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FOREWORD

This study was conduc ted for HQ III Corps and Fort Hood under Projec t Intra-Arm y Order (lAO)
Nos . 348-87.66-88. and 268-88; for the U.S. Army Center for Publ ic Works (USACPW). Fort Belvoir.
VA. under Funding Authoriza tion Document (FAD) No. 89-080046; and for HQ. Forces Command
(HQFO RSCOM) under Military Interdepartmental Purchase Request (MIPR) JE 26-91.

The work was performed by the Natural Resources Division (EN) of the Environmental Sustainment
Labo ratory (EL). U.S. Army Construction Engineering Research Laborator ies (USACERL). The Principal
Investigator was Dr. David J. Taz ik. Dan Salzer and Geralyn Larkin (Hi llsboro. OR) conducted much of
the field work during 1988 and 1989. including banding. and territory and nest monitoring. They also
assisted in data compi lation and contributed many sugges tions and insight to the benefit of the projecl.
Dennis Herbert and B.R. Jones (Fish and Wildl ife Branch. Fort Hood) were most helpful in identifying
potential vireo co lony sites. coordinating resea rch activities. assisti ng researchers in ga ining access to
various areas of the Fort. and assis ting in various aspects of the field work. Grant Critchfield (Sa lado.
TX) assisted in cow bird trapping during 1988. Doug Short (Missouri Valley. IA) and Carolyn Bachler
(Chicago. IL) trapped cowbi rds during 1989. Rus Allen (Scheduling Branch . Fort Hood) and personnel
of the Fort Hood Range Control Office coordinated researc her access to co lony sites within the live fire
training area. David Kowalski (USACERL) created the program to evaluate potential vireo production
in parasitized and unparasi tized populat ions based on Nolan's model. She lia Mochel (USACERL)
dig itized the vireo territories and ass isted with other data entry. Dr. Joseph Grzybowski (University of
Oklahoma. Nor man) provided many helpful suggcstions throughout the course of the study. Robin
Musson assiste d in compiling the final report. Dr. William D. Goran is Acting Chief, CECER-EL. The
USACERL techni cal editor was William J. Wolfe. Information Management Office.

LTC David J. Rehbein is Commander of USACERL and Dr. L.R. Shaffe r is Director.
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STATUS OF THE BLAC K·CAPPED VIREO ON
THE LANDS OF FO RT HOOD, TEXAS,
PART III: POPULATION AND NEST ING ECOLOGY

1 INTRODUCTION

Background

The U.S. Army is responsible for managing 12.4 million acres of land on 186 major installations
worldwide (U.S. Department of the Army IDA) 1989). Many of these lands are used for mili tary train ing
and testing activities. and many are also managed for nonmilitary uses. including fish and wildlife. forest
products. recreation. agriculture. and grazing. Proper land management supports the military mission and
multiple use activi ties. but a lso presents the Army with a unique challenge as a public land steward.

In its effort to promote responsible land stewardship. the Army has initiated the Land Condition
Trend Ana lysis (LCfA) program. which uses standard methods to co llect. ana lyze. and report natural
resources data (Tazi k et al. I992a ). and which is the Army 's standard for land inventory and monitoring
(U.S. Army Engineering and Housing Support Center 1990). LCfA is a major component of the
Integrated Training Area Management (ITAM) program. both developed at the U.S. Army Construction
Eng ineering Research Laboratories (USACERL). The three other components of ITAM include: (I)
Environmental Awareness. (2) Land Rehabilitation and Maintenance. and (3) Train ing Requirements
Integration. LCTA promotes the principles of sustained yield. land stewardship. and multiple use of mili
tary land resources. The major objectives of LCfA are to: ( I) characterize installation natural resources,
(2) implement standards in collection. analysis, and reportin g of the acquired data that enable compilation
and evaluation of these data Army-wide, (3) monitor changes in land resource condition and evaluate
changes in terms of current land uses. (4) eva luate the capability of land to meet the multiple-use demands
of the U.S. Army on a sustained basis. (5) delineate the biophysical and regulatory constraints to uses of
the land, and (6) develop and refine land management plans to ensure long-term resource availability.

Such programs help the Army comply with a variety of environmental regulat ions based on such
legislat ion as the National Environmental Policy Act, the Endangered Species Act, and the Clean Water
Act (Donnelly and Van Ness 1986). These regulation s require land management personnel at Army
installations to take measures to evaluate the impacts of military activities on natural resources including
endangered species . on Army land. The black-capped vireo (Vireo atricapillusf was placed on the Federal
list of endangered species in October 1987 (Ratzlaff 1987). The Fort Hood popula tion of the black-capped
vireo is one of the most significant within its current range (Tazik et al. I993a). The neare st other major
co lony sites in Texas are located in Travi s County near Austin , and Kerr County. Factors affecting vireo
survival and reproduction on Fort Hood will have a significant impact on the regiona l populat ion and
ultimately on recovery of the species.

The large number of black-capped vireos on Army lands, including Fort Sill, OK (Grzybowski and
Tazik 1993) and the Camp Bullis Train ing Site of Fort Sam Houston (Shaw et al. 1989, Rust and Tazik
1990). can be attributed to two factors: (I ) that the nature of the military mission serves to protect
existing and potential habitat from urban development and excessive rangeland improvement, and (2) that
a high fire frequency resulting from artillery and the use of flares helps to create the hardwood scrub

'Common and scientific names of referenced species are listed in Appendix A.
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hab itat favored by the vireo (Taz ik et al. I993b). In the case of this endan gered species . military
activities have been beneficial. The Army now has the opportunity to contribute significantly and
proactively to the protection of this species on its lands for the nat ional interest while also pursuing its
primary mission. national defense preparedness.

One of the most critical factors limiting vireo reproduct ive success throughout its range is cowbird
nest parasitism (Grabe r 196 1. Marshall et al. 1985. Grzybowski et al. 1986). One study suggested that
the history of intensive cowbird parasiti sm on Fort Hood may have been responsible for the absence of
vireos durin g a 1985 survey (Marshal et al. 1985) . There is no doubt that available hab itat and extensive
cau le grazing on Fort Hood attracts numerous cowbird s. The brown-headed cowbird lays its eggs in the
nests of other birds. and is known to parasitize over 200 avian species (Friedmann 1929.1 963. Friedmann
et al. 1977. Friedmann and Kiff 1985). Small passerine species. including a variety of vireos and
warblers. are pan icularly susceptible to cowbird parasiti sm as the relatively large and rapidly developing
cowbird egg and young outcompete host eggs and young. often resultin g in a substantial reduction in the
host' s reproduct ive success (e.g.. Graber 1961. Mayfield 1960. Nolan 1978. Franzreb 1989).

Nest predation has not been identified as a significant threat to the vireo but is a potentially
important source of nest failure (Ricklefs 1969). Graber (196 1) observed that 9 percent of all eggs laid
and 17 percent of all young hatched were lost to predators. probably snakes in most cases. Scrub jays can
also be a significant source of nest depredat ion in some years (Grzybowski 1986). The impact of military
activities on population and reproductive eco logy of the vireo has never been eva luated.

Based on these conside rations. it is important to document the extent of parasitism and its effec ts
on nest success and producti vity. to assess the effectiveness of cowbird control techniqu es in reducing
parasitism. to determine the level of parasitism that can be sustained while maintaining a stable and
produc tive population. and to determine the effects of military activity on survival. nest success. and
reproduction of this endangered species.

Objectives

The objec tives of this report are to document: ( I) annual survival and dispersal patterns of Fon
Hood vireos. (2) nest success and production. and the factors limiting each (especially cowbird parasitism).
(3) the effectiveness of cowbird control in enhanc ing nest success and production. and (4) the effects of
military activity on survival. nest success. and production.

Approach

Researchers monitored representati ve vireo territorie s and nests located within colony sites scattered
throughout the Fort weekly to biweekly to evaluate vireo population and nesting ecolog y. Sites were
monitored during each of the 3 years of the study . Birds were banded for individual identification to
document annual survival and site tenacity . and to delineate territory boundaries.

Scope

This report is the last in a three-pan series documenting the ecology of the black-capped vireo on
Fort Hood. Evaluati on of the population and nesting ecology of the vireo on Fort Hood is critical to an
understanding of the present status of the vireo and the impacts of both military and nonmilitary activities
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on the Fort Hood vireo population. Other reports in the series have dealt with distribution and abundan ce
(Tazik et al. 1993a ). and habitat preferences (Tazik et al. 1993b).

Mode of Technology Transfer

This research contributes to a fundamental understanding of the ecology of the endangered black
capped vireo. and serves as an example of a proactive approach to endangered species management on
Army lands. Data presented here have already been used to develop a biological assessment required by
regulations implementing section 7 of the Endangered Species Act (50 CFR 402; Tazik et al. I992b). It
is anticipated that results of this study will also apply to Fort Sill. OK. and the Camp Bullis Training Site
of Fort Sam Houston. TX. As such, the information in this and related studies are being transmitted to
military and land and wildlife managers at Fort Hood. Headquarters (HQ) U.S. Army Forces Command.
and HQ Department of the Army. It is ant icipated that these data will be updated annually and that a
computerized data analysis and reporting program will be developed for timely documentation of annual
monitoring results. as part of the Army's Land Cond ition-Trend Analysis Program (LCTA) .
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2 SITE DESCRIPTION

Fort Hood occupies an 87,890 ha area (U.S . Department of the Anny 1987) in central Texa s, in Bell
and Coryell Counties adjacent to the c ity of Killeen (Figu re 1): It lies on the eastern fringe of the
Edward' s Plateau betwe en the cities of Waco, 40 miles to the north east , and Austin , 60 miles to the south.
The clim ate is characterized by long, hot summers and short, mild winters. Average monthly temperatures
for the Fort Hood area range from a low of about 8 °C in Janu ary to a high of 29 °C in July. Average
annual precipitation is 81 cm.

The Fort lies entirely with in the Lampasas Cutplains physiographic region (Raisz 1952). The forces
creating the Balcones Fault Zone, just eas t of the install ation, have displaced underlying rock formations
as much as 500 ft: " Weath ering and erosion over the past 70 million years have produ ced the present
"c utplains " landscape. Soil cover generally is shallow to moderately deep and clayey and underlain by
limestone bedrock (Naka ta 1987).

Elevation ranges from 180 to 375 m above sea level with 90 perce nt of the area below 260 meters
and abo ut 5 percent in bottomlands (Nakata 1987). The landscape exhibits a stairstep topogra phy con
sisting of a gently rolling to rolling dissected remnant plateau. Numerous steep sloped hill s and ridgelin es
40 to 80 m in width rise above the flat to gently rolling plains. This benching is a result of the eros ionally
resis tant limestone cap rocks of the plateau and mesa- hill structures. While the uphe ld areas exhibit steep
slopes, the underlying less resistant shales and marl show more gradua l slopes . Higher e levat ions occu r
on the western portions of the Fort and the lowest at the Belton Lake shoreline adjo ining the Fort on the
eas t. Surface water drains mostly in an eas terly direction .

Fort Hood lies in the Cross T imbers and Prairies vege tation area (Go uld 1975), which normally is
composed of oak wood lands with a grass undergrowth . Woody vegetation on the installat ion is de rived
mostly from the Edward's Plateau vegetational area to the southwest and is dominated by ashe juniper,
live oak and Texas oak. The grasses are derived from the Blackland Prairie area to the eas t. Under
cl imax conditions. these would consist of little bluestem and indiangrass.

Data obtained from the U.S. Arm y's Land Condition-Trend Analy sis (LCT A) program at Fort Hood
clearly show that the Fort is divided main ly into perennial gras sland (65 percent) and woodl and (3 1
percent) community types (Figure 2). Most of the grasslands exhibit a dense or closed vegetative cover
(83 percent ). As a result of a long history of grazing and mil itary activit y, the Fort' s grasslands are
dominated by Texas winter grass (29 percent ) and prairie dropseed (18 percent ), with little bluestem
grass lands comprising only 9 percent of gras sland sites.

Broad leaf woodlands comprise abou t 39 percent of LCTA woodland sites and typically are
dominated by oaks . Coniferous and mixed woodlands comprise 61 percent and are dominated by ashe
ju niper or a mixture of juniper and vario us oaks. Add itional infonnation can be found in Nakata ( 1987)
and Tazik et al. (1993a).

•All figures are included in Appendix B.
" 1 [1 = 0.305 m.
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3 METHODS

Banding Studies

Birds were caught using 24mm mesh mist-nets and banded with both U.S. Fish and Wildl ife Service
(US FWS) numbered metal bands and unique combinations of color bands for individual recognition. In
this way. returns could be monitored from year to year and the movements of individual birds followed
within each season. Estimates of minimum annual survival and between year dispersal distances were
obtained on this basis.

The mist-netting procedure was based on Grzybowski (personal communicat ion 1986). Males
usually were caught by placing the net between actively used shrub clumps. A carved wooden decoy was
placed conspicuously in shrubbery next to the net and a tape of the males song played to attract territory
occupants. Males were sometimes accom panied by a female and fledglings. Females most often were
caught by placing the net in the vicinity of an active nest. preferably along an observed flight lane leading
to and from the nest. The net was placed at some distance from the nest to minimi ze disturbance. Netting
of females was not attempted prior to several days into incubation to minimize nest desertions due to
researcher activity. Few attempt s were made to band young birds on the nest so as to minim ize juvenile
mortal ity.

Aile Determination

Individuals caught for banding (see below ) were classified as hatch ing year (B Y). second year (SY).
after seco nd year (ASY). and after hatching year (AHY). HY birds were those in their first year (the year
of hatchi ng). SY birds were yea rlings in their second year of life. ASY birds were older than one year.
in their second or later year. AHY birds were those of questionable age known to be SY or older.

Ages were determined as described by Grzybowski (l988b. 1989. and personal communication ).
In contrast 10 the typically black-headed ASY males, SY males usually are gray from the posterior edge
of the eye over the back end of the head and nape. While there is some variation in this regard. variant s
occur in both direct ions; i.e., SY birds sometimes appear as ASY, and ASY birds may appear as SY
(Grzybows ki 1989). Thu s, classification errors tend to cance l out.

The tone and wear of the primary coverts is another indicator of age in this species. In SY birds,
these feathers tend to be browner and more worn than those of ASY birds (Grzybowski 1988b). This
results from the fact that juvenile black-capped vireos retain these feather s into their first breeding season
(Graber 1957). Thi s characteristic was used to determine age of both sexes.

Dispersal

The location of each vireo in each year of the study was digitized into the Geographi c Resource
Analy sis Support System (GRASS) geographi c inform ation system (GIS ) located at USACERL.' When
territory data were available for an indiv idual, the approximate center point of the territory was used as
that year 's locati on. Otherwise. the approximate sighting point or point at which the bird was netted was

For more information on GRASS. see: J.D. Westervelt, M. Shapiro. W.O. Goran. and D.P. Gerdes, AD? Report
N·87/22 rcv/A DA2552 IR. Geogrophicat Resources Analysis Support System (GRASS) Version 4.0 User's Reference Manual
(U.S. Army Construction Enginee ring Research Laboratory IUSACERLI . June 1992).
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used. Easting and Nonhing coordinates were obta ined from GRASS in the form of Universal Tran sverse
Mercator (UT M ) coo rdinat es. These data were used to calculate between year disper sal distances.

Nest Success and Production

Territorie s were monit ored weekly to bi-week ly to document mat ing success, nest success, and
production. During each monit oring event, an observer followed the male vireo for up to 2 hours while
attempting 10 local e its mate, nest site, and fledglings.

Nest success was determ ined by locating and monitoring vireo nests, which were most easi ly found
by following the male. Males are intimately involved in eve ry aspect of nesting activity and visit the nest
frequ ently throughout the day (Graber 1961 , Grz ybowski 1985b, personal observation). The pendulous
nesl is commo nly found along the edge of a clump of hardw ood vegetati on and is located on average
about I m above the ground. Nests were carefully monitored every 3 to 7 day s with every attempt made
to avo id disruption of nesting acti vity especially earl y in the nesting cycle. Condition and contents of the
nest were recorded at each visit until the nest became inactive.

Production was documented by searc hing territ or ies for fledglin gs. Fledg lings remain on the
territory for 40 or more days after leaving the nest, during which time they are tended by one or both
parents (G rabe r 1961). Young have a charac teris tic "pe ep" that can be elici ted by shon playbacks of the
male's song (Grzybowski, personal comm unication), and adult birds typically beco me agi tated when a
researcher is ncar the fledgl ings.

Cowbird Co ntrol

Trapping and shoo ting were employed in attempts to contro l co wbird num bers in the vicin ity of
vireo co lony sites . Traps measured 8 x 12 x 6 ft (w x I x h), exce pt for one trap at Area 75 in 1989 that
was 16 ft long, and was constructed of2 x 2-in. lumber and l -in, poullry mesh' (US DI 1973). Live decoy
cowbirds were placed in traps along with abundant seed and water to attrac t others. At least one femal e
and one to three males were maintained as decoys depending upon availability. Decoy traps were checked
at least twice per week from ea rly April through mid -July .

A 4 10 gauge shotgun was used with 3-in. No.9 magnum load she lls to shoo t cow birds, es pec ially
fema les . A tape recordin g of the femal es chatter ca ll was played to attract females to locations were they
co uld be shot most easily (A. Raim , persona l communication ). Three traps were run at Area 6 during
1988. During 1989, the following treatments were applied:

' 1 in. = 25.4 mm .

Cotony Site

Area 2 Slope:
Area 2 Top:
Red Bluff:
Area 75:
Brown 's Creek:
West Fan Hood:

Treatment

I trap April -july
2 traps April -Ju ly: shooting j une-ju ly
I trap April -July
I trap April -July
I trap Apri l-July; shooting June -July
Shooting April -Jul y; 2 traps June-Jul y
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Colon y site locat ions are illustrated in Figure 3. During 1988, all cowbirds captured were disposed of in
a humane fashion. During 19119. only females were regularly killed. while male and immature cowbirds
generally were banded and released .

Military Activities

Impacts of military activities were assessed by recording specific instances of military interference
with nesting and territory occupancy. and by comparing banding returns, nest success. and production
among different regions of the Fort. The Fort was divided into seven major regions (Figure 3):

I. East Range (EARA)-Areas 2-Slope (AR2S ), Area 2-Top (AR2T), Red Bluff (REBL), Area 4,
Area 6 (AR6). Area 12 (AR 12). Brookhaven Mountain (BHMT).

2. East Live Fire (EALF)-Area 75 (AR75) and Area 81 (AR8 1).

3. West Range (WERA)-Non hwest Fort Hood (NWFH), Williamson Mountain/Shell Point
(WMSP). and Mannin g Mountain (MAMT).

4 . West Range Live Fire (WELF)-Brown 's Creek (BRCR). Robinette Point (ROPT), Rambo Point
(RAPT), and Jack Mounta in <JAMT).

