy areas and may be easily disturbed.  Mechanical fire
management should be prohibited within 25 ft of hognose snake burrow entrances.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the hognose snake.  Chemical and mechanical methods of hardwood control
should employ best management practices to avoid soil disturbance, destruction of ground layer
vegetation, and non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on hognose snake habitats by maintaining the integrity of herbaceous layers and
hognose snake burrow systems.  Use of native vegetation should be used wherever possible and non-
native species should be avoided.  Mechanical means of erosion control should maintain the natural
contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the hognose snake.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping.  Site
preparation should avoid a 25 ft buffer around hognose snake burrow entrances.  Slash piles and fallen
trees should be retained where possible to provide refugia.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
hognose snakes.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site
pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics
in plant communities.  Forest management should minimize adverse impacts to wiregrass and other
herbaceous ground-layer species.  Forestry practices should avoid a 25 ft buffer around hognose snake
burrow entrances.
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Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit hognose snakes.  Vehicular traffic on roadways
should be monitored to reduce soil erosion and off-road traffic should be prohibited as highly
deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 25 ft of hognose snake burrows as well as from within
50 ft of RCW cavity trees.



     7Text from:  Jordan, R.A. 1995. Draft Element Stewardship Abstract for Pituophis melanoleucus.
The Nature Conservancy, Southeastern Regional Office. Chapel Hill, NC.
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Species Stewardship Summary7
PITUOPHIS MELANOLEUCUS

ELEMENT CODE: ARADB26010
SCIENTIFIC NAME: Pituophis melanoleucus Dauden

including:  P. m. lodingi, P. m. mugitus, and P. m. ruthveni
COMMON NAME: Pine Snake

STATUS

GLOBAL RANK:  G5
STATE RANK:  S2 (MS); S3 (GA, KY, LA, NC, NJ, SC, TN); S4 (AL); S? (FL)

FEDERAL STATUS:  C2
STATE STATUS:  T (NJ, TN); SC (FL, NC, SC) 

The black pine snake (P. m. lodingi) is ranked as S1 in Louisiana and S2 in Alabama and Mississippi,
and is listed as endangered in Mississippi.

DESCRIPTION

The following description follows Ernst and Barbour (1989), unless otherwise noted.  At least 15
subspecies of Pituophis melanoleucus are recognized.  The following description pertains to the four
subspecies which occur east of the Mississippi River.  

Pine snakes are large (to 254 cm), white, tan or black serpents with a notably enlarged rostral plate,
dark bars on the supralabials, a dark bar extending from the eye downward onto the supralabials,
another dark bar extending diagonally downward from the eye to the corner of the mouth, and four
prefrontal scales.  Body scales are keeled with apical pits and occur in 25-31 rows anteriorly, 27-37
rows at mid-body, and 19-27 rows near the anal vent.  The anal plate is entire.  The rostral plate
partially divides the internasals.  The nasal scale is divided, and on each side of the head are a loreal, 1-
2 or 3 preoculars, 2-6 postoculars, several temporals, 6-9 supralabials, and 10-15 infralabials.  There
are 194-233 ventrals (males having 44-63 subcaudals, females 29-57).  

Males have tails 11-14% as long as the total body length; females have tails only 10-12% of total body
length.  The body is large and moderately stout with a head that appears small for its body size
(Ditmars 1907).  Coloration is quite variable (see subspecies accounts under DISTRIBUTION).

  Diagnostic Characteristics

Pine snakes may be confused with rat snakes (Elaphe) and kingsnakes (Lampropeltis) which have only
two prefrontal scales.  Also, Elaphe has a divided anal plate.  Whipsnakes (Masticophis), racers
(Coluber), and indigo snakes (Drymarchon) have smooth body scales.

DISTRIBUTION

The northern pine snake (P. m. melanoleucus) is found from the pine barrens of southern New Jersey,
the coastal plain of North Carolina and South Carolina, and the mountains of western Virginia west to
Alabama, Tennessee, and southern Kentucky.  It is characteristically a large, white to pinkish-cream
snake with distinct black body blotches which become somewhat less distinct and brown toward the tail. 
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The Florida pine snake (P. m. mugitus) is found from southeastern South Carolina, west to Mobile Bay
and south on peninsular Florida to Charlotte, Palm Beach, and Dade counties.  It is a tan to gray-brown
or rusty-brown snake with faded, indistinct, blotched pattern.  The belly is pale and the darker dorsal
blotches often cover the upper portions of the ventral scales.  Adults range in length from 91 to  228 cm
(36-90 in) (Franz 1992).

The black pine snake (P. m. lodingi) is found only in southwestern Alabama and adjacent southeastern
Mississippi.  It is a nearly or totally uniform black or dark brown snake with reddish snout and labials.

HABITAT

Eastern subspecies of the pine snake are typically found in areas of sandy soil dominated by scrub pines
and shrubs, flat sandy pine barrens, sandhills, and dry mountain ridges (Conant 1975, Wright and
Wright 1957, Ernst and  Barbour 1989).  More midwestern subspecies inhabit grasslands with clumps
of vegetation and sandy soil (Ernst and Barbour 1989).

In New Jersey, P. m. melanoleucus is restricted to the open Pine Barrens of the southern portion of the
state (Zappalorti et al. 1983).  In North Carolina it is a species of longleaf pine (Pinus palustris)
sandhills (Brimley 1944).  Gibbons et al. (1991) describe its habitat as sandy old fields and turkey oak
(Quercus laevis)-pine forests.  In Louisiana, both P. m. lodingi and P. m. ruthveni are restricted to
longleaf pine forests and second growth longleaf pine-blackjack oak (Q. marilandica) associations
(Fugler 1955, Walker 1965).  Mitchell and Tinkle (1960) reported observing P. m. ruthveni foraging in
a seasonally dry, acid bog in Texas, where the vegetation consisted of loblolly pine (P. taeda) and
shortleaf pine (P. echinata) with a dense sweetbay (Magnolia virginiana) and cyrilla (Cyrilla
racemiflora) understory.  The Florida subspecies (P. m. mugitus) is found in xeric sites, occurring
primarily in longleaf pine-turkey oak woodlands, but also in sand pine (P. clausa) scrub, pine flatwoods
on well-drained soils, and old fields on former sandhill sites (Franz 1992).

BIOLOGY-ECOLOGY

The ecology of pine snakes across the range of the species remains poorly known.  Published
information tends to be incomplete or anecdotal, and few recent studies have been published.  The
majority of recent work has been done by Joanna Burger, Robert Zappalorti, and co-workers in the
Pine Barrens of New Jersey (Zappalorti et al. 1983; Zappalorti and Burger 1985; Burger and Zappalorti
1986; Burger et al. 1988; Burger 1989,1990), where Pituophis m. melanoleucus occurs as a disjunct
population at the northern extreme of the species range (Sweet and Parker 1990).

Pine snakes are typically diurnal, except during hot weather, when they may be largely fossorial.  They
are secretive and emit a loud hissing when disturbed which can be heard some 50 feet away (Ditmars
1907).  Northern populations are active from late March or April to October or early November
(Wright and Wright 1957, Collins 1974).  Pine snakes in Florida may be active throughout the year
(Franz 1992).  

The pine snake hibernates during the winter over most of its range.  Hibernacula have been reported in
mammal burrows (Schroder 1950, Fitch 1958) where they have been found with Coluber constrictor. 
Hibernacula are apparently used repeatedly (Fitch 1958, Burger et al. 1988).

Burger et al. (1988) described seven hibernacula excavated in the New Jersey Pine Barrens.  Seventy-
three percent of hibernacula were located adjacent to fallen logs, with entrance tunnels following
decaying roots into the soil.  Hibernacula were characterized by lower surface and soil temperature,
higher surrounding leaf cover (x6 = 55%), were closer to trees (x6 = 130 cm), and had more trees
within 10 m (x6 = 138) than random points in clearings.  In general, hibernacula were relatively more
protected sites than random points and were less vulnerable to daily temperature fluctuations.

Hibernacula appeared to have been excavated by the snakes themselves.  The pine snake, aided by its
pointed snout and enlarged rostral scale, is an accomplished burrower in loose soil (Franz 1992). 
Carpenter (1982) estimated that burrowing snakes could move up to 3400 cm3 of soil in an hour.  
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Hibernacula described by Burger et al. (1988) typically had an average of eight side chambers and 642
cm of tunnels.  Except for hatchlings, most snakes in hibernacula were located in individual chambers
off the main tunnel and not in groups.  All snakes were found at depths of 50 to 111 cm (x6 = 79 cm). 
All hibernacula were within 100 m of nesting sites and most were only 10 to 15 m from nest chambers.

Pine snakes utilize summer dens, apparently to escape extreme summer temperatures (Fitch 1956,
Zappalorti et al. 1983, Burger et al. 1988).  Florida pine snakes seek out open habitats surrounded by
wetlands during drought (Franz 1992).  Franz (1992) also reported Florida pine snakes to actively seek
burrows of gopher tortoises (Gopherus polyphemus) as shelter.  Both P. m. lodingi and P. m. ruthveni
in Louisiana appear to use the burrows of pocket gophers, gopher tortoises, and armadillos (Dundee and
Rossman 1989).  

  Reproduction

The body length and age of maturity in male and female pine snakes have not been reported (Ernst and
Barbour 1989), although Burger and Zappalorti (1991) report that 98 gravid females average 121 cm
SVL (range: 91-143 cm).  Females appear to have an annual breeding cycle (Fitch 1970, Zappalorti et
al. 1983).

The mating period extends from April to early June over much of the species range (Ernst and Barbour
1989), perhaps extending into the winter in Florida (Ashton and Ashton 1981).  Eggs are laid in June
through August (Ernst and Barbour 1989).  In New Jersey, oviposition is completed in a two-week
period in any given year (Burger and Zappalorti 1991).  Nest sites include burrows excavated by the
female in loose soil (Moore 1893, Zappalorti et al. 1983, Burger and Zappalorti 1991), beneath large
rocks or logs, or possibly in small mammal burrows (Ernst and Barbour 1989, Franz 1992).  Nests
have been recorded to be as much as 25-30 cm deep and are often re-used in subsequent years (Burger
and Zappalorti 1991).  Excavation takes 2-4 days to complete and not all females which excavate nests
are gravid (Burger and Zappalorti 1991).

Burger and Zappalorti (1986, 1991) described 93 nest sites in the pinelands of New Jersey.  All sites
were located in large clearings with less than 10% tree cover in pitch pine (Pinus rigida)-scrub oak
(Quercus ilicifolia) xeric uplands.  Nest sites were in soft sand in open, unvegetated sections of
clearings, either recently cleared or burned areas with exposed sand.  Clearings used for nesting
averaged 166 m long and 79.2 m wide with slopes less than 14o.  Ground cover averaged less than 5%
over the entire nest, less over the mouth and egg chamber.  

Nests were excavated in soft packed sand with little or no humus.  Snakes appeared to select a
particular range of sand hardness which provided ease of digging but was not too soft to promote cave
ins.  Soil moisture may be important in site selection (Burger and Zappalorti 1986, 1991).  Nests
ranged between 90-305 cm (x6 = 187.6 cm) in length, averaged about 14 cm wide, and eggs were found
at an average depth of about 21 cm below the surface.  
All nests were located in clearings or along roads or railroad beds.  Clearings were usually man-made
(only 1 or 20 clearings  appeared to be naturally created by fire).  Burger and Zappalorti (1986)
suggested that man-made clearings were crucial to nesting ecology in the New Jersey Pine Barrens, and
may have improved nesting habitat for the this disjunct population at the northern extent of its range.

Clutches of 3 to 24 eggs have been reported (Wright and Wright 1957, Zappalorti et al. 1983). 
Females often nest communally (Parker and Brown 1972, Burger and Zappalorti 1986, Ernst and
Barbour 1989) so that higher clutch numbers may reflect more than one clutch.  Zappalorti et al. (1983)
reported that 35 clutches in New Jersey contained 3-14 eggs.  Burger and Zappalorti (1991) reported a
mean clutch size of 9.5 (range 4-16) that was significantly and positively correlated with female snout
to vent length (SVL).  Franz (1992) reported an average clutch size of 5.6 eggs in Florida.

Incubation typically takes 50-100 days, with 70-75 days most common (Ernst and Barbour 1989). 
Hatchlings emerge in August and September at total body lengths of 222-256 mm (average length
reported by Franz (1992) in Florida was 59.5 cm).  Hatchlings are dull in color at emergence, but
brighten noticeably after shedding.  Bowler (1977) reported a record longevity of 22 years, 5 months.

  Food Habits



124

Pine snakes feed primarily on small mammals (Hamilton and Pollack 1956, Wright and Wright 1957,
Minton 1972, Ernst and Barbour 1989, Franz 1992).  Pine snakes are also known to feed on birds and
their eggs, lizards, small snakes and snake eggs, and insects (Ernst and Barbour 1989, Franz 1992). 
Pine snakes forage actively and locate prey either by olfaction or sight (Dyrkacz and Corn 1974,
Chiszar et al. 1980).  Florida pine snakes appear to actively locate soil mounds of pocket gophers
(Geomys spp.) and may burrow to capture gophers in their burrows (Carpenter 1982).  

  Home Range

Eastern pine snakes have relatively restricted home ranges for their size and males are reported to
engage in dominance combat (Ernst and Barbour 1989).  Imler (1945) recaptured 11 snakes that had
moved less than 100 m, but reported one snake moving 2.4 km.  Fitch (1958) reported movements
between captures of 94, 128, and 823 m.  Radio-telemetered snakes in Kansas moved an average of 142
m in a day (Fitch and Shirer 1971).

Macartney et al. (1988) reported a 32-day home range of a male pine snake of 1.2 ha, while that of a
female (42 days) was 2.1 ha (convex polygon).  In contrast, Franz (1992) reported home ranges of two
radio-tracked female Florida pine snakes of 11 and 12 ha (27.5 and 30 ac).  Three males used areas two
to eight times as large.  

  Habitat Use

Burger and Zappalorti (1988) reported the movements and habitat use of 10 radio-telemetered pine
snakes in the pinelands of southern New Jersey.  Snakes tended to be found in dense vegetation that
provided shade and moist, cool ground cover.  Snakes were inactive 41% of the time, basked 36%,
were moving 20%, and nested 3%.  Pine snakes occurred primarily (93% of locations) in pitch pine-
scrub oak (Q. marilandica) uplands (50-80% pine) and avoided Atlantic white cedar (Chamaecyparis
thyoides) swamps and lowland pine areas.  They spent roughly equal amounts of time in human-altered
and undisturbed habitats.  There were no major seasonal habitat shifts other than at nesting and
hibernation.  Early successional habitats in sites that had been previously disturbed by human activity
appear to be of crucial importance in both foraging and nesting (Zappalorti and Burger 1985).

Thermoregulation appeared to be important in habitat selection.  Snakes are inactive at very high and
very low temperatures, when they remained under wet leaves or inside hollow logs.  On windy days
they sought cover in blueberry (Vaccinium spp.) patches and basked partially covered by vegetation,
possibly to avoid dehydration (Burger and Zappalorti 1989).  

THREATS

Predators on pine snakes are poorly known, although Burger (1989, 1990) suggested predation by
ophiophagous sympatric kingsnakes.  Burger et al. (1992) reported on predation on hibernating and
nesting pine snakes in New Jersey.  Seven of 40 hibernacula (17.5%) and 49 of 201 (24.3%) nests
surveyed were predated by foxes (Vulpes fulva), striped skunks (Mephitis), short-tailed shrews (Blarina
brevicauda), and a scarlet snake (Cemophora coccinea).  Females do not cover nest entrances or fill
entrance tunnels and the pile of excavated sand left at the nest entrance would appear to flag to
predators.  The low rates of predation reported may be explained by the very long entrance tunnels
leading to nest chambers (as much as 100 cm in length) which may mask the odors of nesting snakes or
make digging up nests too much effort for most predators (Burger and Zappalorti 1991).

Pine snakes are large, conspicuous, and relatively slow and are thus an easy mark for people who kill
snakes on sight.  Their apparently low population densities and fossorial habits may assist them here,
but several authors report numerous encounters with pine snakes on relatively open habitats and
roadways (Burger and Zappalorti 1988, Gibbons and Semlitsch 1991).  Franz (1992) reports that
Florida pine snake numbers have been seriously declining in the last 20 years.  Threats are listed as
excessive collecting, road mortality, and habitat alteration.  Automobiles and pet trade collecting
account for considerable mortality in the New Jersey Pinelands (Zappalorti 1994) and pesticide use may
be of considerable concern (Ernst and Barbour 1989).  
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Wright and Wright (1957) reported that P. m. ruthveni is restricted to longleaf pine forests of Louisiana
and Texas at elevations between 100 and 500 ft.  Consequently, commercial logging of these limited
habitats leads to the disappearance of the snake.  As with many sandhills-dependent organisms, outright
loss of habitat occurs when land is converted to agriculture, housing, or single-species pine plantations. 
Remaining areas are degraded so that their suitability for pine snakes is greatly diminished.  Exclusion
of fire leads to the oak component becoming too dominant, and densely stocked stands may not provide
adequate openings for nesting or hibernacula.

Zappalorti (1994) listed habitat fragmentation as the primary threat to pine snake survival in New
Jersey.  Increasing human development of the New Jersey Pinelands has led to increased human access
to previously remote areas, greater off-road recreational use, and ultimately increased paved roadways
and traffic.  The overall distribution of the pine snake in New Jersey continues to shrink as human
population grows (Zampella 1994, Zappalorti 1994)

RECOVERY POTENTIAL

Pine snake population levels are poorly known across the species range.  Apparently declining numbers
in the Southeast appear to be related to the status of mature, xeric pine and sandhills habitats upon
which it depends.  Recovery/persistence of pine snake populations depends on the preservation of large
tracts of remaining forest, restoration of disturbed forest, and provision of habitat linkages to obviate
fragmentation of existing populations of this wide-ranging snake.  

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

Good quality habitat appears to be characterized by xeric, pine-dominated or pine-oak (50 to 80% pine)
woodland with an open, low understory established on sandy soils.  Longleaf pine sandhills appear to
represent critical habitat over much of the southeast.  Pine snakes also require forest openings, with
level, well-drained sandy soils and little shrub cover, as nesting and hibernation sites.  Pine snakes are
not common anywhere in the geographic range (Wright and Wright 1957) and no published information
exists regarding pine snake population densities.  Further research is required to establish appropriate
range needs.  Zappalorti (1994) suggests that pine snake populations are probably secure on large
protected areas, including the 35,000 ac Wharton State Forest in the New Jersey Pine Barrens, but
habitat fragmentation on private lands puts the snake under increasing pressure.  Because pine snakes
typically use very large areas (a radio-tracked male was known to use a 325 ac area and mean home
ranges often exceed 70 ac), Zappalorti suggests that preserves designed to effectively manage pine
snakes should be somewhat more than 1,000 ac of pine forest and mixed pine-oak stands.  In the
Southeast, managed tracts of mature pine-oak forest should be large enough to support periodic low-
intensity fire.

  RESEARCH NEEDS

The ecology and population status of pine snakes remains poorly understood throughout its range (Franz
1992).  Information is needed concerning the spatial ecology of pine snakes, particularly in response to
an increasingly fragmented habitat (Durner and Gates 1993).

Burger and Zappalorti (1988) demonstrated that the habitat selection of radio-telemetered pine snakes
differed appreciably from the apparent habitat selection of hand captured or randomly encountered
snakes.  Macrohabitat selection (i.e., at the plant community level) should involve characteristics that
are partially independent of daily environmental changes so that rapidly fluctuating factors are
unsatisfactory as cues to habitat selection.  Such cues could result in selection of a habitat that is
suitable only for a short time.

The vast majority of detailed research on the pine snake has been done in New Jersey, a disjunct
population at the northern extreme of the species' geographic range (Sweet and Parker 1990).  Similar
information on the movements, behavior, and reproductive ecology of pine snakes in southern pine-oak
forests should be conducted.
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Home range sizes, movement patterns across different habitat types, and viable population densities
must be reliably investigated to provide information necessary for management of existing populations. 
For example, Moler (1992) suggested that habitat protection for the indigo snake (Drymarchon corais
couperi), a slightly larger snake with similar reported home range size (. 10 ha) should focus on large
tracts of at least 1000 ha.

Research is also needed to develop appropriate, cost-effective monitoring methods to monitor both
population trends and habitat requirements in managed landscapes.  Zampella (1994) points out that
published accounts of habitat descriptions may reflect the fact that snakes are easier to spot during
random searches on some habitats (eg. powerline rights-of-way, roadsides) and may be biased against
habitats that are more difficult to search.  He stresses the need for more systematic searches of available
habitats.

  RESEARCH PROGRAMS

The New Jersey Department of Environmental Protection is currently conducting a long-term project
designed to map the available pine snake habitat in the New Jersey Pine Barrens.  By using shelter
boards to enforce a systematic search of all available habitats, the NJDEP hopes to map confirmed
populations and develop a method for assessing the suitability of potential sites.  The project will also
develop a manual on the identification and ecology of the pine snake for distribution to private land
owners.

David Jenkins
New Jersey Department of Environmental Protection
Tuckahoe Wildlife Management Area
P.O. Box 236
Tuckahoe, NJ    08250
(609) 628 - 2103

Robert Zappalorti, President
Herpetological Associates, Inc.
2525 Dover Road
Forked River, NJ    08731
(609) 693 - 2030

  MONITORING NEEDS

Population monitoring is needed to determine the status of the pine snake in southeastern states and, in
particular, whether the often reported low densities is a reflection of rarity or of its secretive nature. 
Bennett (1994) pointed out that pine snakes are typically one of the most abundant animals in xeric
upland areas at the Savannah River Ecology Laboratory.  However, Williams (1994) reported that pine
snakes were rarely seen on the Carolina Sandhills National Wildlife Refuge.  Bennett (1994) suggested
that pine snakes, as large top carnivores, were never abundant and are distributed in localized
populations where they are often fairly common.  Systematic searches and long-term monitoring of
populations are required to determine actual status of the pine snake across its range.

  MONITORING PROGRAMS

As stated above, populations of pine snakes in the New Jersey Pine Barrens are being monitored as part
of a long-term habitat mapping program.  In addition, NJDEP and the New Jersey Field Office of the
Nature Conservancy have initiated a herpetofaunal atlas, modelled after breeding bird atlas projects, to
track the status of all amphibians and reptiles in the state.

Kathleen E. Clark
New Jersey Department of Environmental Protection
Tuckahoe Wildlife Management Area
P.O. Box 236
Tuckahoe, NJ    08250
(609) 628 - 2103
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The status of the pine snake is monitored by Heritage Programs in Louisiana, Maryland, New Jersey,
North Carolina, Tennessee, and Virginia.  Populations of the black pine snake (P. m. lodingi) are
tracked in Alabama, Louisiana, and Mississippi.

  MONITORING PROCEDURES

The primary method for censusing pine snakes has been through walking transects through suitable
habitat.  Pine snakes are large, conspicuous, and relatively slow and are often encountered on relatively
open habitats and roadways (Burger and Zappalorti 1988, Gibbons and Semlitsch 1991).  

Gibbons and Semlitsch (1991) reported that pine snakes at the Savannah River Plant in Georgia were
most often found from June through October.  They were captured most often during daylight along
roads.  Burger and Zappalorti (1988) showed that activity patterns of males and females differed: 
females were more active in June during, apparently due to nest excavation, while males were most
active in August, apparently due to movement back to hibernacula, since males tended to disperse
farther from point of capture than females.  Overall, both sexes were most active during May, probably
signifying breeding activity.

Zappalorti (1994) believes that accurate censusing of pine snakes is behavior dependent and requires
repeated sampling during the year.  In New Jersey, censuses should be made at the end of hibernation
in mid-April to early May, during the nesting season, and again in the fall.  Snakes are much harder to
locate after dispersal.  Shelter boards may offer some improvement over simply searching suitable
habitats by mimicking refugia normally used by snakes, as well as enforcing a level of systematic effort
on the researcher (Zampella 1994, Zappalorti 1994).

Burger and Zappalorti (1988) and Franz (1992) have effectively used implanted radio-telemetry to
elucidate pine snake movement and behavior patterns.  Where information on specific habitat and range
requirements is required, the cost of such methods, both in equipment and human resources, may be
justified.

  MANAGEMENT NEEDS

Effort is required to locate and delineate present populations of pine snakes through field surveys and
distribution studies.  The status of the snake on Forest Service lands and military reservations should be
determined to take advantage of proposed management prescriptions for the Red-cockaded Woodpecker
(Picoides borealis).

  MANAGEMENT PROGRAMS

Florida lists the Florida pine snake (P. m. mugitus) as a Species of Special concern due to declining
numbers and the Florida Game and Fresh Water Fish Commission has imposed a possession limit of
one snake per person (Franz 1992).

Many of the last remaining large areas of longleaf pine-turkey oak sandhills and forest are found on
U.S. Forest Service and military lands.  Many of the these areas are being managed for recovery of the
Red-cockaded Woodpecker (Picoides borealis).  Management prescriptions for this species are
generally beneficial for the eastern fox squirrel, with some modification (see above).

Those National Forests and military installations which manage for the woodpecker have instituted
programs of growing season controlled burns (two to three year intervals), hardwood midstory control,
and restoration of longleaf pine on suitable sites.

  MANAGEMENT PROCEDURES

Of primary importance to the preservation of the pine snake is the maintenance of suitable habitats. 
The management needs of the longleaf pine sandhills habitat have been well-researched.  The hardwood
midstory should be controlled in order to achieve an open canopy and a well-developed herbaceous
ground cover dominated by Aristida stricta and others.  Growing season burning provides the best
means of achieving these goals.  Where there is adequate ground fuel, a fire return frequency of at least
once every 5 to 10 years.  To avoid interference with the snake's fossorial habits, low-intensity site
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preparation methods (e.g. burning) should be used rather than more intensive methods (e.g. root raking,
chopping).

Concern for the endangered Red-cockaded Woodpecker has generated increased interest in the
preservation and restoration of the longleaf pine forest ecosystem.  In general, management
recommendations for woodpecker habitat, as outlined in the U.S. Forest Service Regional Wildlife
Habitat Management Handbook, would apply equally well to the pine snake.  Williams (1994) pointed
out that pine snakes were most consistently observed in areas managed for Red-cockaded Woodpeckers. 
In particular, institution of a regime of regular prescribed fires on a 2-3 year rotation to control the
hardwood midstory, maximize the regeneration and growth of groundcover, and prepare a suitable
seedbed for longleaf pine, is important to the maintenance of open pine stands suitable for pine snake
habitat.  Zappalorti (1994) pointed out that growing season fires may have adverse impacts on pine
snakes in some cases and suggested that winter fires, where appropriate, would avoid impacts as snakes
would tend to be in hibernacula.

Reducing physical impediments to burning, including roads and habitat fragmentation, would help
reduce the isolation of subpopulations.  Preservation of the mature pine-oak forest must also include
protection for adjacent lowland habitats.  Mature pine forest is not the only habitat type used or
required by pine snakes and it need not occur in single large units.  A mosaic of habitats, with a
substantial mature pine-oak component and access to bottomland forest, should be managed to
approximate natural conditions.  

Zappalorti (1994) pointed out that direct effective management options to increase breeding success
include the creation of artificial dens, establishment of suitable nesting habitat (through clearing of
vegetation and construction of hibernacula), and management of the surrounding forest to achieve the
open, high light environment required by nesting females.  Zappalorti and co-workers have had
considerable success in the construction of hibernacula in the New Jersey Pine Barrens.

Finally, education aimed at altering public opinion concerning snakes in general, and the common
tendency to kill snakes on sight, is appropriate.  Such education might most profitably be aimed at
private owners or leaseholders of large tracts of sandhills habitats where snakes are brought into contact
with agricultural workers, loggers, and hunters.  Female snakes during oviposition are particularly
vulnerable (Zappalorti 1994).  Efforts should emphasize the harmless and beneficial nature of pine
snakes.

STEWARDSHIP SUMMARY

1. With the exception of disjunct populations in New Jersey, the ecology and population status of
pine snakes remain poorly understood across the geographic range of the species.

2. Pine snakes are active predators and use fairly large home ranges in mixed, generally xeric,
pine and pine-oak woodland with open canopies, patchy to dense ground layer, and scattered
areas of open sand necessary for nesting.  The mature pine and sandhills habitats favored by
pine snakes continue to decline in abundance in the Southeast, so that habitat loss and
fragmentation are the primary threats to the species survival.

3. Active management is required to restore degraded pine-oak forests to maintain existing pine
snake populations and recover declining populations.  Land protection through acquisition,
easement, and registry programs is the best means of ensuring that large tracts of suitable
habitats for eastern fox squirrels are preserved.  Habitat preservation must include the
avoidance of habitat fragmentation which may put populations of the large, wide-ranging snake
at greater risk.

4. Population monitoring is needed to determine the status of the pine snake in southeastern states
and, in particular, whether the often reported low densities is a reflection of rarity or of its
secretive nature.   Long-term monitoring programs in New Jersey should be reproduced in the
Southeast with emphasis on systematic census in all potentially suitable habitats.



129

5. Management of public lands, including the national forests and military installations, offer the
best opportunities for protection of large, contiguous areas of mature pine and pine-oak forest
habitats with such protection efforts often being driven by recovery of the Red-cockaded
Woodpecker.  Management plans for the woodpecker should be adapted to take into account the
requirements of the pine snake, particularly when the needs of the two species do not conflict.

6. Public education regarding the preservation and restoration of the longleaf pine ecosystem
should include information about the habitat requirements of the pine snake and its status in the
Southeast.
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Summary of the potential effects of the RCW Management Guidelines on Pituophis melanoleucus.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X  X X

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X  X     

         Plowed fire lanes X     

         Back fires X X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X    X  X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X



133

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Pine Snake, Pituophis melanoleucus

Eastern subspecies of the pine snake are typically found in areas of sandy soil dominated by scrub pines
and shrubs, flat sandy pine barrens, sandhills, and dry mountain ridges.  The ecology of pine snakes
across the range of the species remains poorly known.  Published information tends to be incomplete or
anecdotal, and few recent studies have been published.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for the pine snake.  Brush clearing and fuel removal should not take place during
the nesting period (June through August) or should be precluded from within 25 ft of nest entrances.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of pine snake habitat because it acts to reduce the shrub and midstory woody vegetation and promotes a
well-established herbaceous layer.  Winter burns are preferred over growing season burns, since the
pine snake tends to be actively moving during the spring and summer and are more likely to be
underground in hibernacula during the winter season.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and pine snake burrow systems. 
Mechanical fire management should be prohibited within 25 ft of pine snake burrow entrances.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the pine snake.  Chemical and mechanical methods of hardwood control should
employ best management practices to avoid soil disturbance, destruction of ground layer vegetation, and
non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on pine snake habitats by maintaining the integrity of herbaceous layers and pine snake
burrow systems.  Use of native vegetation should be used wherever possible and non-native species
should be avoided.  Mechanical means of erosion control should maintain the natural contours of the
surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the pine snake.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping.  Site
preparation should avoid a 25 ft buffer around pine snake burrow entrances.  Slash piles and fallen 
trees should be retained where possible to provide refugia.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
pine snakes.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site
pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics
in plant communities.  Forest management should minimize adverse impacts to wiregrass and other
herbaceous ground-layer species.  Forestry practices should avoid a 25 ft buffer around pine snake
burrow entrances.
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Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit pine snakes.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 25 ft of pine snake burrows as well as from within 50 ft of RCW cavity trees.



     8The following Abstract has been adapted from Drilling, N.E. 1985. Element Stewardship Abstract
for Aimophila aestivalis. The Nature Conservancy, Midwest Regional Office, Minneapolis, MN. 
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Species Stewardship Summary8
AIMOPHILA AESTIVALIS

ELEMENT CODE: ABPBX91050
SCIENTIFIC NAME: Aimophila aestivalis Lichtenstein
COMMON NAME: Bachman's Sparrow

STATUS

GLOBAL RANK:  G3
STATE RANK:  S2 (IL, TN, VA, TX, MS); S3 (KY, NC, OK)

FEDERAL STATUS:  C2
STATE STATUS:  E (IN, IL, MO, TN, VA), T (OK, KY), SC (NC), SR (GA); 
                Extirpated (PA, MD)

Bachman's sparrow has been on the Audubon Society's "Blue List" of special concern species since
1972 because of declining populations in the northern portions of its range (Tate and Tate 1982).  In
Illinois, the species occurred throughout most of the state in the 1920's, but currently, there are no
known nesting areas (Bohlen 1978, Bowles 1981).  In West Virginia, the species was common in the
reports during the 1960's (Hall 1983).  The species regularly bred in several counties in southwest and
south central Pennsylvania during the first half of this century, but it is now extirpated from the state. 
In Tennessee, Bachman's sparrow was a fairly common breeding bird in the early 1950's but there has
been only one recent nesting record (Durham 1984),.  The species does not seem to be rapidly declining
in the extreme southern part of its range in Louisiana (Lowery 1974), Arkansas (Peacock 1983) and
Mississippi (Jones 1982).  

DESCRIPTION

Bachman's sparrow is a dark, nondescript sparrow of the southeastern U.S.  The bird is very secretive,
spending almost all of its time on the ground.  When disturbed, it often runs through the grass for
several feet before reluctantly flushing.  The species is most easily located by its beautiful, highly
variable song, a combination of whistles and trills on different pitches, given from a low perch.

The following is from Oberholser (1974) and Wolf (1977).  Adult: sexes similar, 5.5 to 6.25 in
(14.0-15.9 cm) long, weight 18.4-22.6 g; top of head, hindneck and back russet or chestnut brown,
heavily streaked with light gray; back spotted with brownish-black; tail 6.0-6.6 cm long, olive brown or
dark brown, edged with gray or olive brown; wing 5.5-6.6 cm long, primaries and secondaries dark
brown, tertiaries olive brown to fuscous, tipped with hazel or pale buff, edge of wing lemon yellow;
head has broad grayish-buff superciliary stripe and dull russet postocular streak; rest of head and neck
washed with gray, sides of neck streaked with russet; underparts unstreaked, cream to pinkish-buff;
upper mandible dark brown, lower mandible yellowish-brown; iris brown; legs and feet flesh color or
pink.

Juvenile plumage is similar to adult plumage except upper parts streaked with buff instead of gray;
superciliary stripe not strongly delineated; sides of head, breast, and sides streaked or spotted with
russet or brown; strong buff color on sides of head, breast, sides and flanks (Oberholser 1977, Hardin
and Probasco 1983).

  Diagnostic Characteristics
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Bachman's sparrow is the only member of its genus within its range.  It is very similar in appearance to
Botteri's Sparrow (A. botterii) which approaches the range of Bachman's Sparrow in south Texas. 
Botteri's Sparrow is found in different habitats (primarily grasslands) (Dunning 1993).  Texas
populations of Botteri's Sparrow are browner, less red than western Bachman's Sparrow, but Dunning
(1993) suggests that out-of-range individuals are probably not safely distinguishable.  In addition,
Bachman's Sparrow overlaps the range of the Field Sparrow (Spizella pusilla), which has a smaller bill
and tail, a white eyering, plainer face, and two white wingbars (Dunning 1993).

DISTRIBUTION

From Dunning (1993):  

Breeding Range:  Coastal plain and Piedmont of the southern United States, from extreme southern
Virginia south to central Florida and west to eastern Texas.  Occasional birds are reported north to
south-central Missouri, Kentucky, and Tennessee, formerly north to southwestern Pennsylvania,
southern Ohio, Illinois, and Indiana.  Accidental in New York, New Jersey, and Ontario.  Locally
distributed in many parts of its range, with many patches of seemingly suitable habitat not occupied. 
Resident in southern states, migratory in the north.

Winter range:  From eastern Texas, the Gulf stats and the Atlantic coast (north to North Carolina),
south through the remainder of the breeding range; casual in winter in extreme southern Florida
(Everglades National Park).  Casual elsewhere in the northern part of its breeding range.  Winter status
is uncertain due to its secretive nature in winter.  Similarly, the extent of the ranges of migratory and
nonmigratory populations are poorly defined.

HABITAT

Bachman's sparrow has a large geographical range, and is found in a variety of breeding habitats.  The
one feature that seems to be common to most breeding areas is the presence of herbaceous cover,
usually dense, with scattered shrubs or trees.  On the coastal plains of the Carolinas, Georgia,
Louisiana, Mississippi, Florida and Texas, Bachman's sparrow nests in dry, open longleaf or shortleaf
pine woods with a grassy herbaceous layer consisting of bluestems (Andropogon divergens and A. tener)
and forbs, and scattered shrubs or saw palmetto (Serenoa serrulata) (Weston 1968, Hardin and
Probasco 1983).  In most parts of its range, Bachman's sparrow now breeds in old deserted fields with
plant species such as broom sedge (Andropogon virginicus), poverty grass (Danthonia spicata),
goldenrods (Solidago spp.), asters (Aster spp.), fleabane (Erigeron spp.), blackberries (Rubus spp.),
greenbriar (Smilax glauca) and sumac (Rhus spp.) (Weston 1968).  Many of the territories are on a
slope a short distance below a ridge (Brooks 1938).  

In the northern portions of its range, Bachman's sparrow has historically bred in oak savanna (Brooks
1938, Mengel 1965, White 1981).  Very occasionally, a pair will breed in or on the edge of cultivated
fields such as wheat or corn fields (Blincoe 1921, Graber and Graber 1963, Mengel 1965).

The most detailed descriptions of habitat are from Missouri.  Probasco (1978) found Bachman's
sparrow in red cedar groves in Missouri limestone glades where the woody plants constituted less than
33% of the plant cover.  Evans and Kirkman (1981) list Bachman's sparrow in Missouri as occurring in
early succession shrub and grass old fields, shrub and grass savanna, limestone glades, oak-hickory
stands that had been clearcut within the past three years and shortleaf pines with diameters of less than
3 in (7.6 cm).  An analysis of the vegetation structure on 13 territories found in Missouri limestone
glades showed that Bachman's sparrow is associated with areas of dense herbaceous cover and low
density overstory (Hardin et al. 1982).  The herbaceous cover consisted of little bluestem (Andropogon
scoparius) (average cover 45%), co-dominant grasses (17%), other grasses (44%), composites (20%),
legumes (1%) and other forbs (11%).  The total coverage is greater than 100% because of the multiple
layers of vegetation.  Shrubs (woody vegetation less than 8 cm dbh) had an average cover of 4.1% and
trees (Rhus aromatica, Fraxinus spp., Cotinus obovatus, Juniperus virginiana) had an average cover of
2.3%.
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Bachman's sparrows inhabited a longleaf pine stand in northwest Florida during the first 3 years after
annual spring fires were discontinued (Engstrom et al. 1984).  Canopy cover was 43% and ground
cover was 85%.  However, 5 years after the burns stopped, the canopy cover was 91%, the ground
cover 21% and Bachman's sparrow no longer bred on the study area.

In South Carolina, higher densities were recorded in mature (more than 80 years old) pine stands than
in young stands and preferentially used areas with an open understory and dense ground cover of
grasses and forbs (Dunning and Watts, 1990).  See also Hardin and Progasco (1983).   Sparrows used
clearcuts in higher frequency after Hurricane Hugo altered mature pine stands (Dunning and Watts,
1991).  Historically this bird was a fugitive species that bred wherever fires created the necessary
conditions in the understory or removed the forest canopy (Ehrlich et al. 1992).

In winter, Bachman's sparrow inhabits scrub oak, open broom sedge fields, fencerows and wet upland
edges of river swamps and saltwater shores (Burleigh 1958, Weston 1968, Sprunt and Chamberlain
1970).

BIOLOGY-ECOLOGY

Bachman's sparrow has bred from south-central Missouri, central Illinois, central Indiana, central Ohio,
southwestern Pennsylvania and central Maryland south to eastern Oklahoma, eastern Texas, the Gulf
coast and south central Florida (Wolf 1977, American Ornithologists' Union 1983).  In the southern
portions of the range (southern two-thirds of Mississippi, central Louisiana, Georgia, Alabama, South
Carolina and Florida) the birds are permanent residents and males may begin singing as early as
mid-February, two months before breeding (Burleigh 1958, Meanly 1959, Sprunt and Chamberlain
1970).

Males arrive at their breeding grounds in late February, March and April in the south (Alabama-March
7; Georgia-February 28; Virginia-April 3) and in late March, April and May in the north
(Kentucky-March 18; Illinois-April 6; Maryland-April 29, Missouri-May 3; Ohio-May 1) (Weston
1968).  

Territories in Missouri limestone glades range from 0.3-1.3 ha in size (average 0.62 ha) (Hardin et al.
1982).  Although most of the males were within earshot of another male, none of the territories in the
Missouri study had adjoining boundaries. Distances between territory boundaries ranged from 65-100
m.  Maximum densities of singing males in South Carolina were 0.41 to 0.48 birds per ha in suitable
habitat (Dunning, 1990).  McKitrick (1979) found approximately 0.03 birds per ha in small suitable
patches within unsuitable habitat.  The breeding home range has been estimated to be 2.5 ha.  Territory
sizes measured 0.3 ha to 6 ha.  In winter, Bachman's occurred singly and in pairs (Haggerty, 1988).

Because there is a 10 degree latitude span in the breeding distribution, the dates for the nesting period
vary greatly.  Nests with eggs have been found in Georgia from April 21 to August 31 (Burleigh 1958),
in Texas from April 25 to July 5 (Oberholser 1974), in Tennessee from May 11 to July 20 (Weston
1968) and in Illinois on May 31 and June 1 (Weston 1968).  The earliest nest initiations were recorded
on 15 April in Louisiana (Hardin and Probasco 1983).  In South Carolina the breeding season begins in
late April and extends through August. 

Nests are built entirely by the female although the male often accompanies her when she gathers nesting
material (Weston 1968).  All nests are built on the ground and are supported and hidden by a tuft of
grass, a shrub or saw palmetto.  They are made of dry coarse grass and weed stems, lined with a fine
grass and occasionally have corn and wheat stalks and horse hair woven in (Blincoe 1921, Gainer
1921).  There are two types of nests - domed and open.  Domes or arches are made of grass and have a
hidden passageway extending from it, facing away from the midday sun, often toward the west
(Johnsgard 1979, Potter 1980).  Many open nests are higher on one side than the other (Brooks 1938). 
Six nests in Alabama measured 7-8 in (17.8-20.3 cm) in height, 4.5 in (11.4 cm) wide and the inner
cavities were 3 in (7.6 cm) wide and 1.75 in (4.4 cm) deep (Weston 1968).

Bachman's sparrows are often double-brooded and may raise three broods in the south (Sprunt and
Chamberlain 1970).  Clutch size is 3-5 eggs and one egg is laid per day.  Females may attempt 5 nests
in one season if nest failure is high (Haggerty 1988).  Eggs are entirely white with no markings and
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average 19.3 by 15.3 mmin size.  Incubation lasts 12-14 days and is done entirely by the female
(Meanley 1959, Sprunt and Chamberlain 1970).

Both parents feed the young (Brooks 1938).  Generally, the parents do not fly directly to and from the
nest, but, rather, walk up to 50 feet away from the nest through the grass before flying (Hardin and
Probasco 1983).  The female will do an injury-feigning display to try to distract intruders away from
the nest.  The young stay in the nest approximately 10 days.  Females have been known to begin second
broods 12 days after fledging of first broods, while males continued to care for first brood fledglings
(Haggerty, 1988).

Bachman's sparrow may compete with field sparrows and indigo buntings for nesting sites.  However,
Bachman's sparrows and field sparrows were found in the same territory in one instance in Missouri
(Hardin, 1982).  Of the eight nests found in West Virginia in the 1920's, three successfully raised at
least one young and five were destroyed or abandoned (Brooks 1938).  One of these was destroyed by a
"blacksnake." In southwestern Virginia, 10 of 12 nests being observed were destroyed by common
crows (Corvus brachyrhynchos) (Weston 1968).  Bachman's sparrows are parasitized by the
brown-headed cowbird (Molothrus ater) (Weston 1968, Hardin and Probasco 1983), although such
predation may be rare (5% of 38 failed nests reported in Hardin and Probasco 1983). 

Bachman's sparrow begins to migrate south in mid- to late August.  In Indiana, Kentucky, Maryland
and Virginia, the latest dates for fall departures are August 26, September 26, August 15 and
September 3, respectively (Weston 1968).  The birds winter from east Texas, the Gulf coast, the
Atlantic coast from southeast North Carolina south to southern Florida (American Ornithologists' Union
1983).

  Food Habits

This species gleans from the surface of the ground, moving slowly and deliberately.  It also jumps off
the ground to catch or glean prey, but rarely forages above ground in the shrubs.  Nestlings in central
Louisiana are fed grasshoppers, beetle larvae and other insects (Meanley 1959).  Adults forage on the
ground and in the herbaceous and shrub layers and eat seeds and insects.  In five adults taken in
Louisiana, seeds (Panicum spp., Sporobolus spp.) and beetles were the major foods (Meanly 1959).  In
South Carolina, Texas and Alabama, the species seems to be primarily insectivorous, eating beetles,
grasshoppers, crickets, caterpillars, moths and millipedes (Sprunt and Chamberlain 1970, Oberholser
1974, Imhoff 1976).  Seeds come from grasses, sedges, wood sorrel (Oxalis sp.) and Indian strawberry
(Duchesnea indica).  Allaire and Fisher (1975) found that Bachman's sparrow in eastern Texas was
exclusively a ground feeder and primarily ate seeds.  Of the seeds, 95.2% were Panicum spp. and 67%
of the insects were beetles.

THREATS

The reasons for the decline of this species are largely unknown.  Loss of breeding habitat to succession
and/or poor management practices may be a threat, although many areas have large amounts of
apparently suitable habitat that is not being utilized (White 1981, Durham 1984).  In some portions of
its range, areas that were cleared for fields and pastures in the early 1900's are being allowed to revert
to forest and succession has progressed beyond the early stages needed by Bachman's sparrow (Hardin
and Probasco 1983).  Historically, natural fires maintained oak savanna and open pinewoods breeding
habitats.  Since fires have been stopped, these habitats have become overgrown with shrubs and trees
(Oberholser 1974).  Logging practices that result in dense pine stands or a dense shrub layer with little
or no herbaceous cover are not favorable to Bachman's sparrow (Oberholser 1974).  Urbanization has
eliminated some populations (Imhoff 1976).

Some population declines may be a result of interactions with other bird species.  Brood parasitism by
the brown-headed cowbird (Molothrus ater) affects the reproductive success of nesting birds, but the
relative importance of this threat to Bachman's sparrow is not known (Durham 1984).  Some authors
have suggested that field sparrows (Spizella pusilla) may compete with Bachman's sparrows (Hardin et
al. 1982, Tate and Tate 1982), but there is no evidence for this claim.
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Dunning (1993) suggests that, as with most ground-nesting and ground-foraging birds, adults may be
taken by hawks, mammals, and snakes, although there are no published accounts.  Nestlings and eggs
are eaten by snakes (Elaphe sp. and Coluber sp.).  Dunning (1993) reports that in a study in which 264
monitored eggs over 3 yr, 31 (12%) were eaten by snakes.  Haggerty (1988) tracked 211 eggs and
reported 99 (47%) survived the nestling period.  Nestling loss in the same study was attributed to
unknown causes (78%), starvation or disease (9%), snake predation (6%), and mammal predation
(4%).

RECOVERY POTENTIAL

If breeding habitats are managed properly, Bachman's sparrow should be able to recover in the central
and southern portions of its range.  The recovery potential on the edges of its range is unclear because
the reasons for population declines are not known.

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

Critical breeding habitat in the Coastal Plain includes dense grassy places with scattered trees or
saplings, generally in pine forests.  Wintering habitat is similar, always including thick grassy cover
(Hamel 1992).  Nesting microhabitat is always on the ground, at the base of overhanging grass clump, a
small shrub, or pine seedling (particularly associated with clumbs of wiregrass or broomsedge)
(Dunning 1993).

A good element occurrence has birds that are successfully producing young and a population that is
relatively stable or increasing in numbers over time.  Both breeding and wintering habitats should be
preserved.  The minimum preserve size needed to have a viable breeding population of Bachman's
sparrow is not known.  Hamel (1992) presents mean breeding densities ranging from 2 birds/ha in
sawtimber longleaf pine-slash pine and 10 birds/ha in sapling/poletimber longleaf pine-slash pine. 
Other authors report much smaller densities (McKitrick 1979, Dunning 1990).  Home ranges apparently
range between 0.3 and 6 ha, with a good estimate being a mean of 2.5 ha (Dunning 1993).

  RESEARCH NEEDS

Recovery of the species requires the maintenance of numerous stable and protected populations where
suitable habitat remains within its historical range.  Necessary research objectives include :

1. Investigation of the reasons for population declines.  Apparently suitable habitat across the
species range is often not occupied.

2. Obtaining data on reproductive success, cowbird parasitism, and nest predation.  Some data
suggests that breeding site fidelity is low (Haggerty 1988).

3. Quantitative data on the structure of preferred habitats

  MONITORING NEEDS

Element occurrences must be found and then checked every year for evidence of breeding.  Nesting
success data should be collected.  Because cowbird parasitism may be a threat, frequency of cowbird
parasitism on Bachman's sparrow should be monitored.

  MONITORING PROGRAMS

Bachman's sparrow is monitored by Heritage programs in Alabama, Arkansas, Florida, Georgia,
Louisiana, South Carolina, Virginia, and West Virginia.  It is listed as a sensitive species by the U.S.
Forest Service on the Jefferson, Kisatchie, Ozark-St. Francis, Ouachita National Forests and on
National Forests in North Carolina, Mississippi, and Texas (Hamel 1992).
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  MONITORING PROCEDURES

Bachman's sparrows are most easily located by going to the appropriate habitat and listening for singing
males during the breeding season.  Nests are difficult to find because the female does not flush easily,
but can be found by following the female to the nest.  Data on nesting dates, number of young produced
and reasons for nesting failure may be collected.

  MANAGEMENT NEEDS

Bachman's sparrow breeding habitat has to be managed to be maintained at a fairly early successional
stage.  In grassy fields, overgrazing and heavy invasions of woody species (more than 30% cover) must
be prevented (Hardin et al. 1982).  Oak savanna and open pine woods require prescribed burning
and/or selective logging to maintain their open and park-like structure (Meanley 1959, Oberholser
1974, Bowles 1981).  Timber rotations of < 40 yr promote stands that will never become old enough
to attain the necessary ground and understory conditions to support the species (Dunning 1993).

  MANAGEMENT PROCEDURES

Certain logging practices can create optimum breeding habitat for Bachman's sparrow.  In Louisiana,
Meanley (1959) suggests a cycle of clear or partial cutting of longleaf pines followed by direct seeding
or planting.  This cycle creates a scattering of seed pine trees, clumps of shrubs and brush piles for
nesting, singing and foraging (Evans and Kirkman 1981).  Overcrowded pine stands can be selectively
thinned and the ground cover burned to create an open forest with dense herbaceous cover (Meanley
1959).  Dunning and Watts (1990) reported that clearcuts provided suitable habitat 1-7 yr after
replanting, after which young pines grow into a thick understory that precludes the bird.  Bird densities
drop rapidly with stand age in clearcuts, so that habitat created by clearcutting is short-lived (Dunning
1993).

The appropriate management regime for maintaining old fields for Bachman's sparrow has not been
discussed in the literature, but Brooks (1938) notes that the species uses old fields in Ohio that have not
been cultivated for at least 4 years.

The distribution of the Bachman's sparrow has been affected by timber management practices. 
Sparrows are common in forested areas that are burned on a 3-5 year rotation which provides a dense
layer of bracken fern, grasses, and blueberries in the ground cover and an open midstory.  Studies in
Georgia and South Carolina indicated that 3 yr burn schedules are preferable to longer burn rotations,
because sparrow populations decline 3 yr after burning (Dunning 1993).

Clearcuts provide suitable habitat 4-7 years after planting until young pines grow too thick (Dunning
and Watts, 1991).  However, drumchopping removes ground cover and leaves little standing vegetation
making clearcuts unusable.

Dunning (1993) suggests that regional populations are affected by landscape-scale distributions of
suitable habitat patches.  Isolated patches of suitable habitat that are > 1.0 km from established
populations are unlikely to support sparrow populations.  Pulliam et al. (1993) presented computer
simulations which indicated that sparrow populations may go extinct locally in landscapes where the
only suitable habitat is isolated patches of early successional vegetation.  These studies indicate the need
for the preservation and maintenance of large areas of suitable habitat which are not fragmented by
unsuitable land cover types.  

Management practices that produce suitable habitat for the red-cockaded woodpecker also provide
habitat for this species (Dunning and Watts, 1990).  In general, management recommendations for
woodpecker habitat, as outlined in the U.S. Forest Service Regional Wildlife Habitat Management
Handbook, would apply equally well to the Bachman's Sparrow.  In particular, institution of a regime
of periodic fires on a 2-3 year rotation to control the hardwood midstory, maximize the regeneration
and growth of groundcover, and prepare a suitable seedbed for longleaf pine, is important to the
maintenance of sparrow habitat as well.  Reducing physical impediments to burning, including roads
and habitat fragmentation, would help reduce the isolation of subpopulations.  

  MANAGEMENT PROGRAMS
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No species-specific management programs are known at this time.

STEWARDSHIP SUMMARY

1. Bachman's Sparrow populations are adversely affected by fire suppression in southern pine
forests and by harvest rotations which promote forest stands that are dominated by unsuitable
age classes (i.e., 15-70 yr old) (Dunning 1993).  Forest management should include regular
growing season burning to promote the establishment of a dense ground cover of grasses and
reduce the invasion of a shrubby understory.  

2. Management plans should incorporate large areas of suitably managed pine forest since
fragmented and isolated habitat patches do not appear to provide an adequate resource base for
population maintenance.  Land protection through acquisition, easement, and registry programs
is the best means of ensuring that large tracts of suitable habitats for Bachman's Sparrow are
preserved.  Habitat preservation must include the avoidance of habitat fragmentation which may
put populations greater risk.  

3. Censuses are needed to determine the status of the species in the remaining longleaf pine-turkey
oak habitats in the Southeast.  Further research into the population dynamics of the species is
required to understand why areas of apparently suitable habitat remain unoccupied.

4. Management of public lands, including the national forests and military installations, offer the
best opportunities for protection of longleaf pine habitats with such protection efforts often
being driven by recovery of the Red-cockaded Woodpecker.  Management plans for the
woodpecker should be adapted to take into account the requirements of Bachman's Sparrow,
particularly when the needs of the two species do not conflict.
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Summary of the potential effects of the RCW Management Guidelines on Aimophila aestivalis.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X  X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X    X      

         Plowed fire lanes    X    X    

         Back fires X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X

      Thinning X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Bachman's Sparrow, Aimophila aestivalis

Bachman's sparrow has a large geographical range, and is found in a variety of breeding habitats.  The
one feature that seems to be common to most breeding areas is the presence of herbaceous cover,
usually dense, with scattered shrubs or trees.  On the  Coastal Plain Bachman's sparrow nests in dry,
open longleaf or shortleaf pine woods with a grassy herbaceous layer and scattered shrubs or saw
palmetto.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for Bachman's Sparrow.  However, such activities may have adverse effects if
they reduce grass and herbaceous ground cover below the >85% total cover that the sparrow appears
to require for successful breeding and foraging.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of habitats for Bachman's Sparrow because it acts to reduce the shrub and midstory woody vegetation
and promotes a well-established herbaceous layer.  Growing season burns are preferable to winter
burns, since such fires would tend to promote the dense grass cover and sparse woody vegetation
favored by the sparrow.  Burning in Bachman's Sparrow habitats should not be conducted during the
breeding season for the species (generally peaking April-May).

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation and soil stability, and to avoid fragmentation of
sparrow habitats.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit Bachman's Sparrow.  Chemical and mechanical methods of hardwood control
should employ best management practices to avoid soil disturbance, destruction of ground layer
vegetation, and non-target effects of herbicides.  Hardwood control should be avoided during known
breeding periods.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on Bachman's Sparrow habitats by maintaining the integrity of grass and herbaceous
layer vegetation.  Use of native vegetation should be used wherever possible and non-native species
should be avoided.  Mechanical means of erosion control should maintain the natural contours of the
surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for Bachman's Sparrow.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
Mechanical site preparation tends to alter vegetation and delays repopulation of areas by the sparrow. 
Use of clearcuts as a management tool for Bachman's Sparrow provides suitable habitats for only a
limited period of time and should not be used in preference to other management systems.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
Bachman's Sparrow.  Timber harvest which shifts forest stands toward longer rotations and replaces
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off-site pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient
dynamics in plant communities.  Forest management should minimize adverse impacts to wiregrass and
other herbaceous ground-layer species.  No extractive land uses should be permitted during the breeding
season.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Bachman's Sparrow.  Vehicular traffic on roadways
should be monitored to reduce soil erosion and off-road traffic should be prohibited as highly
deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from areas supporting known breeding populations.  



     9The following Abstract has been adapted from Drilling, N.E. 1985. Element Stewardship Abstract
for Ammodramus henslowii. The Nature Conservancy, Midwest Regional Office, Minneapolis, MN. 
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Species Stewardship Summary9
AMMODRAMUS HENSLOWII

ELEMENT CODE: ABPBXA0030
SCIENTIFIC NAME: Ammodramus henslowii 
COMMON NAME: Henslow's Sparrow

STATUS (Southeastern U.S.)

GLOBAL RANK:  G4 
STATE RANK:  S1 (TX), S2 (KY, NC, OK), S3 (AL, GA, LA), 
                       SA (AR), SN (MS), S? (FL, SC, TN) 

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  S (KY), SR (NC)

DESCRIPTION

Henslow's Sparrow has a short tail, large pale bill, reddish wings, an olive-colored flat head, and fine
streaks across the breast (Peterson 1980).  A shy, secretive sparrow; its presence is often detected by its
song - a very short, hiccupping "tsi-lick".  When flushed, it flies low and jerkily, with a twisting
motion of its tail.

From Roberts (1949) - adults: sexes alike, length 4.75 - 5.25 in (12.1 - 13.3 cm); average weight 13.0
g; head and hindneck buffy-olive or yellowish olive; crown (except a light median stripe), nape, and
hindneck streaked with black; broad pale olive stripe over eye; black line back of eye; ear coverts
dusky-olive, bordered by a light and a black spot; two (usually) black lines along side of throat; sides of
neck clear buffy or yellowish-olive; narrow light eye ring; back feathers black centrally, bordered
widely with chestnut and narrowly with white, producing a streaked appearance; rump and upper tail
coverts tawny; below -white, buffy-tinged on sides, flanks and across breast; breast sharply striped with
black, stripes extending along sides to and including flanks; closed wing (1.95 - 2.20 in, 4.95 - 5.59
cm) appears largely chestnut; flight feathers grayish-brown; secondaries, tertiaries, and coverts bright
rufous or chestnut; bend of wing pale yellow; tail (1.90 - 2.05 in, 4.80 - 5.20 cm) narrow and tapering,
outer feathers on each side nearly 1/2 inch (1.2 cm) shorter than middle ones; middle tail feathers
rufous or chestnut with dark shaft streaks and edged with a grayish-white; other tail feathers
grayish-brown with pale outer webs; bill reddish-fleshcolor; legs and feet pale flesh color; iris brown.

Juvenile plumage: above clay-color, streaked on head and back with black, feathers with rounded
central spots; wings and tail clove-brown edged; secondaries and tertiaries with russet; alulae with
white.  Below - faint yellow, buffy on chin and throat; unstreaked or an occasional streak at sides of
throat (Roberts 1949).

DISTRIBUTION

Henslow's Sparrow begins its spring migration from the wintering grounds in the mid-Atlantic and Gulf
Coast states in early March (Hyde 1939).  By the second or third week of April, the birds have reached
Kansas, southern Michigan, and New Jersey (Hyde 1939, Robins 1971a) and, by the middle of May,
they have arrived at the northern limits of their range in New England, southern Ontario, and eastern
South Dakota (Hyde 1939, Whitney et al. 1978, Johnsgard 1979).  



152

The southeast, populations are rare and local, in addition to being erratic from year to year (Hamel
1992).  Known to breed in northern and central Kentucky and in the mountain valleys and the extreme
northern portions of Virginia.  Henslow's Sparrow tends to be very secretive during the non-breeding
season so that accurate determinations of population size is difficult (Hamel 1992).  It is generally
uncommon throughout the southeast from northern South Carolina to central Florida and west through
Georgia, southern Alabama, southern Mississippi, into Louisiana and Texas (Hamel 1992). 

HABITAT

In the eastern part of its range, Henslow's Sparrow has been reported in "moist upland meadows not
under the plow" in Vermont (Kibbe and Laughlin 1983), "in small swales, meadows or other moist
grassy lands...in fields of heavy timothy or clover" in Massachusetts (Forbush 1929), and "in grassy
fields and meadows with scattered bushes and herbaceous plants, both in wet and dry situations" in New
York (Bull 1974).  In addition to the above types of habitats, Henslow's Sparrow has been reported in
wet meadows vegetated by sedges, rushes and grasses, in fields of seedling pines, and in drier upland
portions of salt marshes in the Northeast (Craig 1979).  Along the Atlantic coast, the birds probably
nested on the edges of salt marshes before the arrival of Europeans (Hyde 1939, Craig 1979).

In the Midwest and Great Plains regions, Henslow's Sparrow formerly bred in tallgrass prairie
interspersed with forbs and shrubs.  Now, typical breeding habitat includes neglected grassy fields,
pastures and meadows with scattered shrubby vegetation, or hayfields with dense cover, usually in
damp or low-lying areas (Whitney et al. 1978, Johnsgard 1979, American Ornithologists' Union 1983).

In a brome grass-alfalfa-red clover hayfield in southwestern Michigan, Henslow's Sparrow red in areas
with an intermediate moisture range, a continuous cover of grasses and sedges about 2.5 ft(0.8 m) high,
occasional shrubs, mostly less than 3 ft (0.9 m) high, and accumulated litter (no data on litter depth or
percent coverage) (Robins 1971a).

Fall and Eliason (1982) located a nest in Hennepin county, Minnesota at the top of a knoll in an old
field.  About 80% of the biomass of the 0.5 m high vegetation was timothy.  Except for a few shrubs
approximately 0.5 m high, there was no woody vegetation within 100 m, the vegetation covered about
75% of the soil surface,and there was a complete litter layer up to 5 cm deep.

Weins (1969) compared the vegetation structure at Henslow's Sparrows' nests with the vegetation in
unoccupied areas in Fitchburg, WI.  Occupied areas had significantly lower coverage and density of
forbs, especially broad-leaved types, and the forb height was significantly greater (average height=27
cm, unoccupied average=19 cm).  In occupied areas, the vertical vegetation density was higher and the
litter was deeper and covered a higher percentage of the soil surface (average depth=4.3 cm, 93%
coverage).

Skinner (1975) compared the number of Henslow's Sparrows in seven types of grasslands in northern
and western Missouri and found the following:

  Number Henslows's sparrows         Vegetation
        (% of total) Habitat Height
-------------------------------------------------------------------------------------------------------------------------

689 (31.8%) grazed grassland >30.4 cm
617 (28.4%) idle grassland no data given
419 (19.3%) grazed grassland 20.3 - 30.4 cm
308 (14.2%) combined grassland 45.7 cm
136 ( 6.3%) grazed grassland 10.2 - 20.3 cm
  0 ( 0.0%) grazed grassland 0 - 10.2 cm
  0 ( 0.0%) hayfield 5.1 cm

 TOTAL 2169 (100.0%)

Skinner's conclusion that there is a direct relationship between vegetation height and Henslow's
Sparrow numbers is not entirely supported by his data because more birds were found in 20.3 - 30.4 cm
high grazed grasslands than in 45.7 cm high vegetation produced by equipment used to combine
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grassland.  This contradiction may be because of differences in vegetation density which he did not
measure or differences in timing and intensity of these procedures, which he did not document.

BIOLOGY-ECOLOGY

Henslow's Sparrows often nest in loose colonies with contiguous territories (Hyde 1939, Wiens 1969,
Johnsgard 1979) although Robins (1979a) found that most of the territories in his southwestern
Michigan study area were separated by buffer zones which had no breeding sparrows.  The average size
of a territory is 0.8 acres (0.3 ha) in southwestern Michigan (Robins 1971a) and 1.5 acres (0.6 ha) near
Madison, Wisconsin (Weins 1969).  Territory size tends to increase throughout the summer (Robins
1971a, Johnsgard 1979).  Robins (1971a) found that the average territory size was smallest and the
population density highest in areas with the tallest and densest vegetation.  Territories are defended by
males in formal "songfests"; there rarely are any physical encounters (Hyde 1939, Robins 1971a).

No specific data are available on site fidelity but several authors have commented that local populations
tend to be unstable (Hyde 1939, Wiens 1969, Robins 1971a).  On the other hand, Henslow's Sparrows
have bred consistently in some undisturbed, protected areas, e.g. Hayden Prairie in Iowa (Ennis 1959,
Ewert pers. comm.) and Goose Lake Prairie in Illinois (Birkenholz 1983).

Henslow's Sparrow often raise two broods of young per breeding season (Hyde 1939) and perhaps three
(Robins 1971a).  Nests can be either open or domed and located from 0-50 cm above the litter (Hyde
1939, Robins 1971a, Flanigan 1975).  Those nests that are off the ground are attached to grass or forb
stalks.  Hyde (1939) describes a "typical" domed nest in southern Michigan as being located at the base
of a clump of grass with dead grass from the clump forming an arched roof over the nest.  The single
entrance is located at an oblique angle on the side of the nest.  Occasionally, a nest is in a depression in
the ground (Johnsgard 1979) but most are at least 2 cm above the ground.  The nest is loosely woven
with dead grass and lined with finer grasses and hair.  The female does most or all of the nest-building
and this process takes 5-6 days.

Clutch size is from 3-5 eggs.  The eggs are approximately 18.3 by 14.4 mm in size (Graber 1968) and
white with spots or blotches of brown, mostly at the larger end.  First clutches are normally completed
by May 20-30 in the central part of its range (Hyde 1939, Graber 1968).  Second nests are begun in
July and August with some second nests extending into September (Robins 1971a).  Only the female
incubates the eggs and broods the young.  The incubation period is about 11 days and the young stay in
the nest 9-10 days.  Females make most of the feeding trips during the first 4 or 5 days of the nestling
period and about half of the trips during the latter half (Robins 1971b).

In birds from southern Michigan, 36% of the adult diet was crickets and short-horned grasshoppers. 
Beetles composed about 19% of the diet, vegetable matter another 18% and spiders, butterfly larvae
and bees completed the diet (Hyde 1939).  About 80% of the nestling diet in two Michigan studies
consisted of grasshopper and butterfly larvae (Hyde 1939, Robins 1971b).

Of the 11 nests found in a southern Michigan brome hayfield, 6 produced at least one young (54.5%)
(Robins 1971a).  Only 1 of the 11 nests successfully raised all of the young (9.1%).  Seventeen young
were produced from a total of 46 eggs (37.0%).

Potential important predators of Henslow's Sparrow include mammals, snakes and birds of prey.  A
thirteen-lined ground squirrel (Citellus tridecemlineatus) was observed picking up a young sparrow
from its nest in southern Michigan (Robins 1971a).  Hyde (1939) evicted a blue racer (Coluber
constrictor) from a nest in Michigan.  The remains of Henslow's Sparrows have been found in the
stomachs of northern harriers (Circus cyaneus) and sharp-shinned hawks (Accipter striatus) (Hyde
1939, Graber 1968).  Skunks, weasels and raccoons may also prey on nests.  There have been very few
reports of Henslow's Sparrow nests being parasitized by the brown-headed cowbird (Molothrus ater)
(Hyde 1939, Robins 1971a).

Henslow's Sparrow is listed on the Blue List of species of concern of the National Audubon Society
(Arbib 1979) because of population declines across most of its range.  The Nature Conservancy gives
the species a global ranking of G3.  In the Midwest (Iowa, Illinois, Missouri, Indiana) populations have
declined precipitously in the past 25 years.  The Illinois Natural History Survey censused grassland bird
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populations in northern and central Illinois in 1957-58 and 1978-79 (Illinois Natural History Survey
1983).  During this 20-year span, 65-75% of grassland habitat disappeared and the density of
Henslow's Sparrow decreased from 0.90 birds/100 acres in 1958 to 0.22 birds/100 acres in 1979
(Sanderson pers. comm.).  Combining both the habitat and density losses, the Survey estimates that
Henslow's Sparrow populations in Illinois have declined by 94% since 1958.

In the east-central portion of its range (New York, Pennsylvania, Ohio), the species is still locally
common (e.g. New York Bull 1974, Bull 1976) but it is declining in more urbanized areas (Bull 1974). 
Forbush (1929) listed Henslow's Sparrow as a "rare to common local resident" in Massachusetts in the
early part of this century but there have been no confirmed breeding records in the state since 1974
(Komar 1983).  Henslow's Sparrows were rare but reliably found in New England in the early 20th
century, but the species has all but disappeared.  In 1983, only one breeding colony was known (Kibbe
and Laughlin 1983), and in 1984, no nests were reported in New England (Master pers. comm.).

THREATS

The major threat probably is loss of breeding habitat.  In the Midwest, a switch in agriculture methods
from hay production and grazing to intensive production of specialized crops such as corn and soybeans
has been a major contributor to habitat loss (Illinois Natural History Survey 1983, Sanderson pers.
comm.).  In the eastern half of its range, increased urbanization and encroachment of woody species
into breeding habitat are problems (Master pers. comm.).  Another threat is fragmentation of suitable
habitat into small, widely scattered plots (Master pers. comm., Sanderson pers. comm.).  The effects of
normal population fluctuations are more drastic on smaller preserves, and if there are no "travel lanes"
of suitable habitat between breeding areas, recruitment from immigration maybe very low and
populations may not be able to recover or reestablish themselves after normal population fluctuations
(Sanderson pers. comm.).  These effects have been documented in forest habitats (Robbins 1979) and
they may apply to prairie habitats also.

RECOVERY POTENTIAL

In the Northeast, urbanization and encroachment of woody species into the breeding habitat are
reducing the amount of suitable breeding habitat and seriously affecting Henslow's Sparrow
populations; it may be difficult for these populations to recover.  In the rest of its range, Henslow's
Sparrow populations probably could be maintained if efforts to preserve the largest and most viable
populations and to prevent further fragmentation of suitable habitat are begun now.

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

The minimum number of breeding individuals needed to constitute a viable population is unknown.  The
number of individuals should remain relatively constant or increase from year to year.  Efforts should
be made to prevent fragmentation of the breeding habitat since the minimum area size required for a
viable breeding population of Henslow's Sparrow is thought to be between 10 and 100 ha (Samson
1980).

  RESEARCH NEEDS

In order of decreasing priority:

1. establish current species distribution
2. research effect of various intensities and timings of burning, mowing, and grazing on

populations
3. research effect of preserve size and habitat fragmentation on populations
4. research degree of site and mate fidelity, mortality and reproductive success rates
5. determine status of appropriate habitats on wintering grounds in the southeastern United States.
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No research programs specifically addressing Henslow's Sparrow were found while preparing this
Abstract.

  MONITORING NEEDS

Known element occurrences need to be censused regularly to monitor the stability of the population. 
Nesting success data such as clutch size, number of young produced and causes of nest failure may be
collected.

  MONITORING PROGRAMS

After surveying the literature and individuals likely to be monitoring Henslow's Sparrows, no
monitoring programs come to light.  Occurrences of Henslow's Sparrow are tracked by the Natural
Heritage programs in Georgia, Louisiana, and Virginia.

  MONITORING PROCEDURES

Ideally, suitable habitats should be censused every year.  At the very least, one breeding bird census
should be conducted to collect baseline information and known populations should be checked for
breeding activity in subsequent years.

The best times to census are during peak nesting periods and peak singing periods during the day.  The
peak number of nesting attempts the peak singing period is one hour before and after sunrise (Hyde
1939, Robins 1971a).  Nests are found by dragging a very heavy rope between two people through the
territory of a singing male and having one or two additional people behind the rope to find the nests.

  MANAGEMENT NEEDS

Henslow's Sparrows should not be disturbed from mid-May through August. Management regimes that
produce dense and moderately tall graminoid vegetation (30 cm or more) from mid-May through
mid-August should be considered.  Woody species should be removed.  At this time, it is not clear what
the management objectives are with litter depth.  A minimum area of 10-100 ha should be preserved for
Henslow's Sparrow.

  MANAGEMENT PROGRAMS

No management programs specific to Henslow's Sparrows are known.

  MANAGEMENT PROCEDURES

Grazing:  Skinner (1975) gave no data on the intensity or frequency of grazing on his study area, but he
did find Henslow's Sparrow on grazed lands with 20.3 - 30.4 cm high vegetation.  Few birds were
found on grazed areas with shorter vegetation heights.  Hyde (1939) reports one instance where a cow
trampled a Henslow's Sparrow nest and this may be an important consideration.

Mowing:  Hyde (1939) and the Illinois Natural History Survey (1983) imply that Henslow's Sparrow
will nest in hayfields that are mowed every year.  Smith (1963) notes that Henslow's Sparrows nesting
in Jefferson county, Pennsylvania abandon hayfields that are mowed in mid- to late June, and 2
Henslow's Sparrow nests were destroyed in Vermont during haying operations in August (Kibbe and
Laughlin 1983).

Burning:  No data are available on the effects of burning on Henslow's sparrow.  There is some
evidence that the species prefers some litter (Weins 1969), and burning affects litter depth.  Burning
could be beneficial to Henslow's Sparrow populations because they require dense vegetation for
nesting.  On the other hand, burning could prevent or delay nesting at nest sites until herbaceous cover
is reestablished (Bowles 1981, Ewert pers. comm.).

Removal of woody species:  There are no data on the effect of encroaching woody species on
Henslow's Sparrow.  Henslow's Sparrow is believed to be disappearing from New England because of
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conversion of old fields to forest (Master pers. comm.) and a reversal of this process may help the
species.

STEWARDSHIP SUMMARY

1. Thoroughly census and monitor existing populations
2. Maintain habitat with dense graminoid vegetation and little or no woody vegetation
3. Research effects of burning, mowing and grazing on populations.
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Summary of the potential effects of the RCW Management Guidelines on Ammodramus henslowii.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection          X     X  

      Brush clearing    X X

      Fuel removal and raking     X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes    X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X

      Thinning X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking       X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Henslow's Sparrow

The ecology and habitat requirements of Henslow's Sparrow in the Southeast remains poorly known. 
Wintering populations of the sparrow have been known to use longleaf pine forests, where open-canopy
pine flatwoods, pine savanna, and mixed pine-hardwood forests offer suitable habitats (Hamel 1992). 
The following discussion pertains to the effects of RCW management on wintering Henslow's
Sparrows.

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for Henslow's Sparrow.  However, such activities may have adverse effects if they
reduce grass and herbaceous ground cover below the >85% total cover that the sparrow appears to
require for foraging.  Management activities which encourage the establishment and persistence of
wiregrass (Aristida stricta) tussocks should be adopted.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of habitats for Henslow's Sparrow because it acts to reduce the shrub and midstory woody vegetation
and promotes a well-established herbaceous layer.  Growing season burns are preferable to winter
burns, since such fires would tend to promote the dense grass cover and sparse woody vegetation
favored by the sparrow.  Burning in areas which support wintering Henslow's Sparrow habitats should
not be conducted during the non-breeding season to avoid adverse impacts on the fall seed crops upon
which the sparrow depends.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation and soil stability, and to avoid fragmentation of
sparrow habitats.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit Henslow's Sparrow.  Chemical and mechanical methods of hardwood control
should employ best management practices to avoid soil disturbance, destruction of ground layer
vegetation, and non-target effects of herbicides.  Hardwood control should be avoided during known
breeding periods.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on Henslow's Sparrow habitats by maintaining the integrity of grass and herbaceous
layer vegetation.  Use of native vegetation should be used wherever possible and non-native species
should be avoided.  Mechanical means of erosion control should maintain the natural contours of the
surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for Henslow's Sparrow.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
Mechanical site preparation tends to alter vegetation and may adversely affect the availability of seed-
producing plants used by the sparrow.  Where possible, site preparation should avoid adverse impacts
to wet grassy areas in flatwoods.  Use of clearcutting as a management tool for Henslow's Sparrow may
provide suitable habitats for a limited period of time, but establishment of dense young pines would
tend to exclude the sparrow during later years.  Seedtree or selection cutting which maintain the
herbaceous layer and more closely mimic natural processes should be preferred to other management
systems.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
Henslow's Sparrow.  Timber harvest which shifts forest stands toward longer rotations and replaces off-
site pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient
dynamics in plant communities.  Forest management should minimize adverse impacts to wiregrass and
other herbaceous ground-layer species. 

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Henslow's Sparrow.  Vehicular traffic on roadways
should be monitored to reduce soil erosion and off-road traffic should be prohibited as highly
deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from areas supporting known wintering populations.  



     10The following Abstract has been adapted from Hall, S.P. and H.E. Legrand, Jr. 1989. Element
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Species Stewardship Summary10
LANIUS LUDOVICIANUS

ELEMENT CODE: ABPBR01030
SCIENTIFIC NAME: Lanius ludovicianus Lichtenstein
COMMON NAME: Loggerhead Shrike

STATUS (Southeastern U.S.)

GLOBAL RANK:  G4G5
STATE RANK:  S2 (NC breeding), S3 (NC nonbreeding), S3S4 (KY),  
                      S4 (AL,GA,LA,MS,OK,SC,TX), S? (FL, TN)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  N (KY), SC (NC, SC)

DESCRIPTION

The only songbird that regularly preys on other vertebrates, shrikes show only few structural
modifications for predation, mainly their hooked and notched beak and relatively heavy build;
otherwise, they resemble  Mockingbirds in both size and plumage.  The Loggerhead ranges in length
from 8 - 10", in wingspan between 12 - 13", and in weight up to 1.5 oz (Eckert 1983, Pearson, et al.
1959).  The sexes are virtually indistinguishable in the field.

The adults are generally dark blue-gray above and grayish white below, but  the two subspecies
occurring in North Carolina differ slightly in this regard:  the rarer migrans is paler above but grayer
underneath than ludovicianus; it also has shorter wings (Miller 1931, Pearson, et al. 1959).  The wings,
mask, bill, and tail are basically black in all forms, except that the wings have a white patch at the base
of the primaries (more restricted than that of Mockingbirds but showing more contrast with the blacker
wings), and the tail is white at the tip and on the outer edges.  The bill also becomes lighter colored at
the base in the winter.

In addition to its mask, build, and more contrasting coloration, the Loggerhead can be distinguished
from the Mockingbird, as well as from other songbirds generally, by its bill, which is relatively stout
and conical, hooked at the tip, and notched like that of a falcon.  The legs and feet, on the other hand,
are not used in killing prey and are slender like those of other perching birds.  Apart from the
Mockingbird, which it only superficially resembles, the Loggerhead can only be confused with its
larger and paler congener, the Northern Shrike, which has been recorded in North Carolina extremely
seldom (Potter, et al. 1980); consult Farrand (1983) or other field guides for distinguishing field marks.

Juveniles are similar to adults in overall pattern, but are lighter gray above and possess faint gray
barrings on their breast.  Although somewhat more similar to a Northern Shrike in plumage than are the
adults, the juvenile Loggerheads are never as pale as that species, nor possess as large or as strongly
hooked a bill; again consult the field guides for critical field marks.  They can more easily be
distinguished from juvenile Northerns, which are washed with brown and are much more heavily barred
beneath.

The song of the Loggerhead Shrike is surprisingly melodious compared to their harsh, shrieking call
notes.  It consists of low warbles interspersed with mechanical squeaking notes, the overall effect
resembling the varied song of the Yellow-breasted Chat (Eckert 1983).  A distinctive call given in
response to territorial intruders was described by Miller (1931) as "bzeek, bzeek, bzeek".
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Shrikes are easily distinguished by several other behavioral traits.  They perch typically on branches,
fences, or telephone wires with a commanding view of the surrounding open terrain.  In flight, they
usually drop down from their perches before beginning a rapid traverse low over the ground; on landing
they characteristically glide upwards before perching.  The flight itself consists of very rapid wingbeats. 
Together with the hooked bill and black mask, the swift buzzing flight bestows a sinister appearance
upon this species, something made even more manifest by their habit of impaling their victims on
thorns or barb-wire or wedging them into branches.

DISTRIBUTION

The Loggerhead Shrike is a strictly North American species, ranging from southern Canada to Mexico
from the Pacific to Atlantic coast; only in high mountains is it completely absent.  Within this range, 11
subspecies have been described, differing from one another only slightly in plumage, measurements and
habitat (Miller 1931).  Only two races occur east of the Mississippi.  Lanius ludovicianus migrans, the
Migrant Shrike, ranges from Alberta to New Brunswick and south in the interior to northern
Mississippi and Louisiana and east to the Appalachians, including western North Carolina.  In the
South, the primary race is the nominate form, occurring from Virginia and North Carolina south to
Florida along the Atlantic Seaboard, and west to Louisiana along the Gulf Coast (Miller 1931, Pearson
et al. 1959).

In North Carolina, L. l. ludovicianus is the more widespread form and is permanently resident from the
Piedmont to the Coastal Plain.  It is rare to absent over much of the northern and eastern portions of the
Coastal Plain (Pearson, et al. 1959; Potter, et al. 1980).  Migrans appears to be restricted to the
western part of the state during the breeding season (this population may actually represent an
intergrade  between ludovicianus and true migrans -- Miller 1931).  In winter it becomes more frequent
throughout the state, most of the northern populations in the east migrating southward from areas that
become covered by snow 10 or more days (Miller 1931); nonetheless, it still appears to be only an
uncommon visitor compared with the more numerous and resident ludovicianus (Pearson, et al. 1959).  

HABITAT

Shrikes are characteristically birds of open country, occurring from deserts and prairies in the West to
pastures and fields in the East.  Nesting and perching requirements include shrubs and low trees; where
these are absent, as in pure prairie habitat, shrikes are also missing.  Nests are built in a variety of
trees, shrubs, and vines from 3 - 20' above the ground (Fraser and Luukkonen 1986).  Longleaf pine
(Pinus palustris) savannas and open, mature stands of loblolly pine (P. taeda)-shortleaf pine (P.
echinata) may also provide suitable habitat for the shrike in the Southeast (Hamel 1992).

BIOLOGY-ECOLOGY

Loggerheads, especially the resident populations, breed earlier than most songbirds.  Ludovicianus
begins mating as soon as February and March in parts of the South (Fraser and Luukkonen 1986), and
in North Carolina the peak in laying occurs in April (Potter, et al. 1980).  The mating season for the
North Carolina population of migrans is probably similar, but the migratory populations head northward
mainly from early April to May; they return as soon as late summer or early fall (Pearson, et al. 1959).

As is true for most songbirds, the Loggerhead is strongly territorial during the breeding season, pairs
defending a large foraging and roosting area as well as the nest site itself.  Like the Mockingbird, they
also defend individual territories during the winter, both against conspecifics and other competing
species (Miller 1931, Fraser and Luukkonen 1986).  

Again as is true for most birds, the male shows more faithfulness to their nesting sites than do females
(Kridelbaugh 1983); seasonal monogamy is thus the rule.  Females, in fact, may abscond before the
fledglings become independent, leaving the male as the sole provider (Kridelbaugh 1983).  The male, as
in raptors and owls, also provides food for the female while she is incubating the eggs, something
apparently only the females do (Fraser and Luukkonen 1986).  While both parents feed the nestlings, as
mentioned, the male winds up providing most of the post- fledgling care (Kridelbaugh 1983). 
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In addition to laying replacement clutches if a set is lost to predators or adverse weather, Loggerheads
are normally multiple-brooded (Fraser and Luukkonen 1986).  In North Carolina two clutches are
normally raised per year but three are the rule in South Carolina (Potter, et al. 1980).  Clutch size
ranges from 3 to 7, with 5 or 6 being the normal number; observed averages vary between 4.38 to 6.39
(Kridelbaugh 1983).  The first clutch of the season is typically the largest with one egg subtracted in
each subsequent nesting (Potter, et al. 1980).

Incubation takes fairly long compared to other songbirds, ranging between 16 - 20 days with 17 being
the average (Kridelbaugh 1983).  Potter, et al. (1980) reported 13 days for North Carolina shrikes. 
Observed hatching success rates range from 79.5 to 84.7% (Kridelbaugh 1983).

Fledging takes place from 17 - 21 days, 19.1 being average (Kridelbaugh 1983).  Fledging success rates
range from 50 - 88% per hatched egg and overall nesting success (number of nests producing at least
one fledgling) ranges from 43.2 - 80% (Kridelbaugh 1983).  Brood reduction due to starvation of the
youngest nestling is frequently observed as are losses due to predation (particularly by snakes) and
adverse weather (Kridelbaugh 1983).

The post-fledging dependency lasts from 3 - 4 weeks and as mentioned above most of the care is
provided by the male parent (Kridelbaugh 1983, Fraser and Luukkonen 1986).  Survival rates during
the first year and for adults appear to be unknown but Loggerheads live as long as 6 years in the wild
(Kennard 1975).  Like other songbirds, they probably begin breeding when one year old.

Shrikes are the only North American songbirds that regularly prey on other vertebrates and are
well-known for their habit of impaling mice, shrews, small birds, lizards and snakes on thorns or
barbed wire.  Prey range in size up to full grown cotton rats but insects probably constitute the bulk of
their diet, particularly during the breeding season when grasshoppers are abundant; during the winter,
on the other hand, vertebrates become the main prey (Miller 1931, Fraser and Luukkonen 1986).

THREATS

Shrike populations have apparently been in slow decline over much of the eastern part of their range
during most of this century, but recently these losses have accelerated dramatically: a 4% annual
decline has occurred since 1978 overall, with much as a 60% reduction observed in Missouri between
1967 and 1979 and complete extirpation occurring elsewhere (Fraser and Luukkonen 1986).

Several factors appear to be involved, although none have been pin-pointed in explaining the recent
decline.  The first and more gradual cause may be the conversion of agriculture to "clean" farming
techniques and the planting of large fields.  As mentioned, a key habitat requirement for the shrike is
the presence of shrubs, both for nesting and for hunting lookouts; the destruction of hedgerows and
windbreaks accompanying the development of large farm machinery, especially since the 1960's,
probably represents a significant loss of habitat for this species and is also implicated in declines of
Bobwhite, Cottontails, and other species formerly abundant in agricultural areas.

On the other hand, shrikes have been disappearing even from areas with much remaining habitat. 
Given their diet on birds, as well as on crop- feeding insects, pesticides have also been suggested as
potential factors in their decline.  As in other raptorial birds at the top of the food chain, residues of
DDE and other organochlorines have been found in the tissues of adult shrikes and eggshell thinning
has also been demonstrated to have occurred since the widespread use of DDT began in the late 1940's
(Anderson and Duzan 1978).  Nonetheless, reproductive rates themselves have remained high even in
populations undergoing declines and the crushed eggs so typical of organochlorine contamination in
Peregrines and Accipiters have not been observed as conspicuously in shrikes (Anderson and Duzan
1978, Fraser and Luukkonen 1986).  Furthermore, shrike populations have continued to decline even
after the banning of organochlorines in this country in 1972, in sharp contrast to the recoveries seen in
other effected species.  Busbee (1977) found that, in experimental tests, young shrikes given daily doses
of dieldrin had a mean age of death from 16 - 78 days, depending on dosage.  Thus, the decline in
shrikes might be partly a function of death of immature birds from pesticides, even if reproductive
success appears unaffected.
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While these results seem equivocal, some combination of pesticide effects and habitat loss seems to be
the only possibility explaining the decline of shrike populations.  Although the exact role of pesticides
has not been pin-pointed, direct effects on both adults and juveniles, particularly from dieldrin
poisoning, have been observed, and may act particularly during migration or other times of stress when
observations of mortality are hard to obtain (Anderson and Duzan 1978, Fraser and Luukkonen 1986).

RECOVERY POTENTIAL

The recovery potential for this species is difficult to assess in absence of clear causes for their decline. 
A reversion to older agricultural techniques and the elimination of wide-spectrum pesticides would seem
necessary but also extremely unlikely to occur.  Thus, the recovery potential, in North Carolina, is
poor.

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

Nesting pairs should be looked for in shrubby pastures or fields from late March through June.  Winter
territories are also good indicators of where to look in the following breeding season, but since the
Migrant Shrike also establishes winter territories during its temporary sojourn here, winter sightings in
themselves are not quite as useful as those made during the breeding season.

Since Loggerheads in the eastern United States are primarily agricultural birds, protection through
acquisition of critical habitat is ruled out.  All that can be done is to alert landowners of the presence of
shrikes on their property and to encourage them to retain hedgerows and wind-breaks and to avoid the
heavy use of pesticides if possible.

  RESEARCH NEEDS

The demography and ecological relationships of this species in North Carolina are unknown, as are
current population levels.  The status of L. l. migrans as a breeding species in western North Carolina
is in particular need of documentation.

No academic research programs are known for the Loggerhead Shrike in North Carolina, but Wayne
Irvin of Raleigh has been banding nestling shrikes and observing nesting behavior of shrikes in the
state, primarily in Wake County.  This is his own private research. 

  MONITORING NEEDS

A systematic state-wide survey of nesting shrikes is urgent, both in North Carolina and throughout the
Southeast (Fraser and Luukkonen 1986).

  MONITORING PROCEDURES

Surveys along rural roads offer the best approach for censusing this particular species.  Once located,
nest areas should be checked annually since they are often re-used.

  MONITORING PROGRAMS

In addition to states which have ranked the bird, the Loggerhead Shrike is monitored by Natural
Heritage programs in Arkansas, Kentucky, and South Carolina (Hamel 1992).  It is a U.S. Forest
Service sensitive species on the George Washington, Jefferson, and Ouachita National Forests.    

  MANAGEMENT NEEDS

Given the dependence of shrikes on agriculture in the eastern United States, an effective management
policy must involve the interests of the rural community.
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  MANAGEMENT PROGRAMS

No management programs specifically designed for the Loggerhead Shrike are known.

  MANAGEMENT PROCEDURES
 
A return to traditional farming practices is, in fact, being promoted by the N.C. Wildlife Resources
Commission due to their importance for maintaining populations of quail, rabbit, and other game
species.  Management schemes for this species should encourage the use of the traditional methods of
small family farming, including the use of smaller fields, the retention of hedgerows and windbreaks,
the rotation of crops with pasturage, and a decreased dependence on pesticides.  

STEWARDSHIP SUMMARY

The Loggerhead Shrike is behaviorally one of the most interesting species of North Carolina songbirds,
not only by its preying extensively on other vertebrates but also in its sharing of other behavioral traits
of true raptors and owls, particularly the provisioning by the male of both its mate and young. 
Although the presence of this species east of the Great Plains was originally enhanced by the clearing of
the primeval forest for agriculture, current farming practices appear to be causing its decline.  The sole
hope for this species in this part of the country now depends upon the re-adoption of ecologically-sound
agricultural methods.  Until such practices become widespread, the shrike will remain an important
indicator species of general environmental degradation, something that will adversely effect most
species in the long run, ourselves included.
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Summary of the potential effects of the RCW Management Guidelines on Lanius ludovicianus.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection       X X

      Brush clearing    X X

      Fuel removal and raking    X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire       X

         Growing season fire X

      Fire management    X    

         Berm construction    X    

         Plowed fire lanes    X  

         Back fires     X

         Natural fire breaks X

      Mechanical control    X X

      Chemical control    X X

   Hardwood control    X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control    X X

      Thinning    X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Loggerhead Shrike, Lanius ludovicianus

Shrikes are characteristically birds of open country, occurring from deserts and prairies in the West to
pastures and fields in the East.  Longleaf pine savannas and open, mature stands of loblolly pine
shortleaf pine may also provide suitable habitat for the shrike in the Southeast (Hamel 1992)

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is unlikely to directly affect the Loggerhead Shrike.  To the extent that such activities restore an
open midstory and maintain the integrity of the herbaceous layer, they should positively affect habitat
quality for prey.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of Loggerhead Shrike habitat in pine forests because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer (which, in turn, benefits the shrike's prey). 
Season of burn is problematic since the shrike breeds very early in the spring (from February in July). 
Shrikes will renest if disturbed.  Once a burn regime has been established, growing season burns, after
breeding, will promote the open habitats preferred by the bird.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Fire management should be aware of the potential for Loggerhead Shrike nesting
along the shrubby margins between savannas and pocosins and along hardwood stringers.  Use of heavy
equipment to construct berms or fire lanes should be minimized to avoid negative impacts to ground
layer vegetation and soil stability.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the Loggerhead Shrike.  Chemical and mechanical methods of hardwood control
should employ best management practices to avoid soil disturbance, destruction of ground layer
vegetation, and non-target effects of herbicides.  The shrike requires scattered shrubby vegetation for
nesting, so that hardwood management should retain some scattered shrub and sapling hardwoods in the
overall savanna matrix.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on indigo snake habitats by maintaining the integrity of herbaceous layers used by
shrike prey populations.  Use of native vegetation should be used wherever possible and non-native
species should be avoided.  Mechanical means of erosion control should maintain the natural contours
of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available open woodland habitats for the Loggerhead
Shrike.  Natural regeneration methods should be used in order to avoid high-impact artificial means. 
Site preparation should employ fire where possible rather than mechanical methods such as discing or
chopping in order to favor prey populations.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
both the open, savanna habitats used by Loggerhead Shrikes and the groundlayer vegetation upon which
the shrike's prey depends for refugia.  Timber harvest which shifts forest stands toward longer rotations
and replaces off-site pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and
nutrient dynamics in plant communities.  Forest management should minimize adverse impacts to
wiregrass and other herbaceous ground-layer species.
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Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Loggerhead Shrikes.  Vehicular traffic on roadways
should be monitored to reduce soil erosion and off-road traffic should be prohibited as highly
deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from shrubby areas within the pine savanna, particularly during the
breeding season.



     11Text from:  Jordan, R.A. 1995. Draft Element Stewardship Abstract for Neotoma floridana. The
Nature Conservancy, Southeastern Regional Office, Chapel Hill, NC.
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Species Stewardship Summary11
NEOTOMA FLORIDANA

ELEMENT CODE: AMAFF08010
SCIENTIFIC NAME: Neotoma floridana Ord
COMMON NAME: Eastern Woodrat  

STATUS

GLOBAL RANK:  G5
STATE RANK:  S2 (NC); S3S4 (KY, MO, SC, VA); S4 (AL, AR, LA);  
                      S5 (FL, TN, TX); S? (MS, OK)

FEDERAL STATUS: The Key Largo Woodrat (N. f. smalli) is listed as a Candidate level 2 (C2)
species by the USFWS.

STATE STATUS: The subspecies N. f. floridana is ranked as S1 in North Carolina and considered
threatened in that state.

DESCRIPTION

This is a relatively large (200-382 g) rodent superficially resembling rats of the genus Rattus, but easily
distinguished from them (see below).  Length ranges from 30 to 43 cm (12-17 in), including the 16-20
cm (6.25-7.8 in) tail, and averages about 38 cm (15 in) (Webster et al. 1985).  

Pelage color is variable, but is usually gray-brown above with somewhat darker hairs along the midline
forming a middorsal band.  The sides are buff, the head is gray, and the feet and underparts are white. 
Mountain woodrats (N. f. haematoreia and N. magister) tend to be distinctly bicolored, and tend toward
cinnamon above in summer, but N. f. floridana of the Coastal Plain may be uniformly gray and lack the
markedly bi-colored tail of northern forms (Schwartz and Odum 1957, Hall 1981, Webster et al. 1985). 
Ears are prominent and sparsely haired and the eyes are black and somewhat bulging.  Vibrissae are
long and conspicuous (Webster et al. 1985).

The sexes are similar in color, but the male averages slightly larger in size.  External genitalia are
generally apparent in the male, and females have four inguinally-located mammae.  Both sexes have
long, narrow musk glands along the ventral midline which are active during the breeding season when
the greasy, yellow secretions tend to discolor the surrounding fur (Schwartz and Schwartz 1981).

  Diagnostic Characteristics

The most comprehensive analysis of the North American woodrats remains that of Goldman (1910). 
However, since its publication, many more forms of the species have been recognized and the ranges of
known forms have been substantially revised.  Schwartz and Odum (1957) recognized 10 distinct
subspecies of Neotoma floridana, including six subspecies occurring east of the Mississippi River (Hall
1981).  Most recently, N. f. magister (Baird), the Allegheny woodrat, has been elevated to full species
rank as N. magister.  Specimens of N. magister can be separated from floridana by skull morphological
characters (Schwartz and Odum 1957).  

While superficially similar in appearance to Rattus norvegicus (Norway rat) and R. rattus (black rat),
woodrats may be distinguished as having a hairy tail, lacking the obvious scaling seen on the naked tails
of the other species.  The woodrat also has larger eyes, a blunter snout, and softer and less coarse fur
than either the Norway rat or black rat (Burt and Grossenheider 1976).  In Neotoma, the molar enamel
is arranged in prismatic folds, in contrast to the tuberculate molars of Rattus (Adams 1987).  
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DISTRIBUTION

The species, Neotoma floridana Ord, is widely distributed, occurring as far west as Texas and
Colorado, north along the margin of the Rockies into North Dakota, throughout the southern Great
Plains, eastward through the Appalachians into southern New York, and southward into central Florida
(Adams 1987; see also Hall 1981 for detailed range map of subspecies distributions).  There is a
marked hiatus in the species range along the eastern portions of the Mid-Atlantic states and including
the Piedmont of Georgia and South Carolina.  Schwartz and Odum (1957) suggested that Neotoma
invaded the eastern United States from the Southwest, where the subfamily is well-represented, with
one segment of the taxon moving north along the Appalachian Plateau and the other spreading out along
the Coastal Plain.

The subspecies Neotoma f. floridana is found on the Atlantic Coastal Plain, from peninsular Florida
(from Sarasota County on the west coast and Brevard County on the east coast), north to Brunswick
County, North Carolina, and west to about the Chattahoochee River and the Georgia-Alabama border,
and the Apalachicola River in Florida.  

Schwartz and Odum (1957) and Hall (1981) recognize the woodrat in Louisiana, Mississippi, Alabama,
and eastern Texas to be a separate subspecies, N. f. rubida.  This second subspecies appears very
similar in both appearance and habitat proclivities to floridana. 

Lee et al. (1982) described the N. f. floridana in North Carolina as restricted to two small populations,
one in southeastern Pender County and the other on Baldhead Island in Brunswick County.  The Pender
County site was the northernmost record for the subspecies and was still present in 1982 and was
apparently common there as recently as the 1950's (Cooper et al. 1977).  The Baldhead Island
populations had apparently been extirpated due to habitat alteration.

More recently (1986-1991) there have been several recent records farther northward along the coast and
may not be in the jeopardy it was previously considered (LeGrand letter, 6/6/91)

Chamberlain (1928) described the woodrat as being locally distributed and never abundant.  Schwartz
and Schwartz (1981) also felt that woodrats in Missouri (probably N. f. illinoensis) were uncommon
over much of their range in the southern half of the state.  In North Carolina, it appears to have never
been widespread, having historically been reported from only three localities in the lower Coastal Plain
(Lee et al. 1982).  Webster et al. (1985) likewise state the woodrat to be generally uncommon on the
Coastal Plain in swamps and grasslands (Webster et al. 1985).

HABITAT

The coastal subspecies has been found in a wide variety of habitats, inhabiting lowland deciduous
forests from Florida northward to southeastern North Carolina, though generally it is found inside or
near edges of forests, primarily deciduous forest.  Specific habitat descriptions include low, wet areas,
ranging from marshes (Svihla and Svihla 1933) to swamps and swamp hammocks (Bangs 1898, Harper
1927, Chamberlain 1928, Hamilton 1953).  

In Georgia and Florida, habitat is wet areas in hammocks and densely-vegetated swamps, where it
occupies nests in hollow trees or along stream banks in dense tangles of cabbage palmetto (Golley 1962,
Hamilton and Whittaker 1979).  Pearson (1952) recorded greatest abundance in ecotones between dry
and wet hammocks in Florida.  Harper (1927) described habitat in the Okefenokee Swamp as cypress
bays, hammocks, swamps, and sometimes sphagnaceous bogs.  Nests are found in all habitats and in
abandoned buildings where available (Schwartz and Odum 1957).  

David Webster (UNC-Wilmington) suggests that the species is habitat-specific and confined to
particular soil types.   Preferred habitat consists of low-lying deciduous forests with a dense cover of
palmetto (Sabal minor).  The Rocky Point, Pender County, population is restricted to an unusual
woodland dominated by dense shrub layer of Sabal major established on a unique soil (Pender Series)
with a very shallow, acidic A-horizon and a slightly alkaline B-horizon (Webster et al. 1987).  The
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habitat there appears to be similar to the palmetto forests of Florida where woodrats are relatively
abundant.

BIOLOGY-ECOLOGY

  Food Habits

Woodrats are generalist herbivores and eat various plant materials (buds, leaves, stems, roots, bark and
fruit), but in the fall and winter eat mainly stored nuts and seeds (Schwartz and Schwartz 1981).  Food
is often stored in and around the nest, particularly dry food for winter.  Fall food collection a major
activity (Webster et al. 1985).  Woodrats in Florida consumed the mast of most vegetation in their
environment, preferring young shoots and leaves when available (Pearson 1952).  They may also take
occasional insect food (Schwartz and Schwartz 1981).  Detailed descriptions of food habits may be
found in Rainey (1956), Pearson (1952), and Wiley (1980).

  Nesting

Harper (1927) described a nest of sticks and other debris which filled a hollow cypress stump and rose
to a height of three feet.  Chamberlain (1928) described woodrat nests in South Carolina swampy
bottoms that were two feet in height and three feet in diameter and constructed in tangles of grape and
Smilax.  Golley (1962) wrote that nests are often supported by a log, constructed in a stump or hollow,
or even several feet off the ground in vine tangles.  Working in Gulf Coast Florida, Pearson (1952)
described nests in barns, hollow logs, and subterranean chambers under stumps, tree bases, and root
masses.  Nest sites were not excavated to any extent by the rats themselves.  The majority of nests
described by Pearson were found in dense tangles of low shrubs with only small midden heaps scattered
around them.

Schwartz and Schwartz (1981) described typical woodrat nests as being large, 1.5 to 4 ft in diameter
and > 3 ft in height.  The internal nest cavity was typically 5-8 in in diameter and carefully lined with
finely shredded bark, leaves or grass.  The exterior was a jumbled mass of sticks, dried grass, leaves,
and assorted rubbish (old bones, pieces of metal, small rocks, etc.) collected by the rat.  Nests were left
open at the top in sheltered areas, but were roofed over in exposed situations such as in low trees and
shrubs.  Nests were used all year and, in some cases, for an entire lifetime.  Woodrats continually
added to their nests and established nests might have several levels and nest cavities.

The nests of N. magister provide shelter for a large array of other animals, including rabbits, white-
footed mouse, snakes, toads, salamanders, as well as spiders and many other invertebrates (Merritt
1987).

  Reproduction

Females are polyestrous with a cycle of 4-6 days.  Breeding is apparently year-round (Golley 1962,
Pearson 1952, Schwartz and Schwartz 1981, Nowak and Paradiso 1983).  The gestation period is not
known definitively, although Hamilton (1953) described gestation periods in captive animals taken from
swamps near Sarasota, Florida, as between 33 and 39 days.  Neotoma may have a reproductive
potential that is "considerably lower" than other cricetid rodents, based on life span (Golley 1962,
Schwartz and Schwartz 1981).

Litter sizes range from two to four, with litters of three most common (Pearson 1952, Hamilton and
Whitaker 1979).  Young experience a rapid gain in weight, adding 113 g in 36 days (about 3.1 g/day)
in captivity (Hamilton 1953).  Wild N. magister gained about 1.5 g/day during the first two months of
life (Merritt 1987).  The young are altricial with eyes opening in 15-21 days (Hamilton 1953, Hamilton
and Whitaker 1979, Schwartz and Schwartz 1981).  Sexual maturity is reached in less than one year and
some females, though not males, may breed in their first season (Wiley 1980).  Adults appear to live at
least three years in the wild (Schwartz and Schwartz 1981, Merritt 1987).

  Behavior and Home Range
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Woodrats are active all year and do not hibernate, but may remain in their nests for extended periods
during inclement weather (Schwartz and Schwartz 1981).  They are largely nocturnal (Wiley 1980,
Alan 1987).

Woodrats use communal latrine sites and urination sites (Schwartz and Schwartz 1981, Merritt 1987). 
Schwartz and Schwartz (1981) describe piles of oval droppings as much as 18 in (45 cm) in diameter. 
Latrine areas appear to be used over extended periods of time and by more than one individual. 
Pearson (1952) inferred from the distribution of nest sites that woodrats may be at least partly colonial. 
Other authors have described the woodrat as largely solitary and aggressive, sharing their houses only
during the breeding season and when rearing young, and with most captured animals carrying scars
apparently from fighting with conspecifics (Hamilton and Whitaker 1979, Schwartz and Schwartz 1981,
Nowak and Paradiso 1983).  

Merritt (1987) described N. magister as territorial, engaging in aggressive displays of foot thumping
and teeth chattering to challenge conspecifics at nest sites.  Home range sizes of 0.17 to 0.26 ha (0.4 to
0.6 ac) and population densities (in Pennsylvania) of 1-4/ha (1-2/ac) are given.  Nowak and Paradiso
(1983) listed densities of N. lepida (southwestern U.S.) as 1.2-6.1 animals/ha, and of N. fuscipes
(California) as 14-20 animals/ha.  Schwartz and Schwartz (1981) describe homeranges in Missouri as
0.75 ac (0.3 ha) for males, and 0.5 ac (0.2 ha) for females.  Densities of 2-3 adults per acre (5-8 per
ha) are probably high for the species (Burt and Grossenheider 1976).

THREATS

While the species is probably secure over most of its range, several subspecies of eastern woodrat have
undergone declines in recent years, most notably the Allegheny woodrat (N. magister) which is now
extinct or declining over 35 percent of its range (Norris 1992).

The main threat in North Carolina appears to be habitat loss.  The population on Bald Head Island,
Brunswick County, was extirpated in 1966, and the Scotts Hill population was destroyed by 1987 when
the area was converted to a pine plantation.  While the woodrat persists at Rocky Point, much of the
lowland forest habitat there was destroyed by construction of Interstate 40.

As a woodland species it is sensitive to the loss of forest in the Coastal Plain which are rapidly being
destroyed for golf courses and residential development.  Logging and conversion to pine plantations is
probably another significant cause of habitat loss.  Removal of abandoned buildings and barns might
also be harmful by removing potential nesting places.

Predation is a threat for all herbivore species.  Wiley (1980) suggested that the black rat snake (Elaphe
obsoleta) and the long-tailed weasel (Mustela frenata) are potential predators because their size allows
them to enter woodrat houses.  Stayer (1994) pointed out that feral cats can be a serious threat in
developed areas.  Woodrats have been shown to suffer from many ecto- and endoparasites and, while
the effects of these parasites on Neotoma populations remains unknown, Alan (1987) suggests that at
least one population in Florida may have been extirpated by an outbreak of ticks.  In addition, the
drastic decline in numbers of N. magister populations may be due, at least in part, to parasitism by the
raccoon roundworm (Baylisascaris procyonis) (Norris 1992).

Neal (1967; cited in Alan 1987) suggested that fluctuations woodrat populations in the Mississippi River
Basin may be linked to abundances in acorn crops, and other authors have linked fluctuations to
extreme weather conditions (Fitch and Rainey 1956, Nawrot and Klimstra 1976).  Hall (1988) pointed
out a correlation between gypsy moth spread and woodrat declines in Pennsylvania, suggesting that
depressed acorn production may impact woodrat over-winter survival (see Norris 1992).

RECOVERY POTENTIAL

Too little is known about the population status and distribution of N. f. floridana to make clear
determinations about its recovery potential.
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STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

The Coastal Plain subspecies N. f. floridana is generally a species of lowland-upland edges, being most
abundant at the margins of hardwood forests, but also moderately adaptable to local conditions. 
However, destruction of lowland hardwood forest in the Coastal Plain appears to be responsible for
local declines of the species.  The availability of hard mast may be crucial to over-winter survival of the
species making the preservation of well-stocked, mature stands of mast-producing hardwoods important
to the maintenance of populations.  While surface water has not been found to be an important habitat
component over much of the species range, the dense hardwood vegetation favored by woodrats tends
to be associated with riparian lowlands in the developing Southeast.  Woodrats are generally shy and
intolerant of human activity.

  RESEARCH NEEDS

Population cycles and dispersal behavior for the species are unknown.  It may be that habitat alteration
in the vicinity of the remaining colony in North Carolina may be occurring so rapidly that the
populations do not have an opportunity to increase or emigrate into other suitable areas.  Population
levels in North Carolina are probably so low that significant dispersal may be impossible.

Effort is needed to acquire life history information on stable populations, including food habits, home
range, and other specific habitat requirements.  This is particularly important in light of significant
population declines of other subspecies.  Many authors have described the subspecies as uncommon, but
field survey and monitoring is required to understand the range and population status and trends of the
species.  In particular, research is needed to investigate the association between woodrat population
dynamics and hardwood mast production, which appears to be linked to the decline of N. magister in
the Northeast.

  MONITORING NEEDS

Very little data has been collected on the current population status of coastal plain subspecies of the
eastern woodrat, although populations of the Allegheny woodrat (N. magister) continue to decline in
many northeastern states.  Populations in South Carolina appear to be stable, but no fixed monitoring
protocols are in place in the Southeast.  There is a definite need for annual censuses at fixed sites of
known occurrence (Strayer 1994).

  MONITORING PROGRAMS

No monitoring programs specific to the coastal plain subspecies are known.  Woodrat occurrences are
tracked by Natural Heritage Programs in Missouri, Tennessee, North Carolina, and South Carolina.

  MONITORING PROCEDURES

Protocols for monitoring populations of N. magister using live-trapping grids can be found in Dunn et
al. (1989).  Woodrats tend to be easily captured and demonstrate little trap shyness (Pearson 1952). 
Where appropriate, trapping can be done using live-traps (eg. Tomahawk No. 201 or Havahart No. 2
traps) in suitable habitats on a 50 ft grid (Ireland and Hays 1969, Norris 1992).

Because woodrats use communal latrine sites, activity patterns of populations may be monitored by
periodically resurveying such locations to record new droppings.  Other sign that may be used to non-
intrusively monitor populations include houses/nests, middens, and cut vegetation.  

  MANAGEMENT NEEDS

In general, little or no direct management is required for the species.  It appears to be most numerous in
mature forest.  Because hardwood forest appears to be the primary habitat type, burning as a
management tool is probably not important.  Cutting of timber or removal of old buildings near forests
might adversely affect the species.  Insuring the availability of mast producing hardwoods and the
proliferation of sources of soft mast is of primary importance as is protection from harassment.
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  MANAGEMENT PROGRAMS

No habitat management programs appear to target eastern woodrat populations.

  MANAGEMENT PROCEDURES

Many of the management recommendations made by Hassinger and Dunn (1989) for Pennsylvania
populations of N. magister would be beneficial for Coastal Plain populations of N. f. floridana as well,
including:

1. Contiguous areas of suitable habitat, with Neotoma occupying any portion of it, should be
protected from any surface disturbance or fragmentation.  

2. Surface disturbance should be discouraged within 200 m of active colonies (the primary
foraging zone).

3. Reserve a diversity of mature, mast producing trees within 50 m of contiguous woodrat habitat
occupied by the species.

4. Logging should be discouraged within 200 m of the "center" of active colonies and logging
roads should be likewise excluded.

5. If a streambottom occurs within 400 m (1320 ft) of an active colony, a minimum disturbance
corridor at least 100 m (330 ft) in width should connect the colony site to the stream corridor.

STEWARDSHIP SUMMARY

1. The Coastal Plain or Florida woodrat inhabits a diverse array of lowland, often wet, areas in
swamps, hammocks, flatwoods, and riparian areas.  It appears most abundant in areas of dense
vegetation at wetland/upland ecotones.  It is apparently moderately adaptable to local
conditions, but requires the availability of abundant hard and soft mast.  Hard mast availability
within the foraging range of the species, approximately 200 m of the nest site, may be
particularly important for over-winter survival.  

2. The woodrat appears to never have been abundant over much of its range, but few data are
available on population cycles or dynamics.  It is notable that many other Neotoma species and
subspecies, in particular N. magister, have been suffering dramatic population declines in recent
years.  Consequently, survey and monitoring of existing populations in the Southeast are
recommended.