5. West Fort Hood (WEFH).

6. North Live Fire (NOLF).

7. South Live Fire (SOLF)-Lone Mounta in (LOMT) and Pilot Knob Range (PKRA).

East Range co lony sites rece ive low to moderate levels of use (Figure 4) especially company and
platoon level training. West Range is subject to moderate use but much of it involves task force and
battalion level operations. In contrast, West Fort Hood receives limited use. The area within the live fire
train ing area is free from maneuver exe rcises but may receive live fire impacts with the exception of North
Live Fire. which is located within a multipurpose maneuver area. Append ix C lists co lony site code
desc riptions for the live and non-live fire training areas.
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4 DAT A ANALYSIS

Age Str ucture, Ba nding Relurns, and Dispersal

Pop ulation age structure was evaluated with respect to sex, yea r. and colony type. Colony sites were
gro uped into main/m on itored. peripheral . and unm onitored co lony type s. Main/monitored sites were those
major co lony sites with four or more territ ories that were visited on a weekly basis to monit or reprod uctive
success. Per ipheral sites were small co lonies that had fewe r than four pairs, were disju nct fro m larger
colonies. and were monitored frequently enough to establish return frequency of banded birds.
Unmonitored sites were main co lony sites visited less frequent ly than monitored sites. thus red ucing the
certainty in es timates of return frequen cy. When poss ible . three-way analyses of independence were
perfo rmed using the log-l inear model (Fienberg 1980). Where data were insuffi cient to apply three-way
analysis. the two-way con tingency table was used to examine various subsets of the data (Co nove r 1980).

Bandin g returns were summar ized by year and as combined I-year and 2-year return frequencies.
Return da ta were grouped by co lony type . reg ion. sex , and age . Two and 3-way cross-classification
analyses were used to evaluate these data.

Dispersa l d istance (D) betwee n years for each individ ual was obtained by applying the formula for
calculating the hy pote nuse of a right triangle where,

[Eq II

and.
N = Northing UTM coo rdinate
E = Easting UTM coo rdinate.

Difference in the distr ibuti on of dispersal distance between sexes was evaluated by contingency table
ana lysis. The Wilc oxon 2 sampl e test (So kal and Rohlf 1969) was used to test for differen ce in median
dispe rsal distance between sexes.

Nesting Stud ies

Nes tings were summarized by the nest stage in which nests were found. and by the nest start period.
Nes tings incl uded any active nest found as well as ev idence of nesting due to the presence of fledg lings
on the territory (Grzybowski 1985b ). Five nest stages were recognized-s-construction (4 days + I day
inac tive) , laying prior to incubation (2 days), incubati on ( 12 to 17 days), nestling (II days) . and fledgl ing
(40+ days) (Graber 1961 ). The 2-day laying period was restri cted to the time prior to the beginning of
incubation. and assumes that incubation started most often after laying the second egg (Graber 1961 ).
Length of the incubation period depends upon whether the nest was para sitized. Cowbirds hatch in 12
days in black-capped vireo nes ts (Grabe r 1961), vireos in 14 to 17 day s. A 33-<1ay nest cycle length was
used for unparas itized nests. ass uming a 15-<1ay incubation period. For parasit ized nests . a 30-day
incubation period was used .

Mayfield ( 1960) reported that avian nest success will be overestimated if based directly on the
percentage of observed successful nests because many failed nests are never found . Mayfield proposed
calc ulating nest success based on the number of nests lost per nes t-day of exposure (see Mating and
Nesting Success below for more detailed inform ation). However, if ac tive nests are found rand oml y
throughout the nesting cycle, actual nest losse s should be about twice those observed (Mayfie ld 1975 ).
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Thu s. it was of interest to determine whether vireo nests were discovered randomly and whether the
proposed relationship would hold.

The expected num ber of nests found in each stage was estimated based on the relativ e number of
nest-days (R,) avai lable within each stage i, which in tum was dependent upon the daily nest survival rate
(DSR). The expected number of nest-days (ND,) in nest stage i was simply the sum of cumulative daily
survival through the length (L,) of stage i; i.e.•

L

ND, L DSR d [Eq 2)
d • I

and.

R,
ND,

[Eq 31

L ND,
i _I

Thus. for five days of the construction phase (i= 1) at DSR=O.934,

L ND, = 0.934 +0.934' +0.934' +0.934' +0.934' = 4.093

Chi -square goodness of fit analysis was performed to test for differences between observed and expected
distributions (Conover 1980 ).

Differences among years in nest stan period and nest fate were eva luated using contingency table
analysis. Nest stan dates were gro uped into 2-week interva ls beg inning 9 April of each year. Where
possi ble. nests were ass igned to an interval by back calculating from a known point in the nesting cycle.
e .g., by aging nestlings.

Nes t fates were divided into four catego ries: ( I) deserted, (2) destroyed , (3) fledged cowbirds. and
(4) fledged vireo s. Factors ca using dese n ion and destruction of nests were identifie d to the extent
possible. Dese n ion was assumed whenever the nest was obvio usly abandoned with eggs still present.
Dese nion was attributed to cow bird parasitism when there was no other obvious cause and one or more
co wbird eggs recently had been deposited in the nest. Other known ca uses of desertion were researcher
disturbance and weather. Nest destruction was attr ibuted to predat ors when nest content s had been entirely
removed or destroyed. Predation was attributed to birds. snakes. or small mammals when there was no
obvious sign of nest disturbance. and where eggs or chicks had been removed. Large mammals were
blamed when the nest itse lf had been dam aged. tom , or removed from the nest bush. Predation was
attributed to ant s on occasions when ants where observed to overrun the nest and dead chicks were present
in the nest. Nest dam age observed subsequent to a severe storm was attributed to weather . Otherwi se
nest dese n ion and destruction were attributed to unknown cau ses.

Cowbird Parasitism and Cowbird Control

Acti ve nests were characterized as parasitized or unparasitized only after at least one egg was
deposited in the nest.
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Cowbird control was summarized as the number of individuals caught or removed by trapping or
shooting durin g 2-week time intervals. Removal success by trapp ing and shoo ting was estimated as the
number of females removed per day. Shooting success also was eva luated as the number of females
removed per visit ,

The effectiveness of trapping at Area 6 in 1988 and Area 2 in 1989 was assessed by graphically
compari ng the incidence (in percent) and intensity (number of cow bird eggs/nest) of parasitism between
areas by year. The se were the only areas fully monitored each of the 3 years.

Thre e separate analyses were performed to examine the effect of the 1989 cowbird control effort
on incidence and intensity of parasiti sm. In the first . co lony sites were classified into three treatment
groups based on 1989 control efforts: ( I) No Treatment, (2) Trapping. and (3) Shooting. The
classification ignored the dual treatments of trapping and shooting after I June at Area 2-Top, Brown 's
Creek, and West Fort Hood. These data were analyzed using logistic analysis (Fienberg 1980) to eva luate
the model shown in equation 4.

Probability of Parasiti sm = Treatment + Year + Treatment x Year [Eq 4]

Probabilit y of Parasitism was treated here as the response variable with the analysis designed to uncover
effects of Treatment , Year, and the Treatment x Year interaction. Because the Trapping and Shooting
treatments were applied only in 1989 (ignoring Area 6 trapping in 1988). and (given normal annual
variability in parasi tism) an interaction between treatment and yca r (Treatment x Year ) would ind icate a
treatment cffecl. That is. diffcrence s between years were expected to differ depending upon the treatment
applied, including "N o Treatment ."

A seco nd logistic analysis evaluat ed the effectiven ess of Single vs. Dual Treatments by examining
parasitism before and after I June 1989. The model was specified as:

Probab ility of Parasitism = Treatment + Period + Treatment x Period IEq 51

Here. Treatment refers to Single or Dual treatments and Period is the time before or after I June durin g
the 1989 breeding season. And again. a significant interaction term was expected to indicate a differenc e
between Single and Dual treatment effects.

Intensity of parasitism ( I, 2. or 3 or more eggs/nest) was compared among Trapping, Shooting, and
No Treatment treatment groups between No Treatment and Treatment time periods. The No Treatment
period corresponded to 1987 and 1988 with the exception that the Area 6 1988 data was placed in the
Treatment period (Area 6 was trapped in 1988). The logistic model applied was,

Probability of N Eggs = Treatment + Period + Treatment x Period

Again a treatment effect would be indicated by a significant interaction term.

[Eq 6[

Correlation analysis (Sokal and Rohlf 1969) was used to evaluate the relationship between cowbird
parasitism and female cowbird trapping success .
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Mating and Nest Success

Mat ing success was es timated based only on terri tories for which there we re at least three
mon itoring visits to taling at least 3 hours of observation over a I-month per iod . Inspect ion of the data
revealed that, for those territor ies know n to be occupied by mated pairs, three visits of at least 3 hours
total obse rva tion time confirmed mat ing in 87 percent of the territor ies. Co ntinge ncy table ana lys is was
applied to determine if SY males had a lower mating success than ASY ma les (Grzy bo wski 1989).

Survival es tima tes for the co nst ruc tio n and the laying periods we re based on the observed fates of
nests loc ated during co nstruc tion. However, because nests typically were not found on the first day of
co nstruction, co nstruc tio n stage surviva l was overes timated. Ass uming an equal probabil ity of find ing
a nest on each day that it was active during the construction period, obse rved surv ival overestimated
expected surv ival by approx ima tely 15 percent. Observed construc tion stage surv ival was adj usted
accordingly.

For the construc tion and the layin g periods, result s were summarized as daily nest loss rates (DLR)
due to dese rtio n and destructi on and as overa ll nest stage survival. Differences in survival bet ween years
and betwee n paras itized and unpara sit ized nests during co nstruction and laying per iods were evaluated
usin g continge ncy table analysis.

Nes t success du ring the incubation and the nestling periods was quantified using the Mayfield
meth od (May fie ld 1960 , 1961 , 1975, John son and Shaffer 1990) rather than directly from fates of observed
nests. Becau se bird nests were found in all stages of the nestin g cycle rather than at co nstruc tio n, there
was a bias toward finding successful nests. That is, nests that had already been deserted or destroyed
co uld not be found as active nests. To avoid this bias , Mayfield propo sed ca lculating success based on
nest-days of ex pos ure. DLR was es timated as nests lost per nest-d ay of obse rved expos ure. Sep arate
es tima tes were made for deserted and destroyed nests. Nest surviv al, S" for nest stage i of length L, was
estimated as,

s = (I -DLRf, , [Eq 71

The variance and the standard erro r were estimated for DLR following Johnson ( 1979). Th e variance (var)
was estimated as,

var
(exp - Ioss) x (lo ss)

exp'
[Eq 81

where,
exp = numbe r of nest -days of ex posu re
los s = number of nest s lost.

Th e stan dard error (SE) was obta ined as the square root of var . Tests for differences in DLR between
years and between pa rasitized and unparasiti zed nests during the incubation and the nestling periods were
performed using the Z sta tistic (Hensler and Nic ho ls 1981 , Bart and Robson 1982) where,
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z IDLR, -DLR,I

(var, +var , )~
[Eq 9J

The 95 percent confidence intervals (CI) for DLR estimates were approx imated as ± 2SE. Also.
a co mparison was made between the Mayfield estimates of nest success and nest success inferred from
obse rved nest fates to de monstrate the extent of the bias present in estimates based on the latter.

The effect of cowbi rd parasi tism on nest success also was eva luated by comparing the fates of
paras itized and unparasitized nests using contingency table analysis. Further. ove rall nest success was
es timated for two hypothet ica l vireo populat ions. one unparasitized and one 100 percent parasitized . For
the unparasitized population. the estimate was obtained by multiplying the individual nest stage survival
probabilities. For the parasitized population. the calculation was not as stra ightfo rward because the
probability of parasitism differed among nest stages. Among parasitized nests on Fort Hood. 3 percent
were parasi tized during construction. 70 percent durin g laying. and 100 percent during incubation (Table
28).' On ly 71.7 percent were parasitized with hatchl ing cow birds during the nestling per iod as some
parasit ized nests did not hatch co wbirds. Thus. the survival probability for the para sitized population was
estimated by weighted average based on the proportion of parasitized and unparasitized nests within each
stage.

The effect of the intensity of cowbird parasitism on nest success was examined by a contingency
table ana lysis of the fate of nests in which one. two. and Ihree cowbird eggs had been deposited . A
correlation analysis was performed to test for a relationship between intensity of cowbird parasiti sm and
DLR due to desertion using reg ional estimates of each parameter for each year as variates. The hypothesis
was that more frequen t contact between vireos and cowbirds at the nest or greater nest disturbance by
cowbirds should cause more frequent nest desertions. Potenti al interrelationships amo ng DLR due to
desertion. the incidence of parasitism. and DLR due to destruction were sorted out by partial correlation
analysis (Sokal and Rohl f 1( 69).

The effect of cow bird control on nest success was evaluat ed graphically by plott ing DLR ± 95
percent CI for iocubation and nestling stages by year and treatm ent group-No Treatment . Trapp ing. and
Shootin g. Mayfield estimates of nest success for the incubation and the nestlio g periods combined also
were compared graphically among treatment groups.

Pair Success and Production

Pair fledging success and produ ction were estimated based only on fully monitored territ or ies. that
is. those that were visited at least three times. and had a total of at least 3 hours observation over the
breeding seasoo with at least one, l -hour visit during mid to late July unless the pair already was observed
to have fledged vireos.

Pair success and produ ction of vireo and cowbird young were summarized by year . colony site. and
cowbird control treatment group. Pair success and production were compared among years and among
treatm ent groups by contingency table analysis and I-way analy sis of variance (ANOVA) (Sokal and Rohlf
1969) respectively. Production was recorded in the field as a minimum to maximum range as all

"All tables arc included in Appendix A.
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fled glings might not be see n on the territory at anyone time. Analy ses gen erally were perform ed on the
median va lue assuming that ove restim ates were made as often as underestim ates.

TI,e effect of parasitism on vireo production was examined in two ways. First. regression analysis
(So ka l and Rohlf 1969) was appli ed usin g observations made in each co lony site each year. The simple
linear model was spec ified as:

whe re.
Prod

a
b

Para

Prod = a + b (Para)

= prod uction in yo ung/female/year
= y inte rce pt
= slope
= parasiti sm in percent.

IEq 10)

Second. a procedure was employed simi lar to that descri bed by No lan (1978). The expected produ ction
in a hypothetical unparas itized population and in a 100 percent parasit ized population was es timated by
ch art ing the ex pec ted nestin g activity of 100 mated females in eac h. Calculations were based on nest
success es tima ted fro m expos ure , length of the nesting cycle. average lifespan of unsuccessful nests, time
between renesti ng attempts su bseq uent to nest failure. prenesting period prior to second brood attempts,
mean start da te for firs t nests, percentage of parasitized nests that produ ce vireos, average number of vireo
or cowbird fled glin gs in successful nests, and probability of nest replacemen t. Th e procedure was
programmed in Turbo-Pascal ' and allows calculation of production at various levels of parasitism. Below,
it is referred to as Nolan's Model.

Critical levels of produ ction (Prod.) and paras itism (Para.) requ ired to maintain a sta ble population
we re es timated following May and Robinson (1985). The rele vant equations are:

[Eq 11)

where ,

Sj =
Prod =

Para" =
Prod..... =
Prodmm =

Prod~ - Prod,

Pn:xl
mP

- Prod min

adult annual mortalit y
juvenil e annual surv ival
critical level of production to sustain population
critical level of parasitism necessary to meet Prod ,
vireo production in a 0 percent parasitized popul ation
vireo production in a 100 percent para siti zed population.

IEq 12)

'Turbo Pascal is a product of Borland Inlemalional.1800-T GreenHillsRd.• Scotts Valley. CA 95066, tet. 408/438-8400.
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For a given Prod" Para, was compared to that predicted from the regression analysis (Para.). The
latter was obtained by rearranging Eq, 7 to solve for,

Regional Analysis

Para,
a - Prod,

b
[Eq 131

Incidence and intensity of parasitism, DLR due to desert ion and destruction, nest success, pair
success, and product ion were compared among the five regions of the installation. Incidence and intensity
of cowbird parasitism were analyzed using a three-way cross-classificat ion (Reg ion x Year x Paras it
ism/Number of Eggs). Pair success was analyzed similarly (Region x Year x Success ). A two-way
ANOVA (Regio n x Year) (Sokal and Rohlf 1969) was used to assess produc tion. DLR was com pared
graphically among regions by year.
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5 RESULTS

Population Age Structure

The age structure of male and female portions of the population are shown in Table I and analyzed
in Table 2. Age structure was sex depe ndent but independe nt of year . The insignificant likelihood ratio
(Table 2) indicates that the model fits without the three-way interaction of Age x Sex x Year. The
percentage of SY birds among males was 10.6 percent overall and was consistent among years. SY birds
constituted a greater portion of the fema le population (23.3 percent overall ) compared to that of the males,
especia lly durin g 1988 (30.0 percent) .

A breakdown by colony type revealed that the proportion of SY and ASY birds differed between
main colony sites (monitored and unmonitored) and peripheral sites (X' =4.925, df= I, 0.025 <p<0.05). SY
birds comprised 25.8 percent of populations at peripheral sites (n=31) in contrast to only 11.7 percent
(n=283) at main co lony sites.

Banding Returns and Survival

A total of 171 male, 59 female, and II fledgling vireos were banded during the 3 years. Adult
banding data and results of various analyses are presented in Tables 3 through 10. None of the ju veniles
banded in 1987 (7) or 1988 (2) were observed in subsequent years.

Percentage return of banded birds by year , sex, and region are shown in Table 3 for colony sites
where data were availabl e for both 1988 and 1989 returns. The three-way interaction of Sex x Year x
Return s is significant (Table 4). This is related to an increase in returns of females between 1988 and
1989 (33.3 to 58.3 percent) that contrasts with a decline in male returns between years (64.7 to 46.8
percent). Thu s, the dependency of return s on sex depends on the year, and the effect of year on returns
depends on sex.

In an analysis of the relation ships among male returns. region, and year, returns were independent
of region but dependent on year (Table 5). Male return frequenc y was lower in 1989 than in 1988 as
noted above. Data for females was insufficient to include region in the ana lysis. A two-way analysis
revealed that female return frequency was not significantly higher during 1989 compared to 1988 (Table
3).

Return s by sex and age are shown in Table 6 and analyzed in Tab le 7. Male return frequency
depended on year with higher return s in 1988 compared to 1989. but independent of age. However, the
likelihood ratio is close to significant indicating that the three-way interaction of Age x Year x Return may
be important. thereby complicating interpretat ion of the results . That is. the relationship between year and
male return frequency may depend on age class. Return s of both SY and ASY males declined between
1988 and 1989 but nearly twice as much among SY (45.5 percent) compared to ASY (23.8 percent) (Table
6). SY males return ed as frequentl y or more so than ASY males in both years. The difference in returns
between SY and ASY females during 1989 was insignificant (Table 6).

The 1988 and the 1989 return frequencie s are combined into l-year returns in Table 8 by sex,
colony type , and region. Two -year returns are also given here (i.e., birds banded in 1987 that returned
in 1989). One-year return frequency was independent of sex but dependent on colony type (Table 9).
The latter was due largely to the low return frequencies of both males (31.3 percent) and females (0.0
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percent ) in peripheral co lony sites. Combining sexes yield s returns of 55.3 percent at monitored sites . 52.9
percent at unmonitored sites . and 23.8 percent at peripheral sites.

Sampl e size was too small among peripheral colony sites to apply the above anal ysis to 2-year
return s. However. Table 8 shows that results are consi stent between the I-year and 2-year returns with
regard to both sex and co lony type. That is. in each case males and females had similar return frequencies
by co lony type. and peripheral colony sites had lower returns compared to both monitored and
unmonitored sites.