3. The primary threat to the woodrat in the Southeast is probably habitat loss.  Human
modification of Coastal Plain habitats, including forestry practices which favor pine
monocultures, fire suppression, and development are probably putting increasing pressure on
remaining populations.  The woodrat's requirement for mature lowland hardwoods in the
rapidly developing Southeast puts the species at particular risk.
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Summary of the potential effects of the RCW Management Guidelines on Neotoma floridana floridana.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection        X    

      Brush clearing    X    

      Fuel removal and raking   X    

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire   X X

         Growing season fire X X X

      Fire management X    

         Berm construction X       

         Plowed fire lanes    X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control    X    

      Thinning    X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Eastern Woodrat, Neotoma floridana

Habitat requirements and homerange use in coastal plain populations of the eastern woodrat remain
poorly understood.  In most published accounts, they appear to forage and nest primarily in hardwood
wetlands or near the edges of bottomland areas.  They have been described using areas of wet and
mesic pine flatwoods.  Habitat management activities designed to benefit RCWs in longleaf pine and
mixed pine-oak sandhills areas would be unlikely to directly impact the eastern woodrat.  However, the
subtle topographic gradients typical of the coastal plain, and the presence of various wetland and
bottomland forest types within the longleaf pine landscape, argues for caution in the management of
ecotonal areas which may support the woodrat.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of most coastal plain habitats, particularly pine flatwoods within which woodrats forage, it acts to
reduce the shrub and midstory woody vegetation and promotes a well-established herbaceous layer
typical of natural conditions.  Fire which promotes the fruiting of hard and soft mast producing shrubs
and trees would also benefit the woodrat.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability.  Ecotonal edges, particularly edges
between upland pine forest and bottomlands and pocosins, appear to be foraging habitat for woodrats. 
Fire management should strive to maintain the integrity of ecotones, particularly the woody mast
producing shrubs prevalent along edges.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like aspect in pine flatwoods,
should benefit the woodrat.  Control which places a 10 ft2 BA limit on mast-producing hardwoods may
adversely affect woodrat populations by reducing the availability of winter foods.  Reserve a diversity
of mature, mast producing trees within 50 m of contiguous woodrat habitat occupied by the species. 
Hardwood control in wetlands should be prohibited.  Chemical and mechanical methods of hardwood
control should employ best management practices to avoid soil disturbance, destruction of ground layer
vegetation, and non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on woodrat habitats by maintaining the integrity of herbaceous layers.  Use of native
vegetation should be used wherever possible and non-native species should be avoided.  Mechanical
means of erosion control should maintain the natural contours of the surrounding topography and insure
the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the availability of pine flatwoods habitats for the woodrat. 
Natural regeneration methods should be used in order to avoid high-impact artificial means.  Site
preparation should employ fire where possible rather than mechanical methods such as discing or
chopping.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
woodrats.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines
and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant
communities.  Forest management should minimize adverse impacts to wiregrass and other herbaceous
ground-layer species.  Conversion of hardwood and pine-hardwood stands should preserve adequate



184

hardwood stocking to provide suitable mast production.  Logging should be discouraged within 200 m
of the "center" of active colonies and logging roads should be likewise excluded.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit woodrats.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland boundaries to avoid adverse impacts to ecotonal areas. 



     12Text from:  Jordan, R.A. 1995. Draft Element Stewardship Abstract for Sciurus niger niger. The
Nature Conservancy, Southeastern Regional Office, Chapel Hill, NC.
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 Species Stewardship Summary12
SCIURUS NIGER NIGER

ELEMENT CODE: AMAFB07040
SCIENTIFIC NAME: Sciurus niger niger Linnaeus
COMMON NAME: Eastern Fox Squirrel

STATUS (Southeastern U.S.)

GLOBAL RANK:  G5
STATE RANK:  S3 (NC), S4 (AR,SC), S4S5 (KY), S5 (AL,FL,GA,LA,MS,OK,TX ), 
                      S? (TN)

FEDERAL STATUS: Sherman's fox squirrel (S. n. shermani), and the mangrove fox squirrel (S. n.
avicennia) are listed as Candidate level 2 (C2) species by the USFWS.  The
Delmarva fox squirrel (S. n. cinereus) is listed as Endangered.

STATE STATUS:  SC (NC, SC)

DESCRIPTION AND DISTRIBUTION

The fox squirrel (Sciurus niger) of the southeastern Coastal Plain of North America is the largest tree
squirrel in the western hemisphere.  Weigl et al. (1989) recognized three morphologically and
ecologically different but intergrading groups of fox squirrels (see also Williams 1977, Sherman et al.
1984).  The eastern fox squirrel includes those subspecies found in the Atlantic Gulf and Coastal Plain
from the Delmarva Peninsula to Central Florida and west to the eastern edge of the Mississippi River
flood plain (Weigl et al. 1989).  The group includes those subspecies recognized by Hall (1981): 
Sciurus niger niger, S. n. cinereus, S. n. bachmani, and S. n. shermani.  Eastern fox squirrels are very
large, with weights ranging from 900 to 1200 g.  Weigl et al. (1989) reported an average weight of
1006 g in North Carolina and 962 g for 44 museum specimens collected from the Carolinas and
northern Georgia.  Eastern fox squirrels are also the most variably colored, with pelage ranging from
pale yellow, agouti, or black to animals with black marking on the head and with white noses, ears, and
paws.  The Delmarva fox squirrel (S. n. cinereus) of Maryland, Delaware, and adjacent Virginia is a
uniform steel gray.

Western fox squirrels tend to be smaller (600 to 900+ g), reddish in color, and inhabit deciduous and
mixed forests from the valleys of south-central Pennsylvania, the Appalachian mountains and the
uplands of the Gulf states, west to the prairie (Weigl et al. 1989).  The third subgroup is described as
an artificial one, including two small, variably colored, isolated forms restricted to trophically poor,
wetter areas in southern Florida (S. n. avicennia) and the Mississippi flood plain (S. n. subauratus).

Western and eastern fox squirrels are markedly different in coloration, habitat preference, and response
to human modification of their habitats which suggest that the two groups evolved in isolation from
each other during some portion of the Pleistocene (Weigl and Steele 1986, Moncrief 1987).  The gray
squirrel (S. carolinensis) shares range with the fox squirrel, but is easily distinguished by its much
smaller size (340 to 700 g) and generally gray coloration (Burt and Grossenheider 1976).

HABITAT

A few particular plant communities of the Coastal Plain appear to be important in maintaining fox
squirrel populations.  The structure, age, diversity, and extent of these communities within the overall
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pine-oak forest provide an array of often subtle requirements for the success of the squirrel in the
Southeast (Weigl et al. 1989).  

In Florida and North Carolina, habitats are primarily longleaf pine (Pinus palustris) - turkey oak
(Quercus laevis) sandhills characterized by large, well-spaced pines and an understory of scattered or
clumped oaks (Moore 1953, Kantola 1986, Weigl et al. 1989, Cox 1990), although squirrels may also
be found in other open pine stands, mixed pine-hardwood forests, and in ecotones between forest types. 
Habitat structure, specifically the size and spacing of pine and oak trees, appears to be more important
than the actual species composition of the habitat (Taylor 1973, Hilliard 1979, Weigl et al. 1989). 
Only stands with large mature trees appear to supply adequate supplies of food and nesting sites.  The
large size of the eastern fox squirrel appears to adapt it to the openness of the pine-oak forest and the
arrangements of habitats within the Coastal Plain.  Large size is advantageous in handling the large
cones of longleaf pine and in travelling along the ground between widely-spaced trees, food sources,
and blocks of habitat (Weigl et al. 1989).

Use of edge habitats by fox squirrels is repeatedly mentioned in the literature (Smith and Follmer 1972,
Flyger and Smith 1980, Nixon et al. 1984, Kantola 1986, Weigl et al. 1989, Cox 1990).  While fox
squirrels in North Carolina Sandhills used pine-oak forest at least 80 percent of the time, there was
marked seasonality in habitat use.  During the winter months, fox squirrel activity was significantly
higher in edge habitats and in bottomland forest, while in the summer months activity shifted from open
pinelands and sand ridges toward moister lowlands (Weigl et al. 1989).  Based on a one-year study of
Florida fox squirrels, Kantola and Humphrey (1990) suggested that the  best habitats may be the edges
between longleaf pine savanna and live oak (Quercus virginiana) forest where the availability of oak
mast may be most dependable from year to year.

Weigl et al. (1989) showed that fox squirrels chose nest sites surrounded by vegetation typical of
longleaf pine-turkey oak forest (Wells and Shunk 1931, Braun 1964, Waggoner 1975, Christensen
1988).  Fox squirrels nested in areas characterized by open, low diversity, mature forest with little
understory and xeric conditions.  This contrasted markedly with conditions typical of gray squirrel nest
sites which favored areas of closed-canopy, high diversity, dense understory and generally mesic
conditions.

BIOLOGY-ECOLOGY

  Food Habits

Much of the demography and ecology of the eastern fox squirrel is determined by food availability and
distribution.  The low diversity, open pine-oak forests favored by fox squirrels are typified by food
resources that tend to be of low abundance and very patchy distribution.  Much of the literature on food
habits, as well as the results of eight years of study in the Sandhills of North Carolina, is summarized
by Weigl et al. (1989).  

Food is generally abundant during the spring and squirrels feed on an array of new growth, including
pine buds, staminate cones, flowers, corms, bulbs, previous seasons' mast, fungi, and insects.  Animals
are gaining weight and rearing young during this period and captured animals tend to be in good
condition.  The early summer months, however, are the period of the poorest food availability. 
Increasing temperature and aridity result in less succulent vegetation and fewer emerging insects.  Mast
from the previous fall has been exhausted, new seeds are not yet available, and fungi and soft mast
resources are patchy.  Squirrel activity is dramatically reduced during this period of the year, with
considerable activity concentrated around nest areas.

Late summer is again a period of food abundance and squirrel activity increases markedly.  Green
longleaf pine cones become a primary food source and during years of abundant cone production,
squirrels can rapidly gain weight within a relatively restricted foraging area.  In more typical years,
squirrels forage widely, cutting and eating cones, as well as foraging for dispersed seeds.  During this
season soft mast (berries of Ilex, Persea, Vitis, and Smilax), fruits, and fungi are more predictably
available and readily eaten.
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Longleaf pine cones are a crucial food source in that they are practically the only food available until
the fall mast crop.  The highly nutritious seeds are critical to recovery from the early summer period of
food scarcity and in preparation for winter.  Because of the fox squirrel's large size, it is almost
uniquely adapted to take advantage of this seasonal resource.  

Moore (1957) conducted a two-year study of Sherman's fox squirrel (S. n. shermani) occupying similar
longleaf pine-turkey oak forests.  Florida squirrels apparently do not undergo the kind of severe early
summer food scarcity experienced by eastern fox squirrels of North Carolina.  Weigl et al. (1989)
suggest that this may account for the larger size and the higher incidence of summer litters in the
Florida subspecies.

Mast forms the bulk of the diet during the fall, winter, and parts of the following spring in good mast
years.  This is particularly true in years of poor pine cone availability.  Acorns (Quercus laevis, in
particular) and hickory nuts (Carya) may be supplemented by fungi and the seeds and drupes of other
hardwoods (Liquidambar, Nyssa, and Liriodendron, among others).  

Pine-oak habitats typically support relatively few oak species with different fruiting phenologies (the so-
called red oaks produce acorns the second fall after flowering, while the white oaks mast the first fall
after flowering).  Because of this low diversity and difference in phenology, a single severe spring frost
can destroy the larger part of the mast crop over a two-year period.  This can be disastrous for fox
squirrels confined to a limited area of suitable habitat.  In addition, hickory mast tends to be restricted
to moister forest areas and in isolated groves where fox squirrels must compete with gray squirrels and
other mast feeders.

During the winter, food supplies are dependent upon the fall mast crop and can be variable from year to
year.  In poor mast years, fox squirrels appear to spend considerable time searching for fallen longleaf
pine cones, scattered seeds, and the smaller cones of pond pine (Pinus serotina), and digging for
hypogeous fungi around the bases of longleaf pines.  Spring body weight and litter production are
closely tied to both the summer pine cone and fall mast crops (Weigl et al. 1989).

  Home Range

Home ranges of eastern fox squirrels tend to average larger than those of western subspecies and other
tree squirrels.  Average home ranges for the Sandhills of North Carolina (males=26.6 ha,
females=17.2 ha, mean convex polygon) (Ha 1983, Weigl et al. 1989) were similar for those reported
from similar habitats in Georgia (males 26.4 ha, females 13.0 ha, MCP) (Hilliard 1979), but were
smaller than those for South Carolina fox squirrels using pine plantations and hardwood "runners"
(males 31.6 ha, females 19.3 ha) (Edwards 1986) and for the larger S. n. shermani in longleaf pine
forests of Florida (males 42.8 ha, females=16.7 ha, harmonic mean) (Kantola 1986).  These home
ranges are in contrast to the much smaller ranges (0.8 to 7.0 ha, MCP) reported for western fox
squirrels (Baumgartner 1943, Bernard 1972, Adams 1976, Havera and Nixon 1978).  The larger ranges
of eastern fox squirrels are not explained solely by their larger body size and diet, and may result from
the patchiness of resources in their habitat (Weigl et al. 1989, Kantola and Humphrey 1990).

Home range use varies between seasons.  Activity levels are markedly lower for squirrels during
periods of predictably low food availability during the summer.  At these times, fox squirrels
experience the greatest stress and seem to all but disappear from their ranges.  They move from the
drier pinelands and ridges to the edges of bottomlands and swamps, reduce activity, and probably use
fat reserves (Weigl et al. 1989, Kantola and Humphrey 1990).  

As longleaf cones ripen, activity increases again.  Highest activity and smallest area use occurs during
the cone harvest of late summer and the mast harvest in the subsequent fall.  During years of poor
turkey oak mast availability, fox squirrels in Florida tended to increase time spent foraging in lower-
elevation live oak stands which  tended to produce more predictable mast (Kantola and Humphrey
1990).  

During the winter months, food supplies are scarce and patchy.  Higher thermoregulatory costs force
squirrels to increase activity and expand ranges to locate food.  Jodice and Humphrey (1992) suggested
that Big Cypress fox squirrels (S. n. avicennia) living on golf courses in southwestern Florida did not
exhibit such dramatic changes in foraging and activity in response to food availability or weather.  They
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suggested that the diet of these urban squirrels was unusual in diversity within seasons and stability
among seasons, with the effect that seasonal activity patterns were probably driven instead by mating
and young-rearing.

  Nests

Nests are of critical importance to the survival of fox squirrels throughout their range and nest selection
and use by eastern fox squirrels has received considerable attention (Moore 1957, Hilliard 1979, Flyger
and Smith 1980, Weigl et al. 1989, Kantola and Humphrey 1990).  Tree hollows are particularly
important in rearing young and for protection from severe weather for all tree squirrels.  

Eastern fox squirrels often use hardwood cavities in deciduous forest, bottomlands, and mixed forests,
despite the fact that the majority of foraging takes place in pine-dominated stands.  Kantola and
Humphrey (1990) also reported higher nest use in lower slope situations than on drier sandhill areas. 
Suitable hollows are fairly scarce in pine-oak forests, primarily owing to timber management practices,
firewood cutting, and oak suppression (Weigl et al. 1989, Weigl, pers. comm. 1994), but are more
abundant in adjacent more mesic habitats.  

Leaf nests are frequently used during warmer months and in the more southern portions of the squirrels'
range.  Use of leaf nests in North Carolina is associated with periods of mild weather and/or abundant
food and Weigl et al. (1989) found that nest selection during the warmest periods occurred most often
in moister habitats and wetland edges.  In Florida, tree cavity nests are rarely used even when
abundant, comprising only 7.4% of all nest locations recorded (Kantola and Humphrey 1990).  

  Reproduction

Fox squirrels breed at two seasons:  winter-spring (young are born January-April) and, less frequently,
summer-fall (young born July-September) (Moore 1957, Lustig and Flyger 1975, Weigl et al. 1989). 
Mating behavior in North Carolina appears to be prevalent from December to early February and again
in late July and August, with most litters in North Carolina born in late February and March (Weigl et
al. 1989). 

Squirrels are sexually mature at 9 months so that squirrels conceived in either winter or summer cannot
reproduce until they  are at least a year old.  Many authors suggest that older females may produce a
second litter in good habitat.  However, Weigl et al. (1989) recorded no instance of a second litter in
eight years and suggest that no records of a second litter occur in the literature on eastern fox squirrels.  

The gestation period is 44 days and young are weaned at 90 days (Moore 1957, Kantola 1986).  Mean
litter sizes of 2.3  and 2.27 (Moore 1953) have been reported for Florida fox squirrels.  Weigl et al.
(1989) reported litter sizes (mean = 2.5) that equalled or were well below the lowest litter sizes
reported for other sciurids.  

Habitat quality appears to have significant impacts on reproductive effort (Hilliard 1979, Kantola 1986,
Weigl et al. 1989).  Reproduction and litter size in North Carolina were significantly associated with
food availability in the previous fall-winter periods.  During poor mast years, juvenile survival
increases, while adult condition declines, resulting in an overall negative impact on squirrel populations
(Koprowski 1991).  Juvenile squirrels are particularly sensitive to food shortages due to relatively low
fat stores, higher metabolic demand, low experience in locating and processing scarce food, and
perhaps low social rank (Koprowski 1991). 

  Longevity

Little data exists on fox squirrel life spans.  Data from midwestern fox squirrel populations suggest
longevities of 13 years in captivity and six to seven years in the wild (Flyger and Gates 1982).  The
large size and low recruitment rates for eastern fox squirrels suggest relatively long life spans (Moore
1953, Weigl et al. 1989).  Weigl et al. (1989) suggest a life span of seven years in the Sandhills of
North Carolina although no data on age or survivorship have been reported. 

  Population Density
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Fox squirrels are largely solitary animals across their geographic range (Bakken 1952, Havera and
Nixon 1978, Benson 1980, Armitage and Harris 1982, Brown 1984, Nixon et al. 1984, Steele et al.
1984, Weigl et al. 1989, Kantola and Humphrey 1990).  In addition, fox squirrels in the southeastern
Coastal Plain range of the species occur at very low population densities.  Moore (1957) and Hilliard
(1979) estimated densities of 0.33 and 0.26 squirrels per hectare, respectively.  Weigl et al. (1989)
reported eastern fox squirrel densities averaging 0.05 per hectare.  More recent estimates for northern
Florida S. n. shermani averaged between 0.027 to 0.054 per hectare (Kantola and Humphrey 1990). 
These density estimates should be contrasted to estimates of 1.2 to 6.9 squirrels per hectare for western
fox squirrels summarized in Weigl et al. (1989) and average estimates of 15 gray squirrels per hectare
reported by Gurnell (1983).  Eastern fox squirrels are very scarce across the species range, even in the
best quality habitats.  

  Miscellaneous

Weigl et al. (1989) describe an intriguing inter-relationship between the fox squirrel, its hypogeous
fungal food source, and longleaf pine regeneration.  They suggest that one or more fungi readily
consumed by the squirrels demonstrate mycorrhizal associations with longleaf pine and that the squirrels
may be an important dispersal agent of fungal spores.  The squirrels naturally forage across fairly large
areas, including recently burned areas and clearcuts, perhaps playing a major role in inoculating barren
soils with a mycorrhizal agent necessary for vigorous growth of longleaf pine.  

THREATS

The widely spaced trees typical of mature longleaf pine-turkey oak forest upon which the eastern fox
squirrel depends favors the squirrel's large size, running proficiency, and tendency to escape along the
ground.  The very open, parklike forest stands resulting from frequent fires produce better crops of pine
cones and mast (Goodrum 1938, Smith and Follmer 1972, Weigl et al. 1989).  However, the longleaf
pine ecosystem, which once comprised some 70 million hectares across the southeastern coastal plain,
is today represented by only about 2 % of its original range (Ware et al. 1993).  Survival of the eastern
fox squirrel is intimately tied to the fortunes of this declining ecosystem.

The longleaf pine forest which favors the eastern fox squirrel is considered to be a fire climax
(Waggoner 1975, Boyer and Peterson 1983, Christensen 1988, Platt et al. 1988).  When fire is
excluded, hardwoods become more abundant, the canopy begins to close, and the community begins to
merge with adjacent deciduous forests and wetlands.  These conditions favor the more abundant gray
squirrel which prefers densely stocked stands, dense undergrowth, and which tends to move through the
canopy.

While human modification of landscape has generally benefitted western fox squirrels (Hibbard 1956,
Weigl et al. 1989), eastern fox squirrels have generally suffered:  Their large body size requires
substantial food supplies and large nesting cavities which are found in open stands of mature, mast-
producing trees.  When these forests are logged, the second growth woodland which replaces these
habitats, often with a dense understory, provides less of both key resources and also places a large
cursorial species like the fox squirrel at higher risk of predation (Taylor 1973, Weigl et al. 1989).  

In addition, closed-canopy deciduous woodland with well-developed understory favor gray squirrel over
most fox squirrels, and particularly over eastern squirrels (Nixon and McCain 1969; Havera and Nixon
1978,1980; Weigl et al. 1989).  Home ranges of sympatric fox squirrels and gray squirrels may overlap
without exclusion (Armitage and Harris 1982), but where the two species are in competition for the
same but reduced food resources, lower energetic costs and higher reproductive potential favors the
more numerous gray squirrel, particularly in years of poor mast production.  Gray squirrels occur at
higher densities, are able to exploit more numerous, smaller tree cavities and canopy food sources not
available to fox squirrels, and are more likely to survive mast failures.

Eastern fox squirrels are highly adapted to and dependent on limited food supplies, so that anything
which diminishes the quantity or quality of that habitat can have devastating effects.  Because of their
cursorial abilities and large size which enables them to handle the massive cones of longleaf pine, they
have an almost exclusive resource base as long as sufficiently extensive and mature tracts of this habitat
exist.  Habitat loss to development and agriculture is exacerbated by the conversion of pine-oak forests
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to large, heavily managed, short-rotation pine plantations which provide little or none of the required
food resources.  Remaining longleaf and other pine forests are too small, too young, or too disturbed to
provide adequate supplies of food (Weigl et al. 1989).  

Isolated patches of suitable habitat might still support fox squirrels which can move easily between
them, but secondary succession in old fields and residential development has created migration
corridors for gray squirrels which link previously isolated fox squirrel habitat enabling invasion by the
more numerous gray squirrels (Weigl et al. 1989).  Continued fragmentation of longleaf pine habitats
also increases distances over which fox squirrels must travel in search of food, particularly in poor mast
years.  These factors put squirrels at greater risk of mortality from automobile traffic and predation by
feral dogs.

While leaf nests are built and used by eastern fox squirrels, they appear to prefer nest cavities for
rearing young and as protection from severe weather conditions.  Because the pine-oak forest typical of
much of the squirrels' range is too young to have large numbers of suitable cavities, they must rely on
leaf nests which may put their young at greater risk of predation, or resort to cavities in adjacent
bottomland forests where competition from other species may be high.  

Another threat to eastern fox squirrel populations may be their status as game animals.  Weigl et al.
(1989) suggest that, in large areas of good habitat, fox squirrel populations can probably support
moderate hunting pressure, since low densities discourage hunters from specifically targeting fox
squirrels.  However, because of its low reproductive rates, as the amount of suitable habitat continues
to decline, hunting of smaller and more disjunct populations of squirrels could threaten regional
survival of the species.  Williams (1994) suggested that fox squirrel populations in longleaf pine
sandhills in South Carolina may be adversely affected by hunting pressure.  In these resource poor
habitats populations are "just hanging on."  However, populations in bottomland hardwood areas may
be able to better withstand hunting. 

Competitive and predation pressures on eastern fox squirrels will increase as the acreage of preferred
mature pine-oak forest is reduced and fox squirrels are forced into bottomland and successional forest,
pine plantations, and developed areas.  In addition, where large gray squirrel populations increase the
prey base, sympatric fox squirrels may suffer higher predation, which an animal with low reproductive
rates may not be able to support.  Consequently, as the fox squirrel is forced into marginal habitats
which favor other sciurids, they may be eliminated.

RECOVERY POTENTIAL

Eastern fox squirrel population levels are not well known.  Decline of fox squirrel numbers in the
southeast is intimately related to the status of the remaining longleaf pine habitats upon which it
depends.  It may be that the observed declining range, numbers, and density of the eastern fox squirrel
reflect their occupation of marginal habitat and habitat remnants:  "the habitat in which the eastern fox
squirrel evolved may have already disappeared (pg. 72)" (Weigl et al. 1989) (and see also Lennartz
1988).  Recovery/persistence of fox squirrel populations depends on the preservation of large tracts of
remaining forest, restoration of disturbed forest, and provision of habitat linkages to obviate
fragmentation of squirrel populations.  As long as sufficient area of this habitat, once the exclusive
domain of the fox squirrel which is large enough to move between scattered habitat patches and handle
large pine cones, populations could be supported.

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

High quality habitat for eastern fox squirrel is characterized as longleaf pine-turkey oak sandhills, with
large areas of mature longleaf pine forest forming a mosaic with other pine forest, mixed pine-
hardwood forest, and mature bottomlands with numerous mast-producing trees.  There are no mentions
of viable population sizes for eastern fox squirrels in the literature.  Kantola (1984) suggests a minimum
area of > 10 km2 as necessary to sustain a viable population of about 200 Sherman's fox squirrels in
Florida.  



191

Effective land protection for the eastern fox squirrel depends upon the protection and restoration of
mature longleaf pine-turkey oak sandhill habitats (Weigl et al. 1989, Kantola and Humphrey 1990). 
Land management should aim to protect large areas of longleaf pine, as well as associated habitats,
notably hardwood bottomlands of suitable age to insure the production of mast, in order to  promote the
mosaic of habitat types most beneficial to the squirrel (Weigl et al. 1989).  

Forest management that mimics natural disturbance regimes should benefit the squirrel.  Fire regimes
which approach historic patterns (eg. fire return period of 1-5 yr) are necessary to control hardwood
understory and provide the open, parklike stands required by fox squirrels.  However, the presence of
scattered 30+ year-old oak trees or oak groves (25 to 30 trees per hectare) should be encouraged to
provide mast and suitable nest cavities (Weigl, pers. comm., 1994).  

The low diversity and seasonality of resource availability typical of their habitat requires large areas to
support fox squirrel populations and reduce potential conflicts with gray squirrels, which are better
adapted to exploit hardwood forest and wetland areas.  Kantola and Humphrey (1990) suggest the
preservation/reclamation of large (at least 25 km2) areas of heterogeneous natural sandhills vegetation. 
U.S. Forest Service plans to preserve management areas of in excess of 10,000 Ac (approximately 40
km2) for red-cockaded woodpeckers should go far toward the maintenance of fox squirrel populations,
with certain caveats (see below:  MANAGEMENT PROCEDURES).

  RESEARCH NEEDS

There has been considerable research on fox squirrels over much of the species range in the west.  The
ecology of southeastern populations has been much less well studied, although Weigl et al. (1989)
present a detailed and comprehensive review of the current state of our understanding.  Additional
research is required on the relationships between eastern fox squirrels and their longleaf pine  habitats,
as well as on effective population sizes.  The distribution of habitat types on the southeastern Coastal
Plain landscape has important consequences for fox squirrels.  Research should address how the size
and distribution of habitat patches affects dispersal pattern and, ultimately, gene exchange between sub-
populations of fox squirrels.

Work is needed to determine effective population sizes, as well as population densities most suitable for
the maintenance of healthy squirrels.  Population trend data is necessary to assess the impacts of
hunting on increasingly isolated populations.

Further research is needed to better define the relationship between fox squirrels, hypogeous fungi, and
longleaf pine and the role that it plays in the productivity of Coastal Plain forests.

  MONITORING NEEDS

Weigl et al. (1989) make a strong case for declining populations of eastern fox squirrels, generally tied
to the declining availability of old-growth longleaf pine forest.  Monitoring should be initiated to
determine population densities and identify the impacts of habitat modification and hunting pressure. 
Monitoring of populations ought to be initiated to assess the impacts of habitat fragmentation on sub-
population isolation and reproduction.

  MONITORING PROGRAMS

No population monitoring programs are currently being conducted on eastern fox squirrel populations. 
The South Carolina Division of Game and Freshwater Fisheries regularly conducts a hunter survey to
assess the effects of hunting pressure on fox squirrel populations. 

Buddy Baker
South Carolina Division of Game and Freshwater Fisheries
P.O. Box 167
Columbia, SC    29202
(803) 734 - 3609

Semi-annual surveys are conducted at the Carolina Sandhills National Wildlife Refuge, with all
sightings recorded during survey years.
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Larry Williams
Assistant Refuge Manager
Carolina Sandhills National Wildlife Refuge
Rt. 2, Box 330
McBee, SC    29101
(803) 335 - 8401

Fox squirrel populations are tracked by Heritage Programs in North Carolina and South Carolina.

  MONITORING PROCEDURES

Eastern fox squirrels are relatively rare, widely dispersed, and difficult to trap and observe.  They do
not lend themselves to rapid periodic sampling, large sample sizes, or short-term studies.  Fox squirrels
are particularly difficult to locate during the summer field season (Weigl, et al. 1989; Kantola and
Humphrey 1990).  Nest counts, provision of nest boxes, and permanent visual line transects may be the
most effective monitoring tools.  Use of radio-telemetry offers the best means of data collection, but
can be very expensive and time-consuming (Moore 1953; Wood 1987; Weigl, et al. 1989; Kantola and
Humphrey 1990).

  MANAGEMENT NEEDS

Active management of existing intact stands of mature longleaf pine is necessary to restore or maintain
the open, parklike understory  and prevalence of mast-producing trees.  Fire exclusion results in an
altered canopy, reduced mast production, and creation of habitats which tend to place fox squirrels at a
competitive disadvantage to gray squirrels where they co-occur.  

Widespread modification of mature pine-oak communities have also led to fragmentation of squirrel
populations and reduced quality of remaining habitats.  Efforts need to be made to insure that habitat
patches are joined by suitable movement corridors.  Changes in timber rotations and control of
firewood cutting are critical to a sustained supply of suitable nest cavities (Weigl pers. comm. 1994).  
  MANAGEMENT PROGRAMS

Many of the last remaining large areas of longleaf pine-turkey oak sandhills and forest are found on
U.S. Forest Service and military lands.  Many of the these areas are being managed for recovery of the
Red-cockaded Woodpecker (Picoides borealis).  Management prescriptions for this species are
generally beneficial for the eastern fox squirrel, with some modification (see above).  Those National
Forests and military installations which manage for the woodpecker have instituted programs of
growing season controlled burns (two to three year intervals), hardwood midstory control, and
restoration of longleaf pine on suitable sites.

  MANAGEMENT PROCEDURES

Concern for the endangered Red-cockaded Woodpecker generated increased interest in the preservation
and restoration of the longleaf pine forest ecosystem.  Because of its large size, and consequent large
home range, and its dependence on mature forest stands, the fox squirrel integrates the needs of many
other plants and animals dependent on this shrinking resource.

In general, management recommendations for woodpecker habitat, as outlined in the U.S. Forest
Service Regional Wildlife Habitat Management Handbook, would apply equally well to the fox squirrel. 
In particular, institution of a regime of growing season fires on a 2-3 year rotation to control the
hardwood midstory, maximize the regeneration and growth of groundcover, and prepare a suitable
seedbed for longleaf pine, is important to the maintenance of fox squirrel habitat as well.  Reducing
physical impediments to burning, including roads and habitat fragmentation, would help reduce the
isolation of squirrel subpopulations.  Also, the use of uneven-aged timber management based on a
rotation age of 70 to 120 years, depending on the pine species, would help provide contiguous areas of
foraging habitat for both squirrels and woodpeckers.  Williams (1994) pointed out that mechanical site
preparation (eg. roller chopping) should avoid removal of scrub oaks > 10 in in diameter.

However, Weigl et al. (1989) point a number of instances where woodpecker management and fox
squirrel management may conflict.  The primary difference between the woodpecker and the fox
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squirrel lies in the provision of hardwood forest habitats for the squirrel.  Removal of all or most of the
larger oaks and hickories from among the older pine-oak stands would have devastating effect on food
supply and nest cavity availability for fox squirrels.  While hardwood mid-story control would be
beneficial, managers should strive to maintain scattered 30+ year-old oak trees or oak groves.  A
minimum of 10 to 12 large oak trees per acre (25 to 30 trees per hectare) should be left (Weigl, pers.
comm. 1994).  Fox squirrels prefer nesting in larger hardwood snags and, if such substrates are
available, should not compete with woodpeckers for cavity sites (Weigl, pers. comm. 1994).  Removal
of hardwoods may also increase competition between the woodpecker and other cavity-dependent
species.

Preservation of the mature pine-oak forest must also include protection for adjacent lowland habitats. 
Mature pine forest is not the only habitat type used or required by the squirrel and it need not occur in
single large units.  A mosaic of habitats, with a substantial mature pine-oak component and access to
bottomland forest, appears as beneficial to squirrels as large unbroken tracts of pine forest.  Hardwood
stringers should be maintained, since fox squirrels heavily  utilize lower-lying hardwood areas during
dry periods.  However, if only stringers are preserved for fox squirrels, with no other hardwood
habitats in the upland, fox squirrels may be outcompeted by gray squirrels (Weigl, pers. comm. 1994).

Mixed stands of mast-producing trees are recommended to compensate for variable seed production
(Goodrum et al. 1971, Sork 1983).  In addition it should be borne in mind that longleaf pine, upon
which fox squirrels depend, have heavy mast crops at five to seven year intervals, suffer complete crop
failures only once or twice every five years, and are only moderately productive in intervening years
(Wahlenberg 1946, Schopmeyer 1974, Maki 1952).  Land managers can predict mast years from the
number of green cones in June, leaving several months to burn in those years best for pine production
(Kantola and Humphrey 1990).

A final management considerations is the fox squirrel's status as a game animals across most of its
range.  Squirrel populations can probably support moderate hunting pressure, since low squirrel
densities discourage hunters from specifically targeting fox squirrels (Weigl et al. 1989).  However,
hunting should be confined to the late fall and should be closely monitored.  As amount of suitable
habitat continues to decline, hunting of smaller and more disjunct populations of squirrels could threaten
regional survival of the species.

STEWARDSHIP SUMMARY

1. Active management is required to restore degraded pine-oak forests to maintain existing fox
squirrel populations and recover declining populations.  Land protection through acquisition,
easement, and registry programs is the best means of ensuring that large tracts of suitable
habitats for eastern fox squirrels are preserved.  Habitat preservation must include the
avoidance of habitat fragmentation which may put populations of the large, cursorial fox
squirrel at greater risk.

2. Censuses are needed to determine the status of the species in the remaining longleaf pine-turkey
oak habitats in the Southeast.  Monitoring programs are needed to assess the impacts of hunting
and human modification of those habitats on population size and demography.  

3. Management of public lands, including the national forests and military installations, offer the
best opportunities for protection of longleaf pine habitats with such protection efforts often
being driven by recovery of the Red-cockaded Woodpecker.  Management plans for the
woodpecker should be adapted to take into account the requirements of the eastern fox squirrel,
particularly when the needs of the two species do not conflict.

4. Public education regarding the preservation and restoration of the longleaf pine ecosystem
should include information about the habitat requirements of the eastern fox squirrel and its
status in the Southeast.
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Summary of the potential effects of the RCW Management Guidelines on Sciurus niger.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection             x

      Brush clearing    X X

      Fuel removal and raking    X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire    X X

         Growing season fire X

      Fire management X X X

         Berm construction     X    

         Plowed fire lanes    X     

         Back fires     X  

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X       

   Pine thinning    X

   Cavity tree retention X X

   Pine beetle control X X X

      Thinning    X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X    

   Cavity closure X X

EXTRACTIVE LAND USES X

   Pine straw raking    X X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries    X

   Small arms firing    X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Eastern Fox Squirrel, Sciurus niger niger

In the southeastern Coastal Plain, fox squirrel habitats are primarily longleaf pine-turkey oak sandhills
characterized by large, well-spaced pines and an understory of scattered or clumped oaks, although
squirrels may also be found in other open pine stands, mixed pine-hardwood forests, and in ecotones
between forest types.  Habitat structure, specifically the size and spacing of pine and oak trees, appears
to be more important than the actual species composition of the habitat.  Only stands with large mature
trees appear to supply adequate supplies of food and nesting sites.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for the fox squirrel.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of fox squirrel habitat because it acts to reduce the shrub and midstory woody vegetation and promotes
a well-established herbaceous layer (which, in turn, favors the production of soft mast.  Growing season
burns are preferable to winter burns, since such fires would tend to promote the dense grass cover and
sparse woody vegetation favored by the squirrel.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and to avoid fragmentation of forested
habitats.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit the fox squirrel.  Chemical and mechanical methods of hardwood control should
employ best management practices to avoid soil disturbance, destruction of ground layer vegetation, and
non-target effects of herbicides.  Upper limits on hardwood basal area must be modified to
accommodate the fox squirrel's need for mast-producing hardwoods in upland situations.  In addition,
complete control of mid-story hardwoods, to the extent that it eliminates the production of soft mast,
should be prohibited.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on fox squirrel habitats by maintaining the integrity of herbaceous layers and gopher
tortoise burrow systems.  Use of native vegetation should be used wherever possible and non-native
species should be avoided.  Mechanical means of erosion control should maintain the natural contours
of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for the fox squirrel and gopher
tortoise.  Natural regeneration methods should be used in order to avoid high-impact artificial means. 
Site preparation should employ fire where possible rather than mechanical methods such as discing or
chopping.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
fox squirrels.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site
pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics
in plant communities.  Forest management should minimize adverse impacts to wiregrass and other
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herbaceous ground-layer species.  Use of clear-cutting, which fragments forest habitats, should be
minimized.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit both fox squirrels and gopher tortoise.  Vehicular
traffic on roadways should be monitored to reduce soil erosion and off-road traffic should be prohibited
as highly deleterious to ground cover, soil structure, and hydrologic patterns.  



     13 Text from: Robbins, L. and D. Hardin. 1987. Element stewardship abstract: Agrimonia incisa.
Florida Field Office, The Nature Conservancy.  
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Species Stewardship Summary13
AGRIMONIA INCISA

ELEMENT CODE: PDROS03040
SCIENTIFIC NAME: Agrimonia incisa Torrey and Gray
COMMON NAME: Incised Groovebur, Cutleaf Harvest Lice

STATUS

GLOBAL RANK:  G2G3
STATE RANK:  S1 (SC,TX); S2 (AL, FL); S2S3 (GA); SH (MS); SR (NC)

FEDERAL STATUS:  Listed as Candidate level 2 (C2) species by USFWS.
STATE STATUS:  N (FL); W (NC); A (SC)

DESCRIPTION

  General Description 

An herbaceous perennial 5-10 dm tall with hairy leaves and stem, and with thickened roots.  The leaves
are pinnately compound with 7-9 coarsely toothed leaflets 1-3 cm long.  The spike-like inflorescence
bears numerous small yellow flowers with 5 petals 1.5 to 3 mm long attached to a smooth green
receptacle.  The receptacle is rimmed with stiff hooked bristles and becomes a bur-like structure
enclosing 2 small nutlets.  

  Technical Description

Description is compiled from Radford et al. 1968, Kral 1983, and Clewell 1985).

Herbaceous perennial with thickened, tuberous roots.  Stems stout, simple or few-branched, 5-10 dm
tall, canescent with long trichomes intermixed.  Leaves 12-18 per stem, pinnately compound, with
prominent stipules, the larger leaves with short petioles.  Leaflets 7-9 per leaf, 1-3 cm long, 0.7-1.2 cm
wide, usually opposite but sometimes staggered, sessile, elliptic to oblanceolate with acute tip and
cuneate base, coarsely serrate, pubescent on both surfaces with sessile glands on the lower surface. 
Terminal leaflet slightly larger than others.  

Inflorescence a spike-like raceme with canescent peduncle and pedicels, rarely branched, bearing
numerous flowers each subtended by a small bract.  Flowers perfect, the hypanthium green and hairless
with sessile, amber glands, rimmed apically by stiff, yellowish, hooked bristles.  Sepals 5, smooth and
green, dotted with glands; petals 5, yellow, 1.5-3 mm long, elliptic or obovate; stamens 5-7, alternating
with petals on rim of hypanthium; styles 2-3, short; ovary mostly inferior.  Fruit a pair of nutlets 2.0-
2.5 mm long, enclosed by the bur-like hypanthium. 

  Diagnostic Characteristics

This species is distinguished from the other congeneric species by a combination of characters such as
the small leaflets, even the terminal one at most barely exceeding 2 cm. and the leaflet margins which
are very coarsely and saliently few-toothed (Kral, 1983).

DISTRIBUTION
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Found in the coastal plain from southern South Carolina south to north-central Florida and west into
Mississippi (Radford et al. 1968, Kral 1983, Florida Natural Areas Inventory EO data base). 

HABITAT

This species can be found in sandy, dry-mesic, open pine woods or mixed pine-oak woods, bluffs,
small clearings and old roads, sometimes at the edge of more mesic habitats (Kral 1983, Leonard
1983a,b; Gholson 1987, pers. comm.)  Two small populations, known from South Carolina are in
maritime forests adjacent to salt marshes (Rayner 1987, pers. comm.).  In East Texas, A. incisa, grows
in fire-maintained dry upland longleaf pine savannas on well-drained, but not xeric, sandy soils (Orzell
1990).

Agrimonia incisa is found in fire-maintained longleaf pine communities associated with plants of such
genera as wiregrass (Aristida spp.), (beard grass) Andropogon, panic grass (Panicum), tick trefoil
(Desmodium spp.), bush clover (Lespedeza spp.), gay feather (Liatris spp.), Heterotheca, goldenrod
(Solidago spp.), and aster (Aster spp.) (Kral 1983).  Associated plants at the East Texas site include
common wormwood (Ambrosia artemesiifolia), green-eyes (Berlandieria X. betonicifolia), silver croton
(Croton argythrameus), longleaf wild buckwheat (Erigonum longifolium), switchgrass (Panicum
virgatum), poison ivy (Rhus toxicodendron), little bluestem (Schizachyrium scoparium), queen's delight
(Stillingia sylvatica), multi-bloom tephrosia (Tephrosia onobryuchoides), and longleaf pine (Pinus
palustris) (Orzell 1990).

BIOLOGY-ECOLOGY

Agrimonia incisa appears to be most commonly found in the fire-maintained longleaf pine-oak
community, associated with such genera as Aristida, Andropogon, Panicum, Desmodium, Lespedeza,
Liatris, Heterotheca, Solidago, and Aster (Kral 1983).  Its thickened roots probably sprout back readily
following fires.  Its occurrence in more mesic environments, however, suggests that it tolerates a range
of moisture and successional conditions.  At least one population appears to depend on disturbance (an
old road) for its existence (Leonard 1983a).  It is possible that individuals persist after the cessation of
fire, but disturbances such as animal burrows, tree-fall mounds or fire-generated openings may be
required for recruitment. Kral (1983) states that individuals usually occur singly or in small clumps, but
Leonard (1983a and 1983b) found one population of 11-50 and another of about 60 plants in Florida.   

  Phenology 

Agrimonia incisa blooms in mid to late summer (the University of Florida herbarium contains flowering
specimens collected in every month from July to early October), by which time it has lost most of its
lower leaves (Kral 1983); the previous year's stems persist through the winter (Leonard 1983b).

  Reproduction

No published information is available on pollinators, seed dispersal, germination requirements,
response to fire, or other aspects of its biology.  Because the fruits are burs, they are probably
dispersed by animals (and people) to which they become attached. 

THREATS

The primary threat to this species is loss of habitat through exclusion of fire or conversion to planted
pines (Kral 1983).  It is well known that exclusion of fire usually results in replacement of pines with
oaks and other hardwoods (Christensen 1981).  Such a change in habitat would most likely result in the
eventual disappearance of A. incisa (Kral 1983).  Logging practices that involve extensive site
preparation and/or the use of herbicides would probably destroy A. incisa populations along with
associated species.  More specific threats may be evident when more is known about the species.  If it
does require some disturbance other than fire for germination or survival, a reduction in the number of
animal burrows or treefalls may pose a threat.  A decrease in animal populations might reduce the
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opportunity for seed dispersal and loss of pollinators (e.g., through the use of insecticides) could limit
seed production.

RECOVERY POTENTIAL

Further research and monitoring are required to assess the recovery potential for the species.

MANAGEMENT

  LAND PROTECTION SPECIFICATION   

A good Agrimonia incisa site would include a large number of individuals of all age classes (although
this may not be possible if the area has not been properly managed in the past), with evidence of good
fruit production.  For A. incisa populations in pine woods, the site should be one in which a program of
controlled burning could be followed. If possible, some land surrounding the existing population(s)
should be protected to allow for colonization of new areas.

  RESEARCH NEEDS

Basic research on the ecology and biology of this species is essential before it can be adequately
managed.  Studies need to be done on the effect of fire (both frequency and season) on different
developmental stages, the response to disturbance, specific habitat requirements, pollination and
reproductive biology, seed dispersal, and germination requirements.  Some morphological study may
also be necessary; Leonard (1983a) noted that the leaflets of the plants he found near Brooksville,
Florida were longer than those described in floras. 

  MONITORING NEEDS

Monitoring programs are necessary for determining the success of management practices; they would
also provide data on basic population biology.

  MONITORING PROCEDURES

A monitoring program should include permanent marking of all individuals in a population, followed by
periodic censuses.  Reproductive output, mortality, and recruitment of seedlings should be recorded, in
addition to appropriate measurements such as height and/or leaf number. 

  MONITORING PROGRAMS

The South Carolina Heritage Trust program is currently instituting monitoring of the two populations of
A. incisa known in the state: the Francis Marion State Forest (about 10 individuals) and Edisto Beach
State Park (about 30 individuals).

  MANAGEMENT NEEDS

Most available evidence suggests that some management is necessary to insure the survival of this
species (Kral 1983, Leonard 1983a).  It appears to thrive in open areas with a minimal shrub layer and
a relatively sparse canopy, and in most cases restoration of the natural fire regime or removal of
competing vegetation may be required to maintain these conditions.  

  MANAGEMENT PROGRAMS

Management of the two South Carolina populations is currently being instituted.  There are no plans to
burn the sites because fire is not thought to be a natural component of the maritime forest. 
Management will probably consist of pruning and cutting shrubs and other vegetation (Rayner 1987,
pers. comm.).

  MANAGEMENT PROCEDURES
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For populations that exist in, or on the edge of, pine woods, an open canopy can best be maintained by
prescribed burning.  Burning should be done at least every few years, in spring or early summer, to
imitate the frequency and season of natural fires (Keeley 1981; Platt 1987, pers. comm.).  Fall-
flowering herbs such as A. incisa tend to respond particularly well to spring or early summer fires,
often flowering and fruiting more abundantly following the fire (Platt 1987, pers. comm.).  If much
litter has accumulated because of lack of fire in the recent past, summer burning could produce too
intense a fire.  In this case, a first burn to clear litter should probably be done in the winter (Hermann
1987, pers. comm.).  Careful monitoring of the response of the populations to fire is necessary.  If the
population is large enough, or if there are several populations, some plants could be left unburnt to act
as controls.

More research is required before any recommendations can be made about how to manage populations
in more mesic habitats.  It is not known whether A. incisa will persist in these areas without the
creation of artificial openings or removal of competing plants.  Leonard (1983a) recommended 'bush-
hogging' or removal of tree seedlings as a management technique for a population in Florida (in the
Robins Memorial Forest Preserve), and management of the South Carolina populations will include
removal of vegetation.  Monitoring programs are needed to assess the efficacy of these techniques.  If
A. incisa does colonize disturbed areas, artificial disturbances may need to be created if natural ones do
not occur frequently enough.

STEWARDSHIP SUMMARY

1. Protect existing A. incisa populations and search for others.
2. Institute management of existing populations.
3. Conduct basic research on the effect of fire, response to disturbance and autecology.
4. Establish monitoring programs.

REFERENCES

Christensen, N.L. 1981. Fire regimes in southeastern ecosystems. In: Fire Regimes and Ecosystem
Properties. pp. 112-136. USDA Forest Service General Technical Report WO-26.

Clewell, A.F. 1985. Guide to the Vascular Plants of the Florida Panhandle. University Presses of
Florida: Florida State University Press, Tallahassee.

Gholson, A. 1987. Botanist, Chattahoochee, Florida. Personal Communication.

Hermann, S. 1987. Biologist, Tall Timbers Research Station, Tallahassee, Florida. Personal
Communication.

Keeley, J.E. 1981. Reproductive cycles and fire regimes. In: Fire Regimes and Ecosystem Properties.
pp. 231-277. USDA Forest Service General Technical Report WO-26.

Kline, Genevieve J. Northern Illinois University. DeKalb, IL. Personal Communication.

Kral, R. 1983. A report on some rare, threatened, or endangered forest-related vascular plants of the
South. pp. 590-592. USDA Forest Service Technical Publication R8-TP2.

Leonard, S.W. 1983a. Site Survey Summary - Robins Memorial Forest Preserve, Rt. 41 Tract,
Brooksville, Florida. Florida Natural Areas Inventory, Tallahassee, Florida. 4 pp.

Leonard, S.W. 1983b. Special Plant Survey - Agrimonia incisa, Lecanto, Florida. Florida Natural
Areas Inventory. 2 pp.

Mahler, W. F. 1989. Agrimonia incisa (Rosaceae) new to Texas. Side 13(3):382.

Orzell, S. L. 1990. Texas Natural Heritage Program. Inventory of National Forests and Grasslands in
Texas. Texas Parks and Wildlife, Austin, Texas and U.S. Forest Service, Lufkin, Texas.



205

Platt, W. 1987. Biologist, Tall Timbers Research Station, Tallahassee, Florida. Personal
Communication.

Radford, A.E., H.E. Ahles and C.R. Bell. 1968. Manual of the Vascular Flora of the Carolinas. The
University of North Carolina Press, Chapel Hill.

Rayner, D. 1987. Botanist, South Carolina Heritage Trust, Columbia, South Carolina. Personal
Communication.

Robertson, Kenneth R. 1974. The genra of Rosaceae in the southeastern United States. Journal of the
Arnold Arboretum. Harvard University, MA.



206

Summary of the potential effects of the RCW Management Guidelines on Agrimonia incisa.

Management Practice

     

Adverse
Effect

       

May
Adversely
Effect

     

No
Effect

Beneficial
Effect

HMU MANAGEMENT

  Cavity tree protection   X X X

   Brush clearing   X

   Fuel removal and raking X X X

  Midstory control X

   Prescribed burning X

     Three-year fire return X

     Winter fire X X

     Growing season fire X

   Fire management X   

     Berm construction X X X

     Plowed fire lanes X X X

     Back fires X

     Natural fire breaks X

   Mechanical control X

   Chemical control X X X

  Hardwood control X X X

  Pine thinning X

  Cavity tree retention X

  Pine beetle control X X X

   Thinning X X X

   Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

     

Adverse
Effect

       

May
Adversely
Effect

     

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

  Cavity construction X

  Cavity restriction X

  Cavity closure X

EXTRACTIVE LAND USES X

  Pine straw raking X

  Timber harvest X

   Lengthened rotations X

   Patch creation X

   Stand conversion X X X

TRAINING RESTRICTIONS X

  Impact/Danger areas X

  Bivouac restrictions X

  Digging restrictions X

  Smoke/Gas/Incendiaries X

  Small arms firing X

  On-road vehicular traffic X

  Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE: Refer to Chapter 4 for detailed discussion of the listed management practices. Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary. Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes: Agrimonia incisa
 
This species primarily occurs in sandy, dry, longleaf pine and longleaf pine-oak communities, and
occasionally in the ecotones between these communities and more mesic habitats. It appears to thrive in
fire maintained ecosystems with an open canopy and minimal shrub layer.  

Cavity Tree Protection: Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU. The activities to restore an open
midstory would positively affect habitat quality for A. incisa, but fuel removal by raking could destroy
these small herbaceous plants. Individuals should be marked so that they can be avoided if raking
becomes necessary. 

Prescribed Burning: Regular prescribed fire is highly desirable for the maintenance and improvement of
A. incisa habitat because it acts to reduce the shrub and midstory woody vegetation and promotes a
well-established herbaceous layer. Spring or early summer burns are preferred because they mimic the
seasonality of natural fires. Summer fire may be too intense at sites where litter has accumulated from
lack of fire; at these sites it is appropriate for the first burn to be in the winter. Three to five year burns
have been suggested for the dryer pine forests in which A. incisa occurs.  

Fire Management: Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes. Use of heavy equipment to construct berms or fire lanes should be avoided as they
would destroy ground layer vegetation, compact the soil, and impact hydrology. 

Hardwood Control and Pine Thinning: Although prescribed fire is the preferred method of midstory
control, hardwood and pine thinning could benefit A. incisa if it restores or maintains an open stand of
mature pine-oak forest. But, the limits on hardwood stocking and cover are too low to maintain a
mature, natural pine-oak forest and would most likely negatively impact A. incisa. Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of 
herbicides.

Erosion Control: Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on A. incisa by maintaining the integrity of herbaceous layers. Use of native vegetation
should be used wherever possible as non-native species could out-compete herbaceous species such as
A. incisa. Mechanical means of erosion control should maintain the natural contours of the surrounding
topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration: In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for A. incisa. Natural regeneration
methods should be used in order to avoid high-impact artificial means. Site preparation should employ
fire where possible, and mechanical methods such as discing or chopping should be avoided .

Extractive Land Uses: Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems. In the long-term, removal of pine
straw fuels may also alter fire regimes. All of these potential effects would have negative impacts on A.
incisa populations occurring in fire maintained habitats. 

Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines with
longleaf pine may provide beneficial habitat for colonization by A. incisa, but the heavy machinery
traditionally used for timber extraction could destroy individual populations of this species. As with
mechanical clearing of midstory and understory, populations of A. incisa should be identified before
timber harvest so that damage to individual plants can be avoided. Use of low impact forest
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management practices and those which maintain natural fire, hydrologic, and nutrient dynamics will
minimize adverse impacts to A. incisa.

Training Restrictions: Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit A. incisa. Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as it is highly deleterious to
ground cover, soil structure, and hydrologic patterns. Where off-road traffic is unavoidable, it should
be prohibited from within 25 ft of A. incisa populations.



     14 Text from: Prince, A.M. 1992. Element stewardship abstract: Amorpha georgiana var. confusa.
North Carolina Natural Heritage Program, Raleigh, NC.    
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Species Stewardship Summary14
AMORPHA GEORGIANA VAR. CONFUSA

ELEMENT CODE: PDFAB08051
SCIENTIFIC NAME: Amorpha georgiana var. confusa 
COMMON NAME: Savanna Indigo-bush

STATUS

GLOBAL RANK:  G3T2 
STATE RANK: S2 (NC); SR (SC)

FEDERAL STATUS: Listed as a Candidate level 2 (C2) species by the USFWS.  
STATE STATUS: T (NC) 

DESCRIPTION

Description compiled from Wilbur 1975 and personal communication with Weakley 1991.  Key
taxonomic characteristics used to distinguish Amorpha georgiana var. confusa from other Amorpha
species and varieties are indicated by **. 

Amorpha georgiana var. confusa Wilbur is a 0.3 to 1 m. tall shrub**.  Current season's growth
longitudinally grooved, mostly glabrous and sparsely glandular-punctate, darkening from olive green or
dull reddish-purple to gray or black and becoming less grooved with age.  Leaves are alternate, odd-
pinnately compound with short petioles (6)8-15(20) mm. long**.  Leaflets 15-43, lateral ones (10)15-
25(35) mm. long** and (7)9-15(18) mm. wide**, usually 1.5-2.5 times as long as wide, often
imbricately overlapping.  Leaflets usually oblong to oblong-elliptic, the terminal one sometimes
obovate, obcordate, or orbicular.  Base of leaflet is rounded, truncate, or subcordate, while apex is
obtuse to broadly rounded, slightly emarginate, the midvein extended as a slender mucro (.4-1 mm.
long)**.  Leaflet margins entire to crenulate, often revolute, usually glabrous on both surfaces, or with
strigillose to moderately spreading short-pubescence on lower surface, especially along principal veins. 
Lower surface also has inconspicuous punctate glands of uniform size.  Stipules and stipels glabrous,
variably persistent, usually setaceous (stipels may be acicular and stipules may be linear-subulate). 
Pubescence and glands usually present on petioles and petiolules, but highly variable in degree.

Racemes in clusters of (1)3-5(8)**, 10-20(30) cm. long**, appearing terminal.  Calyx persistent, 5-
lobed, variable in shape, 1.7-2.2 mm. high, with the abaxial side slightly longer than the adaxial,
mostly glabrous, glandular on the upper third or two-thirds of the tube, lobe margins white-ciliate. 
Internal surface of lobes and sometimes uppermost portion of tube densely puberulent to short-
pubescent.  Adaxial calyx lobes 0.4-0.8(1.3) mm. long**, abaxial lobes mostly (1.0)1.2-1.6(1.8) mm.
long**, and length of lateral lobes intermediate between these two.

Vexillum (single erect petal typical of genus Amorpha) light to intense bright blue**, (4)5-6 mm. long
and 3-3.5(4) mm. wide, emarginately obovate to obcordate, tapering abruptly into narrow claw, arching
to envelope the stamens and pistil.  Stamens 10, at least basally monadelphous, exserted, with glabrous
filaments.  Ovary glabrous, ovoid, 2-ovulate, with antrorsely pubescent style terminated by a small,
truncate stigmatic tip.  Fruit is 1-seeded indehiscent pod about 4-5.5 mm. long and 2-2.5 mm. wide,
conspicuously punctate-glandular in upper half or two-thirds.

Electrophoretic studies of this shrub variety's genetic characteristics have not yet been initiated
(Hamrick personal communication, 1991).
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  Diagnostic Characteristics

Amorpha georgiana is the only dwarf shrub species of Amorpha over 1 meter tall with mucronate leaflet
apices known to occur in North Carolina.  It can easily be distinguished from cooccurring Amorpha
herbacea, even in a vegetative state, by its glabrous, olive green to dull reddish purple younger
branches.  A. herbacea branches are often densely puberulent to short pubescent and uniformly gray,
regardless of age.  (Prince, field observations, 1991; Wilbur, 1975; Radford, 1968)  

Amorpha georgiana var. confusa is distinguished from A. georgiana var. georgiana by having lateral
leaflets mostly 15 mm. or more long and mostly 9 mm. or more wide, petioles over 5 mm. long,
racemes in clusters of 3-5 and 10-20 cm. long, and a light to bright blue vexillum.  In contrast, A.
georgiana var. georgiana has lateral leaflets mostly 10 mm. or less long and mostly 5 mm. or less
wide, petioles 3 mm. or less long, racemes often solitary or rarely with 1-3 short, additional racemes,
mostly 3-5 cm. long, and a reddish-purple vexillum (Wilbur, 1975).  The two varieties are also distinct
in habitat and range.  A. georgiana var. confusa is endemic to wet pineland savanna of the southeastern
coastal plain of North Carolina, to-date restricted to Brunswick County; A. georgiana var. georgiana is
endemic to the sandhills of southcentral North Carolina, South Carolina, and northeastern Georgia
(Weakley, 1991).

  Taxonomic Comments

The taxa within the genus Amorpha display a high degree of environmentally-induced morphological
variability, making this an extremely difficult genus to describe taxonomically (Wilbur, 1975).  Based
on their distinct taxonomic characteristics and habitat requirements, Amorpha georgiana var. confusa
and A. georgiana var. georgiana are most probably separate species.  Additional taxonomic and genetic
studies are needed to verify this probability.  The significance of A. georgiana var. confusa as a North
Carolina endemic would increase should it be recognized as a distinct species.  (Weakley, pers.
communication, 1991; Wilbur, 1975)

DISTRIBUTION

Historical records of the endemic variety, Amorpha georgiana var. confusa, are documented in wet to
dry savannas in Brunswick, Columbus, and New Hanover Counties in North Carolina.  Some of the
historic sites describe open savanna habitat artificially maintained by mowing for powerline, railroad,
or road rights-of-way.  For one occurrence, manmade ditches provided suitable hydrologic conditions
for establishment of this variety.

The four known extant occurrences for Amorpha georgiana var. confusa are all located in pine savannas
(Middle Eastern Interior Island, near and far Deer Island, Big Island, and Shoestring Savannas) of the
Green Swamp Nature Preserve in Brunswick County, North Carolina (NCNHP EO Records). 
Although it is likely that this variety occurs in similar habitat in adjacent Orrie County, South Carolina
(Weakley, pers. communication, 1991), to date no extant occurrences have been recorded outside of
North Carolina.  Efforts to relocate historic populations in Columbus and New Hanover Counties have
not been fruitful; many similar savanna wetlands have been destroyed by wetland alteration, timber and
pinestraw harvesting, and development. 

HABITAT

The Green Swamp Nature Preserve in Brunswick County, North Carolina contains an unusual mosaic
of pocosin, wet to mesic pine savanna and flatwoods, and sandhill communities.  All four of the known
extant populations of the state endemic Amorpha georgiana var. confusa occur within the preserve,
scattered primarily within seasonally saturated flat pine savanna.  Fire maintained pine savanna is
characterized by an open to sparse canopy of Pinus palustris, sometimes with Pinus serotina
codominating or dominating, a scattered and diverse shrub layer with no clear dominants, and a dense
herbaceous layer dominated by graminoids such as Aristida stricta (Wiregrass), Ctenium aromaticum
(Toothache Grass), Muhlenbergia expansa (Savanna Muhly), and Schizachyrium scoparium (Little
Bluestem).  A diverse assemblage of insectivorous plants, orchids, sedges, composites, and other
herbaceous species, many of which are rare, thrive in this open moist habitat.
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Frequent fire is essential for maintaining the high species diversity and vegetational structure in this
community.  In the absence of fire, the canopy may become denser and shrubs invade.  In the more
mesic upland savannas, shrub invasion may be slow, but certain graminoids, such as Schizachyrium
scoparium (Little Bluestem), may predominate, leaving little open ground available for colonization by
herbaceous species.  The exclusion of fire may also limit nutrient and pollinator availability necessary
for sexual reproduction of fire-maintained species.  A burn is often followed by an abrupt increase of
nutrients available in the soil.  Flowering species may respond to the increase in sunlight and nutrient
availability by blooming synchronously.  This in turn attracts pollinators en masse, potentially
increasing reproductive success. (Weakley, pers. communication, 1991)

Unusually high plant species richness on a small scale has been documented in pine savannas of the
Green Swamp (Walker and Peet, 1983).  Walker and Peet's study found 70-84 species in plots covering
625 square meters, making this habitat type one of the richest in temperate North America at that scale.

Current Ownership.  All four extant populations occur within the Green Swamp Nature Preserve,
Brunswick County, North Carolina (NCNHP EO Records).  Although all of the designated savannas
where it occurs (Big Island Savanna, Middle Eastern Interior Island Savanna, Shoestring Savanna, and
Deer Island Savannas, near and far), are TNC-owned, adjacent areas have not been fully inventoried to
determine whether these populations extend into adjacent, privately owned land (Weakley, pers.
communication, 1991).  New populations may be discovered in association with the Green Swamp,
both on TNC and privately owned property. 

BIOLOGY-ECOLOGY

Very little is known about the demographic trends and reproductive requirements of this endemic
variety.  This is due, at least partially, to the relatively recent discovery of extant populations (mostly
1987-1991) and the small number of individuals and populations available for study.  

Based on the limited inventory of the four known extant occurrences of this species Amorpha georgiana
var. confusa appears to occur in widely scattered, relatively small (numbering from a few to several
hundred individuals) populations throughout wet pine savannas and occasionally in pine plantations
within the Green Swamp Nature Preserve, Brunswick County, North Carolina (NCNHP EO Records). 
Casual counts are likely to result in underestimated population size, because of the variety's
nonlocalized occurrence.  This variety may be less vulnerable to stochastic extinction in the Green
Swamp because of its broad distribution.  However, its endemicism to only one preserve in one county
in North Carolina makes this variety highly dependent upon the management practices used in that
preserve.  Thorough inventory, monitoring of response to prescribed burns, and understanding of this
variety's reproductive requirements is essential to its continued survival.

  Phenology

Amorpha georgiana var. confusa blooms from May through July and bears fruit from July through
October. (Radford, 1968).  North Carolina Heritage botanists have most often identified this variety
when it is in fruit between early October and early November (NCNHP EO Records).  It can be
separated by vegetative characteristics from the only cooccurring Amorpha species, A. herbacea, when
it is not in fruit or flower (Prince, field observations, 1991).  

  Reproduction

Very little is known about this endemic variety's reproductive requirements and patterns--what
environmental conditions optimize reproductive success and what factors affect seed dispersal and
seedling establishment.  Many species occurring in fire-maintained habitat (e.g., Lysimachia
asperulifolia) require periodic prescribed burning to reproduce sexually and may only persist
vegetatively in the absence of fire.  Factors which may restrict sexual reproduction in the absence of
fire include limited availability of sunlight, nutrients, and/or pollinators.  The nutrient flush and
increased exposure to sunlight following a fire often result in synchronized flowering and nectar
production, attracting pollinators through a massed floral display.  Other fire-maintained species will
only release seeds or germinate following a fire (Weakley, pers. communication, 1991).
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The reproductive success of Amorpha georgiana var. confusa may not directly depend upon fire, but
may need the open habitat that fire creates.  Historic and extant populations of this variety have been
documented in wet open savanna artificially maintained by mowing, such as railroad, road, or
powerline rights-of-way.  Clearly, the environmental conditions necessary for optimal reproductive
success of this endemic variety warrant further investigation.

THREATS

1. Suppression of fire will promote rapid shrub invasion, possibly outcompeting slower growing
shrub and herbaceous species for sunlight and nutrients (McIver, 1981; LeBlond, pers.
communication, 1991).  In the particularly moist pine savanna-pocosin ecotone, fire must occur
minimally every 3 to 5 years to prevent woody species invasion (Weakley, pers.
communication, 1991).  Prescribed burning not timed to the reproductive cycle of the species
could prevent or reduce its reproductive success (Sutter, pers. communication, 1991).  

2. Pinestraw raking poses a triple threat of chemical damage, physical destruction, and fire
exclusion.  Site preparation for harvest includes spraying of potentially harmful herbicides; the
plants can be directly impacted by the tractors pulling harrows to rake the pinestraw; and the
removal of fuel can actually prevent even a low intensity fire from occurring (Weakley, pers.
communication, 1991).

3. Excessive trampling by visitors, especially in less stable moist areas like the pine savanna-
pocosin ecotone, or other habitat disturbance resulting from firewood cutting and insectivorous
plant harvest, can impact the rare plant species (McIver, 1981).

4. Digging of fire lines to suppress wildfires could physically impact the rare plant species or
cause damage to the topography and hydrologic patterns of the associated wetland (McIver,
1981; LeBlond, pers. communication, 1991).  The savanna-pocosin ecotone is especially likely
to be targeted by this threat, since fire lines are often located at the boundary between the
Longleaf Pine uplands and the Pond Pine pocosins (Weakley, pers. communication, 1991). 
This zone is also perhaps the most vulnerable to fire line disturbance, since it harbors a highly
diverse herbaceous layer within a narrow band on the circumference of the pocosin (Weakley,
pers. communication, 1991).

5. Heavy equipment, whether used for fire suppression, in troop activities on military bases, or for
harvesting of woody and herbaceous species, could impact the rare species directly or cause
damage to the hydrology and topography of the associated wetland (McIver, 1981; Weakley,
pers. communication, 1991; LeBlond, pers. communication, 1991).

6. Ditching, damming, filling, or otherwise altering the topography and hydrologic pattern of the
wetland could impact the rare species and its habitat (McIver, 1981; LeBlond, pers.
communication, 1991).  

7. In artificially maintained open wet savannas, such as roadside rights-of-way, mowing which is
not restricted to the dormant period of the species and its community (December to March) may
interfere with its reproductive cycle.  Road maintenance, such as ditching and scraping, and
road widening could physically impact the rare species and its wetland habitat at roadside sites
(LeBlond, pers. communication, 1991).   

     
8. Any conversion of the natural savanna habitat and surrounding buffer areas, whether for

development, agriculture, silviculture, roadways, or other purposes, should be avoided. 
Removal of natural vegetative cover can promote the invasion of weedy species and contribute
to degradation of wetlands through siltation and chemical runoff (Weakley, pers.
communication, 1991).

RECOVERY POTENTIAL
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The four known extant populations of Amorpha georgiana var. confusa occur within the TNC-owned
15,722-acre Green Swamp Preserve (Big Island, near and far Deer Island, Shoestring, and Middle
Eastern Interior Island Savannas).  Unless additional rare species populations are discovered on private
lands adjacent to the preserve or at other locations outside the preserve boundaries, additional protection
efforts are not needed.  (Bucher, pers. communication, 1991)

Prescribed burn management is optimal at all sites where this species occurs.  For populations in any
areas that may not burn well, such as roadside wetlands, mowing during the nongrowing season may
serve to keep woody species from encroaching into the rare species' habitat.  Although there is no
evidence of decline in extant populations, seeds should be collected and stored within seed banks
maintained by the Center for Plant Conservation, to be used for reintroduction of the rare species
should the need arise.  (Bucher, pers. communication, 1991)

STEWARDSHIP

  LAND PROTECTION SPECIFICATIONS

Protection areas designed for this species should encompass the rare species and its wetland habitat, any
adjacent wetlands potentially affecting the hydrology of the rare species' habitat or providing suitable
additional habitat for the rare species, and upland buffers necessary to protect the quality and quantity
of water available in the wetland.  The site protected should be large enough for prescribed burn
management, allowing sufficient protected buffer around the natural area to avoid significant smoke
drift to surrounding landowners and impose fire controls as needed.  (Bucher, 1991)

  RESEARCH NEEDS

Future studies need to assess:  1) whether Amorpha georgiana var. confusa can be classified as a
separate species from A. georgiana var. georgiana, based on taxonomic and genetic differences, 2) the
effects of ditching by landowners to the north of TNC-owned portions of the Green Swamp on the pine
savanna hydrology, 3) what frequency, intensity, and season of prescribed burn maximize the
reproductive success of this endemic shrub variety, and 4) what environmental factors other than fire
exclusion may contribute to the rarity of this variety (such as seed predation, fungal infection, and how
fire frequency, intensity, and season might affect the spreading of infectious diseases in this endemic
variety).  Electrophoretic studies would be useful to clearly establish the genetic differences between
Amorpha georgiana var. confusa and other Amorpha species and varieties and to help determine
whether it is in fact a separate species (Hamrick, pers. communication, 1991).

  RESEARCH PROGRAMS

Research programs relevant to the biology and management of Amorpha georgiana var. confusa have
not yet been initiated.  Staff of The Nature Conservancy's North Carolina Field Office informally
observe the abundance and vigor of populations of this endemic shrub variety following a prescribed
burn (Bucher, pers. communication, 1991).

  MONITORING NEEDS

Monitoring of any rare species should be designed to address the following questions:  

1. Is this species in decline and therefore in need of active management, including the removal of
a threat? 

2. What type of active management appears to benefit the species?
3. If this type of active management is implemented experimentally, how successful is it? (Sutter,

personal communication, 1991).

Monitoring of Amorpha georgiana var. confusa is necessary to evaluate its response to the current
prescribed burning management regime, particularly because this rare endemic is a shrub.  As is
apparently true of other shrub species, A. georgiana var. confusa may persist under frequent fire, but in
a dwarfed state.  Future monitoring efforts should determine how the intensity, frequency and season of
the prescribed burn affect this endemic shrub variety's reproductive success.  It would also be useful to
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determine whether its patchy distribution within the savanna is correlated with any specific moisture or
soil conditions.

Based on personal observations, adult individuals of this shrub, although patchy in distribution, seems
to be able to compete with the lush wiregrass dominating the savanna.  It would be valuable to
determine whether it requires bare patches of ground for colonization and, if it does, whether
populations of this shrub increase when the fire regime is changed to maximize bare ground patch
availability.  Amorpha georgiana var. confusa does not appear to be as plentiful in Shoestring Savanna,
where canopy is less open. It would be useful to determine whether increasing the availability of large
canopy gaps would affect population size.  (Prince, field observations, 1991)

Inventory needs.  Since the distribution of A. georgiana var. confusa is restricted to a single
management area, the Green Swamp Preserve in Brunswick County, North Carolina, management
practices employed within the preserve have a potentially strong effect on the survival of this endemic
variety which, as has been mentioned, is probably a distinct species.  Inventory, mapping, and
monitoring of the four extant populations and survey of adjacent suitable habitat is essential to ensure its
survival on the TNC-owned portion of the preserve and to determine whether it occurs on private
adjoining lands (Weakley, pers. communication, 1991).

  MONITORING PROCEDURES

The monitoring procedure chosen for a species must meet the goals of the project, answer questions of
direct conservation value (the effect of management, insights into management needs, natural changes
in a population), and accurately detect the changes in the population.  Specifically a chosen monitoring
procedure needs to have an acceptable level of accuracy, be repeatable over years among personnel, be
long-term enough to capture the important natural processes or responses to management, and meet the
logistical needs of the agency.  For most species, the primary goal will be to detect changes in
population numbers and/or areal extent.  A number of species will require more intensive data
collection, including data on vegetative (height, leaf length, cover) and reproductive vigor (number of
flowers, number of fruits, number of seeds), to pick up more sensitive population changes.
  
For Amorpha georgiana var. confusa actual and potential population boundaries should be determined. 
The actual boundaries would be delineated by the current distribution of plants of this species.  The
potential boundaries would be the continuous longleaf pine savanna containing potential habitat.  The
widely dispersed populations of this species requires and extensive sampling method, perhaps nested
plots of different sizes (with the largest size on the order of 10 x 10 meters) to estimate frequency, or
large plots in which the number of plants is determined.  The sampling units of all these methods should
be randomly dispersed if the goal is to estimate changes over the total population or site.  Within each
plot the number of individuals of certain size or stage classes could be counted.  Demographic data, if
determined to be needed in a monitoring study, could include following individual plants over time
measuring plant height, cover, and number of inflorescences.

  MONITORING PROGRAMS

No monitoring efforts specifically targeting Amorpha georgiana var. confusa populations has as yet
occurred.  Monitoring plots currently established at Shoestring and Big Island Savannas in the Green
Swamp may yield information about Amorpha georgiana var. confusa's occurrence in the savannas, if
this variety happens to occur in any of the plots.  Nested plots (10 cm., 31 cm. 1 m. and 3.1 m.) are
being monitored for presence or absence of species (noting at which plot size the species first occurs)
and for percent cover at the 1 meter level.  Because of the sparse and patchy distribution of this rare
shrub in the savannas, individuals may not occur in the plots.  This monitoring program will eventually
be established at all savannas.  (Bucher, pers. communication, 10/10/91). 

Inventory.  Beyond casual population estimates, little has been done to accurately inventory and map
the four extant populations of Amorpha georgiana var. confusa occurring in the Green Swamp
Preserve, Brunswick County, North Carolina.  Surveys to locate populations of this variety outside the
preserve have not yielded any new occurrences.  Because of the widely scattered distribution of this
rare endemic within the preserve, casual counts of individuals almost certainly underestimate actual
population size.  However, number, distribution, and size of populations is evidently quite limited.
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  MANAGEMENT PROCEDURES

Adapted to a habitat which has historically been maintained by naturally occurring fires, Amorpha
georgiana var. confusa appears to benefit from frequent prescribed burning (every 1-3 years) to reduce
competition from other woody species and graminoid species, such as Schizachyrium scoparium and
possibly to promote reproductive success through increased availability of sunlight, nutrient, and
pollinator availability.  The intensity, season, and frequency of prescribed burning necessary to
optimize this species' reproductive success has yet to be established.  Low intensity prescribed burning
of all TNC-owned savannas, including those where A. georgiana var. confusa is located, will occur
annually during the growing season to replicate lightning fires.  The fire will be started on the drier
upland savannas and, using the pocosin as a natural fire break, will increase in intensity as it
encompasses the savanna-pocosin ecotone with its large fuel load and more volatile fuel types (Bucher,
pers. communication, 1991).   

When naturally occurring fires must be controlled, the lowest impact method should be used to control
the fire's spread.  Any activity which might physically impact the rare species' savanna habitat, such as
pinestraw raking, timber harvest, use of heavy equipment, construction of fire breaks, or harvest of
other cooccurring plant species should be avoided.  

Ditching, draining, filling, damming, herbicide spraying, or other activities potentially altering the
quality or quantity of water available in the wetland community should not be permitted.  Any activity
which might increase erosion and siltation in the pocosin, savanna-pocosin ecotone, or adjacent
wetlands, including timber harvest, pinestraw raking, etc. on adjacent uplands, should be avoided.

Any conversion for development, agriculture, silviculture, roadways, or other purposes should be
avoided within the protected natural habitat or in surrounding buffer areas to minimize invasion of
weedy species and surface runoff of silt or chemicals into associated wetlands.

Any trail or boardwalk construction should be planned to minimize hydrologic or physical damage to
the savanna-pocosin ecotone or adjacent wetlands (Smith and Peacock, 1978; Weakley, 1991; LeBlond,
1991).

In artificially maintained habitat, such as borrow scrapes or roadside ditches, the habitat should not be
physically disturbed by efforts to reconstruct ditches or scrapes.  Mowing to maintain roadsides or other
artificial habitats where Amorpha georgiana var. confusa grows should occur during the dormant period
of the rare species and its community, preferably between December and March (LeBlond, 1991).

  MANAGEMENT PROGRAMS

All known extant populations occur within TNC-owned portions of the Green Swamp Preserve (Big
Island, Middle Eastern Interior Island, near and far Deer Island, and Shoestring Savannas).  These
savannas until recently have undergone annual low intensity prescribed burning during the nongrowing
season, between November and February.  Fire intensity is generally higher in the savanna-pocosin
ecotone because of the larger fuel load.  The wet pocosin is usually used as a natural fire break.  The
North Carolina Field Office of The Nature Conservancy is currently switching to prescribed burning
during the growing season annually to replicate naturally occurring lightning fires (Bucher, pers.
communication, 1991). 

STEWARDSHIP SUMMARY

Prescribed burning during the growing season, protection of savanna habitat, and monitoring of extant
populations are essential components ensuring the survival of this species at the sites where it occurs. 
A detailed description of recommended management and monitoring procedures is provided elsewhere
in the text.  Future monitoring efforts may contribute to a more complete understanding of this species'
habitat requirements and management needs.
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Summary of the potential effects of the RCW Management Guidelines on Amorpha georgiana var.
confusa.

Management Practice

     

Adverse
Effect

       

May
Adversely
Effect

     

No
Effect

Beneficial
Effect

HMU MANAGEMENT

  Cavity tree protection    X  X  X

   Brush clearing  X  X  X

   Fuel removal and raking  X    

  Midstory control  X  X  X

   Prescribed burning  X

     Three-year fire return  X

     Winter fire  X  X

     Growing season fire  X

   Fire management  X   

     Berm construction  X   

     Back fires  X

     Plowed fire lanes  X   

     Natural fire breaks  X

   Mechanical control  X  X  X

   Chemical control  X  X  X

  Hardwood control  X  X  X

  Pine thinning  X

  Cavity tree retention  X

  Pine beetle control  X  X  X

   Thinning  X  X  X

   Pheromones  X

EROSION CONTROL  X

LONGLEAF PINE REGENERATION  X  X  X
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Management Practice

     

Adverse
Effect

       

May
Adversely
Effect

     

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION  X

  Cavity construction  X

  Cavity restriction  X

  Cavity closure  X

EXTRACTIVE LAND USES  X

  Pine straw raking  X

  Timber harvest  X  X  X

   Lengthened rotations  X

   Patch creation  X

   Stand conversion  X  X  X

TRAINING RESTRICTIONS  X

  Impact/Danger areas  X

  Bivouac restrictions  X

  Digging restrictions  X

  Smoke/Gas/Incendiaries  X

  Small arms firing  X

  On-road vehicular traffic  X

  Off-road vehicular traffic  X

EXPANDED TRAINING GUIDELINES  X

NOTE: Refer to Chapter 4 for detailed discussion of the listed management practices. Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary. Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes: Amorpha georgiana var. confusa

This species is endemic to the wet pine savanna of North Carolina.  This habitat is seasonally saturated
and maintained by fire.

Cavity Tree Protection: Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The activities to restore an open
midstory would positively affect habitat quality for Savanna Indigo-bush, but fuel removal by raking
could destroy these small shrubs.  Individuals should be marked so that they can be avoided if raking
becomes necessary.  

Prescribed Burning: Prescribed fire is highly desirable because it maintains the open longleaf
pine/wiregrass savanna habitat that this species favors.  Fire must occur every 3 to 5 years to prevent
woody species invasion.  Research needs to be done on the frequency, intensity, and season of
prescribed burning, and prescribed burning should be timed to the reproductive cycle of this species. 
Spring or early summer burns are usually recommended for wet savannas.  Landscape-level, ecological
burns should be used when possible.   

Fire Management: Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as
they would destroy ground layer vegetation, compact the soil, and impact hydrology.  

Hardwood Control and Pine Thinning: Although prescribed fire is the preferred method of midstory
control, hardwood and pine thinning may benefit Savanna Indigo-bush if it restores or maintains the
open nature of a longleaf pine savanna.  Mechanical and chemical midstory control should be avoided
in wet areas to prevent soil compaction and herbicide mobility associated with using these techniques in
wetlands.  Elsewhere, chemical and mechanical methods of hardwood control should employ best
management practices to avoid soil disturbance, destruction of ground layer vegetation, and non-target
effects of herbicides.  

Erosion Control: Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on Savanna Indigo bush by maintaining the integrity of herbaceous layers.  Use of
native vegetation should be used wherever possible as non-native species could out-compete low shrubs
such as Savanna Indigo bush.  Mechanical means of erosion control should maintain the natural
contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration: In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for Indigo-bush.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible, and mechanical methods such as discing or chopping should be avoided.

Extractive Land Uses: Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
Indigo-bush populations.  

Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines with
longleaf pine may provide additional savanna habitat for this species, but the heavy machinery
traditionally used for timber extraction could destroy individuals, compact the soil, and alter the
hydrology.  Therefore, only canopy thinning through selective cutting should be used - being sure to
avoid wetlands and populations of Savanna Indigo-bush.  Use of low impact forest management
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practices and those which maintain natural fire, hydrologic, and nutrient dynamics will minimize
adverse impacts.

Training Restrictions: Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Indigo-bush.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as it is highly deleterious
to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it
should be prohibited from within 25 ft of Indigo-bush populations.



     15 Text from:  Sorrie, B.A. 1993. Element stewardship abstract: Amorpha georgiana var. georgiana.
In. Rare and endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall Military
Reservations, North Carolina. The North Carolina Nature Conservancy, Carrboro, NC, and North Carolina
Natural Heritage Program. Raleigh, NC. 
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Species Stewardship Summary15
AMORPHA GEORGIANA VAR. GEORGIANA

ELEMENT CODE: PDFAB08052
SCIENTIFIC NAME: Amorpha georgiana var. georgiana  Wilbur
COMMON NAME: Georgia Indigo-bush, Georgia Lead-bush

STATUS

GLOBAL RANK:  G2T2
STATE RANK:  S1 (GA, NC), SX (SC)

FEDERAL STATUS: Listed as a Candidate level 2 (C2) species by the USFWS.  
STATE STATUS:  C (NC); T (GA); extirpated (SC)

DESCRIPTION

Amorpha georgiana is currently split into two varieties, var. confusa Wilbur (savanna indigo-bush) and
var. georgiana (Georgia indigo-bush).  The varietal epithet "confusa" is rather unfortunate; it refers to
nomenclatural, rather than taxonomic, confusion; in fact, the two varieties of A. georgiana seem so
distinct that they probably warrant separate species status (Weakley 1992).  Var. confusa is a rare,
narrow endemic of pine savannas in the southeastern Coastal Plain of NC (and, apparently, immediately
adjacent SC).  Var. georgiana is a rare endemic to pine savannas and sandy river terraces in the
Sandhills region of south-central NC, SC, and northeast GA (Weakley 1992).

  General Description 

A member of the Pea Family (Fabaceae),  Amorpha georgiana var. georgiana is a clump-forming, low
shrub, 0.3-1.0 meter tall with multiple branches.  Stems are smooth to sparsely puberulent.  Leaves are
alternate, numerous, spreading (often about 90 degrees) to ascending, 4-12 cm long, and with 15-43
small elliptical leaflets with mucronate tip.  Flowers are in tight solitary racemes, appearing terminal,
occasionally with 1-3 additional racemes, with a pustulate-glandular calyx and a small reddish-purple
corolla.  Fruits are about 5 mm long and 2.5 mm wide, laterally compressed and broadest towards the
apex, strongly curved along one side.

  Technical Description
 
Description compiled from Wilbur (1954, 1964, 1975), Isely (1990), and Prince (1992). 

Shrub 0.3-1.0 meter tall, forming clumps with multiple stems.  Stems simple, with few or no branches,
longitudinally grooved along current season's growth, glabrous to sparsely glandular-punctate,
olivaceous to dull reddish-purple, becoming in age brownish to grayish or blackish and less grooved. 
Leaves generally disposed along upper half of stem, alternate, numerous, markedly spreading (about 90
degrees) to ascending, 4-12 cm long; petioles 1-3(5) mm long, shorter than width of lowest leaflet,
eglandular.  Leaflets 15-43, odd-pinnate, oblong to elliptic (terminal one obovate to orbicular), about
1.5-2.0 times as long as wide, rounded to slightly subcordate basally, obtuse to rounded terminally,
apex emarginate with midvein extended as slender short mucro 0.4-1.0 mm long, (3)6-15(18) mm long
and (2)3-6(8) mm wide, margins entire to crenulate, glabrous to glabrate on both surfaces or short-
strigillose on veins beneath, lower surface also inconspicuously punctate-glandular.  Stipules and stipels
glabrous variably persistent, usually setaceous, stipules about 2.5 mm long, stipels about 1.0 mm. 
Petioles and petiolules usually pubescent and glandular, but highly variable in degree.
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Inflorescence a raceme, typically solitary but occasionally with 1-3 short additional racemes, (2)3-5(6)
cm long (Isely (1990) states 3-7 cm), appearing terminal but technically arising from upper leaf axils,
on a ridged, glabrate peduncle up to 5 cm long, densely flowered, the pedicels 0.4-1.0 mm long and
each subtended by a narrow, brownish caducous bract up to 2.5 mm long.  Calyx tube turbinate,
conspicuously pustulate-glandular, brownish, 1.7-2.2 mm long with the abaxial side slightly longer than
the adaxial, lobe margins sparsely white-ciliate, adaxial lobes 0.6-1.0 mm long, abaxial lobes (1.0)1.2-
1.6 mm long, lateral lobes intermediate.

Flower composed of a single erect petal termed a vexillum, reddish-purple, 5-6 mm long, 3-4 mm
wide, obovate to obcordate, tapering to a narrow claw, arching to envelope the stamens and pistil. 
Stamens 10, at least basally monadelphous, exserted, with glabrous filaments.  Pistil about 6 mm long
with a glabrous ovary 0.8-1.0 mm long and an antrorsely pubescent style 4-5 mm long terminated by a
small truncate stigmatic tip, ovary 2-ovulate.  Fruit a 1-seeded indehiscent pod about 4-5.5 mm long
and 2-2.5 mm wide, conspicuously punctate-glandular, obliquely obovate, laterally compressed, abaxial
side strongly curved.

  Diagnostic Characteristics 

Amorpha georgiana var. georgiana can be distinguished from the related Amorpha georgiana var.
confusa Wilbur, endemic to wet, loamy pine/wiregrass savannas of southeastern North Carolina, by: 
(1) small leaflets usually less than 15 mm versus usually 15-25 mm long; (2) solitary versus clustered
racemes; (3) short raceme usually 3-5 cm versus 10-20(45) cm; (4) reddish-purple versus bright blue
flowers; (5) flowering period late April to May versus June to mid-July; (6) riverside terrace habitat
versus wet savanna; and (7) different range, Sandhills of North Carolina to Georgia versus endemic to
SE North Carolina.  Within the range of Amorpha georgiana var. georgiana, only A. herbacea is also
short in stature (less than 1 meter tall), but it is a much more pubescent plant and its leaflets are much
larger (about the same as those of A. georgiana var. confusa) and its legume is densely pubescent
versus glabrate.

The best time to identify Amorpha georgiana var. georgiana is during its flowering period, late April to
May, and its fruiting period, late June to October (TNC 1991-93).  It is also readily identifiable from its
vegetative characters (Weakley 1993a).

DISTRIBUTION

Amorpha georgiana var. georgiana has historically been documented from the Inner and Middle
Coastal Plain (mostly in the Fall-line Sandhills) of North Carolina south sparingly through the South
Carolina Sandhills to the Altamaha Grit region of southeastern Georgia.  Because of its inconspicuous
nature, it may have gone undetected in much of this area.  Historical county records are as follows
(date last seen follows in parentheses): Cumberland (1933), Harnett (1957), Lenoir (no date), Moore
(1940), Richmond (1895), and Robeson (1921) counties, NC (Wilbur 1975, NCNHP 1993); Florence
County (1957), SC (Wilbur 1975); and Atkinson (no date), Bulloch (1966), Bryan (1927), Echols
(1969), and Telfair (1953) counties, GA (Wilbur 1975, Jones and Coile 1988, NCU 1992-93).  A 1985
specimen from Echols County, GA, proves to be A. herbacea (NCU 1992-93).

In North Carolina, there are currently 17 extant occurrences of Amorpha georgiana var. georgiana
known from Cumberland (3*), Harnett (1), Hoke (7*+), Lee (1), and Moore (5*+) counties (*one of
these occurs in Cumberland, Moore, and Hoke county; +one of these occurs in Moore and Hoke
counties) (TNC 1991-93, NCNHP 1993).  These occurrences represent a total of 33 sites, of which 29
lie within the Little River corridor.  In 1993, the first and only occurrence in Lee County was identified
near Lemon Springs (incidental to TNC 1991-93).  One occurrence has been reported from Columbia
County, Georgia (Patrick 1993), although the description of the habitat puts this identification into some
doubt.  No extant occurrences are known from South Carolina (SCHT 1993).

Current ownership.  Ten of the 17 extant occurrences in North Carolina are located on Fort Bragg
Military Reservation (30 sites) (U.S. Army).  Two are on private land adjacent to the base.  The Lee
County occurrence is located adjacent to Seaboard Railroad tracks (NCNHP 1993).
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HABITAT

So far as is known, Georgia indigo-bush occurs primarily on pine/shrub/wiregrass terraces along rivers
and large streams.  Nearly all NC occurrences are scattered along the Little River on such terraces,
usually close to the annual high-water mark.  These terraces are geologically part of the Middendorf
Formation (upper Cretaceous), fluvial deposits laid down by rivers draining the Piedmont (Bartlett
1967).  Soils are typically loams, sands, and loamy sands, as well as acidic, moderately to well-
drained, and subject to occasional flooding.  Soil series associated with these areas include Chewacla
(Fluvaquentic Dystrochrepts), Blaney (Arenic Hapludult), Gilead (Aquic Hapludults), Kalmia (Typic
Hapludults), Kenansville (Arenic Hapludults), Pactolus (Aquic Quartzipsamments), Tarboro (Typic
Udipsamments), and Candor (Arenic Paleudult) (Hudson 1984, TNC 1991-93, NCNHP 1993).

Dominant tree species in these habitats are loblolly and longleaf pine (Pinus taeda and P. palustris)
with scattered oaks (Quercus marilandica, Q. falcata, Q. incana, Q. stellata, and Q. nigra).  The shrub
layer varies from relatively dense to sparse; common species are Clethra alnifolia, Gaylussacia
frondosa, Ilex glabra, Lyonia mariana, Rhododendron atlanticum, and locally Nestronia umbellula. 
Gelsemium sempervirens commonly climbs over shrubs and up tree trunks, while Vaccinium
crassifolium creeps across the ground.  Wiregrass (Aristida stricta) is the dominant ground cover in
aspect, but an extraordinary number of herbaceous species have been recorded from these terraces--up
to 129 species per tenth hectare plot (Schafale and Weakley 1993).  This riverside terrace plant
community represents a new variant of Mesic Pine Flatwoods, the Little River mesic terrace variant
(Schafale 1993).  Indigo-bush usually occurs at or near the ecotone between the mesic terrace
community and the narrow strip of flood-prone, forested banks along the river.  The latter are
dominated by Acer rubrum, Betula nigra, Fraxinus caroliniana, Liriodendron tulipifera, Nyssa biflora,
Pinus taeda, and Quercus nigra.

Amorpha georgiana is often found growing in association with or in close proximity to other rare taxa
of the Sandhills region, including Nestronia umbellula, Onosmodium virginianum, and Solidago verna. 
Adjacent dry to xeric terraces may support Astragalus michauxii, Carex tenax, Stylisma pickeringii var.
pickeringii, Pyxidanthera barbulata var. brevifolia, and Warea cuneifolia, while adjacent wet
riverbanks may support Rhynchospora crinipes (TNC 1991-93).

Other habitats where Georgia indigo-bush occurs include a large (100 acre), moist clearcut at a
streamhead in rolling sandhills; a clearing along streamhead seepage slopes; and a wet, roadside ditch
adjacent to a railroad (TNC 1991-93).  All of these are on small tributaries well away from the Little
River in apparently less than ideal habitat; the significance of such occurrences is obscure.  Elsewhere
in its historic range habitats appear to be similar, as recorded on herbarium labels.  They include sandy
bank of a river, swamp forest, low flatwoods and creek swamp, low wet pasture, and sandy wiregrass
savanna (NCU 1992-93).

There is a marked tendency for this species to favor clearings, often very small ones created by treefall,
forest cutting, flooding, and fire.  The relative importance of these types of disturbance needs study. 
On Fort Bragg most occurrences have been subjected to controlled, winter burns for 20 years on about
a three-year cycle (Sewell, et al., 1993).  Selective cutting also has occurred periodically over the past
70 years.  It is likely that disturbance reduces canopy cover and lessens competition (at least
temporarily) from taller shrubs.  Amorpha georgiana var. georgiana's nearest relative, A. georgiana
var. confusa, is also clearly a fire-adapted species (Prince 1992).

BIOLOGY-ECOLOGY

Very little is known about demographic trends and reproductive requirements of Amorpha georgiana
var. georgiana.  This is due, in part at least, to the relatively recent discovery of extant occurrences
(mostly 1989-93) and the small number of individuals and populations for study.  Intense surveys on
Fort Bragg suggest that this plant naturally occurs in small (less than 100 individuals) occurrences
scattered in a linear fashion closely parallel to the Little River.  They occur discontinuously, perhaps as
a result of irregular disturbances and of changing soil types.  The apparently close relationship between
the plant and rivers has not been investigated.  On Fort Bragg, a few occurrences are found away from
the river's main channel (over 1 kilometer away), suggesting that dispersal is relatively good.
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  Phenology

Herbarium specimens and field observations indicate that flowering occurs from 19 April to 24 May;
fruiting occurs from 18 June onwards, fruits often remaining on the plant through January (TNC 1991-
93, NCU 1992-93).

  Reproduction 

Nothing is known about reproductive requirements and patterns.  What environmental conditions
optimize reproductive success and what factors affect seed dispersal and seedling establishment have not
been ascertained.  Based on sites currently occupied, disturbance in some form is probably necessary to
create favorable habitat conditions.  Whether such perturbations also trigger germination is not known. 
Amorpha georgiana occurs within the longleaf pine/wiregrass ecosystem, long known to be fire-
maintained (Christensen 1981, Robbins and Myers 1989).  Although the importance of fire close to
rivers and in floodplains is not well documented, habitats occupied by A. georgiana var. georgiana are
almost certainly fire-maintained (Weakley 1993a).  Several sites on Fort Bragg where Amorpha occurs
have been control-burned in the past five years, but there is no comparative data to judge the effects. 
Weakley (1993a) suggests that, like other dwarf Amorpha, A. georgiana does not flower and fruit for
about two years following a burn.  While fire is needed for its survival, too-frequent fire would prevent
sexual reproduction (Weakley 1993a).  Aside from fire, other disturbances likely to be important in
reproductive success are canopy thinning (treefall, selective cutting, etc.) and flooding, which in the
Carolina Sandhills at least, may occur at any time of year.

THREATS

Perceived threats to the species include damming of rivers (and reduction or elimination of flooding),
conversion of terraces to cropland or to tree plantations, suppression of fires, and impacts of military
training activities.  In the past, site preparation for replanting to pines may have had adverse effects on
some terrace occurrences.  Just off Fort Bragg, habitat dissection has apparently become a limiting
factor in dispersal and establishment.

RECOVERY POTENTIAL

The recovery potential for this species is wide open but appears to be encouraging.  It is likely that at
least some of the sites along the Little River were directly impacted by early settlement, land clearing,
and perhaps grazing and farming.  The Little River corridor was an important area of settlement for
Scottish immigrants in the mid-1700s (Meyer 1961).  A century later, two dams were built along the
river to provide power for sand and gravel extraction operations.  The U.S. Army acquired property
along the south side of the river during World War I, later acquiring much of the north side from a
timber company.  Despite the variety of historical uses for this land, the plant communities have
regenerated to a more-or-less natural condition, and along with them a number of rare species including
Amorpha georgiana.

STEWARDSHIP

  RESEARCH NEEDS

The whole area of reproductive biology, including pollination, seed viability, dispersal, and
germination, is wide open for investigation.  Are natural occurrences normally small and scattered,
even in suitable habitat?  Is this a function of normal reproductive and establishment processes?  One
relatively simple but important need, from biological and management standpoints, is to determine what
constitutes an individual plant and whether groups of stems represent clones or merely closely growing
individuals.

  MONITORING NEEDS
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Of primary importance to this species is to determine if current populations are relatively stable,
declining, or increasing.  The effectiveness of the current fire management and forestry programs needs
to be evaluated.  Comparison of  occurrences and sites is needed to determine whether the size of
occurrences is correlated with canopy opening/closure.  

Inventory needs.  It is clear that the Sandhills region of North Carolina, and the Little River corridor in
particular, is important to this species.  Intense searches on Fort Bragg Military Reservation have
provided much data on occurrence numbers, location, and plant community characteristics, to augment
recent information gathered on a few sites just off-base (NCNHP 1993).  The six historical sites in
North Carolina have not been recently resurveyed.  Historical locations elsewhere in South Carolina
and Georgia need surveying as well to ascertain Amorpha's general status there.  Beyond that basic
work, a synthesis of historical and current habitat data and soils can point to potential areas for de novo
searches.  To that end, in 1993-94 a status survey funded by the U.S. Fish and Wildlife Service will
search historical, current, and likely sites to better ascertain actual distribution and abundance.

  MONITORING PROCEDURES

Since natural cycles and population dynamics of this species are unknown, the specific monitoring
procedures needed cannot be stated with certainty.  Nonetheless, a monitoring program should be
designed to accurately determine occurrence numbers and areal extent, and assessment of plant and
population vigor.

  MONITORING PROGRAMS

None at present.

  MANAGEMENT RESEARCH NEEDS

For Amorpha georgiana var. georgiana a critical task is to determine which disturbance(s) now
operating on the plants, such as fire, flooding, canopy thinning, or others, is important to the survival
of individuals and of populations.  If more than one disturbance type is important, then their relative
importance needs to be ascertained.  Also, the timing of such disturbances may be of consequence with
respect to effects on species biology.  These are all topics that need to be addressed before
comprehensive management plans can be prepared for given sites.

  MANAGEMENT PROCEDURES

Until the biology of Amorpha georgiana var. georgiana is better understood, it is suggested that current
management practices at the Fort Bragg sites be continued with regards to fire frequency and timing. 
Several riverside occurrences that appear to be somewhat fire-suppressed should get priority in
scheduling burns.  It would be important to also ascertain the level of military activity that the various
occurrences have been and are subject to and to make recommendations accordingly.

  MANAGEMENT PROGRAMS

None at present.  Currently, The Nature Conservancy in North Carolina is conducting active
management on the existing occurrences of A. georgiana var. confusa.  However, since it is so different
in habitat and morphology, it would be unwise to extrapolate results to var. georgiana habitat.
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STEWARDSHIP SUMMARY  

Stewardship activities for Amorpha georgiana should focus on: 

1. conducting inventories to assess the overall rarity of the species 
2. monitoring occurrences to see if they are in decline and to evaluate their response to current and

new land management practices  
3. conducting research on the biology and ecology of the species to better understand which

environmental stresses could potentially impact it.  

Management of the species will also require protection of the watersheds that support extant
occurrences.  Sites containing Amorpha georgiana should be burned during the growing season on a
three- to five-year rotation using landscape-level, ecological burns when possible.  Disturbances
affecting the hydrology of these sites should be identified and removed.
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Summary of the potential effects of the RCW Management Guidelines on Amorpha georgiana var.
georgiana.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X

      Brush clearing X X

      Fuel removal and raking X      

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X    

         Plowed fire lanes X    

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X

      Thinning X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X    

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Amorpha georgiana var. georgiana

This species occurs in pine savannas and flatwoods of sandy river terraces in the Sandhills region. 
Indigo-bush usually occurs at or near the ecotone between the mesic terrace community and the narrow
strip of flood-prone forested banks along the river.  This species tends to favor clearings created by
treefall, flooding, or forest and is a fire adapted species.

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The activities to restore an open
midstory would positively affect habitat quality for Indigo-bush, but fuel removal by raking could
destroy these small shrubs.  Individuals should be marked so that they can be avoided if raking becomes
necessary. 

Prescribed Burning:  Regular prescribed fire is highly desirable because it maintains the open longleaf
pine/wiregrass savanna habitat that Indigo-bush favors.  Spring or early summer burns are preferred
because they mimic the seasonality of natural fires in these habitats.  Summer fires may be too intense
at sites where litter has accumulated from lack of fire; at these sites it is appropriate for the first burn to
be in the winter.  It is believed that Indigo-bush does not flower or fruit for about two years following a
burn, so that a five year burn cycle may be preferable to a three year cycle.  Landscape-level,
ecological burns should be used when possible.    

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as
they would destroy ground layer vegetation, compact the soil, and impact hydrology. 

Hardwood Control and Pine Thinning:  Although prescribed fire is the preferred method of midstory
control, hardwood and pine thinning may benefit Indigo-bush if it restores or maintains the open nature
of a longleaf pine savanna.  But, the limits on hardwood stocking and cover may be too low to maintain
the natural shrub layer of the mesic pine flatwoods where Indigo-bush also occurs.  Mechanical and
chemical midstory control should be avoided in wet areas to prevent soil compaction and herbicide
mobility associated with using these techniques in wetlands.  Elsewhere, chemical and mechanical
methods of hardwood control should employ best management practices to avoid soil disturbance,
destruction of ground layer vegetation, and non-target effects of herbicides. 

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on Indigo bush by maintaining the integrity of herbaceous layers.  Use of native
vegetation should be used wherever possible as non-native species could out-compete low shrubs such
as Indigo bush.  Mechanical means of erosion control should maintain the natural contours of the
surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for Indigo-bush.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible, and mechanical methods such as discing or chopping should be avoided because
they have been shown to have adverse effects on some terrace populations.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
Indigo-bush populations occurring in pine savanna/flatwood habitats.  
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Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines with
longleaf pine may provide beneficial habitat for colonization by Indigo-bush, but the heavy machinery
traditionally used for timber extraction could destroy individual Indigo-bush populations, compact the
soil, and alter the hydrology.  Therefore, only canopy thinning through selective cutting should be used
- being sure to avoid wetlands and populations of Indigo-bush.  Use of low impact forest management
practices and those which maintain natural fire, hydrologic, and nutrient dynamics will minimize
adverse impacts to Indigo-bush.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Indigo-bush.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as it is highly deleterious
to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it
should be prohibited from within 25 ft of Indigo-bush populations.



     16 Text from: Russo, M.J. 1993. Element stewardship abstract: Astragalus michauxii In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall Military Reservations,
North Carolina.  The North Carolina Nature Conservancy, Carrboro, NC, and North Carolina Natural Heritage
Program. Raleigh, NC. 
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Species Stewardship Summary
ASTRAGALUS MICHAUXII16

ELEMENT CODE: PDFAB0F580
SCIENTIFIC NAME: Astragalus michauxii (Kuntze) F.J. Hermann
COMMON NAME: Sandhills Milkvetch

STATUS

GLOBAL RANK:  G3
STATE RANK:  S1 (AL), S2 (NC), S2? (GA), not tracked (SC)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS. 
STATE STATUS:  C (NC) 

DESCRIPTION

  General Description
   
Description adapted from Radford, et al., (1968), and Isely (1990).  

A member of the Pea Family (Fabaceae), Sandhills milkvetch is an erect or ascending perennial with
slightly pubescent stems, 3-10 dm tall, from a subterranean crown, with innately compound leaves, 1-
1.5 dm long, having 15-25 (35) glabrate to pilose leaflets that are mostly oblong to elliptic, 0.5-1.5
(2.5) cm long, and 2-6 mm wide.  Inflorescence is a raceme 5-15 cm long with (12) 15-40 flowers and
peduncles mostly 5-15 cm long.  Flower petals are pale to dark purple and 1.2-1.8 cm long.  Legume is
glabrous, upcurved-ascending, 2.3-3 cm long, and contains smooth, brown seeds 1.8-2.0 mm long.

  Technical Description
 
Description is adapted from Barneby (1964).  

Tall but slender, with a simple or forked woody root terminating a few centimeters below ground in a
knotty crown, the virgate stems glabrous or nearly so, the herbage usually very thinly strigose-
pilosulous with fine, loosely ascending or subappressed, straight or partly wavy hairs up to 0.5-0.9
(1.0) mm long, sometimes almost glabrous up to the inflorescence, the leaflets green, bicolored, thinly
pubescent on both faces, on the lower only, or merely ciliate.  Stems usually solitary, sometimes 2 (5),
erect or flexuously ascending, simple or sometimes branched near the base, striate, floriferous from the
uppermost 2-6 leaf-axils; stipules 0.5-2.5 mm long.  Leaves sessile or subsessile, the lowest rarely
shortly petioled, (4.5) 7-17 cm long, with (15) 21-33 (35) narrowly oblong to narrowly oval; leaflets (3)
6-26 mm long, the midrib prominent beneath peduncles stiffly erect or incurved-ascending, 6-15 cm
long.

Racemes loosely (12) 15- to 40-flowered, 5-15 (18) cm long in fruit; bracts membranous-margined,
ovate, or lanceolate, 1-3 mm long; pedicels densely silvery-pilosulous, at early anthesis straight and
ascending, 0.6-2 mm long, later arched outward, clavately thickened, 2-3 mm long.  Calyx (5.7) 6-8.3
mm long, the tube thinly white-strigillose but the inner surface and margins of the teeth and the sinuses
between them densely silvery-pubescent, tube (4.7) 5-6.3 mm long, 3.4-4.3 mm in diameter, teeth 1-
2.3 [sic] long.  Petals pale purple, lilac, or whitish and faintly lilac-tinged and veined; banner recurved,
ovate-cuneate or broadly rhombic-elliptic, deeply notched (13.5) 14.4-18.8 mm long, (7.2) 8-10.5 mm
wide; wings equaling or a little shorter than the banner, 13.1-18.8 mm long, the claws (5.4) 5.8-7.5
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mm, the elliptic-oblanceolate, obtuse or obscurely emarginate, gently incurved blades  8.4-11.4 mm
long, 3-4 mm wide; keel 12.5-15 mm long, the claws 5.8-7.3 mm long, the incurved-ascending or
suberect, subsessile, narrowly oblong-ellipsoid, 2.3-3.1 cm long, 4.5-6 mm in diameter, cuneately
tapering at the base, abruptly contracted distally into a short, beak, otherwise dorsi-ventrally
compressed, the green, fleshy, glabrous valves becoming stiffly leathery and brownish-stramineous
upon dehiscence.  Dehiscence imperfectly known, apparently apical; seeds (seldom seen) brown,
smooth, somewhat lustrous, 1.8-2 mm long.

  Diagnostic Characteristics 

Sandhills milkvetch is the only tall, erect Astragalus in its area of dispersal and is easily recognized by
its elongate, usually solitary or few stems with inflorescences arising from the last two to six leaf-axils,
by the numerous subglabrous leaflets, by the numerous (15-40) pale purple flowers, and by the erect or
incurved-ascending, semibilocular, glabrous, narrowly oblong-ellipsoid pods.  In a purely vegetative
stage, Sandhills milkvetch could be confused with members of the genus Tephrosia, typically more
common species found within its range.  To distinguish these two genera while in vegetatively
immature stages is difficult and should be avoided if possible.  Mature plants of Tephrosia virginiana
differ by growing in multi-stemmed and densely cespitose clumps while Astragalus michauxii usually
grows in loose, few-stemmed clumps or, more frequently, as single stems.  T. virginiana also differs by
having solid stems in contrast to the hollow stems of A. michauxii.  Another important difference that
separates them is that Tephrosia's principal raceme is terminal while that of Astragalus is axillary
(Radford, et al., 1968).

The best time to locate Astragalus michauxii is during its peak flowering period of early May to late
June.  It can also be easily distinguished while in fruit, which may persist into the next season's
flowering period.

DISTRIBUTION

Sandhills milkvetch is historically an endemic species of the Sandhills region of southeastern North
Carolina, southeastern Georgia, and adjoining northeastern and southeastern South Carolina (Barneby
1964, Radford, et al., 1968).  A collection from Polk County in central Florida was likely mislabelled,
actually from North Carolina, and was therefore not accepted by Isely (1985).  There are 18 historic or
extirpated records from North Carolina.  Counties for which only historic records exist include (year
last seen follows in parentheses):  Bladen (1935, 1949, 1970), New Hanover (1946), and Robeson
(1958) counties (NCNHP 1993).  Historic records also occur for Cumberland (1921, 1933, 2-1953,
1954, 1957), Harnett (1928, 1949), Richmond (1959), and Scotland (2-1940, 1957) counties, NC
(NCNHP 1993).

In South Carolina, A. michauxii has been reported from Aiken, Barnwall, Darlington, Dillon, and
Lancaster counties (Barneby 1964, Radford, et al., 1968).  In addition, one of Michaux's isotype
localities was in Abbeville County (P!).  In 1982, Aulbach-Smith collected it in Richland County
(#2143) (NCU 1992-93).

In Georgia, A. michauxii has been reported from Bleckley, Bulloch, Candler, Dodge, Emanuel,
Jenkins, Laurens, Richmond, Screven, Tattnall, Toombs, and Washington counties (Jones and Coile
1988).  In addition, Barneby (1964) reports it from Effingham, Evans, Jefferson, Peach, and Telfair
counties.  In 1967, Bozeman collected it from Burke (#8970) and Johnson (#10743) counties (NCU
1992-93).

Currently, North Carolina has 46 occurrences of Sandhills milkvetch in the following counties (number
of known extant occurrences follows in parentheses):  Cumberland (6), Harnett (2), Hoke (27), Moore
(4), Richmond (1), and Scotland (6) counties (NCNHP 1993).  This relatively high number of
occurrences gives a misleading representation of its abundance, as plants typically occur in very small
numbers.  Currently, the largest known concentration of occurrences is on Fort Bragg Military
Reservation, NC, with 33 occurrences with over 130 sites (or subpopulations) totaling an estimated
1120 plants/stems and where doubtless more occur (TNC 1991-93, NCNHP 1993).  The majority of
plants occur in and around Coleman Impact Area in the center of Fort Bragg.  Sandhills milkvetch is
also known from four occurrences over 21 scattered locations on Camp MacKall Military Reservation
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(totaling about 70 plants/stems) and the Sandhills Game Land, both in Richmond and Scotland counties,
NC (TNC 1991-93, NCNHP 1993).

In 1991, Sandhills milkvetch was discovered at two sites in Covington and Russell counties, Alabama
(Collins 1993).  A. michauxii is still known from Washington County, Georgia (Patrick 1993).  Patrick
(1993) feels that the species may be too common in the state to warrant further tracking.  The same
thinking apparently applies to South Carolina as the heritage program there is not currently tracking it
(SCHT 1993).

Current Ownership.  In the NC Sandhills, the bulk of Astragalus michauxii occurs on federally owned
Fort Bragg and Camp MacKall military reservations (U.S. Army) and the federally owned/state-
managed Sandhills Game Land (NC Wildlife Resources Commission) (NCNHP 1993).  Only two other
occurrences are known from NC, presumably on private land.  Ownership information for SC, GA, and
AL was not available.

HABITAT

Astragalus michauxii occurs in xeric to dry-mesic longleaf pine/scrub oak woodlands along the
Sandhills region of Atlantic Coastal Plain of the southeastern U.S.  Like most upland communities of
the Coastal Plain, these habitats are fire-dependent and were most likely maintained by frequent
lightning-caused fires.  In the NC Sandhills, A. michauxii can be found in longleaf pine/scrub
oak/wiregrass communities.  Xeric sites are dominated by a scrub layer of Quercus laevis, a moderately
sparse Aristida stricta and Gaylussacia dumosa layer, and an equally sparse herb layer with common
species such as Tephrosia virginiana, Pityopsis aspera var. adenolepis, Euphorbia ipecacuanhae,
Schizachyrium scoparium, Baptisia cinerea, Lupinus diffusus, Minuartia caroliniana, Cnidoscolus
stimulosus, and Cirsium repandum.  Astragalus michauxii can also occasionally be found with Epigaea
repens and Pyxidanthera barbulata var. brevifolia, a narrow Carolina Sandhills endemic.  In less xeric
sites, Astragalus is associated with Quercus marilandica, Q. incana, Q. margarettiae, Toxicodendron
pubescens, a moderately dense layer of Aristida stricta, and slight mesophytic herbs, such as Aster
linariifolius, A. tortifolius, Galactia regularis, Desmodium ciliare, Sorghastrum nutans, Eupatorium
album, and Silphium compositum.

Among the species found growing in close proximity are several other rare taxa, including Amorpha
georgiana var. georgiana, Carex tenax, Gaillardia aestivalis, Galactia mollis, Nestronia umbellula,
Onosmodium virginianum, Orbexilum lupinellum, Phaseolus sinuatus, Polygala grandiflora,
Pyxidanthera barbulata var. brevifolia, Rhus michauxii, Solidago verna, Stylisma pickeringii var.
pickeringii, Tridens carolinianus, and Warea cuneifolia (TNC 1991-93).

Soils in these sites are usually coarse, nutrient-poor sands that are commonly underlain by a clay layer
close to or several meters below the surface.  Common soil series where Astragalus michauxii occurs in
the NC Sandhills region include Blaney (Arenic Hapludults), Candor (Arenic Paleudults), Fuquay
(Arenic Plinthic Paleudults), Gilead (Aquic Hapludults), Lakeland (Typic Quartzipsamments), Kalmia
(Typic Hapludults), Pactolus (Aquic Quartzipsamments), and Vaucluse (Typic Hapludults) (Hudson
1984, NCNHP 1993).

BIOLOGY-ECOLOGY

Astragalus michauxii is a perennial species which occurs in longleaf pine habitats that historically were
frequently burned by low- to moderate-intensity natural fires (Schafale and Weakley 1990).  Frequent
fires in these habitats maintained open understories, allowing ground layer species such as A. michauxii
to flourish.  Although the frequency of naturally occurring fires in these various communities is
unknown, A. michauxii has been observed to respond very well to burning intervals of three years
(Weakley 1993a, TNC 1991-93).

Sandhills milkvetch usually occurs in small, discrete clusters of one to ten plants, with generally no
more than 100 individuals widely scattered over the site.  The factors responsible for this clustering and
for the species' apparent inability to disperse into adjacent, suitable habitat are not known.  Other
species which co-occur with A. michauxii are often much more locally abundant and generally more
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widespread (TNC 1991-93).  Other pineland species, such as Asclepias tomentosa, A. pedicellata,
Phaseolus sinuatus, and Physalis lanceolata, similarly occur most typically in small, scattered
populations.

Unlike several other rare upland Coastal Plain taxa (Phaseolus sinuatus, Stylisma pickeringii var.
pickeringii, Galactia mollis), Astragalus michauxii appears only minimally able to tolerate high levels
of ground disturbance or to colonize areas that have been highly disturbed.  Most occurrences are in
intact woodlands; very few plants can be found along old roadbeds and berms.  A. michauxii does
appear to tolerate at least moderately long periods of fire suppression (at least five years).  Several
occurrences on Fort Bragg and Sandhills Game Land are located in sites that have been fire-excluded
for many years and are characterized by dense oak understories and moderately thick duff layers.  A
persistent rootstock is most likely an important adaptation by Astragalus michauxii (and other herbs
associated with longleaf pine communities) for survival through periods without fire.

The factors responsible for the regional endemism of Astragalus michauxii are not known.  This species
is greatly isolated geographically from other morphologically similar species of Astragalus (Barneby
1964), and it has been placed into its own section within the genus.  The majority of species in this
genus (the largest dicot genus in North America) occur in western United States.  Most eastern North
American species of Astragalus occur in "islands" of uncharacteristically dry habitat, such as A.
michauxii (Sandhills of NC, SC, and GA), A. villosus (Sandhills of SC, GA, FL, Al, and MS), A.
obcordatus (Sandhills of FL and MS), and A. distortus (shale barrens of VA and WV, disjunct from
similar habitats of the south-central United States) (Weakley 1993a).

Foraging activity on A. michauxii is often quite high, plants in the NC Sandhills region have been
observed to have all their leaves removed through herbivory (TNC 1991-93).

  Phenology 

In the NC Sandhills region, Sandhills milkvetch flowers from early May to late June; fruits are
produced from June through October and occasionally persist well into the following growing season
(TNC 1991-93).

  Reproduction 

Little is known about the reproductive biology of Astragalus michauxii.  Few seedlings have been seen
in the field, although the occurrence of relatively large populations with widely scattered individuals
implies that seed production and dispersal does occur (TNC 1991-93).

Seed production for Astragalus is probably highest one or two years following a summer burn, when
flower production is high (probably a response to increased levels of sunlight, water, and nutrients) and
when large numbers of pollinators are present (attracted by the synchronized, often massed floral
displays) (TNC 1991-93).  The common pollinators of A. michauxii flowers are not known; numerous
flying insects have been seen visiting the flowers (TNC 1991-93).  Although the germination and
dormancy traits for A. michauxii are not known, it is likely that seeds germinate immediately or soon
after (one to two years) falling to the ground while environmental conditions necessary for their
successful germination are still available.  Seed dispersal is probably aided by wind and surface runoff
during rain storms.  

THREATS

The greatest threat to Astragalus michauxii is loss of habitat due to fire suppression and/or land
conversion to pine plantations and commercial or private development.  Land conversion results in
fragmentation of the landscape, making it difficult to allow natural and even controlled fires to burn on
the remaining small patches of suitable habitat.  Although growing-season, prescribed burning programs
(the most beneficial to A. michauxii and its habitat) are being adopted by managers of a number of large
properties (i.e., Fort Bragg, Sandhills Game Land), there are still numerous other properties throughout
the range of Sandhills milkvetch that continue to be fire-suppressed.
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In addition, plants may suffer as a result of excessive trampling, a problem on some of the frequently
used areas of Fort Bragg and Camp MacKall, pinestraw raking, which may physically destroy
Astragalus plants or may disrupt the fire and nutrient cycles of its habitat by removing leaf litter, and
improper management activities, which could include conducting poorly timed burns (prescribed burns
not timed to the reproductive cycle of Astragalus michauxii could prevent or reduce its reproductive
success), destructive road maintenance activities, and poorly timed mowing (i.e., during flowering
season of A. michauxii) in areas such as powerline rights-of-way.

RECOVERY POTENTIAL

Recovery potential for this species is high, based on the relatively large number of discreet populations
found in North Carolina.  Healthy populations occur in longleaf pine communities that have been
control burned for several two- to three-year cycles, following many years of fire suppression. 
However, the largest populations occur on military reservations where accidental fires have kept
woody, midstory vegetation in check for most of this century.

It appears from field observations on Fort Bragg, Camp MacKall, and the Sandhills Game Land that
Astragalus michauxii populations can survive moderately long periods of fire suppression (up to 15
years) by persisting vegetatively.  Due to its limited seed dispersal range, it is unlikely that, once
extirpated from a site, A. michauxii will be able to recolonize the same area.  If the species does
become apparent after a burn, it is assumed that the plant survived vegetatively prior to the burn.

Populations that occur in degraded areas that are not periodically burned may be maintained by mowing
following the reproductive cycle (late summer).  Mowing every several years will help to keep woody
species from encroaching into A. michauxii habitat.  Although there is no evidence of decline in extant
populations, seeds should be collected and stored within seed banks maintained by the Center for Plant
Conservation to be used for reintroduction of the species should the need arise.

STEWARDSHIP

  RESEARCH NEEDS

Research on the reproductive biology of this species could include studies on:  (1) the types of
pollinators which visit Astragalus michauxii flowers and how these pollinators are affected by different
burning periods and/or frequencies; (2) the amount of viable seed produced in burned and unburned
sites; (3) the dormancy period and germination requirements of seeds; (4) the different types of seed
dispersal mechanisms that exist; and (5) the plants' ability to persist vegetatively and reproduce
asexually during periods of sustained fire suppression.

  RESEARCH PROGRAMS

Research programs specifically focusing on Astragalus michauxii have yet to be initiated.

  MONITORING NEEDS

Biological monitoring of Astragalus michauxii is needed to evaluate the species' response to current
land management practices, such as fire suppression, prescribed burning, pinestraw raking, and other
ground disturbance such as trampling.  A monitoring program should also be designed to determine the
optimal fire frequency, fire intensity, and season of burn necessary to maintain and/or restore viable
populations.

Inventory needs.  Sandhills milkvetch is considered relatively common in both South Carolina and
Georgia.  However, the actual status of this species has not been determined through a rangewide
survey.  Considering the tremendous loss of habitat in the Sandhills region during the past several
centuries and the typically small number of plants within existing occurrences, this species may not be
as abundant as supposed.  Remaining areas of longleaf pine such as Carolina Sandhills National
Wildlife Refuge and Sandhills State Forest, SC, should be surveyed.
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  MONITORING PROCEDURES

Populations occurring in both fire-maintained and fire-suppressed habitat in the Sandhills region should
be selected for the monitoring program.  Boundaries for each of the populations should be mapped so
that future spread or decline of each population can be recorded.  Spread and decline may also be
monitored by setting up plots along the edge of the populations and recording recruitment into the plots. 
Plant counts within sample plots located within the boundaries of each population should also be made
to monitor population increases or declines.  Mortality and recruitment counts and other demographic
counts would require that each plant within each plot be mapped or staked.

Occurrences selected for experimental burns should ideally be divided into several isolated
subpopulations separated by firebreaks, roads, etc., so that experimental and control burns can be
conducted within each population.  Plant counts, as well as mortality and recruitment counts, if
possible, should be made for each of the plots before and after burning events.  Counts of sterile and
fertile plants for each control and experimental plot should also be made, as well as counts or estimates
on capsule and seed production.

  MONITORING PROGRAMS

No monitoring projects are known to exist for Astragalus michauxii.

Inventory.  Two of the largest, intact longleaf pine/wiregrass areas in the NC Sandhills, Fort
Bragg/Camp MacKall military reservations and portions of the Sandhills Game Land, will have been
thoroughly surveyed for Astragalus michauxii and other rare plants by the year 1995.  Numerous plants
have been found on these properties to date.  The few remaining large, intact areas with good A.
michauxii potential in private ownership have had limited to no survey work.

  MANAGEMENT RESEARCH NEEDS

Research into the relationship between fire and upland species in longleaf pine communities is still
needed.  As noted above, many species in the Sandhills region and elsewhere are dependent upon
frequently burned areas for survival.  However, little or nothing is known about the effects of timing,
frequency, and intensity of fire on specific plant species.

  MANAGEMENT PROCEDURES

Based on the current knowledge about the habitat requirements of Astragalus michauxii, sites containing
the species should be burned on a three- to five-year, summer burning schedule.  Heavily fire-
suppressed sites that could potentially contain A. michauxii should first be burned with a cool, winter
burn to reduce fuel loads.  A growing-season burn can then be conducted on the site two to three years
later.  Monitoring programs should continually evaluate the response of the species to these different
regimes.  The long- and short-term effects of trampling and other forms of disturbance also need to be
assessed.

  MANAGEMENT PROGRAMS

Since 1990, all managed areas on Fort Bragg and Camp MacKall have been put on a three-year,
growing-season, prescribed burning schedule.  Prior to 1990, from the mid-1960s to 1989, these areas
were burned on a five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was
no prescribed burning program on either installation, although wildfires were apparently frequent
(Sewell, et al., 1993).  Fire management history is generally the same for the Sandhills Game Land.

STEWARDSHIP SUMMARY

Sites containing Astragalus michauxii should be burned during the growing season on a three- to five-
year rotation using landscape-level, ecological burns when possible.  Activities which cause severe
ground disturbances should be identified and mitigated.  Monitoring programs should continually
evaluate the response of populations to current and new land management practices.
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Summary of the potential effects of the RCW Management Guidelines on Astragalus michauxii.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X   X X

      Fuel removal and raking X      

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X X X

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X     

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Astragalus michauxii 

This species occurs in xeric to dry-mesic longleaf pine/scrub oak woodlands in the Sandhills region of
the Atlantic Coastal Plain.  Soils at these sites are usually coarse sands unlain by a clay layer.  These
upland communities are fire-dependent and were most likely maintained by frequent lightning fires.

 
Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The activities to restore an open
midstory would positively affect habitat quality for A. michauxii, but fuel removal by raking could
destroy these small herbaceous plants.  A. michauxii seems especially intolerant of ground disturbance,
so individuals should avoided if raking becomes necessary. 

Prescribed Burning:  Frequent low to moderate intensity fires are highly desirable in these longleaf
pine/scrub oak communities because they maintain open understories, allowing ground layer species
such as A. michauxii to flourish.  Although the frequency of naturally occurring fires in these
communities is unknown, A. michauxii has responded very well to burning intervals of three years, and
seed production is probably highest one or two years following a summer burn.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as
they would destroy ground layer vegetation, compact the soil, and impact hydrology. 

Hardwood Control and Pine Thinning:  To control midstory growth, prescribed fire is greatly preferred
over hardwood and pine thinning because A. michauxii minimally tolerates ground disturbance.  This
species does not appear to colonize disturbed areas, but will tolerate longer periods of fire suppression
(at least five years).  In addition, the limits on hardwood stocking and cover are too low to maintain a
mature, natural pine-oak forest and would most likely negatively impact A. michauxii.  When chemical
and mechanical methods of hardwood control are absolutely necessary to control midstory vegetation,
best management practices should be employed to avoid soil disturbance, destruction of ground layer
vegetation, and non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on A. michauxii by maintaining the integrity of herbaceous layers.  Use of native
vegetation should be used wherever possible as non-native species could out-compete small perennials
as A. michauxii.  Mechanical means of erosion control should maintain the natural contours of the
surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  Re-establishment of longleaf pine and the regeneration of existing
longleaf pine stands could potentially increase the habitats available for A. michauxii, but its limited
dispersal abilities may prevent its colonization of new habitats.  Because this species is sensitive to
ground disturbance, it is imperative that natural regeneration methods be used in order to avoid high-
impact artificial methods.  Site preparation should employ fire where possible, and mechanical methods
such as discing or chopping should be avoided.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on A.
michauxii populations occurring in fire maintained pine habitats.  

Although long rotation timber harvesting which replaces off-site pines with longleaf pine could provide
new pine-oak habitat for A. michauxii, this species' short seed dispersal range may limit its colonization
abilities.  In addition, because the machinery used for timber extraction could destroy individual plants,
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populations of A. michauxii should be identified before timber harvest so that they can be avoided. 
Even use of low impact forest management practices may damage A. michauxii populations because of
the species' sensitivity to disturbance.  Forest management practices should always aim to maintain
natural fire, hydrologic, and nutrient dynamics.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit A. michauxii.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as it is highly deleterious
to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it
should be prohibited from within 25 ft of A. michauxii populations.



     17Text from:  Smith, I.K. 1994. Draft Element Stewardship Abstract for Balduina atropurpurea. North
Carolina Natural Heritage Program, Raleigh, NC.
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Species Stewardship Summary17
BALDUINA ATROPURPUREA

ELEMENT CODE: PDAST0Z020
SCIENTIFIC NAME: Balduina atropurpurea Harper
COMMON NAME: Purple Balduina, Honeycomb Head, Bog Honeycomb-head

Synonyms:  Harper (1901, 1906) treated this species as Baldwinia atropurpurea; Small (1933)
treated this species as Endorima atropurpurea (Harper) Small.

STATUS

GLOBAL RANK:  G2G3
STATE RANK:  AL (no rank); FL (S1); GA (S2); NC (S1); SC (S?)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  SR (GA, SC), SC (NC), None (AL, FL) 

DESCRIPTION

  General Description

Balduina atropurpurea is a member of the Aster Family and is an erect, perennial, wetland herb usually
with one stem that grows 0.5-1.2 m tall.  Its flowers are in heads, generally 1-4, with yellow ray
flowers and purple disk flowers.  The leaves are entire, simple, oblanceolate to elliptic-oblanceolate,
obtuse to acute.  The stem leaves are 3-6 cm long and the basal leaves are 7-32 cm long.  The fruits are
pubescent, dark brown achenes, 3-4 mm long.  The common name "honeycomb head" refers to the
honeycomb-like structure made up of connected receptacular bractlets that surround the achenes.  The
honeycomb head is most apparent after the fruits are shed.

  Technical Description

The following was adapted from Radford et al. 1968, Parker and Jones 1975, Small 1933, Weakley
1994.

Balduina atropurpurea belongs to Asteraceae (or Compositae) and to the Heliantheae tribe.  It is an
erect perennial, herb with stems usually one (or 2-5), terete, with several low longitudinal ridges,
pubescent, purple-red at the base, 0.5-1.2 m tall.  Leaves alternate, few, rather fleshy, surface
yellowish-green, finely pitted, margin entire, gradually reduced upward, sessile or short-petiolate.  Leaf
shape oblanceolate to elliptic-oblanceolate, obtuse to acute, base long-attenuate.  Basal leaves linear-
spatulate about 14 cm (or 7-32 cm) long and 0.3-1 cm wide.  Cauline leaves few, linear-spatulate, 3.8-
6.2 cm long, 2-6 mm wide; lower cauline leaves 10-12 cm long.  Leaves with a heavy layer of cutin
that forms ledges over the stomata.

Inflorescence of 1-4 heads on long, stiffish, peduncles that terminate the stem or branches.  Heads
when fully open are about 2 cm deep and 5-6 cm broad.  Ray flowers deep, rich yellow, numerous (10-
15), sterile, 3-5 toothed or lobed at apex, pubescent on the back, 1.6-3.2 cm long, 2.3-4.7 mm wide at
apex.  Disk flowers deep purple or reddish-brown, numerous (30-200), 4-7 mm long, 1.2-1.8 mm
wide, imperfect, fertile, glandular pubescent, with a narrowly funnelform throat and shorter tube. 
Style branches flattened, with inconspicuous ventromarginal lines, and an abrupt, slender appendage
clothed at base with ring of short hairs.  Filaments much shorter than anthers.
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Involucre thick, hemispheric to broadly campanulate.  Bracts greenish, about 3-seriate, ovate to
elliptic, in 3-5 imbricate series.  Outer involucral bracts 2.9-5.4 mm long, 1.7-3.1 mm wide, ovate-
acute at apex.  Inner involucral bracts 4.5-7.6 mm long, 1.3-1.9 mm wide, lanceolate, acuminate at
apex.  Receptacle chaffy, the chaff united and forming an erose honeycomb head.  Pappus scales
generally 10, 1-2.1 mm long, 0.4-0.6 mm wide, tan, membranous, aristate and fimbriate.
Fruits dark brown achenes, narrowly oblanceolate, 1.5-4 mm long, nearly 1 mm wide, truncate at
summit, finely pubescent, capped by a ring of 10-12 narrow, pale, thin scales.  Achenes single in each
5-6 sided cell of the honeycomb head.  Rootstock short, thick, erect.  Roots fleshy.

  Diagnostic Characteristics

The following was adapted from Parker and Jones 1972 & 1975, Small 1933, Weakley 1994.

The genus Balduina is composed of three species:  Balduina angustifolia (Pursh) Robinson, B.
atropurpurea Harper, and B. uniflora Nutt.  All three species occur in the Coastal Plain of the
southeastern United States.  Although their ranges overlap in Georgia, no natural hybridization has been
reported.  These species have similar characteristics and could be confused with one another.

B. atropurpurea differs from B. angustifolia and B. uniflora in color of disk corolla, length of middle
leaves, and width of ray corollas.  B. atropurpurea has purple disk corollas (a key characteristic),
longer middle leaves, and narrower ray corollas than the other two species.  B. atropurpurea is most
similar to B. uniflora yet they differ in length of basal leaves, size of pollen grains, number of
chromosomes, and flowering time.  B. atropurpurea has linear-spatulate basal leaves, pollen grains 30-
35 µ in diameter, chromosome number of n = 18, and flowers usually 2 weeks after B. uniflora,
whereas B. uniflora has spatulate basal leaves, pollen grains 40-45 µ in diameter, and chromosome
number of n = 36.

B. atropurpurea differs from B. angustifolia by width of outer involucral bracts, length of pappus, and
width of middle cauline leaves.  B. atropurpurea has wider outer involucral bracts, longer pappus
scales, and narrower cauline leaves than B. angustifolia.  In addition, there are differences in the habitat
types in which these three Balduina species occur.  B. atropurpurea grows in lower, wetter areas of
pitcher plant bogs; B. uniflora is more widespread, occurring in low pine flatwoods and outer margins
of pitcher plant bogs; and B. angustifolia occurs on dry soil of deep sand ridges along rivers and on
shallow dunes of Atlantic and Gulf Coast beaches.

Balduina atropurpurea could be mistaken for several other composites.  Species of sneezeweed
(Helenium spp.), particularly H. pinnatifidum and H. vernale, could be mistaken for B. atropurpurea;
however, these two species have yellow ray and disk flowers and bloom in the spring (March to May). 
Indian blankets or fire wheels (Gaillardia spp.), especially G. aestivalis, have purple disk flowers;
however, they have smooth or bristly receptacles and much shorter rays.  The bog tickseed (Coreopsis
gladiata) is also similar to B. atropurpurea, but has fewer ray flowers (normally only 5-8) and has
numerous, thin, flat bracts (chaff) on the receptacle.  The best time to identify Balduina atropurpurea is
in late summer to early fall (August-October) when the plant is in flower.  Key characters:  yellow ray
flowers and purple disk flowers, purplish stem at the base, somewhat fleshy leaves, and honeycomb
head.

DISTRIBUTION

  Historic Range

Given the extant population locations and historic records of Balduina atropurpurea, it is probable that
the historic range of this species was from southeastern North Carolina, to north-central South
Carolina, south to the Altamaha Grit Region of Georgia, and into northeastern Florida, then west across
northern Florida, into the panhandle, and west to the southeastern part of Alabama.

The exact historical range of B. atropurpurea in Alabama is not known.  It is possible that this species
occurred throughout the southeastern part of the state (Alvin Diamond, pers. comm.).  It is uncertain
what the historical range of this species was in Florida.  It is possible that this species occurred in the
northeastern portion of the state, west to the Suwannee River, and into the western part of the
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Panhandle (Robert Kral, pers. comm.; Richard Wunderlin, pers. comm.).  Wunderlin (1983) reported
this species from Putnam County in 1940 and Kral (1983) reported populations in Clay and St. Johns
counties, yet no current records exist for these three counties. 

This species was first reported as a new species by Roland Harper in 1901 from a site near Tifton in
Berrien County, Georgia.  This species may have ranged historically throughout the Altamaha Grit
region in the southeastern and south-central portion of Georgia (Tom Patrick, pers. comm.).  The
following counties only have old or historic records (1980 or older) of this species:  Brantley, Bulloch,
Candler, Charlton, Colquitt, Cook, Emanuel, Evans, Irwin, Tift, Toombs, Wayne, and Worth.

In North Carolina, only one individual of B. atropurpurea was ever known to have been found.  This
individual was seen at Calf Island Savanna in The Nature Conservancy's Green Swamp Preserve in
Brunswick County in 1980.  This lone plant was taken as an herbarium specimen and since that time,
this species has not been seen at the Green Swamp Preserve.  Only two populations of this species were
found in South Carolina, both in Darlington County.  One population was seen only in the late 1800's
and the other was destroyed by an industrial development in the late 1970's.

  Current Range

Balduina atropurpurea is a southeastern Coastal Plain endemic.  Extant populations occur in scattered
locations in south to south-central Georgia, in northeastern Florida, and in southeastern Alabama.  This
species has been found as recently as 1980 in North Carolina, but has not been seen since that time.

Alabama - In 1988, several individuals of B. atropurpurea were seen at one location in Geneva County
(Alvin Diamond, pers. comm.).  This occurrence has not yet been verified.

Georgia - Georgia Natural Heritage Program has 39 records of B. atropurpurea occurring in 21
counties in south to south-central Georgia.  Of these 39 records, only 11 have been seen in the past 15
years (Tom Patrick, pers. comm.).  These 11 populations occur in the following counties:  Coffee (2
pops.), Jeff Davis (2 pops.), Liberty (3 pops.), Long (1 pop.), Tattnall (2 pops.), and Turner (1 pop.). 
The largest, healthiest populations of this species throughout its range, occur at Ft. Stewart.  A total of
six populations occur at Ft. Stewart, two of these populations are small (less than 150 stems), and the
other four are large (several hundred stems).

Florida - The Florida Natural Areas Inventory has records of three populations of B. atropurpurea
occurring in Florida.  They all occur in Nassau county in the extreme northeastern corner of the state. 
Two of these populations occur along roadsides and the third occurs in a seepage bog at the Hercules
Tract Natural Area at St. Mary's River State Forest owned by St. Johns River Water District.  Maybe
as many as six populations of this species occur in the vicinity of US 301 and St. Mary's River area
north of Gainesville (Wilson Baker, pers. comm.).

North Carolina - No known extant populations.

South Carolina - No known extant populations.

HABITAT

Balduina atropurpurea typically occurs in low, wet areas of peaty, pitcher plant bogs, wet pine
flatwoods, and wet pine savannas with seasonal standing water.  In Alabama, this species was found
growing in a wet, peaty, shrubby area surrounded by cow pasture (Alvin Diamond, pers. comm.).  In
Florida, this species can occur or has been found growing in the following habitats:  wet clearings
among slash pine, longleaf pine, or a mixture of both; in open, marshy areas in flatwoods; in a seepage
bog; and in a roadside ditch.

In Georgia, this species is a good indicator of high quality coastal plain pitcher plant bogs (Tom
Patrick, pers. comm.; Frank Snow, pers. comm.).  This plant has been found growing in the following
habitat types in Georgia:  pitcher plant bogs; sphagnous seepages bordering cypress-gum depressions;
open, wet, roadsides; moist pine-barrens; wet, peaty woodlands; and seepage slopes along small branch
swamps.
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In North Carolina, suitable habitat for this species is peaty seepage bogs and wet pine savannas
(Weakley 1994).  In South Carolina, this species has been reported from a moist pineland and from the
edge of bottomland woods.

  Associated Species

Balduina atropurpurea is often associated with an understory of palmetto, saw palmetto, shrub
hypericums, and ericaceous shrubs (e.g., blueberry, huckleberry, staggerbush, fetterbush, and dwarf
kalmia) and is sometimes associated with lycopods and xyrids (Kral 1983).  This species is often
associated with the following common and rare species of plants:  Aeschynomene virginica, Balduina
uniflora, Coreopsis angustifolia, Hartwrightia floridana, Hypericum galioides, Kalmia cuneata, Lyonia
spp., Oxypolis filiformis, O. ternata, Pinus elliottii, P. palustris, Rhynchospora macra, Sabal spp.,
Sarracenia flava, S. minor, S. psittacina, Serenoa repens, Solidago verna, Sporobolus teretifolius, and
Woodwardia virginica.

  Soils

Specific soil analyses have not been done for Balduina atropurpurea.  This plant typically grows in
moist (high-hydroperiod), acidic, sandy soils.  In Georgia, this species is associated with a region
known as the Altamaha Grit region which has Lafayette and Columbia soils.  In North Carolina, this
species was found growing in soils of the Lynchburg series.

BIOLOGY-ECOLOGY

  Phenology

Balduina atropurpurea can flower from early August to early November.  Herbarium specimens and
Natural Heritage records indicate the main flowering time is from the middle of September to late
October.  Fruiting time is from late September to December.  The plant produces a rosette in its first
year and in its second and subsequent years produces an inflorescence.

  Reproduction

Very little is known about the reproduction of Balduina atropurpurea.  Parker and Jones (1975)
reported that this species is self-incompatible and that interspecific hybridization does not occur between
species of Balduina.  This suggests strong reproductive isolating mechanisms in the genus.  Parker and
Jones also stated that B. atropurpurea can reproduce vegetatively from root stocks.  Ron Determann of
the Atlanta Botanical Garden has successfully propagated seeds of B. atropurpurea.  Seeds of this
species were collected from a pitcher plant bog in Georgia during the fall of 1993.  These seeds were
treated with cold stratification for 4 weeks and then planted.  Nearly all of the seeds germinated and
produced robust rosettes.  (Ron Determann, pers. comm.)

THREATS

The current status of Balduina atropurpurea throughout its range is uncertain.  The majority of the
extant populations are very small (less than 20 individuals). Many of the populations once known to
exist have been destroyed or are now marginal populations due to site disturbance or lack of
management.  Robert Kral (pers. comm.) estimates that about 50% of the populations he surveyed in
Georgia in the 1980's have been destroyed.  Extirpation has been largely due to clear-cuts using heavy
machinery or to habitat conversion for agricultural purposes such as fields, stock ponds, and farms
ponds (Robert Kral, pers. comm.).

Throughout its range, threats to the survival of this species include:  hydrological disturbances (e.g.
drainage for agricultural purposes); loss of habitat by agricultural, commercial, recreational, and
residential development; loss of habitat due to lack of site management (especially fire suppression
resulting in increased shading by shrubs and trees).
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RECOVERY POTENTIAL

No U.S. Fish and Wildlife Service recovery plan exists for B. atropurpurea.  No known attempts have
been made to reestablish populations of this species in historical or extirpated sites.  It is possible that if
attempted, transplanting may not be successful.  For species survival and recovery, prescribed burning
must occur on a regular basis and protection from drainage and soil disturbance activities is imperative.

STEWARDSHIP

  RESEARCH NEEDS AND PROCEDURES

Relatively little is known about the biology of this species.  Research needs to be conducted on the
phenology, reproduction, seed dispersal, and seedling establishment.   Studies of the impacts of
hydrological and soil disturbances and fire frequency on the reproduction and viability of this species
also need to be conducted.

  RESEARCH PROGRAMS

In the early 1970's, Parker and Jones conducted floral and vegetative studies to determine the
morphological and genetic differences between the three species of Balduina (Parker and Jones 1972,
1975).  Specifically, they studied the morphological, anatomic, cytogenetic, and biochemical
differences. (For a discussion of these differences see the "Diagnostic Characteristics" section of this
abstract.)

Little is known about the specific management needs for Balduina atropurpurea.  Management research
needs include determining:  1) what fire regimes work best for this species in the various habitats in
which it occurs; 2) what hydrological needs does this species have; and 3) what restoration potential
does this species have.

  MONITORING NEEDS AND PROCEDURES

Monitoring needs for Balduina atropurpurea include:  1) monitoring of extant populations to determine
their current status (population size and viability); 2) monitoring of populations in response to various
fire regimes; and 3) monitoring of hydrology at several sites to determine the hydrologic needs of this
species.

Inventory:  In general, very little inventory (or survey) work has been conducted for Balduina
atropurpurea throughout its range.  The population of B. atropurpurea in Alabama was found during a
search for other rare species.  In Georgia, the majority of the known occurrences have been found
during surveys of pitcher plant bogs or during systematic surveys of a particular geographical area, for
example Ft. Stewart.  In North Carolina, this species has been searched for fairly thoroughly at the
Green Swamp Preserve (Margit Bucher, pers. comm.), but not in other high potential areas in the state. 

  MONITORING PROGRAMS

There are no known monitoring programs for Balduina atropurpurea at this time.

  MANAGEMENT PROCEDURES

In general, populations of Balduina atropurpurea are most vigorous if the understory and overstory
trees and shrubs are reduced by fire or selective cutting.  Some mechanical disturbance of the soil could
favor this species if the organic content were not lowered (Kral 1983).  Drainage that lowers water
content and organic content of the soil would eventually eliminate this species (Kral 1983).

To maintain a healthy, vigorous, reproducing population of B. atropurpurea, the habitat in which it
grows needs to be protected and managed.  To maintain a viable population of this species, shrubs and
trees that grow in association with this plant must not crowd or shade this plant.  To reduce woody
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vegetation, prescribed burns or a combination of prescribed burns and mechanical tree and shrub
removal needs to occur on a regular basis.

It is not known what type of fire regime is best for maintaining viable populations of B. atropurpurea. 
In general, fire dependent plant species associated with longleaf pine habitats have vigorous, viable
populations if prescribed burns are conducted every 2-5 years.  Occasionally, alternating between
winter and summer burns can also have very beneficial results.  Conducting prescribed burns during
flowering and fruiting times of B. atropurpurea is not recommended.

If a site has not been managed for a number of years and is very dense with woody vegetation, it is
often advantageous to burn for the first several years on a short fire rotation (every 1-3 years).  Once
the woody vegetation and fuel load have been reduced, the burn cycle can be lengthened to 3-5 years.

It is often not advisable to burn large units (large tracts of land) all at once.  The advantage of burning
smaller units (10-30 acres) is that the small units are easier to manage while burning and smaller burns
impact less fauna.  Many fauna (for example, grasshoppers and moths) benefit by the results of fire, but
fire itself can eliminate the adults, immatures, and eggs of invertebrates.

Heavy equipment (e.g. large tractors, trucks, and military tanks) can form ruts in the soil, altering the
hydrology and destroying the ground cover.  If such equipment is used, activities should be kept to a
minimum to have the least amount of impact to the B. atropurpurea populations.  If roadside and
powerline occurrences of this species are treated with herbicides or mowed during flowering and
fruiting times, populations may be severely impacted. 

  MANAGEMENT PROGRAMS

There are no existing management programs specifically designed for Balduina atropurpurea at this
time.  

STEWARDSHIP SUMMARY

In establishing a preserve with the intent of maintaining healthy Balduina atropurpurea populations, one
must consider the vigor of the plants and the quality of the site.  The population should be fairly large
and show signs of sexual reproduction.  The site should have little or no evidence or threat of
hydrologic disturbance (e.g. ditching or draining) or mechanical damage (e.g. fire plowlines).  The site
should not be threatened by sedimentation from nearby agricultural, development, or silvicultural
practices.  The occurrence must be in an area where prescribed burns can be done on a regular basis.
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Summary of the potential effects of the RCW Management Guidelines on Balduina atropurpurea.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X    

      Brush clearing X X    

      Fuel removal and raking X X    

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X

   Cavity tree retention X

   Pine beetle control    X X

      Thinning    X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 and Chapter 11 for detailed discussion of the listed management practices. 
Expected effects of management practices are estimates made by the authors based on the relevant
species stewardship summary.  Estimates are expected to be refined by the experience of those working
in the field.
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Species Management Notes:  Balduina atropurpurea

Balduina atropurpurea typically occurs in low, wet areas of peaty, pitcher plant bogs, wet pine
flatwoods, and wet pine savannas with seasonal standing water.  It is often associated with an
understory of palmetto, saw palmetto, and ericaceous shrubs (e.g., blueberry, huckleberry,
staggerbush, fetterbush, and dwarf kalmia).

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The activities to restore an open
midstory would positively affect habitat quality for this species, but fuel removal by raking could
destroy small populations.  Individuals should be marked to avoid damage.

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for Balduina because it acts to reduce the shrub and midstory woody vegetation
and promotes a well-established herbaceous layer.  Further research is required to assess the effects of
growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction of this
species.  Wetland ecotones which support this species may have historically been protected from
frequent fire and should be managed appropriately (eg. using natural fire breaks).

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved to maintain hydrologic conditions
upon which Balduina and related species depend.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit flatwood and ecotonal wetlands which support this species.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands should be prohibited unless prescribed burning fails to provide adequate
control of woody encroachment.  Chemical control should not be employed in wetlands or in the 50 ft
buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on Balduina habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through wet areas.  Use of native vegetation should be
used wherever possible and non-native species should be avoided.  Mechanical means of erosion control
should maintain the natural contours of the surrounding topography and insure the integrity of natural
hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for this species.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative indirect and
cumulative impacts on flatwoods habitats.  Timber harvest which shifts forest stands toward longer
rotations and replaces off-site pines and hardwoods with longleaf pine should restore natural fire,
hydrologic, and nutrient dynamics in plant communities.  Forest management should minimize adverse
impacts to wiregrass and other herbaceous ground-layer species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Balduina.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     18Text from:  Russo, M.J. 1993. Element stewardship abstract: Dionaea muscipula. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp  Mackall Military Reservations,
North Carolina. The North Carolina Nature Conservancy, Carrboro, NC, and North Carolina Natural Heritage
Program, Raleigh, NC.
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Species Stewardship Summary18
DIONAEA MUSCIPULA

ELEMENT CODE: PDDRO01010
SCIENTIFIC NAME: Dionaea muscipula Ellis
COMMON NAME: Venus Flytrap, Meadow Clams 

STATUS

GLOBAL RANK:  G3
STATE RANK:  S1 (SC), S3 (NC)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS. 
STATE STATUS: C (NC, SC)

DESCRIPTION

  General Description   

Venus flytrap is a perennial, insectivorous or carnivorous, scapose herb, 1-3 dm (less than 12") tall. 
Beartrap-like leaf blades are hinged along the midrib, with stout marginal bristles used to trap insects
and other small animals; petioles are winged.  It is a monotypic genus (and often considered a
monotypic family, Dionaeaceae) and member of the Sundew Family endemic to the Carolinas.

  Technical Description
 
Description from Godfrey and Wooten (1981) and personal observation.  Perennial, carnivorous herb
with leaves closely set on a short stem, the petiolar bases dilated and closely overlapping so that the
short stem appears somewhat bulbous.  Leaf blades hinged lengthwise in the middle, each of the two
halves nearly kidney-shaped, the margin of each equipped with conspicuous bristles which interlock
when the leaf is closed.  Leaf petioles usually markedly winged and expanded distally, 2-7 mm long;
blades up to 3.5 cm long.  Root made up of a short, unbranched, horizontal, white rhizome,
surrounded by fleshy bases of the leaves, and with unbranched, long-persistent root hairs. 
Inflorescence scapose, 1-3 dm tall, umbelliform-cymose.  Sepals 5; petals 5, white, spatulate, about 12
mm long.  Stamens 15 (10-20).  Ovary superior, 1-locular, style 1, stigma with numerous elongate
papillae.  Capsule ovoid; seeds numerous, black and shiny, obovoid, tiny.

  Diagnostic Characteristics 

This unique species is not likely to be confused with any other taxa.  Its hinged, beartrap-like leaf
blades with stiff-bristled leaf margins easily distinguish it.  Sundews (Drosera spp.), another group of
insectivorous plants, possess abundant sticky-glandular hairs on leaf blades that are not hinged.

The best time to locate Venus flytrap is during its flowering period, May to June, and fruiting period,
June to July.  The white flowers are relatively large and showy; the inflorescence blackens in fruit
(LeBlond 1993).  Some plants will remain evergreen throughout the year in protected locations, though
most dieback in winter (Schnell 1976).  New traps, which vary from green to red, begin growing in
March and continue through October (Schnell 1976).

DISTRIBUTION
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Dionaea muscipula is endemic to the Coastal Plain of the Carolinas.  Roberts and Oosting (1958)
concluded that its total range is probably determined by its being exclusively limited to soils having a
high-water table, an organic hardpan usually not more than 60 cm below the surface, and a pH range of
3.9-4.5.

Venus flytraps have been transplanted by well-intentioned but ecologically misguided people to the Pine
Barrens of New Jersey (Snyder 1989) and to the Apalachicola National Forest in the Florida panhandle
(Clewell 1985, Sorrie 1991).  In each instance, a single small population survives, apparently unable to
increase appreciably in size.  These extra-limital transplants are considered inconsequential to the
conservation of the species.

Historically, Dionaea muscipula was first reported from Brunswick County, NC, by Governor Dobbs
in 1759 (Roberts and Oosting 1958).  In 1958 its reported range extended from Chocowinity, Beaufort
County, NC, in the north to the Santee River, SC, in the south, and westward to the Sandhills region of
Moore County, NC (Roberts and Oosting 1958).  Radford, et al. (1968), report Venus flytraps from 17
counties in North Carolina (Beaufort, Bladen, Brunswick, Carteret, Columbus, Craven, Cumberland,
Duplin, Jones, Lenoir, Moore, New Hanover, Onslow, Pamlico, Pender, Robeson, and Sampson
counties) and three counties in South Carolina (Charleston, Georgetown, and Horry counties).  Weakley
(1993b) lists it from 18 counties in NC, with the addition of Hoke County.

The current range of Venus flytrap is quite localized in scattered savannas of the Coastal Plain of
southeastern North Carolina and adjacent eastern South Carolina in an approximate landward radius of
100 miles around Wilmington, NC (NCNHP 1993).  Currently 91 extant occurrences are known from
(the number of occurrences in parentheses):  Bladen (4), Brunswick (26), Carteret (13), Columbus (3),
Cumberland (2), Hoke (5), New Hanover (5), Onslow (12), Pamlico (2), Pender (13), and Sampson (2)
counties, NC (NCNHP 1993), and Horry County (4), SC (SCHT 1993b).

It should be noted, however, that many of the above NC reports are based on the 1981 status survey by
Sutter et al. (1982).  From June 1991 to December 1992, Marj Boyer of the Plant Conservation
Program (through the NC Recreation and Heritage Trust Fund) conducted another status survey in
which she visited 80 sites, including 40 of the sites from the 1981 survey (Boyer 1993).  Of these 40
sites, Boyer was able to confirm that plants were extant at 22 of them.  At 14 additional sites, she was
unable to confirm the presence of flytrap, but sufficient suitable habitat existed to conclude their
presence was possible (Boyer 1993).  Therefore, Boyer was able to deduce that 90% of the 1981 status
survey site occurrences were still extant.

Current Ownership.  The North Carolina Natural Heritage Program currently tracks 91 occurrences of
Venus flytrap, eight of which are on land owned by commercial enterprises, nine on privately owned
land, six on Fort Bragg Military Reservation (U.S. Army), six on Camp Lejeune Marine Corps Base
(U.S. Marine Corps), nine on North Carolina Nature Conservancy preserves, one at Moores Creek
National Battlefield (National Park Service), eight on state-owned lands (NC Wildlife Resource
Commission and NC DNRCD), 12 on Croatan National Forest (USFS), and 28 whose ownerships are
unknown but presumed privately owned.  Of the four extant South Carolina occurrences, two are on SC
Heritage Trust preserves, one is in a powerline right-of-way, and one is on privately owned land
(SCHT 1993b).

HABITAT

Dionaea muscipula occupies distinct habitats in the two regions of the Carolinas (Fall-line Sandhills and
Outer Coastal Plain) where it is found.  In the Outer Coastal Plain, where it is more common, Dionaea
muscipula occurs in broad ecotonal areas between Pine Savannas or Wet Pine Flatwoods and pocosins
(evergreen shrub bogs).  These sites are generally flat with wet or moist soils for much of the year. 
The species rarely occurs in seasonally flooded depressions, although it may occur along the edges of
such sites.

In the Sandhills region, it is limited to narrow, moist ecotones between Streamhead Pocosins (linear,
evergreen shrub bogs along small creeks and their headwaters) and longleaf pine/scrub oak/wiregrass
uplands and along the vegetatively similar ecotones between Sandhill Seeps and longleaf pine uplands. 
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Sandhill Seeps are sphagnous, shrub-and-herb-dominated areas occurring in relatively steep places
where local clay soils force seepage water to the surface.

Soils in these ecotonal areas are usually highly acidic, loamy sands.  Soils associated with Dionaea sites
on the Outer Coastal Plain tracked by the NC Natural Heritage Program (1993) include Baymeade
(Arenic Hapludults), Blaney (Arenic Hapludults), Foreston (Aquic Paleudults), Grifton (Typic
Orchraqualfs), Johnston (Cumulic Humaquepts), Kureb (Spodic Quartzipsamments), Leon (Aeric
Haplaquods), Murville (Typic Haplaquods), Onslow (Spodic Paleudults), Pactolus (Aquic
Quartzipsamments), and Woodington (Typic Paleaquults) (Hudson 1984, Barnhill 1986, NCNHP
1993).

The Pine Savanna ecotones that Dionaea muscipula occupies in the Outer Coastal Plain are generally
dominated by an open to moderate canopy of Pinus palustris (often with a mixture of Pinus serotina or
even Taxodium ascendens), over a dense, species-rich ground layer with grasses, sedges, herbs and
low-growing shrubs.  Associated species at Dionaea muscipula sites can vary considerably, but
graminoids such as Muhlenbergia expansa, Ctenium aromaticum, Sporobolus sp. 1, and Aristida stricta
(to a lesser extent) usually dominate.  Other common species include Rhexia alifanus, Aletris spp.,
Zigadenus spp., Polygala spp., orchids, Eupatorium spp., Dichanthelium spp., Xyris caroliniana, and
rare plants such as Tofieldia glabra, Solidago pulchra, Oxypolis ternata, and Rhynchospora pallida. 
Other insectivorous plants that almost always co-occur with flytraps include species of Pinguicula,
Sarracenia, and Drosera.  Common shrub species include Ilex glabra, Vaccinium crassifolium,
Gaylussacia frondosa, Kalmia carolina, Myrica cerifera, and Lyonia mariana (LeBlond 1993).  If
frequently burned, these ecotones will remain herb-dominated and species-rich.  Fire suppression
generally leads to shrub and tree invasion and a gradual decline in species diversity.

Ecotones in the Sandhills region are quite similar in species composition to Outer Coastal Plain savanna
ecotones, although they are generally much narrower in size.  Dionaea muscipula is usually found
along the lower, pocosin edges of well-burned ecotones, in areas dominated by a mixture of low shrubs,
cane, and a high diversity of herbs.  Species counts in these well-burned sites are often impressively
high; a 1/100 hectare (10 x 10 meters) plot of a Sandhill Seep ecotone on Fort Bragg yielded over 100
species, one of the highest known species richness counts in temperate North America (Schafale and
Weakley 1990).  Commonly associated herbs include Aletris farinosa, A. aurea, Andropogon
glomeratus, Aristida stricta, Arundinaria tecta, Calamagrostis cinnoides, Calamovilfa brevipilis,
Chasmanthium laxum, Ctenium aromaticum, Dichanthelium spp., Drosera spp., Eriocaulon
decangulare, Eupatorium pilosum, Juncus trigonocarpus, Lachnocaulon anceps, Lycopodiella spp.,
Panicum virgatum var. cubense, Platanthera spp., Polygala spp., Pteridium aquilinum var.
pseudocaudatum, Rhexia alifanus, R. petiolata, Rhynchospora spp., Sarracenia purpurea, S. rubra,
Scleria minor, Solidago stricta, and Xyris spp.  Rare plants associated with Dionaea include Lysimachia
asperulifolia, Oxypolis ternata, Rhynchospora pallida, R. stenophylla, and Tofieldia glabra.  Shrubs
such as Lyonia lucida, L. ligustrina var. foliosiflora, Vaccinium corymbosum, Leucothoe racemosa,
Gaylussacia frondosa, Clethra alnifolia, Ilex glabra, I. coriacea, and Aronia arbutifolia are also present
and will dominate during periods of fire suppression.

In SC, one extant population occurs along the ecotone of a sand rim between two Carolina bays (SCHT
1993b)  In NC, two occurrences are found in similar situations, in the ecotone between a sand rim and
a Carolina bay, one each in Brunswick (1982) and Bladen (1981) counties (NCNHP 1993).

Dionaea will sometimes colonize disturbed areas, such as rights-of-way and roadsides, if competition is
minimized by constant cutting or burning.  In these situations, soil and water conditions are very similar
to natural occurrences.

BIOLOGY-ECOLOGY

Most of the information in this section comes from the detailed report of Roberts and Oosting (1958) on
the biology and ecology of Venus flytrap.

Dionaea muscipula is a perennial, insectivorous species which is found in small (several plants) to large
(several thousand plants) occurrences in moist to wet, characteristically herb-dominated habitats that
were frequently burned by low- to moderate-intensity natural fires (Schafale and Weakley 1990).  The



262

size and vigor of individual occurrences is probably strongly influenced by the local fire regime. 
Comparisons of plants in burned and unburned areas clearly show that individuals in burned sites flower
earlier and are in general more vigorous (Roberts and Oosting 1958, TNC 1991-93, et al.).  It is
believed that burning releases nutrients into the soil and reduces competition from other plants. 
Burning also removes accumulated litter and over-hanging plants which can shade flytraps below
(Roberts and Oosting 1958).  Like many other ecotonal herbs, Dionaea's vegetative response following
a fire is rapid, sending out new vegetative growth from its deep roots and rhizomes in as little as two
weeks following a burn.

Although growth is slow, development may sometimes be quite rapid.  For example, seeds sown in July
had produced plants with an average of 5 leaves (range 3-9) by October (Roberts and Oosting 1958). 
By the end of the first year, seedlings usually have 8-16 leaves up to 1 cm long.  By the end of the
second year, the number of leaves is usually the same, but their length has increased to about 1.5 cm. 
Seasonal variation in size, shape, and color of leaves is quite apparent.  The appearance of new leaves
generally ceases when floral initiation begins and does not begin again until after flowering.  These new
leaves tend to have long narrow petioles (up to 12.5 cm) which are nearly completely wingless, upright
in orientation, with traps up to 3.25 cm length, and with intense red coloration (Roberts and Oosting
1958).  This type of leaf is produced until the end of September when the winter type appears; these are
shorter, have a broader wing on the petiole and a smaller trap, and are green and prostrate (Roberts and
Oosting 1958).

Surprisingly, given flytraps' limited range, the plants are frost-tolerant.  Bartram in a 1763 letter spoke
of the plant's ability to survive Philadelphia winters (Roberts and Oosting 1958).  In addition,
transplants have survived in the mountains of Highland, NC, and at temperatures as low as 10o F in
Durham, NC (Roberts and Oosting 1958).

Although Dionaea muscipula does not typically occur in sites that are semipermanently or permanently
flooded, Roberts and Oosting's (1958) transplant experiments demonstrated that the species can persist
even after long periods of submersion.  Plants displayed vigorous growth while submersed for seven
years, with long petioles (13-15 cm) and traps (4.25 cm).  Planarians, mayfly and other aquatic larvae,
and even newts were found partially digested in the traps, indicating that the traps are not only sensitive
under water but sufficiently fast-closing to trap rapidly moving aquatic animals.

As previously mentioned, shading reduces floral initiation and maturation.  In addition, the duration of
floral initiations is dependent on the time of the driest season as well as the extent to which the soil
dries.  Plants can survive periods of severe desiccation, but floral production is prevented if the dry
season comes in spring.  Germination and establishment of seedlings are prevented if the dry period
occurs in late summer or fall.  These effects are considerably reduced if sufficient amounts of organic
matter are incorporated into the soil or if the water table is sufficiently high (Roberts and Oosting
1958).  During short or extended period of drought, plants survive either by reducing leaf area and
producing leathery tissue or by going into dormancy.  After severe desiccation, reserve material stored
in the rhizome and swollen leaf bases allows rapid new growth to take place when moist conditions
return.

Nutrient and soil experiments (Roberts and Oosting 1958) produced some interesting results.  After five
months, plants grown in natural Coastal Plain soil, washed white sand, or pure peatmoss were very
vigorous; those grown in sand were much larger than the other two treatments.  Only two of the
original 12 large, vigorous plants grown in local clay-loam garden soil survived; there had been no
initiation of new roots during the time of the experiment.  All plants grown in greenhouse potting soil
had died within 70 days.  These results imply that the presence of organic matter in the soil helps
maintain a high-moisture content, but clayey soils are too high in mineral nutrients which appear to
reduce or stop root growth.  In separate experiments, all plants given mineral nutrients grew poorly,
while all controls (watered with distilled water) showed much more growth.  Plants "fed" organic
material (yeast protein extract and Drosophila melanagaster, a fruit fly) showed more vigorous
vegetative growth.

  Phenology 

Visible floral initiation begins in early April.  Flowering begins about the last week in May and is
usually completed before the middle of June, although some plants may not finish until the beginning of
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July.  Fruit and seed are usually ripe by the end of June and dispersed by the middle of July.  New
seedlings first appear at the end of July and beginning of August (Roberts and Oosting 1958).

  Reproduction 

The production of flower buds is probably a photoperiodic response.  The terminal flower of the
inflorescence always opens first and immediately begins shedding pollen, although the stigma is still
immature.  Within 24 hours the stigma is receptive, but most of the pollen has already been shed. 
Individual flowers open at approximately 24-hour intervals.  Flowering averages 40% for mature
plants, which appear to require cross-fertilization; self-pollination experiments did not result in any seed
production (Roberts and Oosting 1958).  Pollination is presumed to be entomophilous by various
beetles, small flies, and possibly spiders.  Plants usually produce only a single inflorescence, but
occasionally two or three occur.

Seed dispersal is probably by rain drop splash, with dispersal distances probably only a few (10)
centimeters from the parent plant (Roberts and Oosting 1958).  Seedlings are often found around the
bases of mature plants.  Dispersal distances could be increased by rain wash as the seeds are small and
light enough to be carried in small streams of water which often form during rainstorms.  This could
explain occasional concentrations of plants along high-water marks of small depressions.  Seedlings are
often found protected around the bases of mature plants, as well as in sphagnum mats.  Plants take
about three years to develop from seedlings to reproductively mature plants.

Germination experiments (Roberts and Oosting 1958) found that field-ripened seeds were about 70%
viable.  There appeared to be no after-ripening effect of the plant on the seed once the capsule had
opened.  Ripe seeds collected in July, stored at room temperature, and subsequently tested in September
did not germinate.  Further experiments found that for seeds stored at 72o F for 100 days, viability had
dropped to about 2% and that after 140 days, no germination occurred.  However, seeds packaged in
filter paper, layered in sand, and stored at 36o F were still showing 86% viability after nine months. 
This difference may be explained by the presence of some metabolic mechanism within the seeds that
slows down or completely stops at low temperatures.  Another mechanism within the seeds is probably
responsible for germination immediately after ripening in July, a time of year when rainfall, humidity,
and temperatures are high, conditions crucial to the survival of the seedlings.

THREATS

Occurrence numbers and sizes continue to decline primarily due to drastic changes in habitat as a result
of fire suppression and conversion to agriculture, silviculture, and residential or commercial
development which may involve logging, bedding, ditching, and draining.  Fire suppression leads to
shrub and tree encroachment and a gradual decline in the quality of flytrap habitat.  Clear cutting and
bedding can physically destroy plants, while ditching and draining can make the soil too dry for
moisture-dependent flytraps.  Many lesser quality, roadside occurrences of flytraps are threatened by
vehicular activities, road maintenance, and road expansions.

Another major threat to flytraps is over-collection.  In 1980, it was estimated that between one and four
million plants were being sold each year, the majority believed removed from private and public lands
in North and South Carolina (Sutter, et al., 1982).  Demand for flytraps continues strong, especially in
Germany, Holland, and Japan, and continues to put collecting pressure on wild populations.

RECOVERY POTENTIAL

The restoration of Dionaea subpopulations depends primarily upon the condition of the habitats in
which they occur.  Subpopulations that have sustained minimal disturbance and that occur where the
hydrology has not been altered are good candidates for restoration.  Such occurrences may require only
a regime of regular fires to recover and maintain their viability and vigor.  Subpopulations in habitats
subjected to major disturbances such as ditching and draining are more difficult to restore (LeBlond
1993).  The recovery of this species depends upon habitat protection, limitations on collecting, and
active management of occurrences.
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MANAGEMENT

  RESEARCH NEEDS

Much biological research was done by Roberts and Oosting (1958); therefore, there are no immediately
pressing needs for research at this time with regard to its biology and ecology.  However, the
development of cost-effective and successful nursery reproduction techniques would help eliminate the
need to collect wild plants (LeBlond 1993).  Such techniques appear to be available now.  One
horticulturist in Raleigh, NC, ships up to 15,000 nursery-grown plants per week to domestic and
international markets (Stolzenburg 1993).  However, the great majority of flytrap sellers still grow their
plants from bulbs and cuttings taking from wild plants (Stolzenburg 1993).

  RESEARCH PROGRAMS

No biological research is known to be occurring on Venus flytrap at the present time.

  MONITORING NEEDS

Monitoring should be done to determine the status of particular occurrences of flytraps and to help
identify those threatened by over-collecting.  Additionally, monitoring is necessary to determine the
effectiveness of current management practices.

Inventory need.  Areas with potential habitat that need more thorough surveys include the Sandhills
Game Land in Richmond and Scotland counties, NC, and Sampson County, NC (Boyer 1993).  In
addition, the three counties in South Carolina which historically supported Venus flytrap should also be
surveyed.  Because threats such as loss of habitat or over-collection continue, extant occurrences should
be resurveyed on at least a ten-year cycle.

  MONITORING PROCEDURES

The monitoring of an occurrence could be done using close-up photo plots (e.g., 1-square-meter area)
or by collecting more specific data (e.g., number of leaves, flowers, fruit per plant) for individual
plants.  Using photo plots may be preferred, because Dionaea is rhizomatous and determining
individual plants is difficult.

  MONITORING PROGRAMS

Biological monitoring is being conducted on The Nature Conservancy's Green Swamp.  In 1982,
monitoring plots were set up by R. Sutter, but as yet they have not been resampled.  Some plants have
been monitored incidentally in plots set up to monitor Lysimachia asperulifolia.  However, the results
of this sampling are inconclusive (Bucher 1993).  Sampling plots were established in 1991 at Croatan
National Forest (USFS) and Camp Lejeune Marine Corps Base (U.S. Marine Corps) (LeBlond 1993),
and in 1992 at Holly Shelter Game Land (NC Wildlife Resources Commission) by the NC Vegetation
Survey.

Inventory.  Fairly thorough statewide inventories of the habitats likely to support Venus flytrap have
been conducted in North Carolina (Sutter, et al., 1982, TNC 1991-93, NCNHP 1993) and South
Carolina (SCHT 1993b).  A subsequent status survey was conducted by Marj Boyer (PCP) to reassess
sites from the 1981 survey, as well as to identify new sites (Boyer 1993).

  MANAGEMENT RESEARCH NEEDS

Though not looking specifically at the effects of management practices on Venus flytraps, Roberts and
Oosting (1958) conducted many experiments to determine the species' moisture, soil, nutrient, light,
and other requirements.  From their results, proper management practices can be inferred.

  MANAGEMENT NEEDS
 
Because Dionaea is an ecotone species which prefers open, herb-dominated habitats, occurrences
require active management, such as prescribed burning.  
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  MANAGEMENT PROCEDURES

To maintain a habitat free of shrub and tree encroachment several practices can be used: growing-
season burns, winter burns, mowing, and selective removal of unwanted woody species.  Most
researchers and land stewards agree that fire, especially during the growing season, was the natural
process that maintained favorable conditions for Dionaea and that growing-season burns are the most
effective management practice.  Roberts and Oosting (1958) found that individuals subjected to
growing-season fire produced more leaves, flowers, fruits, and seeds than those not subjected to the
disturbance.

Dionaea also appears to benefit from mechanical removal of over-topping vegetation.  Regular mowing,
if there is not too much soil disturbance, may be equally effective in certain areas such as powerline
rights-of-way where burning is not possible.

Ditching and draining should be avoided in Dionaea sites and adjacent areas since these practices alter
hydrologic conditions, potentially making the soil too dry for this plant.  Bush-hogging and long-term
mowing can potentially harm plants by compacting and rutting the soil and altering the hydrology.

  MANAGEMENT PROGRAMS

Most of the sites where Dionaea is found are being managed either to specifically enhance those
occurrences or to enhance the pines that grow in association with them.  Timber and paper companies,
which own much of the land that supports flytraps, usually burn their plantations during the winter
primarily to enhance pine tree growth.  To maintain species diversity, The Nature Conservancy, which
owns about 10% of the occurrences in North Carolina, has been prescribing differing burn regimes
(yearly and two- to three-year rotation burns) at two preserves in Brunswick and Pender counties where
flytraps are found.  They will be prescribing growing-season and winter burns on a one- to five-year
rotation in Green Swamp Preserve, Lanier Quarry Preserve, and at Myrtle Head Savanna Preserve
(Bucher 1993).  At some occurrences located in powerline rights-of-way and along roadsides,
vegetation is being mechanically removed in an attempt to keep woody succession from taking place. 
Occurrences on Fort Bragg are on either a two-year, winter burn or three-year, growing-season burn
regime.  Camp Lejeune has a mosaic of one-, three-, and five-year winter and growing-season burn
regimes (LeBlond 1993).

STEWARDSHIP SUMMARY

Monitoring programs need to be developed and implemented to further update the status of this species
and to assess the effectiveness of management practices.  Active management is needed to maintain
viable, sexually reproducing populations.  Land protection through acquisition, easements, and registry
programs is necessary to ensure that sizable occurrences and suitable habitats for this species are
maintained.
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Summary of the potential effects of the RCW Management Guidelines on Dionaea muscipula.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X        

         Plowed fire lanes X      

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X  

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Dionaea muscipula

Dionaea muscipula is endemic to the Coastal Plain of the Carolinas.  In the outer coastal plain where it
is more common, it occurs in the broad ecotonal areas between pine savannas or wet pine flatwoods and
pocosins, and occasionally along edges of seasonally flooded depressions.  In the Sandhills Region, it is
limited to the narrow moist ecotone between streamhead pocosins and longleaf pine/scrub oak/wiregrass
uplands or the ecotones between Sandhill seeps and longleaf pine uplands.

Cavity Tree Protection:  Because of its habitat requirements, Dionaea is not likely to occur in the 50 ft
buffer area around RCW cavity trees.  If a population does occur in a buffer region, care should be
taken to prevent disturbance of the plants by raking or trampling.

Prescribed Burning:  Prescribed fire is highly desirable for Dionaea because it maintains a habitat free
of shrub and tree encroachment.  Dionaea subjected to growing season fire produced more leaves,
flowers, fruits and seeds than those not subjected to the disturbance.  Growing season burns are
generally advocated, but currently there is no agreement on the optimal fire return period.  Various
landowners are burning on intervals ranging from every year to every five years (see Management
Programs section above).  Monitoring should be done at individual installations to determine the
optimal return time for their populations of Dionaea.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as
they would destroy ground layer vegetation, compact the soil, and impact hydrology. 

Hardwood Control and Pine Thinning:  Although, prescribed fire is the preferred method of midstory
control for Dionaea because it more closely mimics the natural disturbance regime, hardwood and pine
thinning may be beneficial if it removes over-topping vegetation.  Mechanical control such as mowing
may be acceptable if the soil disturbance can be minimized.  Chemical midstory control should be
avoided because of the potential mobility of herbicide chemicals in the wet habitats that Dionaea
frequents.   

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on Dionaea by maintaining the integrity of the ground cover vegetation.  Use of native
vegetation should be used wherever possible.  Mechanical means of erosion control should maintain the
natural contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  Care should be taken to prevent the re-establishment of longleaf pine into
the ecotonal areas that Dionaea requires.  During regeneration of existing longleaf pine stands, natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible, and mechanical methods such as discing or chopping should be
avoided. 

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes, and therefore negatively impact Dionaea populations.  The
heavy machinery used for timber extraction could destroy Dionaea populations, compact the soil, and
alter the hydrology of the ecotonal habitat that Dionaea requires.  Timber extraction should be avoided
in these habitats. 

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Dionaea.  Many lesser quality roadside occurrences
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of Dionaea are threatened by vehicular activities, road maintenance, and road expansions.  Vehicular
traffic on roadways should be monitored to prevent these threats.  Off-road traffic should be prohibited
as it is highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road
traffic is unavoidable, it should be prohibited from within 25 ft of Dionaea populations.



273

Species Stewardship Summary
EUPATORIUM RESINOSUM

ELEMENT CODE: PDAST3P1L0
SCIENTIFIC NAME: Eupatorium resinosum  Torrey
COMMON NAME: Resinous Boneset, Pine Barrens Boneset, 

Pine-barren Thoroughwort, Resinous Joe-Pye-Weed

STATUS

GLOBAL RANK: G3
STATE RANK: SH (DE); S3 (NC); S2 (NJ); SX (NY); S? (SC)

FEDERAL STATUS: Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: C (NC); E (NJ); U (NY)

DESCRIPTION

  General Description  

Resinous boneset is an erect perennial herb which grows in clumps and inhabits bogs and pocosins.  It
is 0.6 to 0.9 m tall with densely hairy stems and leaves.  The leaves are opposite, sessile, 8 to 12 cm
long, 1 to 2.3 cm wide, with toothed margins, dense short hairs and resinous dots beneath.  The
flowering heads usually have 7 flowers, arranged in a flat topped inflorescence, with densely hairy
branches.  The involucral bracts are blunt and in several series.  The petals are white, and the nutlets
have a tuft of white hairs on the top.  Flowering and fruiting occurs August to October (Cooper et al.
1977).

  Technical Description

Compiled from: Radford et al. 1968, Godfrey and Wooten 1981, Fernald 1950.

Eupatorium resinosum is a perennial dicot with a knotty basal crown, perennating by long-scaly
offshoots from crown buds.  Stems, slender, erect, stiff, densely canescent, and 0.6 to 0.9 m tall. 
Leaves opposite, not connate, narrowly elliptic-lanceolate, 5 to 12 cm long and 0.5 to 2.3 cm wide,
with acuminate to long-acuminate tips, tapering to sessile clasping bases.  Leaf margins are undulate,
crenate, or serrate.  Both leaf surfaces pubescent and glandular, undersides densely short-pubescent
with resinous dots and much paler than the upper surface.  Lowest leaves on stem, smallest, gradually
increasing in size to midstem, scarcely diminishing in size to the inflorescence.  Inflorescence a
corymb with canescent branches.  Involucres 3-4 mm high, usually 2-ranked, with imbricated bracts
graduating in size from much shorter outer bracts to longer inner bracts.  All bracts oblong with
broadly short-obtuse apices, sparsely to densely pubescent outer surfaces, and glandular.  Involucres
about 7-flowered, with dull white corollas.  Fruit is a narrow, obconical achene about 2 mm long, dark
brown, glandular, and with 3 mm long pappus bristles.  

  Diagnostic Characteristics

Eupatorium resinosum is characterized by its white flowers, flat top, 1 m height, and wet habitat.  This
species is most notable for being glandular and pubescent throughout (Boyer 1992).  It can be
differentiated from E. perfoliatum by several features.  E. resinosum is shorter, has densely canescent
stems, leaves which are not connate, and phyllaries which are minutely puberulent, oblong, and blunt. 
E. perfoliatum is taller (it reaches 1.5 m), has villous stems, almost always has connate leaves, and has
phyllaries which are tomentulose and lanceolate with acutish scarious tips.  (Compiled from: Radford et
al. 1968, Fernald 1950)

  Taxonomic Comments
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Although considered as a "good" species by many, the resemblance to Eupatorium perfoliatum in leaf
morphology and habitat may suggest that it is actually a hybrid with that species (Tucker 1981,
Edmondson 1992).   

DISTRIBUTION

Eupatorium resinosum has a disjunct distribution that includes the Pine Barrens of New Jersey and the
inner Coastal Plain/Sandhills of North Carolina - regions separated by over 640 km (Mowbray 1986,
Cooper 1977, Godfrey and Wooten 1981).  It is known to have historic populations in Delaware
(Tucker 1981).  Godfrey and Wooten (1981) include Delaware in its range, but the number of element
occurrences in that state are unknown (Edmondson 1992), so that others have reported it as extirpated
from Delaware (Tucker 1981, Boyer 1992).

There are 35 known element occurrences; 30 in New Jersey and 5 in North Carolina (Edmondson
1992).  In New Jersey it occurs only on private lands.  In North Carolina, the species is largely
confined to Fort Bragg and its immediate environs.  Within Fort Bragg, there are over 100 occurrences
(Boyer 1992).  

HABITAT

Eupatorium resinosum grows in open grass-sedge bogs on sandy, acid soils.  In North Carolina it
occurs along the edges of pocosins or in pocosin savannah ecotones, while in New Jersey it occurs
along the margins of slow flowing, sluggish streams or in partially flooded abandoned cranberry bogs in
the pine barrens (Mowbray 1986, Hough 1983).  Although it sometimes grows in standing water, it is
generally found in saturated soil and is thought to require a wet, continually saturated, coarse sandy,
acidic soil.  The organic horizon of the soil may be nonexistent to 3 inches deep - the thickness being an
indication of disturbance frequency (Mowbray 1986).  

Eupatorium resinosum has been reported to occur in several variants of open bog including: sphagnous
bogs in pinelands and shrub bogs (Godfrey and Wooten, 1981); seepage bogs, beaver ponds,
pondshores, and shrub swamps (Boyer 1992); and lowland and upland bogs often dominated by
evergreen shrubs (Cooper 1977).  E. resinosum was also reported to occur in locations where sandhills
succession is evident, including streamhead pocosin and associated seepage slopes, sphagnum-sedge
community, and riparian communities (TNC, 1994).

The New Jersey populations varied significantly in size and vigor but always occurred in habitats
similar to those described for North Carolina.  In almost all instances the habitats had been subjected to
some type of disturbance and it appeared that the disturbance was important for the occurrence and
vigor of the species (Mowbray 1986).  

 
BIOLOGY-ECOLOGY

Eupatorium resinosum requires almost full sunlight; as a result, it has difficulty competing for light
with tall shrubs or sapling trees.  Its survival at a given site may depend on disturbance such as fire or
cutting.  It appears to do well in areas where the vegetation is kept in the early stages of succession by
disturbance, such as cut-over pocosins or wet savannahs.  

Eupatorium resinosum occurs in mixed low shrub or grass-sedge bog communities with a large number
of associated species.  These communities consist of herbs, forbs, shrubs, and trees (generally sapling
stage), including: Alus serrulata, Magnolia virginiana, Acer rubrum, Pinus serotina, Pinus palustris,
Nyssa sylvatica, Ilex lucia, Itea virginica, Juncus sp., Scirpus sp.; Eupatorium rotundifolium,
Eupatorium leucolepis, and Lycopodium alopecuroides.  In addition, three rare species (Lamia cuneata,
Calamovilfa brevipilis, and Lindera subcoriacea) occur in similar habitats and thus may occur with it
(Mowbray 1986). 

This species is infrequent but may be locally abundant (Hough 1983).  In New Jersey there are over
3000 individuals found in 30 element occurrences (Edmondson 1992).  In North Carolina this species
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occurs at few of the sites which appear to be favorable habitat, however it is abundant within those
communities where it does occur.  When conditions are favorable it can form a dominant stratum about
1 to 1.5 meters in height and cover 20% to 40% of the total community - a level of dominance which is
only achieved late in the growing season (September-October) when it is full grown and flowering
(Mowbray 1986). 

  Phenology

Resinous boneset flowers from early August through October in North Carolina.  In New Jersey
flowering is delayed only slightly and also occurs between August and October.  Fruit and seed
production is synchronous with flowering and most plants will contain both flowers and fruits
simultaneously (Mowbray 1986).

  Reproduction

Eupatorium resinosum is a diploid and therefore reproduces by predominately by sexual means. 
However, (like many other Eupatorium spp) it has the ability to reproduce by agamospermy (Mowbray
1986).  Radford et al. (1968) report that it is rarely rhizomatous, and Mowbray (1986) found no
evidence of an ability to spread vegetatively.  Pollination and seed (small nutlets) dispersal is by wind;
the high percentage of flowers produced indicates that pollination is very efficient.  The only indication
of survival or reproductive success is the numbers of immature individuals in the surveyed populations
surveyed by Mowbray (1986).  Using this as the criterion, it would appear that in favorable conditions
E. resinosum can achieve a relatively high rate of reproductive success.  The actual level of survival
and establishment is tied very closely to favorable substrate conditions and the openness of the canopy
(Mowbray 1986).  

THREATS

The protection status Eupatorium resinosum is based on its rarity and ongoing threats to its habitat. 
Successional change, establishment of pine plantations, and agriculture are all threats to the early
successional habitats preferred by this species (Edmondson 1992).  

The single most important threat to the survival of E. resinosum is natural succession of the open
disturbed habitats it occurs in to more closed shrub or forest communities.  It has a low tolerance for
shade and seems to decline rapidly once the site becomes closed.  

Another threat, which often occurs simultaneously with the first, is the drainage of the wet bogs in
which this species occurs. E. resinosum requires a saturated soil if not standing water, and as soon as
ditching occurs the soils dry out and E. resinosum declines.  This is further compounded by the fact that
ditching accelerates the succession to a drier pine forest (Mowbray 1986).  

RECOVERY POTENTIAL

The status of E. resinosum in North Carolina is debated.  Some have reported that it is threatened
because: 1) its distribution is limited to four adjacent counties; 2) its habitat is being destroyed as
additional land is prepared for agriculture (Cooper 1977); 3) no new sites have been discovered in
recent years; and 4) half of the investigated sites have declined significantly in vigor over the several
years of investigation (Mowbray 1986).  More recently, Boyer (1992) reported that because this species
thrives with disturbance - growing around roads and where siltation is occurring - it may currently be
expanding its abundance and range.  

In New Jersey, E. resinosum has been declining in recent years.  Although it is not currently threatened
with extinction, it occurs in such small numbers in New Jersey that it may become endangered if its
environment deteriorates further or if other limiting factors are altered.  Continued observation of its
status is essential (Snyder and Vivian 1981). 

STEWARDSHIP
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  LAND MANAGEMENT SPECIFICATIONS

The following characteristics seem to be important for the occurrence of Eupatorium resinosum: a
periodically disturbed area of slight relief; acidic, sandy soil; a high water table (possibly even standing
water); a thin or nonexistent organic layer; and a nearly open canopy.  In North Carolina this set of
conditions occurs most frequently in the inner coastal plain sandhills region (Mowbray 1986).  Because
E. resinosum occurs in these types of boggy depressions, protected populations should include sufficient
acreage to maintain adequate drainage into the habitat - thereby ensuring periodic flooding (Mowbray
1986).  

  RESEARCH NEEDS

Existing populations should be studied over several years to verify whether E. resinosum requires
episodic disturbance.  Research should be done to determine whether E. resinosum responds to
prescribed burning and to determine the proper fire return interval.  The reproductive biology of E.
resinosum also needs to be studied.  Taxonomic questions as to whether this species is the result of
hybridization should be addressed.

  MONITORING NEEDS

Populations should be monitored to document how natural changes in community composition and
structure affect their numbers and reproductive success.  It is also recommended that reconnaissance to
locate new populations continue in the inner coastal plain/sandhills of North Carolina (Mowbray 1986).  

  MANAGEMENT NEEDS

All indications are that E. resinosum requires an open habitat with nearly full sunlight for its existence. 
This would imply that some form of episodic disturbance is necessary for optimum habitat maintenance
(Mowbray 1986). 

  MANAGEMENT PROCEDURES

Management should focus on maintaining habitat conditions favorable to E. resinosum.  Habitat should
be kept open - low growing shrubs or grasses and sedges - to make nearly full sunlight available to E.
resinosum.  Because periodic habitat disturbance such as fire, logging, or windfall would keep the
canopy open, management procedures could include periodic burning or cutting of encroaching
vegetation (Mowbray 1986). 

With at least two extant populations on federal land, correct management could insure the survival of
the species in North Carolina.  Efforts should be made to keep the sites from the negative impacts of
vehicular traffic and drainage.  The current prescribed burning program ongoing on Fort Bragg could
be extended to other E. resinosum populations.

STEWARDSHIP SUMMARY

Populations of E. resinosum should be targeted for protection, as this species is considerably threatened
(Edmondson 1992).  Eupatorium resinosum's habitat should be actively managed to maintain currently
known populations.  Protection of habitat should include some type of periodic disturbance, such as
prescribed burning, for maintaining an open community structure (Mowbray 1986).  
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Summary of the potential effects of the RCW Management Guidelines on Eupatorium resinosum.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection X X X

      Brush clearing X X X

      Fuel removal and raking X X X  

   Midstory control X

      Prescribed burning X X X

         Three-year fire return X X X

         Winter fire X X X

         Growing season fire X X X

      Fire management X

         Berm construction X

         Plowed fire lanes X

         Back fires X X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest    X    

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions    X

   Smoke/Gas/Incendiaries X

   Small arms firing X    

   On-road vehicular traffic          X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X 

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes: Eupatorium resinosum

Eupatorium resinosum grows in open bogs on sandy, acid soils.  In North Carolina it generally occurs
in seepage bogs, streamhead pocosins, along the margins of pocosins, or in pocosin-savannah ecotones. 
In New Jersey it occurs along the margins of slow flowing, sluggish streams or flooded abandoned
cranberry bogs in the pine barrens.

Cavity Tree Protection:  Because of its habitat requirements, E. resinosum is not likely to occur in the
50 ft buffer area around RCW cavity trees.  If a population does occur in a buffer region, care should
be taken to prevent disturbance of the plants by raking or trampling.

Prescribed Burning:  Prescribed fire is probably desirable for E. resinosum because it maintains a
habitat of low shrubs and grasses, although research is needed to determine the impact of prescribed
fire on this species.  Optimal fire return interval or fire season is not known.  Other species which
inhabit similar habitats (bog/pocosin) usually respond to growing season fire occurring at intervals
greater than three years.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.   Berms, fire lanes, and ditches should not be built around E. resinosum sites
because of their potential for altering a site's hydrology.  Use of heavy equipment around E. resinosum
sites should be avoided as it would compact the soil and impact hydrology.  

Hardwood Control and Pine Thinning:  Hardwood and pine thinning could be beneficial to E.
resinosum if it removes over-topping vegetation.  All mechanical control methods have the potential to
be detrimental because they can compact the soil and create ditches.  Cutting with a chain-saw or
mowing may be acceptable methods of keeping the midstory clear if soil compaction can be kept to a
minimum.  Chemical control should be avoided because of the potential mobility of herbicide chemicals
in the wet habitats where E. resinosum occurs.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on E. resinosum by maintaining soil and hydrology integrity.  Native vegetation should
be used for erosion control wherever possible.  Mechanical means of erosion control should maintain
the natural contours of the surrounding topography and insure the integrity of natural hydrologic
processes.

Longleaf Pine Regeneration:  Re-establishment of longleaf pine into the bog-pocosin type habitats
should be avoided in order to prevent alteration of E. resinosum habitat.  Regeneration of existing
longleaf pine savannas adjacent to E. resinosum habitats should use natural regeneration methods to
avoid high-impact artificial means.  Site preparation should employ fire where possible, and mechanical
methods such as discing, chopping, and especially bedding should be avoided. 

Extractive Land Uses:  Although E. resinosum habitats are not suitable for pine straw raking, it should
be avoided in adjacent habitats because it can destroy ground-layer vegetation and cause or exacerbate
erosion problems.  A buffer zone between E. resinosum habitats and forestry operations should be
observed; the heavy machinery used for timber extraction can compact the soil and alter the hydrology
of the pocosin/bog habitat where E. resinosum occurs.

Training Restrictions:  Restrictions on training activities within HMUs - to the extent that they
minimize disturbance to vegetation and soils - should benefit E. resinosum.  Vehicular activities, road
maintenance, and road expansions can threaten nearby populations of E. resinosum.  Vehicular traffic
on roadways should be monitored to prevent these threats.  Off-road traffic should be prohibited as it is
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highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 100 ft of E. resinosum populations.



     19  Text from: Soblo, Dale and John Decker.  1992.  Element Stewardship Abstract.  The Nature Conservancy
of South Carolina.  Columbia, South Carolina.  
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Species Stewardship Summary19
FIMBRISTYLIS PERPUSILLA

ELEMENT CODE: PMCYP0B0F0
SCIENTIFIC NAME: Fimbristylis perpusilla Harper
COMMON NAME: Dwarf Fimbry

STATUS

GLOBAL RANK:
STATE RANK:

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS. 
STATE STATUS:

DESCRIPTION

  General Description

Small annual sedge, seed stems to 8 cm. tall (averaging 4-5 cm.).  Can occur in tufts with multiple
individuals.  Stem branches at about 90% of total height and terminates in short leaves.  Main leaves
are linear, wirey and can exceed height of stem.  Seeds themselves are banana-shaped and finely
bristled.

  Technical Description

Solitary or tufted, low glabrous annual, the culms to 8 cm (usually lower).  Leaves from 1/3 the length
of the scape to equalling or exceeding it, the blades linear-filiform, less than 1 mm. broad, spreading
involute, the backs with 3, prominently raised veins, the margin composed of similar, ciliate-scabrid,
veins; sheath much broader, with an entire, broad, scabrous margin, this converging with the blade at
an acute angle.  Ligule absent.  Scapes stiffly ascending, wiry, slightly broader than the leaf blades,
many-ribbed, flattened to subterete.  Spikelets ovoid to subglobose, 2 - 4 mm. long, greenish-brown,
blunt, in a simple-to-compound panicle of cymules subtended by several, leaflike involucral bracts, the
longest exceeding the inflorescence.  Fertile bracts lanceolate or oblong, thin and stramineous, save for
a prominent, broad, greenish midrib, this exserted as an elongate ascending to somewhat recurved cusp. 
Stamens 1, the anthers 0.2 mm. long.  Style 2-branched, about the length of the akene or slightly
longer, subterete, the base not swollen, the surface smooth.  Akene oblong, slightly curvate, terete, 0.4
- 0.6 mm. long, pale brown with some iridescent tints, finely reticulate, the reticule made up of about
12 vertical rows of many narrowly rectangular slightly concave horizontal cells, the longitudinal lines
more prominent than the horizontal.  (Kral 1971).

DISTRIBUTION

Number of element occurrences per state: 4 in Georgia;  10 in South Carolina; 4 in North Carolina; 1
in Virginia; 14 in Maryland; 3 in Delaware; 1 in Tennessee.

First described by Roland M. Harper, Fimbristylis perpusilla was long thought endemic to southwest
Georgia (Sumter and Seminole Counties).  More recently Fimbristylis perpusilla, "the rarest North
American Fimbristylis" (Kral 1971) has appeared along the Waccamaw River in South and North
Carolina, in and around the coastal plain pond communities in Maryland and Virginia and in clearings
amongst depressions and low woodlands of the Cumberland Plateau, Franklin County, Tennessee.
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HABITAT

The sites are similar in that Fimbristylis perpusilla appears in the seasonal draw-down of shallow
depressions or backwaters, in a sandy or fine textured substrate and in full to partial exposure.

Site descriptions of specific populations:

*  Sumter County, Georgia.  This is the type location, collected by Harper in 1902.  Robert Kral later
described this occurrence as "very abundant on the drying margins of a flatwoods pond (Kral, 1973)."

*  Seminole County, Georgia.  " . . . a virtual 'fuzz' of small sedge carpeting the drying margins of a
small pineland pond" (Kral 1971).  In late September, 1984, this site was due to be destroyed by a
highway expansion (U.S. 84).  An attempt at relocation was performed by digging an extension of the
pond to the south.  It was of equal area to that which would be lost (30'x90'x3').  Fifty six pond
substrate core samples (8" dia x 5" depth) were removed from the existing pond and placed in similar
locations in the new pond (Rabolli, 1984).  Since then, no report of Fimbristylis perpusilla has come
from this Seminole County site.

*  Baker County, Georgia.  Two sites exist on Ichauway Plantation, owned and managed by the
Woodruff Foundation.  Both were found during the fall draw-down of a "cypress-gum phase lime sink
depression pond."  Specifically, these ponds are Pond #11 (Robert King Pond) and Pond #12 (Gator
Hole Pond) (Lynch, et.al., 1986).

* Waccamaw River 
a) Horry County, South Carolina.  "The sedge occurs in a distinct zone around a moist, elliptic
depression within a roadside canal ... approximately 10,000 Fimbristylis plants were present. ...
Associated with Fimbristylis was Ricciocarpus natans, which was most abundant in the center of the
depression on the surface of the polygonally-cracked, gray-silty mud.  Vegetation in the outer margin of
the depression included Juncus repens, Psilocarya nitens, Cyperus polystachyos, Sacciolepis striata,
Gratiola aurea, Oldenlandia uniflora, and several other infrequent herbaceous species" (Leonard,
1981).  

b) Further searching downstream along the Waccamaw River revealed "thousands of Fimbristylis
perpusilla plants . . . along the shore of the river, on silty sandbars, and in dried-out backwater
sloughs" (Leonard, 1987).
c) Columbus and Brunswick Counties, North Carolina.  Leonard  reports sites upstream from the
original sites.  In Columbus County, the plant was growing in "closed canopy" of Eragrostis hypnoides,
as well as in association with Hemicarpha micrantha (Vahl) Pax. (Leonard, 1987).

*  York County, Virginia.  Chris Ludwig of the Virginia Heritage Program reported only one D-type
occurrence in the State of Virginia.  First spotted in 1986 in one pond of the Grafton Ponds complex,
Fimbristylis perpusilla was actively sought for the next four years; it was not until 1991 that the plant
was again sighted (in a different pond in the same area).  The Grafton Ponds site is a series of small (
< 1 acre) subduction ponds.  The natural hydrology is thought to be still intact but threatened by urban
sprawl and the associated water demand/well drilling (Ludwig, personal communication, 12/20/91).

*  Caroline County, Maryland.  Hirst extended the range of Fimbristylis perpusilla another 600 km.
while searching a woodland bog/pond in 1974 (Hirst, 1983).

*  Queen Anne's County, Maryland.  Reported by Naczi et al., this site was described as "small
patches of sunny, bare, moist mud in a DelMarVa Bay."  Fimbristylis perpusilla appeared with Cyperus
sp. (immature), Fimbristylis autumnalis and Lindernia dubia var. anagallidea (Naczi, et al., 1986). 
Maryland Heritage records indicate a total of 14 occurrences, but no confirmed occurrences exist since
1987.  Only one site has multiple-year observations:  Templeville Ponds in Queen Anne's County (1982
and 1983).  All of the occurrences are consistent with the seasonal draw-down of bare, moist, sunny
depression habitat.

* Double Ponds Site, Kent County, Maryland.  Discovered in 1984 by Frank Hirst in an open,
woodland depression (coastal plain pond).  The pond is seasonally flooded through winter and spring,
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and draw-down occurs in late summer, exposing pond bottom.  The population size is 51 - 100
individuals in a 1 - 5 sq. yd. area on bare mud.

*  County Line Site, New Castle County, Delaware.  Discovered in 1984 by Frank Hirst in an openland
depression (coastal plain pond).  The pond is dominated by Cephalanthus occidentalis (Buttonbush). 
Two openings found within the Buttonbush stand allow for the growth of herbaceous vegetation,
including the Dwarf Fimbry.  The pond is seasonally flooded through winter and spring, and draw-
down occurs in late summer, exposing pond bottom.  The population size is ca 1,000 individuals, which
are found growing in two openings within Buttonbush.  One opening is ca 5 x 10 ft. sq. and a larger ca
10 x 20 ft. sq. (1992).  Associated species are:  Glyceria septentrionalis, Panicum dichotomiflorum,
Echinochloa crusgalli, Panicum crusgalli, Scirpus cyperinus, Dulichium arundinaceum, Cyperus
erythrorhizos, Carex gigantea, Polygonum coccineum, Lindernia dubia, Bidens sp., Cephalanthus
occidentalis.  Wood species associated with pond perimeters are:  Acer rubrum, Diospyros virginiana,
Betula nigra, Vaccinium corymbosum, Clethra alnifolia, Leucothoe racemosa, Quercus palustris, and
Quercus phellos.  Signs that deer are heavily using the pond openings were noted in 1992.  Soil
disturbance may benefit annual Dwarf fimbry.  In May of 1992, the pond had 2 - 3 ft. of water. 
Complete draw-down occurred in September when Fimbry appeared.

*  Cypress Branch, New Castle County, Delaware.  Discovered in 1992 by William McAvoy in an
open, woodland depression (coastal plain pond).  Depression is seasonally flooded from winter through
spring, and draw-down occurs in late summer.  The pond's center is dominated by Buttonbush.  A
sparsely vegetated zone occurs between the Buttonbush stand and the pond margin.  Within this zone is
where the Fimbry can be found growing on bare soil.  Population size is approximately 500 individuals
growing in a dense mat ca 5 x 3 ft. sq.  Associated species are:  Polygonum persicaria, Lindernia
dubia, and Cephalanthus occidentalis (McAvoy, personal correspondence, 5/21/1992). 

*  Franklin County, Tennessee.  Wofford and Jones report finding Fimbristylis perpusilla "in an area of
natural swamps, depressions, low woodlands, and meadows, now mostly converted to pastures and
farm ponds.  The collection site was a dried, polygonally-cracked depression of ca. 1,500 sq. meters, in
which there were hundreds of individual clumps of Fimbristylis perpusilla.  Associated species included
two other rare Tennessee plants -- Myriophyllum pinnatum (Walt.) BSP, and Glyceria acutiflora"
(Wofford & Jones, 1988).

   
BIOLOGY-ECOLOGY

Very little is known about this plant.  First typed in Small (1903), it was not until 1962 that Fimbristylis
perpusilla was ever collected again (Wofford & Jones, 1988).  Since then it has been identified more
extensively in Georgia and all the way up the eastern coastal plain to Maryland, even into the
Cumberland Plateau of Tennessee.  Wofford and Jones find it unlikely that this "conspicuous" plant
would have been completely missed by collectors between 1900 and 1980.  That leaves them to
question, "is it becoming more rapidly dispersed, and if so, how?" (Wofford & Jones, 1988).

What is known is that this Fimbristylis requires ideal hydrological conditions and presumably can lie
dormant for years -- until those conditions present themselves.  The water table must draw down
adequately to provide the drying mud banks.  In addition, such a draw down must not happen too early
in the season; that situation would favor any number of larger species which can out-compete
Fimbristylis perpusilla.

Also of note are the year-to-year fluctuations of the population at a particular site.  Kral (1971) reports
that subsequent visits to an area "carpeted" by Fimbristylis perpusilla were unproductive or revealed "a
few plants".  In the Virginia case, active monitoring of an established site failed to produce a
reoccurrence for five years.  Presumably lying dormant this whole time, in 1991 suitable conditions for
germination finally resulted.  Thus, judging known sites as nonextant on the basis of one year of
absence would be inappropriate.

THREATS
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The obvious threats would be any manipulation of the site hydrology, including draining or permanent
inundation.  Also of concern would be trampling or shading (possibly by successional development in
an altered ecosystem).  Threats to the viability of dormant seeds might be of concern, but that falls into
the realm of future research concerns.

RECOVERY POTENTIAL

It is hard to address this category lacking long-term observation of known sites.  Given the transitory
nature of Fimbristylis perpusilla occurrences and the seeming dispersal and extension of range now
going on, any speculation may be inaccurate.

Concerning a given site, recovery potential remains in question.  The case of the road-side canal
occurrence in Horry County, South Carolina points in a positive direction, but uncertainties remain
about this recovery.  Possibly the depression was recolonized, or possibly a viable seed bank survived
highway construction.  Similar uncertainty emerges from the Seminole County, Georgia relocation
effort.  Tom Patrick (GAHP) believes that no plants have been seen because no sustained effort to
monitor plants has been undertaken.

STEWARDSHIP  

  LAND MANAGEMENT SPECIFICATIONS

The hydrological characteristics of an site is of utmost concern in the protection of a population of
Fimbristylis perpusilla.  In the case of the Horry County, South Carolina site, Fimbristylis perpusilla
was found in a road-side drainage canal.  This would seem to imply that non-growing season
disturbance does not impact these populations.  The important site factors are seasonal inundation and
drying out (draw-down).  Any scheme of protection which can preserve this hydrology and prevent
trampling (during the growing season) would be desirable.

In targeting populations for protection and management, considerations should be made for the fact that
this sedge can occur in a continuum from blanketing a spot to only a few plants.  Furthermore, year-to-
year variation at a known spot can vary with conditions.  A location with the aforementioned hydrology
of inundation and draw down may prevent Fimbristylis perpusilla from being shaded out by
successional vegetation.

  RESEARCH NEEDS

Wofford and Jones (1988) suggested the need for detailed autecological studies (including dispersal
mechanisms, germination requirements, and establishment conditions).  More rigorous, controlled
laboratory investigation is needed.  This is being addressed by the seed bank study at the Waccamaw
Bridges Natural Area, Horry County, SC, site.

  RESEARCH PROGRAMS

A study of Fimbristylis perpusilla (as well as other highly ranked species) seed banks is planned for
March 1992 through January 1994.  The primary investigator is Robert Sutter of the Southern Heritage
Task Force.  Controlled germination of substrate core samples will reveal information regarding the
presence and extent of a Fimbristylis perpusilla seed bank.  Such information would have a dramatic
impact on inventory efforts, monitoring techniques and preservation efforts (preserve selection, design
and management).  The sample collection site is Waccamaw Bridges Natural Area, Horry County,
South Carolina (Sutter, 1991).

  MONITORING NEEDS

Once a site is verified, monitoring programs should be established.  Until more qualitative
understanding comes about, the minimum data collected on each occurrence includes  1)  presence or
absence of Fimbristylis perpusilla (estimated number of plants), and 2) some information regarding the
prevailing hydrologic conditions (e.g., recent precipitation, too wet - still flooded, or too dry - other



287

annuals colonizing first).  Monitoring would best be done in autumn, perhaps October (varying
regionally), when achenes make identification easy.  These procedures need to be performed within a
framework of hydrological system monitoring.  Alteration of the water table may preclude Fimbristylis
perpusilla occurrence.

  MONITORING PROGRAMS

In Delaware monitoring and research at each site begin this season (1992).  Activities will include: 
gathering demographic data, establishment of permanent surface water measuring points, complete site
characterization, and evaluate the establishment and rate of spread of woody vegetation.

In South Carolina monitoring and research began in 1991.  The plant failed to appear because of high
water levels in 1991, so the focus of the study was changed to determine the presence of a seed bank. 
Soil samples were randomly gathered in May 1992 and will be analyzed over the next 2 years to
determine the presence of a seed bank.

  MANAGEMENT NEEDS AND PROCEDURES

Proper hydrological conditions (seasonally fluctuating water level) are needed to maintain all necessary
elements for Fimbristylis perpusilla.  In the absence of these conditions, artificial management may or
may not prove feasible.

STEWARDSHIP SUMMARY

The primary concern in immediate stewardship needs must be to collect more information on this
diminutive sedge.  The first and most direct aspect of this plan must be to begin regular monitoring on
established sites.  Consistent, time-series observation data would reveal a great deal: periods of
dormancy, conditions which result in "carpeting" annual appearances as well as sparse appearances. 
The most likely candidates for this type of project would be preserves which are already established and
protected (such as the Waccamaw Bridges Natural Area in Horry County, SC).

Until more specific understanding emerges, stewardship of the known Fimbristylis perpusilla sites
would include protecting hydrologic integrity and maintaining ecologic suitability (successional
development, land use, etc.)
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Summary of the potential effects of the RCW Management Guidelines on Fimbristylis perpusilla.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection X X X

      Brush clearing X X X

      Fuel removal and raking X X    

   Midstory control X

      Prescribed burning X X X

         Three-year fire return X X X

         Winter fire X X X

         Growing season fire X X X

      Fire management X

         Berm construction X

         Plowed fire lanes X

         Back fires X X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest    X    

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions    X

   Smoke/Gas/Incendiaries X

   Small arms firing X    

   On-road vehicular traffic          X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES  X 

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes: Fimbristylis perpusilla

Fimbristylis perpusilla appears in the seasonal draw-down of shallow depressions or backwaters, in
sandy or fine textured substrates which are exposed to full or partial sunlight.

Cavity Tree Protection:  Because of its habitat requirements, F. perpusilla is not likely to occur in the
50 ft buffer area around RCW cavity trees.  If a population does occur in a buffer region, care should
be taken to prevent disturbance of the plants by raking or trampling.

Prescribed Burning:  There is no indication that F. perpusilla is adapted to or requires fire for
population stability.  Although prescribed fire could potentially prevent successional vegetation from
shading out this species, it does not appear to be a component of F. perpusilla habitats.

 
Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.   Berms, fire lanes, and ditches should not be built around F. perpusilla sites
because of their potential for altering a site's hydrology.  Use of heavy equipment around F. perpusilla
sites should be avoided as it would compact the soil and impact hydrology.  

Hardwood Control and Pine Thinning:  Hardwood and pine thinning could be beneficial to F. perpusilla
if it removes over-topping vegetation.  All mechanical control methods have the potential to be
detrimental because they can compact the soil and create ditches.  Cutting with a chain-saw or mowing
may be acceptable methods of clearing successional vegetation if soil compaction can be kept to a
minimum.  Chemical control should be avoided because of the potential mobility of herbicide chemicals
in the wet habitats where F. perpusilla occurs.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on F. perpusilla by maintaining soil and hydrology integrity.  Native vegetation should
be used for erosion control wherever possible.  Mechanical means of erosion control should maintain
the natural contours of the surrounding topography and insure the integrity of natural hydrologic
processes.

Longleaf Pine Regeneration:  Re-establishment of longleaf pine into wet ecotonal habitats should be
avoided in order to prevent alteration of F. perpusilla habitat.  Regeneration of existing longleaf pine
stands adjacent to  F. perpusilla habitats should use natural regeneration methods to avoid high-impact
artificial means.  Site preparation should employ fire where possible, and mechanical methods such as
discing, chopping, and especially bedding should be avoided. 

Extractive Land Uses:  Although F. perpusilla habitats are not suitable for pine straw raking, it should
be avoided because it can destroy ground-layer vegetation and cause or exacerbate erosion problems.  A
buffer zone between F. perpusilla habitats and forestry operations should be observed; the heavy
machinery used for timber extraction can compact the soil and alter the hydrology of the wet ecotonal
habitats where F. perpusilla occurs.

Training Restrictions:  Restrictions on training activities within HMUs - to the extent that they
minimize disturbance to vegetation and soils - should benefit F. perpusilla.  Vehicular activities, road
maintenance, and road expansions can threaten nearby populations of F. perpusilla.  Vehicular traffic
on roadways should be monitored to prevent these threats.  Off-road traffic should be prohibited as it is
highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 100 ft of F. perpusilla populations.



     20 Text from: Sorrie, B.A. 1993. Element stewardship abstract: Kalmia cuneata In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp Mackall Military Reservations,
North Carolina. The North Carolina Nature Conservancy, Carrboro, NC, and North Carolina Natural Heritage
Program, Raleigh, NC.
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Species Stewardship Summary20
KALMIA CUNEATA

ELEMENT CODE: PDERI0K020
SCIENTIFIC NAME: Kalmia cuneata Michaux
COMMON NAME: White Wicky

STATUS

GLOBAL RANK:  G3
STATE RANK:  S1 (SC), S2 (NC)

FEDERAL STATUS: Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: E (NC), SC (SC) 

DESCRIPTION

  General Description
   
Description was adapted from Rayner (1980).  

White wicky is a small (about 1 meter tall, rarely to 2), upright, sparsely branched, deciduous shrub of
the Heath Family (Ericaceae).  Leaves are light green, alternate, broadest above the middle, generally
3-6 cm long and 1-2 cm wide, tapering gradually to the leafstalk as to be wedge-shaped, and having
many short glandular hairs beneath.  Flowers are produced in lateral clusters of 1-3 at the tips of the
previous season's growth, shortly after new shoots and leaves develop.  Sepals 5, 3-4 mm long, and
stalked-glandular.  Petals 5, greenish-white with a red band basally, united for one-third their length,
and stalked-glandular outside.  The anther of each of the 10 stamens fits into a small pocket in the
petals prior to pollination.  The fruit is a stalked-glandular capsule which is erect on a recurved stalk.

  Technical Description

Description adapted from Rayner (1980) and Kral (1983).  

Deciduous shrub to about 1 m (2 m) tall, perennating by subterranean runners.  Shoots solitary or few
from root crown, erect or leaning on other shrubs, sparingly branched except above.  Young twigs
slender, reddish brown, puberulent and mixed with longer, spreading, gland-tipped hairs.  Older
branches ascending, gray or gray-brown, with thin bark irregularly cracked.  Leaves alternate,
ascending or erect, oblanceolate, 3-6 cm long, 1-2 cm wide, apically acute to obtuse-angled, sometimes
mucronulate, the margins entire, somewhat revolute, the base cuneate and then short-attenuate into a
narrow wing on the short petiole, upper surface glabrous, pale yellowish-green, lower surface stipitate
glandular.

Inflorescence contracted umbel-like racemes from axillary, ovoid, imbricate-scaly buds near tips of
previous season's growth, expanding shortly after new shoots and leaves in May.  Flowers complete,
rotate, on slender, glandular pedicels 1.5-3.0 cm long; sepals 5, joined at base, ovate, 3-4 mm long,
somewhat spreading in bloom, firm, acute, entire, green with narrow pale margins, abaxial surface
sparsely stipitate glandular; petals 5, joined into a shallowly lobed saucer 1.5-2.0 cm broad, the base
with 10 creases, each crease opposite a stamen (in immature flowers, each anther fitting into a crease,
bending the filaments outwardly), white with narrow red band just outside stamen ring, inner surface
puberulent basally, outer surface sparingly stipitate glandular; stamens 10, 5-6 mm long, filaments
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spreading at anthesis, somewhat flattened in cross-section, sparsely hairy basally, anthers oblong, pale
brown, about 0.5 mm long, introrse poricidal; ovary superior, depressed globose, glandular hairy,
slightly 5-lobed, style simple, linear, straight, 7-8 mm long.  Fruit a depressed-globose capsule 4-5 mm
across, dehiscence septicidal, seeds numerous, pale brown, oblong-cuneiform, 0.6-0.7 mm long.

  Diagnostic Characteristics 

Closest in appearance to Kalmia cuneata is K. carolina (=K. angustifolia var. carolina), which is
similar in size but which is evergreen and has rosy pink flowers and whorled or opposite leaves. 
Kalmia latifolia, which also occurs through part of K. cuneata's range, is distinguished by being
evergreen and having flowers in terminal, instead of lateral, inflorescences.

Vegetatively, Vaccinium tenellum is similar but is only 0.5 meter tall and has small glandular teeth on
the leaf margins.  Gaylussacia frondosa also has similar shaped leaves, but the plant's crown spreads
widely, and the leaves are glabrous with little yellow resin dots beneath (in var. tomentosa of southeast
SC southward, leaves are hairy beneath but not stipitate-glandular).

Kalmia cuneata is the only deciduous Kalmia in North Carolina.  The best time to identify the plant is
during its flowering period, May to June, or its fruiting period, September to October.  It can,
however, still be recognized from late fall to early spring while last season's fruits persist.

DISTRIBUTION

Kalmia cuneata is an endemic of the southeastern Coastal Plain, having been vouchered from seven
counties in North Carolina and three in South Carolina.  It occurs primarily in the Sandhills region, an
area of fluvial sand and gravel deposits adjacent to the Fall-line Piedmont.

Kalmia cuneata was historically known from the Sandhills region of northeastern South Carolina in
Chesterfield, Darlington (Rayner 1980), and Kershaw (Michaux 1794) counties and the Sandhills region
and Inner Coastal Plain of southeastern North Carolina in Bladen, Cumberland, Hoke, Moore, Pender,
Richmond, and Scotland counties (Rayner 1980).  Collections exist for historic or extirpated
occurrences in Bladen (last seen 1896, 1928, 1929, 1938, 1939, 1952, 1977, 1980), Cumberland (1940,
1942), Hoke (1957), Moore (1901, 1942), and Pender (undated, 1933, 1946) counties, NC (Rayner
1980, NCU 1991, NCNHP 1993), and Darlington (1908, 1909, 1932) and Kershaw (1784) counties,
SC (Rayner 1980, SCHT 1993).

Although the overall range of the species is about the same now as historically, most of the current
populations are confined to a small portion of that range.  Kalmia cuneata is still known from all seven
NC counties identified by Rayner in the 1980 status survey (NCNHP 1993), suggesting that discoveries
of new occurrences have not been outstripped by losses.  A breakdown of the 42 extant occurrences in
NC by county is as follows:  Bladen (11), Cumberland (2), Hoke (10), Moore (2), Pender (1),
Richmond (11), and Scotland (5) counties (NCNHP 1993).

In SC, only Chesterfield County, one of the three counties which historically supported white wicky,
still does so today (SCHT 1993), although the 1794 Michaux record from Camden, Kershaw County
may, in fact, be too vague to accurately place.  Rayner's 1980 status survey report documented the loss
of Kalmia cuneata from six historical locations; many sites have not been revisited since that time. 
However, subsequent survey work has identified new subpopulations on Fort Bragg and Camp MacKall
military reservations and Sandhills Game Land in NC.

Current ownership.  As of July 1993, 46 occurrences are known rangewide, most of them on federally
owned or state-owned land.  Of the 45 in North Carolina, 12 are on Fort Bragg (total of 40 sites) and
one is on Camp MacKall (4 sites) (U.S. Army), 13 are on Sandhills Game Land (NC Wildlife
Resources Commission), seven are on Bladen Lake State Forest (NC Forest Service), and one is on
Bushy Lake State Natural Area, most areas receiving some level of controlled burn management
(NCNHP 1993).  Elsewhere in NC, other occurrences are mostly on private lands without any or only
limited active management of white wicky habitats (NCNHP 1993).  In South Carolina, the only known
population occurs in the Sandhills National Wildlife Refuge (USFWS) (SCHT 1993), which is in the
process of developing a fire management program.
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HABITAT

White wicky is limited to moist ecotones between Streamhead Pocosins (linear shrub swamps along
small creeks and headwater stream branches) and longleaf pine communities in the Carolina Sandhills
region.  Farther out on the Coastal Plain, the ecotone may be along sand rim margins of Carolina bays
or even within the bays.  Kalmia cuneata is found in highly acidic (pH 4-5), sandy loam soils that are
usually overlain by a layer of organic material.  These soils have a relatively high hydroperiod, are
moist for most of the year, and are often saturated for extended periods, especially in Carolina bays. 
On Fort Bragg the plants have been found growing on a variety of soils series, including Blaney (Arenic
Hapludults), Candor (Arenic Paleudults), Gilead (Aquic Hapludults), Johnston (Cumulic Humaquepts),
and Vaucluse (Typic Hapludults) (Hudson 1984, NCNHP 1993).

Typically, white wicky grows in association with other ericaceous shrubs, including Rhododendron
viscosum, Kalmia carolina, Lyonia lucida, L. ligustrina var. foliosiflora, Vaccinium corymbosum,
Zenobia pulverulenta, Leucothoe racemosa, Oxydendrum arboreum, Gaylussacia frondosa, as well as
nonericaceous shrubs such as Clethra alnifolia, Ilex glabra, I. coriacea, Aronia arbutifolia, and
Fothergilla gardenii.  Small trees may also be present, but these are more prominent in the wetter
portions of the pocosin.

In the ecotone, trees are short (from fires), provide little shade, and may include Acer rubrum,
Magnolia virginiana, Cyrilla racemiflora, Nyssa biflora, Gordonia lasianthus, Persea palustris, and
Oxydendrum arboreum.  Pinus serotina commonly occurs in the pocosins, with P. palustris and/or P.
taeda usually present in the adjacent uplands.  In good, well-burned habitats, shading is minimal.  Good
ecotones are rich in herbaceous species, although most species occur just slightly upslope away from
the relatively dense shrub layer.  Commonly associated genera are Aletris, Andropogon, Aristida,
Arundinaria, Aster, Bigelowia, Calamagrostis, Calamovilfa, Chasmanthium, Ctenium, Dichanthelium,
Drosera, Eriocaulon, Eupatorium, Gratiola, Hypericum, Juncus, Lachnocaulon, Lobelia, Ludwigia,
Lycopodium, Panicum, Platanthera, Polygala, Pteridium, Pyxidanthera, Rhexia, Rhynchospora,
Sarracenia, Scleria, Solidago, Sorghastrum, Xyris, and Woodwardia.

Among the species often found growing in close proximity to white wicky are several other rare taxa,
including Calamovilfa brevipilis, Carex turgescens, Dionaea muscipula, Eupatorium resinosum, Lilium
iridollae, Lindera subcoriacea, Lycopus cokeri, Lysimachia asperulifolia, Oxypolis ternata,
Rhynchospora pallida, R. stenophylla, Solidago verna, Sporobolus sp. 1, and Tofieldia glabra.  All
may occur within the ecotones or pocosins that Kalmia cuneata favors, although rarely more than three
are found at a given site.

BIOLOGY-ECOLOGY

There is little doubt among biologists familiar with Kalmia cuneata that frequent fire disturbance is
important to the species' success.  It appears to be an early-successional shrub, as implied by its
position in the outer edges of pocosin and Carolina bay ecotones, habitats that were frequently burned
historically.  Frequent burns in the outer ecotone provide white wicky with an open-canopied habitat,
free (for at least several years following a burn) of a dense, competing shrub layer.  Fire suppression
over most of white wicky's range for the last several decades has allowed most of these areas to become
overgrown by taller, coarser shrubs.

Little is known about white wicky's ability to survive long periods of shading due to fire suppression. 
Rayner (1980) stated that four of the six historic locations where white wicky could not be relocated had
not been burned for many years.  The natural fire-suppression period (fire-return interval) for pocosin
and Carolina bay habitats is not known, although in general, pocosin ecotones are dominated by a dense
shrub cover five to ten years following a hot burn (TNC 1991-93).  Natural fire frequency in Carolina
bays may be somewhat lower, but it still is the major operative force (Schafale and Weakley 1990).  It
could be that many populations of white wicky have died off in the last several decades due to fire
suppression and the subsequent shading and loss of habitat; it is also possible that the species is
persisting vegetatively and will recover if its habitat is burned in the future.
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Kalmia cuneata may also rely on fire to provide nutrients which are otherwise difficult for the species
to obtain during non-fire periods.  Little is known about the reproductive response of white wicky
following a burn; it is possible that seed production, seed viability, and/or seedling success is strongly
dependent on fire and the pulse of nutrients available to plants following a fire.  Another possible
benefit of fire is the reduction, at the micro-habitat level, of evapotranspiration rates and water stress
levels.  Dense, fire-suppressed pocosin ecotones have characteristically drier substrates than similar
sites that are well-burned, and it is possible that water stress on Kalmia cuneata during periods of fire
suppression may be impacting the species.

  Phenology 

Leaves and flower buds appear in May.  Flowering occurs during May and June; fruiting from
September to October.  Often the previous season's fruits persist well into the flowering period of the
following growing season (TNC 1991-93).

  Reproduction 

Aside from breeding experiments done by Jaynes (1968), there have been no known studies on the
reproductive biology of white wicky.  Jaynes (1968) conducted crossing and hybridization tests between
Kalmia cuneata, K. hirsuta, and K. carolina to help determine the taxonomic and genetic identity of K.
cuneata.

Based on its flower structure, which is similar to others in the genus, Kalmia cuneata is probably
pollinated by flying insects, most likely bees (Ebinger 1974).  The environmental conditions necessary
for successful seed production, seed germination, and seedling success are not known.  Fire likely plays
an important role in these stages of white wicky growth.  Although plants will flower and fruit in non-
burn years, often profusely, it is not clear if seeds produced in these years are viable or if they can
germinate and succeed under a dense shrub cover.  Fire may also be important for controlling asexual
or clonal reproduction of the plant.  Relative rates of ramet recruitment in post-fire and pre-fire periods
is not known.  The relative importance of asexual versus sexual reproduction for the species is also not
known.

THREATS

Loss of habitat through fire suppression remains the primary threat to white wicky.  Even on properties
with active fire management, land managers need to determine optimal fire frequency and timing.  On
small properties, especially where surrounded by human development, fire management may be
restricted and may not be adequate for the successful long-term health of white wicky habitats and the
other longleaf pine/wiregrass communities associated with it.

Loss of habitat through drainage of Carolina bays and shrub pocosins and conversion to agriculture,
silviculture, or other uses has been and continues to be another major threat.  However, since most land
conversion occurred prior to intensive plant inventories, the relative loss of this species in these areas is
unknown.

Trends.  Widespread commercial and residential development and conversion of longleaf pine forests to
pine plantations continues throughout white wicky's range.  The implications of these activities on white
wicky are obvious; the species is likely to continue to decline from direct loss of plants and habitat, as
well as from restrictions in management options available to this fire-dependent species.

RECOVERY POTENTIAL  

As mentioned above, very little is known about white wicky's ability to survive long periods of shading
and competition due to fire suppression.  Rayner (1980) stated that four of the six historic locations
where white wicky could not be relocated had not been burned for many years.  It could be that these
populations, and perhaps many more, have truly died off in the last several decades due to fire
suppression and the subsequent shading and loss of habitat.  It is also possible that the species is
persisting vegetatively, or in the seed bank, and will recover if its habitat is burned in the future.
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Once established, it appears that Kalmia cuneata requires occasional burns (every three to five years)
for the maintenance of its habitat.  Some of the largest occurrences of white wicky are found on Fort
Bragg in areas that are burned even more frequently (every one to two years).  Research into the role of
fire in the reproductive cycle of the species may reveal that a specific burning regime (i.e., involving
seasonality, intensity of burn) is required for successful seed production and/or seedling establishment.