The relat ionsh ips among reg ion. sex. and I-year return s are analyzed in Tabl e 10. Peripheral colony
sites were excluded from the analysis. The only West Range site avail able was Manning Mountain but
was excluded from the analysis due to the lack of females in the sample. Return s were independent of
both sex and region. However. sex and reg ion were not independent. Thi s was due to a difference in the
rat io of males to females banded among regions. With regard to the West Range site at Manning
Mountain. a lthough excluded from the analysis. the male return frequency is similar to that of males at
co lony sites included in the analysis (Ta ble 8).

For 2-year returns. data were too sparse for a three-way analysis of Sex x Region x Return .
Inspect ion of Ta ble 8 reveals similar 2-year return s for males and females overall. The difference between
sexes for mon itored sites at East Range (9.1 vs. 26.7 percent ) is insignifican t (Ta ble 8). Thu s. sexes were
combined in an analy sis of 2-year returns among regions (same regions analyzed for I-year re
turns- EAR A. EALF+ WELF. and WEFH). No significant assoc iation was found between region and 2
year returns for sexes combined or for males alone (Table 8).

Between Year Dispersal of Banded Birds

All but six vireos returned to the same co lony site occ upied durin g the previous year. Among
males, only 2 of 157 ( 1.3 percent) changed colony sites. One moved 1.9 km from Jack Mountain in 1987
to Manning Mountain in 1989 (Figure 3). The other moved 22.9 km from West Fort Hood in 1988 to
Manning Mountain in 1989. The latter was probably the result of a fire that destroyed the habitat where
this male held a territory in 1988. Among females. 4 of 49 (8.2 percent ) changed sites as follows: 9.6
km from Area 2-Top in 198710 Area 6 in 1988; 24.2 km from Area 6 in 1988 to Manning Mountain in
1989; 1.2 km from Area 2-Slope in 1987 to Area 2-Top in 1989; and 1.1 km from Area 2-Top in 1988
to Area 2-S lope in 1989.

Between year dispersal distances are presented by sex in Table II . The small number of SY birds
of each sex showed distributi ons similar to those for all ages combined and were not treated separate ly.
Distance interval s were comhined for analysis as shown in Table II to minimize the number of ce ll
frequencies less than five. The distribution of dispersal distan ce differed significantly between sexes
(Table II ) with females dispersing longer distances more frequently than males. Difference in median
dispersal distance was signifi cant (Table II ).

Nesting Studies

A total of 340 active nestings were observed. 308 of which were discovered prior to fledging young
(Table 12). Thirt y-seven nestings were observed at four sites during 1987. 121 at 10 sites in 1988. and
182 at 14 sites in 1989. The increase in the number of nestings discovered each year was the result of
a grea ter intensity of effort during 1988 and 1989 over 1987. and the greater efficiency in finding nestings
that came with experience.

24



Nest Stage

The number of nestings found by nest stage was similar among years. Just over 70 percent were
found during co nstruction (3 1.5 percent ) and incubation (38.8 percent ) combined. Few were found during
the laying period prior to the start of incubation (6.5 percent). Of the remainder, 13.8 percent were found
du ring the nestling period, 9.4 percent after young left the nest.

The observed number of nes ts discovered by nest stage did not differ signific an tly from that
ex pected when DSR was taken into conside ration (Table 13). That is, nests were discovered at random
throu ghout the nesting cycle.

Nest Start Dates

Start da tes were estimated for 280 nestings. Overall, the number of observed starts increased
steadi ly from 30 during 9 to 22 April to a peak of 66 during 2 1 May to 3 June, decreasing thereafter to
6. 1 a fter 2 Jul y (Figure 5). Differen ces among years were significan t (Fig ure 5). Durin g 1987, peak
numbers occurred from 7 to 20 May. The 1988 peak occ urred from 4 to 17 June. Two peak s are
appare nt for 1989: 23 April to 6 May and 2 1 May to 3 June. During 1989, the percentage of observed
nests started ear ly in the season (9 April to 6 May) was substantially higher than during 1987 and 1988
(3 1.1 perce nt vs. 17.6 and 16.6 percent , respectively).

Nes t Fates

Nes t fate was determined for 255 of 308 active nest s found prior to fledgin g, Overall , 37.6 percent
were dese rted, 36 .1 percent were destroyed, and 26.3 percent fledged young (17.3 percent vireos and 9.0
percent cowbirds ) (Table 14 ).

There was a significant difference among years in nest fate (X' =35.208, df=6, p<O.OO I). Mos t
notably , the number deserted decreased from 63.6 percent in 1987 to 45.9 perce nt in 1988 and to 26.3
percent in 1989. This was accom panied by a substantial increase in nests prod ucing vireos from 3 percent
in 1987 and 4.7 perce nt in 1988 to 28.5 percent in 1989. The percentage of nests destroyed was hig her
in 1988 (40 .0 perce nt) and 1989 (35.8 percent ) compared to 1987 (27.3 percent).

The ca uses of nest desertion did not di ffer among years (Table 14). Although the percentage of
nests dese rted dec rease d from 1987 to 1989, the percentage of desert ions attributed to cow bird paras itism
rema ined consis tently high , ranging from 69 .2 to 80.9 percent. (As dem onstrated below , deserted nests
almos t always were parasi tized (Figu re 6J, excl uding those deserted in the construction phase.) Ove rall,
72 .9 percent were abandoned due to paras itism. Few were abandoned due to researcher activity (3.1
percent), while only I percent were deserted after a storm. Another 22.9 percent were deserted for
unknown reasons, 17.7 percent during construction.

The causes of nest destruction also did not differ among years (Table 14). Most was attributed to
unknown predators (77 .2 percent overall), probably snakes , birds, and small mammals that left little trace
of their presence. Large mammals accounted for 17.4 percent. Only 2.2 percent were destroyed by
storms, while another 3.3 percent were lost to ants.

Amo ng the 70 nests that fledged young, the number of nests fledging vireos and the number
fledging cowbirds differed significa ntly among years (Table 14). While twice as many nests fledged
cowbirds than vireos during both 1987 and 1988 ( 10 vs. 5 ove rall), three times as many nests fledged
vireos (39) than co wbirds ( 13) during 1989.
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Nine 1989 nests were excluded from the above sample of 255 nests. These included nests from
which cowb ird eggs were removed. removed and replaced with nonviable eggs. purpose ly addled. or in
which cowbird hatchlings were removed. The fate of these nests is shown in Table 15. Three were
deserted. two were destroyed. three fledged vireos. and one fledged a cowbird.

Cowbird Control

The results of trapping and shooting cowbirds during 1988 and 1989 are shown in Tables 16 through
18. At Area 6 durin g 1988. three traps were operated from 14 April through 13 July yielding a total of
270 trap-days. (Although traps were set up between 15 and 17 March. decoy birds were not available
until 14 April. ) During this period. 106 male. II female. and 18 immature cowbirds were captured. Of
these. 79 males. 10 females. and 13 immatures were removed from the population (Table 16). Female
removal success during 1988 was 0.04 female per trap day.

Eight traps operated at six sites during 1989 yielded 639 trap-days and resulted in the capture of 220
male. 5 1 female. and 167 immature cowbirds. and the remo val of 60 males, 36 females and 90 immatures
(Table 17). Female removal success varied among colony sites. Removal success at the east range co lony
sites of Area 75, Area 2 Top. and Area 2 Slope were similar at 0.06 to 0.07 female per trap day. Success
at the other east range site of Red Bluff was lower than the above at 0.02. Removal success was lowest
at West Fort Hood (O.lXl), which was trapped only after I June, and highest at Brown ' s Cree k Range
(0. 10). Overall, 0.06 female per trap day was removed.

Shooting at five sites during 1989 removed 39 males and 119 females (Table 18), 3.3 times more
females than by trapp ing. Shooting success varied among colony sites. ranging from 0.88 female removed
per visit at West Fort Hood to 1.85 females per visit at Manning Mountain. A peak in success occurred
during I to 15 May when 2 1 females were shot in 10 visits for a success rate of 2. 1 females per visit.
Fema les removed by shooting averaged 0.30 per day. five times higher than by trapp ing. Female removed
per day was similar among sites except for a low rate at Williamson/Shell Mountain (0.17).

ElTect of Cowbird Control on Parasitism

The incidence of cowbird parasitism and the mean number of cowbird eggs per nest for Areas 2 and
6 for 1987 through 1989 arc shown in Figure 7A and 7B. Parasitism at Area 6 was similar durin g both
1987 and 1988 despite the 1988 trapping effort but declined on Area 2 (2-Top and 2-Slope combined)
from 86.6 percent to 73.3 percent without trapping during this same period (Figure 7A). Parasitism
declined similarly on both areas between 1988 and 1989 with cowbird trapping in operation only at Area
2 during 1989. The number of cowbird eggs/nest appeared to decline more sharply from 1987 to 1989
at Area 6 compared to Area 2 (Figure 7B).

The incidence of parasitism each year at each colony site and treatment group is presented in Table
19. Parasiti sm was affected by year but not by treatment or by the interaction of treatment and year
(Table 20). The lack of significant interaction between year and treatment group indicate s that the 1989
treatments were ineffective in reducing parasitism. These results are borne out by simple inspection of
the data in Table 19. Overall, parasitism was very high during both 1987 and 1988. averaging 90.8
percent, but declined markedly in 1989 to 65.1 percent. Among the three treatment groups. the declines
in parasitism from 1987 to 1988. and 1988 to 1989 were remarkably similar.

Parasitism before and after I June 1989 is shown in Table 2 1 and analyzed in Table 22. Parasitism
was unaffected by treatment period (Before vs. After I June) and treatment group (Single vs. Dual
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treatment) . The interaction of treatment period and treatment group also was insignificant indicating that
the dual treatments applied after I June did not influence parasitism. In the Single Treatment group.
parasitism was virtually identical in each period (68.0 percent compared to 66 .7 percent). In the Dual
Treatment group. the apparent decline in parasitism from 72.0 to 50.0 percent was insignificant.

Data on the intensity of cowbird parasitism is presented as the number of cowbird eggs per nest in
Table 23. Data analysis is presented in Table 24. Intensity of parasitism was affected significantly only
by treatment period. mostly due to a difference between years. The insignificant interaction indicates that
the difference between treatment periods was similar among the three treatment groups. and that the
applied treatments did not differ in their effect on parasitism intensity. The mean number of cowbird egg s
per nest declined similarly between No Treatment and Treatment Periods in each treatment group.

Cowbird trapping success during 1989 was positively correlated with the incidence of parasitism
(Figure 8). but not with the intensity of parasitism (r=-0.215. p=0.728). However. note the low trapping
success at Area 6 in 1987. which was excluded from the analysi s. Predators. mostly racoons. created a
constant nuisance by digging under traps . and by tearing through the top entrance to the trap. Thu s.
cowbirds frequently were able to escape from the trap if they were not captured by predators so that
capture success there was unrelated to the incidence of parasitism.

Mating and Nest Success

Black-capped Vireo

Overall. 93.8 percent of the males adequately monitored were mated. Mating success was 87.5
percent (2 I of 24 ) in 1987.94.5 percent (69 of 73) in 1988. and 95.0 percent (76 of 80) in 1989. Mating
success among SY males (20 of 20 = 100 percent) was not less than among ASY males ( 130 of 137 =
94 .9 percent) .

DLR by year. nest stage. and fate are shown in Table 25. Overall . total loss rates appear to be
higher during construction (O.ll66O) and laying (0.068 I) compared to incubation (0 .0588) and nestling
(0 .0598). However. the former pair of values fall within the 95 percent CI of the latter,

During both construction and laying. nest stage survival did not differ significantly among years
(Table 25). All nest losses during con struction. and most during laying were due to desertion. Note in
Table 25 that the fractional values for numbers of nests lost (in parentheses) resulted from an occasional
problem of not being able to assign losses with certainty to either the laying or incubation period. In such
cases. the nest was divided between the two periods. resulting in partial nests .

Total DLR during incubation was similar in 1987 and 1988 but declined significantly in 1989 (Table
25). Similarly. DLR due to desertion decreased from a high in 1987 to a low in 1989. DLR due to
destruction was significantly higher during 1988 compared to 1987 but not so compared to 1989. As a
result. nest stage survival during incubation increased two fold from 27.1 percent in 1987 to 55.2 percent

in 1989.

Nest losses during the nestling period were due solely to destruction. DLR total was significan tly
lower during 1989 compared to 1987 and 1988. the same pattern observed for the incubation period (Table
25). As a result. nestling stage survival increased fourfold from 15.3 percent in 1987 to 61.1 percent in
1989. Overall fledging success increased tenfold from a low of 2.4 percent in 1987 to a high of 23.7

percent in 1989.
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The proportion of nests deserted and destroyed calculated based on data in Tab le 25 are presented
in Figure 9A and 9B. For all years combined, 58.4 percent of nests were deserted, most during
construction (28.9 percent) and incubation (22.3 percent) (Figure 9A) . Desertions were particularly high
in 1987, nearly half of which occurred during incubation, but declined in 1988 and again in 1989. No
nests were deserted during the nestling stage.

In all, 27.4 percent of all nests were destroyed (Figure 9B). Losses were substantially higher during
1988 and 1989 compared to 1987. This was due primari ly to a substantial increase in the proportion of
nests destroyed during incubation from 2.9 percent in 1987 to 15 percent in 1988 and 11.3 percent in
1989. In contrast, nest destruction during the nestling period was similar among years (11.8 to 15.1
percent). No nests were destroyed dur ing construction.

In Table 26, nest loss and success calculated based on exposure are compared to nest fates (Table
14). Observed nest fate data (Table 14) underestimated nest loss due to desertion by 35.6 percent ,
overestimated nest loss due to destruction by 31.8 percent, and overestimated nest success by 85.2 percent
(and underestimated total nest loss by 14.1 percent).

Brown-headed Cowbird

Cowbird nesting success is usually reported as the percentage of eggs that success fully fledge young.
On Fort Hood, 357 cowbird eggs observed in 221 active and inactive vireo nests, produced 28 fledgling s,

a 7.8 percent fledging success . However, this estimate is high because it is based on observed nests.
Another approach is to take the observed number of cowbirds fledged per active nest (0.09; next section)
and div ide by the average number of cowbird eggs deposited per active nest (1.58; Table 23) yieldin g 5.7
percent egg success. Th is is reduced to at least 5.4 percent considering that 5.9 percent (13 of 221) of
all observed cowbird eggs were laid in inactive nests.

Effect of Parasitism on Nest Success

DLR and nest stage survival for parasitized and unparasitized nests presented in Table 27 were
calculated for construction and laying periods based on nests found in construction and by Mayfield's
method for incubation and nest ling periods. Nest survival during constru ction and laying did not differ
significantly between parasitized and unparasitized nests. However, for the construction stage , the lack
of significance is due to the small sample size for parasitized nests.

During incubation, the greater nest survival for unparasitized compared to parasi tized nests was due
to a substantially lower DLR due to desertion in unparasiti zed nests (Table 27). DLR due to destruction
durin g incubation did not di ffer between the two. During the nestling stage, DLR due to destruction was
significantly higher in parasitized compared to unparasitized nests, resulting in a higher nestling stage
survival in unparasitized nests.

A summary of survi val probabilities for nests in parasitized and unparasitized populations of the
vireo is presented in Table 28. The expected nest success in the unparasitized population (0.25 1) is over
twice that of a totally parasi tized popula tion (0.118).

Nest success in parasiti zed and unparasit ized nests calculated from expo sure and excluding the
constructi on phase were different (Figure 6). Parasitized nests were deserted far more frequentl y,
destroyed less frequently, and fledged young substantially less often than unparasi tized nests.

Table 29 lists the effect of the intensity of parasiti sm on nest success. Nest fates did not differ
significant ly between nests with one cowbird egg and those with two or more cowbird eggs.
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A significan t co rrelatio n was found betw een the regi onal nest deserti on rate during incubation and
the intensity (r=0.703, p=0.035; Fig ure 10) but not the incidence (r=0.379, p=0.3 15) of paras itism.
Panialing out the effect of the nest destruction rate imp roved the correlation with intensity (r=O.834,
p=O.OJ(J) and with incidence (r=O.704, p=O.05 2). Panialin g the effec t of both nest destruct ion and
incid ence of paras itism reduced the significance of the corre lation betw een desertion and intensi ty
(r=O.702 , p=O.(79). Panialin g out the effect of destruction and inten sity of parasit ism grea tly redu ced the
correlation between desertion and incidence (r=O.398, p=O.376). Thus, DLR due to desertio n du ring
incubation appears to be more closely related to the inten sity rather than the incid ence of para sitism
although inc ide nce and inten sity are themselv es related (r=O.60I , p=O.051).

Vireo young per successful nest ave raged 2.74 (SE=O. 159, n=3 1) among unparasit ized nests,
sig nificantly higher than the ave rage of 2.23 (SE=O.28 I, n= I3) among paras itized nes ts that fledged vireos
(1=7.66 , df=42, p<O.(lOI). Vireo production per successful parasit ized nests that fledged either vireos or
co wbirds was 0.86. Vireo yo ung per active nest also was obvious ly much larger among unparasitized
nests (0.68) than paras itized nests (0. 10). Losses to cowbird paras itism am ounted to 0.5 8 vire o young per
active nes t (85 percent ).

Cowbirds fledged at a rate of 1.16 young per successful parasiti zed nest that fledged co wbirds
(SE=0 .075 , n=25). Number of co wbirds fledged per active para sitized nest was 0.09, similar to the
numbe r of vireos fled ged per ac tive parasiti zed nest (0.10).

Effect of Cowbird Control O f! Nest Success

Becau se parasiti sm appears to increase nest loss during incubation due to desert ion and during the
nestling period due 10 destru ction , cowbird contro l should redu ce these nesl losses and there by increase
nest success . DLR are plotted in Fig ures II A to II D by year and cowbird control treatme nt group-e-No
Trea tment, Trapping, and Shoo ting.

For the incubation stage, the desertion rate was high est in the No Treatment group during 1987
(Figure II A) . Rates were othe rwise similar within and across trea tment gro ups. Incubat ion stage DLR
due to destruct ion was simi lar ac ross year -by-treatment gro up combinations with the exce ption of a high
rate in the 1988 No Tre atm ent group (F igure II B). Total DLR was higher in the No Treatme nt group
during 1987 and 1988 compared to other year-by-treatment co mbinations (Figure II C). The high loss rate
during 1987 was due to the high desertion rate in that year, whil e the high 1988 rate was due to a high
destruct ion rate du ring that year. No co ns istent effect due 10 co wbird co ntrol is apparent in these result s.
For example, DLR in the No Treatment group during 1989 was as low or lower than DLR in the Trappi ng
and Sh ooting groups (Figures II A to II C).

Patterns in the nestling stage destruction rate s reveal no effect due to cowbird control. DLR was
highest in the Trapping group during 1988, a trend oppos ite that expec ted if contro l we re effec tive (Figure
I ID). DLR was also relati vely high during 1987 in the No Tre atment Group, but otherwise simi lar across
treatment groups during 1988 and 1989.