One factor that may affect recovery of the species in the Sandhills region of NC is the presence of fire
plowlines and drainage ditches which are located around the edges of the majority of Streamhead
Pocosins.  These lines were dug several decades ago by foresters and wildlife biologists who felt that
fire passing into wetlands was destructive to animal populations.  This practice fortunately no longer
continues on Fort Bragg, Camp MacKall, and Sandhills Game Land.  However, the plowlines still
persist on these properties, and it may take several more decades before they revegetate and cease
acting as firebreaks between the adjacent uplands and the Streamhead Pocosin.  The long period of fire
suppression caused by these plowlines has also changed the burn requirements for the Streamhead
Pocosins.  It may take several decades of prescribed burns to reduce the shrub layer to more "natural"
levels.  Due to a lack of finer fuels (grasses, sedges, cane), hot and perhaps destructive fires are often
necessary to completely burn through a fire-suppressed pocosin.  The impacts of hot fires on white
wicky are not known.

STEWARDSHIP

  RESEARCH NEEDS

It is common knowledge among botanists and ecologists working in the North Carolina Sandhills that
white wicky is very rare and localized on Fort Bragg but more numerous and widespread on nearby
Sandhills Game Land.  The factors responsible for this lop-sided distribution are unknown and
puzzling, since these areas share similar plant community structures and fire regimes.  An analysis of
soil types or some other edaphic factors may prove useful in developing effective monitoring and search
techniques.

Basic questions concerning the reproductive biology of Kalmia cuneata, such as the environmental
conditions necessary for pollination, successful seed production, seed germination, and seedling
establishment, are in urgent need of study.  Fire likely plays an important role in these stages of white
wicky growth, and research should be directed towards determining which burn periods and fire
frequencies optimize sexual reproduction.  Studies should also focus on effective reproductive rates of
populations in fire-suppressed habitats.  Although plants will flower and fruit in non-burn years, often
profusely, it is not clear if seeds produced in these years are viable, can germinate, and succeed under a
dense shrub cover.

Practically nothing is known about the level of genetic variation between and within populations of
Kalmia cuneata.  In fire-suppressed habitats, where successful sexual reproduction is theoretically low,
asexual reproduction may be driving populations towards lower genetic diversity.  Identifying
genetically diverse populations may be an appropriate research goal and may help to determine the
relative importance of asexual versus sexual reproduction for the species.

  MONITORING NEEDS

Inventory.  The Sandhills region of the Carolinas has had a fair amount of botanical exploration in the
past but not intensively nor on a species-specific basis.  The same can be said for the thousands of
Carolina bays (now mostly degraded or lost to development).  Inventory work such as Rayner's status
survey (1980), Carter's NC Sandhills Survey (1982), and the Fort Bragg/Camp MacKall rare plant
inventory (TNC 1991-93) have been crucial in determining the actual population status of Kalmia
cuneata.  Future intensive surveys scheduled for 1994 in Sandhills Game Land will help to further
identify the extent of white wicky in the NC Sandhills region.

Other large properties with some active fire management which could potentially contain additional
occurrences of K. cuneata include Bladen Lakes State Park in NC and Carolina Sandhills National
Wildlife Refuge and Sand Hills State Forest in SC.  A systematic inventory of all remaining Carolina
bays is also needed, not only for white wicky but also for the dozens of state and federal rarities that
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they contain, as well as for biological and ecological assessment of a critical but rapidly diminishing
ecosystem.  A status survey will be conducted in 1994 and will likely identify occurrences in these
potential locations.

  MONITORING PROCEDURES

In his research proposal Taggart (1978) provides a detailed procedure for conducting a monitoring
project for Kalmia cuneata.  He suggests doing a comparative study of Kalmia cuneata and K. carolina,
a more widespread species which occupies the same habitat as K. cuneata.  Taggart feels that studying
the maintenance, reproductive, dispersion, and establishment processes in the life cycles of each species
may reveal the "weak links" in white wicky's life cycle that will explain its limited distribution.

A less rigorous program would involve selecting and monitoring Kalmia cuneata subpopulations
occurring in different types of habitats in burned and unburned areas of variable quality (1) to see if the
species is increasing or declining in response to current management practices, (2) to identify which
burning regime favors sexual and asexual reproduction, and (3) to study the demographic and
phenologic trends in the species.

Subpopulations occurring in both fire-maintained and fire-suppressed pocosin, Streamhead Pocosin, and
Carolina bay habitats should be selected for the monitoring project.  Boundaries for each should be
mapped so that future spread or decline can be recorded.  Spread and decline may also be monitored by
setting up plots along the edge of the subpopulations and recording gamet and ramet recruitment into
the plots.  Stem counts within sample plots located within the boundaries of each population should also
be made to monitor population increases or declines.  Mortality and recruitment counts and other
demographic counts will require each stem within each plot to be mapped or flagged.

Subpopulations selected for experimental burns should ideally be divided into several units isolated by
firebreaks, roads, etc., so that experimental and control burns can be conducted within each
subpopulation.  Simple stem counts, as well as mortality and recruitment counts, if possible, should be
made for each of the plots.  Counts of sterile and fertile stems for each control and experimental plot
should be made, as well as flower, capsule, and seed production counts.

  MANAGEMENT RESEARCH NEEDS

Although Kalmia cuneata is obviously a fire-tolerant, if not fire-dependent, species, it is still not well
understood how populations actually respond to fire disturbance.  Data, such as adult mortality rate and
gamet and ramet recruitment rate following a burn, for example, have never been gathered.  This type
of data is crucial for designing fire management plans for white wicky sites.  It will also be crucial to
study populations in severely fire-suppressed areas that are being restored with prescribed burning.

  MANAGEMENT NEEDS

Foresters at both Fort Bragg and Sandhills Game Land in NC have maintained records of prescribed
burns and wildfires occurring on these properties over the past several decades.  Assessments of white
wicky populations with this type of historical data at hand may be useful in formulating some
preliminary conclusions about optimal burn frequencies for the species.  Controlled experiments should
be designed to test these frequencies.

  MANAGEMENT PROCEDURES

Based on current knowledge of the species, growing-season burns on a three- to five-year rotation are
recommended for populations that occur in moderately fire-suppressed habitats (i.e., sites that have not
been burned in the last 10-15 years).  Excessively hot fires should be avoided.  Sites that are more
severely fire-suppressed should first be burned in winter to reduce heavy fuel loads.  Subsequent burns
(two to three years following the winter, fuel-reduction burn) should be done in the growing season.

  MANAGEMENT PROGRAMS

Since 1990, all managed areas on Fort Bragg and Camp MacKall have been on a prescribed three-year,
growing-season burn regime.  Prior to 1990, from the mid-1960s to 1989, these areas were burned on a
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five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was no prescribed
burning program on either installation, although wildfires were apparently frequent (Sewell, et al.,
1993).  Fire management history on Sandhills Game Land is more or less the same; after years of fuel-
reduction, winter burns, game land foresters are now burning larger acreages during the growing
season.

The majority of Streamhead Pocosins in the Sandhills region of NC have fire plowlines around their
edges.  These lines not only prevent fires from passing into the pocosins, they also likely disturb the
natural nutrient and water gradient between the adjacent uplands and pocosins.  Many of these lines are
revegetating and are slowly filling in with sediment washed off from nearby slopes.  This trend should
be allowed to continue.  Nevertheless, it may take several decades before their impact as firebreaks is
removed.

STEWARDSHIP SUMMARY  

Key stewardship needs for this species include (1) conducting prescribed burns during the winter (for
initial fuel-reduction burns) and the growing season, (2) protecting extant populations and their
associated habitat from soil disturbance and alteration of hydrology, and (3) monitoring extant
populations for responses to current land management practices.
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Summary of the potential effects of the RCW Management Guidelines on Kalmia cuneata.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Kalmia cuneata

Kalmia cuneata occurs primarily in the ecotones between streamhead pocosins (linear, sphagnous,
shrub and tree dominated thickets found along small creeks and their headwaters) and drier longleaf
pine-oak uplands.  It appears to depend on periodic fire to maintain its open habitats.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU and are unlikely to encroach directly
on pocosin margins which support this species.  To the extent that such activities restore and open
midstory, they would positively affect habitat quality for K. cuneata.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for K. cuneata because it acts to reduce midstory woody vegetation which can
supplant shrub species along wetland margins.  Further research is required to assess the effects of
growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction of this
species.  Recent work suggests a 3 to 5 yr fire return may be beneficial to appropriate habitats for this
species.  Late season fires should take into account the species reproductive phenology to avoid adverse
effects.  In areas that have been fire-suppressed for lengthy periods, may be subjected to a cool, winter
burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps and pocosin margins.  Use of natural
features would also promote burning of ecotonal situations which support K. cuneata.  Use of heavy
equipment to construct berms or fire lanes should be minimized to avoid negative impacts to ground
layer vegetation, soil stability, and local hydrology.  In particular, construction of fire lanes in the
ecotones between xeric uplands and more mesic or hydric sites should be prohibited.  Natural recharge
from upslope areas, as well as natural discharge into downslope areas, must be preserved in seeps to
maintain hydrologic conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support K. cuneata.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting K. cuneata should be prohibited unless prescribed burning
fails to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on K. cuneata habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for K. cuneata.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on K. cuneata.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit K. cuneata.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     21 Text from: Sorrie, B.A. 1993.Element stewardship abstract: Lilium iridollae. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp McKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina. 
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Species Stewardship Summary21
LILIUM IRIDOLLAE

ELEMENT CODE: PMLIL1A080
SCIENTIFIC NAME: Lilium iridollae M.G. Henry
COMMON NAME: Panhandle Lily, Pot-of-gold Lily, or Sandhills Bog Lily

STATUS

GLOBAL RANK:  G1G2
STATE RANK:  S1 (AL, NC), S1S2 (FL), unranked (SC)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: C (NC), E (FL), none (AL, SC)  

DESCRIPTION

  General Description  

The following description is based on field observations of Lilium iridollae by The Nature
Conservancy's Sandhills Field Office staff (1991-93), augmented by literature.  Panhandle lily is a tall
(up to 2 meters) perennial lily with 1-5 nodding orange flowers that are yellow basally.  Southern plants
tend more often to produce yellow pigments in the flowers, so that some populations are largely yellow
flowered.  Uncommonly, plants have dark red flowers that are orange basally.  Leaves on the middle
part of the stem are whorled, those above and below mostly single; all leaves green above, a bit paler
beneath, narrowly elliptic to oblanceolate.  It typically occurs in small groups of one to five plants,
inhabiting Streamhead Pocosins, Sandhill Seeps, and Gulf Coast Seepage Bogs and openings along
streams--primarily in habitats that burn at least occasionally.

  Technical Description
 
Description from Sorrie (1993a), with modifications from Godfrey and Wooten (1979) and Kral (1983). 

A member of the Lily Family (Liliaceae), Lilium iridollae is a perennial from a deep-set (10 cm into
substrate), fleshy bulb.  Bulb roundish (to ovoid), up to 2 cm in diameter (size varies presumably with
age), covered with numerous thick, whitish, fleshy, ovate scales and producing 1-2(more?) elongate,
thick, fleshy, horizontal rhizomes.  A new bulb develops at the end of each of these rhizomes,
presumably as a means of vegetative reproduction.  There is no evidence, as yet, of slender over-
wintering "leaves" produced basally from bulb(s) of northern plants, as seen on some specimens of L.
iridollae collected in Florida and Alabama.

Stem single, brownish-green, varying from almost straw-colored to chestnut brown on the same
individual, green terminally.  Stem erect to leaning somewhat (often partly supported by adjacent
shrubs when heavy with multiple flowers), smooth, terete, normally 1-2 meters tall, 3-5 mm thick at
midstem, up to 9 mm thick basally (size varies presumably with age).  Leaves arranged mostly in (1-)2-
6(-8) whorls, each whorl composed of 4-7 ascending leaves (more strongly ascending in upper whorls),
above and below which are reduced, subappressed leaves disposed singly or in several whorls of 2-3
leaves each.  Some plants produce mostly single leaves, with only one or two whorls.  Leaves of the
midstem whorls are narrowly elliptic to oblanceolate, on a given plant the longest and narrowest leaves
are borne on the lower whorls, the shortest and broadest on the upper whorls.  Uppermost stem leaves
are shorter and broader, tending to be all oblanceolate or even obovate.  Length/width ratio of lower
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whorl leaves range from 4.1-7.2; ratio of upper whorl leaves varies from 3.1-5.0.  Leaf length ranges
up to 9.6 cm on robust plants.  Leaves taper gradually (lower leaves) to abruptly (upper) to an acute to
short-acuminate tip.  Color is medium to darkish green, paler beneath (this difference much more
noticeable on pressed specimens than in the field), but never exhibiting the glaucescence beneath of L.
michauxii with leaves markedly bicolored.  Leaf margins densely beset with tiny, rounded to acute
spicules which are just discernible with a 10X hand lens, but not imparting a rough feel to the finger;
such spicules also more or less distributed along major veins beneath; spicule development more
pronounced in southern plants.

Inflorescence with 1-5(-8) flowers (higher numbers presumably on older plants), each terminating a
long peduncle with 1-2 leafy bracts.  Flowers nodding; tepals merely spreading when first open, but
soon recurving into a near-circular shape, thus projecting the style and stamens prominently.  Tepals
linear-lanceolate, 7.0-8.5 cm long, about 1.5 cm wide, orange on distal half (varying to yellow,
reddish-orange, or dark red), changing to dull yellow (varying to pale orange or reddish orange) on
basal half, there spotted with maroon or purple-brown dots.  Most flowers also exhibit a green wedge
of color basally on inside of tepals.  Filaments long exsert (as a result of tepals recurving), slender,
more-or-less connivent basally then spreading outward at about 45 degrees distally, whitish-green,
terminated by versatile, somewhat curved, rich cinnamon or cinnamon-brown anthers 1.3-1.8 cm long. 
Style of similar length, also spreading distally, whitish-green; stigma 3-lobed, brown or cinnamon-
brown.  Pollen varies in tone from cinnamon to golden.  Flowers weakly fragrant.

Fruit rapidly assuming an erect position following pollination (within 2-3 weeks of flower opening), a
capsule 4 cm long, green (turning brown later), cylindrical with short taper basally and bluntly rounded
apically with 6 elongate grooves evident exteriorly.  Seeds ovoid-triangular, broadly winged, 6 mm
wide and 8 mm long.

  Diagnostic Characteristics 

In a recent paper on lilies of the eastern United States, Adams and Dress (1982) use the following
combination of characters to separate L. iridollae from all others:  (1) leaves rough or papillose on
margins and veins below; (2) perianth with strongly recurved tepals (turk's-cap-shaped); (3) nectaries
visible as a green star or triangle at interior base of flower; (4) anthers thin, 5-8 times as long as wide;
and (5) flowers weakly fragrant.  Other characters used by Adams and Dress in their key, such as leaf
shape and flower color, do not hold up.

Identification of L. iridollae in the field is straightforward.  It is tall, with 1-5 nodding, weakly fragrant
flowers varying from yellow to red, at least the middle leaves in whorls (those above and below
alternate), leaves relatively short and narrowly elliptical, leaves rough along margins (use hand-lens),
rhizome present, inhabits boggy to seasonally wet soils.

Lilium superbum can be recognized by its taller stature, much longer leaves that taper to a long point
and that are smooth on margins, nearly all leaves in whorls, many more whorls present (5-20).  Lilium
michauxii is much shorter in stature, its leaves prominently oblanceolate to obovate and with a pale
sheen or glaucescence below and barely or not roughened along margins, flowers very fragrant,
inhabits upland dry to mesic woods (seldom in wet habitats).

Searches are by far most efficient during flowering, late July to early September (inclusive dates 19
July to 5 September) in North Carolina (TNC 1991-93).  Fruiting plants are surprisingly difficult to
detect unless growing taller than or away from the often dense shrub associates.  Fruiting capsules and
stalks may remain erect and evident into the following spring.  Vegetative plants, especially seedlings
and immature plants, are difficult to detect at any time (TNC 1991-93).

DISTRIBUTION  

Lilium iridollae, as currently understood, ranges discontinuously from southern Alabama and northwest
Florida to North and South Carolina.

Historic occurrences have not been relocated in the following states and counties (year last seen follows
in parentheses):  Covington (1982) and Escambia (n.d.) counties, Alabama; Nash (1949), Northampton
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(1958), and Richmond (1956) counties, North Carolina; and Chesterfield (1956) and Orangeburg (1957)
counties, South Carolina (NCSC 1993, NCU 1991-93).  No specimens were seen at the University of
Georgia's herbarium in April 1993 (Sorrie 1993b), but it is expected that collections from Georgia will
turn up at other herbaria.

Lilium iridollae is currently known from the following counties:  Baldwin County, Alabama (White, et
al., 1992); Escambia, Okaloosa, Santa Rosa, and Walton counties, Florida (White, et al., 1992);
Cumberland, Harnett, Hoke, Lee, and Moore counties, North Carolina (NCNHP 1993); and Richland
County, South Carolina (Weakley 1993b).  Current estimates for this species are 3500 plants in a single
population in Alabama, 1100 plants in 35 occurrences in Florida, 90 plants in 11 occurrences in North
Carolina, and one population in South Carolina (Weakley 1993b).

Current Ownership.  In North Carolina, L. iridollae occupies 21 sites on Fort Bragg Military
Reservation (U.S. Army), one in Weymouth Woods Sandhills Nature Preserve (NC Dept. Parks and
Recreation), one in a powerline right-of-way (Carolina Power & Light), and two on private land
(NCNHP 1993).  In South Carolina, the sole known occurrence is on Fort Jackson Military Reservation
(U.S. Army).  In Alabama, the largest population by far (3500 plants) is on private land but is
threatened by habitat destruction.  L. iridollae was known from Conecuh National Forest in Covington
and Escambia counties as recently as 1982 but was not relocated there in 1990-92 (White, et al., 1992). 
However, due to the inconsistent appearance of individuals of this species at different times (TNC
1991-93), it is still likely to be found there.  In Florida, 16 populations are confirmed extant on Eglin
Air Force Base (U.S. Air Force), 14 on state-owned Blackwater River State Forest, and one on
property owned by the University of West Florida (White, et al., 1992).

HABITAT

In the Carolina Sandhills region, Lilium iridollae occurs in the shrub zone of Streamhead Pocosins and
their ecotones and in Sandhill Seeps (Schafale and Weakley 1990).  These are found at the headwaters
of small streams in the Sandhills Region (innermost coastal plain; also known as "Fall-line Sandhills"),
where clay content of soils forces water traveling through the sandy soil to the surface.  In contrast,
Sandhill Seeps are normally isolated from obvious stream systems.  Soils are classified as Blaney
(Arenic Hapludults), Candor (Arenic Paleudults), Gilead (Aquic Hapludults), Johnston (Cumulic
Humaquepts), Torhunta and Lynn Haven (Typic Humaquepts and Typic Haplaquods), and Vaucluse
(Typic Hapludults) (Hudson 1984, NCNHP 1993).  

Vegetation is dominated by Ericaceous and other shrubs, including Clethra alnifolia, Cyrilla
racemiflora, Fothergilla gardenii, Gaylussacia frondosa, Ilex glabra, I. laevigata, Lyonia lucida, L.
ligustrina var. foliosiflora, Myrica heterophylla, Vaccinium corymbosum, Zenobia pulverulenta, and
others, with scattered small hardwoods, such as Acer rubrum, Liriodendron tulipifera, Magnolia
virginiana, and Nyssa biflora, overtopped by Pinus serotina.  Chamaecyparis thyoides and Liquidambar
styraciflua may grow nearby.  Herbs are sparse in fire-suppressed pocosins but diverse and locally
dominant in well-burned pocosins (especially in their ecotones) and include members of Andropogon,
Aristida, Arundinaria, Calopogon, Carex, Chasmanthium, Eupatorium, Lycopodium, Osmunda,
Panicum, Platanthera, Rhexia, Rhynchospora, Sarracenia, Sphagnum, Woodwardia, Xyris, Zigadenus,
et al.

Lilium iridollae occurs where shrubs and cane (Arundinaria tecta) form a dense cover from 0.7-1.5
meters high, as well as out into the ecotone where graminoids and low shrubs dominate, but all sites are
subject to increasingly tall and dense shrub cover in the absence of fire (or cutting in powerlines). 
Because of its size and presumed longevity, the lily is apparently able to compete successfully among
the shrubs but, like so many uncommon to rare species that occur in pocosin habitats, needs occasional
disturbance to reduce shrub density and height (Kral 1983).

The following is taken from White, et al. (1992).  In the Gulf Coastal Plain of Florida and Alabama, L.
iridollae inhabits Baygalls, Wet Flatwoods, Seepage Slopes, and the edges of Bottomland Forests,
typically in sandy peat or loamy soils which are saturated for at least part of the year and include soils
classified as Bibb-Kinston-Johns complex, Dorovan-Pamlico complex, Lynchburg fine sandy loam, and
Rutledge loamy sand (USDA 1980).  The sites have open to full sun or filtered light.  Gulf Coastal
Plain Seepage Slopes are analogous to Streamhead Pocosins and Sandhill Seeps of the Carolinas
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(Schafale and Weakley 1990) and share many species in common.  They occur where downslope
seepage meets an impermeable layer (clay or rock) and is forced to the surface.  Typical plants include
Pinus serotina, P. elliottii, P. palustris, Cyrilla racemiflora, Ilex coriacea, I. glabra, I. myrtifolia,
Cliftonia monophylla, Lyonia ligustrina var. foliosiflora, Myrica heterophylla, Vaccinium corymbosum,
Clethra alnifolia, Chamaecyparis thyoides, Liriodendron tulipifera, plus many grasses, orchids,
insectivorous plants, and other herbs.  Soils are acidic, loamy sands with low nutrient availability. 
Many other rare plant species are associated with this community type, including Dionaea muscipula,
Lysimachia asperulifolia, Tofieldia glabra, and Xyris scabrifolia.  Fires with a frequency of about every
five years limits shrub height and tree invasion.

Baygalls are forested, peat-filled seepage depressions often at the base of slopes.  The canopy is tall,
often dense, evergreen hardwoods dominated by Magnolia virginiana, Persea palustris, and Gordonia
lasianthus, with an open understory of ferns and shrubs typical of Seepage Slopes.  Soils are composed
of acid peats.  Fires occur much less frequently than in Seepage Slopes (perhaps every 50+ years) so
that Lilium iridollae normally inhabits the margins of Baygalls in filtered light.  There is no directly
analogous community type in the Carolina Sandhills region, although Streamhead Pocosins may
approach them in Sphagnum development.

Floodplain/Bottomland Forests occur in stream corridors and are subject to occasional (Bottomland) or
frequent (Floodplain) flooding.  They are characterized by a closed canopy of tall hardwoods, with an
understory varying from densely shrubby to quite open.  Dominants include Acer rubrum, Quercus
spp., Persea palustris, Magnolia virginiana, and Chamaecyparis thyoides.  Vines are often a common
component.  Soils are variable mixtures of clay and organic materials (Bottomland) or sand, organics,
and alluvials (Floodplain).  L. iridollae usually occurs at the margins of these habitats, in the ecotone
between the more open pine/wiregrass uplands, or along the stream corridor itself.

White, et al. (1992), also include Wet Prairies as a habitat type based on descriptions in Henry (1946). 
However, Henry's habitat descriptions, although brief, refer to Seepage Slopes and borders of
Bottomland Forests.  Her use of the term "meadow" is imprecise and may connote a different plant
community than intended.  It is significant that none of the current sites for L. iridollae are found in
Wet Prairies (White, et al., 1992).

Wet Flatwoods are pine forests with relatively open canopies of Pinus serotina and P. elliottii, with
either a thick shrubby understory and sparse ground cover or a sparse understory and dense ground
cover.  Typical shrubs are essentially the same as in Seepage Slopes and Baygalls.  It is a high-
hydroperiod community developed in flat, poorly drained terrain.  Soils are acidic sands overlying
organic hardpan or clay.  Fire is an important component, naturally recurring every three to ten years. 
Extant lily populations associated with this community type occur in the edges or ecotones between
other communities described above.

BIOLOGY-ECOLOGY

Lilium iridollae is an apparent shade-intolerant ecotone species, which requires a regular fire regime or
is otherwise susceptible to successional changes in vegetation.  It is presumed that plants can persist for
some time in overgrown, shrubby, fire-suppressed areas, but it is not known for how long.  Over a long
period of fire suppression, plants will surely lose vigor or be completely lost.

Based on field observations, the percentage of flowering plants within a population may be as high as
80 percent (White, et al., 1992).  However, this number is likely high due to the fact that seedlings and
immature plants are more difficult to detect, while flowering individuals are the easiest.  Barrows
(1989) was able to determine a positive correlation between flower/seed production and plant size,
finding that larger size increased reproductive output.  Barrows suggested that plant size decreased in
shaded, woody-dominated habitats.  Although plants with as many as eight flowers are possible (Henry
1946), most plants are growing in sub-optimal conditions and thus produce only one or two, very
seldom more than three, flowers per plant.

Vegetative reproduction has not been observed; therefore, it has been suggested by White, et al. (1992)
that L. iridollae only reproduces sexually.  However, the presence of fleshy, lateral bulbs strongly
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suggests that some asexual or vegetative reproduction may be possible; this phenomenon is need of
study (TNC 1991-93).

  Phenology 

Flowering occurs from late July to early September with the peak period being mid- to late August (19
July to 5 September on Fort Bragg (TNC 1991-93)), and may be affected by weather and time since last
burn (White, et al., 1992).  Flowers when first open are merely spreading to mildly recurved but soon
recurve so that tepal tips touch each other or overlap.  Fruits develop soon after tepals drop, enlarge
during August and September and remain atop the dried stem through winter.  In southern populations
slender "overwintering leaves" are produced by the underground bulb(s).  The timing of when these are
produced (Henry says "autumnal"), their duration (Henry says "evergreen...often last for more than a
year"), and their function is poorly known or not understood.

  Reproduction 

Nothing is known about natural pollinators, but based on floral morphology, coloration, and position of
anthers and stigma, it is presumed to be insect-pollinated.  Moths and butterflies are suspected; hawk
moths (Sphingidae) have been observed gathering nectar from the base of the corolla tube, though not
necessarily facilitating pollination (White, et al., 1992).

Seed capsules dehisce in late fall or early winter.  Seeds are very small and light, as well as broad and
flat, and so are likely wind-dispersed.  However, seeds probably travel only a few meters from the
parent plant.  Seeds may also be dispersed by heavy rain runoff and water flowing through the wetland
habitats of the species (White, et al., 1992).

Underground bulb(s) are produced laterally at the ends of short rhizomes.  It is unclear whether a given
plant always produce a new bulb for the next year's stem growth.  Limited sampling indicates that
multiple bulbs are produced by larger, presumably older plants, especially ones that also produce
multiple flowers.  It is likely that such lateral bulbs do develop new plants.  In wet soil habitats where
fires often burn erratically, vegetative reproduction via bulbs may be a strategy for survival.  However,
such reproduction has not been verified.  The requirements of germination need to be investigated in
order to determine the proper conditions and timing of this event.

THREATS

Fire suppression over nearly all of the longleaf pine region during the twentieth century has rendered
unsuitable many panhandle lily habitats.  With proper management some may again be suitable, but lily
plants will most likely have to be reintroduced, since in situ seeds may no longer be viable.  Drainage
of wetlands and conversion of vast acres to agricultural and silvicultural (pine plantation) sites has
resulted in the loss of many suitable sites.  Conversion of vast acres to pine plantations and to housing
or industrial tracts has had a more permanent impact and most of these areas cannot be restored. 
However, increased development has provided some habitat in at least a few powerlines and gaslines;
their importance needs to be assessed via extensive surveys.  There is little doubt that the great majority
of L. iridollae plants now are found on properties managed by prescribed burning, i.e., military bases,
state forests, parks and wildlife management areas, private conservation lands, etc.

Grazing by deer in natural landscapes may be deleterious where their populations are not kept in check
by hunting or natural predators.  Kral (1983) states that "All lilies are highly palatable to both deer and
cattle and are the first to go with any grazing pressure."  Henry (1946) stated that "Cattle are permitted
to graze 'at large,' and they roam freely, doing great damage as they are especially fond of the
succulent stems and leaves of lilies.  Hogs, too, which are very plentiful in some localities, are equally
destructive, perhaps even more so, for they easily root up the delicate bulbs in the soft moist soil." 
Barrows (1989) also reports grazing by cattle, as well as predation by an unknown animal and
herbivory by insects; the latter two may be natural events and not frequent enough to constitute a
"threat."

In Conecuh National Forest of southern Alabama, a population was removed by horticultural collectors
(White, et al., 1992), but as far as is known, similar depredations elsewhere in the range have not been
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documented.  Lilium iridollae is large and showy, so that collecting may be more common than
currently believed, especially among those people desirous of possessing such a rare entity.

Construction of dams on streams where L. iridollae occurs has impacted at least one population in
Florida, and the construction of farm and recreation ponds on dozens of streams has possibly impacted
plants in the Carolina Sandhills.  Populations in powerline rights-of-way are potentially threatened by
herbicide and pesticide applications, but specific impacts on L. iridollae have not been studied.

RECOVERY POTENTIAL  

The potential for recovery of this species is unknown but presumed to be reasonably good, given the
apparent success on Fort Bragg.  The largest occurrences there are found in association with the
frequently burned impact areas.  Discoveries in areas on Fort Bragg where the ecosystem was fire-
suppressed for many years until the initiation of a prescribed burning program in late 1960s
demonstrates the ability of the species to survive such conditions and to re-emerge following
reintroduction of fire to the system.

STEWARDSHIP

  RESEARCH NEEDS

The role of fire needs to be carefully researched to determine how it affects habitat suitability,
germination, plant growth and size (including number of flowers), and how it affects production of
lateral bulbs.  In a study of 100 sexually reproductive plants in Florida, Barrows (1989) found that
number of flowers per plant was positively correlated with other measurements of plant size, suggesting
that occurrences with a high percentage of one-flowered plants are under stress.  Only 11 percent of his
study plants grew more than one flower, and none grew more than three flowers.  However, low
numbers of flowers per plant seems to be a universal phenomenon in L. iridollae (based on recent
surveys in AL, FL, NC), and no one has determined what an average or mean number is for this
species.  It is possible that after many years of general fire suppression that all remaining occurrences
of L. iridollae are stressed, but this hypothesis needs to be tested.  In future research, flower data need
to be taken throughout the range of the species and compared with habitat "fitness" (including fire
frequency or other management practices, shrub density, and height of woody vegetation).

Growth of seedlings and immature plants would be a fertile area of study, particularly as it relates to
management practices.  Similarly, a study of the growth of lateral bulbs and its probable relation to the
production of new plants needs to be investigated and correlated with environmental parameters such as
fire frequency, woody plant growth, etc.

Occurrences of L. iridollae usually contain small numbers of plants.  It is unknown whether this is a
normal result of its reproductive biology or the result of observing only stressed populations.  Other
research topics are suggested under the Reproduction section above.

Management research needs are dependent on first obtaining some hard data on the species' biology and
autecology under controlled conditions of site management.  Success of individual plants and of
populations is likely to be directly linked to specific kinds of disturbances and these need to be
quantified.

  MONITORING NEEDS

Individual plants and their specific locations need to be permanently marked and the plants monitored
over time.  Observations in the Sandhills of NC in 1991-93 indicate that individual plants are erratic in
their appearance above ground.  Their appearance needs to be compared with timing of most recent
burn (or cutting/mowing in powerlines), as well as with age of plant and when it last flowered.  These
and other factors may be important in the reproductive biology of the species.  Observations of the
large population in Alabama (3500 plants) may shed some light on habitat preference, reproductive
biology, and favorable management practices.
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Inventory.  In 1990-92, a complete inventory was made in southern Alabama and in panhandle Florida
(White, et al., 1992).  It is reasonable to believe that few current sites remain undetected there. 
Currently the greatest need for inventory is in Georgia and South Carolina, particularly in the Sandhills
region of those states, as well as in southwestern Georgia.  The SC population was found during the
course of searches of impact areas for rare Lepidoptera (Weakley 1993b).  Mown powerlines and
gaslines that intersect streamheads are likely to harbor plants, as are well-burned Streamhead Pocosins,
Baygalls, and Wet Flatwoods.  It is surprising, though other species show similar distributions, that no
populations have been found west of Mobile, Alabama, especially in the rich hillside bogs in
southeastern Mississippi.  Yet, enough detailed fieldwork has been done there in the past ten years that
it is unlikely that significant populations exist.

From 1991-93, a comprehensive inventory for rare plants was conducted at Fort Bragg and Camp
MacKall military reservations, and 21 sites for L. iridollae were located on Fort Bragg (TNC 1991-93). 
An intensive survey on 25,000 acres of the Sandhills Game Land in Richmond and Scotland counties,
NC, scheduled for 1994 may identify more occurrences.

  MANAGEMENT PROCEDURES

Until specifics of research projects are gathered, managers and land stewards can return fire to the
landscape, if this has not already been initiated.  The number of occurrences of L. iridollae in Florida
and North Carolina is in large part due to the prescribed burning programs conducted on U.S. Air
Force, U.S. Army. and U.S. Forest Service lands.  On Fort Bragg, NC, the program began in the late
1960s with winter, fuel-reduction burns every five years to suppress oaks and other hardwoods,
followed in 1990 by growing-season burns in a three-year rotation (Sewell, et al., 1993).  The overall
quality of the longleaf pine ecosystem on Fort Bragg, including Streamhead Pocosins and their
ecotones, is a direct result of this burning program.

STEWARDSHIP SUMMARY

With the inclusion of Lilium sp. 2 into L. iridollae, thorough inventories to locate historic and unknown
occurrences should be done on lands within this expanded range that have fire management programs. 
Biological research needs to be conducted on the sexual and asexual reproduction of this species,
especially with respect to the effects of fire on reproduction.  Biological monitoring and management
research programs also need to be developed and implemented to assess the effectiveness of existing
management procedures.  Protection against overcollection, mechanical damage, sedimentation,
changes in soil hydrology, and shrub encroachment is imperative for habitat and species maintenance.

REFERENCES

Adams, R.M., II, and W.J. Dress. 1982. Nodding Lilium species of eastern North America (Liliaceae).
Baileya 2: 165-188.

Alabama Natural Heritage Section. 1993. Plant inventory list. Dept. of Conservation & Natural
Resources, Montgomery, February 1993.

Anderson, L.E. 1993. Curator, Florida State University, Tallahassee. Personal communication to B.A.
Sorrie, The Nature Conservancy, Sandhills Field Office, Southern Pines, NC, May 1993.

Barrows, E.M. 1989. Flower Number, Plant Size, and Plant Vigor in a Florida Population of the
Globally Endangered Pot-of-Gold Lily, Lilium iridollae. J. Washington Acad. Sci. 79: 118-
122.

Florida Natural Areas Inventory. 1993. Special plants and lichens. Tallahassee, May 1993.

Godfrey, R.K., and J.W. Wooten. 1979. Aquatic and wetland plants of the southeastern United States.
Mocotyledons. The Univ. of Georgia Press, Athens.



312

Henry, M.G. 1946. A New Lily from Southern Alabama and Northern Florida. Bartonia 24: 1-4; 4
plates.

Hudson, B.D. 1984. Soil survey of Cumberland and Hoke counties, North Carolina. USDA Soil
Conservation Service, Washington, DC. 155 pp. +maps.

Kral, R. 1983. A report on some rare, threatened, or endangered forest-related vascular plants of the
South. Paper 137: Lilium iridollae M.G. Henry; panhandle lily. USDA Forest Service Tech.
Pub. R8-TP2, pp. 199-202.

Kral, R. 1993. Professor/Curator, Vanderbilt University, Nashville, TN. Personal communication to
B.A. Sorrie, The Nature Conservancy, Sandhills Field Office, Southern Pines, NC, 11 August
1993.

NCSC. 1993. North Carolina State University herbarium collections. Data compiled by B.A. Sorrie,
The Nature Conservancy, Sandhills Field Office, Southern Pines, NC.

NCU. 1991-93. University of North Carolina, Chapel Hill herbarium collections. Data compiled by
B.A. Sorrie, The Nature Conservancy, Sandhills Field Office, Southern Pines, NC.

North Carolina Natural Heritage Program. 1993. Lilium iridollae Element Occurrence Records for
North Carolina. Dept. of Environment, Health & Natural Resources, Raleigh.

Radford, A.E., H.E. Ahles, and C.R. Bell. 1968. Manual of the vascular flora of the Carolinas. The
Univ. of North Carolina Press, Chapel Hill. 1183 pp.

Schafale, M.P., and A.S. Weakley. 1990. Classification of the natural communities of North Carolina,
Third approximation. North Carolina Natural Heritage Program, Raleigh.

Sewell, D., A.B. Crawford, and M. Hunnicutt. 1993. DEH-Natural Resources Branch, Fort Bragg.
Meeting with The Nature Conservancy, Sandhills Field Office staff to discuss past and current
land management practices on Fort Bragg Military Reservation. 5 February 1993.

Skinner, M. 1993. Botanist, California Native Plant Society, Sacramento. Personal communication with
B.A. Sorrie, February 1993. Skinner's Ph.D. thesis was on the genus Lilium in the western
U.S.

Sorrie, B.A. 1993a. Lilium sp. 2 - Description and Taxonomic Notes. Unpublished draft, The Nature
Conservancy, Sandhills Field Office, Southern Pines, NC.

Sorrie, B.A. 1993b. Draft report on Lilium iridollae in the Carolinas.  Prepared for U.S. Fish and
Wildlife Service.

South Carolina Heritage Trust. 1993. Rare, threatened, and endangered species of South Carolina. SC
Wildlife & Marine Resources Dept., Columbia, April 1993.

The Nature Conservancy. 1991-93. Rare and Endangered Plant Survey for Fort Bragg and Camp
MacKall. Contract #M67004-91-D-0010. Personal observations of Sandhills Field Office staff,
Southern Pines, NC.

U.S. Department of Agriculture. 1980. Soil Survey of Santa Rosa County, Florida.

U.S. Fish and Wildlife Service. 1993. Endangered and threatened wildlife and plants; review of plant
taxa for listing as endangered or threatened species; notice of review. Federal Register 58:
51144-51190.

Weakley, A.S. 1991. Natural Heritage Program list of the rare plant species of North Carolina. North
Carolina Natural Heritage Program, Raleigh.



313

Weakley, A.S. 1993a. Natural Heritage Program list of the rare plant species of North Carolina. North
Carolina Natural Heritage Program, Raleigh.

Weakley, A.S. 1993b. Botanist/Assistant Coordinator, North Carolina Natural Heritage Program,
Raleigh. Personal communication with B.A. Sorrie, The Nature Conservancy, Sandhills Field
Office, August 1993, regarding photos obtained at Fort Jackson, SC, by S. Hall of NCNHP.

White, D.L., T.E. Ostertag, and R.A. Hilsenbeck. 1992. Draft Final Status Survey Report for the
Panhandle Lily (Lilium iridollae Henry). U.S. Fish and Wildlife Service Cooperative
Agreement No. 14-16-0004-89-961.



314

Summary of the potential effects of the RCW Management Guidelines on Lilium iridollae.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X       

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X        

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control    X    

      Thinning    X    

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Lilium iridollae

Lilium iridollae occurs primarily in the ecotones between streamhead pocosins (linear, sphagnous, shrub
and tree dominated thickets found along small creeks and their headwaters) and drier longleaf pine-oak
uplands, and in wetter pine savannas and flatwoods, as well as in ecotonal areas between these habitats
and more xeric longleaf pine-oak communities.  It appears to depend on periodic fire to maintain its
open habitats.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for L. iridollae.  However, fuel
removal by raking could destroy population clusters of these plants, which should be marked so that
they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for L. iridollae because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction
of this species.  Recent work suggests that pine flatwood and savanna habitats may be successfully
managed with frequent growing season fires (3 to 5 year return).  Shrubby bog and pocosin margins
probably should not be burned as frequently.  Late season fires should take into account the species
reproductive phenology to avoid adverse effects.  In areas that have been fire-suppressed for lengthy
periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support L. iridollae.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support L. iridollae.  Hardwood
control should be discouraged in pocosin borders and along hardwood stringers.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting L. iridollae should be prohibited unless prescribed burning
fails to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on L. iridollae habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.
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Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for L. iridollae.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on L. iridollae.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.  Forestry operations should be prohibited within 50 ft of wetland margins.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit L. iridollae.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.
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Species Stewardship Summary
LINDERA MELISSIFOLIA

ELEMENT CODE: PDLAU07020
SCIENTIFIC NAME: Lindera melissifolia, synonym L. melissifolium
COMMON NAME: Pondberry, Southern Spicebush, Swamp Spice Bush, Jove's Fruit 

STATUS

GLOBAL RANK: G2
STATE RANK: SH (AL, FL, LA); S2 (AR); S1 (GA, MS, NC, SC, MO)

FEDERAL STATUS: Listed as an Endangered (LE) species by the USFWS.
STATE STATUS:  SE (AR); LE (FL, GA, NC, MO)

DESCRIPTION

  General Description  

Lindera melissifolia (also named L. melissifolium and formerly known as Benzoin melissaefolium) is a
deciduous aromatic shrub of the Lauraceae family, between 0.5 to 1 m tall.  Its stems are numerous
with shoots ascending or erect.  Young stems are hairy with densely hairy buds.  Leaves are alternate,
firm, and droop on short slender petioles.  Leaf blades are: 5-16 cm long and 2-6 cm wide; oblong,
elliptic, or narrowly ovate; entire with ciliate margins; acute to acuminate with a rounded base; and
dark green above and paler and pubescent below.  Plants are dioecious, with both sexes producing tiny
(4mm), pale yellow, 6-parted flowers which appear in axillary clusters.  Male flowers have 9 stamens;
female flowers usually have sterile stamens and are less conspicuous then staminate flowers.  (compiled
from: Radford et al 1968, Kral 1983, USFWS 1993, USFWS 1992, Cooper 1975)

  Technical Description

Shrub, 3-20 dm tall or a little more.  Twigs pubescent.  Mature leaf blades elliptic-oblong, oval, or
lance-ovate, obtusely tapered to rounded basally, acute or short-acuminate apically, 5-10 cm long, 1.5-
3.5 cm wide, with a sassafras-like odor when crushed; both leaf surfaces pubescent.  Flowers in almost
sessile, umbel like clusters from the axes of leaf scars, the clusters subtended by 2 pairs of short scales. 
Flowers mostly unisexual, the plants mostly dioecious;  occasional plants with mostly pistillate flowers
having an occasional staminate flower as well.  Perianth yellow, with 6 similar 2 mm oblong parts in 2
whorls.  Staminate flowers with 9 fertile stamens in 3 series, the innermost each with a pair of stipitate
glands at the base; pistillate flowers with rudimentary stamens.  Fruit is a 10-12 mm ellipsoid-obovoid
drupe, borne on short stubby apically-thickened pedicels, bright red when mature.  (compiled from:
Godfrey and Wooten 1981, Kral 1983) 

  Diagnostic Characteristics

Pondberry is characterized by its thicket forming growth - it grows in clones of numerous (100 to
10,000), usually unbranched, stems.  This species is also characterized by the distinctive sassafras-like
odor of its crushed leaves.  Pondberry may be confused with Lindera benzoin, a species which is taller
(1.6-4.5 m), has erect/ascending or spreading foliage, leaves with tapering bases, a spicy aroma, and is
confined to swamp hardwood sites.  (Kral 1983, USFWS 1993)

DISTRIBUTION

Pondberry has historically been considered a rare species, and currently there are only 36 known
populations distributed in Missouri, Arkansas, Mississippi, Georgia, South Carolina, and North
Carolina.  Extant, naturally occurring populations occur in the following locations: Ripley and Butler
counties in Missouri; Clay, Woodruff, Lawrence, and Jackson counties in Arkansas; Sharkley, Bolivar,
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and Sunflower counties in Mississippi; Wheeler and Baker counties in Georgia; Berkeley and Butler
counties in South Carolina; and Bladen and Sampson counties in North Carolina (USFWS 1993).

HABITAT

Pondberry occurs in seasonally flooded wetland forests (Morgan 1983), sandy sinks, pond margins
(Radford 1968), and swampy depressions (Steyermark 1949).  In the Mississippi alluvial plain and
southern floodplain forests of Missouri, Arkansas, and Mississippi, pondberry is found on sites with
perched water tables and with vegetation similar to that of bottomland hardwood forests.  In the coastal
sites of North and South Carolina, it is associated with the margins of sinks, ponds, and depressions in
the pinelands (USFWS 1993).  Pondberry is assumed to have been extirpated from its former range in
Alabama, Louisiana, and Florida (USFWS 1992). 

In Missouri and Arkansas this species occurs in depressions associated with forested swales in dune
fields.  These dunes were formed from the glacial outwash carried by braided streams during the last
glaciation.  The depressions between the dunes form seasonally wet swamps and ponds which may be
hydrologically connected by the movement of shallow ground water.   Interdune depressions are usually
exposed predune soils - poorly drained acidic loams with a high water table (USFWS 1993).  Pondberry
grows on level ground in these depressions or on the depression banks under complete or partial tree
canopies (Wright 1990).  The predominant overstory species that pondberry is associated with here are
pin oak (Quercus palustris), overcup oak (Quercus lyrata), willow oak (Quercus phellos), swamp red
maple (Acer rubrum var drummondii), and sweetgum (Liquidambar styracifula) (USFWS 1993, Morgan
1983).  

The habitat in which pondberry grows in Mississippi is similar to that of Arkansas and Missouri.  It
occurs on poorly drained soil with a high water table and distinctly gleyed subsurface horizons.  The
associated overstory species are sweetgum (Liquidambar styracifula), sugarberry (Celtis laevigata),
American elm (Ulmus americana), and green ash (Fraxinus pennsylvanica) (USFWS 1993).

Pondberry populations in North and South Carolina occur in significantly different habitats.  In North
Carolina it occurs in sandy sediments with high subsurface peat content and high water table.  Here
pondberry is found in shrubby areas dominated by fetterbush (Lyonia lucida) and high bush blueberry
(Vaccinium corymbosum) with scattered pond pine (Pinus serotina) and longleaf pine (Pinus palustris). 
Populations in South Carolina occur at the margins of limestone sinks and undrained shallow
depressions.  Limestone sinks generally hold water throughout the year, and pondberry is found at the
sink margins at water level (Morgan 1983, USFWS 1993).

BIOLOGY-ECOLOGY

Although canopy closure over most sites where pondberry occurs promotes the development of leaves
with the morphology and photosynthetic response typical of shade leaves (Wright 1990), this species
can be found in full sun (USFWS 1992).  Where the tree canopy is approximately 50% open, pondberry
develops thicker and more rugose sun leaves (Wright 1990).  In general this species is considered to be
shade-tolerant (USFWS 1993).

Pondberry appears to have both hydric and xeric adaptations (Wright 1990).  It is a plant of high
hydroperiod soils and is frequently found in standing water (Kral 1983).  Water table and depth of
seasonal standing water, as well as edaphic conditions, appear to affect its distribution (Morgan 1983).   

Pondberry's hydric adaptations include a shallow root system with principal rhizomes and roots in the
top 20 cm of soil.  Rhizomes are thicker than roots and grow horizontally within a few centimeters of
the surface.  Root growth in pondberry is not vigorous, extending from rhizome nodes only for a few
additional centimeters.  This is presumably because root growth and metabolism are hindered by lack of
soil aeration, although the roots and rhizomes of some wetland plants can tolerate hypoxic conditions. 
Microscopic cross-sections of rhizomes and roots of pondberry revealed tissues with regular
intercellular spaces (lacunae) that appear to enhance diffusion of oxygen to underwater parts (Wright
1990).
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When severe late summer drought develops at a site, pondberry's response indicates that they are
adapted to survive drought conditions that tend to limit competing plants, notably Brunnichia ovata, a
competing vine.  Pondberry resists wilting and recovers quicker then B. ovata, and is facultatively
deciduous under conditions of extended drought.  In Arkansas, the periphery of a number of colonies
were observed to extend up pond banks well above the high water mark, where surface soils tend to be
sandy and summer drought more severe.  Their advance appears to be checked by competition rather
then lack of moisture, as they become overgrown by a number of woody species (Wright 1990).
  
Wright's (1990) Arkansas study also found that at the upper margins of populations typically faced
considerable competition from other woody species, but at the lower margins there was little else in the
shrub layer.  Species of Brunnichia, Simlax, and Rubus were the main competitors, but only a minority
of stands had significant numbers of these species.

  Phenology

Flowering occurs in late winter (February - March), often while the plants are still in standing water
(USFWS 1993).  Flowers usually remain open for about one week, and dormancy is not broken until
late April when leaf and shoot growth begins concurrent with leaf expansion in the overhead tree
canopy.  By late spring (April - May), the water level has usually receded from the lowest stems of
pondberry, with the ponds remaining dry for the rest of the growing season (Wright 1990).  Fruiting
has been reported from August to September (Cooper 1975) or in October (USFWS 1993, USFWS
1992, Wright 1990).  Most mature fruits persist on the plants for one to two months (Wright 1990), but
fruits seem to have little reproductive value (USFWS 1992).  Evidence of seedling production or
seedling establishment has rarely been observed in the wild (USFWS 1993).  

  Reproduction

Pondberry reproduction is primarily vegetative with clonal stems expanding by means of stolons
(USFWS 1993) or rhizomes (Morgan 1983).  Stems flower in the second to fourth year of growth.  The
stems continue to grow in subsequent years but usually die by the sixth or seventh year.  Dead stems
are replaced by young stems at the base (rootstock) (USFWS 1993, USFWS 1992).  Thus, a mature
clone/colony usually consists of numerous dead stems along with younger leafy ones.  Many
populations consist primarily of male plants (USFWS 1993).  

Breeding systems for this species are not well known.  The similarity of pondberry flowers to the
flowers of Lindera benzoin suggests that it may also be insect pollinated, although no specific
pollinators are known.  Mechanisms for seed dispersal are also little understood.  The seeds are
presumed to fall from the plant (seeds have been observed under the mature plants) or picked off by
animals (the fruits of pondberry's congener Lindera subcoriacea are readily eaten by birds) (USFWS
1993).  It has been noted that the showy red fruits of the common spicebush (Lindera benzoin) are
utilized by wood thrushes, verrys, and other common bird species, and it is therefore likely that
pondberry fruits are also being eaten and dispersed in this manner (Morgan 1983).  

Seed production varies annually, with each fruit producing one seed.  An individual stem can produce
up to 150 fruits, while each individual clone may have a 10 to 100,000 fruits.  Yet there are few seeds
produced in relation to the number of stems in a colony because most populations are male dominated
or all-male.  Although viable seeds are present in mature fruit, germination does not appear to be
vigorous in the wild (USFWS 1993), and seedlings are very uncommon in nature (Wright 1990). 
Planted seeds appear to have better germination success (Wright 1990, USFWS 1993).  It appears that
in nature, competition for light and perhaps water may prevent most of the seedlings from entering the
shrub canopy (Wright 1990).  

THREATS

  Habitat Loss and Alteration

The major threat to pondberry's continued existence is the alteration or destruction of its habitat through
land-clearing, drainage modification, or timber harvesting.  Land clearing operations for agricultural
and residential development have been responsible for the drastic loss of bottomland forests in
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Arkansas, Mississippi, and Missouri (USFWS 1993).  In Missouri and Arkansas, protected populations
are surrounded by predominately agricultural land and have little buffer area for protection from such
ditching and draining.  There is evidence to suggest that changes in drainage patterns may have
occurred at the site of a North Carolina population in Bladen County (Morgan 1983).

Hydrologic changes can severely impact pondberry.  Drainage from ditch-building and field leveling
alters the wetland habitat of pondberry and affects the water levels in the area.  Changing water levels
reduce the plant's vigor and may eliminate it from a site (USFWS 1993).  Winter flooding is involved
in reducing competition from other shrubs, so that drainage of sites would be deleterious to pondberry
(Wright 1990).  The timing of pond drying may be as important as the maximum pond depth in
maintaining pondberry's competitive ability (Wright 1990).   

Machinery used in timber harvesting activities may crush pondberry plants or cause uprooting of
surrounding trees, which would destroy the plants (USFWS 1993).  Heavy equipment driven through
one site in Arkansas resulted in poor regrowth and recovery where there was depth to the ground
disturbance (Wright 1990).  Pondberry apparently thrives best under a closed canopy, and tree removal
may be detrimental to the species.  Timber cutting and road construction may also affect the hydrology
of the area (USFWS 1993).

  Biological Threats

Lack of seedling establishment could be another reason for the decline and lack of expansion of
pondberry colonies.  Most colonies are clonal and consist of primarily of male plants.  Consequently,
most of the stems in a colony will not produce seeds.  In colonies where mature fruits are produced
regularly, few seedlings have been observed (USFWS 1993).   This lack of sexual reproduction impairs
the establishment of new colonies and limits genetic variation to that of the established clones (USFWS
1993).  In addition, seedlings that do establish grow very slowly in the presence of mature plants
(Wright 1990).  

Some pondberry populations have been adversely affected by domestic animals and wildlife.  A
pondberry site in Arkansas was grazed by cattle, which subsequently encouraged the invasion of
aggressive weedy species.  Plants at one Georgia site were trampled by domestic hogs, and grazing by
white-tailed deer may have impacted a pondberry population in Francis Marion National Forest.  Each
of these populations, and potentially others, may decline due to animal interference (USFWS 1993). 

Additional reasons for decline include changes in climatic conditions and the presence of a fungus and a
weevil.  Pondberry requires moisture to thrive and survive.  Recent droughts may have had an adverse
effect on growth and germination.  Missouri and northern Arkansas populations suffer from severe
winter stress that causes dieback of above-ground stems.  Separate cases of dieback have been reported
to be caused by the fungus Phomopsis and the weevil Heilipus squammosus.  The significance of
drought, the weevil, and the fungus to the long-term survival of the species is not currently known
(USFWS 1993).  

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

The proper soils and undrained, undisturbed habitat appear to be the greatest demands of this species. 
Land protection should include buffer zones surrounding pondberry sites (USFWS 1993).  Populations
with both sexes present should be targeted for protection.  

  RESEARCH NEEDS  (For more detailed coverage see USFWS 1993.)

  Biological

Little is known about the population biology of this species and the environmental conditions necessary
for the species long-term viability.  Research needs to be done on the reproductive biology and
pollination mechanisms, seed biology, and seedling ecology of pondberry.  Permanent plots should be
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established to determine the relationships between abiotic factors, such as light intensity and soil
moisture, and biotic factors such as germination, competition, and predation. 

Seedling survivorship and establishment studies should be conducted.  These studies should include
determinations of: the dispersal mechanisms; the mechanisms of germination and seed dormancy; the
role of predation on seeds and seedlings; and the environmental requirements of seedlings.

The autecology requirements of pondberry must be determined to provide needed management actions. 
Research should be conducted to determine: the hydrology of the pondberry's habitat; the long-term
demographics of pondberry; and suitable management techniques to enhance germination and colony
vigor.

Survey's are needed to determine the exact status of pondberry's reproductive health (sexual and clonal)
and the size and distribution of colonies within all populations.  Survey's should collect data to:
standardize the methodology for defining individuals; determine the stem replacement rate by asexual
reproduction; identify the sexually reproducing colonies, sex ratio of flowering plants, and proportion
of seed set; identify the genetic variability of colonies through electrophoretic studies; define a self-
sustaining population and determine the distribution of protected populations required for recovery.

  Management

The impact of the construction and operation of greentree waterfowl reservoirs on pondberry
populations needs to be determined.  Future development of reservoirs should be carefully planned to
avoid impacts to the species.  

Agricultural runoff and herbicide/pesticide use needs to be assessed.  The water level impact of
management practices on adjacent lands also needs to be evaluated.

Areas around colony buffer zones should be monitored to determine activities that could negatively
affect pondberry.  The hydrology and evapotranspiration rates of an area could be altered by large scale
clear-cutting, draining, or flooding from agricultural practices or reservoir construction.  Broad scale
impacts of agricultural contaminants should also be assessed.  

  RESEARCH PROGRAMS

The Missouri Department of Conservation is considering the effects that a proposed Soil Conservation
Service watershed project would have on the Missouri populations (Morgan, 1983).

Mississippi's Delta National Forest has two colonies of pondberry occurring near greentree waterfowl
reservoirs.  There are plans to survey and monitor these reservoirs for pondberry (USFWS 1993). 

  MONITORING NEEDS

Populations should be monitored annually to determine the size and health of all populations and to
ensure that current management practices provide for the long-term health of the species (USFWS
1993).

Insect damage should be monitored.  The weevil discovered on pondberry in North Carolina should be
studied to determine its role in the pondberry stem dieback, which was previously assumed to be caused
by a fungus.

  MONITORING PROGRAMS

In 1991, the Delta National Forest, which contains Mississippi's largest population was developing a
program for population monitoring and management by conducting extensive field surveys (USFWS
1992).  

The North Carolina Plant Conservation Program currently has a program to monitor populations of
pondberry in that state (Boyer 1995).
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  MANAGEMENT NEEDS  (From: Wright 1990)

To sustain the vigor of existing populations of pondberry, the tree canopy should be kept at least
partially intact.  Although openings in the canopy may favor growth of competing plants, winter
flooding seems critical in controlling potential competitors.  Therefore, a stable hydrological regime
should be maintained.  Until experimentally verified, the surrounding dune slopes should be considered
part of the hydrological system of a given pond.  In Arkansas, where these dunes have been in row
crops for some years without any current evidence that the clearing adversely affected the pondberries,
agricultural use of the dune slopes may perhaps be safely continued.  Any chemicals applied nearby,
including herbicides, should be presumed capable of reaching the ponds through underground lateral
movement of water.

Enhancing seed reproduction might be of major value to the species, by way of enriching the gene pools
of existing populations and fostering the establishment of new populations.  Greenhouse-grown
seedlings might be transplanted into the field, but their survival capabilities in the wild have yet to be
determined.  Existing seed banks might be stimulated to germinate by low levels of disturbance, which
could then be simulated in patches where seed was sown.  Future studies should explore these and other
possibilities for promoting reproduction of seed.   

Several populations occur within the boundaries of national forests in South Carolina and Mississippi. 
Site-specific management plans should be developed for these populations to ensure their continued
protection.   

  MANAGEMENT PROCEDURES  (From: USFWS 1993)

Management should include buffer zones surrounding the existing sites supporting the species.  Such
zones will assist in protecting the hydrology of existing sites and will provide the environmental
conditions required for the maintenance of healthy populations.  It is not currently known what size
buffer zone will be needed to adequately protect pondberry's habitat, although the size of buffer zone
may vary depending on topography, vegetation, and soil type.  

Management should include protecting pondberry populations from forestry and agricultural
management actions.  A 30 meter buffer around a colony is suggested to maintain crown closure as well
as keep hydrological influences intact (Banker and Goetz 1989).  Management procedures used in the
national forests which should be avoided include: construction; clear-cutting; timber-thinning; and
constructions and maintenance of roads and trails, as well as associated ditching to prevent road
flooding.  Roads, trails, and ditches should be relocated where necessary to protect pondberry
populations.     

The cumulative effects of forestry activities or hydrological alterations should be considered for
populations as a whole.  Care should be taken to prevent the creation on isolated pondberry islands. 
Individual colonies within populations should remain contiguous to ensure that natural dispersal takes
place.

Development of greentree waterfowl reservoirs should be carefully planned to avoid impacting
pondberry.  Past levee maintenance has included mowing and spraying - herbicide use near pondberry
plants should be discontinued until its impact is assessed.  
 
Pondberry should be protected from grazing and browsing animals.  Domestic stock grazing on
pondberry areas on State and Federal lands should be prohibited.  If necessary, fences should be
constructed to protect privately owned populations.  

  MANAGEMENT PROGRAMS

In 1991, the Delta National Forest in Mississippi was developing a program for population monitoring
and management.  The Arkansas Natural Heritage Program has contacted land-owners to encourage site
protection (USFWS 1992).  

The North Carolina Plant Conservation Program has a program to monitor, manage, and propagate
pondberry (Boyer 1995).
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The Francis Marion National Forest currently has a program to manage and propagate pondberry
(Watson and Buckles, 1992).  In 1992, two new pondberry sites were established by transplantation. 
Two years later, all plants were healthy, with some sprouting from the rhizome.  Also in 1992, six
pondberry seeds were germinated in the USDA National Seed Lab in Macon, Georgia.  These seedlings
were outplanted to a new site, and are also doing well.  In 1993 Francis marion expanded its program,
collecting 100 pondberry seeds of which 91 germinated.  Three new sites were established and five
existing populations were enhanced.     

STEWARDSHIP SUMMARY

Systematic searches for new populations and protection of known pondberry populations presents the
best opportunity for assuring survival of this species.  Further loss of pondberry habitat needs to be
prevented.  Reestablishment of colonies within historic range should continue to be attempted by
identifying new locations capable of supporting pondberry and planting seedlings grown from stock
(USFWS 1993).

Long-term protection should be secured for pondberry populations occurring on private lands.  These
populations can be protected by: registry as a Registered State Natural Area; cooperative management
agreements; conservation easements; the Conservation Reserve Program; the Water Bank Program; and
land acquisition.  The most effective tool that will provide the required long-term protection should be
used.
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Summary of the potential effects of the RCW Management Guidelines on Lindera melissifolia.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection  X  X     

      Brush clearing  X  X     

      Fuel removal and raking  X  X     

   Midstory control  X  X     

      Prescribed burning  X  X

         Three-year fire return  X  X

         Winter fire  X  X

         Growing season fire  X  X

      Fire management   X

         Berm construction  X

         Plowed fire lanes  X

         Back fires  X  X   

         Natural fire breaks  X  X  

      Mechanical control  X  X  X

      Chemical control  X  X  X

   Hardwood control  X   X

   Pine thinning  X  X  

   Cavity tree retention      X

   Pine beetle control  X  X

      Thinning  X  X

      Pheromones       X

EROSION CONTROL  X

LONGLEAF PINE REGENERATION  X  X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION  X

   Cavity construction  X

   Cavity restriction  X

   Cavity closure  X

EXTRACTIVE LAND USES  X

   Pine straw raking      X

   Timber harvest  X

      Lengthened rotations  X

      Patch creation  X  X  

      Stand conversion  X  X

TRAINING RESTRICTIONS  X

   Impact/Danger areas  X

   Bivouac restrictions  X

   Digging restrictions  X

   Smoke/Gas/Incendiaries  X

   Small arms firing  X

   On-road vehicular traffic  X

   Off-road vehicular traffic  X

EXPANDED TRAINING GUIDELINES  X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes: Lindera melissifolia

Pondberry has scattered occurrences throughout the Coastal Plain states, the common site characteristic
being of occurrence of a perched water table.  In the Mississippi floodplain and adjacent regions
(Missouri, Arkansas, and Mississippi) pondberry is associated with swampy depressions in seasonally
flooded hardwood forests.  In the Coastal Plain of North and South Carolina, pondberry is associated
with the margins of sinks, ponds, and depressions in pinelands.     

Cavity Tree Protection:  Because of its habitat requirements, pondberry is not likely to occur in the 50
ft buffer area around RCW cavity trees.  If a population does occur in a buffer region, care should be
taken to prevent disturbance of the plants by raking or trampling.

Prescribed Burning:  There is no indication that pondberry is adapted to or requires burning for
population stability.  The use of prescribed fire should be avoided around pondberry sites.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, but fire should not be allowed to burn into pondberry sites. 
Berms, fire lanes, and ditches should not be built around these sites because of their potential for
altering the hydrologic conditions which pondberry requires.  Use of heavy equipment in pondberry
sites has been shown to cause poor regrowth and recovery of pondberry populations.

Hardwood Control and Pine Thinning:  Because pondberry appears to be a shade tolerant species which
grows under a tree canopy, opening the canopy by thinning may favor growth of competing species.  If
thinning is necessary, the tree canopy should be kept at least partially intact, and mechanical means of
thinning should be avoided as they may alter the hydrological conditions which pondberry requires. 
Midstory control may be beneficial for pondberry if it removes competing species, but chemical
midstory control should be avoided because of the potential mobility of herbicide chemicals in the wet
habitats where pondberry occurs.

Erosion Control:  Efforts to reduce and prevent soil erosion within HMUs would have a beneficial
effect on pondberry by maintaining the integrity of the hydrological conditions.  Native vegetation
should be used for erosion control wherever possible, but should not be planted among or adjacent to
pondberry sites because of possible competition.  Mechanical means of erosion control should maintain
the natural contours of the surrounding topography and insure the integrity of natural hydrologic
processes.

Longleaf Pine Regeneration:  Re-establishment of longleaf pine into the ecotonal habitats that pondberry
occupies should be avoided, in order to prevent alteration of its habitat.  Regeneration of longleaf pine
should be kept outside a buffer zone (minimum 100 ft) around pondberry sites.  During regeneration of
existing longleaf pine stands, natural regeneration methods should be used, because high-impact
artificial means - including site preparation techniques such as discing, chopping, and bedding - could
alter the natural hydrologic conditions on which pondberry depends. 

Extractive Land Uses:  Although pondberry habitats are not suitable for pine straw raking, it should be
avoided in adjacent habitats because it can destroy ground-layer vegetation and cause or exacerbate
erosion problems.  The heavy machinery used for timber extraction has been shown to cause poor
regrowth and recovery of pondberry populations because it destroys individual plants and alters the
site's hydrology.  Timber extraction around pondberry sites should be avoided, and care should be
taken to prevent isolating colonies of pondberry from whole populations. 

Training Restrictions:  Restrictions on training activities within HMUs - to the extent that they
minimize disturbance to vegetation and soils - should benefit pondberry.  Vehicular activities, road



330

maintenance, and road expansions can threaten nearby populations of pondberry.  Vehicular traffic on
roadways should be monitored to prevent these threats.  Off-road traffic should be prohibited as it is
highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited within a minimum of 30 m from pondberry populations.



     22 Text from: Sorrie, B.A. 1993. Element stewardship abstract: Lindera subcoriacea. In. Rare and
endangered species survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.
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Species Stewardship Summary22
LINDERA SUBCORIACEA

ELEMENT CODE: PDLAU07030
SCIENTIFIC NAME: Lindera subcoriacea B.E. Wofford
COMMON NAME: Bog Spicebush or Pocosin Spicebush

STATUS

GLOBAL RANK:  G2
STATE RANK:  S1 (AL, FL, LA, MS), S1? (GA), S2 (NC), S? (SC), SU (VA)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  E (NC)

DESCRIPTION

  General Description
   
Description is adapted from Gordon, et al. (1986).  

A member of the Laurel Family (Lauraceae), bog spicebush is a multi-stemmed (usually), erect,
deciduous shrub 1.5-3(4) meters tall.  The bark is a brownish-gray with numerous short, whitish
lenticels, and when cut gives off an odor of lemon and turpentine together.  The relatively slender
leaves are broader towards the rounded tip than basally, bluish-green above, very pale green and short-
hairy beneath, somewhat leathery in texture ("subcoriaceous") and appear after flowering.  Tiny
yellow-green flowers are produced in clusters of 3-4 at the ends of distinct paired stalks emanating from
last year's bud scars.  Small, bright red fruits about 10 mm long mature during summer.  Plants are
often clonal and apparently spread by suckering.

  Technical Description
 
Description was adapted from Gordon, et al. (1986).  

Dioecious, deciduous shrub up to 4 meters tall, more-or-less clonal and spreading vegetatively by root
suckers.  Branches and twigs alternate, ascending, often erect, seldom spreading.  Bark pale gray-
brown, glabrous, covered with numerous horizontal lenticels; young twigs rufescent tinged and
pubescent.  Inner bark with distinct mixed fragrance of lemon and pine (turpentine), apparently
decreasing in intensity towards fall and winter.  Leaves alternate, subcoriaceous (more so in sun),
oblanceolate to elliptic, 4-7.5 cm long, 2-3.5 cm wide, apex obtuse to rounded (mucronulate when
young), cuneate basally to a canaliculate, pubescent petiole 3-10 mm long, margin entire, upper surface
green and glabrate, lower surface pale, glaucescent, moderately appressed-pubescent, turning yellow in
autumn.

Flowers appear well before leaves in axils of preceding year's leaves on paired, diverging, relatively
thick, supra-axillary branchlets 1.5-3 mm long; buds (globose, about 2.5 mm wide) and branchlets
pastel green, the former tinged castaneous.  Inflorescences of 1-4 cymose clusters, each cluster 3- to 4-
flowered, subtended by two pairs of concave, decussate, deciduous bracts up to 3.5 mm long.  Flowers
imperfect, functionally dioecious, regular, a central one surrounded by 2-3 outer ones; tepals 6, pastel
green, 2.2 by 1.8 mm, glabrous, pellucid-punctate.  Staminate flowers on pedicels to 4 mm long and
crisped-hairy; stamens 9, yellowish-green, 2-locular, in three series, stamens of the inner series flanked
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by two yellow, irregularly shaped glands; pistil more-or-less rudimentary but up to 3 mm long. 
Pistillate flowers on pedicels to 1.5 mm long and crisped-hairy; tepals slightly smaller than staminate,
stigma papillose, style 1-2 mm long, ovary elliptic, 1-1.5 mm long; stamens variously developed, often
reduced to glandlike structures.  Fruit a bright red drupe, about 10 mm long, elliptic, and borne on
pedicels to 4 mm long.

  Diagnostic Characteristics 

In the fall, Lindera subcoriacea may be confused with Ilex laevigata and I. verticillata, but in the spring
nothing else in its habitat combines such early blooming (mid-March) with the appearance of paired
inflorescences along the twigs.  Sassafras albidum may inhabit adjacent uplands and flower at the same
time but has very much larger inflorescences, and its twigs have a sweeter spicy odor.  In the summer,
bog spicebush is very difficult to detect, due to its general similarity to species of Ilex, Aronia, Cyrilla,
Lyonia, Myrica, Vaccinium, etc.

The best time to survey for Lindera subcoriacea is during its early flowering period (mid-March to
April in the NC Sandhills region) when surrounding deciduous shrubs have not yet put out their leaves. 
Additionally, as early as February, the paired, yellow-green flower buds have begun to swell and are
easily recognized and can be detected by the trained observer.  Though often obscured by surrounding
vegetation and more difficult to see in summer, the presence of bright red fruits does allow for easy
identification (TNC 1991-93, Gordon 1993).

DISTRIBUTION

Originally believed to be endemic to southern Mississippi and adjacent Louisiana, by 1989 Lindera
subcoriacea had been reported from the Pine Barrens of New Jersey and the Coastal Plain of Virginia,
North Carolina, South Carolina, Georgia, and peninsular Florida (McCartney et al. 1989).  These
peninsular Florida reports have since proven to be L. benzoin, but recently a bona fide occurrence was
found in the Florida panhandle (Amoroso 1993).  Several early collections from the New Jersey Pine
Barrens, at one time believed to be bog spicebush (McCartney et al. 1989), have all proven to be L.
benzoin (Snyder 1993).  Therefore, L. subcoriacea is unverified for that state.

Lindera subcoriacea was historically known from seven locations along the Gulf Coastal Plain of
Mississippi and Louisiana (Gordon et al. 1986).  One of the Mississippi occurrences is believed
extirpated (MNHP 1992), and an occurrence in Anson County, NC, last seen in 1985, is believed
destroyed (NCNHP 1993).  Misidentified early collections later determined to be Lindera subcoriacea
were made in:  Southampton County, Virginia (1800s); Cumberland County, North Carolina (14 April
1903); and Richmond County, Georgia (18 June 1911) (Gordon et al. 1986).  Currently Lindera
subcoriacea ranges throughout the coastal plain from Virginia to Mississippi.  

Current Ownership.  In North Carolina, 29 occurrences (85 sites) are located on Fort Bragg and one on
Camp MacKall (U.S. Army), one is on state-owned Weymouth Woods Sandhills Nature Preserve, three
are on the state-owned Sandhills Game Land (NC Wildlife Resources Commission, one is at Black
Ankle Bog Preserve (The Nature Conservancy), and two are presumed to be on private land (NCNHP
1993).  In South Carolina, one population is located on Fort Jackson (U.S. Army), and the remaining
ownership is unknown (SCHT 1992).  In Florida, one population occurs on Eglin Air Force Base (U.S.
Air Force) in Okaloosa County (Amoroso 1993).  In Alabama, one population is on U.S. Forest Service
land, and one is on private land (Collins 1993).  In Mississippi, most of the occurrences are on private
land; however, one is found on a Nature Conservancy preserve, and one is located in DeSoto National
Forest (USFS) (Gordon 1993).  In Louisiana, the only population is on timber company land (Larke
1993).  The ownership in Virginia is not known.

Three sites which support Lindera subcoriacea have been registered in the Registry of North Carolina
Natural Areas; they are at Weymouth Woods Sandhills Nature Preserve (state preserve), Still Lane
Seepage Slopes Natural Area in Sandhills Game Land (state-owned), and Juniper Springs Church
Natural Area (privately owned) (NCNHP 1993).

HABITAT
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Bog spicebush inhabits permanently moist to wet, shrub-dominated seepage wetlands ("bogs" or
"pocosins") (Gordon et al. 1986).  On the Gulf Coastal Plain of Alabama, Mississippi, and Louisiana
such wetlands occur on level to slightly sloping terrain and have been termed pitcher plant bogs or
quaking bogs, depending on depth of peat buildup.  Dominants include sphagnum moss, sedges,
grasses, pitcher plants, and diverse shrubs and herbs.  Bog spicebush also inhabits hillside seepage bogs
and bayheads, which are shrub-dominated wetlands on slight to moderate slopes.  In Mobile County,
Alabama, Bridges and Orzell (1989) described one site thus:  "Lindera subcoriacea is occasional in
partial shade of evergreen shrub-tree thickets within an extensive series of mid-slope hillside seepage
bogs."

Soils have been described as "peaty muck" (Gordon 1993), "very acid ... high in organic matter ...
permanently saturated ... often growing in floating mats of vegetation atop thick layers of peaty muck"
(Gordon et al. 1986).  These descriptions apparently refer to bog communities in Mississippi; soils at
sites in North and South Carolina are much less wet, although Sphagnum is nearly always present.  Soil
series which support bog spicebush on Fort Bragg include Blaney (Arenic Hapludults), Gilead (Aquic
Hapludults), Johnston (Cumulic Humaquepts), and Vaucluse (Typic Hapludults) (Hudson 1984,
NCNHP 1993).

In the Sandhills region of the Carolinas and Georgia, bog spicebush occurs in Streamhead Pocosins,
shrub-and-tree-dominated wetlands that border headwater streams draining the variously sloping hills. 
The author believes this habitat to be analogous to the bayheads (bay forests) and probably also to the
hillside seepage bogs of the Gulf Coast.  The pocosins are usually narrow, forming a 5- to 50-meter
band along each side of the stream, or in larger stream systems flanking the zone of tall swamp forest
trees.  L. subcoriacea is usually found within the pocosin, often occurring at the transition from
shrubby slope to the flat (although narrow), forested floodplain.  This may reflect the species'
preference for permanently moist substrate.

In southeastern Virginia, plants inhabit similar habitats along streams that drain uplands within
ecosystems formerly dominated by longleaf pine and turkey oak (McCartney 1990, Ludwig 1993).

Lindera subcoriacea sites share many species in common.  Among the most constant are Sphagnum
spp., Acer rubrum, Aronia arbutifolia, Arundinaria tecta, Chamaecyparis thyoides, Cyrilla racemiflora,
Ilex coriacea, I. glabra, I. laevigata, Magnolia virginiana, Myrica heterophylla, M. inodora, Nyssa
biflora, Persea palustris, Pinus serotina, Smilax glauca, S. laurifolia, Symplocos tinctoria, and
Toxicodendron vernix.  Limited canopy cover appears to be important; plants under dense shade appear
less robust, as if struggling to compete with Lyonia lucida, Magnolia virginiana, and other shade-
tolerant species.  On Fort Bragg, several occurrences are found where roads cross a stream, suggesting
that limited disturbance may reduce competition and provide additional light (TNC 1991-93).

Additionally, Lindera subcoriacea is often found with or near other rare plants in the NC Sandhills,
including Lysimachia asperulifolia, Kalmia cuneata, Eupatorium resinosum, Tofieldia glabra, Xyris
scabrifolia, Eriocaulon aquaticum, Scirpus etuberculatus, Cladium mariscoides, Lilium iridollae,
Rhynchospora macra, R. pallida, R. stenophylla, Oxypolis ternata, Calamovilfa brevipilis, Carex
turgescens, Sporobolus sp. 1, and Lycopus cokeri.  In Mississippi, it is often found with or near such
rare species as Carex exilis (Bryson et al. 1988), as well as Xyris scabrifolia, X. drummondii, Agalinis
aphylla, Lachnocaulon digynum, Pinguicula primulifolia, P. planifolia, Rhynchospora macra, and
Calopogon barbatus (Gordon 1993).

BIOLOGY-ECOLOGY

Like other rare shrubs which occur in wetland communities of the Atlantic and Gulf coastal plains (i.e.,
Kalmia cuneata, K. hirsuta, Litsea aestivalis), Lindera subcoriacea appears to be dependent on fire
disturbance for periodically removing competing vegetation.  Little is known, however, about the
frequency and intensity of fires necessary for its survival.  In the NC Sandhills region, estimates of
historic fire return intervals for pocosin communities range from 5 to 15 years (Christensen 1981).  The
species appears to tolerate a wide range of burning regimes; flowering plants have been found in
frequently burned areas (nearly annually in the live-ammunition and buffer areas of Fort Bragg) and
also in sites which may not have burned in two to three decades (TNC 1991-93).  It is likely that
occurrences in overgrown sites are in decline and that recruitment through sexual reproduction in
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deeply shaded sites is minimal to none.  These assumptions need to be confirmed with field
observations.

Removal of dense vegetation through fire may also be important to Lindera subcoriacea for maintaining
the hydrology and permanently wet conditions that the species prefers.  Fire-suppressed, overgrown
seeps and bogs will likely have higher evapotranspiration rates which may lead to locally drier
conditions (Wells and Whitford 1976, TNC 1991-93).

It is not clear why Lindera subcoriacea prefers high-moisture, sphagnous areas.  It is possible that seed
germination and seedling establishment of the species can only occur in a permanently saturated but still
aerated substrate such as Sphagnum.  It is also possible that bog spicebush is less fire-dependent than
woody species which occur along the more frequently burned outer ecotones, such as Kalmia cuneata.

  Phenology 

In the North Carolina Sandhills region, flowering occurs from mid-March to mid-April (inclusive
flowering dates for 1992 on Fort Bragg were 9 March to 16 April); flowers remain open only 10-14
days; fruits mature in summer, turning red by mid to late July (TNC 1991-93).

  Reproduction 

Although Lindera subcoriacea will regularly flower and occasionally fruit, no seedlings have ever been
seen in the field (Gordon et al. 1986), and it appears that the species depends on asexual reproduction
through root suckering for most of its growth and survival (Gordon et al. 1986, TNC 1991-93).  The
distribution of the species into widely scattered clumps, however, does indicate that seed dispersal
(likely accomplished by birds and small mammals attracted to the brightly colored, fleshy fruits or by
moving water) and germination occur, if only sporadically.  Seed has been successfully germinated and
plants grown in cultivation by Bob McCartney at Woodlanders Nursery in South Carolina (Gordon
1993).

Botanists on Fort Bragg (TNC 1991-93) and Gordon et al. (1986), in their rangewide survey of the
species have noticed an apparent skewed majority of males.  This condition, coupled with the dioecious
character of the species and its distribution into discreet, widely spaced occurrences, may strongly
regulate its reproductive biology.  Given its distribution, it is possible that outcrossing events are
uncommon, although this may be a recent condition resulting from the relative isolation of occurrences
due to habitat fragmentation.

The exact role fire plays in the reproductive biology of bog spicebush is unclear.  Although the species
will bloom profusely in open, fire-maintained habitat, it has also been seen flowering in partially to
deeply shaded sites; however, flower number is usually lower in deeply shaded sites (TNC 1991-93).  It
is likely that flowering and/or seed production are enhanced in periods following a burn, and that seed
germination and seedling establishment are critically dependent on fire disturbance.  Successful seed
germination may only occur in periods immediately following a burn when competing vegetation and
litter have been removed.  It is possible that seeds have a dormancy period which allows them to persist
in the seed bank (perhaps in Sphagnum) until conditions favorable for their germination arise (i.e.,
following a burn).

Due to its clonal character, it is likely that genetic diversity within small subpopulations is quite low,
with individual clumps probably representing single clones.  Older, possibly long-lived, clumps may
have widely spaced stems which radiate like spokes of a wheel from a central location (Gordon et al.
1986).  Larger subpopulations with widely spaced clumps, of course (such as a site along Jennie Creek
on Fort Bragg with several hundred stems), will most likely contain a large number of genotypes (TNC
1991-93).

THREATS

Gordon (1992) states that the habitat is under "intense pressure."  The general lack of fires in pocosin
and seepage bog habitats during the past 50 or more years has placed L. subcoriacea under increased
stress from competing shrubs and trees, and no doubt some populations have been lost this way. 
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Restoring fire to the landscape via controlled burns will reverse this trend, but that is becoming
increasingly difficult with continued development of surrounding longleaf pine/wiregrass uplands for
housing, agriculture, timber management, and pinestraw raking.

Other known or perceived threats include siltation of streamheads from military training, logging, and
road building, draining of bogs and wetlands, and digging of fire plowlines along wetland ecotones. 
Such plowlines, designed to protect wetland wildlife, have further exacerbated the fire suppression of
Lindera subcoriacea habitats, even though adjacent uplands are burned.

Until a more systematic search of available habitat rangewide is conducted, it is difficult to accurately
assess current or future threats, especially since Lindera subcoriacea was only recently described
(Wofford 1983), and there is a poor record of historical collections of this overlooked plant from which
to judge former abundance and distribution.

RECOVERY POTENTIAL

Because the species is regularly clonal, individual plants are likely to be long-lived, and recovery
potential at a stressed site may be relatively good.

STEWARDSHIP

  RESEARCH NEEDS

Basic questions concerning the reproductive biology of Lindera subcoriacea, such as the environmental
conditions necessary for pollination, successful seed production, seed germination, seedling
establishment, and growth of vegetative offshoots (ramets), are in urgent need of study.  Fire likely
plays an important role in these stages of its growth, and research should be directed towards
determining which burn periods and fire frequencies optimize sexual reproduction.

Practically nothing is known about the level of genetic variation between and within subpopulations of
Lindera subcoriacea.  In fire-suppressed habitats, where successful sexual reproduction is theoretically
low, asexual reproduction may be driving subpopulations towards lower genetic diversity.  Identifying
genetically diverse subpopulations may be an appropriate research goal and may help to determine the
relative importance of asexual versus sexual reproduction for the species.

  MONITORING NEEDS

Inventory needs.  There is a need for more intensive, rangewide inventories to assess the true status and
rarity of this species.  Virginia, Georgia, Florida, and Alabama are particularly in need of additional
status work.  Although this species has only a limited period of time in which to conduct effective field
searches, it is easily recognized during that period.  In the NC Sandhills, it is possible to cover large
areas of suitable habitat has in a short period of time.

From 1991-93, a comprehensive inventory of Lindera subcoriacea and other rare plant taxa was
conducted on Fort Bragg and Camp MacKall military reservations, North Carolina.  As of October
1993, 82 sites (grouped into 29 occurrences) have been located on Fort Bragg and one has been located
on Camp MacKall (TNC 1991-93).  An intensive survey on 25,000 acres of the Sandhills Game Land
in Richmond and Scotland counties, NC, scheduled for 1994 will most likely identify more
occurrences.

  MONITORING PROCEDURES

Subpopulations which occur in different habitats in burned and unburned areas of variable quality
should be monitored (1) to see if the species is increasing or declining in response to current
management practices, (2) to identify which burning regime favors sexual and asexual reproduction in
Lindera subcoriacea, and (3) to study demographic and phenologic trends.
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Boundaries for each of the subpopulations should be mapped so that future spread or decline can be
recorded.  Spread and decline may also be monitored by setting up plots along the edge of the
subpopulations and recording gamet and ramet recruitment into the plots.  Stem counts within sample
plots located within the boundaries of each subpopulation should also be made to monitor increases or
declines.  Mortality and recruitment counts and other demographic counts will require each stem within
each plot to be mapped or flagged.

Occurrences selected for experimental burns should ideally be divided into several units isolated by
firebreaks, roads, etc., so that experimental and control burns can be conducted within each
subpopulation.  Simple stem counts, as well as mortality and recruitment counts, if possible, should be
made for each of the plots.  Counts of sterile and fertile stems for each control and experimental plot
should also be made, as well as flower, capsule, and seed production counts.

  MONITORING PROGRAMS

No monitoring or research projects are known to exist.

  MANAGEMENT RESEARCH NEEDS

Although Lindera subcoriacea is obviously a fire-tolerant, if not fire-dependent, species, its response to
fire disturbance is still not well understood.  Data, such as adult mortality rate and genet and ramet
recruitment rate following a burn, for example, have never been gathered.  This type of data is crucial
for designing fire management plans for Lindera sites.  It will also be crucial to study subpopulations in
severely fire-suppressed areas that are being restored with prescribed burning.

  MANAGEMENT NEEDS

Foresters at both Fort Bragg and the Sandhills Game Land in NC have maintained records of prescribed
burns and wildfires occurring on these properties over the past several decades.  Assessments of bog
spicebush occurrences with this type of historical data at hand may be useful in formulating some
preliminary conclusions about optimal burn frequencies for the species.  Controlled experiments should
be designed to test these frequencies.

  MANAGEMENT PROCEDURES

Based on current knowledge of the species, growing-season burns on a three- to five-year rotation are
recommended for subpopulations that occur in moderately fire-suppressed habitats (i.e., sites that have
not been burned in the last 10-15 years).  Excessively hot fires should be avoided.  Sites that are more
severely fire-suppressed should first be burned in winter to reduce heavy fuel loads.  Subsequent burns
(two to three years following the winter, fuel-reduction burn) should be done in the growing season.

Two obvious restoration activities should be (1) to return fire to communities in which bog spicebush
occurs and (2) to protect and/or restore the watersheds that support the species (Gordon et al. 1986,
TNC 1991-93).  Restoring natural hydrologic conditions to a disturbed site will likely be difficult;
returning fire to a hydrologically intact site may have a higher potential for successfully rehabilitating
the habitat.  The successful restoration of an occurrence should first be measured by an increase in stem
number; long-term success should be measured by increased levels of sexual reproduction and seedling
establishment.  Setting specific stem numbers or recruitment rates as goals for restoration of the species
is difficult, since so little is known about the population dynamics of Lindera subcoriacea and how
important asexual versus sexual reproduction is to the overall health of the species.

Caution should be used when returning fire to severely fire-suppressed pocosins or bogs which contain
bog spicebush.  Overgrown, shrub-dominated sites often lack finer fuels (grasses, sedges, cane) which
help to carry fires through sites, and as a result, hot, very destructive fires are sometimes necessary to
kill back the shrub layer.  Since it is not clear how bog spicebush responds to hot fires, it would be
more advisable to use several, low-intensity burns spread out over one to two decades to reduce the
shrub layer to more "natural" levels rather than using one hot, very destructive fire.

Sites which contain suitable Lindera habitat (but apparently no plants) should occasionally be
resurveyed for the species, especially if the sites were fire-suppressed but recently burned.  It is likely
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that plants can persist vegetatively for a number of years and will possibly only flower and become
evident following a burn.  Seeds should be collected and stored within seed banks maintained by the
Center for Plant Conservation for use in reintroduction of this rare species should the need arise.

  MANAGEMENT PROGRAMS

Since 1990, all managed areas on Fort Bragg and Camp MacKall have been on a three-year, growing-
season, prescribed burning regime.  Prior to 1990, from the mid-1960s to 1989, these areas were
burned on a five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was no
prescribed burning program on either installation, although wildfires were apparently frequent (Sewell
et al. 1993).  Fire management history on the Sandhills Game Land is more or less the same; after
years of fuel-reduction, winter burns, game land foresters are now burning larger acreages in the
growing season.

The majority of Streamhead Pocosins in the NC Sandhills region have fire plowlines around their
edges, which not only prevent fires from passing into the pocosins but probably disturb the natural
nutrient and water exchange between adjacent uplands and pocosins.  Many of these plowlines are
revegetating and slowly filling in with sediment washed off from nearby slopes.  This trend should be
allowed to continue.  Nevertheless, it may take several decades before they cease acting as firebreaks.

STEWARDSHIP SUMMARY 

Key stewardship needs for bog spicebush include (1) restoring fire to the communities in which it
occurs, using winter, fuel-reduction burns and growing-season, ecological burns where appropriate, (2)
protecting and/or restoring the hydrologic conditions which support the species, and (3) monitoring
extant subpopulations for responses to current land management practices.  Research into the species'
reproductive biology and ecology may indicate that more specialized management activities are required
for its long-term survival.
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Summary of the potential effects of the RCW Management Guidelines on Lindera subcoriacea.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X     

      Brush clearing X X   

      Fuel removal and raking X X   

   Midstory control X    

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes    X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Lindera subcoriacea

Lindera subcoriacea occurs primarily in moist to wet sandy peats in acid sphagnous bogs or sandy
seepage areas in sandhills dominated by longleaf pine and pond pine as well as in ecotonal areas
between these habitats and more xeric longleaf pine-oak communities.  It appears to depend on periodic
fire to maintain its open habitat and on particular hydrologic conditions.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU and should not directly encroach into
seepage bogs which support L. subcoriacea.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for L. subcoriacea because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction
of this species.  Recent work suggests the species responds to fire, even frequent fires (3 to 7 year
return).  Larger seeps, such as those nearer to large streams, may have historically been protected from
frequent fire and should be managed appropriately (eg. using natural fire breaks).  In areas that have
been fire-suppressed for lengthy periods, may be subjected to a cool, winter burn to reduce fuel
loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions upon which L. subcoriacea and related species depend.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support L. subcoriacea.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting L. subcoriacea should be prohibited unless prescribed
burning fails to provide adequate control of woody encroachment.  Chemical control should not be
employed in wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on L. subcoriacea habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for L. subcoriacea.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
Forestry operations should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on L. subcoriacea.  Timber
harvest which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods
with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forestry operations should be prohibited within 50 ft of wetland margins.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit L. subcoriacea.  Vehicular traffic on roadways
should be monitored to reduce soil erosion and off-road traffic should be prohibited as highly
deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 50 ft of wetland/upland edges.



     23 Text from:  Smith, I. 1993. Element stewardship abstract: Lysimachia asperulifolia. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.  
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Species Stewardship Summary23
LYSIMACHIA ASPERULIFOLIA

ELEMENT CODE: PDPRI07010
SCIENTIFIC NAME: Lysimachia asperulifolia Poiret
COMMON NAME: Rough-leaf Loosestrife or Rough-leaved Loosestrife

STATUS

GLOBAL RANK:  G3
STATE RANK:  S1 (SC), S3 (NC)

FEDERAL STATUS:  Listed as an Endangered (LE) species by the USFWS.
NC STATE STATUS:  E (NC); E-SC (SC)

DESCRIPTION

  General Description   

Rough-leaf loosestrife is an erect, rhizomatous, spring-flowering, perennial herb which grows to 6 dm
tall.  Its leaves are mostly 3-whorled, lanceolate to ovate-lanceolate to narrow triangular, sessile, and 2-
4 cm long.  The inflorescence is terminal with 5-petaled, yellow flowers.  The fruit is an ovoid or
subglobose capsule, 3-4.5 mm in diameter, with several somewhat winged seeds.

  Technical Description
 
Description was adapted from Ray (1956), Radford, et al. (1968), Godfrey and Wooten (1981), and
Kral (1983).  

Lysimachia asperulifolia, a member of the Primrose Family (Primulaceae), is an erect, herbaceous,
rhizomatous perennial, 3-7 dm tall.  Stems slender, somewhat stiff, terete, rarely branched below the
inflorescence, internodes progressively lengthening up the stem, below with pinkish tones and finely
ribbed, above pale yellow-green and ribless, proximally smooth, distally and in the inflorescence
stipitate-glandular, glands reddish.  Leaves entire or slightly revolute, simple, sessile, somewhat stiff,
glaucescent below, whitish punctate dots above particularly near the base and along the veins, with 3
principle, distinct, palmate veins impressed above and strongly raised below.  Lowermost leaves
erect(?), scaly, firm, brownish, mostly narrowly triangular, in whorls of 3(-4) (rarely 5-7, or opposite),
1 cm or less in length.  Upper leaves spreading, deep (yellow-)green above, lower surface much paler,
lanceolate to ovate-lanceolate, broadly to narrowly triangular, 2-5 cm long, 0.8-2 cm wide, opposite or
more commonly in whorls of 3-4, apex acute or acuminate, base rounded to truncate, broadest at the
base.

Inflorescence a compact to somewhat loose terminal raceme, 3-10 cm long.  Pedicels spreading or
ascending, slender, straight, 8-10 mm long, pale green, stipitate-glandular, subtended by a whorl of
bracts smaller than the stem leaves.  Flowers bisexual, regular, showy.  Calyx of 5 sepals united at the
base into a short tube, lobes narrowly triangular and spreading, green, strongly dotted with red glands,
glandular-pubescent, 3-6 mm long.  Corolla of 5(4-7) petals united at base into a short tube, lobes
spreading oblanceolate or spatulate, apex acute to acuminate, base cuneate, margin ragged apically and
entire basally, upper surface yellow-streaked medially with reddish-orange glands, margins above and
below stipitate-glandular with yellow glands, 5-10 mm long.  Stamens 5, erect, epipetalous toward petal
base, 3-3.5 mm long, stipitate-glandular, anthers yellow-orange, longitudinally dehiscing, pollen
tricolpate, spherical.  Ovary green, superior, concealed in staminal tube, style elongate and slender,
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stigma slightly expanded, ovules many (average 15.8 per ovary).  Fruit a 5-valved, broadly ovoid or
subglobose capsule, 3-4.5 mm long, stipitate-glandular, style persistent on one valve, straw-colored
with red mottlings; seeds many, angular, somewhat winged, whitish to tan.

  Diagnostic Characteristics 

Several species of Lysimachia occur in North Carolina, yet all are easily distinguished from L.
asperulifolia by leaf and habitat characteristics except for L. loomisii and L. quadrifolia (Weakley
1991).  Some researchers have noted that Lysimachia terrestris and Sabatia difformis can also be
confused with L. asperulifolia (Frantz, et al., 1983, NCNHP 1993).

Lysimachia loomisii inhabits savannas and pocosin ecotones often with L. asperulifolia, yet differs from
it by having opposite or subopposite, narrow leaves, widest near the middle, with only one prominent
leaf vein.  L. quadrifolia can occur in pine savannas of the Coastal Plain and has whorled leaves
(usually 4 per whorl) but differs from L. asperulifolia by having axillary flowers and wider, longer
leaves that taper basally.

Like Lysimachia asperulifolia, L. terrestris inhabits swamps, lake shores, and wet thickets, and has
flowers in racemes.  It differs by having opposite leaves that are widest above the base with one
prominent vein, and by having a glabrate inflorescence.  Sabatia difformis is similar to L. asperulifolia
because of its leaf shape and color, racemose inflorescence, and 3-to 10-dm height, yet differs from it
by having leaves that are usually opposite and flowers that are white.

Lysimachia asperulifolia is inconspicuous when not in flower, because it is often shorter than the
surrounding grasses and shrubs.  It can be identified by its vegetative characteristics alone, for example,
by its configuration of whorled leaves or leaf shape and size.  This plant is more conspicuous from May
to June when its erect stems terminate in racemes of yellow flowers.  However, some researchers
believe that the plant is most easily seen from mid-October to November when its leaves turn bright
yellow, then orange-tan.

DISTRIBUTION

The estimated historical range of Lysimachia asperulifolia extended from the Outer Coastal Plain of
North Carolina to the Sandhills region of the North and South Carolina, from Beaufort Co., NC, to
Richland Co., SC.  Since this species' discovery in 1814, it has been collected from 12 counties in NC
but is now believed extirpated from two, Columbus and Richmond counties (USFWS 1993).  It has also
been collected from Darlington and Richland counties, SC, but is now considered extirpated in
Darlington County (USFWS 1993).  Many of the earlier reported occurrences have been destroyed
primarily due to drainage and conversion of habitat for agriculture and silviculture and secondarily due
to fire suppression (NCNHP 1993).

In North Carolina, 14 occurrences are considered historic or extirpated (year last seen follows in
parentheses):  Beaufort (1938), Brunswick (1962, 1966, 1981), Columbus (1938), Cumberland (2-1902,
1904, 1957), Onslow (1971), Pamlico (1948), Pender (1879, 1954), and Richmond (1935) counties
(NCNHP 1993).  In South Carolina, two occurrences are considered historic or extirpated:  Darlington
(1957) and Richland (no date) counties (SCHT 1992).

Currently, L. asperulifolia is endemic to the Coastal Plain and Sandhill regions of southeastern North
Carolina and northern South Carolina.  The current extant occurrences in North Carolina are located in
(number of occurrences in parentheses):  Beaufort (1), Bladen (1), Brunswick (9), Carteret (9),
Cumberland (11.5*), Harnett (1), Hoke (15.5*), Onslow (3), Pamlico (1), Pender (1), and Scotland (4)
counties (*one occurrence with 22 sites straddles the Hoke/Cumberland county line) (NCNHP 1993). 
One extant population located in Richland County in the Inner Coastal Plain of South Carolina is the
first verified report for SC in this century (SCHT 1992).

For purposes of recovery planning, the Technical Draft Recovery Plan identifies nine population centers
based on the grouping of sites by geographic center.  Each population center is isolated from other
centers by loss of habitat between.  Preserving each population center is important for maintaining
genetic variation within the species.  The nine population centers are:  (1) Pamlico/Beaufort counties (2
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sites), (2) Croatan National Forest (9 sites), (3) Camp Lejeune (3 sites), (4) Holly Shelter area (1 site),
(5) Brunswick County (10 sites), (6) Bladen Lakes area (3 sites), (7) Fort Bragg (73 sites), (8) Sandhills
Game Land/Camp MacKall (5 sites), and (9) South Carolina Sandhills (1 site) (USFWS 1993).

Current Ownership.  In North Carolina, more than half of the known extant occurrences are on
federally owned land, including Camp Lejeune (U.S. Marine Corps), Sunny Point Military Ocean
Terminal (U.S. Army Corps of Engineers), Camp MacKall (two sites) and Fort Bragg (73 sites) (U.S.
Army), and Croatan National Forest (USFS).  The remaining occurrences are on private land, state-
owned land (Bushy Lake State Park, Sandhills Game Land), or land owned by the North Carolina
Nature Conservancy (Green Swamp Preserve, Southwest Ridge Preserve) (NCNHP 1993).  The single
known population in South Carolina is located on Fort Jackson Military Reservation (U.S. Army)
(SCHT 1992).

Five sites which support L. asperulifolia have been registered in the Registry of North Carolina Natural
Areas; they are at Bushy Lake State Park (state-owned), Green Swamp Preserve (The Nature
Conservancy), Southwest Ridge Savanna Preserve (TNC), Mill Pond Bay Natural Area (privately
owned), and a natural area within Sandhills Game Land (state-owned) (NCNHP 1993).  One
occurrence, in a powerline right-of-way on the Orton Plantation (Brunswick Co.), is under a
management agreement between Carolina Power & Light and the North Carolina Natural Heritage
Program.

HABITAT

Rough-leaf loosestrife occurs most often in ecotones between longleaf pine uplands and pond pine
pocosins in moist, sandy or peaty soils with low vegetation that allows for abundant sunlight to the herb
layer (USFWS 1993).  Fire is primarily responsible for maintaining low vegetation in these ecotones
which have been documented to occur between the following habitat types:  longleaf pine savanna and
pocosin; longleaf pine flatwood and pocosin; longleaf pine savanna and mixed herb; longleaf pine-pond
pine and evergreen shrub; longleaf pine/wiregrass savanna and Carolina bay pocosin; Streamhead
Pocosin and Pine/Scrub Oak Sandhill; and Sandhill Seep and Pine/Scrub Oak Sandhill (NCNHP 1993). 
This species often spreads from the ecotone into the open edges of the bordering habitats, for example
into longleaf pine savannas and low shrub communities of Carolina bays.  Other habitats and
community types in which it has been found include:  Low Pocosin, High Pocosin, Wet Pine
Flatwoods, Pine Savanna, Streamhead Pocosin, and Sandhill Seep (Schafale and Weakley 1990), as
well as creek flood basins, pond and lake margins, boggy seeps and meadows, boggy pools in shrub
pocosins, and disturbed areas such as roadside depressions, powerline rights-of-way, firebreaks, and
trails.

In the NC Sandhills, Lysimachia asperulifolia prefers to be in lower parts of the ecotone, well within
the shrub zone, even when such ecotones are well-burned.  On Fort Bragg, a sizeable occurrence was
found in a shrub ecotone/pocosin that had burned within four months of its discovery; most shrubs there
had been 2 meters or more tall prior to burning.

Low Pocosins occur in areas with deep peat overlaying wet sands and in Carolina bays.  They are
nutrient-poor, seasonally saturated, and dominated by a dense shrub layer, kept small by low nutrients
and severe fires.  Lysimachia asperulifolia occupies openings in the dense shrub layer (USFWS 1993).

Rough-leaf loosestrife is also found in the ecotones between Wet Pine Flatwoods or Pine Savannas and
High Pocosins where the water table is near the surface during winter and early spring.  If burned,
these ecotones remain open with characteristic grasses, herbs, and low shrubs (USFWS 1993).

Common associated shrub and tree species include Aronia arbutifolia, Arundinaria tecta, Clethra
alnifolia, Cyrilla racemiflora, Fothergilla gardenii, Gaylussacia frondosa, Ilex glabra, Kalmia
carolina, Lyonia lucida, Magnolia virginiana, Myrica cerifera var. cerifera, Osmunda cinnamomea,
Persea palustris, Pinus serotina, Smilax laurifolia, Symplocos tinctoria, Vaccinium spp., and
Woodwardia virginica (LeBlond 1993, NCNHP 1993).  Common herb associates include Andropogon
glomeratus, Aristida stricta, A. virgata, Carex striata, Chasmanthium laxum, Dichanthelium
dichotomum var. mattamuskeetense, Drosera intermedia, D. capillaris, Lachnanthes caroliniana,
Lachnocaulon anceps, Lysimachia loomisii, Peltandra sagittifolia, Polygala lutea, Rhexia alifanus, R.
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petiolata, Rhynchospora gracilenta, Sarracenia flava, S. rubra, Solidago stricta, Sphagnum spp., and
Xyris spp. (LeBlond 1993, NCNHP 1993).  The following rare species are also often associated with it: 
Calamovilfa brevipilis, Carex turgescens, Dionaea muscipula, Eupatorium resinosum, Kalmia cuneata,
Lilium iridollae, Lindera subcoriacea, Lycopus cokeri, Oxypolis ternata, Parnassia caroliniana, Rhexia
aristosa, Rhynchospora macra, R. oligantha, R. pallida, R. stenophylla, Solidago pulchra, S. verna,
Sporobolus sp. 1, and Tofieldia glabra (TNC 1991-93, LeBlond 1993, NCNHP 1993).

Lysimachia asperulifolia generally occurs on acidic, moist to seasonally saturated sands and on acidic,
shallow, organic soils overlaying sand.  It has also been found to grow on shallow, poorly drained,
deep peat soils of Carolina bays and low pocosins.  Examples of soil types on which this species has
been found include:  Leon (Aeric Haplaquod), Murville (Typic Haplaquod), Torhunta (Typic
Humaquepts), Mandarin (Typic Haplohumod), Aeric Paleaquults, Typic Paleudults, Blaney (Arenic
Hapludults), Gilead (Aquic Hapludults), Johnston (Cumulic Humaquepts), and Kalmia and Vaucluse
(Typic Hapludults) (Frantz 1983a, Hudson 1984, Barnhill 1986, NCNHP 1993).

BIOLOGY-ECOLOGY

Lysimachia asperulifolia, an apparent shade-intolerant ecotone species, requires a regular fire regime
and is susceptible to successional changes in vegetation.  Plants can persist for 10 years or longer in
overgrown, shrubby, fire-suppressed areas, but over time will not be vigorous or reproduce sexually
(Frantz 1983a, Weakley 1991).  In savanna habitats, it appears to prefer high shrub diversity areas and
does not appear to do well in areas dominated by grass (Frantz 1983a).  It has been suggested that dense
clumps of grass may keep seedlings from getting established (Frantz 1983a).

This species prefers moist to seasonally saturated spodosolic soils but not areas that are inundated
during the growing season (Frantz 1983a).  Because rough-leaf loosestrife prefers moist soils, changes
in soil hydrology (e.g., draining and ditching) can effect population vigor (Weakley 1991).

Lysimachia asperulifolia produces a rhizome and roots that grow in the upper 12-15 cm of the soil
(Frantz 1983a).  The rhizome produces perennating buds at or below the soil surface that develop into
shoots (Frantz 1984).  These buds, which are produced in the fall, allow the plant to resprout quickly
after fire (Frantz 1984).  Plants appear in March when shoots first emerge from the ground.  As many
as 50 stems or more can be produced from a single rhizome or plant (Sutter 1992).  This species can
produce shoots from rhizomes throughout the growing season, making newly established seedlings
difficult to identify (Frantz 1984).  Frantz (1984) found that seedlings established in a greenhouse grow
slowly and are very weak and prostrate during the first growing season.  Stems of this type were not
seen in the field by Frantz (1984).  Although this is a perennial species, it has been reported that there
is a high turnover in individual stems from year to year (USFWS 1987b).

The number of leaves a stem produces per whorl may be an indication of the age of the stem. 
Observations by Frantz (1984)  indicate that opposite-leaved stems were younger or from less vigorous
rhizomes.  All greenhouse grown seedlings produced only opposite-leaved shoots for the first two years
(Frantz 1984).  All flowering stems observed by Frantz (1984) in the field had more than two leaves
per node.

This species often occurs in small, well-defined "pockets" within apparently abundant, contiguous
habitat (Carter 1985).  This may be explained by the fact that rough-leaf loosestrife is a rhizomatous
plant that does not reproduce well sexually.  These "pockets" may be individual plants that have
persisted for many years in the same location.

  Phenology   

The first leaves appear in late March or early April.  Rough-leaf loosestrife flowers from mid-May to
late June with the peak of flowering occurring in early June.  Flowers remain open four to seven days
(Frantz 1984).  Fruits are visible within three weeks of fertilization, yet do not reach maturity and
dehisce until October (Frantz 1984, USFWS 1993).  Researchers have noted that flowering appears to
be irregular and that the degree of flowering is correlated to plant vigor (Weakley 1991), which in turn
is probably related to timing and frequency of burning.
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  Reproduction 

Like many savanna species, L. asperulifolia is mostly a clonal, asexual, rhizomatous spreading plant
(Weakley 1991).  Murdock (1987) has observed more than 50 stems arising from a single rhizome. 
The establishment of new occurrences by sexual reproduction is believed to be relatively rare (Weakley
1991).

It has been suggested that subpopulations have low genetic variability (NCNHP 1993).  This is most
likely due to low sexual reproduction in this species.  It is believed that this species is obligate-
outcrossing as are many Lysimachia species.  In a study conducted by Frantz (1984), 16 out of 17
artificially cross-pollinated flowers set fruit, whereas no fruit was set by 23 self-pollinated flowers.

Some researchers believe rough-leaf loosestrife is pollinated by small, solitary bees (Frantz 1984). 
Although this plant does not secrete nectar (Frantz 1984), research indicates that the basal portion of the
petals and anther filaments have trichome elaiophores that secrete fluids and that some bees (Macropis
ciliata, M. patellata, and M. steironimata steironimata) may visit this plant to collect these elaiophore
secretions (Simpson, et al., 1983).  Frantz (1984), however, found the following bees visiting flowers
and carrying pollen grains of L. asperulifolia:  Dialictus versatus, D. coreopsis, D. rohweri, and
Augochlorella striata of the Halictidae Family.  Frantz (1984) found that pollinators have a low
pollination efficiency.  This is indicated by higher fruit and seed set in flowers that are artificially cross-
pollinated than in flowers that are open-pollinated.  This inefficiency may be influenced by pollinator
scarcity and limited movements of each bee.  Bees were observed visiting a single inflorescence and
adjacent stems (likely to be clonal) for long periods of time (Frantz 1984).

Frantz (1984) reports that rough-leaf loosestrife appears limited in establishment and dispersal
capabilities, because it has low seed set and seedling vigor and no specialization for dispersal.  Frantz
(1984) found that for open-pollinated plants the average fruit set per flowering stem was 3.2 capsules
per stem, and the average viable seed set per capsule varied from 1.3-2.7 seeds per capsule.  However,
viable seed set in artificially cross-pollinated flowers ranged from 7.9-10.7 seeds per capsule, yet the
number of capsules per stem was lower than for open-pollinated plants (Frantz 1984).  Seeds apparently
drop from the capsules and fall within a short distance of the parent plant (Frantz 1984).

THREATS

The primary threat to Lysimachia asperulifolia is fire suppression or infrequent fires.  Without fire,
habitats become overgrown, and woody encroachment eventually results in a loss of habitat.  This is
particularly true of pocosins because, even where controlled burns are regularly administered, pocosin
vegetation is usually not allowed to burn due to the large fuel loads.  The placement of fire plowlines in
ecotones which border pocosins further complicates the matter by preventing pocosin burns, destroying
L. asperulifolia occurrences, and altering soil hydrology.

Other serious threats include silvicultural and agricultural practices, such as ditching, draining, disking,
and V-blading, which cause soil hydrology and siltation problems.  Additional threats include
recreational, residential and industrial development, road expansion, timber harvesting, and military
training, which physically destroy plants and habitat.

RECOVERY POTENTIAL

Because the degree of threat to Lysimachia asperulifolia is considered moderate, it has been assigned a
recovery priority of eight under the U.S. Fish and Wildlife Service's recovery priority guidelines and a
recovery objective of delisting (USFWS 1993).  Recovery potential is considered high because much is
known of its habitat requirements, and there are currently no development projects or economic
activities that conflict with its survival (USFWS 1993). 

STEWARDSHIP 

  RESEARCH NEEDS
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Although some aspects of the biology of Lysimachia asperulifolia have been researched (Frantz 1983b,
Frantz 1984), population biology studies on topics such as flower (pollen) incompatibility (obligate
outcrossing), artificial pollination, seed dispersal, seedling establishment, and genetic variability within
and among existing occurrences need to be conducted.  Additional research needs include:  (1)
determining if "pockets" of plants are equivalent to single individuals; (2) identifying genetically
diverse occurrences; and (3) determining if there is a correlation of distance between occurrences and
number of occurrences within short distances with genetic diversity in a population (Bucher 1992).  The
results of these studies would give further insight into this species and aid in the development of proper
management techniques.

Results of studies on the effects of prescribed growing-season and winter burns on the sexual and
asexual reproduction of L. asperulifolia would help managers determine when to burn occurrences and,
in general, improve fire management programs.  Such studies should include fire effects on seed
germination, seedling establishment, and rhizome and ramet development.  A study needs to be
conducted on how to best burn pocosin edges without producing catastrophic fires.  Research is also
needed to determine if occasional hot fires that burn well into shrub pocosins are more effective than
repeated controlled burns that only marginally penetrate the pocosins.

  RESEARCH PROGRAMS

Biological research on the demography, reproduction, and phenology of rough-leaf loosestrife is being
conducted at the Green Swamp Preserve in Brunswick County, North Carolina (NCNC files) (see
Biological Monitoring Programs below).  An ongoing study was initiated at the preserve in 1987 to
determine the effects of various fire frequencies on L. asperulifolia.  In this study, twelve 15-by-20-
meter plots are subjected to one- to two-year, three-year, and four-year winter burn schedules (NCNC
files).  Early results have been inconclusive.

  MONITORING NEEDS

Inventory needs.  In North Carolina, thorough searches for Lysimachia asperulifolia need to be
conducted on public lands in the inner and outer regions of the southeastern Coastal Plain, especially
those areas with a regular fire regime (Weakley 1991).  Examples of public lands that need inventories
include:  Angola Bay Game Land, Bladen Lake State Forest, Croatan National Forest, Holly Shelter
Game Land, and Sandhills Game Land (Weakley 1991).

In South Carolina, sandhill habitats in the following Inner and Outer Coastal Plain counties need to be
inventoried:  Chesterfield, Clarendon, Darlington, Dillon, Florence, Kershaw, Lancaster, Lee,
Richland, Sumter, and especially Horry and Marion counties (Nelson 1992, Rayner 1992).  Specific
sandhill areas with a regular fire regime and potential L. asperulifolia habitat that should be inventoried
include:  Sandhills National Wildlife Refuge and Sandhills State Forest in Chesterfield County (Pittman
1992).

  MONITORING PROCEDURES

Occurrences should be monitored at least annually to verify whether or not the species is responding
well to management practices (Cole 1988).  Occurrences not undergoing active management should be
monitored to determine status (vigor) and to help determine which management techniques are needed.