Nest success through incubation and nestling stages is shown by treatm ent gro up in Figure 12. A
cons istent effec t due 10 co wbird control is unapparent. Alth ough success was so mewhat higher in the
Trapping gro up during 1988 as co mpared to the No Treatment group, during 1989 success was much
higher in the No Treatment group, as compared to both Trapping and Shooting groups.
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Pair Success and Production

Vireo and Cowbird Success and Production

Vireo pair success in fledging vireo young is presented in Table 30 by year and col ony site.
Differences among years in the proporti on of successful nests was significant (Table 30). with success
co ns ide rably higher in 1989 co mpared to 1987 and 1988.

Vireo produ ct ion (yo ung/mated pair) by co lony site and year is presented in Tables 3 1A and 3 1B
in 2 version s. Th e uncorrected version (Ta ble 31A ) is based only on the estim ated number of fled glings
obse rved in the field . Th e corrected versio n (Table 3 1B) is adju sted for the obse rva tion that product ion
based on nesti ngs first observed in the fledgling stage (1.56. SE=0.151) was 57 percent lower than
produ ction based on nests obse rved and mon itored prior to fledg ing young (2 .74, SE--Q.159). Individual
obse rvations of the former were adj usted accord ing ly. Subsequ ent analyses were based on the corrected
produ cti on values in Tabl e 3 1B.

Vireo prod uction in 1989 was sign ificantly higher than during 1987 and 1988; 1987 and 1988
production was simi lar (Table 3 1B). Th is pattern is co mparable to that observed in pair success (Table
30) . Production in 1989 ( 1.80 vireo young/pair) was over four times that of the co mbined 1987 and 1988
produ ct ion (0.44 vireo young/pair).

Pai r success in fledgin g cow birds d id not d iffer significant ly among yea rs, and averaged 14.2 percent
ove r the 3 years (Table 32) . Cow bird produ ction in vireo nests also did not d iffer significantly among
years (Table 33) , averag ing 0.193 co wbird young per pair.

Effect of Parasitism on Pair Success and Production

Se veral parameters were es timated in the application of No lan 's model for hypothetical parasitized
and unparasitized vireo populations .

Nes t cycle length for unparasit ized nests was 33 days. Thi s included 5 days in active and inac tive
building, 2 in laying prior to incubat ion. 15 in incubation, and I I in brooding. For parasitized nests, only
the incubation period differed with 12 days instead of 15, for a total length of 30 days. Th ese parameter s
were derived from Graber (1961 ).

Th e expec ted lifespan of unsuccessful nests was es timated at II days for unp arasit ized nests and
10 days for parasiti zed nests, based on DLR for eac h nest stage. It was assumed that nest build ing usually
began on the day foll owing nest loss (Nolan 1978 ).

Littl e data were av ailable to estimate the pre-nesting period before initiating a new nest after a
successful one. Th e median for eight nest s that fledged cowbirds was six. For seven that fledged vireos
the median was 20 . (Th e latter see ms high .) Nolan (1978) reported a IO-day period for the Prai rie
Warbler. with 26 days the longest. Since territories were chec ked onl y onc e per week. missing a nest I
week that was then lost before the next week 's monitoring would effectively increase the apparent length
of the prenesting per iod . Also, it see ms reasonable to ex pec t that females would minimize the length of
the prenesting interval to increase the probability of success for the second-brood. On thi s basis, the
prenesting period was set at 12, twice that for nests following a successful co wbird fledging,

The start date was set as 16 April. While only I perc ent of all nests were obse rved from 9 to 15
April, about 10 percent were newl y discovered eac h week thereafter, i.e ., beginning 16 April.
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Week ly probability of nesting atte mpts followi ng a successful or unsuccessful nest decreased with
time. Data are presented in Table 34.

Vireo young per success ful nest was 2.74 in unparasi tized nests and 2.23 in paras itized nests .
Howev er, evidence suggested that these may be underestimates. Each is the average of the median
number of fledglings observed, where the median was derived as the midpoint of the es timated range of
young to have fledged from nests . A range was recorded because of uncertainty as to the number of
fledglings on a given territo ry. Grzybowski ( 1985b) reported that 18 black -ca pped vireo young were
produced in five unparasitized nests , yielding 3.6 young per nest. He also noted that including nestings
discovered during the fledgling stage reduced est imated fledgin g success to about 2.4 young per successful
nest as a result of undercou nting fledgli ngs. Although a correction factor was applied in the present study
to compensate for this latter phenom enon (Table 31), there was still room to undereount fledgli ngs.
Studies of other passeri ne species also suggest that young per successful unparasitized nest shou ld be
higher than the figures report ed above: Prairie Warb ler, 3.4 (Nolan 1978); Bell's Vireo , 3.2 (Franzreb
1989); Solitary Vireo, >3.0 (Marvil and Cruz 1989); Yellow Warb ler, 3.3 (Goossen and Sea ly 1982);
Kirtland' s Warbler, 3.44 (Mayfield 1960); and 3.84 ((at 6.1 percent parasitism from 1972 to 1978]
Walkinshaw 1983).

The maximum values of vireo young per successful nest were 3.07 and 2.46 for unparasitized and
parasitized populations. However, preliminary analysis sugge sted that there might be significant
differences in nest production, depending on the incide nce and intensity of parasitism. During 1987 and
1988, when parasiti sm was 90.8 percent , mean maxim um vireo young per successful unparasitized nest
was 2.5 (SE =O.5oo, n=2) , compared to 3.10 (SE=O.157, n=29) during 1989 when parasitism was 65.1
percent. Although based on a sma ll sample size for 1987 and 1988, the diffe rence is highly signifieant
(t=4 .525, df=29, p<O.OO I ). The difference was not significant for parasitized nests (1987 and 1988 , 2.67,
SE--Q.882, n=3; 1989, 2.40 , SE=0.340, n=2) and averaged 2.46 overall. Based on the above consider
ations, the values used in Nolan's model were 3.10 and 2.46 vireo young per successful nest for
unparasitized and parasiti zed nest s respectively.

Estimates of vireo product ion in hypo thetica l parasi tized and unparasitized populat ions are show n
in Table 35. In the unparasitized population , 100 mated females constructed 395 nest s, of which 99 were
success ful. Pair success was 81 percent (63 single broods and 18 double broods), and produc tion 3.08
vireo young per female. In the parasitized population, 522 nests were constructed. Pair success in
fledging vireos was 19 percent; vireo product ion 0.53 vireo young per female. Th us, in this hypothetical
situation, parasitism reduced vireo fledging success by 76 percent and vireo production by 83 percent.

Results of regressing vireo prod uction on percent cowbird parasitism are presented in Figure 13.
Produ ction data are from Table 31B, parasitism data from Table 19. The regression is highly significant.
It acco unts for 55.6 percent of the variation in vireo prod uction, and shows that vireo product ion decreases
linearly with increasi ng co wbird parasit ism. In contrast, cowbird production was unrelated to the incidence
of parasitism (r=O.06) .

Effect of Cowbird Control Oil Pair Success and Production

Pair success in fledgi ng vireos did not di ffer significantly among cowbi rd con tro l treatmen t gro ups
during either 1988 or 1989 (Table 36). Vireo produ ction also did not diffe r among treatment gro ups
durin g e ither year (Ta ble 37) . Simil arly, pair success in fledging cow birds and cowbird product ion did
not d iffer among treatment gro ups during 1989 (Tables 38 and 39) . During )988, no cow bird young were
observed to have been produced within the Trapping group.
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C ritica l Values of Production and Parasitism

Critical leve ls of production and parasitism are presented in Tab le 40 for different levels of adu lt
and juveni le survivorship. Prod, is the produc tion necessary to offset mortality and maintain a stab le
population. Para" is the cri tica l upper bound of parasitism necessary to meet Prod, (Eq, 9) based on data
in Tab le 35. Prod, is the critical upper bound of parasitism necessary to meet Prod, deri ved from the
regression model (Eq 13 [p 32 1: see Figure 13).

The relationship between parasi tism and productio n was linear in the regression analysis presented
in Figure 13. Ou tput of Eq. 12 also is linear ("Nolan's Model" in Figure 13) but differs somewhat from
the regression analysis. Above about 75 percent parasitism, Nolan's mode l increasingly overestimates
production relative to the regression. Under 75 percent parasitism, Nolan's mode l increasingly
underestim ates prod uctio n relative to the regression. As such. the estimated crit ical level of parasitism
is higher when derived from the regression equation than when derived from Nolan's model (Table 40).
For example, at an adult annual survival of 60 percent and juvenile survival of 30 percent. Prod, = 2.67
young/female. Para" = 16. 1 percent . and Para,=37.6 percent.

Regi onal Ana lys is

Cowbi rd contro l had no clear and consis tent effect on vireo nest success or produ ction. Th us. a
regional ana lysis of black-capped vireo nest success. pair success. and production that igno res possible
treatment e ffec ts due to cowbird contro l was deemed appropriate. The objective was to assess the effect.
if any, of co lony site location on these variables.

Cowbird Parasitism

The incide nce of paras itism by year and region is presented in Ta ble 4 1. Analysis of the 1988 and
1989 data revealed significant associations between region and parasitism and between year and parasitism
(Table 42). Despite the insignificant likelihood ratio, the data are sus picious enough to consider the
possi bility of a three-way interaction of Region x Year x Parasitism. Parasi tism decreased by 39 to 59
percent between 1988 and 1989 to its lowest levels at East Range (52 percen t parasit ism ) and West Fort
Hood (59 percent paras itism). but decreased by only 2 percent at West Live Fire to 86 percent parasitism.
The decl ines were more moderate at East Live Fire (20 percent decrease to 80 percent) and West Range
(15 percent decrease to 70.8 percent ).

The intensity of parasit ism by year and region is presented in Table 43. There was a sign ificant
assoc iation between year (1988 and 1989 data only) and parasitism, but not betw een region and parasiti sm
(Table 44). During 1989. frequency of nests with two and three cowbird eggs was consistently lower
than during 1988. The significant association between region and year was the result of variability amon g
regions in differences in sample size between years . That is. while sample sizes were similar between
years at East Rang e. East Live Fire , and West Fort Hood. there was a substantial increase in sample size
between years at the other two region s (Table 43) .

Nest Success

DLR during incubation and nestling periods are shown by region and year in Figure 14A to 14D.
For the incubation period. the desertion rate showed no obvious regional pattern that was con sistent among
year s (Figure 14A). During 1988, the desertion rate at West Fort Hood was considerably lower than at
other region s. But during 1989. regions were similar except for a somewhat higher desertion rate at West
Live Fire. For three of the regions-East Range, East Live Fire. and West Range-desertion rates were
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lower during 1989 compared to 1988. The destruction rate during incubation (Figure 14B ) was highest
at West Fort Hood in 1988. which offset the low desertion rate (Figure 14A). Also, destruction rates
appeared lower region by region in 1989 compared to 1988.

Total DLR was similar across regions within each year (Figure 14C) but tended to be lower in 1989
compared to 1988, consistent with results above and those presented in Tab le 25 (overa ll lower DLR total
in 1989 compared to 1987 and 1988).

The nestling stage DLR due 10 destruction was highest at East Range during both 1987 and 1988,
and was also relatively high at West Fort Hood in 1988 (Figure 14D). During 1989, DLR due to
dest ruction was very similar across regions.

Patterns of nest destruction diffe red between incubation and nestling stages (com pare Figures 14B
and 14D). For example, while incubation stage destruction was low at East Range during both 1987 and
1988 relat ive to other sites (Figure 14B ), nestling stage destruct ion was relatively high (Figure 14D). At
West Fort Hood duri ng 1988, incubation stage destruction was similar during both nest stages. This
sugges ts that d ifferent predator groups may have been important at differe nt sites and affected the various
nest stages diffe rently.

Pair Success and Production

Pair success in fledg ing vireo young (Table 45) depended on both year and region (Table 46). As
data in Table 30 shows, pair success was higher in 1989 than in 1988. Success improved considerably
betwee n years on all areas (increase of 69, to 100 percent) except West Live Fire (11 percent increase) .
Although the latter had the second highest success in 1988, it had the least success in 1989. These results
suggest that despite the insignificant likelihood ratio (p=O.1049, Tab le 46) the three-way interaction may
be importan t. This pattern is consistent with that observed for the regional incidence of parasitism (Tab les
41 and 42) .

Vireo product ion by year and region of the Fort is shown in Table 47 . Result s of ANOVA are
presented in Table 48. The effect of year was highly significant, that of region and the two-way
interac tion insignificant. Product ion was substantially higher at each region in 1989 compared to 1988
except for West Live Fire (Table 47).

The re was no relationship between cowbird pair success and either year or region (Tables 49 and
50). For cowbird production (Table 5 1), while the effect of year clearl y was insignificant, that of region
was nearly significan t (Ta ble 52). East Range and East Live Fire appeared to have consistently lower
cowbird production compared to the other regions.

Military Impacts

Specific instances of Army activities directly impacting nesting activity and behavior during 1989
include:

I. Area 2-Slope, 26 April: "Pair #2 not located within their usual territory boundaries where Army
activity was set up on 13 April. They appear to have shifted away to the northeast."

2. Area 2-Top, 25 May: " In checking nest #2 in territory #8, we discovered that the nest had been
abandoned (2 BCV [Black-capped Vireo)/3BHC [Brown-headed Cowbird] eggs) . There was recent Army
activity near the nest with broken branches on the nest tree and a bush blind built nearby ."
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3. Area 2-Top. 22 June: " In monitor ing terr itory #9. we discove red that an Army tank has driven
through the dense clump of trees and brush where nest #2 is located. The tank carne within 2 m of the
nest. All trees and other vegetation in its path were flattened. We took photographs around nest area.
It appears the tank came through 2-3 days ago . A BHC chick was ready to fledge from the nest on 18
June ." (It is not known whether the cowbird chick fledged .)

4. Red Bluff. 29 June: " In monitoring terr itory #6. we discovered that the nest bush (nest had
fledged vireos) had been plowed over by a tank along with all the nearby vegeta tion."

5. She ll Point, 6 May: "Check terri tory # 1. nest #1. Army has built a sand bag blind within 1.5
m of the nest. The blind was set in a hole they dug into the side of the hill. The blind has been built
sometime since 29 April. All the nearby vegetation up slope from the nest was cut away. Nes t is still
active." (See next entry.)

6. Shell Point. 13 May: "A rmy sand bag in terr itory #1 has been removed. Nest is still active ."
(This nes t was later lost in a storm between 13 and 17 May.)

7. Manni ng Mounta in, 20 May: "Could not locate pair #1 within usual territory boundaries.
Located the pair on the slope to the south of the ir or iginal territory away from the area frequent ly used
by the Army."

8. Manning Mountain. 20 June: "Large Army unit set up on Judit h Plateau and Mike's Point [areas
south of Clabber Point[ and throughout surrounding area. Roads show signs of recent heavy traffic.
Cou ld not locate BCY's in territory #2." (The pair was found again at the eas t end of its terr itory.)

9. West Fort Hood. 30 May: "Lots of trampled vegeta tion from previous Army activity in terri tory
#2. Could not locate either the male or female BCY's from terr itory #2 for remainder of the season.

Of these nine events. three resulted in a shift in terri tory location (no. I. 7, and 8). one in
abandonme nt of a terr itory (no. 9). and one in desertion of a nest (no. 2). Of the remaining four, three
were of no apparent consequence (no. 5 and 6) and one was of unknown conseq uence (no. 3). Thu s. no
more than 2 of 167 nests observed during 1989 ( 1.2 percent ) were directly affec ted by military activity.
And only 4 of 70 territories monitored during 1989 (5.7 percent) were affected serio usly eno ugh to cause
a shift in or abandonment of the territory.

No such observation s were made during 1987 in the course of monitoring 24 territories at Area 6.
Area 2-Slope. and Area 2-To p. During 1988, no instances of military impacts were recorded on territory
or nest monitoring data form s that were provided to the field crew. However. personnel were not
spec ifically asked to obtain such data.

These data do not include habitat loss due to fires that burned portions of 1988 vireo territories prior
to the 1989 breeding season (Tazik et al. 1993b).
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6 DISCUSSION

Population Age Structure

Monitoring the age structure of a population is important for recogmzmg and understanding
population trends. In a slabIe population. the yearling age class must be at least equal to the number of
older individuals lost from the population during the annual cycle. The SY male component of the Fort
Hood black -capped vireo population was nearly constant during 3 years at 10.6 percent (Table I) . The
female component of the population exhibited a higher proportion of SY birds than males at 23.3 percent
overall. Each is substantially less than the adult mortality of about 40 percent (see below). Assuming
Fort Hood is representative of the regional population. this indicates a declining population. Alternatively.
sampling (i.e .• mist netting) may have been biased toward ASY birds.

The rate of decline can be estimated as follows (Pease and Gingerich 1989). For a stable age distri
bution. the rate of population change can be estimated as:

where.

and.

r = Sny

T="P.,

N, = population size at time t
r = rate of change

S.., = survival of ASY vireos
P., = proportion of birds that are SY.

[Eq 14]

[Eq 15]

Given P., in the range of II to 23 percent and S.., at 60 percent (see below). r is in the range of 0.67 to
0.78. yielding an annual population decline of 22 to 33 percent.

In other areas of Texas. Grzybowski (1989) reported populations comprised of from 4 to 19 percent
SY males at nonperipheral colony sites. and 33 percent at a peripheral colony site. Similarly. at Fort Hood
peripheral sites had a higher proportion of SY males (22 .2 percent) than main colony sites (10.6 percent).
The Davenport Ranch vireo population near Austin. Texas. has had the lowest reported SY component
(4 percent) and has continued to decline over the past several years (J.A. Grzybowski. personal
communication). Thus. a low ratio of SY birds appears characteristic of Texas populations. and unless
SY birds are abundant in areas not studied. indications are that a large portion of the population may be
in decline.

The higher proportion of SY females compared to SY males in the Fort Hood population is not due
to a higher survival rate of SY females compared to SY males; nor is it due to a lower survival rate of
ASY females compared to ASY males (Table 6). It may be the result of: (I) disproportionately higher
rates of immigration among SY females than SY males . (2) sampling bias. or (3) imperfect recognition
of age among females. which lack the distinctive cap coloration that is useful in aging males.

35



Annual Surv iva l

Adults

Ta bles 3 and 4 show the com plex re lationship between sex, year, and return frequency for the 1988
and 1'189 annual returns. The difference in returns between males and females depended on the year , and
the differences between yea rs depe nded on sex. In 1988, 64.7 percent of males and 33.3 perce nt females
returned. In 1'189, male returns were 46.8 percent, female return s 58.3 percent . Such annual variation
has also been documented e lsewhere. Grzybowski ( 1989) reported a range of 55 to 70 percent for male
returns, and 25 to 50 percent for females. Graber ( 196 1) reported annual returns of 64.3 and 75.0 percent
for males, and 33.3 and 50.0 percent for females. (See also Nolan [1978] for similar data on the Prairie
Warbler.)

Despite the interact ion of sex and year in return freque ncy, yearly data were combined for further
analy sis. Although it is important to document annual varia tion in returns to document trends, if present ,
it also is approp riate to ignore normal annual fluctuat ions, assuming no trends, to characterize average
long-term conditions.

Overall, I-yea r returns were 53.5 percent for males and 42.9 percent for fema les. However,
peripheral co lony sites were found to have lower returns than monitored and unmo nitored main colony
sites (Tables 8 and 9) as was also documented by Grzybowski ( 1989). Ignoring peripheral sites yield s
a 57.2 percent male return and a 47.7 percent female return. These compare with 63 percent for males
and 44 perce nt for females in majo r colony sites e lsewhere in Texas (Grzybowski 1989).

Although female I-year returns appeared lower than male return s (Table 8), no relationship was
found between sex and return frequency (Tables 8, 9, and 10). Graber ( 196 1) and Grzybow ski ( 1989)
reported similar discrepancies between male and fema le returns, but concluded that females probably had
a survival rate similar to that of males (see also Mayfield 1960, and Nolan 1978). Given the greater
inconspicuousness and dispersion of females and thei r lesser site tenacity (Table II ), it is appropriate to
consider fema le black-capped vireo surviva l to be at least equal to that of the male. Also, Dobson ( 1987)
arg ues that natural selection should favor approxim ately equal survival of the sexes in birds with a mating
syste m based on male-held territories. The black-capped vireo has such a mating system . Dobson
observed a significantly higher male annual survival in only 2 of 13 passerine specie s in his study of
British birds .

Males and fema les had similar 2-year returns at about 22 percent. Ignoring peripheral colony sites
increases this to 23.5 percen t. Ann ualized , this yie lds a 48 percent annual return, which is substantially
lower than the male I-year return of 57.2 percent in major colony sites but similar to the 47 .7 percent for
females. The low 2-yea r return among males is due largely to a low return at East Range colony sites
(9.1 percent). This may be in part the result of normal annual fluctuation, but also is related to a
significan t popu lation decline at Area 6 (see below).

A good working estim ate of annual survival for both sexes of the vireo in main colony sites on Fort
Hood is 60 percent. Although 57.2 perce nt is a reasonable estimate of the return rate, it undo ubtedly
underestimates survival (e.g., Nichols and Pollock 1983, Loery and Nichols 1985). Thi s esti mate agrees
with Roberts ' ( 197 1) observation of an average annual survival of 60 percen t or more among North
American wood warblers, a group closely related to the vireos (Welty 1975). As most management will
and probably should be directed at major colon y sites on the Fort, this estimate is used in the analy ses that
follow.
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Juveniles

None of the nine juveniles banded in 1987 and 1988 were observed in years subsequent to banding.
Grzybowski (1989) reponed a 16 percent banding return among young banded in Texas. This provides
a minimum estimate of survival and is probably low since many young likely disperse from their natal
areas. For example, Walkinshaw ( 1983) reponed that over half of the male Kirtland ' s warbler banded as
nestlings that were observed in subsequent years. were observed in regions other than where they were
banded. Doublin g Grzybowski's observed returns for young black-capped vireos yields a return of 32
percent. Based on this and the following considerations, a 30 percent juvenile survival appears to be a
reasonable working estimate.

First year surviva l in juvenile passerines has not been adequately document ed. Most agree, however,
that juvenile survivors hip is lower than that of adults (e.g., Lack 1946, 1954, Dobson 1987), and it appears
often to be in the range of 20 to 40 percent: song sparro w, 21 percent (Nice 1937); prairie warbler, 32
percent (No lan 1978); great tit, 13 percent , redstart, 23 percent , robin, 26 percent (Lack 1954); Kirtland ' s
warbler , 36 percent, mournin g dove. 20 percent , and plain titmouse, 25 percent (Mayfield 1960); Kirtland ' s
warbler, 27 to 32 percent (Bergland 1983) and 20 percent (Probst 1986); mourn ing dove, 35 percent
(To mlinson et al. 1988); tree pipit, 35 percent (Van Heeke 1981, abstract in BIOSIS: No. 740 16168);
Ga lapagos mockin gbird , 35 percent (Curry and Grant 1989); brown-headed cowbird, 20 percent (SCOll and
Ankney 1980). Figure I in Robert s ( 197 1) indicates that , for a species with seasonal production of
between 2.5 and 3.0 young per pair, juvenile survivorship should be 25 to 30 percent to maintain a stable
population.

Another way to approach this is by examining the populati on age structure . SY birds constituted
approx imately II percent of the male population and 23 percent of the female populati on (Table I). With
an observed seasonal production of 0.44 vireo young per female for 1987 and 1988 overa ll, what return
rate would be required to establish an II to 23 percent SY component in the population? A population
of 100 mated adult s produces 22 young (i.e., 0.44 for each of 50 females) in the first year , and 60 of the
adults return in the second year. To those 60 adults, add 7 to 18 SY birds for a total population of 67
to 78 . Th is establishes an age structure with II to 23 percent SY birds. These 7 to 18 SY birds represent
32 to 82 percent of the 22 young produced in the first year . Since males seem to have been more easily
and consistently aged because of cap co loration, the male age structure may more accurately reflect the
true population structure, suggesting a juvenile survivorship of 32 percent.

This ana lysis also indicates a 22 to 33 percent annual population decl ine (100 to between 67 and
78 vireos) as noted above since it is based on the same data presented earlier. A stable population of 100
birds cou ld be maintained only through immigration from other regional populations.

Impacts of Military Activity

The variability in return frequency among major colony sites and between years appears unrelated
to military activity . No relationship was found between region and return s (Tables 5 and 10). However,
inspection of Table 8 shows that East Range training areas, portions of which receive only light tracked
veh icle activit y, had lower male return s (48.9 percent) than main colony sites at West Range (63.6 percent
at Mann ing Mountain), which receive uniformly heavier use and larger scale exercises than East Range.
Also, main colony sites in the live fire training area each had reasonably high male returns (55.6 to 60.0
percent at Jack Mountain, Robinelle Point, and Area 75). West Fort Hood receives lillie tracked vehicle
use and had a relatively high male and female return rate (64.3 percent and 50.0 percent ).

' BIOSIS online da ta base is copyrighted by Biological Abstracts, Inc.. 2100 Arch SI.. Philadelphia. PA 19103-1399.
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The decline in male returns between 1988 and 1989 was consistent among colony sites with the
exception of Area 2-Slope. and contrasts with an increase in femal e returns (Table 3). It seems unlikely
tha t military ac tiv ity wou ld affect the sexes different ly. At Area 6. the low 1989 male return was re lated
to a popu lation decline rather than mi litary activity. This area is subject to little mi litary disturbance as
it is located adjacent to a limited access area set as ide for management of the endangered golden -cheeked
warbler. However. the population declined substantially from 14 territories in 1987 to I I in 1988 and 3
in 1989 (Taz ik et al. 1993a ).

Dispersa l a nd It s Implicat ions

Data on dispersal d istances indicates that most returning vireos return to the same or nearby colony
sites. Onl y two mal es moved to new colony sites. On ly one of these was a long distan ce movem ent (22 .9
krn), and was the result of hab itat loss on a previ ously occ upied territ ory . The other was a short distance
dispersal ( 1.9 km ) to a neighboring site (Jack Mountain to Manning Mountain [Figure 3]) . Also. two of
the four female colony site changes were short distance movements (1.1 to 1.2 km) to neighborin g
col onies (Area 2-Top and 2-Slope [Figure 3]) .

Th e site tenac ity obv ious in these data suggest that the vireo is adapted to returning to the sam e
co lony sites each year unt il the hab itat becomes unsuitable. Alth ough individual s will move to new
locati ons if their habit at is des troyed. ass uming othe r suitable areas are avai lable. the bi rds prefer areas
with whic h they have prev ious experience. Furthermo re. individua ls may continue to use areas that are
not as suitable as other available habitat. Th at is. there may be a lag time in their respon se to changing
conditions (Wiens and Rotenberry 1985).

Fema les dispersed longer di stances between years than did males (Table I I ). Wh ile only 8.6 perce nt
of males moved more than I km betw een years. 36.8 percen t of fem ales did so. Th is may have
contributed to the lower apparent return s of fema les co mpared to males as noted above.

Th ese data have important implications for black -capped vireo management at the region al level.
For example . dispersal affects the genetic struc ture of the popu lation by enhanc ing genetic diversity and
redu cing inbreeding. important co nsiderations in small and declining popul ation s (e.g .• Frankel and Soule
1981. Land e and Barrowclough 19S7). Also, Pease and Gingeri ch ( 1989) used these data in es tima ting
appropriate size of land reserves necessary to manage the vireo. In their treatm ent. Pease and Gi nge rich
(1989) applied the following formula (from Skellam 1951) to estimate the reserve area required to
ma intain a self-contained and susta inable population:

radiu s,
1.2 x sd

g ~

[Eq 16]

where.
radius,

sd
g

= critica l radiu s of the reserve
= standard deviation of individual dispersal distan ces
= population gro wth rate.

Assuming that. with adequate management. a population growth rate of 5 percent per year can be attai ned.
then by apply ing Fort Hood da ta to this mod el. a reserve area of app roximately 100 ,000 ha wo uld be
requ ired (300,000 ha co nside ring only fem ales. which have longer dispersal distances). This area is larger
than Fort Hood indicating that sate llite populations within dispersal distance of the installatio n must be
mainta ined as we ll. Note however that a single rese rve certa inly is inadequate. Chance fluctuations in
the environment and the population , co mbined with the possibility of unpredictabl e ca tastro phe, make a
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sing le population susce ptible to severe population decl ine, even extinction (Shaffer 1987, 1987, Ewens et
al. 1987, Lande 1988).

Nesting Studies

A total of 165 territories were fully monitored over 3 years . This provided extensive data on nest
success. pair success and production, and the impacts of cowbi rd parasitism and cowbird contro l on each.
These data will serve as a basis for developing recommendations for the enhancement of vireo
reproductive success and production on Fort Hood, which in tum can benefit the regional popu lation.

The 308 active nests were discove red in the var ious nest stages at random in proportion to the total
expected nest-days in each stage (Tab le 13). It was anticipa ted that more than expected would have been
found during the construction phase since both sexes are highly conspicuous during this period (e.g.,
Grzybowski 1985b).

Mayfie ld (1975) suggested that finding nests at random throughout the nesting cycle underestimates
nest loss by a factor of 2 (e.g., Coulson 1956). Fort Hood data suggest otherwise. Based on DLR
estimates. 85.8 percent of the vireo nests were lost (Table 25). Direct observation of nests found randomly
on the Fort thro ughou t the nesting cycle yielded an estimated 73.7 percent nest loss (Tab le 14). Th us,
actua l loss (85.8 percent) exceeded observed loss (73.7 percent) by a factor of only 1.16, substantially less
than that predicted by Mayfie ld (1975). Thus, multiplying observed nest losses by 2 will serious ly
overestimate actual nest losses and underestimate nest success .

The number of nests discovered by nest start period diffe red markedly among years (Figure 5). This
does not mean that the pattern of actual nest starts d iffered among years, only that the patterns of
discovery dif fered. However , it is useful to document the frequency of nests started early in the season,
since these may have the best opportunity for avoiding cowbi rd nest parasitis m. Overall, 61 percent of
nests started during 9 to 22 April were parasitized compared to 78 percent for the rest of the season
(X'=4.363. dfe l , 0.IO< p<0.(5). The difference was most striking in 1989 when only 40 percent were
parasitized from 9 to 22 April. in contrast to 68 percent during the remain ing period. For 1987 and 1988
combined, the values were 84.6 percent for 9 to 22 April versus 9 1.7 percent for the rest of the season.

Cowbird Nest Parasitism

Vireos appear to be especially vulnerab le to cowbird parasitism (Friedmann 1963. Grzybows ki
1985b). The cow bird has been implicated in the decl ine of the federally endangered least Bell ' s vireo
(Goldwasse r et al. 1980. Franzreb 1989), and may be impacting western populations of the warb ling vireo
(Rothstein et al. 1980, Verner and Ritter 1983) and the solitary vireo (Marvil and Cruz 1989). High
parasitism of Bell's vireo nests has been documented elsewhere by several workers (Ely 1957, Mumford
1952, Barlow 196 1, Wiens 1963), and the species has shown a decl ine throughout its range (Robbins et
al. 1986). Bell 's is a summer resident on Fort Hood along with the white-eyed , red-eyed and black-capped
vireos.

Cowbird parasitrsm at Fort Hood during 1987 and 1988 (90.8 percent ) was among the highest
reported for the black-capped vireo. Grabe r's (196 1) populat ions experienced 6 1 percent parasitism
ove rall, but her Texas colony site reached 87 percent (in Grzybowski 1985b). In Texas, during 1983 to
J988 , 73 percent of black-capped vireo nests were parasitized with a high of 90 percent at the Kerr
Wildlife Management Area in 1988 (Grzybowski 1989). In Oklahoma, 76 percent of vireo nests were
parasitized during this same period with a high of 92 percent in 1986 (Grzybowski 1989).
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Cowbird Control

Cowbird trapping was relatively ineffective during both 1988 and 1989. In 1988. 10 female s were
removed from three traps in 270 trap-days, yielding 0.04 female per trap-day. In 1989.36 were removed
from eight traps in 639 trap-days for a trapping success of 0.06 female per trap-day. This is within. but
at the low end of the range of trap success reported for other locations (Table 53).

Unexpectedly, a positive correlation was found between female trapping success and the incidence
of parasitism (Figure 7). There are at least two possible explanations. First, while trap success and
parasitism may have been independent of one another. each may have been positively correlated with
cowbird abundance. In other words, trapping success was positively related to cowbird abundance. but
the effort was ineffective in reducing cowbird abundan ce sufficiently to reduce the level of parasitism.
Second, trapping may have helped to attract cowbirds to the colony sites trapped. A detailed analysis of
parasitism at Area 2-Top revealed that parasitism was more frequent among territories close r to the traps
(67 percent) than among those further distant (43 percent). although the sample size was too small to
reveal statistical significance (X'= 1.471, df= I. 0.10< p<0.25).

In Table 53. female cowbird trapping success per trap-day is shown to vary co nside rably-e-O'O to
0.26 in Oklahoma, and 0.04 to 0.71 in Texas. The greatest success was achieved during 1988 at the Kerr
Wildli fe Management Area (Grzybowski 1989). Parasitism was reduced from 90 percent in areas without
cowbi rd removal to 9 percent in areas with removal at a female capture rate of 0.7 1 per trap-day. This
success was achieved by constant trap maintenance and rotation of cattle grazing in such a way so as to
concentrate cow birds at the trap sites. Cowbird trapping success on Fort Hood will have to increase
tenfold to achieve similar results.

Also noteworthy is the 0.99 female per day trap success obtained at sites in the northern lower
peninsula of Michigan where cowbird control is aimed at enhancing reproductive success of the
endangered Kirtland ' s warbler. Cowbird trapping reduced parasitism from 69 percent during 1966 through
1971 to 6 percent during 1972 through 1977 (Walkinshaw 1983). In California. cowbird trapping reduced
parasitism in the endangered least Bell 's vireo from 47 percent to under 10 percent (Franz reb 1989).

Rout ine shooting of female cowbirds at colony sites was expected to be an efficient means of
removal. Although neighboring females were expected to establish ranges in areas vacated by females
shot. the time it took for the new female to become familiar with the new range was expec ted to reduce
nest-finding efficiency (Rothstein et al. 1987. Dufty 1982. Raim, personal communication). Shooting did
remove 5 times more females per day than trapping (Table 18). Yet. shooting did not affect cowbird
parasitism (Tab les 20 and 24). Perhap s the number of days between shooting events was too long to be
effective given the abundance of cowbirds on Fort Hood. Neighboring or floating females may have
moved into vacated territories too rapidly to make shooting effective. Also, the effectiveness of this
method depends on the ability of females to exclude other females from their territory . and it is not clear
just how territorial Fort Hood female cowbirds are.

The cowbird mating system and degree of territoriality appear to vary geographically in response
to cowbird populati on density (Dufty 1982. Rothstein et al. 1984). At moderate densities in the northeast,
monogamy and territorial ity have been observed (Dufty 1982). At high population densities in Kansas,
Elliott ( 1978) document ed a promiscuous mating system with little evidence of territoriality. In the latter
situation. territoriality may be too costly in time and energy when balanced against the need for females
to locate nests for egg laying (Dufty 1982). At low populations in the eastern Sierra Nevada of
California. Rothstein and co-workers ( 1984) also found no evidence of territoriality and Yokel (1986)
documented monogamy . Here. the benefits of territoriality may be too few. A high host nest -to-cowbird
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ratio would ensure adequate access by females to nests thereb y eliminating the need to defend host nests
as a critical resource.

In Illinois, Raim ( 1979) reported female territoriality among cowbirds. Darley (1983) also provided
ev idence of terr itorial ity. but ranges overlapped considerably. At Fort Hood, preliminary radio tracking
data collected at Area 6 during 1989 indicate significant overlap of breed ing ranges. Given an apparent
high density on Fort Hood. female cowbirds may not be highly territorial. thereby reducing the
effectiveness of periodic shooting. Further investigat ion of cowbird territoriality and mating system on
Fort Hood may help in designing a more effic ient control program.

Combining trappin g and shooting was expected to enhance cowbird control efforts. However, dual
treatments implemented after I June during 1989 did not yield to expectation (Tables 21 and 22). While
parasitism did appear to decline at Area 2-Top after initiation of shooting, parasiti sm remained high at
Brown's Creek Range (Tab le 21). At West Fort Hood, an apparent decline in parasi tism afte r I June upon
initiation of trapping was independent of the trapping effort as no females were caught by the two traps
located there. Nevertheless, given low overall trapping success and a higher shooting success early in the
season (Tab le 18). shooting (if applied early in the season) in combination with trapping may prove
beneficia l.

The di fference in parasitism between years (Table 19) was unrelated to cowbird control and probably
was the resu lt of normal annua l variability. For example, at the Kerr Wildlife Management Area in Texas,
parasitism varied from 65 to 90 percent over 4 years on areas not trapped for cowbi rds, and in Oklahoma
from 58 to 92 percent on such areas over a 3-year period (Grzybows ki 1986, 1988a, 1989). Some of the
variability may be related to variation in cowbird abundance. Observations by several individuals
indicated that cowbird numbe rs may have been low during 1989 throughout the region (Espey Houston
& Assoc. , Inc 1989. persona l observation [JOe)). On Fort Hood, cowbird abundance may have been
down in 1989 due to a reduction in cattle numbers that year (D. Jones, personal com municatio n), and this
may have resulted in the low level of parasitism observed. This appears to be the case during 1990 as
well with 63 percent parasitism and cont inued low cattle numbers (Hunt 1990).

Mating and Nest Success

Black-capped Vireo

Mating success was quite high at 93.8 percent overall. This compares with 77.7 percent at other
Texas localities (Grzybowski 1989). Also, Grzybowski (1989) reported that SY males had a lower mating
success (44.7 percent) than ASY males (84.3 percent). At Fort Hood, mating success did not differ
between age classes.