To best monitor occurrences of L. asperulifolia, permanent plots should be established within
occurrences; thereafter, both sterile and floral stems should be counted yearly (Cole 1988). 
Researchers should keep in mind that although stems can be counted, number of individual plants is
difficult to determine.  As many as 50 stems or more may arise from a single rhizome or plant
(Murdock 1987).

  MONITORING PROGRAMS

Biological monitoring is being conducted at the Green Swamp Preserve, North Carolina.  At the
preserve, yearly surveys of this species are conducted, in addition to biological monitoring which began
in 1983 (Frantz, et al., 1983, NCNC files).  In 1983, monitoring of this species involved initiating a
reproductive vigor study which was continued in 1984 (Frantz, et al., 1983, Palmer 1984).  In 1984, a
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demographic study was initiated to follow occurrence dynamics and estimate size-specific mortality,
fecundity, and recruitment rates (Palmer 1984).  Since 1987, monitoring has involved using twelve 15-
by-20-meter plots to obtain demographic, reproduction, and phenology data (NCNC files).  The results
of this study were inconclusive.

Additional monitoring efforts are taking place at 17 sites on Camp Lejeune Marine Corps Base and
more than 19 sites on Croatan National Forest (LeBlond 1993).

Inventory.  Fairly thorough statewide inventories of the habitats likely to support rough-leaf loosestrife
have been conducted in North Carolina.  In 1985, a status survey was conducted in North Carolina to
gather occurrence and habitat information from known sites and to locate new ones (Carter 1985).  The
Sunny Point Military Ocean Terminal, Camp Lejeune Marine Corps Base, and the Green Swamp
Preserve in North Carolina recently had searches done (Weakley 1991).

From 1991-93, a comprehensive inventory for L. asperulifolia and other rare plant taxa was conducted
at Fort Bragg and Camp MacKall military reservations, North Carolina.  As of July 1993, 27
occurrences had been located on Fort Bragg, and one had been found on Camp MacKall (TNC 1991-
93).  An intensive survey on 25,000 acres of the Sandhills Game Land in Richmond and Scotland
counties, NC, scheduled for 1994 will most likely identify more occurrences.

In South Carolina, thorough searches have been made in the Sandhills region of Chesterfield,
Darlington, Kershaw, and Marlboro counties, but no plants have been found (Rayner 1992).  A survey
of threatened and endangered plants being conducted at Fort Jackson Military Reservation, in Richland
County, located the only currently known population in South Carolina (Pittman 1992).

  MANAGEMENT NEEDS

Because Lysimachia asperulifolia is primarily an ecotone species requiring open, fire-maintained
habitats, occurrences require active management.  A regular fire regime, including growing-season
burns, is the primary management procedure required for this species.  Management practices should
also assure that soil hydrology changes, sedimentation, and mechanical damage are avoided at the site.

  MANAGEMENT PROCEDURES

To maintain vigorous, sexually and asexually reproducing occurrences of Lysimachia asperulifolia,
active management in the form of prescribed burns is required.  Site supporting plants need to be
burned on a regular basis.  Research indicates that burning every two years may be optimal, however,
three-year burns may also be sufficient (Cole 1988).  Sites should not be burned repeatedly during the
flowering and fruiting months (mid-May to mid-June and July to October, respectively).  However, an
occasional late summer burn could be beneficial (Cole 1988).

Results from studies conducted at Green Swamp Preserve suggest that fires stimulate plants to flower. 
This research also indicates that a one- to two-year burn frequency is superior to three- or four-year
burn frequency for increasing the number of flowers per stem (NCNC files).  However, greater stem
height and number of leaf whorls per stem resulted from four-year burns than from more frequent burn
regimes (NCNC files).  LeBlond (1993) suggests that increased flowering and decreased vegetative
growth during one- or two-year burn cycles may be a stress response, the plants using precious root
energy reserves to produce flowers and fruits, with a lessened capacity for energy reserve replacement. 
Since sexual reproduction is apparently so difficult and establishment of new occurrences almost non-
existent for this species, perhaps management efforts should emphasize promotion of vegetative growth
rather than flowering and fruiting (LeBlond 1993).

Fires also help control shrub encroachment which is detrimental to rough-leaf loosestrife.  Shrubs
subjected to a regular fire regime remain several inches tall, yet after two to three years of fire
suppression will become several feet tall (Frantz 1983b).  Plants found within zones of dense shrubs are
usually weak, short, and without evidence of flowering (Carter 1985).

A well-developed management plan for this species should require fire regimes for all types of habitats. 
For example, fires should not only be conducted in savannas and ecotones but should also penetrate into
the pocosin.  To burn pocosin edges, Peterson (1992) suggests burning on two- to three-year rotations. 
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This allows enough fuel to accumulate in bordering habitats to start fires that will burn into the edges of
pocosins.  These burns should be done in the winter when pocosins are less likely to burn out of control
(Peterson 1992).  However, it still remains to be determined if winter burns are as effective as summer
burns in producing the desired results.

In addition to prescribed burns, management should involve protecting sites against any mechanical
damage (e.g., fire plowlines), sedimentation from nearby agricultural and silvicultural lands, and
ditching or other forms of drainage.  In areas where the threat of mechanical damage is high, for
example at Fort Bragg or Camp Lejeune where military training can destroy plants, signs should be
posted to help protect the site from disturbance (Cole 1988).  Signs including language such as
"Endangered Species - Restricted Area - No Vehicles Allowed" should be used (Cole 1988).  On Fort
Bragg, Camp MacKall, and Camp Lejeune, this has already been accomplished; as plants are located, a
white-line buffer is marked around the site and permanent signs emplaced stating "Endangered Species
Site - Do Not Disturb - No Fixed Activity" (TNC 1991-93, LeBlond 1993).

Restoration Procedures.  In 1987, Murdock (USFWS 1987a) noted that recovery would include the
development of transplanting techniques for relocation of individuals to areas of historic occurrence and
a refinement of management methodology.  To date, no attempts have been made to reestablish plants
in historic or extirpated sites (Weakley 1991).  It is possible that, if attempted, transplanting may not be
successful, since plants relocated from a landfill site in the Croatan National Forest did not survive
(USFWS 1986).  Some researchers believe that restoration is not necessary due to the successful
management of most occurrences and to the apparent progress towards recovery of this species in North
Carolina (Weakley 1991).  For species survival and recovery, regular prescribed burning and protection
of sites from drainage and soil disturbance activities are imperative (USFWS 1987b).

LeBlond (1993) notes, however, that given this species' apparent poor sexual reproduction capability,
"it may be a mistake to believe that management of existing occurrences is sufficient.  Plants produce
few viable seeds, and seed dispersal is basically vertical.  Therefore, the probability of new occurrence
establishment is low.  Without the establishment of new occurrences (naturally or artificially), we may
be managing for nothing more than a slow and stately decline of the species.  If establishment of new
occurrences is attempted, perhaps viable seeds should be used (both in situ and in the greenhouse)
rather than attempting transplantation of adult plants, as apparently happened without success at Croatan
National Forest."

The following is a summary of the recovery outline from the Technical Draft Recovery Plan for
Lysimachia asperulifolia (USFWS 1993):  (1) Protect significant sites and adjacent habitats by mapping
and marking all sites, mapping and searching appropriate habitat for new sites, preparing a management
plan for each of the eight population centers identified in the report to include maps of sites and
adjacent habitats, survey maps of areas searched, identified threats at each site, monitoring and habitat
management plans for each site, and criteria for removing site from protection; (2) Conduct research on
habitat conditions, fire frequent effects, seedling recruitment, population dynamics, and reestablishment
techniques; (3) Enforce laws protecting the species and its habitat; (4) Reintroducing the species into
historic sites; (5) Negotiating binding management agreements; (6) Conducting public information and
education activities; and (7) Annually reviewing recovery efforts.

  MANAGEMENT PROGRAMS

About 50% or more of the known occurrences of rough-leaf loosestrife are being managed in a way that
is benefiting the plants (Weakley 1991).  According to some researchers, this species is better managed
than most rare plants (Weakley 1991).  Most management comes in the form of prescribed winter
burns, yet many land managers are beginning to prescribe growing-season burns (e.g., Camp Lejeune,
Croatan National Forest, Fort Bragg, Camp MacKall, Sandhills Game Land, Green Swamp Preserve,
and Sunny Point Military Ocean Terminal) (Weakley 1991).  Some management comes in the form of
periodic and accidental fires, for example fires started by flares and artillery in impact areas at Camp
Lejeune and Fort Bragg.

The Nature Conservancy will continue to conduct research, monitor, and manage for Lysimachia
asperulifolia and other rare plants and animals at its Green Swamp Preserve (Bucher 1993).  At Croatan
National Forest (USFS), while management specifically for L. asperulifolia has not occurred, funds are
available for managing Endangered species habitat.  Plans call for a three-year burn cycle using natural
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moisture boundaries rather than firebreaks in the future (USFWS 1993).  Additional survey work and
site marking are still needed.

At Sunny Point Military Ocean Terminal (U.S. Army), all military activities and pinestraw raking have
been restricted from rough-leaf loosestrife sites, and an agreement is being developed to include most
known sites within the NC Natural Heritage Program's Natural Areas Registry (USFWS 1993).  At
Fort Bragg and Camp MacKall (U.S. Army), a management and monitoring plan is being prepared for
all Federally Endangered plant species on the base, and all sites supporting these species outside the
danger and impact areas are being marked with signs and a 200-foot buffer (Mihlbachler 1993).  At
Fort Jackson (U.S. Army), funds are available for the development of a management and long-term
monitoring program that will update the current management plan.  The plants are currently protected
within a live-ammunition impact area that is off limits for training activities and that experiences
periodic munitions fires and controlled fuel-reduction fires (USFWS 1993).

Camp Lejeune (U.S. Marine Corps) is operating under a biological opinion issued by the USFWS in
1988 that recommends burning sites every two to three years, protecting sites from alteration of
hydrologic conditions and from vehicular impacts, marking all sites, and monitoring plant occurrences
(USFWS 1993).  Lands outside impact areas, including L. asperulifolia sites are being managed on a
three-year burn cycle (USFWS 1993).

At state-owned Bushy Lake Bay (NC State Parks), ditches on adjacent agricultural lands have been
filled in and additional adjacent lands are being acquired to protect rough-leaf loosestrife sites.  On
Sandhills Game Land (NC Wildlife Resources Commission), a management plan is being developed
that will include burns on a three-year cycle.  Additionally, sites located within areas used by U.S.
Army troops for training will be identified during a survey to be conducted in 1994 and marked in the
same manner as those on Fort Bragg (Mihlbachler 1993).

The North Carolina Botanical Garden, a member of the Center for Plant Conservation, has accepted
responsibility for preservation of L. asperulifolia and undertaken limited seed germination and plant
cultivation.  Efforts are limited by the unavailability of viable seeds.  The garden is interested in
growing plants for other agencies to reestablish and monitor at historic locations (USFWS 1993).

STEWARDSHIP SUMMARY  

In the Coastal Plain and Sandhills region of North and South Carolina, thorough surveys to locate
unknown occurrences of Lysimachia asperulifolia should be done on lands that have fire management
programs.  Biological research needs to be conducted on the sexual and asexual reproduction of this
species, especially with respect to the effects of fire on reproduction.  Biological monitoring and
management research programs also need to be developed and implemented to assess the effectiveness
of existing management procedures.  Historic occurrences should be reestablished and marginal
occurrences rehabilitated to the point of being self-sustaining (USFWS 1993).

It is important that L. asperulifolia habitat and occurrences be protected, because remaining plants are
believed to have low genetic variability (NCNHP 1993).  Occurrences are best maintained through
active management involving a regular fire regime.  Protection against mechanical damage,
sedimentation, changes in soil hydrology, and shrub encroachment is imperative for habitat and plant
maintenance.

Lysimachia asperulifolia will be considered for downlisting to Threatened when occurrences within the
nine population centers have been stable for five years and management plans are being implemented at
all publicly owned sites and Nature Conservancy preserves and when a binding management agreement
exists for each population center (USFWS 1993).
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Summary of the potential effects of the RCW Management Guidelines on Lysimachia asperulifolia.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X X X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Lysimachia asperulifolia

Lysimachia asperulifolia occurs primarily in the ecotones between pocosins and drier longleaf pine-oak
uplands, and in wetter pine savannas and flatwoods, as well as in ecotonal areas between these habitats
and more xeric longleaf pine-oak communities.  It often spreads across broad ecotonal habitats.  Typical
habitats depend on periodic fire to maintain its an open midstory.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for L. asperulifolia.  However,
fuel removal by raking could destroy population clusters of these plants, which should be marked so
that they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance vigorous
populations.  Sites supporting plants need to be burned on a regular basis.  Research indicates that
burning every two years may be optimal, however, three-year burns may also be sufficient.  Sites
should not be burned repeatedly during the flowering and fruiting months (mid-May to mid-June and
July to October, respectively).  However, an occasional late summer burn could be beneficial (Cole
1988).  Periodic fire acts to reduce the shrub and midstory woody vegetation and promotes a well-
established herbaceous layer.  Further research is required to assess the effects of winter burns, as well
as burn frequency, on the ecology and reproduction of this species.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support L. asperulifolia.  Use of heavy equipment to
construct berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation,
soil stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between
xeric uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope
areas, as well as natural discharge into downslope areas, must be preserved in seeps to maintain
hydrologic conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support L. asperulifolia.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting L. asperulifolia should be prohibited unless prescribed
burning fails to provide adequate control of woody encroachment.  Chemical control should not be
employed in wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on L. asperulifolia habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for L. asperulifolia.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
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Forestry operations should be prohibited within 50 ft of wetland margins and within 150 ft of known
occurrences.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland habitats, all of these
potential effects would have negative indirect and cumulative impacts on L. asperulifolia.  Timber
harvest which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods
with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.  Forestry operations should be prohibited within 50 ft of wetland margins and within 150 ft of
known occurrences.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit L. asperulifolia.  Vehicular traffic on roadways
should be monitored to reduce soil erosion and off-road traffic should be prohibited as highly
deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 50 ft of wetland/upland edges and from within 150 ft
of known occurrences.



     24Text from: Sorrie, B.A. 1993. Element stewardship abstract: Myriophyllum laxum. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.
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Species Stewardship Summary24
MYRIOPHYLLUM LAXUM

ELEMENT CODE: PDHAL04090
SCIENTIFIC NAME: Myriophyllum laxum Shuttlew. ex Chapman
COMMON NAME: Loose Watermilfoil 

STATUS

GLOBAL RANK:  G2G3
STATE RANK:  S1 (AL, NC), S2, (GA, SC), S2S3 (FL) not tracked (MS)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS. 
STATE STATUS:  T (NC, GA); C? (SC); none (AL, FL)

DESCRIPTION

  General Description
   
Description is adapted from Radford, et al. (1968), and Godfrey and Wooten (1981).

Myriophyllum laxum is a perennial aquatic growing from a long submersed reddish stem with leaves
submersed and emersed in whorls of 3-5, or with emersed leaves mostly alternate; the submersed to 3
cm long and 1.5 cm wide, segments 3-7 "pairs" but arranged alternately or subopposite, rachis less than
0.5 mm wide; the emersed pinnately cleft to entire and oblanceolate, 1-5 mm long, 0.5-1.0 mm wide,
not much larger than the flowers and fruits and thus not conspicuous when viewed in the field.  Flowers
minute, petals about 1 mm long, strongly recurved, pinkish or reddish tinged.  Fruits dull red, about 1
mm long, mericarps rounded and smooth to slightly warty.

  Technical Description
 
Description is adapted from Radford, et al. (1968), and Godfrey and Wooten (1981), with corrections
and additions based on original observations (TNC 1991-93).

Myriophyllum laxum is a perennial, aquatic member of the Watermilfoil Family (Haloragaceae).  Stems
elongate, reddish, slender, flexuous, rooted on the bottom, most of plant submersed with flowering
portion emersed; portions breaking free and floating in the water column.  Submersed leaves in whorls
of 3-5, or subapproximate, or sometimes alternate; with a total of 7-15(17) capillary divisions mostly
alternately and irregularly disposed on the axis, varying to subopposite, the leaves thus not markedly
feathery.  Emersed leaves (=flower bracts) varying from whorled to opposite, subopposite, or
alternate; lower ones pectinate, upwardly gradually becoming merely toothed, then entire and
oblanceolate; 1-4(5) mm long, 1-2 mm wide; the bracts shorter than the internodes of the axis (emersed
stem), thus very small and inconspicuous in the field.  Flowers minute, 2.5-3.0 mm long, axillary at
the bases of the bracts (emersed leaves), forming a slender, interrupted spike.  Petals of bisexual and
staminate flowers translucent, pinkish- or reddish-tinged, strongly recurved at anthesis.   Stamens 4,
the anthers about 2 mm long.  Fruits about 1 mm long, dull red, the mericarps (segments) broadly
rounded, the surfaces smooth to slightly warty.

  Diagnostic Characteristics 

When flowering and fruiting, Myriophyllum laxum is easy to identify once one realizes that the bracts
are quite variable in outline (manual keys and descriptions are often misleading).  M. spicatum, an
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alien, weedy species of impoundments and brackish waters, also has small bracts but its submersed
stem is not reddish, and its leaves are grayish-green, with neatly parallel divisions that total at least 24
segments.  Vegetative plants of M. laxum are very similar to M. heterophyllum, a common species in
the southeastern United States, but that species is normally much more robust (submersed stems 2-5
mm thick) and its leaves have 17-31 (rarely as few as 15, occasionally more than 31) total segments. 
Flowering and fruiting plants of M. heterophyllum have large, lanceolate to ovate-lanceolate bracts
which are shallowly to sharply toothed.

Note:  All Myriophyllum species look markedly different when stranded by low water (Aiken 1981). 
We have as yet no observations of M. laxum in this state and cannot compare it to other species (TNC
1991-93).

Myriophyllum laxum is best identified by its small, pectinate to nearly entire, inconspicuous emersed
leaves (flower bracts) and dull red fruits only 1 mm long.  These are evident some time during the
period from mid-April to October (see PHENOLOGY under BIOLOGY-ECOLOGY below).

DISTRIBUTION

Myriophyllum laxum was historically documented from Brunswick and Craven counties, North
Carolina, Barnwell and Kershaw counties, South Carolina, and Georgia and Florida by Radford, et al.
(1968), and from southeast North Carolina to north Florida and south Alabama by Godfrey and Wooten
(1981).  Aiken (1981) cited only South Carolina, Georgia, and Florida but did not search southern US
herbaria for specimens.  A specimen (NCU 1991-93) misidentified as M. scabratum (=M. pinnatum)
was collected from New Hanover County, NC, in 1949; other specimens at NCU have been
misidentified as M. heterophyllum and M. humile.  Historic or extirpated occurrences exist for (year
last seen follows in parentheses when known):  Brunswick County (1949, 1950, 1951, 1968) and New
Hanover (1949) counties, NC; Barnwell (2-1952), Berkeley (1976, 1979), and Lexington (1957)
counties, SC; Berrien (1969), Decatur, Early (1949), and Taylor counties, GA; Holmes (1954),
Jefferson, Liberty (1975), Putnam (1900), Santa Rosa, Taylor, and Volusia counties, FL; and Jackson
(1970) and Lamar (1973) counties, MS (GFWHIP 1993, NCNHP 1993, SCHT 1993, UGA 1993, NCU
1991-93).  In addition, it has been reported from Bibb, Grady, and McIntosh counties (Jones and Coile
1988) but voucher specimens were not seen at UGA in 1993.

Myriophyllum laxum is currently known from (number per county follows in parentheses where
known):  11 occurrences in Brunswick (5), Carteret (1), Craven (1), Cumberland (2), Hoke (1), and
Onslow (1) counties, NC (NCNHP 1993); eight occurrences in Aiken, Chesterfield, Darlington,
Kershaw, and Orangeburg counties, SC (NCU 1991-93, SCHT 1993); three occurrences in Clinch,
Irwin, and Seminole counties, GA (Patrick 1993, UGA 1993); more than three occurrences in Jackson,
Liberty, and Wakulla counties, FL (FNAI 1993); and one occurrence in Covington County, AL (ANHS
1993).  No current records exist for Mississippi.

HABITAT

Loose Watermilfoil occurs in shallow water of natural ponds (especially sinkhole ponds) and lakes,
impoundments and beaver ponds, blackwater streams, backwaters, sloughs, drainage ditches, and
canals.  Water is usually highly acidic, between pH 4 and 5 at one site in NC (Beal 1977).  At this same
NC site, chloride content was just over 1 ppm and organic matter very low at -1.8% (Beal 1977). 
Associates include floating aquatics such as Nuphar advena, Nymphaea odorata, Nymphoides spp.,
Brasenia schreberi, Utricularia spp., and Myriophyllum heterophyllum.  Emergents associated with it
may include Scirpus subterminalis, S. cyperinus, Carex verrucosa, Eleocharis robbinsii, E.
equisetoides, E. quadrangulata, Fuirena scirpoidea, Rhynchospora macrostachya, R. careyana,
Pontederia cordata, Orontium aquaticum, and Peltandra virginica.

BIOLOGY-ECOLOGY

Flowering and fruiting occurs from mid-April (FL) and mid-May (SC) through August and into
October.  However, a given population probably does not produce fresh flowers and fruits for such an



363

extended period of time in a given year.  For example, in a very large occurrence on Fort Bragg, NC,
flowering was well underway on 17 May 1993; by 27 July most fruits had matured (or possibly had
aborted) and had dropped from the inflorescences.  The number of emersed stems visible on the latter
date was but a fraction of those in May (TNC 1991-93).  

  Reproduction

The following discussion was adapted from Sculthorpe (1967).  Most members of the genus
Myriophyllum, including M. laxum, are anemophilous, i.e., adapted for wind pollination.  This has
resulted in a reduction in flower size, with long, exposed anthers and recurved, plumose stigmas to
catch airborne pollen.  To reduce the chances of self-pollination, flowers of a given spike are specially
arranged and mature at different times.  Thus, the lowermost flowers are usually female, the middle
ones may be bisexual, and the upper male, so that by the time the upper flowers of a spike are mature
the female flowers usually will have been pollinated by another plant.

As fruits develop, they gradually dry out, splitting the mericarps (sections) off into the water.  These
presumably float about for a few hours to a day or so, travel some distance from the parent plant, then
after absorbing enough water they will sink to the bottom.  The fruits possess a tough coating, probably
an adaptation for prolonged dormancy, but germination may occur as soon as the first spring following
a cold period.

Many species of Myriophyllum also have the ability to grow from broken portions of plants that may be
carried to new locations by water currents, waterfowl, beaver, and people (boats, propellers, oars,
trailers, etc.).  It is not known whether M. laxum specifically has moved about in this way.

THREATS

Threats to the species include loss or change of habitat due to widely fluctuating water levels, draining,
high nutrient inputs, herbicides, grazing by tame or feral waterfowl, and siltation.

RECOVERY POTENTIAL

The potential for recovery of this species is probably good, based on this species' apparent recent
spread throughout the Sandhills of the Carolinas in human-created impoundments.  It would seem that
M. laxum produces large, healthy occurrences in suitable habitat and co-occurs with the larger and
aggressive M. heterophyllum at several current sites (TNC 1991-93).  Recently, the alien M. spicatum
has spread through the southern U.S. in scattered locations; Godfrey & Wooten (1981) state:  "often
forming dense stands, displacing native, waterfowl food plants, and forming an impediment to
navigation.  Apparently being spread, in part, by transport of fragments."

STEWARDSHIP

  RESEARCH NEEDS

There has been no research of any sort conducted on this species.  Of paramount importance is a study
of its reproductive biology, including the conditions under which germination occurs.  Also, the effects
of fluctuating water levels on this species' numbers and germination potential need to be determined.

  MONITORING NEEDS

There are no data available on the change in the number of individuals over time at a given site or what
parameters might affect change.  Even accurately counting plants of an aquatic such as M. laxum is a
challenge to the biologist, with or without a boat.  Nonetheless, some method needs to be developed to
assess natural fluctuations in the size of a population in the field, so that land stewards may be alerted to
potentially detrimental situations.
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Inventory needs.  In the Carolinas and Georgia, there is a gap between occurrences in the Inner Coastal
Plain (Fall-line Sandhills) and the Outer Coastal Plain; this anomaly needs to be investigated.  The
number of recently discovered occurrences in the Sandhills region of the Carolinas suggests that M.
laxum may be spreading here and that beaver and human-created impoundments need further inventory. 
From available distribution data, it appears that loose watermilfoil may be of frequent occurrence on the
Gulf Coastal Plain and in north Florida; additional surveys are needed there and westward into
Louisiana.  Nearly all of the records on the Gulf Coastal Plain are from the 1970s and 1980s.  It is not
known whether these occurrences are recent arrivals or merely recently recognized by botanists.  M.
laxum appears to be an overlooked, poorly surveyed species throughout most of its range.  Botanists
and state Natural Heritage Programs are urged to devote more time to locating occurrences.

  MANAGEMENT RESEARCH NEEDS  

The relationship, if any, between water levels and this species' growth, flowering, and germination
need to be investigated, so that managers of impoundments can predict the consequences of altered
water levels or of draw-downs.  Most watermilfoil species are susceptible to drying and death during
prolonged draw-downs (seeds may not be), and managers need to be aware of potential consequences
(Sculthorpe 1967).  Additional study of this species' tolerance to chemical and nutrient inputs (such as
may be found in agricultural, golf course, and lawn runoff) would be important information to
stewards.

The role of aquatic plants such as watermilfoils in overall pond and stream ecology is worthy of
consideration.  A few species have earned reputations as "pests" (e.g., the alien M. spicatum) and have
been the target of eradication programs.  Such programs have also targeted native species, such as M.
heterophyllum, in human-created impoundments where recreation is hampered.  However, the
importance of watermilfoils to fish and aquatic invertebrates, by providing shade, shelter, spawning
sites, and food, needs to be assessed, so that native watermilfoils in more-or-less natural sites will not
become victims of prejudice.  So far as is known, M. laxum has not been declared a problem anywhere. 
   

  MANAGEMENT NEEDS

More research is needed before drafting management needs and procedures.

Major fluctuations in water, pH, and nutrient levels at sites supporting Myriophyllum laxum should be
avoided.  Monitoring programs should be designed and installed in the different habitats that M. laxum
occupies in order to detect current trends of the species.  Biological research into the reproductive and
disturbance biology of this species is required before any comprehensive management plan can be
made.  Periodic rangewide surveys for M. laxum should be made in sites that offer suitable habitat for
the species.
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Summary of the potential effects of the RCW Management Guidelines on Myriophyllum laxum.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection       X    

      Brush clearing    X   

      Fuel removal and raking    X   

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X         

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Myriophyllum laxum

Myriophyllum laxum occurs shallow beaver ponds, impoundments, natural pools in sphagnum bogs and
peatlands, blackwater streams, and sloughs.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU and are unlikely to occur in areas
immediately adjacent open water habitats.  To the extent that such activities maintain an open midstory,
they would positively affect habitat quality for M. laxum.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of habitats in the longleaf pine ecosystem.  Further research is required to assess the effects of growing
season vs. winter burns, as well as burn frequency, on the ecology and reproduction of this species.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support M. laxum.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting M. laxum should be prohibited unless prescribed burning
fails to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on M. laxum habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for M. laxum.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on M. laxum.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
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longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit M. laxum.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     25  Text from:  Aulbach-Smith, C.A. 1985.  Draft element stewardship abstract: Oxypolis canbyi. South
Carolina Field Office, The Nature Conservancy.
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Species Stewardship Summary25
OXYPOLIS CANBYI

ELEMENT CODE: PDAPI1L010
SCIENTIFIC NAME: Oxypolis canbyi 
COMMON NAME: Canby's Cowbane, Canby's Dropwort

STATUS

GLOBAL RANK: G2
STATE RANK: SH (DE); S2 (GA); S1 (MD, NC, SC); SU (VA)

FEDERAL STATUS: Listed as Endangered (LE) species by the USFWS.
STATE STATUS:  E (GA, MD, NC); A (SC)

DESCRIPTION

Oxypolis canbyi is an herbaceous perennial which produces numerous pale, fleshy stoloniferous
rhizomes.  Buds formed at the ends of these rhizomes produce an ascending rhizome which expands
into an erect stem base usually embedded in the substrate.  Stems are erect to ascending, slender, terete,
fistulose and finely ribbed.  Above the middle the internodes elongate into the inflorescence.  The lower
portion of the stem is usually strongly suffused with purple or pink, while the upper portion is more
uniformly green.  Plants are up to 1.5 meters tall with stems 3-10 mm thick.  Leaves are alternate,
simple, nodose-septate and terete, comprised of petiole and rachis only, thus appearing phyllodial. 
Generally, the leaves are slender, elongate and linear-subulate.  Leaf bases are dilated and clasping.  By
flowering time, the lower leaves are usually absent.  The lower leaves are 1-2(3) dm long with the
median and upper leaves gradually decreasing in length. 
 
Inflorescence is composed of axillary, compound umbels on erect or  ascending, terete primary
peduncles which are 4-10 cm in length.  The slender, stiff primary rays (secondary peduncles) usually
number 5-9(12) and are (1) 2-3 cm long.  These are subtended by 3-7 linear-setaceous involucral bracts,
0.5-2.5 cm long.  The secondary umbels are 1 cm high, on pedicels 2-7 mm long and are subtended by
involucel bractlets 3-10 mm long.  

Flowers are regular, bisexual, or unisexual.  The inner flowers of some umbels are male, while some
outer flowers are female.  The flowers are small with 5 inconspicuous sepals and 5 clawed white petals. 
The petals are 1.2-1.3 mm long with the blades strongly incurved.  The inferior ovary is topped by a
conical stylopodium with two short fleshy style branches and slightly capitate stigmas.  Functionally,
male flowers bear 5 stamens. 

Fruits are broadly ovate or elliptic to suborbicular schizocarps.  Each  is (4)5-7 mm long and 4-6 mm
wide, dorsally flattened, notched apically  and frequently bowed inward due to the unequal growth of
the paired mericarps.  Toward the edge of the fruit is a dilated corky tissue which  forms wing-like
structures.  There are 3 parallel ribs over the seed cavity of each mericarp. 

  Diagnostic Characteristics

In the Apiaceae, there are two other taxa which could be confused with Oxypolis canbyi.  These are
Ptilimnium nodosum and Oxypolis filiformis.  P. nodosum can be distinguished from O. canbyi by the
terete and wingless fruits.  And, unlike O. canbyi, P. nodosum is an annual.  The  following features
are important in separating O. canbyi and O. filiformis: 
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1. O. canbyi has: stoloniferous rhizomes; pink or purple lower internodes; 5 to 9 rays of the
umbel; and dorsally flattened fruits with dilated margins (i.e., thickest at the edges).

2. O. filiformi has: crown buds; green lower internodes; 10 to 20 primary rays of the umbel; and
dorsally flattened fruits with wings (ie. thinnest at the edges) (compiled from: Kral 1983,
Tucker et al. 1983) 

DISTRIBUTION

Oxypolis canbyi has been found in the Coastal Plain province of Delaware (extirpated), Maryland,
North Carolina, South Carolina, and Georgia.  Over the past 118 years, it has been reported from
fourteen sites; five  of these have been discovered since 1978.  Of these fourteen, at least  four and
possibly six are now known to be extirpated. 

HABITAT

Oxypolis canbyi has been found in a variety of habitats, including pond cypress ponds, grass-sedge
dominated Carolina bays, wet pine savannahs, shallow pineland ponds and cypress-pine swamps or
sloughs.  The largest and most vigorous populations reported occur in open bays or ponds which are
flooded throughout most of the year and which have little or no  canopy cover.  Invariably, the sites are
on a sandy loam or loam soil which is underlain by a clay layer.  Based on county soil surveys, known
soil types which support populations of O. canbyi are Rembert loam,  Portsmouth loam, McColl loam,
Grady loam, Coxville fine sandy loam, and  Rains sandy loam.  These soil types are similar in that they
have a medium to high organic content, high water table, and are deep, poorly drained, and acidic. 
 
The following species are frequently found associated with O. canbyi: Ilex myrtifolia, Nyssa biflora,
Taxodium ascendens, Pinus serotina, Stillingia aquatica, Rhynchospora tracyi, R. inundata, Manisuris
rugosa, Rhexia aristosa, Polygala cymosa, Pluchea rosea, Lobelia boykinii and Hypericum
denticulataum. 

BIOLOGY-ECOLOGY

Predation by the caterpillar of the black swallowtail butterfly (Papilio polyxenes asterius) may be a
factor in reducing the sexual reproductive potential of O. canbyi.  This caterpillar chews through the
stems just below the inflorescence. 

  Reproduction

Existing populations of O. canbyi are maintained mainly through asexual reproduction.  This species is
strongly clonal, reproducing vegetatively by means of stoloniferous rhizomes.  Stems also become
decumbent and root at the nodes, especially in drier sites where there is little or no water to support the
stems. 
 
Perfect or bisexual flowers are produced which may result in some self-pollination; however, the
flowers are protandrous which may ensure some degree of outcrossing.  The potential for outcrossing
may be higher in those umbels which produce inner male flowers and outer female  flowers. 
Outcrossing results in increased recombination and heterozygosity, thereby ensuring increased
evolutionary potential.  Sexual reproduction theoretically should act as a sort of evolutionary buffer
enabling the species to survive environmental changes.  This may not be the case in O. canbyi due to a
possible high selfing rate and/or the isolation of small populations. 

THREATS

The most imminent and serious threat to O. canbyi is the loss of wetland habitats in which it occurs. 
The main source of the destruction of these habitats is drainage of lowland areas followed by bulldozing
and  conversion to pine plantations, pastures, or croplands. 
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Succession due to alteration of the habitat is the second most serious threat to the species.  Drainage or
lowering of the water table as a result of road construction, agriculture, and other human activities 
results in succession leading to increased competition from other  herbaceous species which are not as
tolerant of high water conditions as is O. canbyi. 
 
The amount of predation and the effects of predation by the Papilio caterpillar are unknown.  Increased
predation may be a result of habitat. 
 
Because of the extreme scientific interest in O. canbyi, it could be exploited for research or educational
purposes.  In some sites, over-collection would be detrimental to the population. 

RECOVERY POTENTIAL

For those sites which have been altered or damaged in some way, the potential for recovery of O.
canbyi is good provided that the natural hydrologic regime can be restored and O. canbyi is present in
sufficient numbers to recolonize the site. 

MANAGEMENT

  LAND PROTECTION SPECIFICATIONS

The actual amount of land needed to protect a population of O. canbyi would depend on the type of
habitat in which it occurs.  Water levels appear to be critical to O. canbyi; therefore, that part of the
watershed which contributes to the inflow and maintenance of water levels within the site should be
protected.  If there is an outflow, enough land should be acquired to ensure natural drainage.  Thus, in
addition to protection of the actual site, it is necessary to protect as  a buffer that part of the watershed
which is essential to the hydrology of the site. 

A quality occurrence of O. canbyi would best be reflected in large populations with a high density of
stems or clumps of plants per unit area.  Such populations typically occur in areas with little or no
canopy cover and little competition from other herbaceous plants. 

  BIOLOGICAL RESEARCH NEEDS

The effect of predation by the Papilio caterpillar needs to be studied.  Herbivory has been noted at most
of the sites and may be occurring at all of the sites.  The following questions need to be addressed: 

1. Does herbivory occur throughout the life cycle of O. canbyi, or does it occur during flowering
or before or after fruit maturation? 

2. Does the amount of herbivory differ from site to site or from habitat to habitat?  Are stressed or
less vigorous populations more susceptible? 

3. Is the result of herbivory a significant reduction in seed set? 
4. O. filiformis will frequently occupy disturbed areas in the vicinity of O. canbyi sites.  Papilio

caterpillars also feed on O. filiformis.  Does this proximity of O. filiformis populations have an
effect on the amount of herbivory on O. canbyi? 

 
In addition to determining light and water requirements of O. canbyi, other physical parameters need to
be ascertained such as  water and soil pH, organic content of the soils, soil types, etc. 
 
Information is needed on seed production, seed viability and dormancy, seed dispersal mechanisms, and
seed germination requirements.  An in-depth analysis of the breeding systems is also needed. 
 
The effects of fire are presently unknown, although at least some of the sites show evidence of past
fires.  Research on the effects of fire is needed to determine whether it is important in the management
of O. canbyi populations. 
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An in-depth analysis of the sites is needed to determine associated species and possible indicator
species.  The ability of O. canbyi to successfully compete with other herbaceous plants is also
unknown. 

  MONITORING NEEDS

Since the preserves have only been recently acquired, it is not known whether the populations of O.
canbyi are stable, increasing, or decreasing.  Monitoring is needed to determine the status of these 
populations.  Monitoring alone will probably not be sufficient to determine management needs. 

  MONITORING PROCEDURES

Since O. canbyi is known to occur in a variety of habitats, it is important that permanent plots be set up
in as many of these O. canbyi  sites as is feasible.  In addition to data on O. canbyi, important data  to
be gathered would include water table levels throughout the year and light levels throughout the
growing season.  Thus, the species as well as the habitat should be monitored. 

  MANAGEMENT NEEDS

Monitoring the populations should help to determine whether there is a need for active management. 

  MANAGEMENT PROGRAMS

The preserves have been recently acquired; no management programs are in effect. 

  MANAGEMENT PROCEDURES

Management procedures are unknown at this time.  For those sites that have been altered or partially
destroyed, restoration of the natural hydrologic regime and thinning of the canopy may be needed.  Fire
may be a recommended tool.  Until this is known and due to the evidence of past fires at some sites,
natural fires should not be prevented from occurring in O. canbyi sites.  The process of putting out a
fire could possibly alter the hydrologic regime through the construction of ditches and fire breaks. 
Putting out a fire in an O. canbyi site would be more detrimental than the fire itself. 

STEWARDSHIP SUMMARY

Monitoring is needed to determine whether the populations of O. canbyi are increasing, decreasing, or
remaining stable and whether they are maintained through vegetative reproduction or a combination of
vegetative and sexual reproduction.  The need for active management should be based on the results of
monitoring.  Research programs probably will be needed to determine appropriate management
techniques. 
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Summary of the potential effects of the RCW Management Guidelines on Oxypolis canbyi.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X       

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X X X

         Three-year fire return X X X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Oxypolis canbyi

Oxypolis canbyi occurs in a variety of shallow water wetland habitats, including pond cypress ponds,
Carolina bays, wet pine savannas, shallow depressional ponds, and sloughs.  The greatest threats to
established populations appear to be drainage of wetlands and alteration of water quality.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  Such activities are unlikely to occur
in habitats supporting O. canbyi.  To the extent that such activities restore and open midstory, they
would positively affect habitat quality for O. canbyi in wet pine savannas and flatwoods.  However,
fuel removal by raking could destroy population clusters of these plants, which should be marked so
that they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of various coastal plain habitats in which O. canbyi occurs or which are upstream from suitable wetland
habitats.  Further research is required to assess the direct effects of growing season vs. winter burns, as
well as burn frequency, on the ecology and reproduction of this species.  Recent work suggests that
pine flatwood and savanna habitats may be successfully managed with frequent growing season fires (3
to 5 year return).  Late season fires should take into account the species reproductive phenology to
avoid adverse effects.  In areas that have been fire-suppressed for lengthy periods, may be subjected to
a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support O. canbyi.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support O. canbyi.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting O. canbyi should be prohibited unless prescribed burning
fails to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on O. canbyi habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for O. canbyi.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
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fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on O. canbyi.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit O. canbyi.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     26 Text from:  Smith, I. 1993. Element stewardship abstract: Parnassia caroliniana. In. Rare and
endangered species survey and natural history inventory for Fort Bragg and Camp Mackall. The North Carolina
Nature Conservancy and North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.   
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Species Stewardship Summary26
PARNASSIA CAROLINIANA

ELEMENT CODE: PDSAX0P020
SCIENTIFIC NAME: Parnassia caroliniana Michaux
COMMON NAME: Carolina Grass-of-parnassus

STATUS

GLOBAL RANK:  G2
STATE RANK:  S1 (FL), S1S2 (SC), S2 (NC)

FEDERAL STATUS:  Listed as Candidate level 2 (C2) species by the USFWS.
STATE STATUS: E (NC, FL)

DESCRIPTION

  General Description
 
Description is adapted from Radford, et al. (1968).  

Parnassia caroliniana is a glabrous, rhizomatous, perennial herb 2-5 dm tall.  Basal leaves usually
ovate; blades 2-6 cm long and wide.  Sepals 3-4.5 mm long; petals not clawed, 15-20 mm long, main
veins 9-19.  Stamens shorter than staminodia, staminodial glands elongate, apiculate.  Ovary broadly
elipsoid, about 9 mm long at anthesis.

  Technical Description
   
Description is adapted from Radford, et al. (1968), Phillips (1982), Spongberg (in prep. 1991), and
Boyer (1991).  

A member of the Saxifrage Family (Saxifragaceae or subfamily Parnassiaceae), Parnassia caroliniana
is a glabrous, perennial herb, 1-6.5 dm tall with a slender horizontal rhizome.  Leaves to 3 dm long,
primarily basal, entire, long-petiolate, with 7-11 main veins; blades suborbicular to broadly ovate, 2-9
cm long and wide, widest part slightly below the middle; lamina decurrent along petiole; bases cuneate
to subcordate, base and lower petiole margins entire to slightly red fimbriate.  Cauline leaves usually
solitary, borne below midpoint on flowering stem, similar to basal leaves yet smaller and usually
cordate with a clasping base.  Flowering stems angled, with a single bract 0.9-4.0 cm long with 5-11
veins; bract base truncate to slightly cordate, margins red fimbriate.

Flowers solitary on elongate peduncles, perfect, regular; calyx lobes 4-6 mm long, 1/3-2/3 as wide,
oblong, apex rounded to obtuse, 5 or 7 veins, margins entire, sometimes slightly hyaline. Sepals 5,
slightly united at base, green tinged with white, 3-5 mm long, persistent.  Petals 5, white tinged with
green or yellow along veins, sessile, 1.2-2.2 cm long, 1/2-3/4 as wide, veins conspicuous, 15-30 major
veins, lower veins branched near the margin, margins entire.  Stamens 5, anthers yellow, apex obtuse;
staminodia 5, white, longer than the stamens, 0.9-1.6 cm long, deeply 3-parted, apical glands elongate. 
Stigmas 4, sessile; style absent or very short; ovary superior, ovoid to broadly ellipsoid, white, 4
carpels, 1-locular, many ovulate, placentation parietal.  Capsules 0.7-1.3 cm long, ovate, subtended by
the spreading calyx lobes.  Usually deciduous in fruit, but sometimes marcescent.

  Diagnostic Characteristics 
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Three species of Parnassia can be found in the southeastern United States:  P. asarifolia, P.
caroliniana, and P. grandifolia.  According to Radford, et al. (1968), P. asarifolia occurs in the
mountains, has clawed petals, reniform basal leaves, and stamens exceeding the staminodia.  P.
caroliniana and P. grandifolia do not have clawed petals and have round leaves and stamens shorter
than the staminodia.  Parnassia grandifolia has a short, erect rhizome or rootstock and elliptic petals
with 5-9 veins, whereas P. caroliniana has a long, creeping, horizontal rhizome and oval petals with
11-18 veins (Godfrey and Wooten 1981).

Vegetatively, Centella asiatica might be confused for P. caroliniana as both share similar habitat and
habit.  Centella's leaves differ by having dentate to weakly sinuate margins and being pubescent
beneath, while Parnassia has entire leaf margins and is glabrous.

Because Parnassia caroliniana typically does not co-occur with P. grandifolia, it can be easily
identified at any time of the year by its leaf characteristics (Weakley 1991).  These two species are
known to occur together at only one site, a longleaf pine ridge/cypress stand in Franklin County,
Florida.  At this site they grow in close proximity but in distinct microenvironments; P. caroliniana
grows in a well-drained seepage slope and P. grandifolia occurs downslope in a wetter ecotone along a
cypress stand (Walker 1991).  In such conditions, these species can best be distinguished by floral
characteristics in autumn (September to November).

DISTRIBUTION

There are no historical records, except for erroneous ones, for extant or extirpated occurrences of
Parnassia caroliniana in Alabama, Georgia, Mississippi, or Virginia (Boyer 1991, Patrick 1993).  The
current range of P. caroliniana currently includes 12 counties in the southeastern Coastal Plain; eight in
North Carolina, two in South Carolina, and two in Florida (Weakley 1993a).  In North Carolina 28
currently extant occurrences are known from (number of occurrences follows in parentheses) Bladen
(1), Brunswick (8), Columbus (4), Cumberland (3), Harnett (1), Hoke (3), Onslow (3), and Pender (5)
counties (NCNHP 1993).  In South Carolina, it is known from Georgetown (1) and Horry (1) counties;
there is also an unofficial report from Richland County (Pittman 1991).  In addition, P. caroliniana is
currently known from a total of 47 occurrences in Franklin and Liberty counties in the Apalachicola
Delta District of the Florida panhandle (Amoroso 1993).  To summarize, there are three main areas of
concentration:  (1) Pender-Onslow counties, within a five-mile radius of Maple Hill, NC; (2)
Brunswick-Columbus counties, NC; and (3) Apalachicola, FL (Weakley 1993a).

Current ownership.  The Florida occurrences of P. caroliniana are in Apalachicola National Forest
(Amoroso 1993).  North Carolina has 28 occurrences, seven of which are on Fort Bragg Military
Reservation (U.S. Army), four on North Carolina Nature Conservancy preserves, one on Moores Creek
National Battlefield (National Park Service), and one on Holly Shelter Game Land (NC Natural
Resources Commission), six on paper company land (Georgia Pacific, International Paper Board), one
on a powerline right-of-way, and another eight on privately owned land (NCNHP 1993).  In South
Carolina, five of its seven occurrences are on timber company land, and the remaining two are on
privately owned land (Pittman 1991).

HABITAT

Parnassia caroliniana is considered a perennial, ecotone species.  It grows primarily in fire-maintained,
sandy-soiled savannas and pine flatwoods of the southeastern Coastal Plain.  Parnassia caroliniana
prefers low, permanently moist, drainages in open, herb-dominated grasslands including bogs,
flatwoods, and savannas.  It has been found in the following habitats:  recently burned savannas,
overgrown-shrubby savannas, pocosin/savanna ecotones, savanna/hardwood swamp ecotones, pine
flatwood/swamp ecotones, firebreaks, powerline rights-of-way, Atlantic white cedar swamps, Sandhill
Seeps, and Streamhead Pocosins (NCNHP 1993).  Sandhill Seeps are areas dominated sphagnum,
shrubs and herbs, occurring in relatively steep places where local clay soils force seepage water to the
surface.

In the Outer Coastal Plain, P. caroliniana appears to prefer calcareous substrates with a large sand
fraction and some peat content (Boyer 1991).  In other areas, such as the NC Sandhills region, it has
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been found growing in sandy-clay soils and deep-peat sand soils.  According to Boyer (1991), examples
of soil types found at occurrence sites include:  "Foreston fine sandy loam or loamy fine sand (Aquic
Paleudults); Woodington fine sandy loam (Typic Paleaquults); Grifton loamy fine sand (Typic
Ochraqualfs); Stallings sandy loam (Aeric Paleaquults); and Johns fine sandy loam (Aquic
Hapludults)."  On Fort Bragg, it has been found on Blaney (Arenic Hapludults), Candor (Arenic
Paleudults), and Norfolk (Typic Paleudults) soil series (Hudson 1984, Barnhill 1986, TNC 1991-93,
NCNHP 1993).

Boyer (1991) reported that "P. caroliniana is always associated with pines either (most commonly)
longleaf pine (Pinus palustris) or slash pine (P. elliottii), the latter often in pine plantations."  Other
associated species include:  Andropogon virginicus, A. glomeratus, Aristida stricta, Arundinaria tecta,
Centella asiatica, Ctenium aromaticum, Dichromena sp., Erigeron vernus, Eryngium integrifolium,
Eupatorium rotundifolium, E. leucolepis, E. pilosum, Fothergilla gardenii, Gaylussacia frondosa,
Gentiana pennelliana, Helenium pinnatifidum, Ilex glabra, Lyonia lucida, Pinus serotina, Platanthera
ciliaris, P. cristata, Pteridium aquilinum, Ptilimnium capillaceum, Pycnanthemum flexuosum, Rhexia
alifanus, Sarracenia flava, S. purpurea, Taxodium ascendens, Vaccinium crassifolium, and
Woodwardia areolata.  In North Carolina, it is sometimes also associated with the following rare plant
taxa:  Agalinis aphylla, Allium sp. 1, Calamovilfa brevipilis, Dionaea muscipula, Lycopus cokeri,
Lysimachia asperulifolia, Oxypolis ternata, Platanthera integra, Rhynchospora oligantha, Sarracenia
minor, Solidago verna, Thalictrum cooleyi, and Tofieldia glabra (NCNHP 1993).

BIOLOGY-ECOLOGY

Like many other herbaceous wetland species of the Atlantic and Gulf Coastal Plains, Parnassia
caroliniana is dependent on fire for periodically removing competing vegetation and for maintaining the
open, herb-dominated structure of its habitats (Weakley 1991, TNC 1991-93, NCNHP 1993).  Fires
may also play a more active role in the reproductive biology of the species by stimulating flower and
fruit production and by creating conditions necessary for successful germination of seeds.  Flower and
fruit production in fire-suppressed, heavily shaded sites is low (Weakley 1991).  The natural fire
frequencies for the habitats which P. caroliniana occupies are not known; estimates of fire frequency in
the Sandhill Seep and Streamhead Pocosin communities in the NC Sandhills range from five to ten
years (TNC 1991-93).  The plants appear able to persist vegetatively during moderately long periods of
shading between burning events, an adaptation which is found in many perennial, fire-adapted species
such as Lysimachia asperulifolia and Tofieldia glabra (Weakley 1991).  The relative importance of
vegetative (asexual) growth versus sexual reproduction for the species is not known.

Weakley (1991) has noted that the number of leaves produced per plant varies greatly from year to year
depending on hydrologic conditions (amount of rainfall) and frequency of fires.  Drastic changes in the
hydrology of a Parnassia site due to ditching and draining or due to altered evapotranspiration rates as a
result of successional vegetation changes (i.e., from fire suppression) are likely to greatly affect the
vigor of P. caroliniana occurrences (Weakley 1991, TNC 1991-93).  Temporary declines in numbers
may not all be caused by environmental stresses; Walker, Evans and Carr (1990) found that individuals
that have not been successfully pollinated occasionally die back during the growing season and produce
leaves again the following year (Walker 1991).

At the Apalachicola National Forest in Florida, researchers have seen evidence of predation on the
capsules of P. caroliniana (Walker 1991).  This predation may be important in seed dispersal for the
species; other dispersal pathways are not known (TNC 1991-93).

  Phenology and Reproduction 

In North Carolina, leaves appear at least by late April; P. caroliniana produces buds, flowers and fruits
in autumn, from September to November (TNC 1991-93, NCNHP 1993).  The nectar-producing
staminodia of P. caroliniana are most likely visited by insects (Weakley 1991).  There is some evidence
that it may be pollinated by flies and beetles.  MacDougal and Murphy (1982) wrote of P. caroliniana
being "heavily visited by stout-bodied white syrphid flies; some other flies and small beetles."  It has
been speculated, however, that most occurrences are maintained asexually by rhizomes, as are many
other fire-adapted savanna plant species (Weakley 1991).
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THREATS

Because many high-quality occurrences of P. caroliniana are on timber lands, its primary threats are
activities related to timber production (logging, bedding, ditching, and draining).  While clear cutting
and bedding (planting of seedlings) can physically destroy P. caroliniana, another serious threat is fire
suppression, which leads to loss of habitat due to shrub and tree encroachment.  In addition, ditching
and draining alter the hydrology often making the soil too dry to support P. caroliniana.

Other threats to P. caroliniana include residential and commercial development, especially in Horry
County, South Carolina (Pittman 1991).  In North Carolina, many lesser quality occurrences are along
roadsides where vehicular activities, road maintenance, and road expansions threaten them (Weakley
1991).

STEWARDSHIP

  RESEARCH NEEDS

Basic biological research on pollination, seed set, and seedling establishment is needed.  Biosystematic
research could be done to determine significant differences between the populations of P. caroliniana in
the Carolinas and the disjunct Florida populations (Boyer 1991).  Ecological studies of habitat
requirements such as preferred soil pH and hydrology are lacking.  Also, further information is needed
on the effects of growing-season burns and winter burns on the growth and reproduction of P.
caroliniana.

Only one study has been done to determine the effect of management practices on P. caroliniana.  This
study was done at the Apalachicola National Forest by Walker, Evans and Carr (1990) to describe the
population structure and reproductive efforts of P. grandifolia and P. caroliniana in response to
growing-season fire.  A study on the effectiveness of winter burns needs to be conducted.  Also the
effects of long-term mowing and bush-hogging on P. caroliniana and on soil hydrology should be
studied.

  MONITORING NEEDS

Monitoring should be done to determine the status of particular populations of P. caroliniana and to
help answer questions about the basic biology of the plant.  Additionally, monitoring is necessary to
determine the effectiveness of current management practices.

Inventory needs.  Areas with potential P. caroliniana habitat that need more thorough surveys include
Gulf County in Florida (Hilsenbeck 1991) and Lee and Richland counties in South Carolina (Pittman
1991).  A population of P. caroliniana may exist on Fort Jackson Military Reservation in Richland
County, South Carolina; however, this has not yet been substantiated (Nelson 1991).  Additionally,
southern Alabama, especially Baldwin and Mobile counties, southern Mississippi, and Georgia may
have suitable habitat for P. caroliniana (Boyer 1991, Weakley 1991).

  MONITORING PROCEDURES

The monitoring of an occurrence could be done using close-up photo plots (e.g., one-square-meter area)
or by collecting more specific data (e.g., number of leaves, flowers, fruit per plant) for individuals. 
Using photo plots may be preferred because P. caroliniana is rhizomatous and determining individual
plants is difficult (Weakley 1991).  However, Walker, Evans and Carr (1990) were able to use half-
square-meter quadrats and take measurements of individual plants to study responses to prescribed
growing-season burns.

  MONITORING PROGRAMS

No biological monitoring is being conducted on P. caroliniana at the present time.

Inventory.  Fairly thorough statewide inventories of the habitats likely to support P. caroliniana
occurrences have been conducted in Florida, North Carolina, and South Carolina.  A rangewide status
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survey of P. caroliniana is being conducted by Marjorie W. Boyer for the North Carolina Plant
Conservation Program and the U.S. Fish and Wildlife Service.

From 1991-93, a comprehensive inventory for P. caroliniana and other rare plant taxa was conducted
on Fort Bragg and Camp MacKall military reservations, North Carolina.  As of July 1993, five
occurrences had been located on Fort Bragg (TNC 1991-93).  An intensive survey on 25,000 acres of
the Sandhills Game Land in Richmond and Scotland counties, NC, scheduled for 1994 could possibly
identify more occurrences.

  MANAGEMENT PROCEDURES

To maintain a habitat free from shrub and tree encroachment several practices can be used:  growing-
season burns, winter burns, mowing, bush-hogging, and selective removal of unwanted woody species. 
Most researchers and land stewards agree that fire appears to be the most effective management tool. 
Walker et al. (1990) found that individuals subjected to growing-season burns produced more leaves,
flowers, fruits, and seeds than those not subjected to the disturbance (Walker 1991).  It is not certain,
however, whether growing-season burns or winter burns are preferable.  It is possible that alternating
between growing-season and winter burns may be optimal depending on the previous natural fire regime
of a particular site.

Parnassia caroliniana also appears to benefit from regular mowing and bush-hogging in certain areas
such as powerline rights-of-way.  However, bush-hogging and long-term mowing can potentially harm
populations by compacting and rutting the soil and altering the hydrology, and care should be taken if
this management practice is used.  The merits of selective tree and shrub removal are unknown, and
this practice is most likely not cost effective.

An additional management concern is protecting the soil hydrology where P. caroliniana occurs. 
Ditching and draining should be avoided since these practices alter the hydrology, possibly making the
soil too dry for the species.

Restoration Procedures.  The restoration of P. caroliniana depends primarily upon the condition of the
habitats in which it occurs.  Subpopulations that have sustained minimal disturbance and that occur
where the hydrology has not been altered are good candidates for restoration.  Such subpopulations may
require only a regular fire regime to recover and maintain their viability and vigor.  Habitats subjected
to major disturbances such as ditching, draining, and shrub encroachment are poor candidates for
restoration.  The recovery of this species depends upon habitat protection and active management of
plant occurrences.

  MANAGEMENT PROGRAMS

Most of the occurrences of P. caroliniana are being managed either to specifically enhance them or to
enhance the pines that grow in association with them.  Timber and paper companies usually burn their
plantations during the winter, primarily to promote pine tree growth.  In Apalachicola National Forest,
land managers are maintaining endangered and threatened species by prescribing fires every three to
four years with one of three being a growing-season burn (Walker 1991).

To maintain species diversity, the North Carolina Nature Conservancy has been prescribing differing
burn regimes (yearly and two- to three-year rotation burns) at two preserves in Brunswick and Pender
counties where P. caroliniana is found (Bucher 1991).  They will be prescribing growing-season and
winter burns every two to three years at the Bean Patch, Shoestring, and Deer Island savannas in the
Green Swamp Preserve and at the main savanna in the Lanier Quarry Preserve, and annual winter burns
at the Big Island savanna in the Green Swamp Preserve (Bucher 1991).  At Moores Creek Battlefield in
Pender County, NC, the National Park Service is maintaining a site by bush-hogging (Weakley 1991). 
Other occurrences that are located in powerline rights-of-way and along roadsides are being bush-
hogged in an attempt to keep succession from taking place.

Since 1990, all managed areas on Fort Bragg and Camp MacKall have been put on a three-year,
growing-season, prescribed burning regime.  Prior to 1990, from the mid-1960s to 1989, these areas
were burned on a five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was
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no prescribed burning program on either installation, although wildfires were apparently frequent
(Sewell, et al. 1993).

Numerous Streamhead Pocosins and Sandhill Seeps on Fort Bragg and Camp MacKall have been
dissected and severely degraded by firebreaks and trails created in the 1960s and 1970s.  During this
same period, fire plowlines were placed around most seepage slopes, small streams, and other wetlands
by wildlife biologists and foresters who felt that fires passing into wetlands were destructive to animal
populations.  This practice fortunately no longer continues, but the plowlines still persist and may take
several more decades to fill in with sediment and enough vegetation to stop acting as firebreaks between
Streamhead Pocosins or Sandhill Seeps and their adjacent uplands.  Until that time these plowlines will
continue to disrupt the natural nutrient flow and water recharge for the wetland communities.

STEWARDSHIP SUMMARY  

Thorough searches should be done in Alabama, Georgia, and Mississippi to better understand the status
of P. caroliniana there.  Monitoring programs need to be developed and implemented to further update
the status of this species throughout its range and to assess the effectiveness of current management
practices.  Active management is needed to maintain viable, sexually reproducing populations. 
Biological research should help determine proper management practices to implement.  Sites containing
Parnassia caroliniana should be burned during the growing season on a three- to five-year rotation
using landscape-level, ecological burns when possible.  Disturbances affecting the hydrology of P.
caroliniana sites should be identified and removed.  Land protection through acquisition, easements,
and registry programs is necessary to ensure that suitable habitats for this species are maintained.
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Summary of the potential effects of the RCW Management Guidelines on Parnassia caroliniana.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X X X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Parnassia caroliniana

Parnassia caroliniana occurs primarily in the ecotones between streamhead pocosins (linear,
sphagnous, shrub and tree dominated thickets found along small creeks and their headwaters) and drier
longleaf pine-oak uplands, and in wetter pine savannas and flatwoods, as well as in ecotonal areas
between these habitats and more xeric longleaf pine-oak communities.  It appears to depend on periodic
fire to maintain its open habitats.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for P. caroliniana.  However,
fuel removal by raking could destroy population clusters of these plants, which should be marked so
that they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for P. caroliniana because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction
of this species.  Recent work suggests that pine flatwood and savanna habitats may be successfully
managed with frequent growing season fires (3 to 5 year return).  In areas that have been fire-
suppressed for lengthy periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support P. caroliniana.  Use of heavy equipment to
construct berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation,
soil stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between
xeric uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope
areas, as well as natural discharge into downslope areas, must be preserved in seeps to maintain
hydrologic conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support P. caroliniana.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting P. caroliniana should be prohibited unless prescribed
burning fails to provide adequate control of woody encroachment.  Chemical control should not be
employed in wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on P. caroliniana habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for P. caroliniana.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
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should employ fire where possible rather than mechanical methods such as discing or chopping. 
Forestry operations should be prohibited within 50 ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative indirect and
cumulative impacts on P. caroliniana.  Timber harvest which shifts forest stands toward longer
rotations and replaces off-site pines and hardwoods with longleaf pine should restore natural fire,
hydrologic, and nutrient dynamics in plant communities.  Forest management should minimize adverse
impacts to wiregrass and other herbaceous ground-layer species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit P. caroliniana.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     27  Text from:  Prince, A. 1993. Element stewardship abstract: Plantago sparsiflora. The North
Carolina Natural Heritage Program. Raleigh, NC.
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Species Stewardship Summary27
PLANTAGO SPARSIFLORA

ELEMENT CODE: PDPLN02140
SCIENTIFIC NAME: Plantago sparsiflora Michaux.
COMMON NAME: Pineland Plantain

STATUS

GLOBAL RANK:  G2
STATE RANK:  SR (FL); SH (GA); S1 (NC); S? (SC); SE (VA)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: E (NC)

DESCRIPTION

Description compiled from Basset 1967, Godfrey and Wooten 1981, and Radford, et. al.  1968 by M.
Boyer of NC Plant Conservation Program, 20 August 1987.  Updated by Rob Sutter, PCP, 30
November 1988.

Perennial with a short thick root with fibrous secondaries.  Leaves basal, lanceolate, rather thin, 5-30
cm. long including petiole, 1-4 cm. wide, apex obtuse to acuminate, margin entire to shallowly dentate,
base tapering gradually into the petiole, both surfaces with scattered pubescence.  Scapes 1-several,
rarely hollow, sparsely pubescent, 10-45 (-60) cm. long.  Spikes 20-40 cm. long, loosely flowered with
the axis visible over most of its length.  Bract subtending each flower, ovate, with green midrib and
hyaline margin, 1/2 or less the length of the calyx.  Sepals 4, similar to bract, about 2.5 mm. long. 
Corolla lobes spreading, 1-1.7 mm. long, about half the length of the corolla tube.  Capsule
circumscissile below the middle, 3-5 mm. long; seeds 2 per capsule. 

  Diagnostic Characteristics 

Superficially resembles Plantago lanceolata due to lanceolate leaf shape, unlike broad-leaved (e.g., P.
major) or narrow-leaved (P. aristata) Plantago genera.  Distinguished from other Plantago species with
lanceolate leaves by sparsely flowered elongate spike (M. Boyer, plant abstract, PCP, 20 August 1987,
updated by Rob Sutter, PCP, 30 Nov 1988; Laura Mansberg, Botanist, NCNHP, abstract, 7/21/86) and
by triangular-acute shape of small bracts that subtend each flower (Laura Mansberg, Botanist, NCNHP,
abstract, 7/21/86).

DISTRIBUTION

Historically, Plantago sparsiflora occurred in wet pine savanna , flatwoods, and adjacent ditches,
predominantly in the coastal plain, in southeastern North Carolina, South Carolina, southeastern and
southwestern Georgia, and northeastern Florida.  Counties with historic records include Bladen and
Columbus in North Carolina; Berkeley, Horry, Dorchester, Georgetown, and Jasper in South Carolina;
Glynn and Long in southeastern and Calhoun and Lee in southwestern Georgia; and Nassau, Putnam,
St. Johns, and Clay in Florida.  (NCNHP, SCNHP, GANHP, and FLNHP EO records)

The known extant occurrences of Plantago sparsiflora are restricted to wet pine savanna, flatwoods,
and adjacent ditches, predominantly in the coastal plain, in Pender, Columbus, and Brunswick Counties
in southeastern North Carolina; Berkeley, Jasper, Sumter, and Georgetown Counties in South Carolina;
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and Duval and Clay Counties in northeastern Florida.  Efforts have not been made recently to relocate
historic populations in Georgia or to verify distribution in Florida, where the species has not been
listed.  (NCNHP, SCNHP, GANHP, and FLNHP EO records)

The range of Plantago sparsiflora probably extends from southeastern coastal plain of North Carolina
to the northeastern coastal plain of Florida, with disjunct populations in southwestern Georgia. 
Although population size is often described as locally abundant, the number of populations is small and
population distribution is patchy. 

Current Ownership.  Of the four extant sites in North Carolina, Lanier Quarry Savanna Preserve and
Myrtle Head Savanna are (at least partially) owned by The Nature Conservancy, Schulkens Savanna is
owned by a private timber company, and the fourth site is privately owned.  Ownership information is
not yet available for extant populations in South Carolina and Florida.  (NCNHP EO Records; SCNHP
EO Records; Pittman, pers. communication 1991; Nesmith, pers. communication)

Lanier Quarry Savanna Preserve and Myrtle Head Savanna, where two of the four extant Plantago
sparsiflora populations occur, will probably require additional consolidation of ownership.  Land
ownership is quite patchy at Lanier Quarry, while at Myrtle Head preserve boundaries may be
expanded to encompass additional buffer.  The other two savannas occur on privately owned property
with no immediate plans for acquisition.  (Bucher, pers. communication 1991)

HABITAT

This rare Plantago species occurs in very wet open savanna and flatwoods of the coastal plain from
North Carolina to Florida and is typically associated with the calcareous influence provided by marl
substrates.  It is uncertain to what degree the natural habitat of this species was historically fire
maintained; some North Carolina sites where it currently occurs are very wet and would only
marginally burn, while others would burn well (Weakley, pers. communication, 1991).  While it seems
to be most abundant in open wet savanna, scattered individuals also have been documented in North
Carolina in pine savanna and pine plantations (NCNHP EO Records), indicating that it may be able to
tolerate partial shade.  Several North Carolina populations grow in artificially maintained open wetlands
within the savanna, including roadside ditches, powerline rights-of-way, and even in the disturbed soil
of firebreaks  (Weakley, pers. communication, 1991; Mansberg 1986).  Extant and historical
populations in South Carolina, Georgia, and Florida apparently occupy similar habitat, although less
detail is available in occurrence records (SCNHP, GANHP, FLNHP EO Records; Nesmith, pers.
communication 1991; letter from Tom Patrick, GA NHP Botanist, 1991; Pittman, pers.
communication, 1991). 

In North Carolina, it is often associated with Ludwigia microcarpa, a watchlist species which becomes
more abundant to the south, and Thalictrum cooleyi, a federally and state endangered species.  Species
associations otherwise seem quite variable; this rare species even seems to tolerate weedy invasion to
some degree (SC NHP EO Records).

BIOLOGY-ECOLOGY

Based on field observations in North Carolina, which offer the most detailed population descriptions for
Plantago sparsiflora, this species typically occurs in localized vigorous populations of hundreds of
plants.  These small localized populations are vulnerable to stochastic disturbance.  Although not
adequately inventoried, several populations appear to be increasing in number of individual plants. 
Because this species may be highly specific in its soil and hydrologic requirements, its populations may
not increase extensively in area.  Discovery of additional populations in North Carolina may be
restricted by the limited availability of marl substrate, with which this species is apparently associated. 
(NCNHP EO records)

Population data for South Carolina, Georgia, and Florida is very limited.  South Carolina's extant
populations have not been inventoried to any degree.  Georgia has no extant records and has not yet
attempted to verify historical records, and Florida has only recently considered tracking this species
(GA NHP and SCNHP EO Records; phone conversation with Katie Nesmith, FL NHP Data Mgr.,
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9/19/91).  Florida herbaria records describe this species as being "locally abundant" and "common"
where it occurs in northeastern Florida (memo from Dennis Hardin to Donna Snyder of SERO 4
November 1985).  While sometimes locally abundant, it should be noted that this federal candidate
species is by no means abundant rangewide, occurring at only 13 verified extant locations throughout its
range (memo from Laura Mansberg and Alan Weakley 12 November 1985), occurring at only 13
verified extant locations throughout its range.

  Phenology and Reproduction

Plantago sparsiflora flowers and fruits throughout the growing season (Weakley, pers. communication,
1991).  Its peak flowering and fruiting season is from April to May (through October) (Radford 1968;
Basset 1967).  It can be identified either in flower or in fruit.  Very little is known about this perennial
Plantago species' reproductive patterns and requirements--what environmental conditions optimize
reproductive success and what factors affect seed dispersal and seedling establishment.  

It is also not known to what degree this species' reproductive success depends on fire.  The very wet
localized savanna habitat where this species occurs may burn marginally at some sites and well at others
(Weakley, pers. communication, 1991).  

Species occurring in fire-maintained savanna habitat (e.g., Lysimachia asperulifolia) may require
periodic prescribed burning to reproduce sexually and may only persist in a vegetative state in the
absence of fire.  Factors which may restrict sexual reproduction when fire is excluded include limited
availability of sunlight, nutrients, and pollinators.  The nutrient flush following a fire often results in
synchronized flowering and nectar production, attracting pollinators through a massed floral display. 
Other fire-maintained species only release seed or germinate after fire.  (Weakley, pers.
communication, 1991)  

One study has determined that reproductive effort in two rare members of the Plantago genus, P.
sparsiflora and P. cordata, is significantly lower than that of more common Plantago species
(Meagher, et. al. 1978).  In this study, relative reproductive effort was assessed by the number of seeds
per leaf area and mean weight of seeds per leaf area in field and herbarium species of six species of
Plantago.  Low reproductive effort may be an evolutionary response to a protracted population decline
or a morphological response to environmental stress (Meagher, et. al. , ibid.).  As an example of the
latter, fire exclusion in a fire-maintained habitat might result in increased investment in longer leaves or
more extensive root systems to capture light and nutrients in a shaded, nutrient-poor environment. 
Where rare species like Plantago sparsiflora with relatively long lifespans and low reproductive effort,
any increase in adult mortality can have disastrous effects on population size (Meagher, et. al., ibid.).

THREATS

The following threats are generally applicable to all savanna habitat.  Because Plantago sparsiflora
often occurs in localized populations in disturbed or artificially maintained habitats, such as roadside
ditches, powerline rights-of-way, and even fire breaks, threats are potentially more numerous than for
areas not heavily used by human beings.  These populations are especially vulnerable to direct damage
through heavy equipment use, ditch alterations, interference with the reproductive cycle due to poorly
timed mowing, or other side effects of maintaining the area for human purposes.

1. Suppression of fire will promote rapid shrub invasion, outcompeting rare herbaceous species for
sunlight and nutrients (McIver 1981; LeBlond, pers. communication, 1991).  In the particularly
moist pine savanna-pocosin ecotone or similar artificial habitats (e.g., savanna-ditch ecotone),
fire must occur minimally every 3 to 5 years to prevent woody species invasion (Weakley, pers.
communication, 1991).  Prescribed burning not timed to the reproductive cycle of the species
could prevent or reduce its reproductive success (Sutter, pers. communication, 1991).  

2. Pinestraw raking poses a triple threat of chemical damage, physical destruction, and fire
exclusion.  Site preparation for harvest includes spraying of potentially harmful herbicides; the
plants can be directly impacted by the tractors pulling harrows to rake the pinestraw; and the
removal of fuel can actually prevent even a low intensity fire from occurring (Weakley, pers.
communication, 1991).



396

3. Excessive trampling by visitors, especially in less stable moist areas like the pine savanna-
pocosin ecotone, or other habitat disturbance resulting from firewood cutting and insectivorous
plant harvest, can impact the rare plant species (McIver 1981).

4. Digging of fire lines to suppress wildfires could physically impact the rare plant species or
cause damage to the topography and hydrologic patterns of the associated wetland (McIver
1981; LeBlond, pers. communication, 1991).  The savanna-pocosin ecotone where Solidago
pulchra often occurs is especially likely to be targeted by this threat, since fire lines are often
located at the boundary between the Longleaf Pine uplands and the Pond Pine pocosins
(Weakley, pers. communication, 1991).  This zone is also perhaps the most vulnerable to fire
line disturbance, since it harbors a highly diverse herbaceous layer within a narrow band on the
circumference of the pocosin (Weakley, pers. communication, 1991).

5. Heavy equipment, whether used for fire suppression, in troop activities on military bases, or for
harvesting of woody and herbaceous species, could impact the rare species directly or cause
damage to the hydrology and topography of the associated wetland (McIver 1981; Weakley,
pers. communication 1991; LeBlond, pers. communication, 1991).

6. Ditching, damming, filling, or otherwise altering the topography and hydrologic pattern of the
wetland could impact the rare species and its habitat (McIver 1981; LeBlond, pers.
communication, 1991).

7. In artificially maintained open wet savannas, such as roadside rights-of-way, mowing which is
not restricted to the dormant period of the species and its community (December to March) may
interfere with its reproductive cycle.  Road maintenance, such as ditching and scraping, and
road widening could physically impact the rare species and its wetland habitat at roadside sites.
(LeBlond, pers. communication 1991)

8. Any conversion of the natural savanna habitat and surrounding buffer areas, whether for
development, agriculture, silviculture, roadways, or other purposes should be avoided. 
Removal of natural vegetative cover can promote the invasion of weedy species and contribute
to the degradation of wetlands through siltation and chemical runoff.

RECOVERY POTENTIAL

Prescribed burn management is probably optimal at all sites where this species occurs.  For populations
in any areas that may not burn well, such as roadside wetlands, mowing during the nongrowing season
may serve to keep woody species from encroaching into the rare species' habitat.  Although there is no
evidence of decline in extant populations, seeds should be collected and stored within seed banks
maintained by the Center for Plant Conservation, to be used for reintroduction of the rare species
should the need arise. (Bucher, pers. communication, 1991)

STEWARDSHIP

  LAND PROTECTION SPECIFICATIONS

Preserve Design Considerations.  Protection areas designed for Plantago sparsiflora should encompass
the rare species and its wetland habitat, any adjacent wetlands potentially affecting the hydrology of the
rare species or providing suitable additional habitat for the rare species, upland buffers necessary to
protect the quality and quantity of water available in the wetland, and suitable additional upland habitat
for the rare species.  The site protected should be large enough for prescribed burn management,
including sufficient protected buffer around the natural area to avoid significant smoke drift to
surrounding residents and impose fire control as needed.  (Bucher, pers. communication, 1991)

  RESEARCH NEEDS

Studies need to assess:  1) the effects of any hydrologic alterations potentially impacting the wetland
habitat where this rare species occurs, 2) what season, frequency, and intensity of prescribed burn



397

maximizes the reproductive success of this rare species, 3) what factors other than fire exclusion may
contribute to the rarity of this species (soil requirements, seed predation, fungal infestation, how fire
affects the spread of infectious diseases, etc.), 4) what  season, frequency, and method of mowing
maximizes the reproductive success of this rare species. 

  RESEARCH PROGRAMS

No research programs relative to the biology or management of Plantago sparsiflora have been
initiated.  Staff of the North Carolina Field Office of The Nature Conservancy informally observe how
rare species respond following a prescribed burn (Bucher, pers. communication, 1991).

  MONITORING NEEDS

Monitoring of any rare species should be designed to address the following questions:  

1. Is this species in decline and therefore in need of active management, including the removal of
a threat? 

2. What type of active management appears to benefit the species?
3. If this type of active management is implemented experimentally, how successful is it? (Sutter,

pers. communication, 1991).  

Since many extant Plantago sparsiflora are highly localized and therefore vulnerable to extirpation, all
existing populations should be monitored to determine whether they are in decline due to loss of
available wetland from siltation, shrub encroachment, or other causes.  Monitoring of Plantago
sparsiflora is essential to determine its response to the current prescribed burn management regime in
effect at TNC-owned preserves.  

Comparative monitoring of this species' response to other forms of open habitat maintenance, such as
mowing, may help to evaluate whether artificially maintained populations are likely to persist over
time.  The reproductive success and vegetative growth characteristics of populations occurring in open
wet savanna, pine flatwoods, or other areas of natural origin should also be compared with those
occurring near ditches or other artificial wetlands.

Inventory needs.  Other very wet savannas underlain by marl substrates should be inventoried for this
species (Mansberg, Laura, NCNHP Botanist, July 21, 1986, Plantago sparsiflora description), as well
as other sites where associated species Ludwigia microcarpa, more abundant to the south, or Thalictrum
cooleyi are known to occur.  Marl at or near the soil surface if rare in North Carolina, so it is unlikely
that many additional sites will be located (Laura Mansberg, NCNHP Botanist, Plantago sparsiflora
description).  Inventory is especially needed in Georgia and South Carolina to relocate historic
populations of the species and to search for new populations, since no recent inventory for this species
has been initiated (letter from Tom Patrick, GANHP Botanist, September 17, 1991; Pittman, pers.
communication, 1991).  Inventory should be initiated in Florida to verify herbaria record data for
Plantago sparsiflora in northeastern Florida, where the species may soon be state-listed due to the small
number of highly localized populations occurring rangewide (Phone conversation with Katie Nesmith,
FLNHP Data Mgr., September 19, 1991).   

  MONITORING PROCEDURES

The monitoring procedure chosen for a species must meet the goals of the project, answer questions of
direct conservation value (the effect of management, insights into management needs, natural changes
in a population), and accurately detect the changes in the population.  Specifically a chosen monitoring
procedure needs to have an acceptable level of accuracy, be repeatable over years among personnel, be
long-term enough to capture the important natural processes or responses to management, and meet the
logistical needs of the agency.  For most species, the primary goal will be to detect changes in
population numbers and/or areal extent.  A number of species will require more intensive data
collection, including data on vegetative (height, leaf length, cover) and reproductive vigor (number of
flowers, number of fruits, number of seeds), to pick up more sensitive population changes.

For Plantago sparsiflora actual and potential population boundaries should be determined.  Population
numbers should be measured in an appropriate method, probably, based on the distribution and density
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of populations, a transect with small (.25 x .25 meter) plots.  The population should be stratified and
sampled to discern the different or combined effects of trampling, fire, siltation, or shrub
encroachment.  Within each plot the number of individuals of certain size or stage classes could be
counted.  Demographic data, if determined to be needed in a monitoring study, could include following
individual plants over time measuring number of capsules, inflorescence height, and the longest three
leaves  (Sutter 1992)

  MONITORING PROGRAMS

No monitoring specifically targeting Plantago sparsiflora populations has yet occurred.  Monitoring
plots will eventually be established in all TNC-owned preserves and may provide information about the
frequency and percent cover of this rare herbaceous species.  Nested plots (10 cm., 31 cm. 1 m. and
3.1 m.) will be monitored for presence and absence of species (noting at which plot size the species first
occurs) and for percent cover at the 1 meter level.  Since the distribution of Plantago sparsiflora within
the savannas is highly localized, however, plots may not contain members of this species.  (Bucher,
pers. communication, 1991)
     
Extant sites occurring in South Carolina and Florida have not been adequately inventoried or protected,
so monitoring procedures have not yet been established (Pittman, pers. communication, 1991; Nesmith,
pers. communication, 1991).

Inventory.  In all states where this species occurs, inventory has been confined to casual estimates of
numbers of individuals present or general descriptions of its abundance at a given site (NCNHP,
SCNHP, GANHP, FLNHP EO records).
 
  MANAGEMENT NEEDS

Adapted to a habitat which has historically been maintained by naturally occurring fires, Plantago
sparsiflora appears to benefit from frequent prescribed burning (every 1-3 years) to reduce competition
from woody species and possibly to promote reproductive success through increased availability of
sunlight, nutrient, and pollinator availability. 

  MANAGEMENT PROCEDURES

The intensity, season, and frequency of prescribed burning necessary to optimize this species'
reproductive success has yet to be established.  Low intensity prescribed burning of all TNC-owned
savannas, including those where Plantago sparsiflora is located, will occur annually during the growing
season to replicate lightning fires.  The fire will be started on the drier upland savannas and, using the
pocosin as a natural fire break, will increase in intensity as it encompasses the savanna-pocosin ecotone
with its large fuel load (Bucher, pers. communication, 1991).  

When naturally occurring fires must be controlled, the lowest impact method will be selected. 
Construction of fire breaks in the savanna-pocosin ecotone, in adjacent wetlands, or in upland wet-
mesic savanna where this rare species occurs should be avoided.

Any activity which might physically impact the sensitive savanna-pocosin ecotone or adjacent wetlands,
such as pinestraw raking, timber harvest, use of heavy equipment, construction of fire breaks, or
harvest of other cooccurring plant species should be avoided.  

Ditching, draining, filling, damming, herbicide spraying, or other activities potentially altering the
quality or quantity of water available in the wetland community should not be permitted.  Any activity
which might increase erosion and siltation in the pocosin, savanna-pocosin ecotone, or adjacent
wetlands, including timber harvest, pinestraw raking, etc. on adjacent uplands, should be avoided.

Any conversion for development, agriculture, silviculture, roadways, or other purposes should be
avoided within the protected natural habitat or in surrounding buffer areas to minimize invasion of
weedy species and surface runoff of silt or chemicals into the associated wetlands.
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Any trail or boardwalk construction should be planned to minimize hydrologic or physical damage to
the savanna-pocosin ecotone or adjacent wetlands (Smith and Peacock 1978; Weakley 1991; LeBlond
1991).

In artificially maintained habitat, such as borrow scrapes or roadside ditches, the habitat should not be
physically disturbed by efforts to reconstruct ditches or scrapes, or by road widening.  Mowing to
maintain roadsides or other artificial habitats where Plantago sparsiflora grows should occur during the
dormant period of the rare species and its community, preferably between December and March
(LeBlond 1991). 

  MANAGEMENT PROGRAMS

Populations occurring within the TNC-owned portions of Lanier Quarry Savanna Preserve and Myrtle
Head Savanna have until recently undergone annual low intensity prescribed burning during the
nongrowing season, between November and February.  Fire intensity is generally higher in the
savanna-pocosin ecotone because of the larger fuel load.  The wet pocosin is usually used as a natural
fire break.  The North Carolina Field Office of The Nature Conservancy is currently switching to
prescribed burning during the growing season to replicate naturally occurring lightning fires.  (Bucher,
pers. communication, 1991)

Extant sites in South Carolina and Florida have not yet been adequately inventoried and protected, so
management programs have not been planned or initiated (Pittman, pers. communication, 1991;
Nesmith, pers. communication, 1991)

STEWARDSHIP SUMMARY 

Prescribed burn management during the growing season, protection of site hydrology and savanna
habitat, and monitoring of extant populations of Plantago sparsiflora are the most essential components
ensuring this species' survival in savanna habitat where it occurs.  A detailed description of
management and monitoring procedures is provided elsewhere in the text.  Future monitoring efforts
may contribute to a more complete understanding of this species' habitat requirements and management
needs.
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Summary of the potential effects of the RCW Management Guidelines on Plantago sparsiflora.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X    

      Thinning X X    

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Plantago sparsiflora

Plantago sparsiflora occurs primarily in moist to wet pine flatwoods and savannas.  It appears to
depend on periodic fire to maintain its open habitat and on particular hydrologic conditions.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for P. sparsiflora.  However,
fuel removal by raking could destroy population clusters of these plants, which should be marked so
that they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for P. sparsiflora because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction
of this species.  Recent work suggests that pine flatwood and savanna habitats may be successfully
managed with frequent growing season fires (3 to 5 year return).  Late season fires should take into
account the species reproductive phenology to avoid adverse effects.  In areas that have been fire-
suppressed for lengthy periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected wetlands.  Use of natural features would
also promote burning of ecotonal situations which support P. sparsiflora.  Use of heavy equipment to
construct berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation,
soil stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between
xeric uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope
areas, as well as natural discharge into downslope areas, must be preserved in seeps to maintain
hydrologic conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support P. sparsiflora.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting P. sparsiflora should be prohibited unless prescribed
burning fails to provide adequate control of woody encroachment.  Chemical control should not be
employed in wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on P. sparsiflora habitats by maintaining the integrity of herbaceous layers and of local
hydrologic conditions which keep flatwoods seasonally wet.  Use of native vegetation should be used
wherever possible and non-native species should be avoided.  Mechanical means of erosion control
should maintain the natural contours of the surrounding topography and insure the integrity of natural
hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for P. sparsiflora.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
Forestry operations should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on P. sparsiflora.  Timber
harvest which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods
with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit P. sparsiflora.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     28 Text from:  Sorrie, B.A.  1993. Element stewardship abstract: Potamogeton confervoides. In.
Rare and endangered plant survey and natural history inventory of Fort Bragg and Camp MacKall. The North
Carolina Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.
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Species Stewardship Summary28
POTAMOGETON CONFERVOIDES 

ELEMENT CODE: PMPOT03050
SCIENTIFIC NAME: Potamogeton confervoides Reichenbach
COMMON NAME: Algal-leaved Pondweed, 

Tuckerman's Pondweed, Alga-like Pondweed

STATUS

GLOBAL RANK:  G5
STATE RANK:  S1 (ME, NC, SC, VT, WI), S2 (MI, PA), S2S3 (NY), S3 (NJ), SH (CT), no status
(MA, NH, RI), also considered rare in New Brunswick, Ontario, and Quebec, and without status in
Nova Scotia, Newfoundland, and Labrador, Canada (Hellquist 1987)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  C (NC); sc (SC); t (WI); r (NY); E (MI) 

DESCRIPTION

  General Description
 
Description is adapted from Fernald (1932) and Radford, et al. (1968).  

A member of Pondweed Family, Potamogeton confervoides is a rhizomatous, perennial aquatic herb
with very slender, linear, submersed leaves and no floating leaves.  Fruits are small achenes, 2.8-3.5
mm long, with a dorsal ridge and blunt beak.

  Technical Description
 
Description is adapted from Radford, et al. (1968), and Fernald (1970).  

Potamogeton confervoides is a perennial, aquatic member of the Pondweed Family (Potamo-
getonaceae).  Rootstock filiform, extensively creeping, bearing late in the season small fusiform tubers. 
Stems filiform, flaccid, much-branched, 1-8 dm long.  Floating leaves absent; submersed leaves very
numerous, green to purplish, filiform, flaccid, to 4 cm long, 0.2-0.3 mm wide, linear-setaceous,
attenuate to the slenderest of tips.  Stipules delicate, almost nerveless, not connate nor adnate, 3-10 mm
long.  Fruiting spikes thick-cylindric, subcylindric, or subglobose, (3)6-(12)15 mm long, 5-6 mm
broad.  Peduncle at tip of main stem (rarely on the branches or itself forking), slender, straight, erect,
up to 12(24) cm long.  Fruit a roundish achene, compressed, light green, 2.2(2.8)-3(3.5) mm long, the
dorsal keel sharp and often undulate, the ventral margin with a short, blunt beak.  Winter buds (late in
season) fusiform, 0.7-2 cm long, thin leaves spreading-ascending.

  Diagnostic Characteristics 

Potamogeton confervoides has several characters which clearly separate it from other narrow-leaved
species in this genus.  It has subglobose fruits, delicate leaves and stipules that are not fused to the leaf
base (i.e., not adnate nor connate), a prolonged terminal peduncle, a creeping rootstock, and develops
winter buds (turions).  The creeping rootstock is almost unique among the section Axillares, a group of
some 20 related, narrow-leaved species.  P. foliosus may also have an extensively creeping rootstock,
but its stipules are connate (united below the middle to form a cylindrical sheath at the base of the leaf). 
P. diversifolius is a widespread species that usually develops small elliptical floating leaves; when it



406

does not, it may be told from P. confervoides by its lack of a creeping rootstock and stipules adnate to
the leaf bases.

Potamogeton confervoides is best identified throughout the growing season but is most readily
detectable when flowering and fruiting in spring through early summer, later at northern latitudes or at
higher elevations.

DISTRIBUTION

Potamogeton confervoides has been documented from Newfoundland to northern New York and NE
Pennsylvania and in the coastal region to southern New Jersey, scattered westward through Ontario,
Canada, to northern Michigan and Wisconsin.  Radford et al. (1968), report it for Moore, Richmond,
and Scotland counties, NC, and in 1976, it was collected in Gates County, NC (NCU 1991-93, NCSC
1993).  Weakley (1993) reports it as no longer extant in Gates, Moore, Richmond, and Scotland
counties, NC.

Information regarding current distribution was compiled from provincial and state Natural Heritage
Program lists of rare species, floras, Fernald (1932), and Hellquist and Crow (1980) where otherwise
not referenced.  Potamogeton confervoides is currently known from only one occurrence in North
Carolina, Cypress Creek in Manchester Danger Area, Fort Bragg, Cumberland County (TNC 1991-93),
NCNHP 1993), where it is disjunct from the New Jersey Pine Barrens by 640 kilometers (400 miles). 
In South Carolina, it is currently known from a single site in Chesterfield County.

In New Jersey and New York, it is currently known from at least 20 sites each.  In Michigan,
Pennsylvania, Wisconsin, Maine, New Brunswick, Ontario, and Quebec, it is known from only a few
counties each.  In Nova Scotia and Newfoundland, it is apparently common, at least locally.  In
Massachusetts, New Hampshire, and Rhode Island, its status has not been determined.  It is feared
extirpated from Connecticut and Vermont.

Current Ownership.  In NC, the only extant occurrence is located on Fort Bragg Military Reservation
(U.S. Army).  In SC, it is found on Sand Hills State Forest.  The ownership of extant occurrences
elsewhere has not been compiled.

HABITAT

Algal-leaved pondweed occurs in shallow water (to 2 meters deep) of beaver ponds, impoundments,
natural lakes, high-altitude tarns, pools in sphagnum bogs and peatlands, and slow-moving streams. 
Substrates vary from sandy to peaty, and the water is typically very acidic and nutrient-poor.  Hellquist
and Crow (1980) state "This species is found in waters of the greatest acidity in New England.  The pH
may be as low as 5.0, and the alkalinity can approach 0.0 mg/l."  In Wisconsin, it is noted for its "...
preference for, or tolerance of, acidic waters.  The pH of a sample of its known growing places is 4.2--
more than 10 times more acid than natural rain" (Brynildson 1981).  In North Carolina, Beal (1977)
recorded pH values of 5.6.

Fernald (1932) termed this species an oxylophyte (i.e., one for which the acidity of the substrate or
water medium is a more important environmental criterion than climate, elevation, or others.)  Other
oxylophytes which may be found with Potamogeton confervoides are Schizaea pusilla, Lycopodiella
appressa, Xyris montana, Eleocharis olivacea, E. microcarpa, E. robbinsii, Scirpus subterminalis,
Sparganium fluctuans, Carex oligosperma, C. exilis, Orontium aquaticum, Juncus pelocarpus,
Sagittaria engelmanniana, Myriophyllum humile, Utricularia geminiscapa, Drosera intermedia, and D.
anglica.  In the NC Sandhills, associates include floating aquatics such as Nuphar luteum ssp.
macrophyllum, Nymphaea odorata, Nymphoides spp., Brasenia schreberi, Utricularia spp., and
Myriophyllum heterophyllum.  Emergents associated with it may include Scirpus subterminalis, S.
cyperinus, Carex glaucescens, Eleocharis robbinsii, E. equisetoides, E. quadrangulata, Fuirena
scirpoidea, Rhynchospora macrostachya, R. corniculata, Pontederia cordata, Orontium aquaticum, and
Peltandra virginica.
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BIOLOGY-ECOLOGY

Flowering and fruiting occur from June through August in the North (Fernald 1970) and April through
September in the South (Radford et al. 1968), although peak flowering/fruiting in the Carolinas is April
to June.  Winter buds are produced in the fall, but there is no specific information on the onset or on
their development.  Fernald (1932) observed winter buds in Nova Scotia in September, several weeks
after most fruits had dropped.  Morphologically they are merely shortened and hardened branches and
consist of an axis and stipules quite like those on the elongated branches.  The leaves are abbreviated
and somewhat firmer than normal foliage (Fernald 1932).  Fernald (1932) theorized that "propagation
by winter buds is adapted to many highly fertile species of Potamogeton whenever the vegetation season
extends far beyond the fruiting season."

Most species of Potamogeton are anemophilous, i.e., adapted for wind pollination.  In some species, an
aquatic system of pollination has evolved, where microspores float to the stigmas on the water surface
(Sculthorpe 1967).  It is not known with certainty to which type P. confervoides belongs.  The elongate
peduncles argue for wind pollination, but the lack of floating leaves suggest water pollination.  Flowers
are hermaphroditic (bisexual), regular, and inconspicuous, with four petal-like scales, four stamens, and
a superior ovary.  Fruits in many species of Potamogeton develop below the water surface, as a result
of curvature of the peduncle (Sculthorpe 1967), but whether this is true in algal-leaved pondweed is not
known.

THREATS

Threats to the species include loss or change of habitat due to widely fluctuating water levels, draining,
peat mining, high nutrient inputs, liming of ponds for fisheries management, herbicides, grazing by
tame or feral waterfowl, and siltation (TNC 1993).

RECOVERY POTENTIAL

The potential for recovery of this species is probably good, based on this species' apparent spread into
human-created impoundments.  It would seem that P. confervoides produces large, healthy occurrences
in suitable habitat.  The ability to reproduce vegetatively by winter buds and by rhizomes may be
valuable assets in any recovery effort.

STEWARDSHIP

  RESEARCH NEEDS

There has been no research of any sort conducted on this species.  Of paramount importance is a study
of its reproductive biology, including the conditions under which germination occurs and the conditions
under which winter buds are formed.  Are these buds truly a viable alternative to sexual reproduction? 
Also, the effects of fluctuating water levels on this species' numbers and germination potential need to
be determined.

  MONITORING NEEDS

There are no data available on the change in the number of individuals over time at a given site or what
parameters might affect change.  Even accurately counting plants of an aquatic such as P. confervoides
is a challenge to the biologist, with or without a boat.  Nonetheless, some method needs to be
developed to assess natural fluctuations in the size of a population in the field, so that land stewards
may be alerted to potentially detrimental situations.

  MONITORING PROGRAMS

Inventory needs.  To clarify status rangewide, inventories are needed in the following states and
Canadian provinces:  Connecticut, Massachusetts, Maine, Michigan (Upper Peninsula), New
Hampshire, New York, New Brunswick, and Quebec.  Algal-leaved pondweed is apparently numerous
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in Newfoundland and Nova Scotia and possibly in New Jersey, New York, and Ontario, but additional
data on the current status in these areas would be very useful.  An inventory in Vermont in 1993 failed
to locate any plants (Hellquist 1993).

  MANAGEMENT NEEDS

The relationship, if any, between water levels and this species' growth, flowering, and germination
need to be investigated, so that managers of impoundments can predict the consequences of altered
water levels or of draw-downs.  Most pondweeds are susceptible to drying and death during prolonged
draw-downs (although seeds may not be) (Sculthorpe 1967).  Additional study of this species' tolerance
to chemical and nutrient inputs (such as may be found in agricultural, golf course, and lawn runoff)
would be important information to stewards.

The role of aquatic plants such as pondweeds in overall pond and stream ecology is worthy of
consideration.  A few species have earned reputations as "pests" (e.g., the alien Potamogeton crispus)
and have been the target of eradication programs.  Such programs have also targeted native species in
human-created impoundments where recreation is hampered.  However, the fruits of pondweeds are an
important source of food for waterfowl.  The importance of pondweeds to fish and aquatic
invertebrates, by providing shade, shelter, spawning sites, and food, needs to be assessed, so that native
species in more-or-less natural sites will not become victims of prejudice.  So far as is known, P.
confervoides has not been declared a problem anywhere.

  MANAGEMENT NEEDS

More research is needed before drafting management needs and procedures.

  MANAGEMENT PROCEDURES  

Major fluctuations in water, pH, and nutrient levels at sites supporting Potamogeton confervoides
should be avoided.  Monitoring programs should be designed and installed in the different habitats that
P. confervoides occupies in order to detect current trends of the species.  Biological research into the
reproductive and disturbance biology of this species is required before any comprehensive management
plan can be made.  Periodic rangewide surveys for P. confervoides should be made in sites that offer
suitable habitat for the species.
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Summary of the potential effects of the RCW Management Guidelines on Potamogeton confervoides.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection       X    

      Brush clearing    X  

      Fuel removal and raking    X    

   Midstory control X

      Prescribed burning X X X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X        

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X

   Cavity tree retention X

   Pine beetle control    X    

      Thinning    X    

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.



412

Species Management Notes:  Potamogeton confervoides

Potamogeton confervoides occurs shallow beaver ponds, impoundments, and natural pools in sphagnum
bogs and peatlands.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU and are unlikely to occur in areas
immediately adjacent open water habitats.  To the extent that such activities maintain an open midstory,
they would positively affect habitat quality for P. confervoides.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of habitats in the longleaf pine ecosystem.  Further research is required to assess the effects of growing
season vs. winter burns, as well as burn frequency, on the ecology and reproduction of this species.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support P. confervoides.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting P. confervoides should be prohibited unless prescribed
burning fails to provide adequate control of woody encroachment.  Chemical control should not be
employed in wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on P. confervoides habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for P. confervoides.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
Forestry operations should be prohibited within 50 ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on P. confervoides.  Timber
harvest which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods
with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
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Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit P. confervoides.  Vehicular traffic on roadways
should be monitored to reduce soil erosion and off-road traffic should be prohibited as highly
deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 50 ft of wetland/upland edges.



     29  Text from: Bridges, E. 1993. Element stewardship abstract: Pteroglossaspis ecristata. In. Rare
and endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina. 

415

Species Stewardship Summary29
PTEROGLOSSASPIS ECRISTATA

ELEMENT CODE: PMORC27010
SCIENTIFIC NAME: Pteroglossaspis ecristata (Fernald) Rolfe
RECENT SYNONYM: Eulophia ecristata (Fernald) Ames
COMMON NAME: Wild Coco, Eulophia, or Spiked Medusa

STATUS

GLOBAL RANK:  G3G4
STATE RANK:  S1 (GA, MS, NC), S2 (FL, LA, SC), SX (AL)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: E (NC); T (FL) 

DESCRIPTION

  General Description
  
Description was adapted from MNHP Special Plant Abstract (undated), Radford, et al. (1968), Long
and Lakela (1971), and Luer (1972).  

A terrestrial orchid from a large (5 cm) corm, with basal, overlapping leaves about 1-3.5 cm wide and
from 15-70 cm long.  Inflorescence at the top of a long (30-170 cm), naked stalk, with 5-30 flowers in
the top 10-15 cm.  Flowers with a three-lobed lip with the 10-15 mm central lobe prominent with a
maroon to purplish-brown center edged in green.  Sepals and petals yellow to yellow-green and curving
over the top of the lip.  A long (to 6 cm), narrow bract is present beneath each flower, greatly
exceeding the flowers and very conspicuous.  The fruit is a 1-2 cm long ovoid capsule.

  Technical Description
   
The following was adapted from Radford, et al. (1968), Long and Lakela (1971), Luer (1972),
Wunderlin (1982), and the author Bridges's interpretations (1986).  

A member of the Orchid Family (Orchidaceae), Pteroglossaspis ecristata is a terrestrial, scapose plant
from 34-170 cm tall, from a thickened, fleshy corm to 5 cm in diameter bearing many slender, fibrous
roots.  Stem entirely concealed by membranaceous, imbricate leaf sheaths.  Leaves two to four or
more, all basal, plicate, sheathing each other at the base, long-petioled, linear-lanceolate to sometimes
elliptic, from 15-70 cm long and 1.5-3.5 cm wide, long-acuminate, and three- to five-nerved.

Inflorescence borne on a long, erect, terete scape, covered by scarious sheaths.  Scape terminated by a
raceme of 10-30 green and dark purple flowers, loosely or densely clustered over 10-15 cm of the
scape.  Floral bracts ascendant, green or variously colored, lanceolate or linear-lanceolate, to 6 cm long
and 0.5 cm wide.  Ovary pedicellate, stout, 1-2 cm long.  Sepals and petals lemon-yellow to
yellow-green, linear-oblong to oblong-lanceolate, obtuse to acuminate, the sepals 13 mm long and 4
mm wide, the laterals oblique, the petals 10 mm long and 4 mm wide, all converging over the lip.  Lip
deeply three-lobed, ovate, the lateral lobes truncate, curving upward, the middle lobe obtuse, slightly
crenate-erose, slightly concave at the base, 10-15 mm in diameter when spread out, magenta or deep
purple to deep purplish-brown or sometimes light brown, with a yellow-green or green margin; the disk
smooth but veined.  Column green, short, blunt, 3 mm long, 3 mm wide, the anther terminal with one
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pair of yellow pollinia.  Fruit an ovoid capsule, erect and appressed to the rachis, from 1.5-2 cm long
and about 1 cm in diameter.

  Diagnostic Characteristics 

Flowering and/or fruiting Pteroglossaspis resembles no other orchid in the temperate southeastern
United States.  However, vegetatively, it can be confused with Calopogon tuberosus as both have
folded (plicate) basal leaves and a tall, naked scape.  The number of basal leaves may separate the two;
Pteroglossaspis typically has one to three leaves while Calopogon has one, rarely two.  The flowering
and fruiting scapes of Pteroglossaspis are unique in having close-fitting leaf sheaths overlapping so as to
actually conceal the stem.  In addition, the long floral bracts and appressed pods of Pteroglossaspis
distinguish it from fruiting Calopogon which is without floral bracts and with pods divergent from the
scape.  In tropical Florida, it is the only orchid with distinctive bicolored purplish/yellowish flowers
and floral bracts much exceeding the flowers.

When not in flower, Pteroglossaspis ecristata is inconspicuous, resembling and often hidden among the
leaves of associated grasses and saw palmetto (Serenoa repens).  Upon close examination, it can be
distinguished vegetatively from these associates by the relatively soft leaves and absence of ligules or
woody stems.  In tropical Florida, it can be distinguished vegetatively from some other orchids only
with difficulty, notably Bletia purpurea, Eulophia alta, and as previously mentioned, Calopogon
tuberosus (author Bridge's interpretations, primarily of Luer 1972).

The best time to identify Pteroglossaspis is during its flowering period, July to September, or its
fruiting period, September to November (Luer 1972, TNC 1991-93).

DISTRIBUTION

Pteroglossaspis ecristata was historically found on the Coastal Plain from North Carolina south through
Florida and west to Louisiana and in Cuba.  Current extant populations are known to occur on Fort
Bragg Military Reservation in Hoke County (1), NC (NCNHP 1993); Berkeley (1), Dorchester (1),
Hampton (1), and Jasper (1) counties, SC (SCHT 1992, NCU 1991-93); on Ichauway Plantation, Baker
(2-3) (Peet 1992, Kirkman 1993), and on Fort Stewart Military Reservation in Long and Tattnall (FSFI
1993) counties, GA; a total of 13 occurrences in Alachua, and Marion south to Dade counties, FL
(Amoroso 1993); Hancock County (2), MS (MNHP 1992); and a total of 9 occurrences in Allen,
Jefferson Davis, St. Tammany, Tangipahoa, and Washington parishes, LA (LNHP 1992).  It is
presumed to still be extant in Cuba.

Current ownership.  The only extant population in NC is located on Fort Bragg (U.S. Army) (NCNHP
1993).  Ownership information for other states within its range was not available, but it is presumed
from historic data that many occurrences are on private land.

HABITAT

Pteroglossaspis ecristata is found in numerous habitats on the Coastal Plain of the southeastern U.S.  In
Cuba, its habitat is presumably moist savannas.  It seems to tolerate a relatively wide range of moisture
conditions, from very xeric to seasonally inundated or almost permanently saturated soils, although
most of the records of the plant are from dry, at least seasonally, sites.  The broad range of habitats
prohibits a concise description of the physical and biological features of "the" habitat of Pteroglossaspis
ecristata.  Published habitat descriptions and label notes for all specimens from Florida and Mississippi
have been compiled and correlated with personal knowledge of Coastal Plain habitats and the natural
community classifications of Florida (Duever 1984) and North Carolina (Schafale and Weakley 1990). 
This resulted in 37 site-specific habitat descriptions for Pteroglossaspis, falling into 10 natural
communities or habitat types, which are presented and described below in general order from the most
xeric to most mesic.

(1) Scrub; Sand Pine Scrub; Central Florida Sand Pine-Scrub Oaks - A very distinctive natural
community and the object of many ecological investigations (Mulvania 1931, Kurz 1942, Laessle 1958,
Veno 1976, et al.) developed on old dunes with deep white fine sand substrate and occasional or rare
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fire (Duever 1984).  The open canopy is composed of Pinus clausa and/or Quercus myrtifolia or Q.
chapmanii.  There are scattered to dense shrubs, mostly Ceratiola ericoides, Serenoa repens, or various
woody mints.  The herbs are widely scattered between the shrubs, as presumably is Pteroglossaspis. 
Six records of Pteroglossaspis can be placed in this type, all in central Florida, where Wunderlin (1982)
suggests that this is the most common habitat for the species.

(2) Sandhill; Pine-Oak Sandhill Woodland - Developed on deep sandy uplands with annual or frequent
fire (Duever 1984) not quite as xeric as scrub.  Object of much study in Florida (op. cit.) as well as in
North Carolina (Wells and Shunk 1931) and Georgia (Faust 1976).  Longleaf pine is usually present as
an open canopy, with an understory of oaks such as Quercus incana, Q. laevis, and/or Q. margarettiae,
with Aristida stricta (wiregrass) often conspicuous in the herb layer.  Two Pteroglossaspis sites are
known from this natural community in central Florida.

The only extant population in North Carolina occurs in Pine/Scrub Oak Sandhill (Schafale and Weakley
1990) located within the danger area of a live-ammunition impact area on Fort Bragg (TNC 1991-93). 
The soil series represented at this site are Blaney (Arenic Hapludults) and Candor (Arenic Paleudults)
(Hudson 1984, NCNHP 1993).  The site has been and continues to be disturbed by military activities,
including frequent fires, and contains an interesting assortment of both upland and ecotone species, such
as Pinus palustris, Quercus laevis, Q. marilandica, Cornus florida, Ilex glabra, Myrica cerifera var.
pumila, Aletris farinosa, Andropogon gyrans, Aristida stricta, Aster concolor, A. linariifolius, A.
walteri, Eupatorium rotundifolium, E. leucolepis, Lespedeza angustifolia, Parthenium integrifolium,
Pityopsis aspera var. adenolepis, Pteridium aquilinum, Rhus copallinum, Schizachyrium scoparium,
and Solidago odora (TNC 1991-93).  An occurrence of Schwalbea americana (Federally Endangered) is
located 50 meters away (TNC 1991-93).

(3) Pine Rockland; South Florida Pine Rockland - Developed on flatland with exposed limestone
substrate and frequent fire (Duever 1984).  Characterized by Pinus elliottii var. densa and mixed
tropical shrubs and herbs (Duever 1984).  An endangered (G1-ranked) community, with one
Pteroglossaspis record from Dade Co., FL.

(4) Pine Rockland; Northern Florida Pine Rockland - One Pteroglossaspis collection is from a "high
rocky pineland" in Columbia Co., FL.  This region is underlain by the Ocala Limestone and other
limestone formations and is a karst plain.  The exact vegetation type here is unknown to me but is likely
to be quite interesting.

(5) Mesic Pine Flatwoods; Southern Pine Flatwoods - Community developed on flatland with sand
substrate and frequent fire (Duever 1984).  Characterized by a (fairly closed) canopy of Pinus palustris
or P. elliottii over a grassy (much Aristida stricta or A. beyrichiana) herb layer, with scattered
evergreen shrubs.  Moist in winter and spring but often dry in summer and fall.  This is the most
common habitat for Pteroglossaspis, presumably throughout its range and particularly in the northern
part.  Fire is essential for the maintenance of this type (Garren 1943, Lemon 1949, Quarterman and
Keever 1962) and greatly influences the composition of the shrub and herb layers.  This is the most
common vegetation type over large regions of the Lower Coastal Plain.

(6) Pine/Palmetto Flatwoods - This is segregated from the preceding type by the overwhelming
dominance of Serenoa repens in the shrub layer, often forming solid masses over large areas,
particularly in northern and central Florida.  Five Pteroglossaspis collections specifically mention this
community segregate, and Luer (1972) considers Pteroglossaspis to be common in "dry, sandy palmetto
fields," presumably this community type after the trees have been cut.

(7) Dry-Mesic Pine Savanna - This type has a more open pine canopy and frequent fire with a
somewhat more diverse herb layer than pine flatwoods.  This is the "dry savannah" of Walker and Peet
(1983) and has a predominantly grassy (Aristida, Andropogon) herb layer with many composites and
legumes and few shrubs.  Three Pteroglossaspis sites could be placed in this type, mostly in the
northern part of the range.

(8) Mesic Pine Savanna - This is what is thought of as the "typical," diverse pine savanna of the Lower
Coastal Plain.  The name is from  Walker and Peet (1983) and corresponds in part to the "Pine
Savanna" of NC (Schafale and Weakley 1990) and "Wet Flatwoods" of FL (Duever 1984).  This
community is very wet in winter and spring and usually moist throughout much of the growing season. 
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Frequent fire is necessary for the maintenance of this type (Kologiski 1977, Christensen 1981), which
has been the object of much ecological study.  Four Pteroglossaspis sites can be referred to this type.

(9) Seepage Slope; Lower Coastal Plain (open?) Acid Seepage Slope - This type is on or at the base of a
slope, usually saturated but rarely inundated by downslope seepage and with frequent or occasional fire. 
The only Pteroglossaspis record for this type is in Liberty Co., FL, although other records are on the
uplands just above seepage slopes.

(10) Various natural and unnaturally open areas, untypeable - These include "roadside," "open, grassy
fields," "open hillsides," and "dry, grassy areas" where not enough information is known to define the
natural community type.  Four Pteroglossaspis records, mostly at the northern limit of the range, are
from this "type."

In thinking further about the habitat of Pteroglossaspis and its management, threats, etc., the common
features, as well as the distinctions, of these habitats must be considered.  The major requirement seems
to be for a somewhat open area, with at least filtered sunlight and no dense shrub competition. The
areas may be naturally open for long periods without fire, or dependent on frequent or annual fire to
reduce competition.  Pines are always present; Pteroglossaspis has not been found under a hardwood
canopy, though scrubby oaks may be frequent associates, and the pines may be so scattered as to be of
little effect on the species.  About the only moisture limitation seems to be no flooding during the
growing season; winter inundation is acceptable, as is extreme desiccation with water only available
shortly after rains.  These habitat conditions are more or less adequately met over much or most of the
land surface of the Lower Coastal Plain from North Carolina to Louisiana.

BIOLOGY-ECOLOGY

Little has been written on the biology or ecology of Pteroglossaspis ecristata.  A few questions and
hypotheses by this author constitute the remainder of this section.

Pteroglossaspis ecristata generally occurs in small, dispersed populations.  Several collectors mention
seeing only one plant at a site, and it typically is described as being rare or occasional, or occurring in
low numbers.  Only at two sites, both within the city of Tampa, has Pteroglossaspis been described as
"frequent" or "numerous," numbering in the hundreds of plants.  It is possible that these generally low
reported population numbers reflect a count of only the plants which flowered in a given year, and that
many other individuals may only exhibit vegetative growth or lie dormant underground in some years. 
This situation has been commonly reported for other orchids, particularly some of those whose growth
may be stimulated by fire (Sheviak 1974).

The inconspicuous nature of vegetative specimens makes it nearly impossible to make estimates of their
population numbers.  Also, the moisture relations of a given site in a particular year may influence the
number of individuals which flower.  Particularly in the more xeric habitats, favorable rainfall
conditions may be required for development and flowering, and the plants may even remain dormant in
drier years.  In the moister habitats, such as moist pine savannas, it seems that soil moisture would
rarely be a limiting factor, and absence of fire may explain low population numbers.  Experimental
studies and much further observation will be necessary in order to understand the ecology of
Pteroglossaspis ecristata.

Pteroglossaspis ecristata is unlikely to persist in areas with a closing shrub layer, and as such, it is a
successional species in some habitats in the absence of fire.  The natural role of fire in most coastal
plain communities has been well documented, and fire must be considered a part of the natural cycle of
most of the habitats occupied by Pteroglossaspis.  The unnatural suppression of fire would result in
Pteroglossaspis eventually being displaced by woody species in all its habitats.

  Phenology 

Luer (1972) gives the phenological cycle of established plants as follows:  "Early in the spring the
leaves rise from a solid, tuberous corm.  The new growth appears from the side or top of last year's
corm along with a new set of roots which fan out from the base of the new corm.  There are usually
several long ... leaves, two of which dominate....  From the corm and near the leaves, the growth of
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the scape soon follows and reaches its blooming height any time from late July to late September.... 
Often twelve or more flowers bloom at once and each lasts for about one week.  The fruits, which
quickly follow, ripen as erect, globular pods.  By November the capsules have dried, soon to split and
scatter their dustlike seeds.  During the winter the leaves wither, die, and disappear, leaving a healthy
corm for the next season."