The nest fates reported in Table 14 differ substantially from those based on Mayfield ' s method as
presented in Table 25 (see Table 26). Thus, analysis of the former data is suspect. Data in Table 26 and
Figure 9 indicate that nest desertion decreased from a high of 82 percent in 1987 to a low of 48 percent
in 1989. This undoubtedly was related to a decrease in the incidence and intensity of parasitism over this
period (Tables 19 to 24) as most nest abandonment, excluding the construction period, was associated with
parasit ism (Table 14 and Figure 6). However, nest destruction increased twofold between 1987 and 1988
from 16 to 31 percent (Table 26) so that despite the decrease in desertions, nest success remained low in
1988. Nest success was markedly higher in 1989 coincident with a decrease in desertion s, and leveling
off of nest destruction (Figure 9).
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Brown-headed Cowhird

Cowbird nest success usua lly has been reported as the percentage of eggs that fledge, While seve ral
studies report an average egg success of about 25 percent (e.g., Young 1963), actual success is probably
lower . Many of the studies were based on nests discovered at various times through out the nesting cycle,
thereby missing many unsuccess ful nests and biasing estimates upward. Also, cowbirds some times lay
eggs in abandoned nests (SCOll and Ankey 1980, personal observation). Scoll and Ankey (1980)
considered 15 percent a more reasonable overall average.

On Fort Hood, cowbird eggs had a 5.4 percent success rate in vireo nests. Thi s is in agreement with
Nolan 's (19 78) estimate of 5 percent cowbird success in prairie warbler nests. Mayfield (1965) reported
a 6 percent success rate in black-capped vireo nests based on Graber's data, and a 6 percent success rate
in the Bell' s vireo based on seve ral studies.

Effect of Parasitism on Vireo Nest Success

Cowbird nest parasitism clearly had a negative impact on vireo nest success. During the
construction phase, although only two nests were observed to have been parasitized, a higher desertion
rate for the parasit ized than the unparasit ized nests was expected (Tab le 27) as host nests are frequently
dese rted when cow bird eggs are deposited prior to or early in laying (see below). Losses during the laying
stage were not much different between parasitized and unparasitized nests. This is important in cowbi rd
reproductive success as about 70 percent of cowbird eggs were deposited during the laying period.

Laying is the most appropriate time for the co wbird to deposit its eggs in host nests. Cowbird eggs
deposited prior to host laying run the risk of being buried in the nest lining or dese rted (Nolan 1978, Clark
and Robertson 1981, Wiley 19K5, Wolf 19K7). Those deposited later may dis rupt incubation sufficie ntly
to cause desertion (Nolan 197K, Wiley 19KK), or the cowbird eggs may lose advantage by hatchin g later
than host eggs.

During incubation, dese rtion and total DLR were markedly higher in parasitized than in
unparasitized nests (Ta ble 27). Parasitized nests also had a higher destruction and total DLR during the
nestling period. Simil arly, Finch ( 19K3) observed that parasitized nests of Abert's towhee had higher DLR
durin g both incubat ion and nestling stages than unparasitized nests. In Kirtland' s warbler, Mayfield found
that DLR during incubation did not differ between parasit ized and unparasit ized nests either due to
desertion or destruct ion. During the warbler nestling stage, however, DLR due to destruction was
significantly higher among parasit ized nests.

Although Mayfield ( 1960) did not consider the difference in nestling stage DLR to be real because
of a small sample size , he sugges ted that nests containing cowbirds may be more easi ly found by predators
because they are larger and noisier than warblers. The most common predators of the warbler were
thought to be birds. In black-capped vireo colonies at Fort Hood , snakes probably were the primary
agents of predation (see also Graber 1961). While blue jays and scrub jays were seen occasionally, several
snake species were frequently encountered that might prey on vireo eggs or young: Tex as rat snake ,
western coach whip, rough green snake, and broad -banded copperhead. Others agree that snakes are
important predat ors in oldfield habitat s (Best 1978, Nolan 1978, Zimm erman 1984).

If snakes do not respond primarily to visual clues and rely on chance encounters aided by olfaction
(Zimmerman 1984), then the higher destru ction rate during the nestling period in parasitized vireo nests
is unex pected . On the other hand, coach whips often were observed prowling with head held high as they
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appeared to visually scan shrub vege tation at height s that might conta in vireo or other passerin e nests.
A larger . ac tive . and vocal cow bird might attrac t the atten tion of a snake hunting in this mann er.

Vireos fledged from parasiti zed nests with surpri sing freq uency (35 percen t). but on ly when cowbird
eggs did not hatch (n= 12). or when cowbirds hatched afte r the vireo chicks were ready to fledge (n= I).
Vireos migh t also fledge from parasi tized nests if co wbird nestlings were prefe rentially removed from
nests by predators (Nolan 1978).

111e intensity of cowbird parasitism may have some affect on nest success . During incubation. DLR
due to deserti on was shown to be more close ly re lated to the intensity than the incidence of cowbird
parasitism. However. the frequency of nests prod ucing vireos was unrela ted to the num ber of cowbird
eggs in the nest (Table 29) .

For the Fort Hood black- capped vireo. overall nest success was over two times higher among
unpara sitized nests (25. 1 percent) than am ong para sitized nests ( 11.8 percent) (Table 28). This agrees with
resul ts for several other spec ies (Table 54 ). The numbers of vireo young per success ful nest and per
active nest were larger in unparasi tized than parasitized nests (2.74 vs. 0.86/successfu l nest. and 0.68 vs.
O.IO/active nest). The rat io of unparas itized to parasit ized successful nests was about 3: I compared to 2: I
for the ave rage among several other species (Table 54) . For active nests. the rat io was about 7: I.
compared to about 3: I for other species . Other species with similarly high ratio s incl ude Kirtland 's
warbler. prai rie warbler. and grasshopper sparrow. In the black -capped vireo. successful parasitized nests
prod uced few host yo ung, thu s resulting in a low number of host youn g per success ful parasit ized nest.
The relat ively low number of vireo you ng per ac tive parasitized nest s is attrib utab le to frequent desertion
of these nests. and the fact tbat vireo yo ung generally are outcompeted by cowbird nest mates.

Nest desertion appears to be a common response to cowbi rd parasitism among small passerines
(Ta ble 54; Graham 198 8). Among black -capped vireo nests in which eggs were laid , only 8 percent of
unparasiti zed nests were deserted compared to 49 percent of parasi tized nests (Figure 6). In con trast, nest
destru ction was somewhat less among parasitized vireo nests (34 percent ) than unparasitized vireo nests
(57 percent ) as appears to be true in other spec ies as well (Table 54). Thi s result does not co ntradict the
finding that DLR du e to des truc tion in tbe nestl ing stage was significant ly higher in parasi tized tban
unparasitized nests (Table 27). Tbe higher desertion rate during incubation simply makes many fewer
nests avai lab le for destruc tion in tbe nestl ing stage. It doe s indicate , however. that as the incidence of
parasiti sm is reduced , predat ion may beco me more important as a factor lim iting reprod uctive success and
produ cti on . Thus, future black -capped vireo studies should exa mine predation more close ly.

The number of cow bird eggs per active nest was 1.93 in 1987,1.67 in 1988. l AO in 1989, and 1.58
overal l. This compares with a range of 1.13 to 3. 1 among the studies listed in Table 55 . The 0.09
cowbird yo ung fledged per active parasit ized nest for the Fort Hood black -cap ped vireo is lower than that
reported for many othe r species (Ta ble 55) . However, it is close to that reported by Mayfield (1965) for
both the Bell' s and the black -capped vireo . Thus. while the black -capped vireo is a favor ite host of the
cowbird, the success rate of the cowbird in nests of th is vireo is quit e low.

Effect of Cowbir d Control on Vireo Nest Success

Co wbird co ntro l effor ts had no discern able effect on nest success (Figures II and 12), not surprising
given that trapping and shooting had no ef fect on parasitism . Althoug h the greatest co ntrol effort was
ap plied during 1989 , the higher nest success at that time is attr ibutab le to a decrease in parasi tism aris ing
from normal annua l variatio n that was independent of control efforts. The 1989 decline in parasitism was
assoc iated with a decrease in DLR due to deserti on during incubation and DLR due to des truc tion dur ing
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the nestling period (Table 25). This agrees with the finding that unparasi tized nests had lower dese rtion
rates during incubation and lower destruc tion rates during the nestling stage than parasitized nests (Tab le
27).

Pair Success and Prod uc tion

Black-capped Vireo

Pair success and vireo production were highest in 1989 (Tables 30 and 31), the year of lowest
cowbird nest parasitism (Table 19). In 1989, 6 1.4 percent of the mated pairs produced 1.80 vireo young
per mated pair. This compares with a low of 9.5 percent success and 0.29 young per pair in 1987, and
18.8 percent success and 0,49 young per pair in 1988. Vireo young per successful pair (production s- pair
success) was similar in 1987 and 1989 at 3.07 and 2.94 respectively , but lower in 1988 at 2.60. Graber
(1961 ) reported pair success of 59.7 percent at 6 1 percent parasi tism (parasi tism reported in Grzybow ski
1985b ), simi lar to the 1989 results at Fort Hood. However, she observed prod uction of only 0.56 vireo
young per pair, and production per success ful pair of only 0.94, both considerably lower than at Fort Hood
durin g 1989.

Recent es timates of production in Texas and Oklahoma range from 0.0 to 2.58 (G rzybowski 1986,
1988b, 1989). The highest production was obse rved in a population at the Kerr Wildli fe Management
Area in which cow bird control through trapping reduced parasitism to only 9 percent (Grzybowski 1989).
The lowest production occurred in a population at Kerr without cowbird trapping and with 90 percent
parasitism.

Brown-headed Cowbird

Despite a sharp decline in the incidence and intensity of cow bird parasitism during 1989, both pair
success in producing cow birds and cowbird production did not vary markedl y among years. Pair success
averaged 14.2 percent, while cowbird production averaged 0.19 young per pair overall, yieldin g 1.24
cowbird young per vireo pair successfully fledging cowb irds.

Although not statistica lly significan t, cowbird production tended to be higher dur ing 1989 (Ta ble
33). Th us, if any th ing, the sharp decline in parasitism during 1989 benefited cow birds as well. Th is
sugges ts that co wbird success may depend on co wbird pressure with this host species as McGeen (1972)
observed in two other hosts-the yellow warbler and the song sparrow. Cowbird production may increase
with increasi ng parasitism up to a maximum point at which increasing parasiti sm itself interferes with both
co wbird and host product ion . Also, cow bird production was not correlated with the incide nce of
parasitism perhaps because the relationship is not linear .

Low cowbi rd success in vireo nests indicates that while the vireo may be a preferred host, it is not
a beneficial one . Howeve r, the large number of nests that the vireo seems to be capable of building
combined with the large numbe r of eggs a cowbird can lay may make the vireo a better host than
expected.

Effec t of Parasitism on Production

The effect of parasitism on seasonal product ion was assessed using an approach similar to that
applied by Nolan ( 1978). Two hypothetical population s were constructed, one with no co wbird parasiti sm,
the other 100 percent parasitized. Results indicated that 3.08 young per female per year would be
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produced in the unparasitized popul ation , while only 0.53 would be produced in the parasitized population,
an 83 percent reduction in potential vireo production (Table 35). During 1987 and 1988 combined,
co wbird parasit ism thus reduced vireo produ ction by 86 percent . from a potenti al of 3.08 to an observed
0.44 young per female. For 1989. the reduct ion was 42 percent from 3.08 to 1.80.

The 3.08 young per female in the unparasitized populat ion is higher than the 2.58 young per mated
pair observed by Grzybowski ( 1989) in a population with 9 percent parasitism. Assuming a linear
relationship between parasitism and produ ction (e.g., Figure 13), and production of about 0.5 vireo young
per fema le at 100 percent parasit ism, Grzybowski's data point can be extrapolated to 2.79 at 0 percent
parasitism, still lower by abo ut 9 percent but probably within the range of expec ted varia bili ty.

Both the regression analysis and Nolan's model indicate a linear relationship between vireo
product ion and parasitism (Fig ure 13). The two models differ increasingly abo ve and below about 75
perce nt parasitism, with the regression giving higher production below 75 perce nt parasiti sm, and lower
parasitism above . Yet, the two models are reasonabl y similar above about 50 percent parasitism. For the
regression analysis, all but one data point were above 50 percent parasiti sm. Thu s, the regression model
for parasit ism of 0 to 50 perce nt may not be valid. For example, production of 4.1 young per female at
o percent see ms unreasonably high (Table 54). Nolan ' s model may be more appropriate in this region.
Further sam pling of colony sites with parasitism in the 0 to 50 perce nt range may yield a closer
co rrespondence between the two models. Also, it may be that the relationship between parasitism and
production is curvi linear. Above 50 percent parasitism, paras itism may be the major factor limit ing
production. Under 50 percent , factors other than paras itism such as predation and food avai lability may
become more limiting. Thus, while the relationship may be linear betwee n 50 and 100 percent parasitism,
unde r 50 percent , the curve may Ilatten out in the manner illustrated by segment (A) in Figu re 13.

Effect of Cowbird Control on Production

Cowbird contro l had no effect on pair success in fledging e ither vireos or cowbirds , and no effect
on seasonal prod uction of vireos and co wbirds. This result is not surprising as cowbird control also had
no effec t on parasitism or nest success. As with nest success, pair success in fledging vireos and
produ ction of vireos was mark edly higher during 1989 than durin g the earlier years due to a decrease in
parasitism that was independent of cowbird control efforts.

As noted abo ve, Grzybowski ( 1989) was able to reduce cow bird paras itism from 90 to 9 percent
at the Kerr Wild life Management Area with a successful co wbird trappin g program. Thi s resulted in a
dramatic increase in seasonal vireo production from 0.0 to 2.58 vireo young per female. Also, production
in Oklaho ma was increased from 0.36 to 1.31 by reducing parasitism from 8 1 to 24 perce nt. These results
were achieved through nearly daily atte ntion to the traps to keep them operational.

Co wbird trappin g also has been successful in enhancing seaso nal production in two other endangered
passerines. It has had its most noteworth y success in halting a declin e in and stabilizing the Kirtland 's
warbler popul at ion by reducing parasitism from 69 to under 10 percent and increasing seaso nal product ion
from less than one to over three young per pair (Kelly and DeCapita 1982, Walkinshaw 1983, Probst
1986). In the least Bell 's vireo, a reduction in parasitism from 47 to 10 percent increased seasonal
production from 2.08 to 2.86 vireo young per nesting pair (Franz reb 1989).
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Cr itica l Va lues of Product ion a nd Pa rasi tism

The level of parasitism that can be sustained by the vireo population while maintaining a stable
popul ation was evaluated based on knowledge of potential seasonal produ ction. and adul t and juvenile
mortality (Table 40 ). At 60 percent adult annual survival. and j uvenile survival of 30 percent . estimated
critical production is 2.67 vireo young per female per year. Applying Eq. 12 from May and Robin son
( 1985) gives a cr itical level of parasitism of 16 percent, while the regression equation (Eq, 13) yields 38
percent. The curvilinear relati onship between production and parasiti sm indicated by (A) in Figure 13
yie lds crit ical parasitism of about 35 percent. An adu lt survival more simi lar to that in other major colony
sites in Texas. of about 65 percent (Grzybowski 1989), yield s values in the range of 29 and 46 percent
parasiti sm by Eq. 12 and 13 respe ctively . Clearly. estimates of ju venile and adult survival have a
significant effect on estimates of the critical level of parasitism (Table 40).

An analysis presented by Pease and Ginge rich ( 1989) sugges ted that paras itism would have to be
reduced to near zero to maint ain a stable vireo popul ation even at 100 percent ju venile survival. However ,
data presented there ind icate product ion of only about 1.6 vireo young per pair at 0 percent parasitism.
which seems far too low , and about one-half the value der ived for Fort Hood (3.08).

Regional Analysis

A regional analysis was performed to detect the effects, if any, of the impact of differing intensities
and uses of the land on parasitism, nest success . and production. Th is was feas ible as cowbird control
activities had no discernablc effect on these variables. That is, differences among regions were not due
to vary ing levels of cowbird control.

Cowbird Parasitism

The incidence of parasitism was associated with both year and region (Ta ble 42). As noted
elsewh ere, parasitism was much reduced in 1989 compared to the previous years. However, the decrease
between 1988 and 1989 did appear to vary among regions (Table 4 1). Thu s, both parasitism and the
annu al varia bility in parasitism may vary among regions. perhaps in relationship to annual and spatial
variability in the distribution and abundance of cowbirds. For exam ple, field techn icians noted that
cowbirds were part icularly abundant at the Brown's Cree k colony site within the West Live Fire region.
Thi s observation is supported by the higher than average daily capture rate of female s at Brown ' s Creek
(Table 17). Also. high percentage parasit ism was observed there during both 1988 (100 percent ) and 1989
(94 percent ) despite cowbird control efforts in 1989. It is not clear, however. whether spatial variability
in parasi tism and cowbird abundance might be due to differences in military activity, habitat. the
distribut ion and density of cattle, or some combination of these.

Parasitism intensity was associated with year but not with region . and the decrease in frequency of
multiple parasitism between 1988 and 1989 was similar among regions.

Nest Success

There was no consistent relationship between nest success and region (Figure 14A-0). Overall,
OLR during the incubation and nestling stages decreased during 1989. For the incubation period. the
decrease between 1988 and 1989 was simi lar across regions although somewhat less at West Fort Hood
than other regions (Figure 14C). However, for the nestling stage. the decline occurred only at East Range
and West Fort Hood (Figure 140), the same two regions where the incidence of parasiti sm declined the
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most between years (Table 41). This latter result is related to the fact that parasiti zed nests were more
frequent ly des troyed than unparasitized nests during the nestling stage (Tab le 27).

Pair Success and Production

Results of the analysis of the relationship between pair success, year, and region (Tab le 46) , were
remar kably simi lar to that between parasitism, year, and region (Table 42). Pair success was related to
both year and region, and there was some indica tion of a possible three-way interaction . Tha t is, while
pair success increased between 1988 and 1989 at each region, there appeared to have been some variation
among regions in the extent of that increase (Tab le 45). For example, pair success at West Live Fire
increased only I I percent com pared to increases of 69 to 100 percent at the other regions. Th is is the
same region that showed the least decl ine in the incidence of parasitism between years (2 percent).

While regional production was markedly higher in 1989 compared to 1988, no difference was
detected among regions , nor in the exten t of the between year increase (Table 48). However, in keeping
with the pattern of pair success, West Live Fire increased only 19 percent compared to increases of 61
to 100 percen t elsewhere (Tab le 47).

It appears that a relatively high incidence of parasitism at the West Live Fire region during 1989
was responsible for sup pressing nest success, pair success , and possibly product ion there. Within this
region, percentage parasitism during 1989 was 94 percent at Brown's Creek, 83 percent at Robinette Point,
and 60 percent at Jack Mountain compared to 60 percent on all other areas combined (Table 19). As these
three sites are inhabi ted by 34 percent of Fort Hood vireos (Taz ik et al. 1993a), actions need to be taken
to reduce the level of parasitism there.

Pair success and prod uction of cowbird young were similar among regions and years (Tab les 49 to
52). Although pair success in producing cowbirds appeared to be higher at West Live Fire during 1989
(Table 49), in keeping with results above, production was not (Table 51).

Military Impacts

Based on 1989 data, only about I percent of all nests can be expected to be lost to direct
interference by military act ivities. Nolan ' s model predicts 470 nests constructed by 100 females at the
1989 parasitism rate of 65 percent. Less than five of these nests would be affected by the military. This
is insignificant re lative to the total of losses due to desert ion (48 percent) and destruct ion (29 percent)
durin g 1989.

Vireos shifted territory location on three occasions as a result of milita ry activity. In each case, the
resident pair was still able to fledge young; pair #2 at Manning Mountain was double brooded. A territory
was abandoned in only one case out of 70 (1.4 percent ) closely monitored territories during 1989.

These impacts are inconsequential and more than balanced by the extensive habitat created by the
Army at Fort Hood . Also, these losses can be mitigated by a management program that reduces the im
pacts of cowbird parasitism and enhances vireo nest success and production. Nonetheless, given the nature
of the trainin g mission, the potential does exist for substantial negative impacts on individual co lony sites.
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7 CONCLUSIONS

The age structure of the black-capped vireo population on Fort Hood, TX combined with adult
mortalit y da ta suggest a vireo population decline as high as 22 to 33 percent. However, inventory data
indicate that vireo numhers on Fort Hood are stable. It is possible that the apparently stable population
is supported by immigration from areas off post. Adult annual survivorship at major colony sites on Fort
Hood was about 60 percent. somewhat lower than that reported elsewhere. Juvenile survivorship was
probably in the range of 20 to 40 percent with 30 percent considered a reasonable working estimate.

Both sexes exhibit a high degree of site fidelity, but females disperse greater distances than males.
Although both sexes are capable of relocating to new colony sites after the loss of previously occupied
territory, the species is adapted to recolonizing the same areas each year. The goal of a stable population
will benefit from a policy that protects existing habitat.

Fort Hood appears to be smaller than necessary to sustain a self-contained populati on, and is not
alone an adequate area to ensure continued existence of the species. At a minimum. several additional
reserve sites should be maintained, and numerous satellite populations should be identified or established
within dispersa l distance of each «20 km).

As with many other vireo species, the black-capped vireo is highly susceptible to cowbird nest
parasitism. Unfortunately, the cowbird control efforts used in this study- trapping, shooting, and
combined trapping and shooting- had no effect on the incidence or intensity of parasitism, vireo nest
success, or vireo production. In fact, trapping may have attracted cowbirds to some colony sites and
increased parasitism within nearby territories. The decline in parasitism between 1988 and 1989. and the
attendan t increase in reproductive success was apparently unrelated to cowbird control. It could have been
caused by normal annual fluctuation, but may also have been related to a decline in cowbird abundance
in 1989. The latter was associated with a decrease in cattle numbers on the Fort during that year.

Cowbird parasitism was a major factor limiting reproductive success of the vireo on Fort Hood by
increasing both the nest desertion rate during incubation and the nest destruction rate during the nestling
stage. This resulted in nest success among unparasitized nests (25 percent) twice as high as that among
parasitized nests ( 12 percent). Desertion appears to be an adaptive response to parasitism that is shared
with severa l other passerine species. Cowbird trapping success will have to increase tenfold to attain a
reduction in parasitism adequate to increase reprodu ctive success to a level above that required to maintain
a stable population through reproduction alone (excluding immigration).

Despite the higher nest destruction rate among parasitized compared to unparasitized nests. the
percentage of all nests destroyed was actually lower overall among parasitized nests than among
unparasitized nests. Th is was due to a substantial loss of parasitized nests to desert ion early in the
incubation stage, which reduced the number of parasitized nests available for destruction. Thus, with a
reduction in parasitism due to cowbird control or normal annual variability, predation likely will increase
in importance as a factor limiting vireo reproductive success on Fort Hood. Nonetheless, production
should benefit from a decrease in parasitism.

Both Nolan's model and the regress ion model indicate a linear relationship between vireo production
and percent parasitism-more parasitism causes less vireo reproductive success. Although Nolan's model
may be the more reasonable of the two, it appears to be somewhat conserva tive at low parasitism. The
relationship may in fact be curvilinear. Sampling of colony sites with parasitism in the range of 0 to 30
percent will help to better define the relationship.
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Assuming an average annual adult survival rate of 60 percent. and an annu al average juvenile
survival rate of 30 percent, annual production required to maintain a stable population is 2.67 fledglings
per fema le. nearly 50 percent above the highest produ ction recorded at Fort Hood ( 1.80 during 1989).
This level of prod uction requires paras itism to be reduced to 16 percent accordi ng to Nolan's model . 35
percen t by the curvilinear model. and 38 perce nt by the regression model.

Percent parasit ism. nest success. and pair success were related to regio n. whereas inten sity of
parasitism and production were not. Most nota ble was the fact that the West Live Fire regio n decreased
least in parasitism and increased least in pair success compared to all other regions between 1988 and
1989. A substantial portion of the Fort Hood vireo popul ation (34 percent) is located in this region and
warrants a significant cowbird control effort.

Thi s study concludes that military activity did not impact the retum frequen cy of banded vireo s on
Fort Hood . The military has had lillie direct impact on nesting and territorial behavior especi ally relative
to the losses attributable to paras itism and predation. Successful management to reduce parasitism and
enhance vireo reproductive succe ss will adequa tely compensate for incidental losses due to military activity
under current conditions .

However. given the nature of the military mission on Fort Hood, the poten tial doe s exist for
substantial negative impact on individual territories and co lony sites. Such impacts could result in
violations of the Endangered Species Act. Potential for military impacts on vireo colony sites varies
across the installation. Colony sites located in intensive ly used areas require the most vigilant protect ion.
whi le those in low use intensity areas may be the best candidates for intensive management and expansion
provided mission conflicts are not increased .
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APPENDIX A: Common and Scientific Names of Referenced Animal Species

Common Name Scientific Name

Birds

Abert's Towhee Pipila aberti

Bald Eagle Hatiaeetus leucocephalus

Bell's Vireo Vireo bellii

Black-capped Vireo Vireo atricapillus

Blue Jay Cyanociua cristata

Brown-headed Cowbird Mn/othrus ater

Common Yellowthroat Geo mlypi s trichas

Dark-eyed Junco Ju nco hyema/is

Dickcissel Spi:a americana

Eastern Meadowlark Stumelta magna

Field Sparrow Spizetta pusilla

Galapagos Mockingbird Ne somimus parvul us

Golde n-chec ked warb ler Dendroica cnrysoparia

Grasshopper Sparrow Ammodramus savannarum

Great Tit Porus major

Kirtland's Warbler Dendroica kirtlandii

Least Bell' s Vireo Vireo bettii pusillus

Lark Sparrow Chondestes grammac:us

Mourning Dove Zenaida macroura

Ovenbird Sei urus ourocapillus

Peregrine Falcon Falco peregrinus

Plain Titmou se Porus inornatus

Prairie Warbler Dendroica discolor

Redstart Phoenicurus pho enicurus

Red-eyed Vireo Vireo oti vaceous

Robin Erithu cus rubecula

Scrub Jay Aphleocoma coerulescens

Solita ry Vireo Vireo sotltarius

Song Sparrow Me/ospizo melodic

Tree Pipit Anthus trivialis

Warbling Vireo Vireo gilvus

White-eyed Vireo Vireo griseus

Willow Flycatcher Empidonax trail/ii

Yellow Warbler Dendroica petechia
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Common Name

Mammals

Raccoon

Snakes

Broad-banded Copperhead

Rough Green Snake

Texas Rat Snake

Western Coach Whip

Scientific Name

Procyon lotor

Agkistrodnn comortrix

Ophendry s aestivus

Elaphe obsolete lindheimeri

Maslhph;s fla gellum leslaceous
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Table 1

Black-capped Vireo Population Age Structure by
Year and Sex.

Age- 1987 1988 1989 Overall

Male

All Y 2
ASY 45 (88.2)' 92 (89.3) 90 (90.0) 227 (89.4)
SY 6 (11.8) I I ( 10.7) 10 (10.0) 27 (10.6)

Female

AllY 18 2 I
ASY 21 (70.0) 25 (83.3) 46 (76.7)
SY 9 (30.0) 5 ( 16.7) 14 (23.3)

• AIlY-afler hatching year; ASY-arter second year;
SY-second year.

, SY and ASY only.

. Table 2

Results of J.Way Analysis of Independen ce of
Age. Sex, and Year in Black-capped Vireo

Population Age Structure

Source'

Age
Year
Age- Year
So.
Age-Sex
Year*Scll.
Likeli hood Ratio

dr

I
I
I
I
I
I
2

x'
76.36
0.39
0.74

21.53
6.48
0.06
0.79

p

OOסס.0

0.5298
0.3896
OOסס.0

0.0109
0.8118
0.3754

• Data from Table I; Analysis includesonly
years 1988 and 1989. and ages SY and ASY.
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Table 3

Black-capped Vireo Banding Return s in Percent
for 1988and 1989 by Year, Sex, Region, and Colony Site.

1988 1989

Region/Colony Site' Male Female Male Fem ale

East Range

Area 2-Top 66.7 ( 6)' 40.0 ( 5) 37.5 ( 8) 50.0 ( 2)
Area 2-Slope 0.0 ( 4) 100.0 ( 3) 75.0 ( 4) 75.0 ( 4)
Area 6 66.7 (12) 14.3 ( 7) 27.3 (I I) 75.0 ( 4)
Total 54.5 (22) 40.0 (15) 39.1 (23) 70.0 (10)

Live Fire Training Area

Area 75 71.4 ( 7) 53.8 (13) 50.0 ( 2)
Jack Mountain 100.0 ( 3) 46.7 (15) 50.0 ( 2)
Total 80.0 (10) 50.0 (28) 50.0 ( 4)

Wesl Fori Hood 72.7 (11) 0.0 ( 2) 58.8 (17) 62.5 ( 8)

West Range

Manning Mountain 75.0 ( 4) 57.1 ( 7)
Area 52 100.0 ( I) 0.0 ( I) 0.0 ( I )

Williamson Mountain 33.3 ( 3) 0.0 ( 3) 0.0 ( 2)
Total 87.5 ( 8) 0.0 ( I) 40.0 ( 10) 0.0 ( 2)

Overa ll 64.7 (51) 33.3 (18)' 46.8 (79) 58.3 (24)'

• Includes only sites with 2 years or banding data.
h Numbers previously banded in parentheses.
c X'( Relum· Year-Female)=2.577. df=l . 0.10<p<0.25.

Table 4

Results of 3· Way Analysis of
Independence of Sex, Year, and Retur n

Frequency of Banded Adult Black-capped
Vireos

Source- df X' P

Sex 38.13 0.0000
Year 4.13 0.0422
Sex· Year 0.22 0.6404
Returns om 0.7580
Sex-R eturns 0.54 0.4639
Year*Retums 0.86 0.3550
Likelihood Ratio 5.78 0.0162

• Data from Table 3.
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Table 5

Results of J.Way Analysis of Independence of Region,
Year, and Return Frequency of Band ed Male Adult

Black-capped Vireos

So urce- df X' P

Region 3 11.54 0.0092
Year I 6.63 0.0100
Region-Year 3 5.42 0.1434
Returns I 1.84 0.1746
Regions-Remrns 3 3.79 0.2848
Year -Returns I 4.98 0.0257
Likelihood Ratio 3 0.66 0.8820

• Data from Table 3.

Table 6

Black-cap ped Vireo Banding Returns in Percent
for 1988 an d 1989 by Age an d Sex

1988 1989

Age- Male Female Mal e Female

AllY 33.3 (18)' 100.0 ( 2) 0.0 ( 2)
ASY 60.0 (45) 45.7 (92) 57.9 (19)'
SY 100.0 ( 6) 54.5( 11) 33.3 ( 9)'

• AHY-after hatchling year; ASY-after second year; SY-second
year.

h Numbers prev iously banded in parentheses.
, X'(Female Retums-1989 )=1.474 , dfe l , O.IO<p<O.25; male re

turns analyzed in Table 7.

Table 7

Results of 3-way Analysis of Independence
of Age. Year, and Return Frequency of
Banded Mal e Adu lt Black-capped Vireos

So urce'

Age
Year
Age-Year
Returns
Age- Returns
Year-Returns
Likelihood Ratio

df X'

54.42
7.42
0.00
3.93
2.35
4.38
3.44

p

0.0000
0.0064
0.9468
0.0474
0.1256
0.0364
0.0637

• Data from Table 6; Analysis includes only
ages SY and ASY.
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Table 8

Black-capped Vireo I..Year and 2·Year Banding Returns in Percent
by Sea, Colony Type, Region, and Colony Site

Colony Total I·Year Returns Total 2-Vear Return s'

Type/Region/Site' Male Female Malet Female

Mai n/Monitored

EARA Area 2-Top 50.0 (14)' 42.9 ( 7) 0.0 ( 6) 20.0 ( 5)
EARA Area z-Slope 37.5 ( 8) 85.7 ( 7)' 0.0 ( 4) 66.7 ( 3)
EARA Red Bluff 0.0 ( I)
EARA Area 6 47.8 (23) 36.4 (II ) 16.7 (12) 14.3 ( 7)
Subtotal 48.9 (46) 52.0 (25) 9.1 (22) 26.7 (15)'

EALF Area 75 60.0 (20) 50.0 ( 2) 28.6 ( 7)
WERA Manning Mt 63.6 (II) 25.0 ( 4)
WELF Brown's Creek 66.6 ( 6) 33.3 ( 3)
WEFIl West Fan 1l00d 64.3 (28) 50.0 ( 10) 45.5 (II ) 0.0 ( 2)
Subtotal 63.1 (65) 46.6 ( 15) 36.4 (22) 0.0 ( 2)
Total 57.3 (I l l ) 50.0 (40) 22.7 (44) 23.5 (17)

Peripheral

EARA Brookhaven Mt 0.0 ( I)
WERA Shell Point 50.0 ( 2) 0.0 ( I)
WERA Williamson Mt 16.7 ( 6) 0.0 ( 2) 0.0 ( 3)
WERA NW Fort 1l00d 50.0 ( 2) 0.0 ( I) 0.0 ( I) 0.0 ( I)
EARA Ruth Cemetery 0.0 ( I) 0.0 ( I)
NOLF North Live Fire 50.0 ( 2)
SOLF Black Mt 50.0 ( 2)
Subtotal 31.3 ( 16) 0.0 ( 5) 0.0 ( 4) 0.0 ( I)

Unmonitored

WELF Jack Mt 55.6 (18) 50.0 ( 2) 33.3 ( 3)
WELF Robinette PI 58.3 (12) 0.0 ( 2)
Subtotal 56.7 (30) 25.0 ( 4) 33.3 ( 3)
Overall 53.5 (157) 42.9 (49) 21.6 (51) 22.2 ( 18)

,
Colony site is the original banding site; Regions: EARA-Easl Range , WERA-West

Range. EALF-Easl Range Live Fire. WELF-West Range Live Fire. NOLF-North Live
Fire. SOLF-South Live Fire. WEFIl -West Fort 1l00d.

, X' (Regioo' 2-Year Retum)=2.959. df=2. 0.llkp<O.25 (sexes combined)
, X' (Region' 2-Year Return-Males only)=5.765. df=2. 0.Ilkp<0.25 (EARA. WEFIl . EALF

+ WELF).
4 Numbers previously banded in parenthesis.
t Includes one female banded in 1987 at Area 2-Slope that was present in 1989 at Area 2-

Top but not observed in 1988.
f X' (Sex' 2-Year Retum)=2.025. df=I. 0. Ilkp<0.25. (EARA only).
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Table 9

Results of 3.Way Analysis of Independ ence
of Colony Type, Sex , and I -Year Return

Frequency of Banded Ad ull Black -capped Vireos

Source- df X' P

Colony Type 2 82.91 0.0000
Sex I 3 1.22 0.0000
Co lony TypeeSex 2 3.40 0.1826
Returns I 3.25 0.07 16
Colony Type -Returns 2 6.76 0.0340
Sex' Returns 1 2.22 0.1366
Likelihood Ratio 2 3.03 0.2199

• Dati from Table 8

Table 10

Results of J-Way Analysis of Inde pendence of
Region. Sex. and I -Year Return Frequency of

Band ed Adult Black-capped Vireos

Source'

Region

Sex
Region-Sex
Returns
Region -R eturns
Sex- Returns
Li kelihood Ratio

df X'

2 10.79
I 35.45
2 7.86
1 0.54
2 0.94
1 0.83
1 1.91

p

OJXl45
0.0000
0.0196
0.4625
0.6249
0.3612
0.385 1

• Data from Table 8: Analysis includes regions
EARA. EALF + WELF, AND WEBl. Pcriph
eral sites excl uded.

62



Table II

Between Year Dispersal Distance of Male
and Female Black-capped Vireos

Distance (m) Males (%) Females (%)'

0 1049 11 (13.6) 2(11.1)
50 1099 21 (25.9) I ( 5.6)
100 10 249 26(32.1) 4 (22.2)

Subtotal 58 (71.6) 7 (36.8)

2501 0499 14 (17.3) 4 (22.2)
500 10 999 2 ( 2.5) 1 ( 5.6)

Subtotal 16 (19.8) 5 (26.3)

1000 10 2499 5 ( 6.2) 5 (22.2)
2500 to 4999 I ( 1.2) 0(0.0)
5000 10 9999 0( 0.0) I ( 5.6)
I()()()() + I ( 1.2) I ( 5.6)

Subtotal 7 ( 8.6) 7 (36.8)

Median" 119 327

• X' (Di5tance*Se.)=11.919. dr=2. 0.001<p<0.005.
, I, (Median5)=2.030. 0.02<p<0.05 (Wilcoxon lest)

Table 12

Number of Active Black-capped Vireo Nestings
Discovered by Year and Colony Site

Colony Site 1987 1988 1989 Total

Area 2 (Slope & Top) 16 ( 16)' 23 (20) 37 (37) 76 (73)
Red Blurr I ( 0) 10 (10) II (10)
Area 75 19 (18) 22 (17) 41 (35)
Area 6 18 ( 17) 22 (20) 6 ( 6) 46 (43)
Area 12 4 ( 4) 4 ( 4)
Ruth Cemetery I ( 0) I ( 0)
Blackwell Mountain 2 ( 0) 2 ( 0)
Manning Mountain 7 ( 6) 20 (19) 27 (25)
Williamson Ml/Shell PI 6 ( 6) 7 ( 7) 13 ( 13)
Northwest Fan Hood I ( I) I ( I)
Brown' s Creek Range 6 ( 4) 19 (19) 25 (23)
Robineue Point 4 ( 3) 13 ( 8) 17 (I I )
Jack Mountain I ( I ) 12 ( 8) 7 ( 6) 20 (15)
We" Fort Hood 2 ( I ) 2\ (21) 33 (33) 56 (55)
Total 37 (35) 121 (106) 182 (167) 340 (308)

• Number of nests in parentheses.
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Table 13

Observed vs. Expected Numbe r of Nests Discovered by Nest Stage

Nest Stage- L DSR" ND R Exp O bs'

Constru ction 5 0.9340 4.093 0.3165 97.5 108
Laying 2 0.9319 1.280 0.0989 30.5 22
Incubation 13 0.9412 5.386 0.4165 128.3 131
Nestling 11 0.9402 2.174 0. 1681 51.8 47
TOlal 31 12.933 1.0000 308.1 308

Lclength of the nest stage; DSR-daily nest survival rate; ND-expected nest-days per nest stage: R
relative number of expected nest- days (NO + 12.941); Exp-expected number of nests found (308
x R); Ob s-actual number of nests found during each stage.

, See daily nest loss rates in Table 25 (OSR=I ·OLR).
X' (Exp vs Obs )=4.024, df=3, 0.25<p<0.50.