  Reproduction 

As mentioned above, little has been written on the biology of Pteroglossaspis ecristata.  No information
exists on germination and establishment of Pteroglossaspis ecristata or on pollinators or reproductive
biology, life history, etc.

THREATS

The greatest threat to Pteroglossaspis ecristata is the destruction of its habitat by conversion to urban,
suburban, or agricultural uses.  This is particularly apparent in central Florida, where much potential
and past Pteroglossaspis habitat is now in suburban developments or citrus plantations.  Many of the
collection sites in this area are in suburban areas which likely have already been destroyed.  The
resiliency of the species to disturbances and alterations of the land surface has not been determined but
probably is rather poor.

In the northern part of the range, management techniques used in pine plantation silviculture may
drastically threaten the species.  Disturbance of the natural vegetation and soil by heavy machinery,
bulldozing, windrowing of competing vegetation before planting, herbicide use, and pinestraw raking
are likely to destroy the species.  Pine management using less destructive logging techniques, natural
regeneration or planting without first disrupting the soil surface, and prescribed burning to control
competing woody vegetation is less likely to threaten Pteroglossaspis populations and may, under some
conditions, improve the habitat.  Unfortunately, the more destructive methods seem to be common in
many areas.  Drainage of the wetter Pteroglossaspis habitats may also threaten the species, although the
wide moisture tolerances of the plant make drainage less of a threat.

The greatest natural threat is the lack of fire in a particular Pteroglossaspis population.  In xeric sand
pine scrub habitats, it may take many decades for Pteroglossaspis to be crowded out by shrub growth,
whereas in moist pine savannas only a few years without fire can result in shrub growth which
eliminates Pteroglossaspis.  In the natural system, given populations may be periodically suppressed or
destroyed by lack of fire at a particular site, but other populations are being enhanced or created by the
fire regime in a nearby area.  With the alteration of those natural processes and the destruction of much
potential habitat, the natural maintenance and spread of the species may be threatened.

STEWARDSHIP

  RESEARCH NEEDS

Research on the reproductive biology of Pteroglossaspis could include studies on (1) the response of
plants and seeds to winter, spring, summer, and fall season burns; (2) the in situ environmental
conditions necessary for germination of seeds (i.e., light, moisture, and nutrient requirements; seedbed
conditions); (3) the types of pollinators which visit flowers, and how these pollinators are affected by
different burning periods and/or frequencies; (4) the amount of viable seed produced in burned and
unburned sites; and (5) the different types of seed dispersal mechanisms that exist.  Detailed,
demographic studies of Pteroglossaspis populations occurring in different habitats should be designed to
determine the relative rates and importance of asexual versus sexual growth for the species.  Analysis of
the genetic diversity present between and within different populations would also be useful for
determining the amount of sexual reproduction that naturally occurs.

The above-outlined monitoring approach can provide much data which can be considered as research on
the species.  In addition, a more fundamental question which a larger research project could address is
why a species which occupies such a broad range of habitats over a large range is so sporadic and
occurs in such small numbers in most places.  The species biology of many orchids has been intensively
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studied, and a project on Pteroglossaspis would provide much useful information.  Research is needed
even to determine how and where to preserve the species and how to manage preserves to insure its
survival.

  MONITORING NEEDS

Pteroglossaspis ecristata is in desperate need of biological monitoring.  We know little or nothing about
population trends or effects of management practices on this species and, consequently, little about how
to ensure its protection.

Inventory needs.  Potential Pteroglossaspis habitats throughout its range need searching as do some
historic occurrence sites which have not been recently searched.  The Fort Bragg/Camp MacKall rare
plant inventory (TNC 1991-93) rediscovered the species in North Carolina where it had not been seen
since 1957.  Future intensive surveys scheduled for 1994 on the Sandhills Game Land may locate
additional occurrences in the NC Sandhills region.

  MONITORING PROCEDURES

To monitor Pteroglossaspis populations at protected sites, it is suggested that every observed plant be
permanently marked, numbered, and mapped.  Notes should be taken on the height of the flowering
stem at maturity, number and length of leaves, number of flowers, and general health of each
individual.  These plants should then be followed over time with searches for "new" plants each year,
which would then be added to the monitoring regime.  The condition of each plant over time will
eventually answer the important questions of establishment, survivorship, conditions for flowering, and
senescence for this species.  Mere population counts will not do, as one could be counting different
individuals in various years.  Permanent marking of individual plants is the only way to understand the
biology of supposedly long-lived herbaceous perennials.  Any other important Pteroglossaspis
populations which are not likely to be destroyed in the near future should also be monitored in this
fashion.

Notes should be kept on weather factors and management practices or natural fires or other disturbances
at all sites to determine their effects.  Additionally, less important sites could have simple population
counts and measurements without permanently marking individual plants.  In combination, these data
can determine the answers to some of the questions concerning the biology and ecology of individuals
and populations of this species.

  MONITORING PROGRAMS

No current monitoring programs are known for Pteroglossaspis ecristata.  However, it is likely that the
occurrence on Fort Bragg will be monitored incidentally to a Federally mandated monitoring program
for all Endangered species sites scheduled to begin in 1994 on the installation.

  MANAGEMENT NEEDS

It seems fairly clear that Pteroglossaspis ecristata needs active management in order to survive at most
sites.  Prescribed burning is needed to maintain a generally open shrub layer and good herbaceous
cover.  While there is no direct evidence of the beneficial effects of burning on Pteroglossaspis, its role
in the creation and maintenance of most of the habitats occupied by the species has been well
documented (Wells 1928, Garren 1943, Lemon 1949, Laessle 1958, Quarterman and Keever 1962,
Monk 1968, Veno 1976, Kologiski 1977, Wharton 1978, Christensen 1981, Folkerts 1982, Walker and
Peet 1983, all issues of the Proceedings of the Tall Timbers Fire Ecology Conference, et al.).  At this
point, data are needed to determine how Pteroglossaspis fits into the fire ecology of these communities
and the results correlated with ecological literature to determine the specific management practices most
appropriate for the species.  In the absence of these data, one can only follow the techniques shown to
be most desirable in maintaining the community composition of the specific site.

  MANAGEMENT PROCEDURES

Besides burning, additional management may be necessary at some sites, i.e., restricting access if
trampling by foot or vehicles is a possibility or if collection or inadvertent picking of the flowers is
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likely.  Sites should be monitored for the effects of human use and influences of surrounding land uses
on the site, such as drainage, herbicide runoff, grazing, or silt deposition.

Restoration procedures.  The requirements for establishment of Pteroglossaspis are unknown but are
probably, as with most orchids, quite exacting and difficult to duplicate.  As such, recovery by active
seeding, transplantation, etc. seems unlikely.  Most beneficial to the recovery of a declining or
apparently extirpated population is prescribed burning, with or without first clearing of some woody
vegetation.  Prescribed burning could also be attempted in apparently suitable habitats where
Pteroglossaspis has not been observed to see if latent populations may exist or to provide sites for the
establishment of new populations.  Recovery potential using fire is unknown but seems promising due
to the ecology of the communities supporting the species.

  MANAGEMENT PROGRAMS

Apparently, active management for Pteroglossaspis is beginning at Buttercup Flats, Hancock Co., MS,
by the Crosby Arboretum Foundation.  This should include periodic burning not only of the bog but of
the entire site.  The site on Fort Bragg is currently under a two-year, winter burn regime, but it is also
subject to occasional wildfires from the adjacent live-ammunition impact area (TNC 1991-93).  No
other occurrences are known to be under active management for Pteroglossaspis, although some are
most likely burned for its timber management benefits.

STEWARDSHIP SUMMARY

1. An assessment needs to be made of the current status of Pteroglossaspis in Florida to clarify its
variety and degree of threat in the state where it is historically most common.  

2. The Outer Coastal Plain from North Carolina to Louisiana should be searched for additional
sites to clarify its status in the northern part of range.  Numerous areas of apparently suitable
habitat should be searched in September and the results used to assess whether the plant is
extremely rare and absent from some regions (i.e., western Florida panhandle, Alabama) or has
been neglected or overlooked.

3. Protected sites should be secured on sites in public ownership (Florida State Parks, National
Forests, etc.).  Attempts should be made to locate large populations in intact habitats for
protection by land acquisition.

4. Monitoring of protected populations and research into species biology and effects of
management practices should be undertaken.
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Summary of the potential effects of the RCW Management Guidelines on Pteroglossaspis ecristata.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X       

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X X X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X         

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning    X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Pteroglossaspis ecristata

Pteroglossaspis ecristata occurs in an array of sandhill and longleaf pine-scrub oak habitats, including
xeric scrub, pine-oak woodland, and mesic pine flatwood and savanna.  These are all habitats which
depend on periodic fire to maintain their integrity.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for P. ecristata.  However, fuel
removal by raking could destroy population clusters of these plants, which should be marked so that
they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for P. ecristata because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction
of this species.  Recent work suggests that pine flatwood and savanna habitats may be successfully
managed with frequent growing season fires (3 to 5 year return).  Late season fires should take into
account the species reproductive phenology to avoid adverse effects.  In areas that have been fire-
suppressed for lengthy periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support P. ecristata.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit habitats which support P. ecristata.  Chemical and mechanical methods of
hardwood control should employ best management practices to avoid soil disturbance, destruction of
ground layer vegetation, and non-target effects of herbicides.  

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on P. ecristata habitats by maintaining the integrity of herbaceous layers.  Use of
native vegetation should be used wherever possible and non-native species should be avoided. 
Mechanical means of erosion control should maintain the natural contours of the surrounding
topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for P. ecristata.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping.  

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative indirect and
cumulative impacts on P. ecristata.  Timber harvest which shifts forest stands toward longer rotations
and replaces off-site pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and
nutrient dynamics in plant communities.  Forest management should minimize adverse impacts to
wiregrass and other herbaceous ground-layer species.
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Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit P. ecristata.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns. 



     30 Text from: Russo, M.J. 1993. Element stewardship abstract: Pyxidanthera barbulata var.
brevifolia. In. Rare and endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall.
The North Carolina Nature Conservancy/North Carolina Natural Heritage Program.  Carrboro/Raleigh, North
Carolina.  
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Species Stewardship Summary30
PYXIDANTHERA BARBULATA VAR. BREVIFOLIA

ELEMENT CODE: PDDIA03011
SCIENTIFIC NAME: Pyxidanthera barbulata Michaux var. brevifolia (Wells) Ahles
RECENT SYNONYM: Pyxidanthera brevifolia Wells
COMMON NAME: Sandhills Pyxie-moss or Wells' Pyxie-moss

STATUS

GLOBAL RANK:  G4T2
STATE RANK:  S2 (NC, SC)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  E (NC), nc (SC) 

DESCRIPTION  

Sandhills pyxie-moss, a member of the Diapensia Family, is a prostrate, branched, creeping, woody
subshrub with alternate, sharp-pointed leaves of variable pubescence not more than 7 mm long
(typically 3-5 mm), and with small, 5-6 mm wide, white or pink flowers, the corolla an upright bell
with five spreading lobes (Rickett 1967, TNC 1991-93).  The fruit is a capsule containing small (less
than 1 mm long) brown seeds (Gaddy 1980).

  Technical Description
   
Description was taken from Kral (1983).

Pyxidanthera barbulata var. brevifolia is a moss-like, much-branched, creeping evergreen subshrub
forming dense, low mats.  Older shoots are slender, with a thin, rectangular-anastomosing, gray-brown
bark; newer shoots are cloaked densely by spirally imbricated scale-like remnants of foliage leaves, the
more recent growth with the short, pale green internodes densely white-tomentulose.  Leaves are moss-
like, set in close spirals, spreading or ascending, mostly narrowly elliptic to oblanceolate or lanceolate,
mostly 3-5 mm long, somewhat fleshy, firm, acute to narrowly acute or short-acuminate, the tip callus-
apiculate, the margin thick, entire, the base acute or attenuate, sessile or nearly so, pale green or
sometimes tinged with maroon, the upper surface white villous-pilosulous, the lower surface essentially
smooth or sparsely villous proximally.

Flowers are solitary and terminal on numerous short branches, closely subtended and surrounded by
spreading, closely spiralled leaves of shoot tips.  Flowers are perfect and regular with 5 (6) sepals
joined at very base, about 3-4 mm long, the lobes broadly obovate, rounded, imbricated in bud,
reddish-pink, and ciliolate.  The 5 petals are fused at the base, the spreading-ascending lobes broadly
rounded, slightly erose, 3-4 mm long, and white.  The 5 stamens alternate with the petal lobes, adnate
to short corolla tube, the filaments linear, flattened, stiffly ascending, 1.5-2.0 mm long, the truncated
apex inflexed, bearing a pair of white, divergent anther sacs slightly longer than 1 mm, each tapering
downward to a sharp, conic spur, opening by a transverse slit.  The ovary is superior, ovoid, 3-locular,
the style straight, erect, simple, terminating in an obscurely 3-lobed stigma.  The fruit is a smooth,
ovoid capsule about 2 mm long, loculicidally dehiscent; seeds axile, dark brown, reticulate, and about
0.7-0.8 mm long.

  Diagnostic Characteristics   
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Historically there has been some difficulty in distinguishing Pyxidanthera barbulata var. brevifolia with
the more common var. barbulata.  Weakley (in prep.) provides a thorough key to separate these two
taxa; it is copied below:

Pyxidanthera barbulata var. barbulata.  "Leaves (3.3)4-10 mm long; leaves lanceolate, averaging more
than 1 mm wide (oblanceolate and up to 2.5 mm wide if etiolated under leaf litter); leaves (in fresh
material) herbaceous in texture, less than 0.1 mm thick; leaves of sterile shoots ciliate along the
margins at the base, usually also pubescent on the upper surface near the base, but the pubescence
rarely extending more than a third of the way from the base to the tip."

Pyxidanthera barbulata var. brevifolia.  "Leaves 1-5 mm long (rarely to 7 mm long if etiolated under
leaf litter); leaves ovate, averaging less than 1.2 mm wide (lanceolate and up to 1.5 mm wide if
etiolated under leaf litter); leaves (in fresh material) succulent in texture, often up to 0.5 mm thick;
leaves of sterile shoots lanose to densely pubescent on the upper surface at the base, the pubescence
becoming sparser towards the tip of the leaf, but extending past the midpoint of the leaf and often its
full length; internode usually less than 1 mm long."

The best time to survey for P. barbulata var. brevifolia is during its flowering period, December to
March (primarily February and March), when its white flowers put on an impressive display, or during
its fruiting period, March to May, when its red capsules also attract the eye (TNC 1991-93).  Still, as
this is an evergreen plant, it can be located during any part of the year.  In addition, Sandhills pyxie-
moss is nearly always situated on or near a dry ridge crest or hilltop (TNC 1991-93).

  Taxonomic Comments 

Pyxidanthera brevifolia was first described by Wells (1929).  He separated it from P. barbulata
primarily on the basis of its shorter leaves and its habitat.  Ahles (1964) lowered the taxon to varietal
status without discussion, and Radford, et al. (1968), followed, again separating the var. brevifolia
from var. barbulata on the basis of its shorter leaves, greater leaf pubescence, and earlier flowering
period.  Embryological studies by Reynolds (1966) supported this varietal status.  However, Primack
and Wyatt (1975) rejected the varietal status and proposed that all plants within the genus Pyxidanthera
be referred to as P. barbulata, on the basis that variation among Pyxidanthera occurrences was "clinal
and associated with differences in soil moisture-retaining capacity and other environmental parameters"
and that morphologically extreme occurrences are interfertile.

In 1992, Weakley, et al. (1992), drafted a paper reassessing the taxonomy and ecology of Pyxidanthera. 
They concluded that P. brevifolia and P. barbulata are distinct taxa at the specific level for the
following reasons:  (1) Morphological variation is not clinal; apparent intermediates are phenotypic
responses of P. brevifolia to shading by leaf litter.  (2) The two taxa are sympatric in the Sandhills
region of North Carolina and South Carolina and maintain their relative distinctiveness there.  (3) The
two taxa appear to be ecologically incompatible; the two very rarely, if ever, are found in mixed
occurrences and grow in distinctly different habitats and communities, sharing very few plant
associates.  (4) When growing in proximity to one another, the two are phenologically separated.  (5)
Interfertility is not proof that the two taxa are the same; many distinct species are interfertile if
artificially crossed (as in the Primack and Wyatt study), but remain separated in nature by extrinsic
isolating mechanisms.  (6) The two taxa have distinct and discrete ranges; despite the fact that suitable
habitat for P. brevifolia exists throughout P. barbulata's larger range, it does not occur over most of it. 
(7) The embryological data collected by Reynolds (1966), though flawed, can not be readily dismissed;
some of the developmental differences between the taxa are taxonomically significant and are not likely
to be susceptible to environmental modification.  (8) The morphological characters used by botanists to
separate the two taxa can be applied consistently and successfully.

The following are some additional comments by Sorrie (1993) based on personal observations to the
points enumerated above:  (1) Morphological variation exists within brevifolia and barbulata, but it is
not clinal in the normal sense of the term because together the species do not occupy a clinal range of
habitats.  They occur in xeric and very dry (brevifolia), permanently moist (barbulata), and
intermittently moist (hilltop variants of brevifolia).  Pyxidanthera in NC is not found in a whole range
of dry to mesic plant communities that are available for colonization, just a small percentage of
clay/sandstone habitats.  (2) This statement is true, except for the small percentage of intermediates,
which could be used to argue for specific separation, or at least that the two are good varieties of one
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species.  (4) The two taxa do not appear to be phenologically distinct.  In 1993, the two shared
essentially the same flowering dates with barbulata slightly later to reach maximum flowering.  Also,
brevifolia is much more prone to producing a few flowers well before (1-2 months) the prime flowering
season.  (6) Plants have been found on the dry sand rims of Carolina bays in the Outer Coastal Plain
that resemble brevifolia in smaller leaf size and more compact plant shape; however, such plants merge
clinally with barbulata to adjacent bay ecotones.  (8) Intermediates comprise a relatively small
percentage of either taxa, so at the very least, brevifolia and barbulata are good varieties.

In 1993, further efforts were made to resolve the taxonomic questions regarding Pyxidanthera. 
Measurement and phenologic data were gathered from 11 subpopulations of P. barbulata var.
brevifolia, 10 subpopulations of P. barbulata var. barbulata, and seven apparent intermediates (TNC
1991-93).  In addition, collections were made from five subpopulations of var. brevifolia on Fort Bragg
Military Reservation, and five subpopulations of var. barbulata, two from Fort Bragg, one from
Sandhills Game Land, and one each from Croatan National Forest off Pringle Road, Carteret County,
and off Queen's Haven Road, Onslow County, on the Outer Coastal Plain (TNC 1991-93, LeBlond
1993).  This material was sent to the University of Georgia were starch gel electrophorese analyses will
be conducted in an attempt to better understand the relationship of the two taxa.  The results of this
study will be published in December 1993.

On Fort Bragg, the great majority of plants can unequivocally be assigned to P. barbulata var.
brevifolia or to P. barbulata var. barbulata, based on morphology and habitat.  Less distinct are plants
occupying clay or sandstone hilltops and river bluffs, where moisture levels are locally somewhat
higher than surrounding areas.  Such plants exhibit some intermediate characteristics, particularly with
respect to leaf size and hairiness.  These intermediates are known from at least 15 sites on Fort Bragg. 
Similar intermediates have been found on sand rims of Carolina bays in the Outer Coastal Plain. 
Reassessment of many of these plants in the field in the fall of 1993 by TNC staff, J.H. Carter, III, and
A.S. Weakley has resulted in the conclusion that all but a half dozen occurrences can be assigned to
either var. barbulata or var. brevifolia.  Plants exhibiting intermediate morphology that occur along
mesic bluffs of the Little River on Fort Bragg are var. barbulata, exhibiting a more compact growth
form and somewhat more hairiness, apparently in response to disturbance and/or canopy removal. 
Upland plants that exhibit intermediate morphology are var. brevifolia, tending to exhibit a more
spreading growth form and less hairiness, apparently in response to shading by leaf litter and/or dense
wiregrass or in response to higher moisture content of clay soils.  The few occurrences that remain
enigmatic are associated with mesic sandstone outcrops.

DISTRIBUTION

Sandhills pyxie-moss is well-named, as it is a narrow endemic of the eastern Sandhills region of south-
central North Carolina and north-central South Carolina.  Radford, et al. (1968), listed only Harnett
Co., NC, and Chesterfield Co., SC, for its entire range.  Ten historical or extirpated records exist for
the following counties (year last seen follows in parentheses):  Harnett County (1929, 1966, 1972,
1979), NC, and Chesterfield (1953, 1973) and Darlington (1910, 1940, 1949, 1973) counties, SC
(SCHT 1991, NCNHP 1993).

Pyxidanthera barbulata var. brevifolia is currently known from the following Sandhills counties
(number of occurrences follows in parentheses):  Cumberland (25), Harnett (15), Hoke (61), and
Moore (5) counties, NC (Weakley 1993), and Chesterfield (11) and Darlington (2) counties, SC (SCHT
1991); two discrete and rather disjunct areas.  By far the largest concentration of plants occurs on Fort
Bragg Military Reservation in NC, currently representing close to 90 percent of all known occurrences
(TNC 1991-93).  The largest concentration in SC is on Sugarloaf Mountain in the Carolina Sandhills
Wildlife Management Area and Sandhills State Forest (SCHT 1991).  It is not known why plants do not
occur in suitable habitat in between.  For example, plants have never been positively identified on
Camp MacKall Military Reservation or Sandhills Game Land, both large, intact longleaf pine/wiregrass
areas in the NC Sandhills, located southwest of Fort Bragg (TNC 1991-93).

Current Ownership.  As previously mentioned, an estimated 90 percent of the world's Sandhills pyxie-
moss is found on Fort Bragg Military Reservation (U.S. Army) with 90 occurrences scattered over at
least 378 sites.  Another 12 occurrences are found on private land surrounding the base (TNC 1991-93,
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NCNHP 1993).  In SC, nearly all plants are found on or near Carolina Sandhills National Wildlife
Refuge (U.S. Fish and Wildlife) or Sandhills State Forest (SC Forest Service) (SCHT 1991).

HABITAT

Sandhills pyxie-moss is found on xeric, thinly wooded, sterile sands or sand-clays near the summits or
on the upper slopes of sandhills, where it may be locally abundant (Radford et al. 1968, Weakley et al.
1992).  The plant communities in which it occurs are classified as Pine/Scrub Oak Sandhill (blackjack-
mixed oak variant and clay/rock hilltop variant) and Xeric Sandhill Scrub (Sandhills variant) (Schafale
and Weakley 1990).  The following descriptions were summarized from Schafale and Weakley (1990)
and Schafale (1993):

Pine/Scrub Oak Sandhill, blackjack-mixed oak variant is the most typical variant in the Sandhills
region.  It occurs in sandy soils with a clay layer near the surface but not near enough to impede
drainage for any significant period.  Dominant vegetation is Pinus palustris of varying density, Quercus
marilandica in the understory layer or codominant with Q. laevis, Q. incana, and Q. margarettiae. 
Gaylussacia dumosa and Vaccinium tenellum may be common.  Aristida stricta is generally dense if
burned; occasionally Pteridium aquilinum var. pseudocaudatum codominates the ground layer.  It is
distinguished by the dominance of Quercus marilandica in the understory layer and moderate levels of
herb diversity.  Common herb associates include Epigaea repens, Cirsium repandum, Pityopsis aspera
var. adenolepis, Andropogon ternarius, Baptisia cinerea, Euphorbia curtisii, E. ipecacuanhae, Liatris
cokeri, Cnidoscolus stimulosus, and Tephrosia virginiana.

Clay/rock hilltop variant occupies areas where a clay layer or exposed sandstone occurs at the surface
on a xeric hilltop or upper slope without a source of groundwater.  The dominant vegetation is sparse to
dense Pinus palustris with only occasional scrub oaks, primarily Quercus marilandica, present.  When
present, low shrubs, such as Lyonia mariana, Clethra alnifolia, and Symplocos tinctoria, are scattered
in the understory; sparse to dense Vaccinium crassifolium and wiregrass dominate the ground layer. 
Other typical species may include Pteridium aquilinum, Nyssa sylvatica, Gelsemium sempervirens,
Kalmia latifolia, and Galax urceolata.  Also included here is an unusual heath bluff variant which is
known only from Blues Mountain on Fort Bragg.  The site is characterized by steep slopes and ravines
underlain by clay and/or sandstone, dominated by a longleaf pine canopy, a dense, patchy cover of
mountain laurel, and a ground layer consisting of Aristida stricta, Vaccinium crassifolium, and
Sandhills pyxie-moss.

Xeric Sandhill Scrub, Sandhills variant occurs on upland ridgetops and upper slopes with coarse sand
and no clay beds near the surface and is found throughout the Sandhills region.  This is one of the most
common variants in the Sandhills region, covering much of the broad upland ridgetops.  It is less barren
and may approach Pine/Scrub Oak Sandhill in density and herb diversity.  Sparse to moderate Pinus
palustris dominate the canopy.  The understory layer consists of moderate to dense Quercus laevis, with
small numbers of Q. incana, Q. margarettiae, Diospyros virginiana, and Sassafras albidum also
present.  Aristida stricta, Gaylussacia dumosa, and Toxicodendron pubescens may be sparse to dense. 
Longleaf pine is particularly slow to regenerate on extremely xeric sites, which seldom burn because of
discontinuous, light fuel accumulations.  Herb associates include Aureolaria pectinata, Minuartia
caroliniana, Epigaea repens, Stipulicida setacea, Cirsium repandum, Agalinis setacea, Euphorbia
ipecacuanhae, and lichens.

BIOLOGY-ECOLOGY

Sandhills pyxie-moss forms small to large clumps, often around the base of trees or other plants, and
tends to be more compact when found growing in open sites.  These sites are generally the driest and
receive direct sunlight most of the day.  There can be substantial morphological variation between
different upland occurrences of Pyxidanthera.  These variations, however, do not appear to follow any
clinal gradient upon which they can be stratified.  The degree of morphological variation within
individual occurrences of upland sites, in fact, is sometimes as great or greater than variation between
occurrences.  This within-occurrence phenotypic variation is most likely driven by a combination of
genotypic factors and environmental factors such as shade, moisture availability, and fire-disturbance
history.  Although the degree of genotypic variation within occurrences is not known, it is certainly
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clear that a diverse range of micro-environmental conditions can be present within an individual site. 
For example, clumps occurring in xeric to dry areas with dense wiregrass (localized high wiregrass
densities may be due to local edaphic factors or as a result of a patchy fire regime) will almost always
have larger leaves and a more sprawling habit than clumps in more exposed situations.  The variability
of these characters within an individual occurrence makes it difficult, if not unwise to use them for
taxonomic purposes.

In sites with slightly higher moisture, including under leaf litter, the plants tend to become trailing, the
leaves more etiolated, and rarely produce flowers where covered up (TNC 1991-93).  Being shallow-
rooted and ground-hugging, Sandhills pyxie-moss is susceptible to soil disturbance.  Recent
observations on Fort Bragg, however, suggest that it may be a bit more tolerant of disturbance than
originally believed.  Plants have been found cascading down the sides of foxholes and erosion bluffs
and growing atop fire plowlines and within furrows between rows of pine plantations (TNC 1991-93). 
While this does demonstrate some tolerance to disturbance, it in no way supports this as a benefit to the
plants.

As an endemic to the Sandhills region, Pyxidanthera barbulata var. brevifolia has evolved within plant
communities dependent on fire for their maintenance.  The exact effects of burning on plants is not
completely known.  Clumps of plants damaged but apparently surviving burns have been observed on
Fort Bragg (TNC 1991-93).  Therefore, it can best be stated that fire has been crucial in maintaining
the habitat that Sandhills pyxie-moss depends upon for its survival.

If Pyxidanthera were indeed a single polymorphic, clinal species, one would expect to see it follow a
continuous gradient across the communities which occur from low-lying ecotonal situations on up to
xeric flats and ridges.  Nearly two years of intensive field work in its main range has shown that this is
not the case.  Pyxie-moss occurrences are strongly tri-modally distributed on the landscape into xeric
sites, mesic ecotonal sites, and curious, dry to perhaps seasonally mesic clay/rock hilltops.  There are
very few occurrences of pyxie-moss in the intermediate Pine/Scrub Oak Sandhill, blackjack-mixed oak
variant, the dominant mid-slope community type in the NC Sandhills.  An equally low number of
occurrences have been found in Pine/Scrub Oak Sandhill, mesic transition variant or Mesic Pine
Flatwoods, communities which often lie adjacent to ecotones occupied by Pyxidanthera barbulata var.
barbulata.  The clay/rock hilltop areas that support pyxie-moss have sometimes been considered as
"intermediate" habitats, i.e., habitats that provide nutrient and water levels that are perhaps
intermediate of those levels found between xeric ridge tops and mesic ecotonal areas.  Clumps of pyxie-
moss growing on these hilltops often exhibit a wide range of morphological variation.  The dense
wiregrass layers that develop on these somewhat mesic sites can blanket pyxie-moss clumps, resulting
in clumps with larger leaves and a more sprawling habit.

Clumps in more exposed locations generally have smaller leaves and show more of a cushion habit. 
Although the presence of both mesophytic and xerophytic species on these hilltops supports the idea of
intermediate moisture conditions, they are clearly different than the blackjack-mixed oak variant and
mesic transition variant sites.  The presence of a surface or shallow subsurface clay layer likely has a
strong seasonal effect on the water and nutrient dynamics of these sites.  It has been suggested that the
clay/rock hilltop occurrences of pyxie-moss may represent another, distinct lineage of Pyxidanthera,
one adapted to the unique environmental conditions present on the hilltops.

  Phenology

Sandhills pyxie-moss is an evergreen perennial which can be observed throughout the year.  Flower
buds become apparent by December.  A few scattered flowers appear from December to January; most
flowering occurs from February to March.  Maturing fruits are seen from March to May.  Dehisced
capsules persist for even longer (TNC 1991-93).

  Reproduction   

Pyxidanthera barbulata var. brevifolia is mostly a mat-forming, spreading plant that occurs in clumps
of increasing size.  The establishment of a new occurrence by sexual reproduction has never been
documented.  Seed production has been documented by several researchers (Reynolds 1966, TNC 1991-
93).  Since pyxie-moss is so low growing, it is speculated that it is pollinated, and possibly seed-
dispersed, by ants.  However, pollination by ants is probably not exclusive.  Many other types of
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insects have been observed visiting pyxie-moss flowers (TNC 1991-93).  Steve Hall, Invertebrate
Zoologist with the NC Natural Heritage Program, is investigating whether a rare moth and possible new
variety, Agrotis buchholzi, lays its eggs on P. barbulata var. brevifolia, providing a food source for its
larvae (Hall 1993).

While fruits are easily observed in the field, it is not known whether any seeds have ever been
successfully germinated.  Learning the relative fertility of this taxon may also shed light on its true
taxonomic status.

THREATS

The major threats to Sandhills pyxie-moss are loss of habitat through fire suppression, military training
activities (especially with tracked vehicles), forestry activities (especially mechanical site-prepping such
as V-blading or roller-chopping), pinestraw raking, hardwood control via herbicides or heavy
equipment, other forms of ground disturbance, and land-use conversion (residential and commercial
development) (Weakley et al. 1992).

RECOVERY POTENTIAL  

Pyxie-moss is a slow-growing perennial plant that appears to spread nearly exclusively by asexual
reproduction.  The minimal to very low rates of sexual reproduction and colonization in the species
suggests that extirpation events are probably permanent.  Survival of the species is therefore completely
dependent on the protection and management of intact occurrences.

Although the quality of sites supporting pyxie-moss is improving on Fort Bragg as a result of increased
summer burning and hardwood removal, they are under increasing threat by disturbances from military
training.  The future of pyxie-moss on Fort Bragg (which supports over 90% of the known occurrences)
will remain in jeopardy until some measure of permanent protection for these sites is made.

STEWARDSHIP

  RESEARCH NEEDS

The most pressing biological research need is a definitive determination of Pyxidanthera barbulata var.
brevifolia's true taxonomic status.

  RESEARCH PROGRAMS

Genetic work begun on Fort Bragg in February 1993 and continuing at the University of Georgia may
provide some answers (TNC 1991-93).  Steve Hall, Invertebrate Zoologist with the NC Natural
Heritage Program, plans to set moth traps out in P. barbulata var. brevifolia and P. barbulata var.
barbulata sites to determine if a rare, endemic moth uses both taxa (Hall 1993).  This may shed
additional light on the relationship of the two taxa.

  MONITORING NEEDS

The biological monitoring program for the species should be designed to identify if occurrence sizes are
increasing or declining in response to the current land management techniques on examples on all three
types of habitat (see description above).  A monitoring program should also identify the different
responses of plants to winter and growing-season burns and assess what effects these different season
burns have on the different life stages (seed, seedling, adult), if any.

Inventory need.  The Sandhills region of the Carolinas has had a fair amount of botanical exploration in
the past but not intensively nor on a species-specific basis.  Inventory work such as Gaddy's status
survey (1980), Carter's NC Sandhills Survey (1982), and the Fort Bragg/Camp MacKall rare plant
inventory (TNC 1991-93) have been crucial to better defining the actual population size of Pyxidanthera
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barbulata var. brevifolia.  Future intensive surveys scheduled for 1994 in Sandhills Game Land will
help to further identify the extent of Sandhills pyxie-moss in the NC Sandhills region.

A complete inventory of the SC Sandhills region, particularly of Carolina Sandhills Wildlife
Management Area and Sandhills State Forest, is needed to determine the status and condition of
Sandhills pyxie-moss in that state.
 
  MONITORING PROCEDURES

The monitoring project should begin by selecting and mapping the boundaries of several subpopulations
of Sandhills pyxie-moss within each of the three different types of habitat.  Each selected subpopulation
should ideally be surrounded by suitable habitat so that future spread can be observed and recorded. 
Subpopulations should also be divided into several smaller units by firebreaks, roads, etc., so that
experimental and control burns can be conducted within each subpopulation.  Data collected from each
site could include plant densities and/or numbers, seed production, and estimates of seedling
recruitment.  To monitor the response of plants to winter versus summer burns at least three isolated
plots within each occurrence should be identified, two for the seasonal burns and one left as a control. 
Demographic data should be recorded for each of the plots.

  MONITORING PROGRAMS

No monitoring program specifically targeting Sandhills pyxie-moss has yet been initiated.

  MANAGEMENT RESEARCH NEEDS

Research on timing and importance of fire to this species' ecology is needed.  In addition, its tolerance
to other forms of disturbance needs to assessed.

  MANAGEMENT PROCEDURES

All areas with Sandhills pyxie-moss should be protected from severe soil disturbance, such as scraping,
disking, pinestraw raking, or heavy trampling.  Based on the current knowledge, prescribed burns in
pyxie-moss habitat should, if possible, be scheduled for summer months and should be on a rather
frequent (three- to five-year) burning regime to reduce competition from other plants and remove leaf
litter.  Several large occurrences on Fort Bragg are located irregularly over many hectares, having
become fragmented by sand roads, jeep trails, fire plowlines, and other ground disturbances. 
Consideration needs to be given to reducing the number of roads and amount of ground-disturbing
activities in these areas.

If pyxie-moss occurs in a fire-suppressed site that is scheduled to be burned for the first time in many
years, care must be taken during the burn to maintain low fire temperatures in and around the
occurrence.  This may require removing some of the fuels in the surrounding areas.

Restoration Procedures.  Sites of marginal quality that support pyxie-moss can be restored by the use of
prescribed burning, by implementing soil erosion projects, and by restricting soil disturbing activities
(such as pinestraw raking and vehicle activity). 

  MANAGEMENT PROGRAMS

Most of the Pyxidanthera barbulata var. brevifolia sites in the NC Sandhills region occur on ridges and
hilltops on Fort Bragg.  From the mid-1960s to 1989, the Fort Bragg Forestry Branch conducted
winter, fuel-reduction burns on a five-year rotation across the base (Sewell et al. 1993).  In 1990, as a
result of the Fort Bragg Biological Opinion by the U.S. Fish and Wildlife Service, the Forestry Branch
switched to ecological, growing-season burns on a three-year rotation.  Prior to the 1960s, there was no
prescribed burning program on the installation, although wildfires were apparently frequent (Sewell et
al. 1993).

STEWARDSHIP SUMMARY  
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Research should continue to address the issues of taxonomic status for Sandhills pyxie-moss. 
Monitoring studies should immediately begin to identify its reproductive biology and ecology, including
tolerance to various forms of disturbance (mechanical and fire) to occurrence dynamics.  Management
plans will follow from the results of these studies.
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Summary of the potential effects of the RCW Management Guidelines on Pyxidanthera barbulata var.
brevifolia.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Pyxidanthera barbulata var. brevifolia 

This species primarily occurs in sandy, dry, thinly-wooded longleaf pine and longleaf pine-oak
communities, near the summits of sandhills.  It occasionally occurs in the ecotones between these
communities and more mesic habitats.  It appears to thrive in fire maintained ecosystems with an open
canopy and minimal shrub layer.   

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  Activities which promote an open
midstory would positively affect habitat quality for Pyxidanthera, but fuel removal by raking could
destroy these small herbaceous plants which tend to occur around the bases of trees.  Individuals should
be marked so that they can be avoided if raking becomes necessary. 

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of Pyxidanthera habitat because it acts to reduce the shrub and midstory woody vegetation and promotes
a well-established herbaceous layer.  Spring or early summer burns are preferred because they mimic
the seasonality of natural fires.  At sites with heavy litter accumulation due to lack of fire, the first burn
can be a winter fire.  Three to five year burns have been suggested for the dryer pine forests in which
Pyxidanthera occurs.    

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as
they would destroy ground layer vegetation, compact the soil, and impact hydrology. 

Hardwood Control and Pine Thinning:  Although prescribed fire is the preferred method of midstory
control, hardwood and pine thinning could benefit Pyxidanthera if it restores or maintains an open stand
of mature pine-oak forest.  Chemical and mechanical methods of hardwood control should employ best
management practices to avoid soil disturbance, destruction of ground layer vegetation, and non-target
effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on Pyxidanthera by maintaining the integrity of herbaceous layers.  Use of native
vegetation should be used wherever possible as non-native species could out-compete herbaceous
species such as Pyxidanthera.  Mechanical means of erosion control should maintain the natural
contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for Pyxidanthera.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible, and mechanical methods such as discing or chopping should be
avoided.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on
Pyxidanthera populations occurring in fire maintained habitats.  

Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines with
longleaf pine may provide beneficial habitat for colonization by Pyxidanthera, but the heavy machinery
traditionally used for timber extraction could destroy individual populations of this species.  As with
mechanical clearing of midstory and understory, populations of Pyxidanthera should be identified
before timber harvest so that damage to individual plants can be avoided.  Use of low impact forest
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management practices and those which maintain natural fire, hydrologic, and nutrient dynamics will
minimize adverse impacts to Pyxidanthera.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit Pyxidanthera.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as it is highly deleterious
to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it
should be prohibited from within 25 ft of Pyxidanthera populations.



     31 Text from: Russo, M.J. 1993. Element stewardship abstract: Rhus michauxii. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.  December
1993.
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Species Stewardship Summary31
RHUS MICHAUXII

ELEMENT CODE: PDANA08070
SCIENTIFIC NAME: Rhus michauxii Sargent
COMMON NAME: Michaux's Sumac or False Poison Sumac

STATUS

GLOBAL RANK:  G1
STATE RANK:  S1 (GA, NC, VA), SX (SC)

FEDERAL STATUS:  LE
STATE STATUS:  E (NC, GA); nc (SC),  

DESCRIPTION

  General Description 
  
Description was adapted from Sargent (1895) and the Official World Wildlife Fund Guide to
Endangered Species (Matthews and Mosely 1992).  

Michaux's sumac is a non-poisonous, low-growing, dioecious shrub in the Cashew Family.  The stems
grow from an underground rhizome to a height of from about 30-90 cm (1-3').  Each compound leaf
consists of from 9 to 13 stalkless, oval or oblong, toothed leaflets; the terminal leaflet borne on a
winged petiolule about 2 cm long.  The entire plant is densely covered with downy hairs.  Small
greenish-yellow to white, 4- to 5-parted flowers are borne in dense, erect, terminal clusters.  Red,
fleshy fruits, covered by short hairs and containing a single large seed, are borne on female plants from
August to September (January).

  Technical Description   

The following technical description was adapted from Sargent (1895), Radford et al. (1968), and
Murdock and Moore (1991).  Rhus michauxii, a member of the Anacardiaceae, is a dioecious,
rhizomatous shrub, 1.5-4 dm tall; the entire plant is densely pubescent.  Leaves are deciduous, the
rachis often persisting well into late fall (TNC 1991-93).  Leaflets 9-13, sessile, ovate to oblong to
oblong-lanceolate, 4-9 cm long, 2-5 cm wide, acute to acuminate, simply or doubly serrate, base
rounded; the terminal segment of the rachis narrowly winged, or wingless, about 2 cm long.  Flowers
small, borne in a terminal, erect, dense panicle, 0.8-1.5 dm long; each flower being 4- to 5-parted and
greenish-yellow to white.  Fruit a red, densely short-pubescent drupe, 5-6 mm broad, with a single
seed, 3-4 mm long.

  Diagnostic Characteristics   

Rhus michauxii is one of eight southeastern U.S. species of the genus Rhus and the closely related
genus Toxicodendron.  It differs from these similar species by its short stature (usually less than 5 dm
tall, rarely 1 meter), dense overall pubescence, and pinnately compound leaves with more than five
coarsely serrate leaflets (Murdock and Moore 1991, Weakley 1993b).
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The best time to identify Rhus michauxii is during the peak growing season (June to September in NC
Sandhills region).  Leaves emerge in May followed by flowers in June and fruits from August to
September.  While the red fruits may persist for several months, most leaves have dropped by
November (TNC 1991-93).

DISTRIBUTION

Rhus michauxii is a species which was historically endemic to the Inner Coastal Plain and lower
Piedmont of North Carolina, South Carolina, and Georgia (USFWS 1989).  Murdock and Moore
(1991) report an extirpated occurrence from Alachua County in peninsular Florida.  However, the
Florida Natural Area Inventory has no record of this species ever occurring in Florida and does not
include it on their list of special plants and lichens for the state (Amoroso 1993, FNAI 1993).

From the time of its discovery in 1895 until 1989, half of the known occurrences of Rhus michauxii
have been extirpated (USFWS 1989).  Thirty-two occurrences were historically reported from 23
counties in NC, SC, and GA (USFWS 1989).  Four occurrences historically known from Cobb,
Columbia, Newton, and Rabun counties, GA, are believed extirpated (Murdock and Moore 1991,
Patrick 1993).  Historical collections are known from Florence, Kershaw, and Oconee counties, SC. 
Following extensive, unsuccessful searches of their last known locations, as well as other areas of
suitable habitat, Michaux's sumac is believed extirpated from the state (USFWS 1989, Murdock and
Moore 1991).  Historical and/or extirpated NC records exist (year last seen in parentheses) for Durham
(1949), Franklin (1914), Hoke (1981), Johnston (1833), Lincoln (prior to 1917), Mecklenburg (pre-
1800s), Moore (1901), Orange (1964), Robeson (1982), Wake (1942), and Wilson (1958) counties
(Murdock and Moore 1991, NCNHP 1993).

Only 26 extant occurrences are currently known to exist in North Carolina, Virginia, and Georgia.  One
population with only four plants is located in Elbert County, GA (Murdock and Moore 1991, Patrick
1993).  In NC, 24 occurrences (number of occurrences for each county follows in parentheses) are
currently known from Davie (1), Franklin (1), Hoke (8**), Moore (2), Richmond (5), Robeson (1),
Scotland (5), and Wake (1) counties (NCNHP 1993).  **Two of these occurrences are most likely Rhus
x ashei, a possible hybrid of R. michauxii and R. glabra (TNC 1991-93).  In 1993, the Virginia
Division of Natural Heritage discovered a large population of Michaux's sumac on Fort Pickett Military
Reservation in Dinwiddie and Nottoway counties, Virginia (Fleming 1993).  To date, 32 subpopulations
containing an estimated total of 20,000+ plants have been documented within approximately 10,000
acres (Fleming 1993).  The largest of these more-or-less continuous subpopulations contains an
estimated 10,000+ plants, and several others contain an estimated 1,000+ plants (Fleming 1993).

Current Ownership.  The only extant population in GA (with just four plants) is on land owned by the
U.S. Army Corps of Engineers and leased to the Georgia Department of Natural Resources as part of
the Board River Wildlife Management Area (USFWS 1989).  In NC, seven occurrences (10 sites) are
on Fort Bragg and one (8 sites) is on Camp MacKall military reservations (U.S. Army), nine are on the
Sandhills Game Land (NC Wildlife Resources Commission), one is on land managed by The Nature
Conservancy, one is on land owned by the City of Raleigh, and the remainder are presumed to be on
privately owned land (NCNHP 1993).  The only known Virginia population is on Fort Pickett Military
Reservation (U.S. Army) (Fleming 1993).

Two sites supporting Rhus michauxii have been registered in the Registry of North Carolina Natural
Areas; they are at William B. Umstead State Park (state-owned) and a natural area on Sandhills Game
Land (state-owned) (NCNHP 1993).  Another registered natural area, Pretty Pond Bay Preserve (The
Nature Conservancy), once supported R. michauxii, but numerous searches in past years have failed to
locate any plants (NCNHP 1993).

HABITAT

Michaux's sumac occurs in sandy or rocky open woods, sometimes in association with circumneutral
soils, and is dependent upon some form of disturbance to maintain the open quality of its habitat
(USFWS 1989, Bucher 1993).  Periodic, naturally occurring fires provided such disturbance
historically.  Today, however, many of the Michaux's sumac occurrences are in areas artificially
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disturbed, such as highway and railroad rights-of-way, edges of cultivated fields, and other cleared
lands (USFWS 1989, TNC 1991-93, NCNHP 1993).

Although roadside occurrences appear to be thriving in the presence of some level of disturbance (i.e.,
mowing), they are always under the constant threat of catastrophic disturbance.  Roadbed widening or
heavy equipment activity on cleared lands, for example, may dramatically reduce the number of
individuals.  These reductions, if they come at a crucial stage in the species' reproductive cycle (i.e.,
during flower or fruit production), could have severe long-term effects on the population.  Although it
appears that Michaux's sumac can rebound from large disturbances, it is not clear how much genetic
diversity is lost with each disturbance.

In the NC Sandhills region, naturally occurring Rhus michauxii appears to be restricted to slightly
loamy, but still well-drained, sites which are scattered through longleaf pine/scrub oak/wiregrass
woodlands.  Loamy soil sites are usually found in slight depressions, swales, or along lower slopes and
are quickly recognized by their high diversity of herbs, especially with regard to their high number of
legume, composite and grass species.  Associated species consistently found in these loamy sites are
considered good "Rhus michauxii indicators" by Sandhills botanists and include Ceanothus americanus,
Paspalum bifidum, Tridens carolinianus, Aristida lanosa, Onosmodium virginianum, and Helianthus
divaricatus.  These sites are also characterized by a higher frequency of mesophytic hardwoods, such as
Cornus florida, Carya alba, and Quercus stellata, than surrounding, drier woodland areas.

Like all upland longleaf pine communities, this loamy swale community (classified as Pine/Scrub Oak
Sandhill, loamy soil variant by Schafale and Weakley 1990) is fire-maintained.  Natural fires, resulting
from lightning strikes mainly in early summer, were believed to have occurred every three to seven
years in upland areas of the NC Sandhills (Schafale 1993).  These episodic fires were important for
reducing hardwood encroachment, recycling nutrients, and creating conditions necessary for the
regeneration of longleaf pine, wiregrass, and associated herb species.  Since the early part of the 20th
century, natural fire regimes and processes have been virtually eliminated as a result of landscape
fragmentation and active fire suppression.  This has led to an obvious decline in Rhus michauxii habitat,
and more than likely a dramatic decline in the number of occurrences.  Of notable exception to this
trend are the lands on Fort Bragg, Camp MacKall, and Sandhills Game Land.  These properties, which
all support large occurrences of Michaux's sumac, have been managed (for various reasons) with
prescribed burns since the 1960s.  Prior to that time, these areas were periodically impacted by
wildfires.  Large sections of these properties have, therefore, never been fire-suppressed for extended
periods of time (over 30 years), and it is likely for this reason that Michaux's sumac has survived there.

A greater number of loamy sites and more and larger occurrences of Rhus michauxii are found on
Sandhills Game Land than on Fort Bragg or Camp MacKall, all within close proximity to each other. 
This disparity may be explained by topographic differences.  Loamy swales and depressions, while
relatively uncommon on the more highly dissected and hilly terrain of Fort Bragg in Hoke and
Cumberland counties, are common on the more gently rolling landscape of Sandhills Game Land in
Richmond and Scotland counties.  These depressions and swales can often be identified on topographic
maps.

According to Weakley (1993b), in the Piedmont, Rhus michauxii historically occurred in both sandy,
acidic soils and clayey, circumneutral soils on dry upland sites.  Piedmont occurrences are in
communities which formerly experienced frequent to occasional lightning-set fires.  Fire, in
combination with soil droughtiness, maintained open woodlands or oak savannas which provided
suitable habitat for R. michauxii.  Fire suppression in the Piedmont has been nearly universal and led to
vegetative succession, eliminating R. michauxii to an even greater degree than in the Fall-line Sandhills
and Inner Coastal Plain (Weakley 1993b).

The following discussion is from Fleming (1993):  The recently discovered Fort Pickett occurrence is
located well into the Virginia Piedmont on rolling, gently dissected uplands underlain by a granitic
formation.  The thriving population is confined to a 10,000-acre "impact area" which has been
subjected to frequent wildfires from incendiary ammunition during the past 50 years.  The great
majority of the population occurs in subacid, clay loam or sandy clay loam soils over granite, although
a small portion occurs on a 50-acre sill of basic rock with circumneutral soils.  Subpopulations occupy
all topographic positions except bottomlands, often (but not always) preferring slopes and ridge crests
with shallow or rocky soils.  Habitats, which typically burn at one- to five-year intervals, are
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predominantly thinly canopied oak-hickory woodlands, grassy oak-hickory "savannas," and openings in
hardwood coppice.  Within these habitats, the species also colonizes previously disturbed areas, such as
old clearings and military jeep trails.  The most common and typical associates include Quercus spp.,
Carya spp., Liquidambar styraciflua, Cornus florida, Rhus glabra, R. copallinum, Schizachyrium
scoparium, Desmodium spp., Lespedeza spp., and various composites.  A list of associated "indicators"
might include Sorghastrum elliottii, Brickellia eupatorioides, Eupatorium godfreyanum, E.
sessilifolium, Silphium compositum, and Helianthus divaricatus.  In the floristically distinctive basic
rock area, "indicator" associates include Viburnum rafinesquianum, Scleria oligantha, Clematis
ochroleuca, Sanicula smallii, Salvia urticifolia, Parthenium auriculatum, and Helianthus strumosus.

BIOLOGY-ECOLOGY

The following observations are summarized from Boyer (1993):  Rhus michauxii is clonal from thick,
long, shallow, horizontal rhizomes, typically found growing in well-drained, but not xeric, acidic loamy
sands in open sun or partial shade.  It produces very few fibrous roots, which raises questions regarding
its ability to survive with so little root surface.  Plants observed in North Carolina during high-
temperature and near-drought conditions in July 1993 were found to be extremely wilted and obviously
water-stressed.  Although the donor stem may be lost, rhizome cuttings have been successfully
propagated (75 percent survival).

Plants are dioecious, with some apparent minor exceptions, and can produce flowers, male or female,
on first-season stems.  However, usually half or more of the stems in a subpopulation do not flower in a
given season.  Most extant subpopulations are considered single-sex by observers.  This observation,
however, may be due to the fact that most occurrences have only been visited one time.  A large
population on Camp MacKall was first located 23 June 1992, at which time only male flowers were
observed.  When the plants were revisited one month later on 21 July 1992 fruits were observed (TNC
1991-93).  There seems to be a short lag time between the appearance of male and female flowers, or it
may be difficult for observers inexperienced with this species to tell them apart during casual field
observations.

There is also some evidence that the sex of individual stems or clones may not be constant.  Bucher and
Weakley (1990) have seen stems which were positively identified as female in one year produce male
flowers the following year.  The degree of hermaphroditic behavior and its importance to the
reproductive ecology of the species is not known.  Boyer (1992) also observed bisexual, male, and
female flowers all on one plant.

Although many occurrences of Rhus michauxii regularly flower and produce fruit, few have been found
to produce viable seed.  Determination of seed viability is often difficult to assess from fruit color and
shape alone.  Healthy-looking, turgid fruit containing seed with hard seed coats, although appearing
viable, is often found to have aborted embryos or to be completely empty.  X-ray analysis of the seed
has been used as a non-destructive technique for assessing embryo development and seed viability
(Savage 1992).  It is not clear why so little viable seed is produced.  It is possible that plants are self-
incompatible and that current, small, isolated occurrences lack sufficient genotypes to successfully
achieve cross-pollination and fertilization.  Pollination and fertilization by pollen of other Rhus species,
such as R. copallinum and R. glabra, may also interfere with "pure" R. michauxii fertilization.  In
addition, introgression of R. michauxii as a result of crossing with R. copallinum and R. glabra may
produce hybrids that are no longer able to reproduce successfully with true R. michauxii.  While there
seems overall to be fairly few hybrid occurrences to cause this problem, the topic of hybridization still
needs to be investigated.

It is also not clear if the current low levels of genetic diversity within and between occurrences is a
recent anomaly or a condition that was true in the past.  It is possible that the loss of many occurrences
over the past century has led to a parallel loss in the number of genotypes and those remaining, unable
to reproduce sexually, are surviving through asexual, rhizomatous growth.

Michaux's sumac occurs in successional communities, including those historically fire-maintained, and
dies out where continued succession shades out, crowds out, or otherwise outcompetes it.  In shadier,
moister situations, including in cultivation, it is subject to powdery mildew and root (rhizome) rot. 
This can result in dieback of above-ground parts; however, affected plants will resprout from the
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rhizome (Murdock and Moore 1991).  Wild populations have also been observed with a form of rust on
their leaves, but the effect of this fungus is not known (Murdock and Moore 1991).  It often colonizes
disturbed sites, including those that have been frequently mowed.  Although clearly dependent on some
form of periodic disturbance, the extent of its tolerance to disturbance has not been completely
determined.

  Phenology

The appearance of leaves varies greatly within and between populations.  In NC in 1992, the earliest
buds broke dormancy was mid-April (Wake and Durham counties), others were just starting in mid-
May (Scotland County) (Boyer 1993).  Plants flower from late June to early July, and, if pollinated,
will fruit from August to October (Radford et al. 1968, Boyer 1993).  Fruits may persist well into the
next growing season (TNC 1991-93).

  Reproduction   

Little is known about the relative importance of sexual versus asexual reproduction in the population
dynamics of Rhus michauxii, though under current conditions asexual reproduction strongly
predominates (Weakley 1993b).  It is a rhizomatous plant that may rely on asexual reproduction for
most of its growth and population increases.  With so few and such widely scattered extant occurrences,
it may be inferred that seed production and dispersal are often unsuccessful (TNC 1991-93).  Widely
scattered occurrences may merely be relicts of a formerly more dense distribution.  However, there is
some evidence of seed production and dispersal in that occurrences have been located in recently
disturbed sites such as along roads (U.S. 15-501), firebreaks (Sandhills Game Land), and clearings
(Camp MacKall Auxiliary Airfield Special Management Area and MOT Commel Special Management
Area on Fort Bragg, both created within the past 40 years) (TNC 1991-93).  At Fort Pickett, Virginia,
fruiting plants are common in most colonies, but it is not yet known whether seed produced by these
plants is viable (Fleming 1993).  Asexual reproduction through rhizomatous growth is probably very
important to the survival of the species, particularly in periods of fire suppression, when environmental
conditions do not promote flower and seed production.

Seed production is probably highest when flower production is high (probably in response to increased
levels of sunlight, water, and nutrients) and when large numbers of pollinators are present (TNC 1991-
93).  Although specific pollinators are unknown, Michaux's sumac, like other members of the genus, is
probably pollinated by insects, including bees (Sherman-Broyles et al. 1991).  Nothing is known about
the germination and dormancy requirements, despite attempts to germinate seeds at the NC Botanical
Garden.  Fruits and seed are bird-dispersed (Sherman-Broyles et al. 1991).

Rhus michauxii may hybridize with R. glabra, R. typhina, and/or R. copallinum; genetically, it is most
closely related to R. glabra (Sherman-Broyles et al. 1991).  Hybrids with R. glabra (R. X ashei) have
been documented from three locations on Fort Bragg and one on Camp MacKall (TNC 1991-93).  On
Fort Pickett, it commonly co-occurs with both Rhus glabra and R. copallinum, and presumed R. x ashei
hybrids are frequent and widespread.  These hybrids, which sometimes form sizeable clones, are
usually found with or near mixed sumac colonies but also have been documented in areas somewhat
removed from one or both of the putative parents.  Their morphology appears to be variable, with some
individuals or clones closely resembling R. michauxii, and others more closely resembling R. glabra. 
Still, all exhibit some degree of morphological intermediacy.  No obvious evidence of hybridization
between R. michauxii and R. copallinum has been seen at Fort Pickett (Fleming 1993).

THREATS

The major threats to Rhus michauxii are (1) fire suppression, (2) degradation of habitat due to
conversion for agriculture, silviculture, commercial and residential development, road construction and
improvements, and trampling due to timber harvesting or mechanized military training activities, (3)
hybridization with other species, such as R. glabra and R. copallinum, (4) geographic isolation of
small, single-sex populations (USFWS 1989), and (5) fungal disease and stem borers which attack
plants (Bucher 1993).  Rust fungi appear worse during wet summers, and low genetic diversity within
populations may make them very susceptible to extirpation by disease (Bucher 1993).  Michaux's sumac
is a shade-intolerant species which appears to suffer decline in vigor when its habitat becomes fire
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suppressed and a dense overstory develops.  The majority of historic sites were lost due to land
development, and many of the current populations are facing the same threat.  Hybrids have been
discovered at two sites which were known to previously support Rhus michauxii (Matthews and Mosely
1992).

RECOVERY POTENTIAL  

Michaux's sumac will be considered for delisting as Federally Endangered when 19 self-sustaining
populations (12 in NC, 2 in SC, 3 in GA, and 2 in FL) are protected to such a degree that the species
no longer qualifies for protection under the Endangered Species Act (Murdock and Moore 1991).  A
self-sustaining population is one that is sexually reproducing and large enough to maintain sufficient
genetic variation to enable it to survive and respond to natural changes in its habitat (Murdock and
Moore 1991).  The number of populations required for the species' survival may be adjusted as more is
learned of its biology and management needs.

STEWARDSHIP

  RESEARCH NEEDS

The following discussion is summarized from Murdock and Moore (1991):  Demographic studies are
needed to predict factors necessary for populations to become self-sustaining.  In addition, an
understanding of the natural habitat occupied by Michaux's sumac is essential to its long-term survival
and recovery.  Permanent plots should be located within study sites established for habitat analysis. 
Plots should be visited annually for at least four consecutive years.  Individual plants in all stage-classes
should be mapped and data on sex, plant size, number and size of leaves, inflorescence size, number
and size fruits, and seed set should be collected.  Surrounding areas should be monitored for seedling or
shoot establishment, and seedlings should be mapped and measured.  Changes in site condition, such as
soil disturbance, increases or decreases in light intensity, moisture, etc., should be noted during each
visit.  Such plots may be the most effective way to assess the impacts of disturbance on Michaux's
sumac.

Specific pollinators and pollination mechanisms need to be identified, as do seed dispersal vectors and
their effectiveness under different ecological and spatial conditions (Murdock and Moore 1991).  The
fact that seeds are produced, but embryo development is lacking, is evidence of a problem with
pollination and/or fertilization that needs further investigation (Bucher 1993).

Genetic variability within and between populations has been determined through starch-gel
electrophoresis (Sherman-Broyles et al. 1991).  However, the relative importance of sexual versus
asexual or vegetative reproduction to the long-term survival of the species has not been determined.  In
addition, the dilution of genetic diversity through hybridization with other Rhus species also needs to be
assessed in terms of its threat to the survival of the species.

  RESEARCH PROGRAMS

In 1992, rhizomes from five NC populations were collected for preservation at the North Carolina
Botanical Garden (a Center for Plant Conservation facility) which also holds live material from the
Newton County, GA, population (Boyer 1993).  Additional rhizomes were collected in 1993, including
samples from several subpopulations on Camp MacKall Military Reservation, Richmond County. 
Unfortunately, a number of the donor aerial stems died, apparently the result of the collecting.  In
considering collection from very small populations, this risk to the donors must be weighed against the
success rate of propagation and feasibility of reintroduction.  Rhizome sections were used instead of
seeds since propagation from rhizomes has proven successful and attempts to grow seeds has failed; X-
rays of 1991 seeds showed that they lacked embryos.  Of the 47 rhizome sections collected in 1992, 34
sprouted and of these five flowered (3 male and 2 female) (Boyer 1993).

A field pollination study was conducted by Chad Stuart in NC in early July 1992 (Boyer 1993).  Pollen
from plants in Wake and Franklin counties was used to pollinate 16 female plants in Scotland and Hoke
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counties.  Eight plants produced fruit; 125 seeds were removed and planted in pots, but none
germinated.  Examination of seed samples from each population again revealed a lack of embryos.

Little is known about the specific management required for long-term survival of this species.  Some
information on genetic diversity was provided by the work of Sherman-Broyles et al. (1991). 
However, additional information on population biology and ecology is still needed before effective
management guidelines can be formulated and implemented (Murdock and Moore 1991).  Some form of
disturbance, such as fire or clearing, appears necessary for maintaining Michaux's sumac's preferred
habitat.  Pre- and post-management demographic studies are needed to provide important insights into
management requirements (Murdock and Moore 1991).

  MONITORING NEEDS

Inventory.  Despite intensive surveys within parts of Michaux's sumac's historic range, a thorough,
systematic effort to locate additional populations is still needed.  Small occurrences, particularly at
overgrown sites, are easily missed in less intensive efforts.  Potential habitats can be identified and sites
can be prioritized for searches by first examining aerial photographs and soil and topographic maps of
likely areas (Murdock and Moore 1991).

  MONITORING PROCEDURES

Monitoring studies should include populations over a wide distribution of habitats, both natural and
altered.  Permanent plots should be established to determine the relationship between abiotic factors
(soil depth and type, soil moisture content and pH, light duration and intensity) and biotic factors
(reproduction, germination, degree of competition and predation), in order to determine the appropriate
timing and type of management needed to ensure the continued vigor of existing populations and to
accurately select good potential sites for reintroduction, if necessary (Murdock and Moore 1991).  

Inventory.  Fairly thorough statewide inventories of the habitats likely to support Rhus michauxii have
been conducted in North Carolina, South Carolina, and Georgia.  From 1991-93, a comprehensive
inventory for Rhus michauxii and other rare plant taxa was conducted at Fort Bragg and Camp MacKall
military reservations, North Carolina.  As of July 1993, six occurrences (two most likely hybrids of R.
michauxii) had been located on Fort Bragg, and one population with perhaps more than 1,000 male and
female plants had been found on Camp MacKall (TNC 1991-93).  An intensive survey on 25,000 acres
of the Sandhills Game Land in Richmond and Scotland counties, NC, scheduled for 1994 will most
likely identify more occurrences, as nine are already known from there.

In South Carolina, thorough searches for Rhus michauxii have been conducted in Florence and Kershaw
counties, as well as other areas with suitable habitat (USFWS 1989).  Except for within the boundaries
of Fort Pickett, surveys have not been undertaken in Virginia (Fleming 1993).

  MONITORING PROGRAMS

Permanent monitoring plots (belt transects) have been established in six subpopulations in Franklin,
Wake, Scotland, and Hoke counties, NC (Boyer 1993).  Subpopulations were chosen on the basis of
their size (medium), genetic diversity, geographic spread, and sexual makeup (three contain both
sexes).  Data collected includes exact location, presence of flowers, sex and age of every stem in the
plots.  Each flowering stem produced in 1992 was marked with a metal tag.  Some male flowers
appeared hermaphroditic, so flowers from 71 plants were collected for later inspection and sex
determination.  An attempt was made to distinguish clones within subpopulations by observing timing
of leaf emergence in spring and leaf color changes in fall.  However, these attempts failed as variation
was difficult to detect and known clones in cultivation showed a wide range of variability.  A field
technique for determining clones is still needed.

Many difficulties were encountered during the 1992 data-collection season.  As previously mentioned,
easy identification of clones in the field is not possible.  In addition, sex determination of plants is often
unclear; pure-female inflorescences are easy to recognize, but apparent-male ones at least occasionally
include some hermaphroditic flowers (with dysfunctional pistil).  This condition has also been observed
on female flowers (dysfunctional stamens) on plants at Fort Bragg (Mihlbachler 1993).  In another case,
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male and female flowers were found on separate branches of a single stem (Boyer 1993).  This
illustrates that caution should be taken in determining a subpopulation's sex composition.

Stem age was difficult to determine and probably was not worth recording except to aid identification of
individual stems from year to year (Boyer 1993).  Stem age may be a factor in sex determination, but
frequent upper-stem loss through disturbance means that only minimum possible age can be estimated. 
Rhizome propagation showed that first-year stems are capable of flowering as either sex (Boyer 1993).

  MANAGEMENT NEEDS

Management needed to maintain healthy occurrences is directly related to maintaining an open habitat,
preferably by fire at three- to five-year intervals, or where fire is not possibly, by mowing or bush-
hogging at three+-year intervals.  In the latter case, occurrence size and vigor should be monitored.  A
third means of keeping Michaux's sumac habitat open is through selective removal of woody
competitors where plants show decline.

  MANAGEMENT PROCEDURES

Plants and habitat should be protected by fencing or effectively marking sites threatened by excessive
mowing, bulldozing, or other severe disturbance.  Sites also need to be protected from herbicide
application either directly or by drift from adjacent lands (Boyer 1993).

  MANAGEMENT PROGRAMS

All occurrences on Fort Bragg and Camp MacKall military reservations will be protected, monitored,
and managed to ensure their continued survival (Mihlbachler 1993).  In addition, in 1994 a field survey
will be conducted to locate additional occurrences on 25,000 acres of Sandhills Game Land property. 
These will then be marked with signs and added to the management program conducted by personnel at
Fort Bragg (TNC 1991-93, Mihlbachler 1993).

Other occurrences on Sandhills Game Land will be periodically burned.  Established permanent plots
will be monitored, and management practices will be reviewed by NC Wildlife Resources Commission,
NC Natural Heritage Program, NC Plant Conservation Program, NC Dept. of Transportation, and
other interested parties (Boyer 1993).

The North Carolina Field Office of The Nature Conservancy will assess the priority and value of
augmenting plants at Antioch Bay Preserve and reintroducing them at Pretty Pond Bay Preserve
(Bucher 1993).  Other NC occurrences will be monitored by the NC Natural Heritage Program or the
NC Plant Conservation Program in cooperation with interested parties (Boyer 1993).

In Georgia, a management plan is being developed at Anthony Shoals by the Georgia Freshwater
Wetlands & Heritage Inventory and the Army Corps of Engineers; the site was scheduled to be burned
and fenced in 1993.  At Beacon Hill, Newton County, the site of a reintroduced occurrence will be kept
open through manual removal of woody competition.  Monitoring will continue, and a management
agreement will be established with the City of Covington, the Covington Garden Club, the Georgia
Field Office of The Nature Conservancy, and Georgia Freshwater Wetlands & Heritage Inventory
(Boyer 1993).

The population of Rhus michauxii at Fort Pickett, Virginia, will also be protected.  Because of its large
size and extensive distribution over the landscape, this population offers unprecedented opportunities for
biological research, monitoring, and management.  In particular, it may permit studies involving
potentially destructive habitat manipulations and biological research techniques that to date have been
constrained or prevented by the vulnerability of other, much small occurrences.  Research, monitoring,
and management strategies for R. michauxii at Fort Pickett are currently in the planning stage but are
likely to include the full complement of activities outlined above (Fleming 1993).

STEWARDSHIP SUMMARY
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The following is a summary of the steps needed to be taken for the recovery of Michaux's sumac as
outlined in the Technical Draft Recovery Plan (Murdock and Moore 1991):

1. Protect existing occurrences and essential habitat by:  (a) developing interim research and
management plans in conjunction with landowners; (b) searching for additional subpopulations;
and (c) determining habitat protection priorities and evaluating alternatives.

2. Determine and implement management necessary for long-term population reproduction,
establishment, maintenance, and vigor by:  (a) determining population size and stage-class
distribution for all occurrences; (b) studying abiotic and biotic features of the species' habitat;
(c) conducting long-term demographic studies; (d) determining the effects of past and on-going
habitat disturbance; (e) defining criteria for self-sustaining populations and develop appropriate
habitat management guidelines based upon data obtained from steps (b)-(d); (f) implementing
appropriate management techniques as they are developed from previous steps; and (g)
developing techniques and re-establishing populations in suitable habitat within the species'
historic range.

3. Maintain and expand cultivated sources for the species and provide for long-term maintenance
of selected populations in cultivation.

4. Enforce laws protecting the species and/or its habitat.

5. Develop materials to inform the public about the status of the species and its recovery plan
objectives by:  (a) preparing and distributing news releases and informational brochures; and (b)
preparing articles for popular and scientific publications.

6. Assess annually the success of recovery efforts for the species.
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Summary of the potential effects of the RCW Management Guidelines on Rhus michauxii.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X

      Prescribed burning X X X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X         

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Rhus michauxii 

Where it occurs in Sandhills habitats, R. michauxii is found in slightly loamy, well-drained sites
scattered throughout the longleaf pine-scrub oak woodland, usually in slight depressions, swales, or
along lower slopes.  It appears to require some form of disturbance, including periodic fire, to
maintained populations.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that these activities
restore an open midstory they would positively affect habitat quality for R. michauxii.  Fuel removal by
raking could destroy these some individuals.  Individuals and populations should be marked so that they
can be avoided if raking becomes necessary. 

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of R. michauxii habitat because it acts to reduce the shrub and midstory woody vegetation and promotes
a well-established herbaceous layer.  Spring or early summer burns are preferred because they mimic
the seasonality of natural fires.  At sites with heavy litter accumulation due to lack of fire, the first burn
can be a winter fire.  Three to five year burns have been suggested for the dryer pine forests in which
R. michauxii occurs.    

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as
they would destroy ground layer vegetation, compact the soil, and impact hydrology. 

Hardwood Control and Pine Thinning:  Although prescribed fire is the preferred method of midstory
control, hardwood and pine thinning could benefit R. michauxii if it restores or maintains an open stand
of mature pine-oak forest.  But, the limits on hardwood stocking and cover are too low to maintain a
mature, natural pine-oak forest and would most likely negatively impact R. michauxii.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on R. michauxii by maintaining the integrity of herbaceous layers.  Use of native
vegetation should be used wherever possible.  Mechanical means of erosion control should maintain the
natural contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for R. michauxii.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible, and mechanical methods such as discing or chopping should be
avoided.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on R.
michauxii populations occurring in fire maintained habitats.  

Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines with
longleaf pine may provide beneficial habitat for colonization by R. michauxii, but the heavy machinery
traditionally used for timber extraction could destroy individual populations of this species.  As with
mechanical clearing of midstory and understory, populations of R. michauxii should be identified before
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timber harvest so that damage to individual plants can be avoided.  Use of low impact forest
management practices and those which maintain natural fire, hydrologic, and nutrient dynamics will
minimize adverse impacts to R. michauxii.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit R. michauxii.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as it is highly deleterious
to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it
should be prohibited from within 25 ft of R. michauxii populations.



     32 Text from:  Sorrie, B.A. 1993. Element stewardship abstract: Rhynchospora crinipes. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.  December
1993.
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Species Stewardship Summary32
RHYNCHOSPORA CRINIPES

ELEMENT CODE: PMCYP0N0H0
SCIENTIFIC NAME: Rhynchospora crinipes Gale
COMMON NAME: Alabama Beaksedge, Bearded Beaksedge,

or Hairy-peduncled Beak-rush

STATUS

GLOBAL RANK:  G1
STATE RANK:  S1 (AL, FL, MS, NC)

FEDERAL STATUS:  C2
STATE STATUS:  E (NC); none (AL,FL,MI); not tracked (GA)

DESCRIPTION

Alabama beaksedge is a clump-forming sedge of exposed banks along small rivers.  Although tall
(about 0.5-1 meter), the plant is not very conspicuous because the stems are weakly erect, often found
leaning against other vegetation or lying parallel to the ground from the force of floodwaters.  Leaves
are mostly basal, slender, and decreasing in size up the stem.  From 4-10 small brownish flower
clusters are spaced along the stem; within the small flower scales are produced tiny elliptical nutlets. 
These nutlets are typical of the genus in having a pointed beak, but unique in having a long basal foot
or stipe clothed with long hairs.

  Technical Description
   
Description was adapted from Gale (1944), Kral (1983), Anderson (1988), and Boyer (1992).  

Rhynchospora crinipes, a member of the Sedge Family (Cyperaceae), is a perennial cespitose herb that
forms small clumps and is rhizomatous (to some degree; needs to be investigated).  Leaves up to 4.2
mm wide, flat, linear-elongate, up to 38 cm long, lax, sparsely serrulate apically, more-or-less
triquetrous or channeled apically, ordinary green color.  Culms few to several per plant, slender, more-
or-less trigonous, 0.7-1.3 meters tall, loosely ascending or parallel to ground from force of floodwaters.

Inflorescences (fascicles) 4-10, distant from each other, on peduncles exsert from bracteal leaves,
compact, 0.8-2.0 cm wide, turbinate or somewhat lobed; bracts somewhat showy, the lower blades 18-
30 cm long, the terminal up to 4.1 cm long.  Spikelets lanceolate, crowded, 5 mm long, ascending to
somewhat spreading, 3-flowered (terminal floret sterile); scales lanceolate, aristulate, loosely imbricate,
scarious, pale chestnut-brown.  Fruit a pyriform achene, body 1.4-1.6 mm long, 1.3-1.5 mm wide,
biconvex, smooth, more-or-less flattened towards the margins and narrowed basally, conspicuous white
central disc on the bulge of the achene; tubercle deltoid, 0.8-1.0 mm long, margins hispid-scabrous;
stipe elongate, 0.6-0.8 mm, clothed with tangled white hairs 0.3-0.5 mm long; bristles 6, erect, about
equaling the tubercle in length, antrorsely barbed.

  Diagnostic Characteristics

Rhynchospora crinipes is most closely related to R. filifolia, a widespread beaksedge which occurs
throughout the Atlantic and Gulf Coastal Plain.  Although both species have pyriform and strongly
biconvex achenes, they are clearly separated by:  (1) stipe length and pubescence (R. crinipes has
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distinctly hairy stipes 0.6 to 0.8 mm long, while R. filifolia has shorter (0.1 to 0.3 mm), glabrous to
only slightly pubescent stipes); (2) basal leaf width (3.0-4.2 mm for R. crinipes versus 0.3-0.8 mm for
R. filifolia); and (3) achene body and bristle length (1.4-1.6 mm and 2.3-2.5 mm for R. crinipes versus
0.9-1.2 mm and 1.4-2.0 for R. filifolia) (Anderson 1988).  R. filifolia also does not generally occur
along flood-prone riverbanks, the typical habitat for R. crinipes.

Other species which appear similar to R. crinipes in having long, narrow stems, narrow leaves, and
several dense flower clusters at intervals along the stem include R. cephalantha (and var. attenuata), R.
chalarocephala, R. gracilenta, and R. leptocarpa (=R. capitellata var. leptocarpa).  Few of these
occur or are likely to occur in the same habitat as R. crinipes.  R. cephalantha can be easily
distinguished from R. crinipes by its rounded flower clusters.  The remaining species can be separated
from R. crinipes based on their achene characters (a 10X lens is usually necessary for examination of
achenes).  In addition to differences in achene size and shape and bristle length, these species lack the
hairy, long stipes which all achenes of R. crinipes possess.

Like most Rhynchospora species, positive identification of R. crinipes requires mature achenes. 
Although there are several species which appear vegetatively similar, the achene characters of these
species are clearly different than those of R. crinipes.  Mature fruit of R. crinipes can be found from
mid-July through October, although flood events may shorten (or lengthen) the period of time mature
achenes remain on plants.

DISTRIBUTION

Rhynchospora crinipes was historically known from only two specimens collected by C. Mohr in 1868
in Mobile County, Alabama.  Nothing more was known about this elusive species until 1986-87 when
L. Anderson discovered four occurrences in Santa Rosa County in the Florida panhandle (Anderson
1988).  In 1992, a population was found during an inventory of Eglin Air Force Base in adjacent
Okaloosa County, FL (FNAI 1993).  From July 1992 to September 1993, plants were discovered at 15
sites along the Little River and Buffalo Creek in Hoke and Moore counties, NC, during a rare plant
inventory of Fort Bragg Military Reservation (TNC 1991-93).  This 900-km disjunction became less
incredulous when R. Kral, a leading expert on this difficult genus, while reviewing material for the
Flora North America Project in 1990-92, annotated previously unidentified specimens (collected in
1967) from Appling and Turner counties, Georgia.  The distribution of this still very rare species
appears to be more typical of southeastern Coastal Plain endemics, albeit imperfectly known. 
Intervening populations are likely to be found, given proper and intact riverine habitat.

As described above, the only recent observations of R. crinipes have been the four occurrences (15
sites) in Hoke and Moore counties, North Carolina (TNC 1991-93, NCNHP 1993), five occurrences in
Santa Rosa and Okaloosa counties on the Florida panhandle (Amoroso 1993), and six occurrences found
in Greene and Wayne counties, Mississippi (Kral 1993).  It is not known if the occurrences of R.
crinipes in Appling and Turner counties, Georgia, are still extant.  The Georgia Natural Heritage
Program has no current records for this taxon, and the last time plants were seen was in 1967 (Patrick
1993).  Kral (1983) reported that R. crinipes is no longer extant at the Mobile County, Alabama, sites
discovered by Mohr in 1868.  However, he now reports it from Baldwin, Mobile, Escambia, Monroe,
and Washington counties, Alabama, following a rangewide status survey (Kral 1993).

HABITAT

All current extant occurrences and the two Georgia records are from stream or riverside habitats.  In
Florida, Anderson (1988) states that "Populations of R. crinipes were observed scattered (well-
established in spots) along the stream banks [of Big Coldwater Creek] for at least seven miles. 
Preferred sites were terrestrial in wet, peaty silt on narrow shelving banks of the creek; less frequently
emergent plants were rooted in coarser sand of the streambed.  Chamaecyparis [thyoides var.] henryae
Li dominated the wooded stream banks; Acer rubrum L. and Cyrilla racemiflora L. were also common,
and species of Magnolia, Nyssa, Taxodium, Pinus, and Quercus were less frequent."  Geologically, Big
Coldwater Creek flows through the Citronelle Formation (Tertiary, late Pliocene) which consists of
quartz sands and gravels and clay beds.  Water is clear and nearly mineral-free.  Rainfall events are
often heavy, so flooding and scouring frequently occur (Anderson 1988).  In Mississippi and Alabama,
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R. crinipes occupies essentially the same ecological conditions along cool, rapidly flowing streams
(Kral 1993).

In North Carolina, plants occur scattered along a 4.5-mile stretch of the Little River and Buffalo Creek,
one of its tributaries.  The Little River courses west to east through the Sandhills region (also called the
Fall-line Sandhills, part of the Inner Coastal Plain that abuts the Piedmont), cutting deeply into the Cape
Fear Formation (lower Cretaceous) (Bartlett 1967).  Substrates where R. crinipes grows vary from
gravelly to sandy, but most plants are found on narrow banks above claystone shelves that receive
deposits of sandy material when flooded by large rainfall events.  These latter may occur at any time of
year.  Adjacent banks and slopes are covered with a high diversity of woody shrubs and trees,
prominent among them being Chamaecyparis thyoides, Acer rubrum, Nyssa sylvatica, Pinus taeda,
Quercus nigra, Fraxinus carolinianus, and Betula nigra.  Shrubs present include Vaccinium arboreum,
V. elliottii, Lyonia lucida, Leucothoe racemosa, Rhododendron arborescens, R. periclymenoides, Alnus
serrulata, and Gelsemium sempervirens.  Herbs thickly cover the banks, especially where partly
protected by a narrow islet, and include Carex lonchocarpa, Dichanthelium dichotomum var.
yadkinense, Eleocharis microcarpa, Erigeron vernus, Gratiola viscidula, Hydrocotyle verticillata,
Hypericum denticulatum, Juncus repens, Rhynchospora gracilenta, Sabatia difformis, and Sclerolepis
uniflora.  Liverworts abound.  Because of the relatively steep banks and overhanging woody plants, R.
crinipes receives direct sunlight for only a small part of the day.

BIOLOGY-ECOLOGY

Inundation probably plays a crucial role in the ecology of Alabama beaksedge.  In Florida, Anderson
(1988) observed that R. crinipes had up to 12 cm of leafy stem buried in soil and plants rooted at buried
nodes.  The presence of short vertical rhizomes, he thought, may represent an adaptation to the frequent
flooding that its habitat is subject to.  Periodic inundation may reduce competition by removing plants
less well-rooted, particularly young woody plants and herbs that have grown during the summer months
of low-water levels.  Also, inundation and soil deposition may provide ideal conditions for seed
germination; this area of its biology is in need of study.

Phenology and Reproduction

Mature fruits can be found from mid-July through October.  In Florida, plants with mature achenes
(nutlets) were found on 11 July 1986.  In North Carolina, achenes were not quite mature on 28 July
1992; however, two major flood events occurred in June and July of that year, probably retarding plant
development (TNC 1991-93).  Phenology of a given population is likely to be highly dependent on
timing and duration of such events.  Almost nothing has been written and very little is known about the
reproductive biology of this species.  

THREATS

The Little River in North Carolina carries enough volume that it has been dammed in the past for power
generation (dams now in disrepair) and for water catchment (one of Fort Bragg's water sources).  Such
alteration of river-flow characteristics poses the most obvious threat to Alabama beaksedge rangewide. 
Extraction of sand and gravel from adjacent terraces also poses a threat from siltation and loss of
riverbank woody vegetation.  Military training activities conducted on or adjacent to the riverbanks may
also strip vegetation and promote siltation.  Potential effects of industrial effluents and chemicals is
unknown but would be important to ascertain at susceptible sites.

RECOVERY POTENTIAL

Several pieces of information have to be gathered before an assessment came be made about
Rhynchospora crinipes' potential for recovery, including:  (1) the rarity of the species; is R. crinipes
truly a rare, widely scattered species restricted to certain stream types? and (2) is the species' rarity due
its habitat requirements and the range of environmental conditions it can tolerate?; how susceptible is R.
crinipes to disturbances such as siltation and altered pH or water nutrient levels?; is the species in
decline?  If it is true that the species is restricted to a relatively uncommon stream type and that it is in
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decline due to alterations in its habitat, it will then be necessary to consider restoring populations with
reintroductions into suitable habitat.  It will also be necessary to identify the stresses which are causing
population declines.  Management activities should be focused on removing these stresses.

MANAGEMENT 

  RESEARCH NEEDS

Research on Rhynchospora crinipes should focus on:  (1) population dynamics and demographic trends,
what effects do frequency, timing, and duration of flood events have on seed production, seed dispersal,
and seedling establishment?, what are average seed dispersal distances for riverbank populations?, how
do plants migrate along riverbanks?; (2) germination requirements (i.e., scarification, inundation) of
seed; and (3) the range of pH and nutrient levels that plants, seeds, and seedlings can tolerate. 
Knowledge of the ecophysiology of the species may be helpful in determining whether changes in water
quality due to stresses such as industrial effluents and/or runoff from agricultural and residential
activities are leading to declines in population numbers.
Opportunities to research the management of R. crinipes habitat are most likely quite limited.  Although
it would be very valuable, for example, to study the impact of altered stream flows, sedimentation
rates, and/or raised pH levels on a naturally occurring R. crinipes population, it would most likely be
impossible to carry out this type of research, given the plant's occurrence along streams and rivers
whose watersheds are owned and impacted by numerous, private landowners.  It would be more
feasible to study these impacts in controlled, greenhouse experiments, where cultivated plants could be
tested under a number of different conditions.  Results from this type of research may lead to an
understanding of different stresses which may be affecting naturally occurring R. crinipes populations.

  MONITORING NEEDS

Much more needs to be learned about the ecology and population dynamics of R. crinipes before a
monitoring program can begin to assess if the species is increasing or decreasing in response to current
environmental conditions.  Knowledge about natural fluctuations in R. crinipes populations, for
example, will be important to know before predictions can be made about population declines due to a
particular environmental stress.  If R. crinipes is a long-lived species, monitoring plants in permanent
plots would be an appropriate technique for measuring individual plant vigor and population decreases
or increases.  If on the other hand, R. crinipes, like other riverbank species, is a short-lived but very
mobile plant that depends on scouring and flooding to create suitable habitat and to disperse seeds, then
counting the number of plants in permanent plots would not accurately represent the overall increase or
decrease in a population.

Inventory needs.  Further inventory is critically needed to determine (1) the extent and rarity of R.
crinipes and (2) what types of protection this species will require for its long-term survival.  It is not
clear if the currently known widely scattered occurrences of Alabama beaksedge represent true disjuncts
in the species' range or if they are really connected by unreported or undiscovered occurrences. 
Further surveys for the beaksedge in North Carolina should focus on sandy riverbanks of fast-flowing
blackwater streams which are frequently scoured by flood events (i.e., habitats similar to the Little
River and Buffalo Creek sites where the species has already been found in NC) (TNC 1991-93).  These
types of streams are more likely to occur in the Fall-line Sandhills region than in flatter Outer Coastal
Plain areas.  Similar types of suitable habitat for R. crinipes should be identified and surveyed
throughout the Atlantic and Gulf Coastal Plain, especially in South Carolina, where the species has not
yet been found, and in Georgia.

  MONITORING PROCEDURES

A series of different monitoring techniques should therefore be used to begin answering some of these
basic questions regarding the biology of R. crinipes.  Permanent plots in extant occurrences should be
used to determine the longevity of individual plants and/or clumps of plants.  Recruitment into these
plots, as well as recruitment into adjacent areas, should also be measured.  Other plots should be placed
in areas which lie downstream from known occurrences and which contain suitable habitat for
colonization by R. crinipes.  Measurements of recruitment into these plots should give some idea about
the relative rates of successful seed dispersal and colonization for the species.
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A serious monitoring program for R. crinipes should also study the river systems which support and,
perhaps, regulate R. crinipes populations.  Measurements on the frequency and duration of flood
events, the amount of sediment deposited during flood events, and the normal levels and fluctuations in
nutrient and pH levels of river water should be gathered as base-line data so that future, abnormal
fluctuations in these parameters can be recognized.  These data may be very valuable if there appears to
be a direct cause-and-effect relationship between a stress on the river system, such as agricultural
runoff, and a marked decline in the number of plants in a population.

  MONITORING PROGRAMS

No monitoring program specifically targeting Rhynchospora crinipes has yet been initiated.

  MANAGEMENT PROCEDURES

Management activities for Alabama beaksedge should focus on (1) protecting streams and watersheds
which support R. crinipes populations from unnaturally high- or low-water flows--these stream
disturbances could result from activities such as clear cutting, road construction, and fire suppression,
which may affect the recharge cycle of watersheds through changes in runoff and evapotranspiration
rates; (2) monitoring water quality for any significant changes in nutrient levels or pH which may affect
R. crinipes; and (3) protecting plants from direct physical damage, such as road or bridge construction
or foot traffic.

  MANAGEMENT PROGRAMS

The two streams which support populations of Rhynchospora crinipes in North Carolina are currently
under no special management program.  Although both occurrences are on Fort Bragg, large sections of
both streams lie on privately owned, forested, cultivated and/or residential land, and impacts to the
streams in these off-base areas are not known.  Military activity on Fort Bragg sometimes results in
erosion and sedimentation problems in the streams; training around these areas is generally light,
however.

STEWARDSHIP SUMMARY  

Stewardship activities for Rhynchospora crinipes should focus on:  (1) conducting inventories to assess
the overall rarity of the species; (2) monitoring populations to see if they are in decline; and (3)
conducting research on the biology and ecology of the species to better understand which environmental
stresses could potentially impact it.  Management of the species will also require protection of the
streams and watersheds that support extant populations.
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Summary of the potential effects of the RCW Management Guidelines on Rhynchospora crinipes.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X    

      Brush clearing X X    

      Fuel removal and raking X X    

   Midstory control X X X

      Prescribed burning X X X

         Three-year fire return X X X

         Winter fire X X X

         Growing season fire X X X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X       

   Pine thinning X       

   Cavity tree retention X

   Pine beetle control    X    

      Thinning    X    

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.



465

Species Management Notes:  Rhynchospora crinipes

Rhynchospora crinipes occurs primarily in stream and riverside habitats, on periodically flooded shelves
and wooded banks.  Management practices in HMUs should minimize soil disturbance and siltation in
streams, as well as promote maintenance of natural hydrologic processes.

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU and should not directly encroach into
stream bank habitats support R. crinipes.  

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in streamside wetlands.  Use of heavy equipment to
construct berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation,
soil stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between
xeric uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope
areas, as well as natural discharge into downslope areas, must be preserved in seeps to maintain
hydrologic conditions upon which R. crinipes and related species depend.

Hardwood Control and Pine Thinning:  Chemical methods of hardwood control should employ best
management practices to avoid soil disturbance, destruction of ground layer vegetation, and non-target
effects of herbicides.  This is particularly important in wetland situations where the effects of chemical
spills and trampling during mechanical removal can have severe impacts on wetland vegetation and
soils.  In general, midstory control within 50 ft of streamside wetlands supporting R. crinipes should be
prohibited unless prescribed burning fails to provide adequate control of woody encroachment. 
Chemical control should not be employed in wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on R. crinipes habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through wetlands.  Use of native vegetation should be used
wherever possible and non-native species should be avoided.  Mechanical means of erosion control
should maintain the natural contours of the surrounding topography and insure the integrity of natural
hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would have little direct effect on the available habitats for R. crinipes. 
Natural regeneration methods should be used in order to avoid high-impact artificial means which might
promote soil erosion.  Forestry operations should be prohibited within 50 ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  While not likely to directly affect
wetland seeps, all of these potential effects would have negative indirect and cumulative impacts on R.
crinipes.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines
and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant
communities.  Forest management should minimize adverse impacts to streamside forests and stringers
and should be prohibited within 50 ft of wetland margins.  

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit R. crinipes.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     33 Except where referenced, document based entirely on: Status survey report for Sarracenia rubra ssp.
wherryi.  by G.W. Folkerts for U.S. Fish and Wildlife Service.  Jackson, Mississippi.
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Species Stewardship Summary
SARRACENIA RUBRA SSP WHERRYI33

ELEMENT CODE: PDSAR02084
SCIENTIFIC NAME: Sarracenia rubra ssp wherryi Walter
COMMON NAME: Wherry's Sweet Pitcher Plant, Wherry's Red Pitcher Plant

                                                              
STATUS

GLOBAL RANK: G3T3
STATE RANK: S3 (AL); S1 (MS) 

FEDERAL STATUS: Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: None listed

DESCRIPTION

  General Description

Wherry's sweet pitcher plant is an herbaceous, rhizomatous, insectivorous perennial with a rosette of
hollow, pitcher-like leaves (Cooper et al. 1975).  It has a short rhizome averaging 1/4 inch in diameter,
from which flowers and two types of leaves grow.  The scale leaves are small, roughly triangular,
sheath the rhizome, and are usually not visible above the soil surface.  The pitcher leaf is a tubular
hollow carnivorous leaf which grows vertically from the rhizome where it tapers to a narrow base.  The
pitchers are usually between 4 and 12 inches long.  The hood is essentially erect, with a narrow wing
on the opposite side (Cooper et al. 1975).  This wing is more obvious on pitchers produced in the latter
part of the summer.  The pitcher is colored green, usually with a reddish cast above.  Older pitchers in
full sun are often very red.  Usually red, purple, or green veins are visible, especially on the upper
portion of the pitcher.  The flowers are red, about an inch across, and are produced singly or in pairs in
the spring.  The flowers hang down from a thin stalk (less than 1/8 inch thick) which is 6 to 10 inches
long.  Flowers have five red or purple sepals, and five petals which are red on the outside and
yellowish or lighter on the inside.

  Technical Description

Rhizome subterranean, usually horizontal, sometimes vertical, 2.9-15.0 mm in diameter, diameter
varying along length, dying back at the posterior end during growth, under optimum growth conditions
branching frequently to form clumps of closely adjacent meristems.  Living roots numbering from 2 to
15 on a mature rhizome, averaging 0.85 mm in diameter, sometimes branched, to 95 mm in length,
rootlets numerous but not dense, most 3-6 mm in length, rootlet and root tips lacking root hairs. 
Leaves of two types, squamelae (scale) leaves clasping the rhizome and pitcher leaves growing
vertically from the rhizome.  Phyllodia absent.  Squamelae deltoid, tan to dark brown, 5-20 mm in
length, larger on plants with larger rhizomes and pitchers.  Pitchers tubular, erect, on mature plants 10-
33 cm long, gradually tapered from base to orifice, densely fine pubescent, green to bronze-green,
upper portions often suffused with pinkish or reddish pigment, usually conspicuously veined with
reddish-purple internal veins, surface veins green, ala running from orifice to base, orifice rim
outrolled, petiole more or less terete, clasping at the base.  Spring pitchers with a narrower ala and less
curved near the base than summer pitchers.  Summer pitchers evergreen at the base in years without
hard freezes.  Hoods wider than long, weakly to strongly reflexed over the orifice, margins often
undulate, heavily red-veined interiorly.  Flowers produced singly or less often in pairs in late March or
April from primordia initiated in previous fall, pendant from the down curved portion of erect scapes,
scapes 13-41 cm long, 1.8-2.6 mm in diameter at base, slightly narrowing upwardly.  Bracts 3, at the
base of the flower, ovate, obtuse, green to red on abaxial surface, lighter on adaxial surface.  Sepals 5,
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2.2-3.1 cm long 1.5-2.0 cm wide, ovate, obtuse, petaloid, semi-succulent, persistent, bases overlapping
laterally, dark red on abaxial surface, adaxial surface usually greenish.  Petals 5, 18-33 mm long,
constricted medially, distal lobes 1.4-2.4 cm broad at anthesis, pendant between the lobes of the style
disk, bright red to dark maroon abaxially, lighter, sometimes nearly yellow adaxially, dehiscent after
pollination.  Stamens 30-55, in 5 indistinct fascicles, anthers dorsifixed, dehiscing laterally,
sequentially, interior stamens first.  Pollen colporate, with 7 to 9 apertures, exine to 0.8 µm in
thickness, polar axis 17-22 µm, equatorial axis 13-21 µm.  Glandular nectariferous tissue at bases of
filaments.  Ovary spherical, green, 4-7 mm wide, 5-loculate, surface pulviniform tuberculate.  Style 3-5
mm long.  Style disc umbrelliform, five-lobed, lobes notched, 1.8-3.3 cm broad without flattening. 
Stigmas 5, recurved, at the base of the style disk notches.  Fruit spherical to ovoid, brown, tuberculate,
1.2-1.8 cm long, 1.0-1.6 cm wide, indistinctly five-lobed, sepals and style disc persistent.  Seeds tan to
brown, curved, tuberculate-areolate, irregularly obovoid, 1.0-1.6 mm long.      

  Diagnostic Characteristics

In the eastern part of its range, S. rubra ssp wherryi can be easily differentiated from other Sarracenia
species.  Sarracenia purpurea and S. psittacina have pitchers of conspicuously different morphology. 
Pitchers of both S. leucophylla and S. flava are much larger than those of S. rubra ssp wherryi.  In
addition, the white top of S. leucophylla pitchers and the yellowish-green color and red throat patch of
S. flava are distinctly different then the coloration of S. rubra ssp wherryi.  

In the western portion of its range, S. rubra ssp wherryi is sympatric and syntopic with its sister
species, S. alata.  The pitcher morphology of the two species is very similar and some  overlap in
pitcher size occurs - some mature S. alata pitchers being smaller than some of the largest pitchers of S.
rubra ssp wherryi.  The primary differences between these species is S. alata has fruits ranging to 1.9
cm wide, seeds in a single capsule always averaging more than 1.8 mm long (single seeds may vary
considerably from these values, so mean seed size should be estimated from at least ten seeds), and
rhizomes averaging 10.1 mm, while S. rubra ssp wherryi fruits are not known to reach sizes above 1.6
cm in width (and generally are not that large), seeds average less than 1.5 mm long, and mature
rhizomes averaging 6.6 mm in diameter.  The rhizome of S. rubra seems to vary in diameter along its
length more than do rhizomes of other species of the genus.  Often a difference in diameter of 4-5 mm
occurs from the thickest portions to the thinnest portions.

In the central Florida panhandle and south central Alabama, the distributions of S. rubra ssp wherryi
and S. rubra ssp gulfensis overlap.  Sarracenia rubra ssp gulfensis pitchers are taller and
proportionately more narrow than those of S. rubra ssp wherryi, and the adaxial bulge typical of S.
rubra ssp wherryi is never seen in S. rubra ssp gulfensis.  In addition, S. rubra ssp gulfensis is reported
to be darker red in open sun then S. rubra ssp wherryi. 

  Taxonomic Comments 

McDaniel (1971) stated that S. rubra included four regional variants with intergradation.  Case and
Case (1976) treated the S. rubra complex as comprised of four taxa named: S. rubra, S. jonesii, S.
alabamensis ssp. alabamensis, and S. alabamensis ssp wherryi.  Schnell (1976, 1977) distinguished the
same taxa but all at the subspecific level.  Schnell (1979) also described and additional subspecies S.
rubra ssp gulfensis.  (From Godfrey and Wooten 1981).

Kartesz (1994) currently recognizes all five subspecies of S. rubra as Schnell named them: S. r. ssp
alabamensis, S. r. ssp gulfensis, S. r. ssp jonesii, S. r. ssp rubra, S. r. ssp wherryi. 

The diploid chromosome number for all Sarracenia species is reported to be 26 (13 pairs).  There are
insufficient differences in karyotype among the species to be of taxonomic value.    

DISTRIBUTION

The range of S. rubra ssp wherryi lies in the East Gulf Coastal Plain Section of the Coastal Plain
Physiographic Province.  The bulk of the range lies in the belt or district referred to as the Southern
Pine Hills Belt.  If the more southerly localities turn out to be valid, the species would also be
considered to range in the Pine Meadows Belt and/or Coastal Lowlands District.   
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Multiple historical occurrences of S. rubra ssp wherryi were reported in the following states and
counties: Baldwin, Escambia, and Washington counties in Alabama; Greene and Wayne counties in
Mississippi.  In addition, scattered specimens, hybrids, or known populations were reported from:
Escambia and Okaloosa counties in Florida; Mobile, Monroe and Covington counties in Alabama; and
George, Harrison, Pearl River, and Jackson counties in Mississippi.  

The status survey for S. rubra ssp wherryi located 119 native populations of S. rubra ssp wherryi with
at least one plant.  These populations were found in: Wayne and Greene counties in Mississippi;
Washington, Baldwin, Monroe, Conecuh, Escambia, and Covington counties in Alabama; and
Escambia and Okaloosa county in Florida.  Because it was not possible for the status survey to
investigate all sites where S. rubra ssp wherryi are likely to occur, a test of unsearched sites found that
20% of those sites harbored the taxon.  From this conclusion and soil and topographic maps, a
conservative estimate was made that an additional 30 to 50 populations exist which were not located in
the status survey.   

Because plants may become dormant for periods of time they may not be detectable at all locations; as a
result it is difficult to conclude that any of the known populations have been extirpated.  Extirpation is
also difficult to determine in cases where locality data was non-specific.  In Mississippi, at least four
populations in Wayne county and one in Greene county are believed extirpated.  In addition, several
peripheral records of occurrence have not been relocated: four in Mobile county, Alabama; one in
George county, Mississippi; and one in Jackson county Mississippi.       

HABITAT 

Sarracenia rubra ssp wherryi typically inhabits wetlands of the type commonly called seepage bogs or
hillside bogs.  Variants of this habitat include herb bog, grass-sedge bog, pitcher plant bog, moist pine
barren, and mesic savanna.  These are areas where the soil is wet for much of the year because water,
usually from a perched zone of saturation, continually seeps to the surface along a slope.  This slope
can be either conspicuous or almost imperceptible.  A few populations of S. rubra ssp wherryi inhabit
depressed drainage-ways not directly affected by groundwater seepage, but in all these cases
populations occupying seepage sites were found nearby.  Plants of this taxon do not occupy the wettest
sites in seepage bogs and are not common in seepage bogs that are uniformly very wet.  Compared to
its often syntopic congener S. leucophylla, S. rubra ssp wherryi occupies somewhat drier microsites and
appears to have a narrower ecological amplitude as far as soil moisture is concerned.  This difference is
only apparent where there is a conspicuous moisture gradient.    

Most of the soils of habitats which support populations of S. rubra ssp wherryi are sands, sandy loams,
and loamy sands that have formed in sandy marine sediments.  The majority of these soils can be
classified as grossarenic paleaquults.  These soils have a loose to very friable consistency and low
shrink-swell potentials.  Their color ranges from yellowish brown to gray to dark gray.  It is believed
that nearly all of the sites on which S. rubra ssp wherryi occurs are Plummer or Rains soils.  Because
not all locations have quality soil surveys, actual mapped soil class may be different.  

Soils at S. rubra ssp wherryi sites are acidic; the pH at forty-two sites sampled in the status survey
ranged from 4.2 to 5.3.  Almost invariably these soils are low in organic matter content; opposing the
mistaken belief that southeastern pitcher plant bogs are peatlands.  Low fertility characterizes the soils
at almost all of the sites where S. rubra ssp wherryi occurs.  Nitrogen ranged from a high of 720 ppm
to a low of 200 ppm at the 43 sites tested.  At two sites total calcium was less then 200 ppm, total
phosphorous was less than 100 ppm, and total potassium was less than 200 ppm.

The seepage areas where most populations of S. rubra ssp wherryi are found range from 0-12% slope. 
Surface runoff on these soils is slow to medium and internal drainage is very slow.  The soil water level
tends to remain high throughout the year, although the surface may not be saturated except after the
rains.  Typically, there is a layer of massive firm clay beginning at depths from 50-80 inches.  

Pitcher plant bogs are sites dominated by herbaceous perennial geophytes.  Under normal conditions of
frequent fire, woody plants are absent or very uncommon.  This means that light intensity is high
throughout the day and that extremes of heat and cold may occur.  All of the plants which typify this
habitat have their perennating structure beneath the soil surface.  None produce above ground perennial
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portions although in a few, certain above ground parts may remain green through the winter and the
basal rosette may be present during the winter.  

There are over 200 species of vascular perennial geophytes that are frequently found syntopically with
S. rubra ssp wherryi.  Frequent associates among the carnivorous plants include Sarracenia alata (west
of Mobile Bay Drainage), S. leucophylla, S. psittacina, S. purpurea, Drosera capillaris, D. filiformis
(sensu lato), Utricularia subulata, U. juncea, and Pinguicula lutea.  In addition to these, virtually every
site which supports S. rubra ssp wherryi also harbors Polygala lutea, Rhexia alifanus, Sabatia
campanulata, Tofieldia glabra, Lophiola americana, and a number of Rhynchospora ssp.

BIOLOGY-ECOLOGY

Rhizomes of S. rubra ssp wherryi grow continuously, most elongation taking place during the warmer
portions of the year.  Average growth rates per year vary but generally range between 15 and 25 mm. 
Because rhizomes grow continuously and die posteriorly, the traditional concept of lifespan is not
applicable.  In one sense, Sarracenia rhizomes are immortal.  However, it is probable that the lifespan
of a rhizome of a given genetic type is limited as a result of the accumulation of detrimental somatic
mutations in the apical meristem.  It is conceivable that some rhizomes live for centuries as they slowly
grow through the habitat. 

The ecological significance of carnivorous plants has not been well studied, but may well be great
because of their ability to sequester nutrients not obtained from the soil and eventually make these
available to other components of the system.  

All S. rubra ssp wherryi populations experience soil saturation in the root zone (or even to the surface
in some locations) for part of the year.  Pitcher plants and other bog flora are adapted to anoxia
(accumulation of toxic materials), changes in nutrient availability, and other conditions resulting from
soil saturation.  These adaptations - including tolerance to acidity - control floristic composition in
pitcher plant bogs and prevent invasion by unadapted plants.

The average length of the growing season in the range of S. rubra ssp wherryi is 270 days in the
southerly region and 230 days in the northern and western parts.  The mean date of 28 degree F freeze
ranges between February 8 and March 5 - this temperature is of biological significance for S. rubra ssp
wherryi because it can cause freeze damage to the flower stalk and kill the flower.  The portion of the
peduncle in the area of the distal curvature seems to be the most susceptible to frost damage.  Freeze
damage to this portion causes the flower to wilt in a day or two. Temperatures as low as this have
occurred at some of the known sites as late as the first week in April within recent years.     

Sarracenia rubra ssp wherryi like all members of the genus is a species adapted to pyric habitats.  The
entire flora of the sites occupied by pitcher plants is dependent on periodic fires to reduce the level of
competition, release nutrients bound in the litter, and prevent the sites from being invaded by woody
species.  The shading which results from the invasion of woody species is detrimental to all pitcher
plants, although S. rubra is more tolerant of shading than are some of the other species with upright
pitchers.  This greater tolerance has been demonstrated in the greenhouse by monitoring leaf
morphology under varying light intensities which were significantly lower than those typically occurring
in the field.  This greater tolerance may be explained by the fact that the relatively short pitchers of S.
rubra are often subjected to shading by the growth of graminoids and forbs, even when fires are
present. 

Although S. rubra ssp wherryi is often the most abundant Sarracenia species at a site where it occurs,
because of its small size it seldom assumes aspect dominance and frequently is quite inconspicuous. 
Numerically, none of the pitcher plants are dominant because they are always greatly outnumbered in
terms of numbers of individuals by species of grasses and sedges. 

Of the 119 sites located by the status survey the mean number of clumps per site was 284.  Clumps are
defined as a discrete individual which is obviously separated from others, usually by at least half a
meter.  A given clump may contain several individual plants derived from either asexual reproduction
(rhizome fragmentation) or from sexual reproduction by germination of seeds from an original parent.  
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The mean site size was 9.4 acres, with forty-three percent of the sites being less than 2 acres in size. 
These acreages refer to suitable habitat actually present; under natural burning regimes some sites
would potentially have more suitable habitat.  

The status survey found little association between site size and the number of clumps of S. rubra ssp
wherryi present.  A number of the large sites may actually have areas within them which are too wet for
S. rubra ssp wherryi.  Small sites are more likely to entirely burn then larger sites; thus based on the
total area, small sites may appear to be more densely populated, although localized areas within large
sites may be as densely populated.              

  Phenology

Like all members of the genus, S. rubra ssp wherryi plants are perennial geophytes - the above ground
parts arising from an underground rhizome.  The flowers are the first structures to be produced in the
spring.  Based on records for most years since 1973, the flowering season extends from April 4 to April
26, depending on the winter and spring temperatures.  Because the early fruit of members of the genus
Sarracenia resembles the flower, many people have erroneously recorded later flowering dates.  As in
other members of the genus, flowering (the period of time during which pollination may occur) in S.
rubra is determined by the amount of thermal energy accumulated since the formation of the flower
primordium.  Thus flowering time is temperature dependent, not photoperiod dependent.  

Two flower primordium may be formed from the same meristem in S. rubra.  If a given meristem has
formed a flower primordium, spring production of the first pitcher typically follows flower production
by a period of two to ten days.  When a plant's apical meristem has not formed a flower primordium, a
spring pitcher is produced at the same time flowering plants are producing their first flower.  In
general, several pitchers are formed during a period of 5 to 50 days in the spring.  Several more
pitchers are formed as a result of another burst of rhizome growth in the mid to late summer.    

Fruit enlargement occurs throughout the late spring and summer.  Usually, maximum fruit size is
attained by the beginning of September, although dehiscence may not occur until several months later. 
Seed dispersal takes place from mid fall through the winter.  In a few cases, significant numbers of
seeds remain in the capsule until March.  Germination of the seed that have reached suitable sites takes
place in the spring.  

High soil moisture appears to slow life history events; perhaps because the high heat capacity of water
in wet soils reduces the effect of solar radiation or high air temperatures.  Conversely, fire typically
causes life history events to occur earlier in S. rubra ssp wherryi.  This is the result of increased soil
temperatures resulting from the reduction of shading by groundcover, and perhaps be partially the result
of the availability of additional nutrients released by the fire.    

  Reproduction

All species of Sarracenia are capable of reproducing by asexual and sexual reproduction.  Asexual
reproduction occurs by branching of the rhizome followed by death of the posterior connecting portions
as the branches grow forward through the soil.  In S. rubra ssp wherryi, rhizome branching occurs at
45 degree angles.  Some large patches consist of 5-10 clumps which may be the result of rhizome
branching.  

  Pollination

All Sarracenia are believed to be obligate outcrossers.  Little seed development results when plants are
self-pollinated in the greenhouse.  It appears that the complex structure of the Sarracenia flower is
designed to promote cross pollination.  

All members of the genus are pollinated by bees.  In the large flowered forms the pollinators are queen
bumblebees of a number of species.  In the small flowered forms, such as S. rubra, the pollinators are
normally megachild bees of several genera.  Among the megachild species found visiting the flowers of
S. rubra ssp wherryi during the status survey, were members of the Hoplitus, Megachile, and Osmia
genera.   
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The bees which pollinate S. rubra nest either in the ground or in hollow tubular portions of plants. 
Observations made on flowering S. rubra ssp wherryi during the 1988-92 status survey indicate that
these bee species are not common.  If this apparent rarity is real, it may be the result of environmental
changes caused by agriculture and forestry practices.   

  Seed dispersal

The major method of seed dispersal in Sarracenia rainwash hydrochory (water dispersal).  The seeds of
S. rubra ssp wherryi float in water and can be dispersed downstream if washed into flowing water. 
However, in the laboratory Sarracenia seeds floated in stream water became fungus ridden within a
period of two days to a week.  It is not known whether this occurs in nature nor whether the fungus
interferes with germination.  Even if a significant number of seeds do reach streams and survive to
downstream sites, few new sites would be colonized because most available sites would have alluvial
soils unconducive to pitcher plant growth.

Other methods of seed dispersal likely occur.  Pitcher plants are sometimes found in newly disturbed
artificial habitats upslope from nearby natural sites.  Rainwash cannot explain these occurrences, so
they may be the result of dispersal by birds (although there is no evidence to support this idea).  

  Seed production

Total seed production in S. rubra ssp wherryi is related to the number of plants flowering, the number
of flowers produced per plant, the success of pollination, and the effects predators on flower, fruit, and
seed parts.

There is a strong correlation between the number of years since the most recent fire and the percentage
of plants flowering at a given site.  At sites where succession is advanced, few pitcher plants flower and
many become dormant, while following fire the number of flowering plants increases.  Increased
flowering may be the result of a larger carbohydrate reserve, accumulated because of the increase in
light availability following fire.  

Sarracenia rubra is the only species of the genus known to occasionally produce two flowers at a single
meristem.  Thus the potential also exists to develop two fruits from a single meristem (i.e., an
unbranched rhizome).  At one location in Alabama, the status survey found eight percent of the
flowering plants produced two flowers per apical meristem.  

Pollination success may be related to the proportion of capsules which enlarge and develop into seeds. 
At 60 sites in Alabama, the status survey found 66 to 70 % of all capsules developed into seed, but with
a wide variation in the number of seeds produced per capsule.  Although these differences could be due
to the amount of nutrient reserves in a plant, it is assumed that plants with low reserves would not
flower, as opposed to not enlarging some fertilized ovules.  Thus unenlarged capsules are more likely to
be related to lack of pollination.  In addition, observations of pollinator activity during the status survey
(1990-1991) showed some flowers receiving less pollinator attention.  These flowers were primarily
isolated flowers, while flowers on plants growing in clumps or near other plants received more
pollinator activity.   

Sarracenia seeds need to be exposed to a period of cold temperature (vernalization) before germination
occurs.  The temperature and length of this cold period is not well known.  It is possible that
vernalization may not always be necessary; during very wet fall periods, seeds of S. rubra were found
to have germinated in the capsule before the first freeze. 

  Seedling ecology

Little is known about the seedling ecology of Sarracenia species.  It appears that seedlings survive if
germinated on mineral soil at least a few centimeters from other plants.  Seedling mortality appears to
be heavy in the first two years in S. rubra ssp wherryi.  The status survey found that the presumed first
year seedling class averaged 43 individuals per 100 m2 while the older immature size class averaged 6
individuals per 100 m2 at the three sites examined, with variability among sites being quite large. 
Seedling survival depends primarily on the presence of suitable sites, with the number of sites
depending on several factors including: time since fire; amount of woody species invasion; amount of
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shading; and amount and type of competition.  The status survey concludes that less than one percent of
the seedlings survive to maturity.  The lack of germination sites and seedling mortality are probably the
major factors limiting the size of S. rubra ssp wherryi.     

Seedling leaves have a lower lignin content then mature plants, and are therefore more prone to damage
by herbivores.  The status survey found that 61% of seedlings in Baldwin County, Alabama had some
insect damage, mainly from grasshoppers.  The specialized herbivores which attack larger Sarracenia
plants seldom attack seedlings because the seedlings do not have enough biomass to support these
insects' lifecycle needs.  Cottontails (Sylvilagus floridanus), rice rats (Oryzomys palustris), and cotton
rats (Sigmodon hispidus) have been observed to eat seedlings or have been in sites where recent
seedling damage was present.

  Prey capture

Sarracenia rubra ssp wherryi, like all Sarracenia, captures prey which presumably supplies nutrients
which are at low levels in the soil.  The status survey collected 54 spring pitchers from two populations 
in Alabama.  They found that ants greatly outnumbered all other prey types, and that many of the
pitchers contained only ants.  Although there were few beetles, they comprised a significant volume of
prey biomass.  Homopterans, hemipterans, and other hymenopterans were the only other insects found. 
Folkerts (1992a) collected S. rubra in Florida and North Carolina and found that these pitchers captured
mainly ants, some small wasps and flies, and small numbers of arthropod groups.  In addition, Folkerts
(1992a) showed that sometimes competition for prey is likely to occur within and among pitcher plant
species.        

  Herbivory

Specialized herbivore species may remove tissue from leaves, flowers, fruits, and rhizomes of this
plant.  Most of these herbivores are specific to members of the genus Sarracenia.  Specialized
herbivores noted on S. rubra ssp wherryi during the status survey were all moth larvae.  Exyra
semicrocea, which was very common, attacked pitchers and sometimes flowers.  Endothenia hebesana
was common and attacked usually the tops of pitchers.  Choristoneura parallela was uncommon and
attacked seeds and fruits.  It is believed that none of these herbivores significantly damages or affects
pitcher plant population levels.

  Hybrids

The most extensive study of hybridization of S. rubra ssp wherryi with other Sarracenia species was
done by the status survey.  In its range, the survey found S. rubra ssp wherryi hybridized with the
following species: 

Cross With Hybrid Name Relative Abundance
S. alata S. x ahlesi very common
S. leucophylla S. x readii common
S. psittacina S. x gilpini occasional
S. purpurea S. x chelsonii occasional
S. flava S. x popei uncommon

Hybrids are nearly always found in sites that have been disturbed.  Following soil disturbance by foot
traffic, hybrids were found hybrids where non had previously been (Folkerts 1982).  Most of these
hybrids were between S. rubra ssp wherryi and S. leucophylla.  It is not known how disturbance
facilitates hybridization.  Although it is possible that extensive disturbance could cause S. rubra ssp
wherryi to lose its genetic identity through hybridization, there is no evidence that this had happened at
any sites visited because no hybrid swarms exist where most individuals are hybrids. 

THREATS

Folkerts (1992c) states that the overall reproductive success of S. rubra ssp wherryi is not sufficient to
maintain the population levels that presently exist at most sites.  This is the direct consequence of fire
restriction and habitat alteration which are eliminating the taxon's habitat. 
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Prior to 1970 fire suppression and restriction was the major cause of population decline.  Since 1970,
changes in forest practices in the range of S. rubra ssp wherryi have caused additional declines.  Large
tracts of land have been converted to even-aged pine plantations, and the associated clearcutting, site
preparation, and planting have had detrimental effects on pitcher plant populations.  In addition, pine
tree growth and subsequent canopy closure eliminate most pitcher plants from a site.  Initially, site
conversions had less drastic effects because pitcher plant habitats were too wet for pine planting or pine
growth, but with the advent of bedding techniques and strains of Pinus taeda adapted to wet soils, there
has been a great acceleration in the damage to pitcher plant populations.   

Burning by private owners (approximately 95% of all S. rubra ssp wherryi acreage) has decreased in
the past two decades.  Burning permits are more difficult to obtain, and the efficiency of fire control by
county fire control officers has increased.  The result has been invasion of most S. rubra ssp wherryi
sites by woody species which shading and compete with pitcher plants.  The status survey found that of
the sites visited: 24% had minimal succession (small or sparse distribution of woody plants); 35% had
moderate succession (woody species abundant, but not causing heavy shading or extreme competition);
31% of the sites had advanced succession (woody plants were of sufficient size to cause shading); and
10% of site were wooded (most of area shaded).   

Less widespread threats to S. rubra ssp wherryi populations are the alteration of sites by pond
construction at the base of seepage slopes (at least one site) and the destruction of sites by road
construction (several sites).  All road construction has the potential to destroy a site or damage its
hydrology, even logging roads and jeep trails.  Of the 119 sites identified by the status survey, 66% had
significant damage of the drainage characteristics.  Damage included: bedding, ditching for drainage,
fire break ditching, roadside ditching, roadfill damming, rutting from logging machinery, and deeply
worn armadillo trails.  

Constructed firebreaks and vehicle ruts have caused gully erosion, and these gullies can act as effective
drainage ditches.  Because the rhizomes and roots of all Sarracenia species are usually restricted to the
top 10 cm of soil, even shallow ditches can cause damage by drying out the surface soil.  Permanent
wilting of the leaves of S. rubra ssp wherryi occurs more rapidly under moisture stress than in the large
pitchered species, because the lower lignin content of S. rubra leaves.  In addition, no seedlings or
mature specimens of S. rubra ssp wherryi were found growing in ruts or ditches that periodically held
water.  

Grazing has affected a number of sites.  Smaller clumps of S. rubra ssp wherryi can easily be trampled
by cattle.  If larger clumps are avoided, they may eventually occupy pedestal-like mounds.  These
structures reduce the soil moisture around pitcher plant rhizomes and eventually kill all plants.  Cattle
also consume the pitchers and flowers, allowing little opportunity for seed production, plus they
compact the soil thereby preventing seedling establishment.  Liming for pasture improvement greatly
alters the normally acidic soil condition.  In total, survival of Sarracenia populations under heavy
prolonged grazing is unlikely.

Collection of whole plants for commercial trade has affected a number of populations of S. rubra ssp
wherryi, but overall there has been no significant damage at any single site and the total damage is
believed to be small.  Populations of S. rubra ssp wherryi have been negatively affected by the large
scale harvest of S. leucophylla, primarily from trampling and soil compaction by the harvesters
(Folkerts 1992b).  These sites tended to be the ones with large numbers of S. leucophylla and S. rubra
ssp wherryi.  

In total, grazing, pond construction, collection of whole plants, road construction, and urbanization all
have some negative effects on S. rubra ssp wherryi, but these impacts are minimal compared to the
effects of forestry practices and fire restrictions.  Long term (100 years from now), if a megalopolis
between New Orleans and Pensacola has developed, urbanization may be the most detrimental factor
for S. rubra ssp wherryi.  

RECOVERY POTENTIAL

Although the range of S. rubra ssp wherryi is restricted to the Gulf Coast area, the range and habitat
type is not small compared to a number of other taxa and habitats in the Southeast.  From this fact, plus
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the presence of at least 119 extant populations, a static view of the taxon's chances for survival in the
immediate future would appear to be positive.  But there has been increasing loss of this taxon's habitat
and expectations are that this downward trend will continue.  

Recovery potential may be influenced by small population size.  The status survey found that 42 % of
the populations surveyed had 10 to 50 clumps and 13% of the populations had less then 10 clumps. 
These sites are probably more prone to decline, and need immediate attention if disappearance is to be
prevented.   

Overall, the fate of most S. rubra ssp wherryi populations will depend on the possibility of changes in
forestry practices within its range.  Timber companies account for approximately 60 % of the acreage
of S. rubra ssp wherryi.  If timber companies increase the use of bedding to prepare hillside seepage
areas for planting moisture tolerant loblolly pine, a large proportion of the current S. rubra ssp wherryi
populations will eventually disappear.  

It is also likely that timber companies will begin extensive use of herbicides to control pine plantation
undergrowth.  Although the effects of herbicides on Sarracenia species had never been studied, there is
evidence that herbicides can destroy pitcher plants (Folkerts 1977).

Adding to these forestry practices, is the increasing acreage of pitcher plant habitat being converted to
pine plantations.  The rate of population decline and elimination of S. rubra ssp wherryi to these
changes is difficult to estimate, but Folkerts (1992c) feels that continuation of current trends will result
in the eventual disappearance of most populations within the next century. 

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

Land protection efforts should be concentrated on larger populations (> 100 clumps).  Although the
population genetics of S. rubra ssp wherryi is not known, species with small populations are more likely
to become extinct and may suffer from low genetic variability and or inbreeding.  Small populations are
more likely to be destroyed by minor physical perturbations such as off-road vehicle traffic, logging
machinery traffic, harvester foot traffic, or windthrow of trees.  

Consideration should be made for the fact that many plants at a site may be dormant.  It is possible that
burning and removal of competing vegetation would reveal that apparently small populations actually
consist of more plants.  
 
  RESEARCH NEEDS

Research is needed on several aspects of this species biology, including: conditions for germination and
establishment; pollination ecology; seedling ecology; and hybrid inviability.

The effect of forestry practices, particularly pine bedding and herbicide applications, on S. rubra ssp
wherryi needs to be examined in detail.  

  BIOLOGICAL MONITORING NEEDS

Populations (especially small populations) should be monitored for trends in population size and vigor.   

  MANAGEMENT NEEDS AND PROCEDURES

Proper burning is of major importance.  The sites on Conecuh National forest and Blackwater State
Forest have been subject to controlled burns, but the burning has been done in the wrong season
(Conecuh) or the wrong season and at too long intervals (Blackwater).  Proper burning appears to be
April to October at a one to three year interval.  Growing season burns inhibits the growth of woody
species better; winter burns will not prevent the invasion of woody species unless it is done every year. 
Under complete fire restriction, pitcher plant communities will gradually disappear, with individuals
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undetectable or in low numbers after 20 years without fire.  Sexual reproduction probably ceases before
this time.

In addition, cattle grazing could be prevented and collection of plants should be discontinued.  

  MANAGEMENT PROGRAMS

No programs exist which specifically manage for S. rubra ssp wherryi.

STEWARDSHIP SUMMARY

Purchase, protection, and management of S. rubra ssp wherryi populations are critical to the continued
survival of this taxon.  This effort should be especially concentrated on the larger populations in
Baldwin County, Alabama.  Private land holders should be notified of the presence of this candidate
taxon on their lands, and of the impact of harvesting, forestry operations, and fire restriction on this
taxon.  Proper management and monitoring of this species is required, especially on the public lands
where it occurs. 
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Summary of the potential effects of the RCW Management Guidelines on Sarracenia rubra ssp wherryi.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection X X X

      Brush clearing X X X

      Fuel removal and raking X X X

   Midstory control X

      Prescribed burning X

         Three-year fire return   X

         Winter fire X X X

         Growing season fire   X

      Fire management X

         Berm construction X

         Plowed fire lanes X

         Back fires X X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X    

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions    X

   Smoke/Gas/Incendiaries X

   Small arms firing X    

   On-road vehicular traffic          X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X 

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes: Sarracenia rubra ssp wherryi

The range of S. rubra ssp wherryi is restricted to the Gulf Coast area of the Coastal Plain.  This taxon
typically inhabits wetlands called seepage bogs or hillside bogs.  Variants of this habitat are grass-sedge
bog, pitcher plant bog, moist pine barren, and mesic savanna.  All sites where this taxon occurs are
influenced by ground water seepage, although this taxon does not occupy the wettest sites in seepage
bogs and is not common in seepage bogs that are uniformly very wet.

Cavity Tree Protection:  Because of its habitat requirements, S. rubra ssp wherryi is not likely to occur
in the 50 ft buffer area around RCW cavity trees.  If a population does occur in a buffer region, care
should be taken to prevent disturbance of the plants by raking or trampling.

Prescribed Burning:  Prescribed fire is highly desirable for this taxon because it maintains a habitat free
of woody species which shade and compete with the taxon.  The percentage of flowering plants at a site
increases with following fire.  Unless they performed every year, winter fires not are sufficient to
prevent the invasion of woody species.  Growing season burns at a one to three year interval are
recommended. 

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as it
would destroy ground layer vegetation, compact the soil, and impact hydrology.  

Hardwood Control and Pine Thinning:  Although, prescribed fire is the preferred method of midstory
control for S. rubra ssp wherryi because it more closely mimics the natural disturbance regime, in
theory hardwood and pine thinning could be beneficial if it removes over-topping vegetation.  All
manual and mechanical control methods have the potential to compact the soil and/or create ditches,
actions which could cause more harm then good.  Chemical midstory control should be avoided because
of the potential mobility of herbicide chemicals in the wet habitats where S. rubra ssp wherryi occurs.    

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on S. rubra ssp wherryi by maintaining the integrity of the ground cover vegetation. 
Native vegetation should be used for erosion control wherever possible.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  Re-establishment of longleaf pine into bogs should be avoided to prevent
altering the open habitat that S. rubra ssp wherryi requires.  Regeneration of existing longleaf pine
savannas should use natural regeneration methods in order to avoid high-impact artificial means.  Site
preparation should employ fire where possible, and mechanical methods such as discing, chopping, and
especially bedding should be avoided. 

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes, and therefore negatively impact S. rubra ssp wherryi
populations.  The heavy machinery used for timber extraction could destroy S. rubra ssp wherryi
populations, compact the soil, and alter the hydrology of the bog habitat that requires.  Timber
extraction should be prohibited in these habitats. 

Training Restrictions:  Restrictions on training activities within HMUs - to the extent that they
minimize disturbance to vegetation and soils - should benefit S. rubra ssp wherryi.  Vehicular activities,
road maintenance, and road expansions can threaten nearby populations of Sarracenia.  Vehicular
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traffic on roadways should be monitored to prevent these threats.  Off-road traffic should be prohibited
as it is highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road
traffic is unavoidable, it should be prohibited from within 50 ft of Sarracenia populations.



     34Text from: Johnson, R.T. 1993. Element stewardship abstract: Schwalbea americana. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.  
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Species Stewardship Summary34
SCHWALBEA AMERICANA

ELEMENT CODE: PDSCR1Q010
SCIENTIFIC NAME: Schwalbea americana L.
COMMON NAME: American Chaffseed or Chaffseed

STATUS

GLOBAL RANK:  G2
STATE RANK:  S1 (FL, GA, LA, NC); S2 (SC), SH (AL, VA)

FEDERAL STATUS:  Listed as an Endangered (LE) species by the USFWS.
STATE STATUS: E (NC, FL, GA); sc (SC)

DESCRIPTION

  General Description
  
Description is adapted from the Federal Register (Peters 1992).  

Schwalbea americana is an erect herb with unbranched stems or branched only from the base, growing
to 3-8 dm tall.  It is densely, but minutely, hairy throughout, including the flowers.  The leaves are
alternate, lance-shaped to elliptic, stalkless, 2-5 cm long, and entire; upper leaves reduced to narrow
bracts.  The showy, purplish-yellow, tubular flowers, with bilateral symmetry, borne singly on short
stalks in the axils of the upper leaves form a many-flowered, spike-like raceme.  The fruit is a long and
narrow capsule, enclosed in a loose-fitting, sac-like structure containing many tiny, pale greenish-brown
or yellowish-tan, narrowly linear, somewhat flattened seeds.

  Technical Description
  
Description was adapted from Small (1933), Pennell (1935), Musselman and Mann (1978), Vincent
(1982), Kral (1983), and Gleason and Cronquist (1991).  

An erect perennial with unbranched stems or branched (up to a dozen, rarely more) only from the base,
3-6 dm (to 8 dm according to Musselman and Mann 1978), villous on upper stem, puberulent with
ascending hairs on lower stem (Small 1933), entire plant "copiously covered by soft hairs," these
glandular on cotyledons and first leaves, becoming simple on mature plant from loss of glandular heads;
internodes terete, yellow-green, tinged with red or purple upwards.

Leaves alternate, all cauline, sessile, the lower sometimes spreading, but mostly all ascending or erect,
overlapping in tight spiral, the smallest scale-like at stem base, the largest in the lower third of the stem
(Kral 1983), leaves gradually smaller and narrower upwards, becoming bracteal leaves in inflorescence;
blades entire, 2-4 cm (1-5 cm according to Vincent 1982) long, elliptic-oval to lanceolate, rarely
oblanceolate, acute or obscurely reticulate, slightly revolute (Kral 1983), the base cuneate; surface
yellow-green or deep dull green with red undertones, both sides pale; villous-puberulent or strigillose
(Small 1933); blade three-veined with veining impressed above, the midvein slightly raised beneath.

Inflorescence with flowers solitary in the uppermost axils ascending on short pedicels, forming a leafy,
spike-like raceme (Gleason and Cronquist 1991); each pedicel 2.0-2.5 mm long (3-5 mm long according
to Small 1933), villosulous, subtended by two linear bractlets 5-15 mm long, shorter than the calyx. 
Calyx 15-22 mm long, forming an irregular tube with five unequal lobes, each shorter than the tube, the
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tube strongly 10- to 12-nerved; calyx lobes acute or acuminate, the upper one short and narrow, 7-10
mm long (Small 1933), the lower pair well-united and broad, 20-22 mm long (Small 1933); corolla
strongly two-lipped, about 30 mm long and 7 mm wide: lips about as long as the tube, pale yellow and
distally purplish or reddish (rose-brown), the upper lip nearly straight, oblong, concave, entire or
shallowly two-lobed (Kral 1983), the lower lip short, decurved, shallowly three-lobed, the throat with
two slightly pubescent ridges, with folds extending inward from the sinuses (Gleason and Cronquist
1991); stamens 4, epipetalous, included and ascending in the upper lip, one pair shorter, the filaments
slender, smooth, longer than the oblong, dorsifixed, nearly glabrous yellow anthers (Kral 1983); ovary
superior, erect, bicarpellate, the slender glabrous style, 2-3 cm long, curved up and arching within the
upper corolla lip in line with the filaments; the narrow capitate stigma protrudes slightly beyond.

Fruit a stout capsule, narrowly ellipsoid to oblong-cylindrical, glabrous, brown, 10-12 mm long at
maturity, with septicidal dehiscence "its narrowed apex developing an annulix around and including
within the persistent style base" (Kral 1983), a persistent calyx with 12 strongly projecting ribs
(Gleason and Cronquist 1991).  Seeds numerous per fruit, pale greenish-brown or yellowish-tan,
narrowly linear, somewhat flattened or compressed, slightly curved (Small 1933), hence the name
chaffseed, about 2.5-3.0 mm (to 6.0 mm according to Musselman and Mann 1978) long, very minutely
cancellate.

  Diagnostic Characteristics   

This species is distinguished by:  (1) a 3- to 6-dm unbranched stem with alternate leaves, largest at the
base, gradually diminishing upwards; (2) two-lipped flowers, 3-3.5 cm long, pale yellow suffused with
purple near the open end; (3) hairy stems and leaves; and (4) a posterior sepal and two bractlets
subtending each flower.

DISTRIBUTION

Schwalbea americana is primarily a Coastal Plain species of the Atlantic and Gulf coasts, with historic
locations ranging from Massachusetts to Florida to east Texas.  Exceptions include:  an historic
occurrence in sandplains near Albany, NY, which Pennell (1935) considered a remnant population of
possible glacial migration along the shores of the Hudson River; a westernmost occurrence in
Tennessee and Kentucky, these from sandstone knobs and ridges of the Cumberland Plateau and
Highland Rim; and an inland site on the Montague Sandplain near the Connecticut River and a
sandplain in Hubbardston in Massachusetts.

There are currently 18 extant occurrences of chaffseed in North Carolina.  Two are on private land in
Moore County; the remaining 16 occurrences are found on Fort Bragg in Hoke (14) and Cumberland
(2) counties (a total of 63 sites) (NCNHP 1993).  The larger occurrences are located on or near live-
ammunition impact areas.  These sites burn at least in part annually from fires started by explosions and
night flares, indicating that the species is "strongly" fire-dependent (Weakley 1988).

South Carolina has 26 extant occurrences in Berkeley, Charleston, Florence, Horry, Jasper, Lee,
Sumter, and Williamsburg counties; the largest colony totaling 4,000 plants (Rayner 1986).  Plants are
found in communities of open, moist pine/wiregrass flatwoods with associates including Scleria spp.,
Helianthus radula, and Pterocaulon pycnostachyum (White 1988).  One occurrence in a high-fire-
frequency ecotone between a pine savanna and flatwoods includes rare associates Parnassia caroliniana
and Pteroglossaspis ecristata (Rayner 1986).  Another occurrence in Sumter County is adjacent to a wet
pond cypress savanna in a Carolina bay.  Several new occurrences were found in Williamsburg County
in 1993 (Porcher 1993).

Georgia has five extant occurrences, four at Ichauway Plantation, Baker County, and one in Dougherty
County (Peters 1992, Kirkman 1993, Patrick 1993).  The only Florida population is located on the
panhandle, in Gadsden County, in "recently burned scrubs in loamy sand" (White 1988, Amoroso
1993).

In Mississippi, a report from Noxubee National Wildlife Refuge, Noxubee County (Peters 1992) proved
to be a misidentification of Parentucellia viscosa, an introduction from the Mediterranean region (TNC
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1991-93).  Chaffseed is believed extirpated from Alabama, Connecticut, Delaware, Kentucky,
Maryland, Massachusetts, Mississippi, New York, Tennessee, Texas, and Virginia (Peters 1992).

HABITAT

Schwalbea americana characteristically occurs in sandy (sandy peat, loamy sand, peat loam), acidic,
seasonally moist soils, often subject to fires in the growing season.  "Though usually surrounded by
xeric soil vegetation, most often it is found on moist to seasonally wet sites such as pitch pine lowlands,
moist pine flatwoods and savannas, and ecotonal areas between peaty wetlands and xeric sandy soils";
throughout its range, Schwalbea americana "occurs in species-rich communities" (Rawinski and Cassin
1986).

In South Carolina, plants are found in flatwoods rather than pine savannas, where it has only been
observed once to have migrated into a savanna area from adjacent flatwoods (Porcher 1993).  The
flatwoods are generally dominated by Pinus palustris with Quercus stellata and Q. marilandica as
associates.  Some sites support only oaks now, although it is believed that longleaf pine was once a
component (Porcher 1993).  Tephrosia virginiana and Pterocaulon pycnostachyum are present in almost
every site, which are sandy, moist to dry, grassy areas (Porcher 1993).  The fire regime at these sites,
either prescribed or natural (or a combination of both), is a mixture of growing-season and non-
growing-season burns; it is unknown what mix best favors chaffseed (Porcher 1993).  Growing-season
burns maintain the grassy areas chaffseed depends upon for survival.  In sites where grassy areas lie
adjacent to woodlands, chaffseed is restricted to the grassy areas (Porcher 1993).

In North Carolina, the species occurs on moist to dryish pine flatwoods, pine savannas, and on longleaf
pine/oak sandhills, composed of Upper Cretaceous deep, white sands, at the western edge of the
Coastal Plain.  Habitats where Schwalbea americana occurs on Fort Bragg, NC, can be summarized as
follows:

1. upper ecotones of Streamhead Pocosins (shrubby headwaters and seepage areas), usually
extending well out into longleaf pine/wiregrass (Pinus palustris/Aristida stricta) savannas and
seldom down to where the ecotone supports moisture-requiring species such as Calamovilfa
brevipilis, Panicum virgatum, Polygala lutea, Pinus serotina, Lyonia lucida, etc.; soils at these
sites are usually loamy rather than clayey and thus support Quercus marilandica, Q.
margarettiae, Stylodon carneus, Rhynchospora harveyi, Lespedeza angustifolia, Ageratina
aromatica, Ceanothus americana, and Cyperus plukenetii;

2. sites closer to Streamhead Pocosins or in shallow depressions in the landscape, showing an
increase in soil moisture and supporting Rhexia alifanus, Xyris caroliniana, Buchnera floridana,
Ilex glabra, Pycnanthemum flexuosum, Rhynchospora plumosa, Aletris farinosa, Bigelowia
nudata, Eupatorium leucolepis, Juncus biflorus, and Orbexilum pedunculatum var. psoralioides;
and

3. a few occurrences extend into or occur solely on drier slopes with sparser wiregrass mixed with
bare sand patches, growing with Quercus laevis, Cirsium repandum, Aster linariifolius,
Carphephorus bellidifolius, Gaylussacia dumosa, Pityopsis aspera var. adenolepis, and
Rhynchospora grayi.

Schwalbea americana is often found growing in close proximity to a number of other rare Sandhills
species such as Onosmodium virginianum, Phaseolus sinuatus, Pteroglossaspis ecristata, Solidago
verna, Sporobolus sp.1, Tofieldia glabra (to a lesser degree), and Tridens carolinianus (TNC 1991-93,
NCNHP 1993).  Other associated genera reported to occur with Schwalbea in the Southeast include
grass species of Andropogon, Aristida, Panicum, and Paspalum; sedge species of Carex, Dichromena,
Fimbristylis, Rhynchospora, Scleria, and other monocots species of Aletris, Calopogon, Eriocaulon,
Juncus, Lachnocaulon, Xyris; as well as dicot species of Asclepias, Erigeron, Eryngium, Helenium,
Heterotheca, Orbexilum, Phlox, and Polygala.  In wetter sites ("grass-sedge complexes interrupted by
stands of shrubs"), species of Cliftonia, Gaylussacia, Ilex (glabra, coriacea), Lyonia, Leucothoe,
Myrica, and Vaccinium occur as associates (Kral 1983).
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BIOLOGY-ECOLOGY

Most distinct about this species is its hemi-parasitic behavior.  It is considered to be one of the rarest
root-parasite species of flowering plants in the Southeast U.S. (Vincent 1982).  The species is not host-
specific, parasitizing a wide variety of woody and herbaceous plants (Musselman and Mann 1977a), but
a host is required.  Experimentation with germination success has shown that seeds germinate best in
well-drained acid soil, uncovered, grow to 1/2" diameter by 1/4" high, and persist up to one year, but
do not progress beyond this seedling stage without a host (Brumback 1988).  Musselman and Mann
(1977a) found 68% of fresh seeds germinated without pretreatment and without a host.

The lack of host specificity has been shown in greenhouse studies which found Schwalbea to form
haustoria on several savanna species, including Celtis laevigata, Liriodendron tulipifera, Liquidambar
styraciflua, Nyssa sylvatica, N. aquatica, Quercus shumardii, Q. alba, Q. falcata, Taxodium distichum,
Platanus occidentalis, Pinus clausa, P. echinata, P. elliottii, P. strobus, and P. taeda (Musselman and
Mann 1977b).  Ilex glabra, Gaylussacia dumosa, and Hypericum sp. are also confirmed shrub hosts
(Musselman and Mann 1977a).

Fire appears to be a requirement for long-term viability.  Even at sites where only low herbaceous
associates occur (e.g., no coarse or woody competitors), Schwalbea occurrences on Fort Bragg decline
without frequent fires, indicating that competition may not be as strong a regulator as fire (TNC 1991-
93).

The following discussion is based on Weakley (1992-93) and The Nature Conservancy's Sandhills Field
Office observations (1991-93).  The timing of fire disturbance may strongly affect the reproductive
success of chaffseed by controlling the conditions necessary for the successful germination of seeds.  It
is possible that the minute seeds of chaffseed can only germinate on mineral soil under nearly full sun
conditions, a condition which may exist for a brief period of several months following a fire, and it may
be crucial to the long-term viability of Schwalbea occurrences that at least some seeds are produced and
dispersed during this period.  A delay of even one year between a fire disturbance event and the
production and dispersal of seeds could allow litter and vegetation to accumulate, greatly reducing
Schwalbea's chance for seed germination.

One perhaps high-risk strategy that Schwalbea may be employing to ensure seed germination in the
short, post-fire period is to produce seeds just prior to the main fire season (summer in the NC
Sandhills).  Late summer fires in areas containing Schwalbea (after mature chaffseed seed has been
produced) would theoretically produce the best conditions for chaffseed germination, provided that at
least some of the seed survives the fire and disperses into the fire-cleared area.  Fully senesced plants,
presumably with mature seed, have been observed following controlled burns in early summer (TNC
1991-93, Mihlbachler 1993).  Litter and competing vegetation immediately following a fire would be
minimal to none, and the mineral soil, full sun, and perhaps nutrient pulse that seeds need for
germination would all be available.  The coarse and thickened chaffseed capsule may be able to insulate
seeds from higher temperatures during a fire; it is also possible that the seeds have better germination
rates if exposed to heat.  Hypotheses such as these about Schwalbea's ecology need to be tested
experimentally and confirmed by field observations of naturally occurring subpopulations.  In 1993,
fires during the flowering period in NC and SC (mid-May to mid-June) resulted in resprouting and
reflowering approximately one month later (Mihlbachler 1993, Porcher 1993).

  Phenology and Reproduction   

Flowering occurs April to June in the South (S. australis of Pennell 1935), mid-May to mid-June in
North Carolina (TNC 1991-93), and from June to late July in the North (S. americana of Pennell
1935).  Fruits mature from early summer in the South to October in the North (Peters 1992).  The
species produces showy, insect-pollinated flowers; the high degree of zygomorphy elaborated for
pollination by bees (Pennell 1935).  On Fort Bragg in June 1992, American bumblebees were observed
visiting Schwalbea americana flowers exclusively (TNC 1991-93).

THREATS
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The species is endangered since only about 51 occurrences in fewer than 15 populations survive, and
most of these consist of relatively few individuals.  Fire suppression allows succession to proceed to
where competition for light excludes this species (Rawinski and Cassin 1986).  Fire may be important
to the species in other ways, but this is not documented in the literature.  Housing development and
road building have led to the recent extirpation of one of only two occurrences in New Jersey and were
surely factors in the demise of some of the 15 other historic occurrences.

The single surviving New Jersey population occurs on state forest land within the Pinelands National
Reserve but is nevertheless "extremely vulnerable" to road improvements (Snyder 1988).  It occurs in
an annually mowed roadside--forest ecotone habitat.  Mowing at the wrong season or more frequently
could adversely affect seed production and dispersal (Rawinski and Cassin 1986).

Observations on Fort Bragg, suggest that fire may well play a role beyond merely reducing
competition.  It has been observed that following burns (regardless of season), there is an increase in
species and individual plants the following growing season (TNC 1991-93, NCNHP 1993).  Chaffseed
numbers are most likely to be greater at this time of year as well.  Species diversity and numbers of
individuals decrease in subsequent years until fire is restored.

South Carolina occurrences are also threatened by development; one occurs among natural grasses of a
poorly maintained ball field.  Expansion of the field or "better" maintenance would threaten the species. 
This occurrence of 347 plants is the largest among those of the Francis Marion National Forest, which
supports a total of 808 plants (Rayner 1986).  Elsewhere in South Carolina intensive pine forest
management or drainage of wetlands, so as to disrupt the fluctuating wet to dry conditions which favor
the species, would both threaten some occurrences (Kral 1983).  Rayner (1986) reports that one of the
large occurrences in Jasper County is in private ownership and is so threatened.

In Florida, one population in Leon County was recently extirpated by residential development (Peters
1992).

In Massachusetts, the Nantucket population, known since 1870, was last seen in 1963, an apparent
victim of fire suppression and scrub oak succession.  However, in Myles Standish State Forest in
Plymouth and at the Montague Sandplain, no plants have been documented since the 1870s, despite a
record of frequent burns in those pitch pine-scrub oak communities (Sorrie 1987).

RECOVERY POTENTIAL  

One of the most important populations of Schwalbea americana is in Hoke County, North Carolina,
occurring in the danger areas and impact areas of firing/bombing ranges on Fort Bragg.  Fires from
explosions and flares occur at least annually, maintaining a very open understory, apparently suitable to
this species.  Results of a two-survey indicate that occurrences are increasing in number and size both
within this areas of frequent fires as well in other areas of the base that have recently been brought
under a three-year, growing-season burn cycle (TNC 1991-93).  Other large, important (and apparently
thriving) populations are found in Francis Marion National Forest, SC, and Ichauway Plantation, GA.

A newly discovered Florida population was found in a burned-over scrub community (White 1988). 
Populations in South Carolina and Georgia occur in fire-prone pine communities.  Annual burning may
thus favor persistence, but there is no research demonstrating the species' ability to establish or expand
with this treatment.  The single remaining population in New Jersey occurs along a roadside which has
been mowed annually in late October to early November (recommended) as a means of maintaining an
open habitat and to maintain (encourage?) the species (Gordon 1988). While it was considered a
"vigorous" population in 1986 by Rawinski and Cassin, a poorly timed mowing in 1993 had reduced its
size to only three or four plants (Snyder 1993).  In Kentucky, recent controlled burns in the Highland
Rim region to improve red-cockaded woodpecker habitat have given botanists hope that Schwalbea may
be rediscovered there (Evans 1993).

In summary, recovery potential must remain conjectural until studies are conducted to more fully
understand Schwalbea's relationship with fire.
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Current Ownership.  The following is summarized from Peters (1991).  The New Jersey population
occurs on Lebanon State Forest.  In North Carolina, 16 occurrences are located on Fort Bragg Military
Reservation (U.S. Army), and two are on private land (NCNHP 1993).  In South Carolina, at least four
occurrences are on Francis Marion National Forest (USFS), seven are on private land; the ownership of
the remaining occurrences was not determined.  The five Georgia occurrences are on private land,
including Ichauway Plantation where the J.W. Jones Ecological Research Center is located (Kirkman
1993).  Ownership of the Florida occurrence was not ascertained.

STEWARDSHIP

  RESEARCH NEEDS

Research on the reproductive biology of Schwalbea americana could include studies on 

1. the response of plants and seeds to winter, spring, summer, and fall burns; 
2. the in situ environmental conditions necessary for germination of seeds (i.e., light, moisture,

and nutrient requirements; seedbed conditions); 
3. the types of pollinators which visit flowers, and how these pollinators are affected by different

burning periods and/or frequencies; 
4. the amount of viable seed produced in burned and unburned sites; and 
5. the different types of seed dispersal mechanisms that exist.  

Detailed, demographic studies of occurrences in different habitats should be designed to determine the
relative rates and importance of asexual versus sexual growth for the species.  Analysis of the genetic
diversity present between and within different occurrences and populations would also be useful for
determining the amount of sexual reproduction that naturally occurs.

  MONITORING NEEDS

Biological monitoring is needed to document what appears to be a rapid decline in both the number of
occurrences and individuals.  Rayner (1986) reported that eight previously known South Carolina
occurrences were extirpated or not relocated.  New Jersey lost one of two extant occurrences in 1988
(Snyder 1988).  Weakley (1988) reports that six North Carolina occurrences were last located between
1901 and 1959 and are apparently now extirpated.  Rayner (1986) points out that the species is difficult
to find when occurrence size is small or the species is not flowering, making monitoring difficult. 
However, with sufficient experience in recognizing suitable habitat, the senescent, brown shoots of
Schwalbea can be readily identified throughout summer, fall, and even winter.  They are often
overtopped by the tall culms of wiregrass (Aristida stricta), Eupatorium spp., and other plants. 
Senescence, though, soon brings decay, so that following capsule dehiscence, the number of plants
visible decreases significantly in fall/winter.

Monitoring is needed for surviving populations in New Jersey, Florida, and Georgia to ensure their
protection.  For populations in North and South Carolina, monitoring is needed to determine
subpopulation trends in live-ammunition and other annually burned areas, to determine the optimum
environmental regime, and to test management techniques.

Potential Schwalbea habitats throughout its range need searching as do some historic occurrence sites
which have not been recently searched.  Rouse (1988) reports that preferred habitats for the species in
Virginia are "extremely limited" due to agriculture and forestry practices.  

  MONITORING PROCEDURES AND PROGRAMS

The best time to survey for Schwalbea americana is during its flowering period (April to June in the
South; mid-May to mid-June in NC; June to late July in the North).  Though often obscured by
surrounding vegetation and more difficult to see in summer, the brown, senescing stems are quite
distinctive and do allow for easy identification when encountered.  These stems may persist well into
the following winter if undisturbed (TNC 1991-93).
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On Fort Bragg Military Reservation, an annual monitoring program is currently scheduled to begin in
April 1994 (Mihlbachler 1993).  The program being developed will assess plant vigor, subpopulation
demography, habitat quality, and the success of protection and management actions (Mihlbachler 1993). 
Each year assessments will be made of (1) the integrity and visibility of signs and painted buffers
around each site; (2) the history of prescribed burns, wildfires, and disturbance, including a qualitative
estimate of the effectiveness of burns to sustain and/or enhance habitats; (3) number of plants and stem
measurements, as well as stem/plant ratios to assess subpopulation vigor along with vegetative and
sexual reproduction efforts; and (4) overall aerial extent of chaffseed and density of woody species to
assess the need for habitat manipulation with burning or hand clearing (Mihlbachler 1993).

  MANAGEMENT NEEDS

Management of Schwalbea occurrences is necessary (1) to prevent land development, agricultural
practices, and wetlands modifications where these would be harmful and (2) to prevent natural
succession and, thus, competition from woody vegetation.  

Rayner (SCHT) and Streich (NJ-PA TNC) conducted a study in 1988-89 to assess the effects of
prescribed fires on subpopulation structure in the Francis Marion National Forest in South Carolina.  In
1992, R.D. Porcher (The Citadel, SC) embarked on a multi-year study of the role of fire in the life
history of Schwalbea americana.  Requirements for seed germination and seedling establishment are
being researched at Garden in the Woods, New England Wildflower Society (Brumback 1988). 
Through a grant from the U.S. Fish and Wildlife Service, staff at the J.W. Jones Ecological Research
Center at Ichauway Plantation, GA, will be conducting research using four treatments (control burning
winter versus summer, mowing winter versus summer) (Kirkman 1993).  As part of this research, 2000
plants have already been tagged.  

Nine occurrences of S. americana in North Carolina are at sites on Fort Bragg Military Reservation that
have been proposed as Registered Natural Areas by The Nature Conservancy's Sandhills Field Office
(1991-93).

  MANAGEMENT PROCEDURES

Further research on the effects of prescribed burning or mowing would determine the specifics for these
procedures.  Seeding potential habitats might expand or establish Schwalbea populations.

  MANAGEMENT PROGRAMS

One bright note in the long-term picture is the nascent but growing trend among public and private
foresters to convert slash pine and loblolly pine to longleaf pine in their plantations.  The latter is
slower to mature but provides a better wood product.  If controlled burning can be made part of their
management, there is hope that Schwalbea and other rare species of the very diverse longleaf
pine/wiregrass ecosystem will recolonize.

In Georgia, annual burning, as part of a quail management program there since the 1930s, has
benefitted Schwalbea occurrences as well (Kirkman 1993, Patrick 1993).  Since 1990, all managed
areas on Fort Bragg and Camp MacKall, NC, have been put on a three-year, growing-season,
prescribed burning schedule.  Prior to 1990, from the mid-1960s to 1989, these areas were burned on a
five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was no prescribed
burning program on either installation, although wildfires were apparently frequent, particularly in the
danger areas and impact areas where live ammunition is used (Sewell et al. 1993).

In the Carolinas, pinestraw raking has recently become a big business, with increasing pressure on
public and private landowners to allow harvesting.  Pinestraw raking is likely to be detrimental to
chaffseed through direct physical damage to plants as well as removing leaf litter needed in fire
management (Weakley 1992-93).  It is also feared that the impacts of nutrient and ground cover loss
may be adverse to chaffseed.  The ecological effects of both mechanical and hand raking activities are
being studied by Dr. T.R. Wentworth of NC State University and by Dr. L. Morris of the University of
Georgia.
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STEWARDSHIP SUMMARY

In states where historic occurrences have not been recently searched (New Jersey, Virginia, and North
Carolina) and in states where potential habitats have not been fully searched (especially South
Carolina), inventory field work is needed.  There is a need also to monitor all existing occurrences for
trends and to ensure their protection.  Research is needed to assess the effects of controlled mowing and
burning and to assess the effects of soil moisture variations on this species.

Formal listing as a Federally Endangered species in November 1992 will increase this species'
protection, as would private and public ownership agreements with Natural Heritage Programs.  Rayner
(1986) reports that 11 South Carolina occurrences are still in private ownership.

Sites containing Schwalbea americana should be burned during the growing season on a three- to five-
year rotation using landscape-level, ecological burns when possible.  Monitoring programs should
continually evaluate the response of plants to current and new land management practices.
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Summary of the potential effects of the RCW Management Guidelines on Schwalbea americana.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X       

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire    X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Schwalbea americana

Schwalbea americana is primarily a species of moist to seasonally wet sites in pine lowlands, moist
pine flatwoods and savannas, and in ecotonal areas between these habitats and more xeric longleaf pine-
oak communities.  It appears to thrive in open areas with minimal shrub layer and open canopy which
are maintained by periodic fire.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The extent that such activities
restore an open midstory and maintain the integrity of the herbaceous layer, they should positively
affect habitat quality for S. americana.  Fuel removal by raking could destroy these small herbaceous
plants.  Individuals should be marked so that they can be avoided if raking becomes necessary. 

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for S. americana because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns on the ecology and reproduction of this species.  Recent
work suggests the species resprouts and flowers after growing season fire.  At sites with heavy litter
accumulation due to lack of fire, the first burn can be a winter fire.  Three to five year burns have been
suggested for the mesic to dryer pine dominated communities in which S. americana occurs.     

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be minimized to
avoid negative impacts to ground layer vegetation, soil stability, and local hydrology.  In particular,
construction of fire lanes in the ecotones between xeric uplands and more mesic or hydric sites should
be prohibited as most likely to encounter chaffseed populations.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit S. americana.  Chemical and mechanical methods of hardwood control should
employ best management practices to avoid soil disturbance, destruction of ground layer vegetation, and
non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on S. americana habitats by maintaining the integrity of herbaceous layers.  Use of
native vegetation should be used wherever possible and non-native species should be avoided. 
Mechanical means of erosion control should maintain the natural contours of the surrounding
topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for S. americana.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on S.
americana.  Timber harvest which shifts forest stands toward longer rotations and replaces off-site
pines and hardwoods with longleaf pine should restore natural fire, hydrologic, and nutrient dynamics
in plant communities.  Forest management should minimize adverse impacts to wiregrass and other
herbaceous ground-layer species.
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Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit S. americana.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges, as well as from within 50 ft of RCW cavity
trees.



     35 Text from:  Prince, A. 1993. Element stewardship abstract: Solidago pulchra. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall. The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina.
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Species Stewardship Summary35
SOLIDAGO PULCHRA

ELEMENT CODE: PDAST8P1H0
SCIENTIFIC NAME: Solidago pulchra Small
COMMON NAME: Carolina Goldenrod

STATUS

GLOBAL RANK:  G3
STATE RANK:  S3 (NC)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS:  E (NC)

DESCRIPTION

  General Description
 
Description was adapted from Cronquist (1980) and LeBlond (1993).  
A member of the Composite Family (Asteraceae), Solidago pulchra is a slender, single-stemmed plant
from a short caudex or crown, 3-10 dm tall, glabrous throughout.  Basal leaves tufted, oblanceolate or
elliptic, petiolate, 3-12 x 0.7-1.5 cm; cauline leaves abruptly reduced and bractlike, erect-appressed. 
Inflorescence slender, usually erect and nonsecund, sometimes unilaterally racemiform and apically
recurved; involucre 3.5-5 mm high; rays well-developed, 8-13; disc flowers mostly 13-25.  Achenes
pubescent.

  Technical Description
 
The following technical description is based primarily on Kral (1983) with modifications by LeBlond
(1993).  

Stems usually one/rosette, erect, slender (toward base about 2 mm thick), 3-10 dm high, terete,
strongly rounded-ribbed, strongly tinged red or purple, the nodes numerous.  Leaves alternate, the
margins smooth; plants leafy throughout, the largest stem leaves lowermost, the rosette strong and its
leaves largest of all, spreading, 4-8 cm long; the petioles 1/2 or slightly more of the total length; the
blade narrowly elliptic to oblanceolate, firm, acute to obtuse, the surface yellow-green, only the midrib
evident; stem leaves at plant base somewhat smaller than rosette leaves but similar, then grading
abruptly to numerous, erect, much smaller and sessile ones, these oblanceolate to narrowly elliptic-
oblong or short-linear, and which by midstem are often 1 cm long or shorter and at inflorescence base
only 3-4 mm long.

Heads few (3-25), in a short, rather narrow, sometimes crook-tipped inflorescence, evenly disposed or
unilateral, the peduncle erect or ascending, shortish (from shorter than heads to about 7 mm long),
slender, angulately ribbed, sparingly to several-bracteolate.  Flowering heads about 0.7 cm from base to
tip of disc florets, broadly campanulate or turbinate, the phyllaries several, loosely imbricated in few
series, thin, yellowish, the largest about 4 mm long, apically obtuse-angled or narrowly rounded,
marginally ciliolate, otherwise smooth, the midrib only evident, this a raised yellowish-resinous band;
outermost phyllaries short-linear, sometimes keeled; receptacle flat, chaffless.  Flowers with rays 8-13,
the ligules a bright, pale yellow, spreading obovate, 3.0-3.5 mm long, the flowers female, non-
functional; disc florets 13-25, the corolla about 5 mm long, a deeper yellow, the short tube dilating,
narrowly funnelform into the throat, the limb spreading or ascending, of 5, triangular lobes about 1 mm
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long, the style branches lanceolate, acute, externally papillose.  Fruit a columnar achene, faintly
longitudinally ribbed, about 1.5 mm long, pale brown, hirtellous, the pappus of white, rigid, capillary
bristles 3.0-3.5 mm long, reaching about the level of the disc corolla limb.

  Diagnostic Characteristics  

Solidago pulchra can occur within the same habitat types and in close proximity to two other Solidago
species, S. stricta and S. gracillima.  This rare endemic species can be easily distinguished from the
other two by its smooth leaf margins; at least the basal and lower stem leaf margins of S. gracillima and
S. stricta are scabrous.  S. pulchra also has more ray flowers (8-13 versus 3-7) and more disc flowers
(11-25 versus 6-16) per head (LeBlond 1993).

The exceptionally long blooming period (August to frost) of this rare NC endemic species facilitates its
identification (LeBlond 1991b).  Like other goldenrods, S. pulchra is difficult to identify on vegetative
characters alone.  The often dark-red stem, contrasting rapidly reduced dark-green cauline leaves
(ascending to appressed), slender, sparsely flowered, often apically recurved racemiform inflorescence,
and often dense occurrence aid in identifying this species from a distance (Prince 1991, LeBlond 1993),
but the taxonomic description should be used to verify the colony's identity.

DISTRIBUTION

Historic records of Solidago pulchra, a species endemic to North Carolina, are documented for (year
last seen follows in parentheses):  Bladen (n.d., circa 1898), Brunswick (1935, 1941, 1948, 1979),
Carteret (1964, 1975, 1976), New Hanover (1867, 1888), Onslow (1938, 1957), and Pender (1939,
1948, 1964) counties (LeBlond 1993, NCNHP 1993).  These reports are in part from xeric to hydric
pine savannas and flatwoods, sometimes at the pocosin edge.  Some of the historic records describe
disturbance in the savannas, including bulldozing and fire plowlines (NCNHP 1993).

Currently, surveys in 1991-93 by and for personnel of the North Carolina Natural Heritage Program
and North Carolina Vegetation Survey have shown that Solidago pulchra is a frequent component of
high-quality, frequently burned, moist to wet pine savannas of the Outer Coastal Plain of southeast
North Carolina.  Current notable occurrences are located in Brunswick, Carteret, Onslow, and Pender
counties (Weakley 1993b).  Smaller occurrences are known from Jones County and the NEA Bog
Complex Natural Area on Fort Bragg Military Reservation in Cumberland County (TNC 1991-93,
NCNHP 1993).  Since extant occurrences have only been discovered recently (1987-92), it is likely that
the increase in number of element occurrences for this species can be attributed to surveys of new
areas, rather than to an expansion in species range (NCNHP 1993).  Still, S. pulchra appears to be
quite numerous within its very limited range (Weakley 1993b).

Current Ownership.  Solidago pulchra is known from Big Island Savanna within the Green Swamp
Preserve and Lanier Quarry Savanna Preserve (The Nature Conservancy), Camp Lejeune Marine Corps
Base (U.S. Marine Corps), Fort Bragg Military Reservation (U.S. Army), and Croatan National Forest
(USFS) (NCNHP 1993).  Additional occurrences are known from privately owned properties, Boiling
Springs Lake wetland-limesink complex and Battle Royal Bay (NCNHP 1993).

Four sites supporting Solidago pulchra have been registered in the Registry of North Carolina Natural
Areas; they are at Lanier Quarry Savanna Preserve (The Nature Conservancy), Green Swamp Preserve
(TNC), and two natural areas within Croatan National Forest (USFS) (NCNHP 1993).

HABITAT

Solidago pulchra characteristically occurs throughout Pine Savanna and Wet Pine Flatwoods (Schafale
and Weakley 1990, LeBlond 1993) in peaty spodosol, fine sand, and fine loamy sand soils.  Common
soil series at sites supporting S. pulchra include Kureb (Spodic Quartzipsamments), Leon (Aeric
Haplaquods), Lynchburg and Rains (Typic Paleaquults), Mandarin (Typic Haplohumods), Masontown
(Cumulic Humaquepts), Murville (Typic Haplaquods), Onslow (Spodic Paleudults), and Vaucluse
(Typic Hapludults) (Hudson 1984, Barnhill 1986, NCNHP 1993).
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These Wet Pine Flatwoods, Mesic Pine Flatwoods, and Pine Savannas, habitats historically maintained
by frequent fire, support rare endemic species including Solidago pulchra (Schafale and Weakley 1990). 
In more mesic upland savannas, shrub invasion may be slower, but certain high-density graminoids,
such as Muhlenbergia expansa, may predominate in the absence of fire, leaving little open ground
available for colonization by other species.

Solidago pulchra's most typical habitat is often dominated by an open to moderate canopy of Pinus
palustris (longleaf pine), grading into P. serotina (pond pine) in the wetter pocosin habitat, a low and
variable shrub component, and an open graminoid cover dominated by Aristida stricta (wiregrass).  The
unusually diverse herbaceous layer can include such rare species as Dionaea muscipula, Lysimachia
asperulifolia, Pinguicula pumila, Pleea tenuifolia, Sporobolus teretifolius, and Rhynchospora pallida
(LeBlond 1991b).  Other rare species documented less frequently in S. pulchra habitat include
Calamovilfa brevipilis, Eriocaulon texense, Oxypolis ternata, Peltandra sagittifolia, Plantago
sparsiflora, Platanthera integra, Rhexia cubensis, Scleria verticillata, Sporobolus sp.1, Tofieldia
glabra, and Xyris scabrifolia (NCNHP 1993).

This endemic species occasionally occurs in wet-mesic to hydric savannas artificially maintained by
mowing for powerline rights-of-way and roadsides or within man-made savanna-ditch or savanna-
borrow scrape ecotones (NCNHP 1993, LeBlond 1991b, 1993).  It is uncertain whether these
artificially maintained occurrences will persist over time.

BIOLOGY-ECOLOGY

Very little is known about the demographic trends or reproductive requirements of this endemic species. 
This is due, at least partially, to the relatively recent discovery of extant occurrences (1987-91) and the
former difficulty in clearly distinguishing this Solidago species from similar, co-occurring members of
the same genus.

Extant Solidago pulchra occurrences vary considerably in size (from under ten to several thousand
flowering individuals).  Individual flowering plants are often widely scattered in pine flatwoods or
savanna habitat, but occurrences within the relatively small area of the savanna-pocosin ecotone are
localized.  It is likely that occurrence sizes have been underestimated if counts were made before or
after peak bloom, since visibility of stems without flowers is very low (LeBlond 1991b).  Recent studies
have shown that nonflowering rosettes (seedlings or suppressed individuals) typically greatly outnumber
flowering plants by several orders of magnitude (Weakley 1993).  However, as a state endemic, its
range is highly limited (NCNHP 1993).

The scattered distribution of this species within the state and often within its habitat may make it less
vulnerable to stochastic loss.  However, where it occurs at the savanna-pocosin ecotone, possibly its
optimal habitat for reproductive success, it is highly vulnerable to localized disturbance.

  Phenology 

The flowering period of Solidago pulchra is exceptionally long, occurring from August to October. 
Individual plants may bloom before or after that period.  The species' peak bloom occurs in late
September (LeBlond 1991b).

  Reproduction 

Very little is known about this endemic species' reproductive patterns and requirements, including what
environmental conditions optimize reproductive success and what factors affect seed dispersal and
seedling establishment.  Many species occurring in fire-maintained habitats (e.g., Lysimachia
asperulifolia) require periodic burning to reproduce sexually and may only persist vegetatively in the
absence of fire.  Factors which may restrict sexual reproduction in the absence of fire include limited
availability of sunlight, nutrients, and/or pollinators.  The nutrient flush and increased exposure to
sunlight following a fire often result in synchronized flowering and nectar production, attracting
pollinators through a massed floral display.  Other fire-maintained species will only release seeds or
germinate following a fire (Weakley 1991).
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While Solidago pulchra does not appear to be fire-dependent for flowering and fruiting, seed
germination may be dependent upon or enhanced by fire (LeBlond 1993).  In other words, the
reproductive success of S. pulchra may not directly depend upon fire, but it may need the open habitat
that fire creates.  This species has been documented to occur in wet open savannas artificially
maintained by mowing, such as roadsides and powerline rights-of-way.  Clearly, the environmental
conditions necessary for optimal reproductive success of this species need further investigation.

THREATS

1. Suppression of fire will promote rapid invasion by shrubs that outcompete rare herbaceous
species for sunlight and nutrients (McIver 1981, LeBlond 1991b).  In the particularly moist pine
savanna-pocosin ecotone, fire must occur minimally every three to five years to prevent woody
species from invading (Weakley 1991).  Prescribed burning not timed to the reproductive cycle
of the species could prevent or reduce its reproductive success (Sutter 1991).

2. Pinestraw raking poses a triple threat of chemical damage (site preparation for harvesting
includes spraying with potentially harmful herbicides), physical destruction (plants can be
directly impacted by the tractors pulling harrows to rake the pinestraw), and fire exclusion (the
removal of fuel can actually prevent even a low intensity fire from occurring) (Weakley 1991).

3. Excessive trampling by visitors, especially in less stable moist areas like the pine savanna-
pocosin ecotone, or other habitat disturbance resulting from firewood cutting and insectivorous
plant harvest, can negatively impact the rare plant species (McIver 1981).

4. Digging of fire plowlines to suppress wildfires could physically impact the rare plant species or
cause damage to the topography and hydrologic patterns of the associated wetland (McIver
1981, LeBlond 1991b).  The savanna-pocosin ecotone where Solidago pulchra often occurs is
especially likely to be targeted by this threat, since foresters often locate fire lines at the
boundary between the longleaf pine uplands and the pond pine pocosins (Weakley 1991).  This
zone is also perhaps the most vulnerable to fire line disturbance, since it harbors a highly
diverse herbaceous layer within a narrow band on the circumference of the pocosin (Weakley
1991).

5. Heavy equipment, whether used for fire suppression, in troop activities on military bases, or for
harvesting of woody and herbaceous species, could impact the rare species directly or cause
damage to the hydrology and topography of the associated wetland (McIver 1981, Weakley
1991, LeBlond 1991b).

6. Ditching, damming, filling, or otherwise altering the topography and hydrologic pattern of the
wetland could impact the rare species and its habitat (McIver 1981, LeBlond 1991b).

7. In artificially maintained, open, wet savannas, such as roadsides and powerline rights-of-way,
mowing which is not restricted to the dormant period of the species and its community
(December to March) may interfere with its reproductive cycle.  Road maintenance, such as
ditching and scraping, and road widening could physically impact the rare species and its
wetland habitat at roadside sites (LeBlond 1991b).

8. Any conversion of the natural savanna habitat and surrounding buffer areas, whether for
development, agriculture, silviculture, roadways, or other purposes, should be avoided. 
Removal of natural vegetative cover can promote the invasion of weedy species and contribute
to degradation of wetlands through siltation and chemical runoff (Weakley 1991).

Most known occurrences of Solidago pulchra are either publicly owned, occurring within Camp
Lejeune, Fort Bragg, or Croatan National Forest, or are located within the protection boundaries of
TNC-managed preserves.  No further acquisition efforts are planned for the 15,722-acre Green Swamp
Preserve, although future surveys of bordering private lands may reveal additional rare species which
require protection area expansion.  Consolidation of privately owned property within the Lanier Quarry
Savanna Preserve, 65 acres of which are TNC-owned, is essential for protecting Solidago pulchra and
its wetland savanna habitat at this site (Weakley 1991).  Boiling Springs Lake wetland-limesink
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complex, owned by a timber corporation, has been targeted for acquisition by The Nature Conservancy
in the near future (Weakley 1993, LeBlond 1993).  Efforts should be initiated to determine current
status and to influence future land management affecting the savanna habitat where rare species occur.

Managing agencies of public lands at Croatan National Forest, Fort Bragg, and Camp Lejeune must be
kept informed of the exact locations of rare species and management programs tightly coordinated with
the NC Natural Heritage Program and North Carolina Field Office of The Nature Conservancy.  It is
essential that Heritage and Field Office personnel participate in the design, implementation, and
assessment of management research conducted on public lands, such as the experimental pinestraw
raking and prescribed burning planned for selected savannas within the Croatan National Forest.

RECOVERY POTENTIAL  

Recovery potential for extant Solidago pulchra occurrences is most likely high (1) if prescribed burn
management and/or mowing is done to maintain the open, herb-dominated habitats that this species
prefers, and (2) if the hydrologic conditions at S. pulchra sites are protected and maintained.  It is
possible that prescribed burning on large properties such as Camp Lejeune, Croatan National Forest,
and Fort Bragg could greatly expand the numbers of S. pulchra over time, especially if this species, like
other goldenrods is able to disperse its seeds over long distances.

Although there is no evidence of decline in extant occurrences, seeds should be collected and stored
within seed banks maintained by the Center for Plant Conservation to be used for reintroduction of the
rare species should the need arise (Bucher 1991).

STEWARDSHIP

  RESEARCH NEEDS

Research on the reproductive biology of Solidago pulchra could include studies on:  (1) the response of
plants and seeds to winter, spring, summer, and fall burns; (2) the types of pollinators which visit
flowers, and how these pollinators are affected by different burning periods and/or frequencies; and (3)
the amount of viable seed produced in burned and unburned sites.  Detailed, demographic studies of
Solidago pulchra occurring in different habitats should be designed to determine the relative rates and
importance of asexual versus sexual growth for the species.

The following discussion is based on Prince (1991) and LeBlond (1991b).  Future studies need to
assess:  (1) what season, frequency, and intensity of prescribed burn maximizes the reproductive
success of this endemic herbaceous species; (2) what factors other than fire exclusion may contribute to
the rarity of this species (seed predation, fungal infestation, diseases, etc.); (3) the effects of pinestraw
raking on rare species, including direct impact of heavy machinery on rare species and their habitat,
and indirect impacts on wetland hydrology and fuel load availability for prescribed burns; and (4) the
effects of ditching by landowners to the north of the TNC-owned portions of the Green Swamp
Preserve on the hydrology of the pine savanna-pocosin ecotone and wet-mesic pine savanna and
flatwoods.

Casual observations at Lanier Quarry Savanna, Big Island Savanna in the Green Swamp Preserve, and
Myrtle Head Savanna indicate that dominant graminoid species may vary depending on land-use
history, hydrologic conditions, and frequency of burning.  Wiregrass appears to predominate in
savannas which are more mesic, burned less frequently, and/or with a recent history of use for timber
harvest, while other often higher density graminoid species, such as Sporobolus sp.1, Muhlenbergia
expansa, and Calamovilfa brevipilis, seem to predominate in savannas which are more hydric, burned
more frequently, or more recently used for agricultural purposes.  Interestingly, Solidago pulchra
seems to be more widely distributed in savannas where Aristida stricta predominates, while it is often
highly localized in relatively open habitat when the savanna is dominated by other graminoid species. 
This may indicate that Solidago pulchra is unable to compete as successfully for space to colonize, soil
nutrients, etc., when occurring in a savanna densely dominated by graminoid species other than Aristida
stricta.  It may also have a preference for less wet soils (LeBlond 1993).
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Environmental factors influencing which graminoid species predominate should be investigated, as well
as the ability of rare species like Solidago pulchra to compete with different graminoid dominants. 
Results may have important management implications.  It should also be determined to what degree this
species requires an open canopy to thrive, as it appears to in the Big Island Savanna, or bare ground
patches for colonization.

Comparison of this species' response to other forms of open habitat maintenance other than prescribed
burning, such as mowing, may help to evaluate whether artificially maintained occurrences are likely to
persist over time.  The reproductive success and vegetative growth characteristics of plants occurring in
or near pocosins or other wetlands of natural origin should also be compared with those occurring near
ditches or borrow scrapes.

  RESEARCH PROGRAMS

Research specifically relative to the biology and management of Solidago pulchra has not yet been
initiated.  Staff of the North Carolina Field Office of The Nature Conservancy informally observe how
rare species respond following a prescribed burn (Bucher 1991).

According to Bullard (1991), the Millis Road occurrence, growing within a Natural Heritage Program
Registry Area, and the Pringle Road occurrence in Croatan National Forest may be included in an
experimental evaluation of the effects of pinestraw raking and prescribed burning being conducted by
Lisa Kelly (designed by Tom Wentworth) at NC State University.  One-acre plots will be
experimentally exposed to pinestraw raking, prescribed burning, or a combination of the two on a three-
year rotation.  Control plots will be monitored to determine response to the absence of prescribed
burning or pinestraw raking.  A 28-hp tractor will be used to simulate the average physical impact of
pinestraw raking.  However, herbicides will not be used in preliminary site preparation.  Effects on
species composition, hydrology, and nutrient availability within these experimental plots will be
assessed.  It has not been determined whether established monitoring plots will contain Solidago
pulchra.

  MONITORING NEEDS

Monitoring of Solidago pulchra is needed to determine this endemic species' vegetative and
reproductive response to the current prescribed burn management regimes in effect on TNC-owned
preserves, Camp Lejeune, Fort Bragg, and Croatan National Forest.

  MONITORING PROCEDURES

Actual and potential occurrence boundaries should be determined.  Numbers of plants should be
measured in an appropriate method.  The density of Solidago pulchra at most sites will require
relatively large plots (10 x 10 meter or larger) to measure changes in numbers from year to year,
perhaps as single plots to estimate occurrence numbers or nested plots to estimate frequency.  This will
also be appropriate to measure the plants' response to fire.  Within each plot the number of individuals
of certain size or stage classes could be counted.  Demographic data, if determined to be needed in a
monitoring study, could include following individual plants over time and measuring plant height,
number of leaves, and inflorescence size (Sutter 1992).

Inventory needs.  Further survey is needed to determine the extent of this endemic species' rarity and
the need for protection (Weakley 1991).  A comprehensive inventory of rare plant taxa conducted at
Fort Bragg and Camp MacKall military reservations from 1991 to 1993 has identified one occurrence of
Solidago pulchra, a significant range extension (TNC 1991-93).  An intensive survey on 25,000 acres
of the Sandhills Game Land in Richmond and Scotland counties scheduled for 1994 could possibly
identify other occurrences (TNC 1991-93).

  MONITORING PROGRAMS

No monitoring specifically targeting Solidago pulchra has yet occurred.  Monitoring plots established to
study changes in community structure and composition at Big Island Savanna, Green Swamp Preserve,
may provide information about the frequency and percent cover of this rare herbaceous species, if
individuals happen to occur in the plots.  Nested plots (10 cm, 31 cm, 1 m, and 3.1 m) are being
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monitored for presence or absence of species (noting at which plot size the species first occurs) and for
percent cover at the one-square-meter plot.  Since the distribution of Solidago pulchra within the
savanna is patchy, plots may not actually contain individuals of this species.  This monitoring program
will eventually be established at all TNC-owned savannas (Bucher 1991).

From 1985-89, a separate set of nested permanent plots has been annually monitored at Big Island
Savanna to evaluate the effects of nutrient availability on the presence or absence of savanna species. 
Overall, it appears that fewer species are observed in more nutrient-enriched savannas.  Solidago
pulchra has been observed in the plot, and although data analysis is as yet incomplete, observations
indicate that its presence fluctuates with nutrient availability.  Monitoring of these plots is ongoing since
1989 but not on an annual basis.  Data from this ongoing study are available on request (Peet 1991).

Inventory.  Inventory of Solidago pulchra has been very limited and generally confined to localized
areas.  Plants are often widely scattered and occasionally co-occur with similar Solidago stricta, making
comprehensive survey difficult.  The species may have been overlooked in other surveys because of
taxonomic confusion in the past, but recent taxonomic clarification has allowed verification of extant
occurrences (Weakley 1991).  The recently noted tendency of both S. pulchra and S. stricta to grow in
dense clusters may facilitate inventory in the future (LeBlond 1991b).  Future inventories should
attempt to count stems during the peak blooming period, since visibility of stems without flowers is low
(LeBlond 1991b).

  MANAGEMENT NEEDS

Adapted to a habitat which has historically been maintained by naturally occurring fires, Solidago
pulchra appears to benefit from frequent prescribed burning (every three to five years) to reduce
competition from woody species and possibly to promote reproductive success through increased
availability of sunlight, nutrients, and pollinators.  The intensity, season, and frequency of prescribed
burning necessary to optimize this species' reproductive success have yet to be established.

  MANAGEMENT PROCEDURES

According to Bucher (1991), low intensity prescribed burning of all TNC-owned savannas, including
those where Solidago pulchra occur, will take place annually during the growing season to replicate
lightning fires.  The fire will be started on the drier upland savannas and, using the pocosin as a natural
firebreak, will increase in intensity as it encompasses the savanna-pocosin ecotone with its large fuel
load.

The following recommendations are summarized from Smith and Peacock (1978), Weakley (1991), and
LeBlond (1991a):  (1) When naturally occurring fires must be controlled, the lowest impact method will
be selected.  Construction of firebreaks in the savanna-pocosin ecotone, in adjacent wetlands, or in
upland wet-mesic savanna where this rare species occurs should be avoided.  (2) Any activity which
might physically impact the sensitive savanna-pocosin ecotone or adjacent wetlands, such as pinestraw
raking, timber harvest, use of heavy equipment, construction of firebreaks, or harvest of other co-
occurring plant species should be avoided.  (3) Ditching, draining, filling, damming, herbicide
spraying, or other activities potentially altering the quality or quantity of water available in the wetland
community should not be permitted.  Any activity which might increase erosion and siltation in the
pocosin, savanna-pocosin ecotone, or adjacent wetlands, including timber harvest, pinestraw raking,
etc., on adjacent uplands, should be avoided.  (4) Any conversion for development, agriculture,
silviculture, roadways, or other purposes should be avoided within the protected natural habitat or in
surrounding buffer areas to minimize invasion of weedy species and surface runoff of silt or chemicals
into the associated wetlands.  (5) Any trail or boardwalk construction should be planned to minimize
hydrologic or physical damage to the savanna-pocosin ecotone or adjacent wetlands.  (6) Artificially
maintained habitats, such as borrow scrapes or roadside ditches, should not be physically disturbed by
efforts to reconstruct ditches or scrapes or by road widening.  Mowing to maintain roadsides or other
artificial habitats where Solidago pulchra grows should occur during the dormant period of the rare
species and its community, preferably between December and March (LeBlond 1991a).

  MANAGEMENT PROGRAMS
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Occurrences within the TNC-owned portions of the Green Swamp Preserve (Big Island Savanna) and
the Lanier Quarry Savanna Preserve (in ditches along entrance roads) have until recently undergone
annual, low-intensity prescribed burning during the nongrowing season, between November and
February.  Fire intensity is generally higher in the savanna-pocosin ecotone because of the larger fuel
load.  The wet pocosin is usually used as a natural firebreak.  The North Carolina Field Office of The
Nature Conservancy is currently switching to prescribed burning annually during the growing season to
replicate naturally occurring lightning fires (Bucher 1991).

Longleaf pine savannas in the Croatan National Forest, including those harboring Solidago pulchra, are
burned during the growing season on a three-year rotation, following an initial winter burn to remove
excess fuel load (Bullard 1991).  At Camp Lejeune, prescribed burns have until recently occurred only
during the winter, but future burns will occur on a two- to three-year rotation, alternating growing
season and nongrowing season burns.  The winter burns will minimize impact on mature longleaf pine,
required as nesting habitat for the Federally Endangered red-cockaded woodpecker (Peterson 1991).

Since 1990, all managed areas on Fort Bragg and Camp MacKall have been put on a three-year,
growing-season, prescribed burning schedule.  Prior to 1990, from the mid-1960s to 1989, these areas
were burned on a five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was
no prescribed burning program on either installation, although wildfires were apparently frequent
(Sewell, et al., 1993).

Numerous Streamhead Pocosins and Sandhill Seeps on Fort Bragg and Camp MacKall have also been
dissected and severely degraded by firebreaks and trails created in the 1960s and 1970s.  Also during
the 1960s, fire plowlines were placed around seepage slopes, small streams, and other wetlands by
wildlife biologists and foresters who felt that fires passing into wetlands were destructive to animals. 
This practice fortunately no longer continues, but the plowlines still persist and may take several more
decades to fill in with sediment and enough vegetation to stop acting as firebreaks between Streamhead
Pocosin and Sandhill Seep communities and their adjacent uplands.  Until that time these plowlines will
continue to disrupt the natural nutrient flow and water recharge for the wetland communities.

STEWARDSHIP SUMMARY

Prescribed burn management during the growing season, protection of site hydrology, and monitoring
of extant occurrences are essential components ensuring this species' survival at the sites supporting it. 
A detailed description of monitoring and management procedures is provided elsewhere in the text. 
Future monitoring efforts may contribute to a more complete understanding of this species' habitat
requirements.
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Summary of the potential effects of the RCW Management Guidelines on Solidago pulchra.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X       

         Growing season fire X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.



507

Species Management Notes:  Solidago pulchra

Solidago pulchra occurs primarily in wetter pine savannas and flatwoods, and in ecotones between
shrub/tree pocosins that line the narrow streams draining upper slope and more xeric longleaf pine-oak
communities.  It appears to depend on periodic fire to maintain its open habitats.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for S. pulchra.  However, fuel
removal by raking could destroy population clusters of these plants, which should be marked so that
they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for S. pulchra because it acts to reduce the shrub and midstory woody vegetation
and promotes a well-established herbaceous layer.  Further research is required to assess the effects of
growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction of this
species.  Recent work suggests that pine flatwood and savanna habitats may be successfully managed
with frequent growing season fires (3 to 5 year return).  Late season fires should take into account the
species reproductive phenology to avoid adverse effects.  In areas that have been fire-suppressed for
lengthy periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support S. pulchra.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support S. pulchra.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting S. pulchra should be prohibited unless prescribed burning
fails to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on S. pulchra habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for S. pulchra.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on S. pulchra.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit S. pulchra.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     36 Text from:  Van Eerden, B. 1993. Element stewardship abstract: Solidago verna. In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall.  The North Carolina
Nature Conservancy/North Carolina Natural Heritage Program. Carrboro/Raleigh, North Carolina. 
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Species Stewardship Summary36
SOLIDAGO VERNA

ELEMENT CODE: PDAST8P250
SCIENTIFIC NAME: Solidago verna M.A. Curtis
COMMON NAME: Spring-flowering Goldenrod or Spring Goldenrod

STATUS

GLOBAL RANK:  G3
STATE RANK:  S1 (SC), S3 (NC)

FEDERAL STATUS:  C2
STATE STATUS: E (NC); nc? (SC)  

DESCRIPTION
  
Description is adapted from Kral (1983) and Nature Conservancy staff observations (1991-93).  

A member of the Composite Family (Asteraceae), Solidago verna is a perennial goldenrod from a stout
rhizome, with stems up to 1.5 meters tall, but usually 0.5-0.8 meter.  Basal leaves are present at
flowering time, ovate, on long stalks, and bluntly toothed.  Stem leaves are abruptly smaller than basal
leaves, becoming progressively smaller up stem, on short stalks or none.  Foliage is densely hairy with
short, soft, whitish hairs.  Inflorescence is composed of a few to several branches which arch outward,
with many large and showy (for goldenrods) yellow heads.

  Technical Description
   
Description was adapted from Kral (1983).  

Perennial from a stout, knotty rhizome or caudex, perennating from short lateral offshoots from crown
buds.  Stems erect, from basal rosettes of the previous year, 0.5-1.5 meters tall (averaging about 0.7
meters), solitary or in small clumps, the upper third of the plant ulmiform, normally with several
branches arching upward and outward, stems with short, whitish, curved hairs throughout.  Basal
rosette leaves ovate to broadly elliptic, blades about 1 dm long, crenate dentate, decurrent to a long
petiole.  Stem leaves much smaller, the lower usually with broadly winged petioles, flaring rather
abruptly into the elliptic to ovate blade, becoming progressively smaller (uppermost bractlike) and
subsessile up stem, elliptic to ovate or lanceolate, ascending, villous-tomentulose, especially beneath.

Inflorescence broad, composed of several ulmiform branches with numerous, normally secund heads
on slender, tomentulose peduncles up to 1.5 times the length of heads; heads broadly campanulate,
involucral bracts many in several series, 3-5 mm long, loosely imbricate, lance-linear to narrowly
oblong, flat, apically rounded or acute, green with a paler, yellowish midrib, margins and tip ciliolate. 
Ray florets mostly 8-10, ligules spreading, rich yellow, elliptic, about 4 mm long, appendaged style
branches present but flower non-functional; disc florets 14-30, corollas 4-5 mm long, funneliform,
lobes 5, erect to spreading, narrowly triangular, 1-1.3 mm long, bright yellow, style branches exserted,
acute, papillose externally.  Fruit a columnar achene, obscurely ribbed, 2-2.5 mm long, pale
strigillose; pappus about the length of disc florets, white, unbranched, of numerous antrorsely barbellate
capillary bristles.

  Diagnostic Characteristics  
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Solidago verna is the only spring-flowering goldenrod that occurs in the Coastal Plain and Sandhills
region of the Carolinas.  Vegetatively, it can be recognized by its basal rosette of softly pubescent,
ovate leaves which characteristically have long, winged petioles.  In size and habit, S. verna is similar
to Solidago arguta (Kral 1983).  This species, however, flowers in the late summer and has glabrous
stems, as compared to the densely pubescent stems of S. verna.

Solidago verna can be best identified from early May to June when it is in flower.  The species can also
be identified through the summer and fall months by its distinctive basal rosette.

DISTRIBUTION

Solidago verna is endemic to the Coastal Plain and Sandhills regions of North Carolina and South
Carolina (Radford, et al., 1968, Horn 1988).  Although it appears from distribution maps that its
current and historic ranges are more or less similar, it is likely that a number of historic, undocumented
occurrences have been extirpated as a result of human-related disturbances such as land conversion and
fire suppression.

Historically, Radford, et al. (1968), reports Solidago verna from Bladen, Brunswick, Columbus,
Craven, Cumberland, Harnett, Hoke, Johnston, New Hanover, Onslow, Pender, and Sampson counties,
NC, and from Darlington and Marlboro counties, SC.  Historic and/or extirpated occurrences are
known from (year last seen follows in parentheses):  Columbus (1930, 1949), Craven (1951, 1964),
Harnett (1938, 1951), Hoke (1951, 1988), Moore (1968), New Hanover (1886), Pender (1953), and
Sampson (1951, 1957) counties, NC (NCNHP 1993).  No extant occurrences are currently known from
Columbus and New Hanover counties, NC (Weakley 1993).

In addition to the counties listed in Radford, et al. (1968), Solidago verna has since been found in
Jones, Moore, Pamlico, and Scotland (last seen 1980) counties, NC (Weakley 1993), and in
Chesterfield County, SC (Horn 1988).  Its current distribution is as follows (number of extant
occurrences in each county follows in parentheses):  Bladen (1), Brunswick (2), Carteret (1), Craven
(23), Cumberland (4), Harnett (1), Hoke (9), Johnston (3), Jones (3), Moore (3), Onslow (4), Pamlico
(1), Pender (3), Sampson (1), and Scotland (1) counties, NC (LeBlond 1993, NCNHP 1993), and
Chesterfield (2), Darlington (5), and Marlboro (4) counties, SC (Horn 1988).

Current Ownership.  Of the 59 known occurrences of Solidago verna currently known in NC, 12 (total
of 33 sites) are located on Fort Bragg (U.S. Army), four are on Cherry Point Marine Corps Air Station
(USMC), one is on Moores Creek National Battlefield (NPS), 18 are on Croatan National Forest
(USFS), one occurs along U.S. 17 along the Croatan NF boundary (NCDOT), one occurs on both
Croatan NF and private, and the remainder are known or presumed to be on private land (LeBlond
1993, NCNHP 1993).  All of the 11 SC populations are reported from roadsides or powerline rights-of
way (Horn 1988), presumably on state, county, or private lands.

One site at Moores Creek National Battlefield (National Park Service) supporting Solidago verna has
been registered in the Registry of North Carolina Natural Areas (NCNHP 1993).

HABITAT

Solidago verna occurs in a number of habitats throughout its range, which have roughly been divided
into three major types (Schafale and Weakley 1990):

(1) Streamhead Pocosin ecotones:  In the Sandhills region (Inner Coastal Plain), Solidago verna inhabits
ecotones between upland longleaf pine communities and shrub/tree pocosins that line the narrow
streams draining the slopes.  Soils in these areas are usually sandy loams underlain by clay and include
Blaney (Arenic Hapludults), Johnston (Cumulic Humaquepts), and Vaucluse (Typic Hapludults)
(Hudson 1984, NCNHP 1993).

Ecotones can be quite variable in composition and size, depending on local hydrology and fire-
disturbance history.  Solidago verna is usually found towards the center of wider, well-burned ecotones
that are dominated by a mixture of wiregrass, low shrubs, cane, and a high diversity of herbs.  Species
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counts in these well-burned ecotones are often impressively high; a 1/100 hectare (10 X 10 meters)
survey of a Streamhead Pocosin ecotone on Fort Bragg yielded over 100 species, one of the highest
counts known for a 1/100 hectare plot in all of North America (Schafale and Weakley 1990).  Species
co-occurring with Solidago verna along the ecotonal edge include Arundinaria tecta, Chasmanthium
laxum, Andropogon glomeratus, Dichanthelium strigosus var. leucoblepharis, Rhexia alifanus, Clethra
alnifolia, Oxydendrum arboreum, Rhododendron atlanticum, Vaccinium crassifolium, Aster dumosus,
Coreopsis verticillata, Erigeron vernus, Eupatorium leucolepis, E. rotundifolium, and other species
typical of Streamhead Pocosin ecotones.  The canopy over most ecotones is dominated by a mixture of
Pinus palustris and P. serotina.  Small- to medium-sized trees such as Magnolia virginiana, Acer
rubrum, Symplocos tinctoria, Nyssa biflora, Liriodendron tulipifera, and Pinus serotina can usually be
found scattered in wetter portions of the ecotone.

(2) Little River terraces:  Other NC Sandhills occurrences for Solidago verna can be found along mesic
terraces which lie above the Little River, a small blackwater river which flows through Moore, Hoke,
and Cumberland counties along the northern boundary of Fort Bragg.  These high terraces, which are
now rarely, if ever, scoured by river floods, support one of the largest known S. verna populations. 
The terraces are currently dominated by Pinus elliottii and P. taeda plantations but historically were
probably covered with mixed stands of Pinus taeda and P. palustris.  Soils along the terraces are loamy
sands, with Pactolus loamy sand being the most common (Hudson 1984, NCNHP 1993).  Typical
Solidago verna associates, especially in well-burned areas, include Aristida stricta, Danthonia sericea,
Gaylussacia frondosa, Vaccinium crassifolium, Gelsemium sempervirens, Coreopsis major, Eupatorium
rotundifolium, Parthenium integrifolium var. mabryanum, Desmodium nuttallii, D. ciliare, Lespedeza
hirta, L. capitata, Eryngium yuccifolium, Andropogon virginicus, and A. gyrans.  Small occurrences of
S. verna are also found in small openings in Little River bluffs community (mixed hardwood-loblolly
pine), which are located downslope from the terraces.  These openings are often adjacent to strips of
levee forest.

(3) Wet Pine Flatwoods:  Solidago verna is found in Wet Pine Flatwoods on fine sandy loams underlain
by sandy clay loam, usually on Lynchburg (Aeric Paleaquults), Onslow (Spodic Paleudults), and Rains
(Typic Paleaquults) soils (LeBlond 1993, NCNHP 1993).  Most of the sites still supporting S. verna
have undergone long periods of fire suppression resulting in dense woody undergrowth.  Nonetheless,
fire or clearcuts at these sites can promote large flowering occurrences of S. verna.  Individuals appear
to be able to survive vegetatively for long periods of fire suppression.  During these extended periods,
flowering plants are seen only along forest edges (e.g., roadsides), but rosettes can be found within
forest stands.  Extended vegetative growth may be an adaptation to a longleaf pine community that
burns less frequently under natural conditions than those found on sandier soils, such as Leon,
Mandarin, Kureb, etc. (LeBlond 1993).  Typical plant associates at these Outer Coastal Plain Wet Pine
Flatwoods sites include Pinus palustris, P. taeda, Liquidambar styraciflua, Clethra alnifolia, Ilex
glabra, Gaylussacia frondosa, Myrica cerifera var. c., Smilax rotundifolia, Osmunda cinnamomea,
Gamochaeta purpurea, Arnica acaulis, Senecio anonymus, Lysimachia loomisii, L. quadrifolia,
Plantago virginica, Dichanthelium scoparium, D. dichotomum var. d., D. d. var. mattamuskeetense, D.
d. var. nitidum, Arundinaria tecta, Agrostis scabra, Sphenopholis obtusata, Saccharum giganteum,
Cirsium horridulum, Erigeron vernus, Carex lonchocarpa, C. hirsutella, Juncus effusus, and
Sisyrinchium atlanticum (LeBlond 1993).

In addition, a number of occurrences in both the Coastal Plain and Sandhills regions of North Carolina
and South Carolina are located along moist roadsides, ditches, and powerline rights-of way (Horn 1988,
NCNHP 1993).

BIOLOGY-ECOLOGY

Solidago verna is a perennial species which is found in small (several plants) to large (several hundred
plants) occurrences in mesic to wet, relatively well-drained sites with mineral soils that are
characteristically herb-and-shrub-dominated and fire-dependent.  Prior to the earlier parts of this
century, Solidago verna habitats were maintained by wildfires caused by lightning strikes and/or Native
American activities.  More recently, these areas have been maintained by prescribed, controlled burns. 
The size and vigor of individual occurrences of S. verna appears to be strongly influenced by the local
fire regime (TNC 1991-93).  Comparisons of plants in burned and unburned sites clearly show that a
greater percentage of individuals flower and fruit in burned sites and that individuals in burned sites are
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in general more robust (TNC 1991-93).  The reproductive output of S. verna in the growing season
immediately following a burn is dramatically higher than successive years.  At one site on Fort Bragg,
for example, it is estimated that the number of flowering individuals decreased by 50% from the first to
second year following a winter burn. 

Burning is probably crucial to S. verna for a number of reasons, such as reducing competing vegetation,
triggering flower and fruit production, releasing valuable nutrients to the soil, and removing/reducing
leaf litter and over-hanging plants which can shade out the low-growing goldenrod rosettes.   Estimates
for the natural fire frequency in Solidago verna habitats vary from every three to five years to every
seven to ten years (TNC 1991-93).  Within each habitat, though, it is likely that there were occasional
periods, due to certain local landscape features or to fluctuations in climate patterns, when sites were
protected from fire.  During these periods, as more vigorous species such as shrubs, cane and wiregrass
would dominate, Solidago verna, like other perennial herbs, probably persisted as vegetative shoots.  It
is not clear for how many years it can persist vegetatively under dense shade.

  Phenology and Reproduction

Basal rosettes have been observed from late summer through the following spring (TNC 1991-93).  Its
flowering period is early May through June; achenes persist through summer, often remaining on plants
until frost.  It is the only Carolina goldenrod to complete its reproductive cycle before July.  It is
interesting to note that the timing of flowering for Solidago verna, from May to mid-June, falls in what
is considered by some to be the peak "wildfire season" for the Southeast Coastal Plain (Robbins and
Myers 1989).  (Although lightning strikes are more common in later summer months, humidity levels
and fuel-moisture levels are the lowest in late spring-early summer months, greatly increasing the
chance of a lightning-strike-induced wildfire.)  The spring-flowering period of S. verna, unique when
compared to other goldenrods which are virtually all late-summer to fall bloomers, may be a strategy
(albeit high-risk) utilized by this (and other) species to capitalize on the excellent reproductive and
germination opportunities available immediately following a burn.  Studies on the reproductive biology
of S. verna may shed light on how crucial the timing of fire disturbance is to this species' population
dynamics.

The rate of sexual reproduction in naturally occurring Solidago verna populations is not known.  As
mentioned above, it is probably strongly influenced by local fire disturbance regimes.  The highly
productive pulses of flowering and fruiting immediately following a burn are probably crucial for
maintaining genetic diversity within S. verna populations and for the recruitment of new individuals into
populations.  The currently widely scattered, somewhat isolated occurrences of S. verna, in addition to
the very patchy fire regimes across the habitats which support these occurrences, may be effectively
limiting the amount of cross-breeding that occurs between populations.  It is not clear what effects this
type of isolation will have on the long-term stability of S. verna occurrences.  The amount of genetic
diversity within and between spring goldenrod populations is not known. 

THREATS

Kral (1983) suggested that Solidago verna is declining due to expansion of urban and residential
construction, conversion of savanna and pocosin to pine plantation, and conversion to row crop
agriculture.  Horn (1988) suggested that lack of fires in natural pine/wiregrass communities may be
linked to declines in some populations.  In powerline rights-of-way and roadside cuts Horn advocated
proper timing of mowing and strongly discouraged the use of herbicide sprays.

STEWARDSHIP

  RESEARCH NEEDS

Basic questions concerning the reproductive biology of Solidago verna, such as the environmental
conditions necessary for pollination, successful seed production, seed germination, and seedling
establishment, are in urgent need of study.  Fire likely plays an important role in these stages of its
growth, and research should be directed towards determining which burn periods and fire frequencies
optimize sexual reproduction.  Studies should also focus on effective reproductive rates of populations
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in fire-suppressed habitats.  Although plants will flower and fruit in non-burn years, it is not clear if
seeds produced in these years can germinate and succeed under a dense shrub cover.

Research was begun in 1993 by Martha Brewster, North Carolina State University, to look at the
species' reproductive strategies.

Research into the relationship between fire and upland species in longleaf pine communities is still
needed.  As noted above, many species in the Sandhills region and elsewhere are dependent upon
frequently burned areas for survival.  However, little or nothing is known about the effects of timing,
frequency, and intensity of fire on specific plant species.

  MONITORING NEEDS

Monitoring studies should be set up in sites with naturally occurring Solidago verna to see how the
species is doing under current land management practices.  

  MONITORING PROCEDURES

Sites selected should represent the diversity of habitats occupied by the species, as well as the range of
habitat quality (i.e., fire-suppressed to frequently burned) that the species occurs in.  Census counts of
individuals should give rough quantitative data about the relative health of an occurrence.  More
detailed demographic work will involve mapping individual plants within an occurrence.  Monitoring
work should also focus on identifying and surveying sites which contain suitable S. verna habitat.

  MONITORING PROGRAMS

No monitoring program exists rangewide, but ongoing contacts with Fort Bragg and Croatan National
Forest bring botanists to some of the prime available habitat.

Inventory.  A status survey report for Solidago verna in South Carolina was prepared by Horn (1988). 
Fairly thorough statewide inventories of the habitats in North Carolina likely to support Solidago verna
populations have been conducted at Camp Lejeune Marine Corps Base (LeBlond 1992), Cherry Point
Marine Corps Air Station (LeBlond 1992-93), Croatan National Forest (Fussell 1991 in NCNHP 1993),
and Fort Bragg and Camp MacKall military reservations (TNC 1991-93).  An intensive survey on
25,000 acres of the Sandhills Game Land in Richmond and Scotland counties, NC, scheduled for 1994
could possibly identify more occurrences.

  MANAGEMENT PROCEDURES

Based on the current knowledge about the habitat requirements of sites containing Solidago verna, they
should be burned on a three- to five-year, growing-season rotation.  Heavily fire-suppressed sites that
could potentially contain S. verna should first be burned with a cool, winter burn to reduce fuel loads. 
A growing-season burn can then be conducted on the site two to three years later.  A few sites should
perhaps be burned on a seven- to ten-year rotation to see if S. verna is actually better adapted to less
frequently burned habitats, as appears to be the case in the Outer Coastal Plain (LeBlond 1993). 
Monitoring programs should continually evaluate the response of the species to these different regimes. 
The long- and short-term effects of trampling and other forms of disturbance also need to be assessed.

Restoration Procedures.  Field observations on Fort Bragg (TNC 1991-93) and the NC Outer Coastal
Plain (LeBlond 1992) have shown that Solidago verna occurrences can rapidly expand with the
introduction of fire into their habitat.  Artificial clearings, such as roadsides and powerline rights-of-
way which provide conditions similar to those found following fires, have also been found to support
robust occurrences of Solidago verna.  Occurrences in these artificial habitats, however, are always
under the threat of severe ground disturbances from mowing equipment and other vehicles.  Restoration
and recovery activities should be focused on occurrences located in intact pine/wiregrass communities
and/or those located in artificial habitats lying adjacent to intact areas.  Burning in these latter sites may
lead to recruitment from artificial to intact, natural habitats.

  MANAGEMENT PROGRAMS
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Since 1990, all managed areas on Fort Bragg and Camp MacKall have been put on a three-year,
growing-season, prescribed burning schedule.  Prior to 1990, from the mid-1960s to 1989, these areas
were burned on a five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was
no prescribed burning program on either installation, although wildfires were apparently frequent
(Sewell, et al. 1993).

STEWARDSHIP SUMMARY  

Sites containing Solidago verna should be burned during the growing season on a three- to five-year
rotation using landscape-level, ecological burns when possible.  Activities which cause severe ground
disturbances should be identified and mitigated.  Monitoring programs should continually evaluate the
response of S. verna to current and new land management practices.
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Summary of the potential effects of the RCW Management Guidelines on Solidago verna.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Solidago verna

Solidago verna occurs primarily in wetter pine savannas and flatwoods, and in ecotones between
shrub/tree pocosins that line the narrow streams draining upper slope and more xeric longleaf pine-oak
communities.  It appears to depend on periodic fire to maintain its open habitats.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for S. verna.  However, fuel
removal by raking could destroy population clusters of these plants, which should be marked so that
they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for S. verna because it acts to reduce the shrub and midstory woody vegetation
and promotes a well-established herbaceous layer.  Further research is required to assess the effects of
growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction of this
species.  Recent work suggests that pine flatwood and savanna habitats may be successfully managed
with frequent growing season fires (3 to 5 year return).  Late season fires should take into account the
species reproductive phenology to avoid adverse effects.  In areas that have been fire-suppressed for
lengthy periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support S. verna.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support S. verna.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting S. verna should be prohibited unless prescribed burning fails
to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on S. verna habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for S. verna.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on S. verna.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit S. verna.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     37  Text from: Prince, A. 1992. Element Stewardship Abstract. The North Carolina Natural Heritage
Program. Raleigh, North Carolina.
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Species Stewardship Summary37
SPOROBOLUS TERETIFOLIUS

ELEMENT CODE: PMPOA5VOUO
SCIENTIFIC NAME: Sporobolus teretifolius Author
COMMON NAME: Wireleaf Dropseed

STATUS

GLOBAL RANK: G2?
STATE RANK: S1 (AL, NC); S2? (GA); SU (SC)

FEDERAL STATUS: Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: T (NC) 

DESCRIPTION

Description from Weakley (1991) with additions by Hitchcock (1951).  Additional field observations
elaborate on description of leaf features, indicating that the leaves are frequently channeled, the channel
depth less than 1/2 the width of the solid (not hollow) leaf, and that the leaves are not inrolled
(LeBlond, pers. communication 1991).

Long-lived perennial grass.  Inflorescence an open panicle under 3 cm. wide with branches ascending to
spreading, arranged alternately (some possibly rather randomly opposite or subopposite, but never
regularly whorled).  Spikelets purplish (fading tan),  4-6.5 mm. long, 1-flowered, rachilla
disarticulating above glumes; glumes 1-nerved, first glume glabrous, averaging about 2/3 as long as
second glume (though variable, ranging from 1/2 to 3/4); lemma membranaceous, 1-nerved, awnless;
palea usually prominent and as long as lemma or longer; caryopsis free from lemma and palea, falling
readily from spikelet at maturity, pericarp free from seed, usually thin and closely enveloping it, but
readily slipping away when moist.  Base of plant smooth and hard, made up of indurated leaf bases. 
Leaves terete or subterete, sometimes irregularly channeled for portions of its length, less than 1 mm.
wide, the margins generally smooth.

  Diagnostic Characteristics
 
Vegetatively, Sporobolus teretifolius is very similar to Muhlenbergia species and Aristida stricta. 
Unlike the Muhly grasses, Sporobolus species have a knotty cartilaginous root crown and a less airy or
capillary panicle.  S. teretifolius can be easily be separated from Aristida stricta by examining the leaf
blade; A. stricta has a line of pilose hairs running more or less the length of the leaf margin, while S.
teretifolius has a tuft of hairs at the base of its otherwise glabrous blade.  (Weakley 1991)

Sporobolus teretifolius can be distinguished from other taxonomically similar or cooccurring Sporobolus
species by the leaf, glume, and panicle features.  The closely related Sporobolus curtisii, occurring in
savanna habitat to the south of North Carolina, has spikelets which are short-pedicelled and appressed
against the panicle branches (as opposed to long-pedicelled and spreading in S. teretifolius).  Sporobolus
sp. 1, sometimes cooccurring as a dominant species with S. teretifolius in savanna habitat, has leaves
which are flat (folded when dry) with free margins their entire length, 1-2 mm. wide, the margins
scabrous.  In contrast, S. teretifolius' leaves are terete to subterete, sometimes irregularly channeled for
portions of their length, less than 1 mm. wide, with smooth margins.  The first glume averages about
2/3 (1/2 to 3/4) as long as the second glume in S. teretifolius, while the first glume in Sporobolus sp. 1
specimens averages about 3/4 (2/3 to 1) as long as the second glume.  (Weakley 1991)  
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DISTRIBUTION

Historically, occurrences of Sporobolus teretifolius have been documented in savanna habitat in
Brunswick County, North Carolina and in Cook, Coffee, Bulloch, Toombs, Wheeler, and Turner
Counties in Georgia (assumed correctly identified as S. teretifolius).  Historic records for S. teretifolius
in South Carolina are thought to have been misidentified specimens of Sporobolus sp. 1 (NCNHP EO
Records; GANHP EO Records; SCNHP EO Records; Weakley, pers. communication 1991)

Only four known extant occurrences of Sporobolus teretifolius are documented throughout its range. 
Three are located in Brunswick County, North Carolina and one in Thomas County in Georgia, all of
which are privately owned.  (NCNHP EO Records; GANHP EO Records).  The current range
incorporates two apparently disjunct and highly localized population clusters in North Carolina's
southeastern coastal plain and in the southcentral coastal plain of Georgia.  Further inventory may
reveal populations in South Carolina.

HABITAT

In North Carolina, Sporobolus teretifolius occurs in wet flat pine savanna, typically on acidic
Woodington soils or calcareous Grifton soils.  Based on the limited number of occurrences it is
uncertain whether S. teretifolius ever occurs at the edge of adjacent pine flatwoods or in the savanna-
pocosin ecotone.  Descriptions of its habitat from mostly historical records in Georgia are quite
variable; many of these herbaria records were collected in typical savanna or pocosin habitat, while
several were from relatively xeric rock outcrops.  

Due to the smaller number of extant occurrences, the plant community associated with Sporobolus
teretifolius is less well defined.  It probably occurs under an open canopy of Pinus palustris as a
codominant with Aristida stricta and Muhlenbergia expansa.  Frequent associates may include Dionaea
muscipula and Lycopodium species.  

While the savanna habitat where this species occurs was historically kept open by fire, it is uncertain to
what degree Sporobolus teretifolius requires periodic fire to thrive.  It occurs in some savannas where
open habitat is maintained by artificial means.  While this long-lived perennial Sporobolus species only
blooms following a fire, it appears to form extensive colonies vegetatively in the absence of fire. 
(NCNHP EO Records; Weakley, pers. communication 1991).

BIOLOGY-ECOLOGY

Based on the very limited number of field observations in North Carolina, which offer the most detailed
population descriptions for Sporobolus teretifolius, this long-lived perennial species often occurs as a
codominant in extensive vigorous colonies of hundreds to thousands of clumps over areas of many
acres.  These colonies appear to spread vegetatively in the absence of fire, reproducing sexually only
following a burn.  Since it only occurs in three of the fifteen savannas where conditions appear suitable,
it seems likely that some factor--soil type, fire regime, disturbance tolerance, seed set or dispersal, etc.-
-limits its ability to spread to other available wet savanna habitat.

Population data for S. teretifolius in Georgia, is mostly based on old herbaria records which contain
little information on abundance or vigor.

  Phenology and Reproduction
 
Very little is known about this long-lived perennial Sporobolus species' reproductive patterns and
requirements--whether its reproductive success primarily depends on sexual or asexual reproduction,
how seeds are dispersed, how new individuals are established and maintained, and what environmental
and genetic factors may affect reproductive success.

Species occurring in fire-maintained habitat (e.g., Lysimachia asperulifolia) may require periodic
prescribed burning to reproduce sexually and may only persist in a vegetative state in the absence of
fire.  Factors which may restrict sexual reproduction when fire is excluded include limited availability
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of sunlight, nutrients, pollinators, and safe sites for germination.  The nutrient flush following a fire
often results in synchronized flowering and nectar production, attracting pollinators through a massed
flowering display.  Other fire-maintained species will only release seeds or germinate after a fire.

Sporobolus teretifolius has only been observed in bloom after fire, but apparently persists as a
codominant species in the absence of fire, spreading vegetatively.  While the exclusion of fire and
resulting loss of sexual reproduction may not limit the ability of this species to succeed in habitat where
it occurs, it may restrict colonization of new habitat by seed.

To some degree, Sporobolus teretifolius even seems able to compete with shrub invasion, but more
frequently thrives in open habitat (Weakley, pers. communication 1991).

Sporobolus teretifolius flowers and fruits between August and October, but can be identified by
vegetative characteristics when not in bloom (Weakley, pers. communication 1991).

THREATS

1. Suppression of fire will promote rapid shrub invasion, possibly outcompeting slower growing
shrub and herbaceous species for sunlight and nutrients (McIver 1981; LeBlond, pers.
communication 1991).  In the particularly moist pine savanna-pocosin ecotone, fire must occur
minimally every 3 to 5 years to prevent woody species invasion (Weakley, pers. communication
1991).  Prescribed burning not timed to the reproductive cycle of the species could prevent or
reduce its reproductive success (Sutter, pers. communication 1991). 

2. Pinestraw raking poses a triple threat of chemical damage, physical destruction, and fire
exclusion.  Site preparation for harvest includes spraying of potentially harmful herbicides; the
plants can be directly impacted by the tractors pulling harrows to rake the pinestraw; and the
removal of fuel can actually prevent even a low intensity fire from occurring (Weakley, pers.
communication 1991).

3. Excessive trampling by visitors, especially in less stable moist areas like the pine savanna-
pocosin ecotone, or other habitat disturbance resulting from firewood cutting and insectivorous
plant harvest, can impact the rare plant species (McIver 1981).

4. Digging of fire lines to suppress wildfires could physically impact the rare plant species or
cause damage to the topography and hydrologic patterns of the associated wetland (McIver
1981; LeBlond, pers. communication 1991).  The savanna-pocosin ecotone is especially likely
to be targeted by this threat, since fire lines are often located at the boundary between the
Longleaf Pine uplands and the Pond Pine pocosins (Weakley, pers. communication 1991).  This
zone is also perhaps the most vulnerable to fire line disturbance, since it harbors a highly
diverse herbaceous layer within a narrow band on the circumference of the pocosin (Weakley,
pers. communication 1991).

5. Heavy equipment, whether used for fire suppression, in troop activities on military bases, or for
harvesting of woody and herbaceous species, could impact the rare species directly or cause
damage to the hydrology and topography of the associated wetland (McIver 1981; Weakley,
pers. communication 1991; LeBlond, pers. communication 1991).

6. Ditching, damming, filling, or otherwise altering the topography and hydrologic pattern of the
wetland could impact the rare species and its habitat (McIver 1981; LeBlond, pers.
communication 1991).  

7. In artificially maintained open wet savannas, such as roadside rights-of-way, mowing which is
not restricted to the dormant period of the species and its community (December to March) may
interfere with its reproductive cycle.  Road maintenance, such as ditching and scraping, and
road widening could physically impact the rare species and its wetland habitat at roadside sites
(LeBlond, pers. communication 1991).   
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8. Any conversion of the natural savanna habitat and surrounding buffer areas, whether for
development, agriculture, silviculture, roadways, or other purposes, should be avoided. 
Removal of natural vegetative cover can promote the invasion of weedy species and contribute
to degradation of wetlands through siltation and chemical runoff.  (Weakley, pers.
communication 1991)

RECOVERY POTENTIAL

At the limited number of extant sites where it occurs, Sporobolus teretifolius is a codominant species in
the savanna community; once established in undisturbed suitable habitat, its potential for recovery
seems to be great.  The savanna community was historically maintained by fire, so prescribed burn
management is the method of choice for controlling woody plant invasion and creating a mosaic of open
patches for colonization.  In the absence of fire, Sporobolus teretifolius may continue to codominate
through asexual reproduction; however, it probably requires fire to bloom and disperse seed to disjunct
suitable habitat (Weakley, pers. communication 1991).  For populations in any areas that may not burn
well, such as roadside savannas, mowing during the nongrowing season may serve to keep woody
species from encroaching into the rare species' habitat.  Although there is no evidence of decline in
extant populations, seeds should be collected and stored within seed banks maintained by the Center for
Plant Conservation, to be used for reintroduction of the rare species should the need arise (Bucher,
pers. communication 1991).

STEWARDSHIP

  LAND PROTECTION SPECIFICATIONS

Protection areas designed for this species should encompass the rare species and its wetland habitat, any
adjacent wetlands potentially affecting the hydrology of the rare species or providing suitable additional
wetland habitat for the rare species, upland buffers necessary to protect the quantity and quality of
water available in the wetland, and suitable additional upland habitat for the rare species.  The site
protected should be large enough for prescribed burn management, allowing sufficient protected buffer
around the natural area to avoid significant smoke drift to surrounding residents and to impose fire
control measures as needed (Bucher, pers. communication 1991)

  RESEARCH NEEDS

Future studies are needed to assess:  1) which taxonomic and genetic characteristics distinguish
Sporobolus teretifolius from other Sporobolus species, in particular, cooccurring Sporobolus sp. 1 and
closely related S. curtisii, 2) what frequency, intensity, and season of prescribed burn maximize the
reproductive success of this Sporobolus species, with particular attention paid to colonization of disjunct
suitable habitat, 3) what environmental factors other than fire exclusion may contribute to the limited
population distribution of this species (such as seed predation, requirements for seedling establishment,
hydrology, fungal infection, and how prescribed burn factors might affect the spreading of infectious
diseases in this species).  Electrophoretic studies would be useful to clearly establish the genetic
differences between Sporobolus teretifolius, cooccurring Sporobolus sp. 1, and taxonomically similar S.
curtisii (Hamrick, pers. communication 1991), but only after a thorough morphological and ecological
basis for the species is found (Sutter, pers. communication 1991).

  RESEARCH PROGRAMS

No research programs pertaining to the management or biology of Sporobolus teretifolius have been
initiated.  All extant sites are located on privately owned property; some have been informally observed
to see how the rare species responds following fire management (Weakley, pers. communication,
1991).

  MONITORING NEEDS

Monitoring of any rare species should be designed to address the following questions:  
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1. Is this species in decline and therefore in need of active management, including the  removal of
a threat? 

2. What type of active management appears to benefit the species?

3. If active management is implemented experimentally, how successful is it?  (Sutter, pers.
communication, 1991)

Due to the very limited number of occurrences of Sporobolus teretifolius, all sites where it occurs
should be monitored.  Of the three sites where it is known to occur in North Carolina, one is burned
every three years as part of a private timber company's management program, another has been
recently logged and subjected to heavy machinery impact, and fire has been excluded from the third for
fifteen years.  Prescribed burn management and elimination of heavy machinery use is optimal for all
three sites.  Monitoring following management changes is essential to ensure that populations make a
comeback.

Beyond casual counts of clumps observed, little has been done to accurately inventory and map the four
extant populations of Sporobolus teretifolius occurring on privately owned property in Brunswick
County, North Carolina and in Thomas County, Georgia.  Surveys of similar savanna habitat have not
yet yielded any new population locations; it is quite possible that populations were misidentified due to
taxonomic confusion or overlooked when the plant was in a vegetative state.  The identity of all extant
Sporobolus teretifolius populations has been recently verified.  The newly clarified taxonomic
distinctions between Sporobolus teretifolius and Sporobolus sp. 1 should facilitate identification in the
future.  

Thorough inventory and mapping of all known extant sites for Sporobolus teretifolius should be
completed.  Detailed mapping of limited areas may help to identify the distribution pattern of S.
teretifolius and Sporobolus sp. 1 when they cooccur, facilitating future inventory efforts.  Sites with
extant populations of Sporobolus sp. 1 should be inventoried to determine whether Sporobolus
teretifolius was overlooked there.  Similar wet savanna habitat where neither species is known to occur
should be searched.  Efforts should be made to relocate historic populations.

  MONITORING PROGRAMS

Sporobolus teretifolius does not occur in any savannas where monitoring plots have been established. 
All of the four extant sites where it occurs are on privately owned and managed property.

  MONITORING PROCEDURES

The monitoring procedure chosen for a species must meet the goals of the project, answer questions of
direct conservation value (the effect of management, insights into management needs, natural changes
in a population), and accurately detect the changes in the population.  Specifically a chosen monitoring
procedure needs to have an acceptable level of accuracy, be repeatable over years among personnel, be
long-term enough to capture the important natural processes or responses to management, and meet the
logistical needs of the agency.  For most species, the primary goal will be to detect changes in
population numbers and/or areal extent.  A number of species will require more intensive data
collection, including data on vegetative (height, leaf length, cover) and reproductive vigor (number of
flowers, number of fruits, number of seeds), to pick up more sensitive population changes.

For Sporobolus teretifolius actual and potential population boundaries should be determined.  The actual
boundaries would be delineated by the current distribution of plants of this species.  The potential
boundaries would be the continuous longleaf pine savanna containing potential habitat.  The widely
dispersed populations of this species requires an extensive sampling method, perhaps line transects that
measure clumps that it intersects for an estimation of population numbers, nested plots of different sizes
(with the largest size on the order of 10 x 10 meters) to estimate frequency, or large plots in which
cover is estimated.  The sampling units of all these methods should be randomly dispersed if the goal is
to estimate changes over the total population or site.  Transects would be the easiest to relocate.  Cover
estimates would be more sensitive to changes in vigor but inherently have a high level of investigator
variability.  For this species it may be important to integrate sampling in with the monitoring of the
community.
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(Sutter 1992)

  MANAGEMENT NEEDS

Adapted to a habitat which has historically been maintained by naturally occurring fires, Sporobolus
teretifolius appears to benefit from frequent prescribed burning (every 1-3 years) to reduce competition
from other woody species and graminoid species, such as Schizachyrium scoparium and possibly to
promote reproductive success through fire-induced flowering and increased availability of sunlight and
nutrients.  The intensity, season, and frequency of prescribed burning necessary to optimize this
species' reproductive success has yet to be established.  Low intensity prescribed burning of savannas,
including those where Sporobolus teretifolius is located, would naturally occur annually during the
growing season after lightning strikes.  Prescribed fire should be started on the drier upland savannas
and, using the pocosin as a natural fire break, increasing in intensity as it encompasses the savanna-
pocosin ecotone with its large fuel load (Bucher, pers. communication 1991).   

  MANAGEMENT PROGRAMS

No management programs are as yet in effect to specifically maintain the extant Sporobolus teretifolius
populations in the privately owned savanna habitat where they occur.  A timber company possessing
one of the sites burns the savanna on a 3-year rotation basis during the winter as part of its timber
management program.  One of the two remaining savannas in North Carolina where this species occurs
has been recently logged and impacted by heavy machinery, and fire has been excluded from the other
site for fifteen years.  No management information was available for the extant population in Georgia.

  MANAGEMENT PROCEDURES

When naturally occurring fires must be controlled, the lowest impact method should be used to control
the fire's spread.  Any activity which might physically impact the rare species' savanna habitat, such as
pinestraw raking, timber harvest, use of heavy equipment, construction of fire breaks, or harvest of
other cooccurring plant species should be avoided.  

Ditching, draining, filling, damming, herbicide spraying, or other activities potentially altering the
quality or quantity of water available in the wetland community should not be permitted.  Any activity
which might increase erosion and siltation in the pocosin, savanna-pocosin ecotone, or adjacent
wetlands, including timber harvest, pinestraw raking, etc. on adjacent uplands, should be avoided.

Any conversion for development, agriculture, silviculture, roadways, or other purposes should be
avoided within the protected natural habitat or in surrounding buffer areas to minimize invasion of
weedy species and surface runoff of chemicals or silt into associated wetlands.  Any trail or boardwalk
construction should be planned to minimize hydrologic or physical damage to the savanna-pocosin
ecotone or adjacent wetlands (Smith and Peacock 1978; Weakley 1991; LeBlond 1991).

In artificially maintained habitat, such as borrow scrapes or roadside ditches, the habitat should not be
physically disturbed by efforts to reconstruct ditches or scrapes.  Mowing to maintain roadsides or other
artificial habitats where Sporobolus teretifolius occurs should occur during the dormant period of the
rare species and its community, preferably between December and March (LeBlond 1991).

STEWARDSHIP SUMMARY

Prescribed burning during the growing season, protection of savanna habitat, and monitoring of extant
populations are essential components ensuring this species' survival at the sites where it occurs. 
Detailed descriptions of recommended monitoring and management procedures are provided elsewhere
in the text.  Future monitoring efforts may contribute to a more complete understanding of this species'
habitat requirements and management needs.
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Summary of the potential effects of the RCW Management Guidelines on Sporobolus teretifolius.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X       

         Growing season fire X

      Fire management X    

         Berm construction X       

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Sporobolus teretifolius

Sporobolus teretifolius occurs primarily in moist to wet pine flatwoods and savannas.  It appears to
depend on periodic fire to maintain its open habitat and on particular hydrologic conditions.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for S. teretifolius.  However,
fuel removal by raking could destroy population clusters of these plants, which should be marked so
that they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for S. teretifolius because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction
of this species.  Recent work suggests that pine flatwood and savanna habitats may be successfully
managed with frequent growing season fires (3 to 5 year return).  Late season fires should take into
account the species reproductive phenology to avoid adverse effects.  In areas that have been fire-
suppressed for lengthy periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected wetlands.  Use of natural features would
also promote burning of ecotonal situations which support S. teretifolius.  Use of heavy equipment to
construct berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation,
soil stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between
xeric uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope
areas, as well as natural discharge into downslope areas, must be preserved in seeps to maintain
hydrologic conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support S. teretifolius.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting S. teretifolius should be prohibited unless prescribed burning
fails to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on S. teretifolius habitats by maintaining the integrity of herbaceous layers and of local
hydrologic conditions which keep flatwoods seasonally wet.  Use of native vegetation should be used
wherever possible and non-native species should be avoided.  Mechanical means of erosion control
should maintain the natural contours of the surrounding topography and insure the integrity of natural
hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for S. teretifolius.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
Forestry operations should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on S. teretifolius.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit S. teretifolius.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     38 Text from:  Sorrie, B.A. 1993. Element stewardship abstract: Stylisma pickeringii var. pickeringii. In. Rare
and endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall.  The North
Carolina Nature Conservancy / North Carolina Natural Heritage Program.  Carrboro / Raleigh, North Carolina.
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 Species Stewardship Summary38
STYLISMA PICKERINGII VAR. PICKERINGII

ELEMENT CODE: PDCON0H052
SCIENTIFIC NAME: Stylisma pickeringii (M.A. Curtis) Gray var. pickeringii
RECENT SYNONYM: Bonamia pickeringii (Torrey) Gray
COMMON NAME: Pickering's Dawnflower

STATUS

GLOBAL RANK:  G4?T2
STATE RANK:  S1 (AL, NJ, SC), S1S2 (GA), S2 (NC)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.
STATE STATUS: E (NC, NJ); T (GA); sc (SC) 

DESCRIPTION

Description was adapted from Myint (1966).

A member of the Morning-glory Family, Stylisma pickeringii is a low, essentially prostrate plant with
vine-like, wiry branches that spread across the ground.  Leaves are spaced along the stem, linear, and
usually oriented vertically.  Plants vary from nearly smooth to densely hairy.  Flowers are produced
atop slender stalks from leaf axils, each flower cluster having a few linear bracts at the base.  Flowers
are white, funnel-shaped, and bloom late May to early August (October).  Fruit is a small capsule
appearing from June to late October.  Plants darken or blacken in late fall.  Some stems may persist
through winter, but nearly all die back to the ground.

  Technical Description

Description was adapted from Myint (1966).  

Perennial, herbaceous, prostrate or weakly twining vine arising from root crown.  Each plant comprised
of one to many outwardly radiating stems, each stem varying from arched to fully in contact with the
ground.  Roots thin, deeply penetrating.  Stems weak, thinly to densely villous with forked, appressed
hairs, spreading 1-2 m across the substrate.  Leaves sessile or subsessile, linear, 2.5-7 cm long, 1-3
mm wide (to 6 mm on older stems), acute or obtuse distally, acute or attenuate basally, surface slightly
to moderately pubescent, veins obscure except midvein.

Inflorescence a compact cyme of 1-5 flowers atop long peduncles (as long as leaves); bracteoles
produced at base of cyme, leaflike, 1.5-2.5 cm long; central flower sessile or pedicellate, lateral
pedicels 0.4-2.0 cm long.  Sepals free, ovate or lance-ovate, 4-6 mm long, 3-5 mm wide, apices obtuse
or acute, pubescent on abaxial side; petals white, 1.2-1.8 cm long, margins subentire to very shallowly
lobed; stamens partially exserted, filaments usually glabrous; ovary densely villous, styles fused nearly
to base of stigmas, stylar branches 2-3 mm long, equal or slightly unequal, stylopodia up to 3-4 mm,
densely villous.  Fruits bicarpellate, bilocular, usually 1-2 seeded.

  Diagnostic Characteristics   

Stylisma pickeringii var. pickeringii can be confused with S. p. var. pattersonii and with S. patens ssp.
angustifolia (Kelly and Weakley 1992).  To distinguish them, the following characters can be used:  S.
pickeringii var. pickeringii has style branches mostly 2-3 mm long and subequal and mostly obtuse
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sepals, while S. p. var. pattersonii has style branches 1-1.5 mm long and unequal and mostly acute
sepals (Myint 1966).  It should be noted that the distribution of the two varieties of S. pickeringii do not
currently overlap; var. pattersonii occurs mainly in the midwestern United States from western
Mississippi to eastern Texas, Kansas, southeastern Iowa, and western Illinois while var. pickeringii is
restricted to New Jersey, North Carolina, South Carolina, Georgia, and Alabama (Myint 1966).

On the other hand, S. patens ssp. angustifolia shares much of the range of S. pickeringii var. p. and
may even occur syntopically.  S. patens ssp. angustifolia differs by having its styles free to near the
bases of the stigmas, bracteoles of flowers less than 1 cm long, and stylopodia 1-2 mm long, while S.
pickeringii var. p. has styles fused nearly to the bases of the stigmas, bracteoles longer than 1 cm, and
stylopodia to 3-4 mm long (Myint 1966).  Additionally, the leaves of S. patens ssp. angustifolia spread
laterally and are not erect.

The best time to locate Stylisma pickeringii is during its growing season.  Leaves first appear in May
followed by the many white flowers in June through August.  Fruits may begin forming as early as July
continuing through September.

DISTRIBUTION

Pickering's dawnflower has been reported from 19 counties in New Jersey, North Carolina, South
Carolina, Georgia, and Alabama, although in recent searches, it has not been relocated in four of these
counties (Kelly and Weakley 1992).  A report from Mississippi is now believed to have been
misidentified Stylisma pickeringii var. pattersonii, which is extant in that state (Kelly and Weakley
1992).

Current ownership.  Most Stylisma pickeringii occurrences are on public lands.  Of the 11 extant New
Jersey occurrences, six are on Wharton State Forest and one is on Lebanon State Forest (Kelly and
Weakley 1992).  All extant North Carolina occurrences are within the Sandhills region, with 14 (some
extremely large and spread over 5-16 sites) on Fort Bragg (U.S. Army), two (five sites) on Camp
MacKall (U.S. Army), and four on Sandhills Game Land (NC Wildlife Resources Commission); the
remaining nine are on private land (NCNHP 1993).  Five of the six extant Georgia occurrences are on
Fort Gordon Military Reservation (U.S. Army) (Kelly and Weakley 1992).  The Alabama population is
owned by Union Camp and managed by the Alabama Division of Game and Fish (Kelly and Weakley
1992).  All the South Carolina occurrences appear to be on private land (SCHT 1992).

HABITAT

Pickering's dawnflower inhabits dry to xeric, nutrient-poor, well-drained, coarse sandy soils with little
competing vegetation or litter (Kelly and Weakley 1992).  Tree cover is sparse to non-existent,
composed of pines and scrubby oaks, although a few occurrences on Fort Bragg are in moderately
dense pine/oak woodland areas.  Most plants have been found on aeolian sand deposits, including
Lakeland sands in North Carolina, Lakewood/Lakehurst sands in New Jersey, as well as sandy river
terraces along the Little Pee Dee River in South Carolina and the Little River in North Carolina (Kelly
and Weakley 1992).

Stylisma pickeringii occurs on the Coastal Plain in the New Jersey Pine Barrens ecoregion, in areas
which experience frequent burning or mechanical disturbance.  Dominant woody vegetation is Pinus
rigida (pitch pine) and Quercus ilicifolia (scrub or bear oak), but much bare sand occurs between boles. 
From North Carolina to Alabama, it occurs primarily in the Sandhills region, with a few occurrences
on stable sand ridges of the Outer Coastal Plain.  Both regions historically experienced naturally high
fire frequencies.

In South Carolina, most occurrences are on sandy roadsides in Lakeland (Typic Quartzipsamments) and
Vaucluse (Typic Hapludults) soils, growing with similar associates as sites in NC (SCHT 1992).  One
site supports a very large occurrence of Chrysoma pauciflosculosa; at least two support Ceratiola
ericoides.
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On Fort Bragg and the nearby Sandhills Game Land, Stylisma pickeringii is more often found where the
natural community has largely been removed, e.g., xeric, essentially bare sandy roadsides, large,
sparsely vegetated (grasses, lichens, herbs, scattered low shrubs) parachute drop zones, tank training
sites, and other similar areas cleared for training exercises.  In these cases mechanical disturbance is
thought to provide habitat by reducing competition and possibly scarifying seeds or in some way
facilitating germination.  These drop zones occupy the highest ridges and knolls on Fort Bragg.  It is
assumed that Stylisma was here originally and has recolonized significant portions of these clearings. 
At all sites, plants grow most vigorously in semi-stable sand, apparently an important feature of the
species' autecology.  Associates in these clearings include a mix of natural and weedy (although mostly
native) species, such as Quercus laevis, Q. marilandica, Pinus palustris, Diospyros virginiana, Rhus
copallinum, Rubus sp., Gaylussacia dumosa, Aristida stricta, Aristida tuberculosa, Eragrostis spp.,
Phytolacca americana, Lespedeza spp., and Aureolaria pectinata.  Soils usually are of the Candor
(Arenic Paleudults) or Lakeland (Typic Quartzipsamments) series (Hudson 1984, NCNHP 1993).

The natural plant community which occurs in undisturbed xeric areas in the NC Sandhills is classified
as Xeric Sandhill Scrub (Schafale and Weakley 1990).  This community is dominated by a usually
sparse canopy of Pinus palustris (longleaf pine) over a moderately dense to dense Quercus laevis
(turkey oak) understory.  Ground layer species that occur with the sparse to moderately sparse Aristida
stricta (wiregrass) layer include lichens, Gaylussacia dumosa var. dumosa, Pityopsis aspera var.
adenolepis, Lupinus diffusus, Epigaea repens, Schizachyrium scoparium, Agalinis setacea, Aureolaria
pectinata, Cirsium repandum, Minuartia caroliniana, and Selaginella arenicola (Weakley 1991, TNC
1991-93).  Stylisma has also been found in association with other rare Sandhills species, including
Astragalus michauxii, Orbexilum lupinellum, Phaseolus sinuatus, Polygala grandiflora, and
Pyxidanthera barbulata var. brevifolia (TNC 1991-93).

Stylisma pickeringii also occurs in slightly different but still xeric habitat along exposed dry bluffs and
on xeric terraces of the Little River in NC and the Little Pee Dee River in SC.  Most of these terrace
occurrences are found where a disturbance (such as sand and gravel extraction) has created a more-or-
less open canopy over a semi-stable substrate.  These sites are characterized by a sparse pine canopy
(Pinus palustris and/or P. taeda), few or no shrubs, and a sparse covering of wiregrass and other herbs. 
Other rare taxa that occur at these sites include Amorpha georgiana var. georgiana, Nestronia
umbellula, and Warea cuneifolia (TNC 1991-93).

Soils at NC riverside sites are variable and include the following series:  Blaney (Arenic Hapludults),
Chewacla (Fluvaquentic Dystrochrepts), Kalmia (Typic Hapludults), Lakeland (Typic
Quartzipsamments), Pactolus (Aquic Quartzipsamments), and Tarboro (Typic Udipsamments) (Hudson
1984, NCNHP 1993); most show signs of excavation or other disturbance.  One current population
along the Little Pee Dee River in SC, which occurs as "numerous clumps scattered on a dry fluvial
sandridge island ... in near pristine condition" (SCHT 1992), and another on an undisturbed terrace on
private property along the Little River in NC just north of Fort Bragg (NCNHP 1993), may represent
two of the few truly natural sites for the species.

BIOLOGY-ECOLOGY

Little is known about the general ecology of Stylisma pickeringii and, in particular, what role fire and
soil disturbance play in the reproductive cycle of the species.  It appears from field observations that
Stylisma pickeringii is a primary successional species that cannot invade and colonize new areas without
the aid of some type of mechanical or fire disturbance.  It is likely that these disturbances, which help
to remove leaf litter and competing vegetation, are crucial for successful seed germination and seedling
establishment of the dawnflower.

The optimal fire intensity, frequency and timing for establishment and spread of Stylisma pickeringii is
not known.  Biologists in NJ have seen the dawnflower actively colonize fire-maintained openings
(Snyder 1991), as well as plants destroyed by prescribed burns (Kelly and Weakley 1992).  Although
there are several healthy occurrences of the dawnflower on Fort Bragg found in intact longleaf
pine/wiregrass habitat prescribed burned every three to five years, the majority of occurrences are
restricted to highly disturbed, barren roadsides and drop zones where plants in general do not appear to
be able to advance into adjacent, intact habitats.  It is possible that the winter burns conducted in these
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areas (for many years the common period in the NC Sandhills for conducting fuel-reduction burns)
somehow minimized the dawnflower's ability to colonize the habitat.

The natural fire period for dawnflower habitat in both the longleaf pine ecosystem and the New Jersey
Pine Barrens ecoregion was most likely in the spring to late summer months (Christensen 1981). 
Spread of the dawnflower may be greatest immediately following a spring or summer burn, when
vigorous new shoots can invade, flower, and set seed in recently fire-cleared land.  Seeds probably have
the greatest chances of survival in this situation, where competing vegetation and litter has been
removed.  It will be interesting to see if the recent shift by Sandhills Game Land and Fort Bragg land
managers to spring and summer season burning will enhance the spread of dawnflower into longleaf
pine/wiregrass habitat.

There are no known historical disturbances in the upland areas of the NC Sandhills which created semi-
stable conditions similar to those currently found along roadsides and drop zones, sites where the
dawnflower grows most abundantly.  It is assumed that all the disturbed sites where the dawnflower
now flourishes are of recent, anthropogenic origin, and that dawnflower has migrated there from nearby
river terraces.  Propagules may have been transported via human activities such as vehicle and troop
movement.  Some NC biologists have speculated that the dawnflower is just a relictual dune species,
which may have been more common in the Sandhills region during periods when the area was being
more actively shaped by aeolian deposits.  There is little geologic evidence, however, of dune-like
topography and dune-like vegetation in the Sandhills region.  There is also no evidence throughout the
range of Stylisma pickeringii of plants occurring along outer coastal dunes.

Plants occurring along xeric river terraces may depend upon scouring during flood periods, as well as
fire disturbance to maintain their open habitat.  For several of the Little River terrace occurrences in
NC, this type of disturbance was perhaps more frequent historically.  The current stream channel,
which is now deeply entrenched, rarely floods its banks.  Flooding may also have been important
historically for seed dispersal of the species.

Stylisma pickeringii occurrences usually consist of scattered clumps of individuals over small to very
large areas, such as drop zone and roadside occurrences on Fort Bragg and the nearby Sandhills Game
Land.  The clumping habit of the plant is likely due to the short seed dispersal distance, with each
clump probably consisting of several individual plants.  It has a "deep-penetrating" root system (Myint
1966) which is likely an adaptation xeric conditions and fire tolerance.  It is not known how long an
individual root and root crown survives.

  Phenology and Reproduction

In the NC Sandhills, new stems and leaves first appear in May followed by the many white flowers in
June through August.  Fruits may begin forming as early as July.  Capsules generally mature in August
and September, and by mid to late October, most capsules have senesced and have fallen to the ground
immediately below the plant.  Seedlings have been observed in July and September on Fort Bragg
(TNC 1991-93).  Leaves begin to yellow by the end of September, and the plant has all but
disappeared, having dropped all its leaves, by November.  Senescent stems may persist through the
winter as they gradually disintegrate.

Each plant can produce hundreds of flowers and capsules.  Although no accurate counts have been
made, it appears that a significant percentage of dawnflower seeds germinate soon after falling (with
capsule) from the plant (TNC 1991-93).  Seedlings arising from current-year capsules, and seeds have
been seen in a number of sites in the NC Sandhills (TNC 1991-93).  It is not clear how many of these
seedlings survive.  It is also not clear how important seed dormancy and seed bank recruitment are to
the population dynamics of Stylisma pickeringii.  Mihlbachler (1991) has reported finding recruitment in
September in an area cleared a few months earlier.  Recruitment in this situation probably came from
seed produced in a previous year.

Rob Gardner, plant propagator at the North Carolina Botanical Garden in Chapel Hill, NC, has had
limited success with germinating dawnflower seeds.

THREATS
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The factors affecting the continued existence of the species as identified in the Status Survey (Kelly and
Weakley 1992) are as follows:

1. The present or threatened destruction, modification, or curtailment of its habitat or range,
mostly through commercial and residential development, paved road and foodplot construction,
trampling by ORVs and military vehicles, trash dumping, and fire suppression.

2. The inadequacy of existing regulatory mechanisms.  Only North Carolina and Georgia have
laws protecting Stylisma from taking.  Only North Carolina provides for management, and only
New Jersey protects its habitat.

After habitat destruction, disruption of the natural fire regime is probably the greatest threat to Stylisma
pickeringii occurring in intact, upland habitats.  Historically, frequent fires probably maintained large
areas suitable for the dawnflower; removal of this disturbance from the landscape over the past century,
as well as altering its timing, frequency, and intensity have probably reduced large numbers of plants. 
Occurrences along the Pee Dee River and Little River terraces may also be threatened by natural or
human-related alterations in the flood cycles of these waterways.

Although roadside and parachute drop zone occurrences appear to be thriving in the presence of some
level of ground disturbance, they are always under the constant threat of catastrophic disturbance. 
Roadbed widening or heavy equipment activity on the drop zones, for example, may dramatically
reduce the number of individuals in an occurrence.  These reductions, if they come at a crucial stage in
the species' reproductive cycle (i.e., during flower or fruit production), could have severe long-term
effects on the population.  Although it appears that the dawnflower can rebound from large
disturbances, it is not clear how much seed bank and genetic diversity is lost from each disturbance.

RECOVERY POTENTIAL

Three factors determining this taxon's potential for recovery have been identified:  (1) protecting its
geographic range; (2) protecting the viability of remaining plants; and (3) protecting and managing
remaining habitat (Kelly and Weakley 1992).

Based on numerous examples of its favorable response to soil disturbance, it appears that once
established, roadside and drop zone Stylisma pickeringii occurrences are easy to maintain, so long as
severe soil disturbance is avoided at these sites.  It is difficult, however, to assess the recovery potential
for the species for intact, suitable habitat since so little is known about the species' reproductive biology
and dispersal capabilities (Kelly 1992).  Under the correct fire regime, it appears likely that the
dawnflower will be able to colonize new areas.  Research will hopefully determine the fire frequency
and burning period required for optimal Stylisma pickeringii seed production, seed germination, and
seedling success.  If possible, genetic analysis of the different dawnflower populations should also be
made.  Identifying sites that contain rare genotypes may be important in prioritizing the protection of a
particular site.

A potential problem regarding recovery of the species is the now large distances between populations. 
Is cross-pollination important?  Are populations genetically impoverished?  These questions need
answering before extensive management decisions can be made.

STEWARDSHIP

  RESEARCH NEEDS

A top priority research need is to determine Stylisma's habitat requirements, including the importance
of fire (seasonal timing, intensity, and frequency) and disturbance (mechanical) on plant health and
reproduction.  There is also a need to determine under what conditions Stylisma pickeringii germinates,
especially in natural and semi-natural plant communities and to answer specific questions regarding
pollination ecology, genetic impoverishment, and genetic and ecological distinctiveness among
populations throughout its range.  Other studies should focus on what environmental factors other than



538

fire exclusion may contribute to the limited distribution of the species (such as seed predation and
fungal infection) (Prince 1992).

Stylisma pickeringii's ability to colonize xeric disturbed areas such as the Fort Bragg drop zones and
sandy roadsides makes it perhaps a valuable soil stabilization species.  Researchers with the Soil
Conservation Service may be interested in experimenting with this species, especially for the numerous
erosion control projects on Fort Bragg.

Workers at the NJ Natural Heritage Program have reported that prescribed burning has destroyed
populations in their state (Kelly and Weakley 1992).  Research on timing and importance of fire to this
species' ecology is needed.

  RESEARCH PROGRAMS

Propagators at the North Carolina Botanical Garden in Chapel Hill, NC, are studying germination
requirements for the species in both greenhouse and in situ test areas.  No other research activities are
known for the species.

  MONITORING NEEDS

The biological monitoring program for the species should be designed to identify if occurrence sizes are
increasing or declining in response to the current land management techniques on examples on all three
types of dawnflower habitat (disturbed roadsides and drop zones, intact woodlands, and river terraces). 
A monitoring program should also identify the different responses of Stylisma pickeringii to winter and
growing-season burns.  The study should be able to assess what effects these different season burns
have on the different life stages (seed, seedling, adult) of Stylisma pickeringii.

Inventory needs.  Additional comprehensive surveys of likely habitats within the range of the species
are still needed.  The first step would be to develop an effective search image that includes soil type,
associated species, and disturbance regime.

  MONITORING PROCEDURES

The monitoring project should begin by selecting and mapping the boundaries of several occurrences of
Stylisma pickeringii within each of the three different types of habitat represented by more than one
occurrence.  Each selected occurrence should ideally be surrounded by suitable Stylisma habitat so that
future spread of the plants can be observed and recorded.  Occurrences should also be divided into
several smaller units by firebreaks, roads, etc., so that experimental and control burns can be conducted
within each occurrence.  Data collected at each site should include plant densities and/or numbers, seed
production, and estimates of seedling recruitment.  To monitor the response of plants to winter versus
summer burns, at least three isolated plots within each occurrence should be identified, two for the
seasonal burns and one left as a control.  Demographic data should be recorded for each of the plots.

  MONITORING PROGRAMS

No monitoring program specifically targeting Stylisma pickeringii has yet been initiated.  In 1991,
extensive surveys were conducted in NJ, NC, SC, GA, AL, and MS, and 48 occurrences were located,
totaling some 40,000 individual plants (Kelly and Weakley 1992).  Workers in each state also reported
areas with possible suitable habitat that was not surveyed but thought it unlikely that additional
occurrences would be located (Kelly and Weakley 1992).  Intensive surveys for Stylisma pickeringii
and other rare plant taxa from 1990 to 1993 have identified 53 sites on Fort Bragg Military Reservation
and five sites on Camp MacKall Military Reservation (TNC 1991-93).  An intensive survey on 25,000
acres of the Sandhills Game Land in Richmond and Scotland counties, NC, scheduled for 1994 will
most likely identify more plant sites.

  MANAGEMENT PROCEDURES

Current land management practices around the roadside and drop zone occurrences do not appear to
have harmed Stylisma pickeringii.  However, all areas should be protected from severe soil disturbance,
such as scraping, disking, pinestraw raking, or heavy trampling.  Based on the current knowledge about
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Stylisma pickeringii, prescribed burns in dawnflower habitat should, if possible, be scheduled for
summer months and should be on a rather frequent (three- to five-year) burning regime.

If Stylisma pickeringii occurs in a fire-suppressed site that is scheduled to be burned for the first time in
many years, care must be taken during the burn to maintain low fire temperatures in and around the
dawnflower occurrence.  This may require removing some of the fuels in the areas surrounding and
including Stylisma.

  MANAGEMENT PROGRAMS

Most of the Stylisma pickeringii sites in the NC Sandhills region occur along roads and/or firebreaks in
the Sandhills Game Land and on Fort Bragg.  The majority of firebreaks and roads on Fort Bragg were
created between 1969 and 1979; those on the Sandhills Game Land were created in the 1940s and
1950s.  The roadways on these properties are graded once or twice a year by state and military
personnel, respectively.  Sands scraped up off of the roadbed are pushed onto the road shoulder,
presumably burying some Stylisma pickeringii plants, although this has not been documented.  This type
of road maintenance has existed for many years; this plowing, coupled with roadbed erosion, has
formed one- to three-meter high banks along some roads in the Sandhills.

From the mid-1960s to 1989, the Fort Bragg Natural Resources Branch conducted fuel-reduction burns
in winter on a five-year rotation across Fort Bragg and Camp MacKall (Sewell, et al., 1993).  In 1990,
as a result of the Fort Bragg Biological Opinion by the U.S. Fish and Wildlife Service, the regime was
changed to ecological, growing-season burns on a three-year rotation.  Prior to the 1960s, there was no
prescribed burning program on either installation, although wildfires were apparently frequent (Sewell,
et al., 1993).  Fire management history on the Sandhills Game Land is more or less the same; after
years of fuel-reduction, winter-season burns, Game Land foresters are now burning larger areas during
the growing-season months.

STEWARDSHIP SUMMARY  

Research and monitoring studies should immediately begin to identify this species' reproductive
biology, including fire-dependent/tolerant and fire-intolerant stages in the reproductive cycle of this
species, as well as the importance of disturbance (mechanical and fire) to plant dynamics.  Management
plans will follow from the results of these studies.
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Summary of the potential effects of the RCW Management Guidelines on Stylisma pickeringii var.
pickeringii.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X    

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Stylisma pickeringii var. pickeringii 

This species primarily occurs in sandy, dry, longleaf pine and longleaf pine-oak communities.  It
appears to thrive in fire maintained ecosystems with an open canopy and minimal shrub layer.   

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  The activities to restore an open
midstory would positively affect habitat quality for S. pickeringii, but fuel removal by raking could
destroy these small herbaceous plants.  Individuals should be marked so that they can be avoided if
raking becomes necessary. 

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of S. pickeringii habitat because it acts to reduce the shrub and midstory woody vegetation and
promotes a well-established herbaceous layer.  Spring or early summer burns are preferred because they
mimic the seasonality of natural fires.  At sites with heavy litter accumulation due to lack of fire, the
first burn can be a winter fire.  Three to five year burns have been suggested for the dryer pine forests
in which S. pickeringii occurs.    

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes.  Use of heavy equipment to construct berms or fire lanes should be avoided as
they would destroy ground layer vegetation, compact the soil, and impact hydrology. 

Hardwood Control and Pine Thinning:  Although prescribed fire is the preferred method of midstory
control, hardwood and pine thinning could benefit S. pickeringii if it restores or maintains an open stand
of mature pine-oak forest.  But, the limits on hardwood stocking and cover are too low to maintain a
mature, natural pine-oak forest and would most likely negatively impact S. pickeringii.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on S. pickeringii by maintaining the integrity of herbaceous layers.  Use of native
vegetation should be used wherever possible as non-native species could out-compete herbaceous
species such as S. pickeringii.  Mechanical means of erosion control should maintain the natural
contours of the surrounding topography and insure the integrity of natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for S. pickeringii.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible, and mechanical methods such as discing or chopping should be
avoided .

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have negative impacts on S.
pickeringii populations occurring in fire maintained habitats.  

Timber harvest which shifts forest stands toward longer rotations and replaces off-site pines with
longleaf pine may provide beneficial habitat for colonization by S. pickeringii, but the heavy machinery
traditionally used for timber extraction could destroy individual populations of this species.  As with
mechanical clearing of midstory and understory, populations of S. pickeringii should be identified
before timber harvest so that damage to individual plants can be avoided.  Use of low impact forest
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management practices and those which maintain natural fire, hydrologic, and nutrient dynamics will
minimize adverse impacts to S. pickeringii.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit S. pickeringii.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as it is highly deleterious
to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it
should be prohibited from within 25 ft of S. pickeringii populations.
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Species Stewardship Summary
THALICTRUM COOLEYI

ELEMENT CODE: PDRAN0M040
SCIENTIFIC NAME: Thalictrum cooleyi (Ahles)
COMMON NAME: Cooley's Meadowrue

STATUS

GLOBAL RANK: G1
STATE RANK: 

FEDERAL STATUS: Listed as an Endangered Species by the USFWS.
STATE PROTECTION STATUS:

DESCRIPTION

  General Description

A dioecious perennial herb which grows from an underground rhizome.  Its stems are usually 1 meter
in height, but sometimes grow as high as 2 meters on recently burned sites.  Under ideal conditions, in
full sun, these stems are erect; in shade they are lax and may trail along the ground or lean on other
plants.  The leaves are divided into small leaflets which are green above pale below.  The leaflets are
lance-shaped, and less than 2 centimeters long.  Both basal and stem leaves are present on the plant,
and the male to female ratio is 3 to 1.  The sepals on the male plants are pale yellow to white, long, and
early deciduous; those of the female flowers are greenish.  The flowers have no petals; there are
numerous stamens with pale lavender filaments; the pistil is compound. Female plants have ellipsoidal
achenes.  (Compiled from: NCNHP 1990, Cooper et al. 1977.)

  Technical Description 

Plant with a short, erect caudex.  Stems sometimes slender and weak below, tending to be held erect by
surrounding vegetation, sometimes more robust and stiffly erect, 4-8 dm tall.  Lower leaves and stem
leaves petiolate, the uppermost usually sessile.  Leaflets varying, linear, lanceolate, elliptic, or oblong-
lanceolate, all except the latter usually entire and 4 or more times as long as wide, the oblong-
oblanceolate ones 1-3 toothed-lobed distally and 2-3 times as long as wide; upper surfaces green and
glabrous, the lower pale, glaucous, margins revolute.  Flowers dioecious.  Sepals ovate, oblong, or
obovate, 1.5-2 time as long as wide.  Filaments slender below, tending to become curled, somewhat
dilated distally, longer than the anthers; anthers linear-elliptic, or oblong when not fully developed, 1-2
mm long.  Achenes sessile, ellipsoid, ridged and furrowed, the ridges sinuous, sometimes branching,
the hooked, persistent style base about 2 mm long, body 4-6mm long.  (from Godfrey and Wooten
1981)   

  Diagnostic Characteristics

Thalictrum cooleyi can be distinguished from similar species by its lavender (rather than white) anther
filaments, its much narrower leaflets (narrowly lanceolate instead of oblong to ovate) and its fewer leaf
divisions (Ahles 1959).  Filament color has been shown to be indicative of the species rather than
definitive; the color varies in this species and is lost on drying, and some other species occasionally
have lavender filaments (Rayner 1980, Boyer 1994). 

Thalictrum cooleyi is distinguished in the field from other members of the genus, T. revolutum in
particular, by the combination of leaflet narrowness (4 to 26 times as long as wide), lack of lobing in
the majority of the leaflets, and absence of hairs, glands, or papillae on lower leaflet surfaces, petioles,
peduncles, and achenes (Park 1992).  Except in the smallest individuals, basal leaves of T. cooleyi are
two (or more) times ternately compound.  This degree of three-part leaf division separates this species
vegetatively from most other herbs with compound leaves.
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Thalictrum cooleyi plants growing in shade or with their bases shaded tend to have lax stems,
membranous leaf texture, and relatively broader, frequently lobed leaflets, while plants in full sun have
erect stems and more coriaceous leaflets which are narrow (linear to narrowly lanceolate) and unlobed. 
The linear leaflets and slender stems in a grassy habitat make the plant difficult to locate except when in
flower (Boyer 1994.)  Therefore, searches for T. cooleyi in North Carolina have emphasized: 1)
searches during flowering season (about the last week in June); 2) looking for tall staminate panicles
which stand above the surrounding vegetation; 3) searching Grifton soils on which T. cooleyi appear
most often; 4) searching areas with some form of site disturbance (Leonard 1987). 

DISTRIBUTION

Thalictrum cooleyi is a rare perennial herb endemic to the Southeastern coastal plain: 11 populations
occur in southeastern North Carolina and one occurs in the Florida panhandle (Boyer 1994, NCNHP
1990).  The Florida population is in the northwestern county of Walton.  The remaining 11 populations
are found in southeastern North Carolina, in two areas which are 60 miles apart.  Five of these sites
occur within 8 miles of each other in Columbus and Brunswick counties and the other six sites occur
within 4 miles of each other in Onslow and Pender counties (Boyer 1994).

Three historic populations in North Carolina (Brunswick, Columbus, and Pender counties) are assumed
extirpated, because recent surveys revealed habitat destruction at these sites and found no plants (Boyer
1994).  T. cooleyi was also reported in New Hanover County, North Carolina (Radford et al. 1968),
but there is no collection documented for this location (Boyer 1994).

Searches of suitable habitat in South Carolina have failed to find any T. cooleyi plants.  One Thalictrum
population in Worth County, Georgia, was originally identified as T. subrotundum (syn. T.
macrostylum), but has been considered as possibly T. cooleyi or T. cooleyi X T. revolutum hybrid.  On
the basis of leaf surface, habitat, and habit, Park (1992) concluded that the population is probably T.
revolutum with the possibility of some degree of hybridization.  A hybrid would indicate at least a
historic population in southwestern Georgia.  The Georgia Natural Heritage Program performed a
chromosome count of the species in 1993 to clarify this issue (Boyer 1994).   

HABITAT

Thalictrum cooleyi occurs in moist to wet pine savannas, grass-sedge bogs, and savanna-like areas at the
border of intermittent drainages, swamp forests, or low woods (Kral 1983, Boyer 1994, Rayner 1980). 
It is usually found in open, mesic habitats such as edges of frequently burned savannas, boggy
savannah-like borders of low woodlands, woodland clearings, fireplow lines, roadside edges and
ditches, and power line rights-of-way (Park 1992, NCNHP 1990).  Occurring in high hydroperiod
soils, it occupies a narrow hydrologic niche where soil is moist to saturated but water does not stand
above the soil surface.  In general, microsites wet enough for Sarracenia flava are slightly too wet for
Thalictrum cooleyi (Boyer 1994).   

In these habitats, T. cooleyi grows on circumneutral soils in areas kept open by frequent fire or other
disturbance.  It apparently needs some type of disturbance to maintain its habitat.  Historically, this
ecotonal habitat type would have been disturbed by naturally occurring savanna fires moving through at
1 to 5 year intervals, clearing litter from the soil surface, and causing the cyclical advance and retreat
of woody growth (Boyer 1994).  

Thalictrum cooleyi is found on fine sandy loams in slightly acidic soils (pH 5.8-6.6) which are saturated
or at least seasonally moist in the winter (Rayner 1980).  Four of the North Carolina populations of T.
cooleyi are found on Grifton soils - poorly drained fine sandy loams overlying a marly substrate.  In a
typical Grifton soil the surface is acidic, but the subsoil may be alkaline.  In a field study at one of the
Grifton-mapped sites, it was found that soil characteristics varied significantly over a very small
distance.  Soil where T. cooleyi was growing was distinctly higher in calcium, phosphorus, and cation
exchange capacity than surrounding soil a few feet away where there were no T. cooleyi plants (Boyer
1994).
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Soils at the other North Carolina T. cooleyi sites are mapped as Foreston, Woodington, and Foreston-
Torhunta transition, and Muckalee.  These soils are sandy loams, fine sandy loams, or loamy fine sands
on 0 to 2 percent slopes, and all but the Foreston series are poorly drained with seasonal water tables
within 1.5 feet of the surface (Boyer 1994).

Thalictrum cooleyi is often found with tulip poplar (Liriodendron tulipifera) and cypress (Taxodium spp)
or Atlantic white cedar (Chamaecyparis thyoides) in sites bordering a savanna-like areas or open areas
dominated by willow-oak or nonriverine swamp forest species (Boyer 1994, Leonard 1987).  The
hydroperiod of these drainage areas is shorter than that of the acidic pond pine-pocosin sites  (Boyer
1994).  Rayner (1980) found that if pond pine is present, the habitat is not suitable for T. cooleyi. 
Although pond pine grows in some T. cooleyi sites, at these locations T. cooleyi plants are found near
Liriodendron and Taxodium, not Pinus serotia (Boyer 1994).

Thalictrum cooleyi also occurs in other ecotonal habitats such as the border of low woods, the margins
of drainages, and areas where recent fire or power line cuts maintain the understory vegetation at no
more than a meter in height (Boyer 1994).  Associated species in these habitats include: Acer rubrum,
Nyssa sylvatica var biflora, Liriodendron tulipifera, Taxodium ascendens, Pinus taeda, and/or
Chamaecyparis thyoides in the canopy and Myrica cerifera, Cyrilla racemiflora, Clethra acuminata (C.
alnifolia), Magnolia virginiana, Gaylussacia frondosa, Ilex glabra, Ilex coriacea, and other bay shrubs
in the shrub layer (Rayner 1980; Kral 1983; Boyer 1994).  

Thalictrum cooleyi is also associated with a mixture of herbaceous species from savanna and swamp
marsh habitats, with the actual combination of associated species determined by the fire history of the
area (Rayner 1980).  In moist savannas it occurs with Ctenium aromaticum, Aletris aurea, Dichromena
latifolia, Polygala lutea, Asclepias lanceolata, A. rubra, and/or Parnassia caroliniana (Boyer 1994;
Rayner 1980).  Common marsh species occurring with T. cooleyi are Rhynchospora miliacea,
Dracocephalum purpureum (synonym Physostegia purpurea), Scleria pauciflora, Carex walteriana, and
Cladium jamaicense (Rayner 1980).  When found scattered in grass-sedge habitats it may also be
associated with genera such as Zigadenus, Calopogon, Dionea, Habenaria, Sarracenia, Oxypolis,
Rhexia, Cacalia, Eriocaulon.

In various habitats T. cooleyi can be associated with Pycnanthemum flexuosum, P. muticum, Allium cf.
cernuum, Ludwigia microcarpa, L. maritima, L. virgata, Eryngium integrifolium, and Penstemon
laevigatus (Boyer 1994).  Associated shrubs may include Vaccinium, Lyonia, Andromeda, Zenobia, and
Rhododendron genera (Kral 1983).    

BIOLOGY-ECOLOGY

Thalictrum cooleyi appears to be rhizomatous, with vegetative reproduction occurring from its rhizomes
(identified as stolons by some authors) (Rayner 1980).  Rhizomes could be the primary means of
reproduction since seedling establishment appears to be rare (Rome 1987).  Most populations have 100
to 300 individuals (Boyer 1994).
 
Thalictrum cooleyi populations are characterized by robust reproductive individuals growing among
shrubs or adjacent to open savanna.  Plants which grow in dense shade tend to be repressed vegetative
individuals (Boyer 1994).  Rome (1987) reports that T. cooleyi appears to require a fairly open habitat
in order to flourish.  It can persist in shady conditions, but may only produce a single leaf; when the
overstory is removed, it will grow more leaves and produce flowers.  Sufficient moisture is critical to
plant vigor and reproductive effort (Boyer 1994).

The T. cooleyi is similar to other wet savanna species, in that it grows in communities historically kept
in an early secondary-successional stage by frequent natural fires (Kral 1983, Boyer 1994).  It now
persists in areas where controlled burning or some other form of disturbance (mowing, clearing,
ditching, plowing fire lines) removes competing woody vegetation by maintaining or creating openings
in woody overgrowth (Boyer 1994).

During a three year study, Carol Wilczynski tested the effects of various fire frequencies (1, 2, and 3
year intervals) on T. cooleyi plants.  She determined that more research needs to be done, particularly
on the potential for long-term annual burning to be deleterious (Boyer 1994).
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Detailed information about the genetics of this species is covered in the recovery plan (Boyer 1994).

  Phenology

Thalictrum cooleyi plants in full sun begin flowering around mid June and persist through the first seven
to ten days of July.  Plants mowed or burned during the growing season have been observed to resprout
and send up small panicles of blossoms until mid-August.  Plants growing in partial shade instead of
full sun may have flowering delayed by as much as two weeks (Leonard 1987).  Male plants flower
somewhat earlier than females, and males also have showier flowers and tend to be taller than females. 
Female flowers appear to develop few fruits.  Fruits mature in August or September and remain on the
plant into October (Boyer 1994).

  Reproduction  

Boyer (1994) reported the following findings of several researchers with regards to the rhizomatous
nature of this species.  Leonard determined that small T. cooleyi plants in the field were not seedlings,
but offshoots of rhizomes of nearby larger plants.  Garner found that plants kept in pots over several
years did not develop rhizomes, but sprouted from the same base each year.  An although Thalictrum
species are rarely described as rhizomatous, Park reports that various species of Thalictrum can produce
rhizomes facultatively by some unknown mechanism.  

Steve Leonard suggests that some mechanical disturbance may actually be beneficial for this species, as
indicated by its rhizomatous nature and persistence in artificially disturbed habitats.  For example, some
plant species in aquatic habitats propagate by vegetative parts which have been broken off and
dispersed.  However, there is no historic natural disturbance of this kind in typical Thalictrum cooleyi
habitats (Boyer 1994).

Wilczynski's field study found that seed production was positively correlated with plant height, which
was related to adequate rainfall (Boyer 1994).  Thalictrum cooleyi produces fewer and larger seeds than
do other Thalictrum spp (Leonard 1987, Rome 1987).

Field observations by both Wilczynski and Leonard failed to find seedlings (Boyer 1994).  Seed
germination trials under a variety of treatments resulted in little germinations.  Approximately one-fifth
of fresh seeds (from a seed bank) that were cold-stratified for several weeks germinated, while seeds
stored from previous seasons failed to germinate (Goodnight 1990).  These results suggest that seed life
is short (Boyer 1994).

  Pollination

Cooley's meadowrue, although described as dioecious, belongs to the Leucocoma section of the genus
Thalictrum that is characterized by polygamodioecy (Boyer 1994).  Plants in this section are not
necessarily strictly male or female.  The source of sexual expression by an individual needs more
investigation.  Sex determination in this genus is both environmental and genetic (Park 1992).

Thalictrum cooleyi often displays unequal sex ratios.  Boyer (1994) found near equality between males
and females, with females exceeding males at some sites.  Leonard observed a 3:1 ratio of male to
female plants in North Carolina, while White found male to female ratios of 10:9 and 4:3 in the Florida
population (Boyer 1994).  At one site in Pender County, North Carolina, no male plants had been found
in 8 years (NCNHP 1990).

Like other members of the genus, Thalictrum cooleyi displays characteristics of wind pollination
(smooth pollen, elaborate stigma, reduced perianth, terminal inflorescence in an open habitat) with
some suggestion of insect pollination (conspicuous stamens with somewhat expanded filaments) (Boyer
1994).  Both entomophily and anemophily are known in the genus (Park 1992).

THREATS

Because the potential habitat for T. cooleyi (wet savanna/bog on circumneutral soil) is rare in the
Atlantic Coastal Plain, the species was probably never abundant (Boyer 1994).  This naturally rare plant
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has become increasingly rare due to habitat loss.  Populations have been eliminated by and continue to
be threatened by fire suppression, silvicultural activities (drainage, site preparation, pine planting),
agriculture, and road development (NCNHP 1990; Kral 1983; Boyer 1994).  All of the remaining
populations are small, which magnifies the destructive potential of these activities (NCNHP 1990).

Although this species requires some type of disturbance (fire, mowing, selective timber cutting) to
maintain its open habitat, it cannot survive such alterations such as bulldozing, drainage, conversion to
pine plantation, or the direct application of herbicides (NCNHP 1990). 

Threats to specific populations include: the Walton County site in Florida, where only nine mature
plants were left following commercial timber operations (circa 1987); one North Carolina site which
was accidentally covered with fill material during a road maintenance operation (circa 1990); and one
North Carolina site was which damaged by timber cutting operations (circa 1990) (NCNHP 1990).  

The fragmentation and isolation of suitable habitat severely limits the ability of extant populations to
spread to new locations.  This deficit of habitat available for expansion is compounded by the species'
apparently low rate of seed production, poor germination, and lack of long-distance seed dispersal
(Boyer 1994, Leonard 1987, NCNHP 1990). 
  
The skewed sex ratios of most populations further complicate the developmental and reproductive
problems of this species.  Dioecy lowers the probability of successful colonizations because new
populations need to have enough propagules of each sex established before they can be sexually viable
(Boyer 1994, NCNHP 1990). 

Low sexual reproductive rate, the possibility of individual plants actually being ramets, and the
specialized environmental niche the plant occupies suggest genetic restrictions in the species; conditions
which would limit its ability to survive environmental changes (Leonard 1987, NCNHP 1990, Boyer
1994). 

RECOVERY POTENTIAL 

The number of plants in each population is not known precisely, but two of the of the North Carolina
populations lost plants as a result of timber cutting and road grading (around 1990).  Probably the total
number of remaining plants in North Carolina is less than 800 (NCNHP 1990).  Boyer (1994) estimates
that the smallest population numbers 12 individuals and the largest over 1000 individuals.

The potential for recovery is summarized by Boyer (1994)..."Even for those populations that have been
identified and are under some degree of protection, succession and alteration of hydrology are major
concerns.  The thorough fragmentation of fire compartments in the present-day landscape has
eliminated the possibility of maintaining an open habitat by spontaneous means, as naturally occurring
fires are too infrequent at any given site even if allowed to burn freely.  Therefore, the survival of the
species depends on active management of the remaining sites.  Thalictrum cooleyi persists on roadsides
and rights-of-way where mowing, burning and similar management serve to replace the historic natural
processes.  However, such management cannot be considered protective until it is guaranteed
permanent and is deliberately tailored to the needs of the species."

STEWARDSHIP

  LAND MANAGEMENT SPECIFICATIONS

A self-sustaining population is a reproducing population that is large enough to maintain sufficient
genetic variation to enable it to survive and respond to natural habitat changes.  Because of the potential
for small populations to be extirpated, the largest remaining populations of T. cooleyi should be targeted
for protection and management.  A buffer (of unknown size) around protected populations is necessary
to ensure the hydrologic integrity of a site (Boyer 1994).  
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  RESEARCH NEEDS

Information on the genetic diversity, population biology, and ecology of T. cooleyi is needed.  This
includes research to: determine the population size, stage-class distribution and sex ratios for all
populations; understand the abiotic and biotic features of the species' habitat; conduct long-term
demographic studies; determine the effects of past and ongoing habitat disturbance; and define the
criteria for self-sustaining populations (Boyer 1994).

A more detailed coverage of the research needs for T. cooleyi can be found in the recovery plan (Boyer
1994). 

  RESEARCH PROGRAMS

A three year study was conducted at Lanier Quarry by Carol Wilczynski from 1988 through 1990.  This
research established permanent plots to investigate the species biology and management (Boyer 1994).

"The North Carolina Botanical Garden currently holds stored seed collections and some live plants of T.
cooleyi as part of the Center for Plant Conservation's National Collection of Endangered Plants.  Seed
viability and longevity need further study before the usefulness of storing these possibly short-lived
seeds is established.  In the meantime, the germ plasm of this species would be better protected by
holding a representative collection of live plants, with precautions taken to prevent interpopulational
genetic mixing" (Boyer 1994).

  MONITORING NEEDS

The impact of management activities should be monitored by demographic studies of the populations
before and after activities are initiated.  A more thorough systematic search for additional populations is
also needed (Boyer 1994).  

  MONITORING PROCEDURES

Searches for this species should begin by prioritizing sites through examination of: maps of the geology,
wetlands, and soils of the region; aerial photographs; and locations of associated species.  Open areas,
with poorly drained sandy-loam soils, bordering hardwood wetlands should be targeted.  Sites with marl
or surface calciferous deposits should also be examined.  This species could theoretically range from
North Carolina to Mississippi (Boyer 1994).   

  MONITORING PROGRAMS

The North Carolina Plant Conservation Program is currently monitoring T. cooleyi populations to
determine the microenvironment needs of the species (Boyer 1995). 

  MANAGEMENT NEEDS

Management that provides early-successional communities is necessary to allow the species to
perpetuate its life cycle over the long term (Boyer 1994).  Prescribed burning or thinning of the
overstory may be beneficial to T. cooleyi if done properly, but any site preparation techniques would
probably destroy the plants (Kral 1983).   

  MANAGEMENT PROCEDURES

Management should emphasize habitat maintenance by prevention of woody succession, hydrologic
alteration, and habitat destruction.  Before more detailed management guidelines can be implemented,
more information is needed on the population biology and ecology of this species (Boyer 1994). 

  MANAGEMENT PROGRAMS

Two of the extant populations of T. cooleyi occur in relatively intact savannas owned by The Nature
Conservancy.  These sites at Lanier Quarry and Myrtle Head Savanna are being managed with
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prescribed burning to maintain open savannas.  The patchy nature of land ownership at Lanier Quarry
makes effective burning difficult (Boyer 1994).   

Two other T. cooleyi sites occur in power line rights-of-way on land owned by timber companies. 
These sites (one in Florida and one in North Carolina) have been registered as natural areas by their
owners.  The North Carolina site is maintained by mowing and prescribed fire (Boyer 1994, NCNHP
1990, NCNHP 1994).  The Florida site is maintained with prescribed fire by The Nature Conservancy,
and the owners and power company managers have cooperated in curtailing site preparation activities
and herbicide use (Boyer 1994).

The remaining eight sites are privately owned and are not being managed for or protected.  The
populations at three of these sites are partly or wholly contained in road or power line rights-of-way
(Boyer 1994).    

STEWARDSHIP SUMMARY

Boyer summarized the stewardship needs for this T. cooleyi as follows ... "The first step toward
recovery will be the protection and management of all viable extant populations to ensure their
continued survival.  Much is unknown about the life history and habitat requirements of this species. 
Therefore, it will be necessary to conduct additional demographic studies and ecological research to
gain the understanding needed to develop appropriate protection and management strategies.  The
ultimate effects of various kinds of habitat disruption must be determined, and destructive alterations
must be prevented.  Active management required to ensure continued survival and vigor must be
defined and implemented."
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Summary of the potential effects of the RCW Management Guidelines on Thalictrum cooleyi.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection X X X

      Brush clearing X X X

      Fuel removal and raking X X X   

   Midstory control X

      Prescribed burning       X

         Three-year fire return       X

         Winter fire X X X

         Growing season fire       X

      Fire management X

         Berm construction X

         Plowed fire lanes X

         Back fires X X X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest    X    

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions    X

   Smoke/Gas/Incendiaries X

   Small arms firing X    

   On-road vehicular traffic          X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X 

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes: Thalictrum cooleyi

Thalictrum cooleyi is a herbaceous plant which occurs in moist to wet pine savannas, grass-sedge bogs,
and savanna-like areas, often at the border of intermittent drainages, swamp forests, or low woods.  It
can also be found in open, mesic, disturbed areas such as woodland clearings, fireplow lines, roadside
edges and ditches, and power line rights-of-way.  It appears to depend on periodic disturbance such as
fire to maintain its open habitats.

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for T. cooleyi.  However, fuel
removal by raking could destroy population clusters of these plants, which should be marked so that
they may be avoided should raking become necessary.  

Prescribed Burning: Prescribed fire is highly desirable for the maintenance and improvement of T.
cooleyi habitats because it reduces competing shrub and midstory woody vegetation.  The effects of
growing season versus winter burns, has not been assessed for this species, although other species in its
habitat appear to benefit from growing season fire.  A fire return interval of 1 to 5 years has been
suggested for T. cooleyi, although annual burns may be deleterious to the species.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes and maintain the ecotonal edges that T. cooleyi prefers.   Use of heavy equipment
to construct berms, fire lanes, or ditches should be avoided they can destroy ground cover plants,
compact the soils, and alter a site's hydrology.  

Hardwood Control and Pine Thinning:  Although prescribed fire is the preferred methods of midstory
control, hardwood and pine thinning could be beneficial to T. cooleyi if it removes over-topping
successional vegetation.  All mechanical control methods have the potential to be detrimental because
they can compact the soil and create ditches.  Cutting with a chain-saw or mowing may be acceptable
methods of keeping the midstory clear if soil compaction can be minimized.  Chemical control should
be avoided because of the potential mobility of herbicide chemicals in the wet habitats where T. cooleyi
occurs.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on T. cooleyi by maintaining the integrity of the soil and hydrology.  Native vegetation
should be used for erosion control wherever possible.  Mechanical means of erosion control should
maintain the natural contours of the surrounding topography and insure the integrity of natural
hydrologic processes.

Longleaf Pine Regeneration:  Re-establishment of longleaf pine and the regeneration of existing
longleaf pine stands could increase the available habitats for this species, if they are not extended into
the ecotonal habitats that T. cooleyi favors.  Natural regeneration methods should be used in order to
avoid high-impact artificial means.  Site preparation should employ fire where possible rather than
mechanical methods such as discing or chopping.  Forestry operations should be prohibited within 100
ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  All of these potential effects would have indirect but negative
impacts on T. cooleyi habitats.  A buffer zone between wet T. cooleyi habitats and forestry operations
should be observed; the heavy machinery used for timber extraction can destroy herbaceous vegetation,
compact the soil, and alter the hydrology of the wet ecotonal habitats where T. cooleyi occurs.
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Training Restrictions:  Restrictions on training activities within HMUs - to the extent that they
minimize disturbance to vegetation and soils - should benefit T. cooleyi.  Vehicular activities, road
maintenance, and road expansions can threaten nearby populations of T. cooleyi.  Vehicular traffic on
roadways should be monitored to prevent these threats.  Off-road traffic should be prohibited as it is
highly deleterious to ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is
unavoidable, it should be prohibited from within 100 ft of T. cooleyi populations.



     39 Text from: Sorrie, B.A. 1993. Element stewardship abstract: Tofieldia glabra. In. Rare and endangered
plant survey and natural history inventory for Fort Bragg and Camp MacKall.  The North Carolina Nature
Conservancy / North Carolina Natural Heritage Program.  Carrboro / Raleigh, North Carolina.
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Species Stewardship Summary39
TOFIELDIA GLABRA

ELEMENT CODE: PMLIL1Y020
SCIENTIFIC NAME: Tofieldia glabra Nuttall
COMMON NAME: Carolina Asphodel, Smooth False Asphodel

STATUS

GLOBAL RANK:  G3
STATE RANK:  S3 (NC), S? (SC), SR (GA)

FEDERAL STATUS:  Listed as a Candidate level 2 (C2) species by the USFWS.  
STATE STATUS:  C (NC)

DESCRIPTION

A member of the Lily Family (Liliaceae), Tofieldia glabra is a perennial herb from a short, thick
rhizome, bearing two-ranked, linear leaves near the base and an erect, essentially leafless stalk
terminated by a dense raceme of small white flowers.  All parts of the plant are glabrous, and flowers
are borne singly in the inflorescence.

  Technical Description   

It should be noted that no complete technical description is readily available in published form.  The
following description was compiled by the authors from available resources (Radford, et al., 1968,
Godfrey and Wooten 1979) and field observations (TNC 1991-93).

Glabrous perennial herb from short, thick rhizome.  Leaves produced at or near the base, the few (2?-
5?) pale green leaves equitant, up to 3 dm long and 3-6 mm wide, short-tapered to an acute tip, the
margins minutely serrulate, persisting green until hard frost or even beyond.  Stem scapose and usually
bearing a bracteal leaf near the middle.  Inflorescence a terminal raceme 4-18 cm long, each flower
subtended by a tiny bract, pedicels 1-5 mm; flowers bisexual (perfect), perianth segments (tepals)
separate, spreading or curled-ascending, oblanceolate or elliptic-oblong, white, 2.5-3.5 mm long,
persistent in fruit; stamens 6, equaling or slightly shorter than the perianth, anthers ovate or rotund,
introrse, basifix; ovary superior, 3-locular, styles 3, subulate and flattened, each terminated by a
capitate stigma. Fruit a 3-celled septicidal capsule, 3-5 mm long, subtended by persistent, browned
tepals and tipped by the enlarged divergent styles; seeds numerous, reddish-brown, 1-1.5 mm long,
tapering to minute (or obsolete) whitish tails at each end.

  Diagnostic Characteristics  

Another species of Tofieldia, T. racemosa, occurs in the same general ecotonal and savanna habitats as
T. glabra and is very similar in appearance.  Unlike the completely glabrous T. glabra, however, T.
racemosa has a distinctly glandular-hairy stalk and inflorescence.  In addition, flowers of T. racemosa
are in clusters of two to three in the inflorescence and flower from June to early August, while those of
T. glabra are borne singly and are often not seen until late August or early September.  The two species
are nearly impossible to distinguish vegetatively.

Aletris farinosa, another member of the Lily Family, may also sometimes be confused with T. glabra. 
It occurs in moist habitats of the Coastal Plain and has a leafless flowering stalk similar in size and
appearance to T. glabra; however, it can be quickly identified by its basal rosette of spreading leaves,
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unlike the upright, two-ranked leaves of T. glabra.  The rough-textured, often sticky individual flowers
of Aletris are also distinctly different from the smooth and glabrous T. glabra flowers.

Another species which is vegetatively similar to T. glabra and which occurs in similar habitats is Iris
verna, which flowers in early spring and has striate and smooth leaf edges, as compared to the finely
serrulate edges of T. glabra.

The best time to locate Tofieldia glabra is during its peak flowering period of late September to mid-
November (TNC 1991-93).  However, it can also be distinguished while still in flower bud (as early as
August) and well into the months following fruiting as the infrutescences will often persist until
physically disturbed (wind, animals, fire).

DISTRIBUTION

Historically, this species was known from 20 counties in the Coastal Plain and Sandhills regions of
North Carolina and two counties in adjacent South Carolina (Radford, et al., 1968).  North Carolina
counties indicated by Radford, et al. (1968), for which no other documentation (NCNHP 1993) has
been identified include Duplin, Martin, Moore, Pamlico, Robeson, and Sampson counties.  Historic or
extirpated records exist for (year last seen follows in parentheses):  Beaufort (1930, 1939, 1958),
Bladen (1958), Brunswick (1935, 1948, 1955, 1974, 1979), Craven (1938, 1940), Harnett (1936),
Johnston (1935), Onslow (1929), Pender (1924, 1950), Richmond (1936), and Wilson (1938) counties
(NCNHP 1993).  In South Carolina, historic records exist for Chesterfield (1956) and Darlington
(1908, 1915) counties (SCHT 1993b).  It has also been reported for the Coastal Plain of Georgia by
Rickett (1967), Godfrey and Wooten (1979), and Duncan and Kartesz (1981), but no tangible evidence
of its presence in that state, either historic or current, could be produced.

Tofieldia glabra is currently known to occur from the following 10 North Carolina counties (number of
known extant occurrences follows in parentheses):  Brunswick (2), Carteret (9), Columbus (1),
Cumberland (11.5**), Harnett (2), Hoke (56.5**), New Hanover (1), Onslow (17), Pender (1), and
Scotland (6) (**one occurrence with 33 sites straddles the Hoke/Cumberland county line) (NCNHP
1993).  Tofieldia glabra is currently known to occur in Horry (1) and Kershaw (1) counties, South
Carolina (SCHT 1993b).

Current ownership.  In the NC Sandhills, the bulk of extant Tofieldia glabra occurrences are found on
federally owned Fort Bragg (70 occurrences with 255 sites) and Camp MacKall (5 occurrences with 14
sites) (U.S. Army).  In the Outer Coastal Plain, Tofieldia occurs with some frequency on federally
owned Camp Lejeune (16) (U.S. Marine Corps) and Croatan National Forest (8) (USFS).  It has also
been reported from two state properties, Sandhills Game Land (NC Wildlife Resources Commission)
and Carolina Beach State Park (NC Division of Parks & Recreation), and several private properties,
including The Nature Conservancy's Green Swamp Preserve (Big Island Savanna) and Lanier Quarry
Preserve and Old Dock Savanna (NCNHP 1993).  In SC, one current population is in the Cartwheel
Preserve in Horry County, land owned by the SC Heritage Trust; the other current population in
Kershaw County is on private land (SCHT 1993b).

Five sites supporting Tofieldia glabra have been registered in the Registry of North Carolina Natural
Areas; they are at Green Swamp Preserve (The Nature Conservancy), Lanier Quarry Savanna Preserve
(TNC), Carolina Beach State Park (land leased from the U.S. Army), a natural area on Croatan
National Forest (USFS), and Scotland Lane Annual Burn Natural Area on Sandhills Game Land (state-
owned) (NCNHP 1993).

HABITAT

Carolina asphodel occupies distinct habitats in the two regions of the Carolinas (Fall-line Sandhills and
Outer Coastal Plain) where it is found.  In the Sandhills region, Tofieldia glabra is limited to moist
ecotones between Streamhead Pocosins (linear, sphagnous, shrub/tree thickets along small creeks and
their headwaters) and longleaf pine/oak/wiregrass uplands and along the vegetatively similar ecotones
between Sandhill Seeps and longleaf pine uplands.  Sandhill Seeps are sphagnous, shrub-and-herb-
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dominated areas occurring on relatively steep slopes where local clay soils force seepage water to the
surface.

In the Outer Coastal Plain of North Carolina, Tofieldia glabra inhabits Pine Savannas and Wet Pine
Flatwoods (especially where they border on wetlands).  These plant communities occur in flat areas
with wet or moist soils for much of the year.  Soils in these ecotonal areas are usually highly acidic,
loamy sands (Ultisols, Alfisols, and Spodosols), which have been formed over different Tertiary Period
formations of the Outer Coastal Plain (Schafale and Weakley 1990) and which may have an overlying
mat of organic material.  Common soil series where Tofieldia glabra occurs in the Outer Coastal Plain
include Grifton (Typic Ochraqualfs), Kureb (Spodic Quartzipsamments), Leon (Aeric Haplaquods),
Mandarin (Typic Haplohumods), Murville (Typic Haplaquods), Onslow (Spodic Paleudults), and
Pantego (Umbric Paleaquults) (Barnhill 1986, NCNHP 1993).  Soil series in the Sandhills region where
it occurs include Blaney (Arenic Hapludults), Fuquay (Arenic Plinthic Paleudults), Gilead (Aquic
Hapludults), Johnston (Cumulic Humaquepts), Vaucluse (Typic Hapludults), and Wagram (Arenic
Paleudults) (Hudson 1984, NCNHP 1993).

Ecotones in the Sandhills region can be quite variable in composition and size, depending on local
hydrologic conditions and fire-disturbance history.  Tofieldia glabra is usually found along the upper
and drier edges of wider, well-burned ecotones that are dominated by a mixture of low shrubs, cane,
and a high diversity of herbs.  Species counts in these well-burned ecotones are often impressively high;
a 1/10 hectare (20 by 50 meters) plot of a Sandhill Seep ecotone on Fort Bragg yielded over 100
species, among the highest known species richness in temperate North America (Schafale and Weakley
1990).  Herbaceous species co-occurring with T. glabra along the outer ecotonal edge include Aristida
stricta, Aletris farinosa, Calamovilfa brevipilis, Dichanthelium strigosum var. leucoblepharis, Rhexia
alifanus, and Sporobolus sp. 1.  Schwalbea americana also occasionally occurs in the Tofieldia glabra
zone.  Shrubs in this zone include Gaylussacia frondosa, Clethra alnifolia, Ilex glabra, and Vaccinium
tenellum.

Farther downslope, closer to the edges of the Streamhead Pocosin or Sandhill Seep, soil moisture
generally increases, and different herb species such as Arundinaria tecta, Andropogon glomeratus,
Aristida virgata, Calamagrostis cinnoides, Chasmanthium laxum, Panicum virgatum var. cubense,
Ctenium aromaticum, Sarracenia purpurea, and Rhexia petiolata begin to dominate.  Rare species such
as Agalinis aphylla, Dionaea muscipula, Kalmia cuneata, Lysimachia asperulifolia, Oxypolis ternata,
Rhynchospora pallida, Solidago verna, and Xyris scabrifolia can sometimes be found in this zone.

Shrub diversity and abundance also increase in wetter areas, with species such as Ilex glabra, I.
coriacea, Gaylussacia frondosa, Lyonia lucida, L. ligustrina var. foliosiflora, Clethra alnifolia,
Fothergilla gardenii, Myrica heterophylla, Aronia arbutifolia, and Vaccinium crassifolium common. 
The canopy over most ecotones is dominated by a mixture of Pinus palustris and P. serotina.  Small to
medium-sized trees of Magnolia virginiana, Acer rubrum, Symplocos tinctoria, Nyssa biflora,
Liriodendron tulipifera, and Pinus serotina can usually be found scattered in wetter portions of the
ecotone.

In the Wet Pine Flatwoods and Pine Savannas of the Outer Coastal Plain, Tofieldia glabra is usually
found along the wetter, transitional edges between these communities and shrub-dominated areas
(pocosins) (LeBlond 1993).  The species can also be scattered through open, central areas of the wetter
savannas and flatwoods.  Generally, Pinus palustris, and occasionally P. serotina, form an open to
sparse canopy in savanna areas and a closed canopy in flatwoods sites.  If well-burned, these
communities will have few shrubs or small trees in the understory, and the ground layer will be
dominated by a dense layer of one to several different clump-forming grass species such as Aristida
stricta, Muhlenbergia expansa, Ctenium aromaticum, Sporobolus sp. 1, and S. teretifolius.  A high
diversity of herbs is also usually present (Walker and Peet 1983), including many rare species such as
Dionaea muscipula, Solidago pulchra, Oxypolis ternata, and Rhynchospora pallida.  Shrub species,
which are usually low and well-spaced under well-burned conditions, include Ilex glabra, Vaccinium
crassifolium, Gaylussacia frondosa, Kalmia carolina, Myrica cerifera var. pumila, and Lyonia mariana
(LeBlond 1993).

Throughout its range, Tofieldia glabra may also be found in degraded areas such as powerline rights-of-
way and roadside ditches.  Plants in these sites depend on human-related disturbances (i.e., mowing) to
maintain the open habitat necessary for their survival.
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BIOLOGY-ECOLOGY

Tofieldia glabra is a perennial species which occurs in moist to wet habitats that historically were
frequently burned by low- to moderate-intensity natural fires (Schafale and Weakley 1990).  Frequent
fires in these habitats maintained open understories, allowing shade-intolerant, ground layer species
such as Tofieldia glabra to flourish.  Although the frequency of naturally occurring fires in these
various communities is unknown, T. glabra has been observed to respond very well to burning intervals
of three years and even to annual burns (LeBlond 1992, Weakley 1992, TNC 1991-93).

Tofieldia glabra usually occurs in small, discrete clusters, with generally no more than 100 individuals
per site.  The factors responsible for this clustering and for the species' apparent inability to disperse
into adjacent, suitable habitat are not known.  Other species which co-occur with T. glabra, such as
Rhexia alifanus and Aletris farinosa in the Sandhills region and Solidago pulchra in the Outer Coastal
Plain savannas, are often much more locally abundant (TNC 1991-93).  The factors responsible for the
regional endemism of T. glabra are also not known.  It is puzzling that T. racemosa, a closely related
species which occurs in the same habitat as T. glabra, is much more widespread, being found from
New Jersey to east Texas.  It is possible that the early summer flowering period of this species provides
it with an advantage over fall-flowering T. glabra.

  Phenology and Reproduction  

In the Sandhills region and Outer Coastal Plain, buds begin to appear as early as August.  The
flowering period is late September to mid-November, peaking in mid-October.  Fruits begin forming in
October and may persist, if undisturbed, until the following summer.  Little is known about the relative
importance of sexual versus asexual reproduction in the population dynamics of Tofieldia glabra.  Like
other savanna species, T. glabra is a rhizomatous plant that may rely on asexual reproduction for most
of its growth and population increases.  Very few seedlings have been seen in the field, although the
occurrence of large populations with widely scattered individuals implies that seed production and
dispersal does occur (TNC 1991-93).

Asexual reproduction through rhizomatous growth is probably very important to the species in periods
of fire suppression, when environmental conditions do not promote flower and seed production and
when the chances of seedling survival are slim.  Individuals have been found at several sites on Fort
Bragg which had not burned in many years, apparently persisting  vegetatively until burns occurred, at
which time many of them flowered (TNC 1991-93).

Seed production for T. glabra is probably highest one or two years following a summer burn, when
flower production is high (probably a response to increased levels of sunlight, water, and nutrients) and
when large numbers of pollinators are present (attracted by the synchronized, often massed floral
displays) (TNC 1991-93, Prince 1992).  The common pollinators of Tofieldia glabra flowers are not
known; numerous flying insects have been seen visiting T. glabra flowers (TNC 1991-93).  Although
the germination and dormancy traits for T. glabra are not known, it is likely that seeds germinate
immediately or soon after (one to two years) falling to the ground while environmental conditions
necessary for their successful germination are still available.  Seed dispersal is probably aided by wind
and surface runoff during rain storms.  There has been no evidence of foraging activity on T. glabra in
the NC Sandhills region.

THREATS

Loss of habitat due to fire suppression is one of the major threats facing Tofieldia glabra.  Although
growing-season, prescribed burning programs (the most beneficial to T. glabra and its habitat) are
being adopted by managers of a number of large properties (i.e., Fort Bragg, Sandhills Game Land,
Camp Lejeune, Croatan National Forest), there are still numerous other properties throughout
Tofieldia's range that continue to be fire-suppressed.  Ecotonal and savanna habitat that is not burned
every three to five years generally becomes dominated by woody plants which are able to outcompete
the slower- and lower-growing T. glabra and other herb species for sunlight and nutrients (Prince
1992).
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Land conversion to pine plantations and commercial or private development also threatens Tofieldia by
eliminating acreage where the species once occurred and, through fragmentation, making it difficult to
allow natural and even controlled fires to burn on the remaining small patches of suitable habitat.  A
less immediate, but perhaps more far-reaching threat to the species and the communities in which it
occurs, is the potential for federal redefinition of wetlands.  Legislation which would support the
concept that seasonal wetlands such as Pine Savannas and Wet Pine Flatwoods are not true wetlands and
are not in need of federal protection would likely have a disastrous impact on Tofieldia glabra
populations.

Other threats include:  (1) habitat destruction and/or disturbance of local hydrologic conditions caused
by the digging of ditches and fire plowlines to suppress wildfires; (2) excessive trampling, a problem on
some of the frequently used areas of Fort Bragg and Camp Lejeune; (3) pinestraw raking, which may
physically destroy Tofieldia plants or may disrupt the fire and nutrient cycles of its habitat by removing
leaf litter; and (4) improper management activities, which could include conducting poorly timed burns
(prescribed burns not timed to the reproductive cycle of T. glabra could prevent or reduce its
reproductive success (Prince 1992)), destructive road maintenance activities, and poorly timed mowing
(i.e., during flowering season of T. glabra) in areas such as powerline rights-of-way.

RECOVERY POTENTIAL

Recovery potential for this species is high, based on the relatively large number of discreet occurrences
found in North Carolina.  Healthy occurrences are found in ecotones that have been control burned for
several two- to three-year cycles, following many years of fire suppression.  However, the largest
occurrences are found on military reservations in live-ammunition impact areas and their buffers, where
accidental fires have kept woody vegetation in check for most of this century.

Although there is no evidence of decline in extant populations, seeds should be collected and stored
within seed banks maintained by the Center for Plant Conservation to be used for reintroduction of the
species should the need arise (Prince 1992).

STEWARDSHIP

  RESEARCH NEEDS

Research on the reproductive biology of this species could include studies on:  (1) the types of
pollinators which visit T. glabra flowers and how these pollinators are affected by different burning
periods and/or frequencies; (2) the amount of viable seed produced in burned and unburned sites; (3)
the dormancy period and germination requirements of seeds; (4) the different types of seed dispersal
mechanisms that exist; and (5) the plants' ability to persist vegetatively and reproduce asexually during
periods of sustained fire suppression.  Detailed, demographic studies of T. glabra populations occurring
in different habitats should be designed to determine the relative rates and importance of asexual versus
sexual growth for the species.  Analysis of the genetic diversity present between and within different
populations would also be useful for determining the amount of sexual reproduction that naturally
occurs.

Research into the relationship between fire and ecotone species is urgently needed.  As noted above,
many species in the Sandhills region and elsewhere are dependent upon frequently burned ecotones for
survival.  However, little or nothing is known about the effects of timing, frequency, and intensity of
fire on specific plant species.

  RESEARCH PROGRAMS

Research programs specifically focusing on Tofieldia glabra have yet to be initiated.

  MONITORING NEEDS

Biological monitoring of Tofieldia glabra is needed to evaluate the species' response to current land
management practices, such as fire suppression, prescribed burning, and pinestraw raking.  A
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monitoring program should also be designed to determine the optimal fire frequency, fire intensity, and
season of burn necessary to maintain and/or restore viable populations of Tofieldia glabra.

Inventory needs.  In SC, T. glabra should be looked for in Carolina Sandhills National Wildlife Refuge
and Sandhills State Forest, as well as other areas of suitable habitat.

  MONITORING PROCEDURES

Subpopulations occurring in both fire-maintained and fire-suppressed habitat in the Outer Coastal Plain
and the Sandhills region should be selected for the monitoring program.  Boundaries for each of the
subpopulations should be mapped so that future spread or decline of each subpopulation can be
recorded.  Spread and decline may also be monitored by setting up plots along the edge of the
subpopulations and recording gamet and ramet recruitment into the plots.  Plant counts within sample
plots located within the boundaries of each subpopulation should also be made to monitor increases or
declines.  Mortality and recruitment counts and other demographic counts would require that each plant
within each plot be mapped or staked.

Occurrences selected for experimental burns should ideally be divided into several isolated
subpopulations separated by firebreaks, roads, etc., so that experimental and control burns can be
conducted within each population.  Plant counts, as well as mortality and recruitment counts, if
possible, should be made for each of the plots before and after burning events.  Counts of sterile and
fertile plants for each control and experimental plot should also be made, as well as counts or estimates
on capsule and seed production.

Fire-suppressed sites in suitable habitat that currently show no signs of containing Tofieldia glabra
should also be included as monitoring sites.  Because Tofieldia glabra is able to persist vegetatively for
up to 10-15 years, it is possible that "new" occurrence may be found in these sites following a burn
(TNC 1991-93).  The degree of fire suppression (percent shrub cover) and general fire history for each
of these sites should be recorded.

  MONITORING PROGRAMS

No monitoring projects designed specifically for Tofieldia glabra are known to exist.  Monitoring plots
established in the Big Island Savanna at Green Swamp may provide information about the frequency
and percent cover of this rare herbaceous species, if individuals happen to occur within the plots. 
Nested plots (10 cm, 31 cm, 1 m, and 3.1 m) are being monitored for presence or absence of species
(noting at which plot size the species first occurs) and for percent cover at the one-meter level.  Since
the distribution of Tofieldia glabra within the savanna is patchy, plots may not actually contain
individuals of this species.  This monitoring program will eventually be established at all TNC-owned
savannas (Bucher 1991).

From 1985-1989, a separate set of nested permanent plots was annually monitored at Big Island to
evaluate the effects of nutrient availability on the presence or absence of savanna species.  Overall, it
appears that fewer species are observed in more nutrient-enriched savannas.  Monitoring of these plots
is ongoing since 1989 but not on an annual basis.  Data from this ongoing study are available on request
(Peet 1991).

Inventory.  Two of the largest, intact longleaf pine/wiregrass areas in the NC Sandhills, Fort
Bragg/Camp MacKall military reservations and the Sandhills Game Land, will have been thoroughly
surveyed for Tofieldia glabra and other rare plants by the year 1995.  Numerous subpopulations have
been found on these properties to date.  Large intact areas with good Tofieldia glabra potential in
private ownership have had limited to no survey work.  Other well-surveyed, large tracts within
Tofieldia glabra's Outer Coastal Plain range include Camp Lejeune Marine Corps Base, Croatan
National Forest, and Nature Conservancy preserves.

In Georgia, recent surveys of Fort Gordon and Fort Stewart military reservations have failed to located
T. glabra, further reinforcing the current belief that this species has never occurred in that state.

  MANAGEMENT NEEDS
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It appears from field observations on Fort Bragg, Camp MacKall, and the Sandhills Game Land that
Tofieldia glabra can survive moderately long periods of fire suppression (up to 15 years) by persisting
vegetatively.  Tofieldia has been found at several once heavily fire-suppressed sites on Fort Bragg
which were recently summer burned  (TNC 1991-93).  Due to its limited seed dispersal range, it is
unlikely that, once extirpated from a site, Tofieldia glabra will be able to recolonize the same area.  If
the species does appear after a burn, it is assumed that the plant survived vegetatively prior to the burn.

Occurrences in degraded areas that are not periodically burned may be maintained by mowing during
the non-growing season.  Mowing every several years will help to keep woody species from
encroaching into T. glabra's habitat.

  MANAGEMENT PROCEDURES

Based on the current knowledge about the habitat requirements of Tofieldia glabra, sites containing the
species should be burned on a three- to five-year, late spring to early summer burning schedule. 
Heavily fire-suppressed sites that contain Tofieldia glabra should first be burned with a cool, winter
burn to reduce fuel loads.  A growing-season burn can then be conducted on the site two to three years
later.  Monitoring programs should continually evaluate the response of the species to these different
regimes.

Roads, trails, and fire plowlines that disrupt the hydrology of Tofieldia habitat should be abandoned and
allowed to revegetate.  Those trails that seriously obstruct surface or subsurface water flow should be
removed to restore the original topography of the site.  Tofieldia glabra which occur in degraded sites
(powerline rights-of-way or roadside ditches) should be protected from serious soil disturbances such as
roadbed widening.  Mowing in these sites should be done in non-growing-season months.

  MANAGEMENT PROGRAMS

Since 1990, all managed areas on Fort Bragg and Camp MacKall have been put on a three-year,
growing-season, prescribed burning schedule.  Prior to 1990, from the mid-1960s to 1989, these areas
were burned on a five-year rotation using winter-season, fuel-reduction burns.  Prior to the 1960s, there
was no prescribed burning program on either installation, although wildfires were apparently frequent
(Sewell, et al., 1993).  Fire management history is generally the same for the Sandhills Game Land.

Plants occurring within the TNC-owned portions of the Green Swamp Preserve and the Lanier Quarry
Savanna Preserve have until recently undergone annual low intensity prescribed burning during the
nongrowing season, between November and February.  Fire intensity is generally higher in the
savanna-pocosin ecotone because of the larger fuel load.  The wet pocosin is usually used as a natural
firebreak.  The North Carolina Field Office of The Nature Conservancy is currently switching to
prescribed burning during the growing season to replicate naturally occurring lightning fires (Bucher
1991).  In addition, there are plans to block a ditch on the south side of the swamp in order to restore
the hydrology of the site within the next five years (Bucher 1993).

Longleaf pine savannas in the Croatan National Forest, including those harboring Tofieldia glabra are
burned during the growing season on a three-year rotation schedule, following an initial winter burn to
remove excess fuel load (Bullard 1991).  At Camp Lejeune, prescribed burns have until recently
occurred only during the winter, but future burns will occur on a two- to three-year rotation, alternating
growing season and nongrowing season burns.  The winter burn will minimize impact on mature
longleaf pine, required as nesting habitat for the Federally Endangered red-cockaded woodpecker
(Peterson 1991).

Numerous Streamhead Pocosins and Sandhill Seeps on Fort Bragg and Camp MacKall have also been
dissected and severely degraded by firebreaks and trails created in the 1960s and 1970s.  Also during
the 1960s, fire plowlines were placed around seepage slopes, small streams, and other wetlands by
wildlife biologists and foresters who felt that fires passing into wetlands were destructive to animal
populations.  This practice fortunately no longer continues, but the plowlines still persist and may take
several more decades to fill in with sediment and enough vegetation to stop acting as firebreaks between
Streamhead Pocosin and Sandhill Seep communities and their adjacent uplands.  Until that time these
plowlines will continue to disrupt the natural nutrient flow and water recharge for the wetland
communities.
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STEWARDSHIP SUMMARY  

Sites containing Tofieldia glabra should be burned during the growing season on a three- to five-year
rotation using landscape-level, ecological burns when possible.  Disturbances affecting the hydrology of
T. glabra sites should be identified and removed.  Monitoring programs should continually evaluate the
response of Tofieldia glabra to current and new land management practices.
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Summary of the potential effects of the RCW Management Guidelines on Tofieldia glabra.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection    X X X

      Brush clearing X X X

      Fuel removal and raking X        

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X X

   Cavity tree retention X

   Pine beetle control X X X

      Thinning X X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Tofieldia glabra

Tofieldia glabra occurs primarily in the ecotones between streamhead pocosins (linear, sphagnous,
shrub and tree dominated thickets found along small creeks and their headwaters) and drier longleaf
pine-oak uplands, and in wetter pine savannas and flatwoods, as well as in ecotonal areas between these
habitats and more xeric longleaf pine-oak communities.  It appears to depend on periodic fire to
maintain its open habitats.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU.  To the extent that such activities
restore and open midstory, they would positively affect habitat quality for T. glabra.  However, fuel
removal by raking could destroy population clusters of these plants, which should be marked so that
they may be avoided should raking become necessary.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for T. glabra because it acts to reduce the shrub and midstory woody vegetation
and promotes a well-established herbaceous layer.  Further research is required to assess the effects of
growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction of this
species.  Recent work suggests that pine flatwood and savanna habitats may be successfully managed
with frequent growing season fires (3 to 5 year return).  Late season fires should take into account the
species reproductive phenology to avoid adverse effects.  In areas that have been fire-suppressed for
lengthy periods, may be subjected to a cool, winter burn to reduce fuel loading.

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of natural features would also
promote burning of ecotonal situations which support T. glabra.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support T. glabra.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting T. glabra should be prohibited unless prescribed burning
fails to provide adequate control of woody encroachment.  Chemical control should not be employed in
wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on T. glabra habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for T. glabra.  Natural regeneration
methods should be used in order to avoid high-impact artificial means.  Site preparation should employ
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fire where possible rather than mechanical methods such as discing or chopping.  Forestry operations
should be prohibited within 50 ft of wetland margins.

Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on T. glabra.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit T. glabra.  Vehicular traffic on roadways should be
monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.



     40Text from:  Grace, S. 1993. Element stewardship abstract:  Xyris scabrifolia In. Rare and
endangered plant survey and natural history inventory for Fort Bragg and Camp MacKall.  The North Carolina
Nature Conservancy and North Carolina Natural Heritage Program.  Carrboro / Raleigh, North Carolina.  
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Species Stewardship Summary40
XYRIS SCABRIFOLIA

ELEMENT CODE: PMXYR010H0
SCIENTIFIC NAME: Xyris scabrifolia Harper
COMMON NAME: Rough-leaf Yellow-eyed-grass or Harper's Yellow-eyed-grass

STATUS

GLOBAL RANK:  G2G3 
STATE RANK:  S1 (AL, FL, GA, LA, MS, NC), S2 (TX), unranked (SC)

FEDERAL STATUS:  C2
STATE STATUS: C (NC); T (FL)

DESCRIPTION

  General Description

Description was adapted from Kral (1966) and Clewell (1985).  

A member of the Yellow-eyed Grass Family (Xyridaceae), Xyris scabrifolia is a small perennial herb
from a short, bulbous rootstock; leaves mostly basal and distichous, linear.  Leaf surfaces with pebbly-
granular covering often visible to the eye, easily visible with 10X lens.  Sheath of flowering stalk
(=scape) distinctly shorter than leaves; stalk surfaces also with pebbly-granular covering. 
Inflorescence a terminal cone-like spike comprised of spirally arranged, overlapping, tough bracts, all
but the lowermost subtending a flower.  Calyx divided into three parts; inner two lateral sepals boat-
shaped and chaffy, the third being the outer, tough bract.  Keel of lateral sepals fringed.  Corolla 3-
lobed, pale to bright yellow; stamens 3, alternating with 3 staminodes.  Seeds 0.6-1 mm long.

  Technical Description
   
Description was adapted from Harper (1903), Kral (1960, 1966), and Bridges (in prep.).  

Solitary, bulbous based, perennial.  Leaves gray-green, pinkish-red basally, linear, 30-40 cm long, 5-
10 mm broad, twisted, striate-scabrid throughout, acute or blunt, the equitant portion about 1/8 the total
leaf length, abruptly flaring at the pale brown, ultimately fibrous, base.  Scape 30-60(70) cm long,
twisted and sometimes flexuous, terete and multicarinate below, 2-4 carinate above, striate-tuberculate
between the scabrid ridges.  Sheath of the scape 8-12 cm long, with a short blade.  Spike 11-20 mm
long, obovoid or ellipsoid, of many tightly imbricate bracts.  Fertile bracts 6-8 mm long, obovate,
entire, or somewhat erose with age, dull reddish-brown or brown with a broadly elliptic or rhombic
gray-green dorsal area.  Lateral sepals inserted, about the length of the subtending bract, brown, the
ascending-lacerate keel broadening toward the summit.  Seeds fusiform-caudate, 0.6-1.0 mm long, pale
and transparent.

Kral (1966) has reported a diploid chromosome number of 2N=18 for X. scabrifolia and all other
native North American Xyris species.  There is no evidence of polyploidy in any of these species. 
Micro-anatomical descriptions of leaf margins, epidermal patterns, lateral sepals, seed characteristics
and meiotic chromosomes are provided by Kral (1966).

  Diagnostic Characteristics   
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In order to distinguish Xyris species, it generally requires a good bit of familiarity with the genus and
its rather specialized morphology.  Xyris scabrifolia, however, is one of the few species which can be
rather easily identified, even in the field.  The combined characters of scabrous leaves and scapes, long,
narrow seeds, and bulbous bases clearly distinguish this Xyris from all others.  The granular surface of
the scape and leaves imparts a distinctly gary-green color to the plant, unlike other Xyris spp.

The closest species in appearance is Xyris chapmanii, a rare, predominantly Gulf Coast species, which
was also recently found in the Sandhills region of the Carolinas.  It differs by having more narrow
blades (1-3 mm versus 5-10 mm for X. scabrifolia), and smooth leaf blades and scapes that are maroon-
colored in the basal third or more.  It also lacks a distinctly bulbous base.  Petal blades on X. chapmanii
are only 3 mm long, while those of X. scabrifolia are about 5 mm (Bridges in prep.).

Another somewhat closely related taxon, which occurs in the same habitat as Xyris scabrifolia, is X.
platylepis, a more common species throughout the Coastal Plain.  Although it has twisted leaf blades
and bulbous plant bases, it lacks roughened blades and scapes (usually), and its seeds are only 0.5-0.6
mm long.  It is also generally a more robust plant than X. scabrifolia, with green, not gray-green,
color.

Other associated, but less similar, species which may possibly be confused with Xyris scabrifolia
include X. torta, X. caroliniana, X. ambigua, X. baldwiniana, X. drummondii, and X. jupicai.  Xyris
torta, which has hard, bulbous bases and narrow, twisted leaf blades and scapes, differs from X.
scabrifolia by having smooth, grooved leaf blades and lateral sepals with long-ciliate apices.  It is more
typically found in the Piedmont and Mountain regions, outside the range of X. scabrifolia.  Xyris
caroliniana is usually found in better drained, mineral soils and has hardened, shiny, castaneous leaf
bases and a longer, ellipsoidal spike.  Xyris baldwiniana, a bog species and frequent X. scabrifolia
associate, also has lustrous, brownish leaf bases and much shorter and very slender leaf blades.  Xyris
drummondii is distinguished from X. scabrifolia by its sheath, which is as long as the leaf blades.  Xyris
ambigua, shows boldly 2-ranked leaf bases, does not have twisted leaf blades or scapes, and flowers in
the morning, as compared to X. scabrifolia, which flowers in the afternoon.  It also occurs in better
drained, mineral soil sites, above the boggy areas occupied by X. scabrifolia.  Xyris jupicai, an annual
(or sometimes short-lived perennial in southern, warmer climates) and one of the most abundant Xyris
species in disturbed boggy sites, lacks bulbous plant bases and has seeds which are only 0.4-0.5 mm
long.  Its leaves lack red color.

Although Xyris scabrifolia can be identified vegetatively as early as July, the best time to locate it is
from August through October (November) when the plant is in flower and/or fruit (TNC 1991-93).

DISTRIBUTION

Xyris scabrifolia was first discovered in 1901 by Harper in an unusual Coastal Plain-like bog located in
the Piedmont of Georgia, near the town of Woodbury in Meriwether County (Harper 1903).  Attempts
to relocate the species at this site have been unsuccessful (Kral 1966); it is possible that it has been
extirpated here.  Until the 1980s, it was known from only a handful of sites on the Gulf Coastal Plain.

Currently, X. scabrifolia is distributed along the Gulf Coastal Plain of northern Florida, southern
Georgia, southern Alabama, southern Mississippi (Kral 1983), western Louisiana (McInnis 1992), and
eastern Texas (TPWD 1992).  In 1992, disjunct occurrences were located in the Sandhills region of
North Carolina, the first reports for the state (TNC 1991-93, NCNHP 1993), and in 1993, it was
discovered in South Carolina (TNC 1991-93).

HABITAT

Throughout its range in the southeastern Atlantic and Gulf Coastal Plain, Xyris scabrifolia generally
occurs in moist to wet sandy peats of acid sphagnous bogs or sandy seepage areas (Kral 1966).  General
soil groups for these habitats include fine, Montmorillonitic, Thermic Vertic Hapludalfs, Thermic Typic
Hapludulfs and Albaqualfs, Thermic Grossarenic, and Arenic Paleudulfs (Neitsch 1982, Dolezel 1988,
Bridges and Orzell 1989).
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In North and South Carolina, most occurrences are in Sandhill Seeps (also called hillside seeps, seepage
bogs, and slope seepages), habitats located along slopes of sandhill areas dominated by longleaf pine
(Pinus palustris) and pond pine (P. serotina) where water is forced to the surface by a clay or rock
layer (Schafale and Weakley 1990).  Seeps generally occur over loamy sands associated with the
Middendorf Formation (Upper Cretaceous) and Pinehurst Formations (late Tertiary).  Soil series
associated with these seeps include Blaney (Arenic Hapludults), Candor (Arenic Paleudults), Gilead
(Aquic Hapludults), Johnston (Cumulic Humaquepts), and Vaucluse (Typic Hapludults) (Hudson 1984,
NCNHP 1993).

Sandhill Seeps generally occur on steep slopes (10 to 30 percent, but sometimes nearly vertical) above
small streams dominated by pond pine/shrub communities and occasionally in isolated situations,
surrounded by longleaf pine/wiregrass (Aristida stricta) communities.  Seep size is determined by the
hydrology and geology of the site; vegetative structure, however, is strongly influenced by fire history
(Schafale and Weakley 1990).  Although the species composition of Xyris scabrifolia bogs and seeps
varies slightly from state to state, habitat conditions and associated major genera are impressively
constant throughout its range.  Occasional occurrences are found on gentler (5-10 %) slopes of
Streamhead Pocosins.

Xyris scabrifolia generally occurs in a distinct moisture zone of the Sandhill Seep community, in wetter
sections, often located from midslope to near the base of the seep.  Soils in this section are generally
saturated, sandy organic soils, overlying a clay layer farther below.  A number of common species
found here are from the same genera listed for Xyris scabrifolia bogs of the Gulf Coast.  They include
Juncus trigonocarpus, Xyris baldwiniana, Andropogon glomeratus, Ctenium aromaticum, Eriocaulon
decangulare, Zigadenus glaberrimus, Rhexia petiolata, Osmunda cinnamomea, Sphagnum sp., Persea
palustris, Magnolia virginiana, Toxicodendron vernix, and Ilex glabra.  Arundinaria tecta is also
frequently dominant.  Although shrub dominance is often patchy across the slopes that support Xyris
scabrifolia, the species has not yet been found growing in dense, shrub-dominated sections.  It prefers
open, herb-dominated sites where full to at least partially sunny conditions persist for most of the day
(TNC 1991-93).

In the NC/SC Sandhills region, Xyris scabrifolia has been found growing with or near other rare taxa,
including Calamovilfa brevipilis, Carex exilis, C. turgescens, Cladium mariscoides, Danthonia epilis,
Eriocaulon texense, Eupatorium resinosum, Lilium iridollae, Lindera subcoriacea, Lycopus cokeri,
Oxypolis ternata, Rhynchospora macra, R. oligantha, R. pallida, R. stenophylla, Solidago pulchra,
Scirpus subterminalis, Tofieldia glabra, and Xyris chapmanii (TNC 1991-93, NCNHP 1993).

In Florida, Alabama, and Mississippi,  X. scabrifolia occurs in "wet, acid sands, sandy peats, and peats
of hillside seepage bogs and open seepage-fed ecotones between pine savannas and cypress stands"
(Bridges in prep.).  Where found, it may be quite common.  Associates include many of the species
listed above for North Carolina and below for Texas-Louisiana.

In Texas, it is generally found on side slopes and strongly sloping to steep hills overlying sandy, loamy
soils, generally near midslope of the headwaters of small ravines but occasionally on lower slopes at
headwaters of small streams (Orzell and Bridges 1989, TPWD 1992).  Soil types here include Rayburn-
Corrigan-Stringtown, Tehran-Letney, and Rayburn-Tehran-Kisatchie and are associated with the Willis
(Pleistocene) and Catahoula (Oligocene-Miocene) formations (Neitsch 1982, Dolezel 1988, Bridges and
Orzell 1989).  Soil types in Louisiana sites include Beauregard-Caddo and Bowie-Ruston series and are
mostly composed of silt loam or fine sandy loam with a heavy silt loam or sandy clay subsoil.

Xyris scabrifolia sites in Texas occur in two of the three types of hillside seepage bogs defined by
Bridges and Orzell (1989):  the upper-slope bog and lower-slope bog.  The third type of bog (Middle
Branch Bog), which is restricted to Louisiana, has not been found to contain X. scabrifolia.  Of the 24
occurrences in Texas, 10 were located in mid- to lower-slope bogs, while 14 were in upper-slope bogs
(TPWD 1992).  Upper-slope bogs tend to have a wetter, less consolidated surface than lower-slope bogs
and may be composed of different soils (Bridges and Orzell 1989).  The lower-slope bog is closer to
ravine bottoms or small streamheads and grades into evergreen seep forests downslope (Bridges and
Orzell 1989).

Typical associated vegetation in the Louisiana and Texas locations include Centella asiatica, Coreopsis
linifolia, Dichanthelium dichotomum var. microcarpon, Drosera capillaris, Eriocaulon decangulare, E.
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texense, Lycopodiella appressa, Myrica heterophylla, Osmunda cinnamomea, Persea palustris, Pogonia
ophioglossoides, Polygala ramosa, Rhynchospora gracilenta, R. macra, R. oligantha, Rudbeckia
scabrifolia, Sarracenia alata, Scleria muhlenbergii, Sphagnum sp., Toxicodendron vernix, Xyris
ambigua, and X. baldwiniana (LNHP 1992, TPWD 1992).

BIOLOGY-ECOLOGY

Xyris scabrifolia appears to prefer a particular moisture zone within the bog and seepage bog
communities it inhabits.  This zone can often be identified by noting the distribution of other co-
occurring Xyris taxa (see Kral 1966, Bridges and Orzell 1990).  In well-burned sites of the North
Carolina Sandhills, Xyris fimbriata is often found in the center of the wettest section of the seep,
sometimes in 10 cm of water.  Xyris chapmanii and X. baldwiniana can be found along the mucky
margins of this wet zone, followed by X. scabrifolia slightly above.  Xyris caroliniana usually occurs
farther upslope from X. scabrifolia, in the more mesic, better drained sections of the seep.  Under fire
suppression and/or soil disturbance, these distinctions often become blurred.  In disturbed, shady sites,
Xyris scabrifolia has been found growing along the edges of mucky puddles and in upper-slope, wet to
mesic sands (TNC 1991-93).

Like many of its associated species, Xyris scabrifolia appears to depend on fire disturbance for
maintaining an open or partially-open habitat (Lemon 1949, Platt, et al., 1988, 1991).  It apparently
responds very well to fire, even frequent fires; the largest occurrence on Fort Bragg is in a site that was
burned in consecutive summers of 1991 and 1992 (TNC 1991-93).  Although the natural fire frequency
for Sandhill Seeps in NC is not known, it is likely that isolated seeps (seeps surrounded by
pine/wiregrass vegetation) were frequently burned (every three to seven years) (Schafale 1993).  Larger
seeps, and those that occur nearer to streams and ravines, were probably more naturally fire-protected
and less frequently burned.

In the absence of fire, much of Xyris scabrifolia's habitat is quickly dominated by dense shrub
vegetation.  In some cases, shrub invasion is retarded around boggy openings found along the seepage
slope (Orzell and Bridges 1989, Platt 1992).  These openings, although apparently not in the preferred
moisture zone for X. scabrifolia, may be important to the species survival during extended periods of
fire suppression.  Although little is known about the strategies Xyris scabrifolia employs for surviving
fire-suppression periods, it is possible that plants will migrate towards these openings if shading
becomes too severe.  The plant may also be able to persist vegetatively for a number of years.  Kral
(1992) states that no dormancy mechanism is known for the seeds.

Human-related disturbances in fire-suppressed habitats, such as clearings made by foot and vehicle
trails, have probably also been important to the species' survival in recent decades.  Although soil
disturbance is often severe as a result of these activities, Xyris scabrifolia appears to be able to
recolonize disturbed substrate.  A number of X. scabrifolia subpopulations on Fort Bragg occur along
old jeep or foot trails near seepage slopes.  It is not clear if similar types of openings were historically
created by animals.  Kral (1960) reports that the fruiting spikes of Xyris species are a significant part of
the diet of wild turkeys of southern Florida.  Foraging by the turkeys may have created slight
disturbances which were important factors in X. scabrifolia population dynamics.

  Phenology and Reproduction  

Flowering occurs from late July through early September, and fruit is produced from September to frost
(Kral 1992).  Although the species is equipped with functional floral parts which produce viable seed,
Kral (1992) states that the predominant form of reproduction for X. scabrifolia is asexual, through
apomixis (producing seeds without any form of fertilization or sexual union).  Further research is
needed to document the amount of apomixis that occurs in natural populations.  Asexual reproduction is
likely important to the species' survival during periods of dense shading due to fire suppression.

Xyris scabrifolia flowers are perfect and are probably insect pollinated to some degree (Kral 1966). 
The only insects observed visiting the flowers of Xyris species are bees of the Andrenidae and
Bombidae families.  No nectaries have been found (Kral 1966), and flowers are odorless.  Insects
probably obtain pollen during floral visits.  No hybridization has been reported for this species. 
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Phenological differences between morphologically similar species are probably enough to prevent
hybridization from occurring (Kral 1992).

Seeds of Xyris scabrifolia fall to the ground after the bracts at the base of the capsules break away. 
Germination of the minute (0.6-1.0 mm long) seeds is controlled by specific requirements for certain
moisture conditions, warm weather, and sunlight (Kral 1992).  The germination period does not appear
to be correlated with any particular season (Kral 1992); germination is immediate, and there is no actual
dormancy mechanism known for the species (Kral 1992).

Xyris scabrifolia is vegetatively active throughout most of the year.  These perennials overwinter in a
somewhat bulbous stage and in the late winter and early spring develop lateral buds which arise from
the bulb to produce the new year's scapes and leaves.  Although the species is not rhizomatous, these
lateral buds can sometimes extend outwardly and may resemble stolons or rhizomes.  Early in the year
it is often very difficult to recognize different species of Xyris, but by late spring and summer the plants
become more visible and recognizable.

Seedlings at all stages of development can often be found at one site (Kral 1966, 1992).  Recently
sprouted seedlings will have linear or strap-shaped cotyledons that are green and erect or flattened.  The
husk of the seed usually remains on the seedling for several weeks after germination.  A month after
germination, small fan-shaped rosettes appear with five or more leaves (Kral 1966).  Plants will flower
within a year after seedling establishment (Kral 1966).

Seeds of Xyris scabrifolia are sometimes used by different Dipterans (flies) and Lepidopterans (moths
and butterflies) for ovipositing and larval development (Kral 1992).  These insects will bore spikes and
lay eggs in the seeds after capsules develop.

THREATS 

Hillside seepage bogs throughout the southeastern Coastal Plain are relatively uncommon.  In North
Carolina, good to excellent hillside seeps are restricted to the fire-maintained areas of Fort Bragg,
Camp MacKall, and Sandhills Game Land (TNC 1991-93, Schafale 1993).  Of the approximately 100
examples of hillside bogs identified by Bridges (1988) and Orzell (1987) in the West Gulf Coastal Plain,
probably less than 30 bogs remain relatively undisturbed (Bridges and Orzell 1989).  The greatest
threats to these communities and the Xyris scabrifolia subpopulations they contain include (1) habitat
destruction by conversion to urban, suburban, agricultural, silvicultural, or military use, (2) alteration
of hydrology as a result of habitat fragmentation, and (3) loss of herb diversity due to fire suppression.

Although the historical frequency of hillside seeps in the Sandhills region of North Carolina will never
be known, it is likely that large-scale land conversion in this region to golf courses and residential and
commercial development has destroyed thousands of seeps (TNC 1991-93).  Although seeps located on
military land and state-owned land in the region are now somewhat protected, these sites are still under
the constant threat of disturbance or destruction by military vehicles and fire-suppression activities. 
The recent (1993) discovery of occurrences in a few North Carolina powerlines that traverse
streamheads opens up another avenue of investigation.  It is not known yet how important this habitat
may be for the species.

Site quality on these properties is also threatened by foot and vehicle trails, fire plowlines, and roads
which all work to disrupt the natural hydrology of the seepage community.  These communities are
dependent on intact recharge areas upslope and undisturbed discharge areas downslope.  Fragmentation
of recharge areas may lead to extended low-moisture conditions across the seep, which may seriously
affect Xyris scabrifolia, a species requiring long, if not constant, hydroperiods.  Xyris scabrifolia
habitat may also be altered by flooding caused by backed up discharge areas.  Roads or trails located at
the base of seepages often cause this type of flooding.

Although Xyris scabrifolia may be able to survive five to ten, perhaps even 20, years of fire
suppression, it is unlikely that it can survive more than two to three decades in dense, shrub- or
hardwood-dominated areas (TNC 1991-93).  Loss of open-canopied habitat may not be the only effect
fire suppression has on Xyris scabrifolia.  The dense woody cover which develops after years of
suppression may also affect it by dramatically changing the hydrologic conditions of seepage slopes. 
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Although it has never been quantified, it is likely that evapo-transpiration rates for shrub-dominated
seeps is much higher than comparative rates for well-burned, herb-dominated slopes.  Drier soil
conditions may reduce large numbers of Xyris scabrifolia.  Another possible stress in the absence of fire
is the lack of nutrients available to the plant.  Part of the plant's reproductive cycle and long-term health
may depend on nutrient pulses usually available following a burn.

STEWARDSHIP

  RESEARCH NEEDS

Research is needed to further understand the reproductive biology of this species, particularly the
importance of fire disturbance to flower and seed production, and the amount of apomixis in naturally
occurring populations.  Electrophoretic analyses of widely distributed populations, particularly the
disjunct occurrences in North Carolina, should be done to better understand the rangewide genetic
diversity of the species.  Large genotypic variations between the east Texas and North Carolina
populations, for example, may have important phytogeographic implications.

Several taxonomists (Kral 1993) feel that Xyris chapmanii, a new Gulf Coastal Plain species named by
Bridges and Orzell (1990), is perhaps an entity belonging to X. scabrifolia.  Detailed research on the
morphological, cytological, and genetic differences between these two taxa may help to resolve this
question.  The two are easily separable in the Carolinas, where they each possess unique morphological
characters and occupy different microhabitats.  Research is also needed to better understand the
distribution of Xyris scabrifolia and of its habitat outside federally and state-owned lands.

Research into the relationship between fire and seep species is urgently needed.  As noted above, many
species in the Sandhills region and elsewhere are dependent upon frequently burned habitat for survival. 
However, little or nothing is known about the effects of timing, frequency, and intensity of fire on
specific plant species.

  RESEARCH PROGRAMS

Research programs specifically focusing on Xyris scabrifolia have yet to be initiated.

  MONITORING NEEDS

Biological monitoring of the species is needed to determine its response to current land management
practices, such as fire suppression and prescribed burning.  Monitoring should also determine how
disturbances in the recharge and discharge areas of hillside seeps affects Xyris scabrifolia
subpopulations.  The monitoring program should also determine the optimal fire frequency, fire
intensity, and season of burn necessary to maintain and/or restore viable subpopulations.

Inventory need.  Additional South Carolina sites might be located if surveys of seepage slopes in the
Carolina Sandhills National Wildlife Refuge and Sandhills State Forest were undertaken.  A systematic
survey of suitable habitat in the Sandhills region of the Carolinas and Georgia, including powerlines and
gaslines, is needed.

  MONITORING PROCEDURES

Boundaries for occurrences in both fire-maintained and fire-suppressed hillside seepage bogs, as well as
disturbed and undisturbed seeps, should be mapped so that future spread or decline of each
subpopulation can be recorded.  Spread and decline may also be monitored by setting up plots along the
edge of the subpopulations and recording gamet and ramet recruitment into the plots.  Plant counts
within sample plots located within the boundaries of each subpopulation should also be made to monitor
increases or declines.  Mortality and recruitment counts and other demographic counts will require each
plant within each plot be mapped or staked.  Some accounting of the germination of seeds should be
attempted.

Subpopulations selected for experimental burns should ideally be divided into several units separated by
firebreaks, roads, etc., so that experimental and control burns can be conducted.  Plant counts, as well
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as mortality and recruitment counts, if possible, should be made for each of the plots.  Counts of sterile
and fertile plants for each control and experimental plot should be made, as well as counts or estimates
of capsule and seed production.

Well-burned seeps should occasionally be resurveyed for Xyris scabrifolia, even if the species was not
found in previous survey attempts.  It is possible that vegetatively inactive plants or dormant seeds that
occur in once densely vegetated, fire-suppressed sites may not produce flowering stems until one or two
years following a burn.

  MONITORING PROGRAMS

None. 

  MANAGEMENT NEEDS

It appears from field observations on Fort Bragg (TNC 1991-93) that Xyris scabrifolia can tolerate
moderately long periods of fire suppression (up to 15-20 years) and moderately high levels of soil
disturbance.  The number of plants in most of these disturbed or fire-suppressed sites is usually low,
however, and without additional management, the plants would probably die out.  Restoring fire and
stable hydrologic conditions to these sites will likely improve the community quality and increase the
number of plants.

Once extirpated from a particular site, it is unlikely that Xyris scabrifolia will recolonize it, even if
well-burned in the future.  Seed dispersal for the species appears to be minimal, and colonization of
distant, though suitable, habitat is unlikely.  If the species does appear after a burn, it may have
persisted as seeds or vegetatively, waiting for a burn before it could flower and fruit.

  MANAGEMENT PROCEDURES

Based on the current knowledge, sites containing the species should be burned on a three-to five-year,
late spring to early summer burning schedule. If possible, burns should always be conducted on a
landscape rather than community level.  Fires carried into hillside seepage bogs from surrounding
upland areas will burn much more naturally and effectively than burns started just around the edge of
the hillside seep.  Restoration of surrounding upland areas may actually be necessary before any type of
ecological burns can be conducted for hillside seeps.  Heavily fire-suppressed sites that contain X.
scabrifolia should first be burned with a cool, winter burn to reduce fuel loads.  A growing-season burn
can then be conducted on the site two to three years later.  Monitoring programs should continually
evaluate the response of the species to these different regimes.

Roads or trails that disrupt the hydrology of hillside seeps should be abandoned and revegetated. 
Attempts should be made to restore the original topography of the site, especially if roads or trails
seriously obstruct surface or subsurface water flow.

  MANAGEMENT PROGRAMS

Since 1990, all managed areas on Fort Bragg, NC, are scheduled to be burned on a three-year,
prescribed growing-season burning regime.  Prior to 1990, from the mid-1960s to 1989, these areas
were burned on a five-year rotation using winter, fuel-reduction burns.  Prior to the 1960s, there was
no prescribed burning program on either installation, although wildfires were apparently frequent
(Sewell, et al., 1993).

Several types of previous management activities on Fort Bragg are currently affecting many hillside
seepage communities.  During the 1960s, fire plowlines were placed around seepage slopes, small
streams, and other wetlands by wildlife biologists and foresters who felt that fires passing into wetlands
were destructive to animal populations.  This practice fortunately no longer continues, but the plowlines
still persist and may take several more decades to fill in with sediment and enough vegetation to cease
acting as firebreaks between Sandhill Seeps and their adjacent uplands.  Until that time these plowlines
will continue to disrupt the natural nutrient flow and water recharge for the seepage communities.
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Numerous Sandhill Seeps on Fort Bragg have also been dissected and severely degraded by firebreaks
and trails that were created in the 1960s and 1970s.  Although these roads cause serious erosional
problems and destruction to natural communities such as hillside seepages, officials on Fort Bragg do
not seem prepared to close any of the roads (Sewell, et al., 1993).  Erosion and stream siltation caused
by the road system is one of the greatest environmental stresses on Fort Bragg.

STEWARDSHIP SUMMARY

Sites containing Xyris scabrifolia should be burned in the growing season on a three- to five-year
rotation using landscape-level, ecological burns when possible.  Disturbances affecting the recharge and
discharge areas of X. scabrifolia seeps should also be identified and removed.  Monitoring programs
should continually evaluate the response of Xyris scabrifolia to current and new land management
practices.
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Summary of the potential effects of the RCW Management Guidelines on Xyris scabrifolia.

Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

HMU MANAGEMENT

   Cavity tree protection       X    

      Brush clearing    X    

      Fuel removal and raking    X    

   Midstory control X X X

      Prescribed burning X

         Three-year fire return X

         Winter fire X X X

         Growing season fire X

      Fire management X    

         Berm construction X          

         Plowed fire lanes X     

         Back fires X

         Natural fire breaks X

      Mechanical control X X X

      Chemical control X X X

   Hardwood control X X X

   Pine thinning X X

   Cavity tree retention X

   Pine beetle control    X X

      Thinning    X X

      Pheromones X

EROSION CONTROL X

LONGLEAF PINE REGENERATION X X X
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Management Practice

         

Adverse
Effect

              

May
Adversely
Effect

          

No
Effect

Beneficial
Effect

RCW POPULATION AUGMENTATION X

   Cavity construction X

   Cavity restriction X

   Cavity closure X

EXTRACTIVE LAND USES X

   Pine straw raking    X

   Timber harvest X       

      Lengthened rotations X

      Patch creation X

      Stand conversion X X X

TRAINING RESTRICTIONS X

   Impact/Danger areas X

   Bivouac restrictions X

   Digging restrictions X

   Smoke/Gas/Incendiaries X

   Small arms firing X

   On-road vehicular traffic X

   Off-road vehicular traffic X

EXPANDED TRAINING GUIDELINES X

NOTE:  Refer to Chapter 4 for detailed discussion of the listed management practices.  Expected effects
of management practices are estimates made by the authors based on the relevant species stewardship
summary.  Estimates are expected to be refined by the experience of those working in the field.
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Species Management Notes:  Xyris scabrifolia

Xyris scabrifolia occurs primarily in moist to wet sandy peats in acid sphagnous bogs or sandy seepage
areas in sandhills dominated by longleaf pine and pond pine as well as in ecotonal areas between these
habitats and more xeric longleaf pine-oak communities.  It appears to depend on periodic fire to
maintain its open habitat and on particular hydrologic conditions.  

Cavity Tree Protection:  Brush clearing and fuel removal within a 50 ft buffer area around RCW cavity
trees is likely to affect only a minimal portion of the larger HMU and should not directly encroach into
seepage bogs which support X. scabrifolia.  

Prescribed Burning:  Regular prescribed fire is highly desirable for the maintenance and improvement
of appropriate habitats for X. scabrifolia because it acts to reduce the shrub and midstory woody
vegetation and promotes a well-established herbaceous layer.  Further research is required to assess the
effects of growing season vs. winter burns, as well as burn frequency, on the ecology and reproduction
of this species.  Recent work suggests the species responds well to fire, even frequent fires (3 to 7 year
return).  Larger seeps which support X. scabfrifolia, such as those nearer to large streams, may have
historically been protected from frequent fire and should be managed appropriately (e.g. using natural
fire breaks).

Fire Management:  Natural fire breaks (topographic features, wetland boundaries) should be favored
over artificial means of controlling fire, since use of natural breaks would more closely mimic natural
ecosystem processes, including burn frequency in protected seeps.  Use of heavy equipment to construct
berms or fire lanes should be minimized to avoid negative impacts to ground layer vegetation, soil
stability, and local hydrology.  In particular, construction of fire lanes in the ecotones between xeric
uplands and more mesic or hydric sites should be prohibited.  Natural recharge from upslope areas, as
well as natural discharge into downslope areas, must be preserved in seeps to maintain hydrologic
conditions upon which X scabrifolia and related species depend.

Hardwood Control and Pine Thinning:  In general, the hardwood and pine thinning guidelines, to the
extent that they restore or promote the maintenance of an open, park-like stand of mature pine-oak
forest, should benefit embedded seeps and other wetlands which support X. scabrifolia.  Chemical and
mechanical methods of hardwood control should employ best management practices to avoid soil
disturbance, destruction of ground layer vegetation, and non-target effects of herbicides.  This is
particularly important in wetland situations where the effects of chemical spills and trampling during
mechanical removal can have severe impacts on wetland vegetation and soils.  In general, midstory
control within 50 ft of wetlands supporting X. scabrifolia should be prohibited unless prescribed
burning fails to provide adequate control of woody encroachment.  Chemical control should not be
employed in wetlands or in the 50 ft buffer.

Erosion Control:  Concerted efforts to reduce and prevent soil erosion within HMUs would have a
beneficial effect on X. scabrifolia habitats by maintaining the integrity of herbaceous layers and the
appropriate levels of recharge and discharge through seepage wetlands.  Use of native vegetation should
be used wherever possible and non-native species should be avoided.  Mechanical means of erosion
control should maintain the natural contours of the surrounding topography and insure the integrity of
natural hydrologic processes.

Longleaf Pine Regeneration:  In general, re-establishment of longleaf pine and the regeneration of
existing longleaf pine stands would increase the available habitats for X. scabrifolia.  Natural
regeneration methods should be used in order to avoid high-impact artificial means.  Site preparation
should employ fire where possible rather than mechanical methods such as discing or chopping. 
Forestry operations should be prohibited within 50 ft of wetland margins.
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Extractive Land Uses:  Pine straw raking has been shown to destroy ground-layer vegetation and
longleaf pine seedlings and to cause or exacerbate erosion problems.  In the long-term, removal of pine
straw fuels may also alter fire regimes.  While not likely to directly affect wetland seeps, all of these
potential effects would have negative indirect and cumulative impacts on X. scabrifolia.  Timber harvest
which shifts forest stands toward longer rotations and replaces off-site pines and hardwoods with
longleaf pine should restore natural fire, hydrologic, and nutrient dynamics in plant communities. 
Forest management should minimize adverse impacts to wiregrass and other herbaceous ground-layer
species.

Training Restrictions:  Restrictions on training activities within HMUs, to the extent that they minimize
disturbance to vegetation and soils, should benefit X. scabrifolia.  Vehicular traffic on roadways should
be monitored to reduce soil erosion and off-road traffic should be prohibited as highly deleterious to
ground cover, soil structure, and hydrologic patterns.  Where off-road traffic is unavoidable, it should
be prohibited from within 50 ft of wetland/upland edges.