Table 14

Observed Nest Fates by Year and Suspected Cause

Fatca 1987 (%) 1988 (%) 1989 (%) Total (%)

Deserted"

Parasitism 17 (80.9) 27 (69.2) 6 (72.9) 70 (72.9)
Researcher I ( 4.8) I ( 2.6) I ( 2.8) 3 ( 3.1)
Weather o( 0.0) 1 ( 2.6) 0(0.0) I ( 1.0)
Unknown 3 ( 14.3) 10 (25.6) 9 (25.0) 22 (22.9)
TOlal 21 (63.6) 39 (45.9) 36 (26.3) 96 (37.6)

Destroyed'

Unk Predators 7 (77.8) 24 (70.6) 40 (81.6) 71 (77.2)
Large Mammal 1 (1 1.1 ) 8 (23.5) 7 (14.3) 16 (17.4)
Ants I (11.1) I ( 2.9) I ( 2.0) 3 ( 3.3)
Weather 0(0.0) I ( 2.9) I ( 2.0) 2 ( 2.2)
TOlal 9 (27.3) 34 (40.0) 49 (35.8) 92 (36.1)

Fledged"

Vireos I ( 3.0) 4 ( 4.7) 39 (28.5) 44 ( 17.2)
Cowbirds 2 ( 6.1) 8 ( 9.4) 13 ( 9.5) 23 ( 9.0)
Tolal 3 ( 9.1) 12 (14.7) 52 (38.0) 67 (26.3)

X' (Fale'Year)=35.208, df=6, p<O.OO I (Deserted, Destroyed, Fledged
Vireos, Fledged Cowbirds) .

, X' (Desertion Causc'Year=0.964, df=2, 0.50<p<0.90 (Researcher, Weath
er, and Unknown combined).

X' (Destruction Cause'Year)=1.392, df=2, 0.5O<p<O.90 (Ants. Large
Mammals and Weather combined).

, X' (Redged' Year)=8.965, df=2, O.OI<p<O.025.
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Table 15

Observed Fates of Nine Nests in Which Cowbird Eggs or Hatchling s Were Manipulated

Fate E~g Addled Egg Removed E~~ Replaced Hat chling Removed

Deserted 2
Destroyed I
Fledged Vireos I
Fledged Cowbirds
Total 2 4 2

Table 16

Results of Cowbird Trapping at Area 6 During
14 April Th rough IJ July 1988 (270 Trap Days)

Male Female Immature

Dates' Ca p Rem Cap Rem Ca p Rem

April 1-15 7 I
April 16-30 II 6
May 1- 15 17 12 I
May 16-31 24 13 I
June 1-15 25 28 7 3 5 3
June 16-30 16 9 4 9 3
July I-I S 6 1 4 I
July 16-3 1 9 2 6
Total 106 79 I I 10 18 13
FemaleffD 0.04

• Cap=captured: Rer emoved: Tljetrap-days.
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Table 17

Result s or Cowbird Trapping During 1989 by Colony Site and Date

Male Female Immature

Dates' Ca p Rem Ca p Rem Ca p Rem

Area 7S (1 Trap; 86 TO )

April 1-15
April 16-30 5
May 1-15 17 10 5 4
May 16-31 5 3
Ju ne 1-15 4 6
June 16-.10 4 29 10
July 1-15 9 3 I 23 22
Ju ly 16-31 I 12 I
Tota l 44 14 8 6 70 33
FemalerrD 0.07

West Fort Hood (2 Traps; 98 TO)

Apri l 1-15
April 16-30
May 1-15
May 16-31
Ju ne 1-15 25 6 2
June 16-30 7
July 1- 15
July 16-31
Tota l 32 6 0 3 0
FemalerrD 0.00

Area 2-Top (2 Traps; 188 TO)

Apri l 1-15
April 16-30 II I 8 3
May 1-15 20 4 3 4
May 16-31 7 6 2 2
June 1-15 II 2
June 16-30 4 2 2 I 18 9
July 1-15 3 2 I 10 9
July 16-31 I \I
Total 53 16 17 12 41 18
Female/Tf) 0.06

• Capecaptured: Reremoved; T'Oetrap-days
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Table 17 (cont'd)

Male Female Immatur e

Dates- Ca p Rem Ca p Rem Ca p Rem

Area z-S lope (1 T ra p; 94 TD)

April 1-15
April 16-30 15 9 5 2
May 1- 15 4 3 2 I
May 16·31 I I
June 1-15
June 16-30 2 2 I
July 1·15 2
July 16-3 1 I
Total 22 13 10 7 0
FemaleffO 0.07

Red Blurr ( I Trap; 87 TD )

April 1-15
April 16-30 I
May 1-15 15 2
May 16-31 8
June 1-15 3 3
June 16-30 2 I 6 2
July 1-15 2 14 10
July 16-31 I I I
Total 31 5 3 2 21 12
Female{fO 0.02

Brown's Creek (1 T ra p; 116 TD)

April 1·15
April 16·30 6 2
May 1·1 5 12 3 2
May 16-31 7 2 I
June 1-15 5 4 2 I
June 16-30 3 I 16 13
July 1·15 3 4 2 13 13
July 16-31 2 I 2 I I
Tota l 38 6 12 9 31 27
FemaleffD 0.10

Total (8 Tra ps; 639 TD)

Apri l 1-15
April 16·30 38 10 15 5
May 1-15 68 18 15 12
May 16-31 28 9 5 3
June \·15 48 14 I 2 II
June 16-30 22 4 5 2 69 34
July 1·15 14 3 10 6 61 54
July 16·3 1 2 2 6 26 2
Grand Total 220 60 51 36 167 90
FemaleffO 0.06

• Cap=captured; Reremoved; TD=trap-day s
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Table 18

Results or Cowbird Shooting During 1989 by Colony Site and Dates

W est Fort Hood Manning Mountain William/Sh ell

Dates- V M F V M F V M F

April 1· 15 4 5 4 4 3 8 2 3
April 16·30 4 2 5 4 6 II 4 3
May 1·1 5 6 2 8 3 4 9 I 4
May 16-31 3 2 3 2 6 0
June 1· 15 2 I 3 2 I 2
June 16-30 2 2 I 1 2
July 1- 15 2 2 I 0
July 16-31 I I 0
Other 3 9
TOlal 24 14 33 20 15 37 9 14
FcmaleNisit 0.88 1.85 1.56
Days 106 106 82
Fem alc/D ay 0.3 1 0.35 0.17

Area z-Top Brown 's Creek Total

V M F V M F V M F F/V

April 1-15 10 8 15 1.50
April 16-30 12 9 19 1.58
May 1- 15 10 6 21 2.10
May 16-3 1 I I 4 2 4 9 3 16 1.78
June 1- 15 2 I 5 2 3 10 2 13 1.30
June 16-30 4 2 3 3 2 5 11 5 12 1.09
Jul y 1-15 3 I 3 3 I 7 9 2 12 1.33
July 16-3 1 2 1 I I 5 I 2 0.04
Other 3 9
TOlal 12 6 16 I I 3 19 76 39 119
Female/Visit 1.33 1.73 1.45
Days" 53 56 403
FcmalcIDay 0.30 0.34 0.30

venumbcr of visi ts; Memales: Fefemales.

II Days are total number of days from first to last day of shooting.
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Table 19

Incidence of Cowbird Nest Parasitism in Percent
by Year, 1989Treatment Group, and Colony Sile

Treatment/S ite'

1989 Trapping

EARA Area 2-Top
EARA Area 2-Slopc:
EARA Red Bluff
EALF Area 75
WELF Brown's Creek
Total

1989 Shooting

WERA Manning Mountain
WERA Williamson/Shell
WEFH w est Fort Hood
Total

1989 No Treatment

EARA Area 6
EARA Area 12
WELF Robinette Poinl
WaF Jack Mountain
TOlal
Grand Total

1987

71.4 ( 7)'
100.0 ( 8)

100,0 ( I)

93.8 (16)

100.0 (I)

90.9 (33)

1988

66,7 ( 9)
83.3 ( 6)

100.0 (16)
100.0 (2)

83.3 (6)
83,3 ( 6)

100,0 (19)

94,1 (17)

100.0 ( 2)
75.0 ( 4)

90.8 (87)

1987 & 1988

68,8 (16)
92.2 (14)

100,0 ( 16)
100,0 (2)
87.5 (48)

83.3 ( 6)
83,3 ( 6)

100.0 (20)
93.8 (32)

93.9 (33)

100,0 ( 2)
80.0 ( 5)
92.5 (40)
90.8(120)

1989

53,9 (26)
60.0 (10)
30.0 (10)
80,0 (15)
94.1 (17)
65.4 (78)

64.7 (17)
85,7 ( 7)
58.6 (29)
64.2 (53)

66.7 ( 6)
50.0 ( 4)
83,3 ( 6)
60,0 ( 5)
66.6 (21)
65.1 (152)

• Area z-Top : trapping only hefore I June and trapping and shooting after I June. Brown's Creek and West
Fort Hood: shooting only hefore I June; shooting and trapping afler I June. Area 6: trapped during 1988
with lillie effect (see text for exp lanation).

to Number of nests in parentheses.

Table 20

Resulb of Logistical Analysis of the EfTects of Year and
Treatment Group on the Incidence of Cowbird Parasitism

Source' dr X' p

Intercept 1 57,34 0.0000
Vear I 19.22 0.0000
Treatment 2 0.82 0.6646
Year·Trealment 2 0.87 0.6646

• Data from Table 19,
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Table ZI

Incidence or Cowbird Parasitism at Colony Sites
Before and Ane r I June 1989 by Treatment Group and Colony Site

Treatment Period

Treatment/Site Before 1 June Afte r I June

Single Treat ments-

Trapping

Area 2-Slope 71.4 ( 7) 33.3 ( 3)
Red Bluff 12.5 ( 5) 100.0 ( 2)
Area 75 85.7 ( 7) 75.0 ( 8)
Subtotal 63.2 (19) 69.2 (13)

Shootin g

Manning Mountain 63.6 ( I I) 66.7 ( 6)
Will iamson Mt/Shell PI 75.0 ( 4) 100.0 ( 3)
Subtotal 66.7 (15 ) 77.8 ( 9)

No Treatment

Area 6 80.0 ( 5) 0.0 ( I )
Area 12 100.0 ( 2) 0.0 ( 2)
Robine tte Point 75.0 ( 4) 100.0 ( 2)
Jack Mountain 60.0 ( 5)
Subtotal 75.0 (16) 40 .0 ( 5)
Overall 68.0 (50) 66.7 (27)

Dual Treatments

TrappinRIShoo/ inKh

Area 2-Top 61.1 (18 ) 37.5 ( 8)
Brown' s Creek 92.9 (14 ) 100.0 ( 3)
Subto tal 75.0 (32) 54.5 ( I I)

ShootinR'Trappin t

West Fort Hood 66.7 (18 ) 45.5 ( I I)

Overall 72.0 (50 ) 50.0 (22)

• Same treatment both periods
h Trapping before I June; trapping and shooting after I Junc.
t Shooting before I June; shooting and trapping after 1 June.
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Table 22

Results of l ogistic Analysis of the Effect of Treatment Group and
Treatment Period on the Inciden ce of Cowbird Nest Parasiti sm

Source" df X' P

Intercep t 10.60 0.00 11
Treatment Period 1.87 0.1712
Treatment Group 0.47 0.4940
Period-Group 1.45 0.2289

• Data from Table 21

Table 23

Numbe r of Co wbird Eggs Per Nest by Treatment Period, Treatment Group, and Colon)' Site

Treatment Period

No T rea tment" Treatment"

Treat ment/Site 2 3 (eggs) 2 3 (eggs)

Trapping / 9811

Area 6 10 5 I '

Trapp ing / 9119

Are a 2-To p 9 2 10 3 I
Brown's Creek I 9 5 2
Area 2-Slope 2 4 7 3 2 I
Red B1ull I 2
Area 75 9 3 4 6 5 I
To tal 20 9 12 39 22 6

- - - - - - - --- - - - - - ---- - - - - - - --- --- ---- --------------------
Mean (1.80) (1.5 1)

Shooting / 9119

Manning Mountain 2 3 8 2
Willi am MI/Shell PI I I 2 5 I
West Fort Hood 9 9 2 15 2
Total 12 13 4 28 5

-- - - - - - --- - - - - - - ----- - - - - - - -- - - - - - ----- - - - - ----- - - - - --- -
Mean (1.72) (1.21)

No Treatment 1989

Area 6 4 8 3' 3 I '
Area 12 J I
Robinette Point 3 I
Jack Mountain 2 2 2 I
Total 6 10 4 9 4

- -- -- - - -- -- - -- ------ ------ ---------------- -----------
Mean (1.90) (1.43)

-1987 plus 1988 data unless otherwise noted.
bl989 treatments unless otherwise noted.
' (1988); '( 1987); '( 1989 )
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Table 24

Results of Logistic Analysis of the Effects of Treatment Group
a nd Treatment Period on the Int ensity of Cowbird Nest Parasitism

Source- d[ X' P

Intercept 2 30.67 OOסס.0

Treatm ent Gr oup 2 4 .33 0..1637
Treat men t Period 4 12.75 O.WI7
Period- Group 4 7.43 0. 1147

• Data from Tab le 23.
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Table 25

Daily Nest Loss Rates by Year, Nest Stage, and Overall Nest Stage Survival

Nest Stage" 1987 1988 1989 Overall-
Constr uct ion" 0=15 0=31 n=47 n=93

Deserted/Total 0.0700 (3) 0.0839 ( 8) 0.0538 ( 6) 0.0660 ( 17)
Survival' 0.6957 (12 ) 0.6452 (23) 0.7586 (4 1) 0.7106 (76)

layingtl n=17 n=31 n=47 n=95

Deserted 0.0925 ( 3) 0.0765 (4.5) 0.02 17 ( 2) 0.05 18 (9.5)
Destroyed 0.0255 ( 1.5 ) 0.0163 ( 1.5) 0.0165 ( 3)
To tal Loss 0.0925 ( 3) 0.1020 ( 6) 0.0380 (3.5) 0.068 1 ( 12.5)
Survival" 0.8235 ( 14) 0.8065 (25) 0.9255 (43.5) 0.8684 (82.5)

Incubation e n=221nd=145.5 n=49/nd=380.5 n= 105100=939.5 n= 17611465.5

Deserted (SE) 0.09620 (0.02445) 0.042Iab (0.01029) 0.0287b (0.00545) 0.0390 (0.00505)

-.I Destroyed (SE) 0.0069a (0.00685) 0.0342b (0.0093 1) 0.016Oab (0.00409) 0.0198 (0.00364)

'" TOlal Loss (SE) 0. 1031a (0.0252 1) 0.0763a (0.01360) 0.044 7b (0.006 74) 0.0588 (0.006 14)
Survival 0.2710 0.3858 0.5518 0 .4548

Nestling e n= llfnd=51 n=25Ind= 174 n=821nd=66 n=118100=887

Destroyed/Total 0.1569a 0.0920a 0.0438 b 0 .0598
(SE) (0.05092) (0.02 191) (0.00795) (0.00796)
Survival 0.1530 0.3459 0.61 10 0.5075
Overall Success 0.0238 0.0694 0.2367 0.1424

• n=numberof nests; nd=number on nest days.
b Observed numberof nests 10SI in parentheses (construction stage loss adjusted as described in tex t),

e X' (Survival' Year·ConslTUclion)=2.162. df=2. 0.25<p<O.5.
• X' (Survival· Year .Laying)=2.683. df=2. 0.25<p<0.5.
C Numbers in each row with same letter not significantly different.



Table 26

Comparison or Nest Loss Estimates

Fate' 1987 1988 1989 Total

Deserted

Observed 63.6 45.9 26.3 37.6
Exposure 81.7 62.5 47.6 58.4
Difference - 18.1 -16.6 -21.3 -20.8
% Di fference -22.2 -26.6 -44.7 -35.6

Destroyed

Observed 27.3 40.0 35.8 36.1
Exposure 16.0 30.6 28.8 27.4
Difference 11.3 9.4 7.0 8.7
% Difference 70.6 30.7 24.3 31.8

Fledged young

Observed 9.1 14.1 38.0 26.3
Exposure 2.4 6.9 23.7 14.2
Difference 6.7 7.2 14.3 12.1
% Difference 279.2 104.3 60.3 85.2

• Based on the Fales o f Observed Nests (Table 14) with es timates
based on exposure (Table 25).
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Table 27

Dail}' Nest loss Rates of Unparasitized and Parasitized
Nests by Nest Stage, and Overall Nest Stage Su rvival

Nest Stage' Unpara...itized Parasitized

Construction 0=91 0=2

Deserted/To tal 0.0645 (16)' 0.1534 (I)

Total Loss 0.0645 (16) 0.1534 (I)
Survival" 0.7 166 (75) 0.4349 (I)

Layiog 0=40 0=55

Deserted 0.0257 (2.0) 0.0710 (7.5)
Destroyed 0.0321 (2.5) 0.0047 (0.5)
Tota l Loss 0.0578 (4.5) 0.0757 (8.0)
Survival" 0.8877 (35.5) 0.8543 (47.0)

Incubation 0=4I /od=422 0=135/od=I 043.5

Deserted 0.0024 •• • 0.0537
(SE) (0.00237) (0.00698)
Des troyed 0.026 1 0.0173
(SE) (0.00776) (0.00403)
Total Loss 0.0285 ... 0.0710
(SE) (0.00809) (0.00795)
Survival 0.648 1 0.4132

Nestling 0=63/00=476.5 0=55/od=410.5

Destro yed/Total 0.0441 • 0.0780
(SE) (0.00940) (0.01323)
Survival 0.6089 0.4093

• n=numbcr of nests: ndenumber of nest-days. Symbols: '"
0.10<p,;0.05, •• O.OO I<p,;Q. IO. .. . p,;0.001.

I> X2 (S urvival*Parasilism-Co nstruction)= 1.377 . df= I. 0. 10<
p<0.25.

" Observed number of nests lost in parentheses .
, X' (Survival· Parasitism)=3.848. dr=2. 0.10<p<0.25.
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Table 28

Success of Black -capped Vireo Nests in Unparasitized and Parasitized Populations

Parasitized Population

Sest Stage

Construction

Laying
Incubation
Nestling
Overall Succes s

Un parasitlzed
Population

0.7167
0.8877
n.M8 1
n.6089
0.2511

Unweighted

0.4349
0.8543
0.4132
0.4093

Proportion
Parasitized

0.030
0.700
1.000
0.7 17

Weighted'

0.7082
0.8643
0.4132
0.4658
0.1178

a Weighted average of the survival of parasitized and unparasitized nests in the parasitized population.
See text for further explanation.

Table 29

Effect of the Number of Cowbird Eggs Per Nest
on Black -capped Vireo Nesting Success

Number of Cowbird Eggs ·

Fate

Fledged Vireos
Fledged Cowbirds
Dese rted

Destroyed

I ( % )

II (10.9)
14 (13.9)
42 (4 1.6)
34 (33.7)

> 2 (%)

2 ( 2.6)
10 (12.8)
35 (44.9)
3 1 (39.7)

• X' =4.796. df=3. 0.1<p<0.25.
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Table JO

Pair Success in Fledging Black-capped
Vireo Young by Year and Colony Site

Area 1987 1988 1989

Are a z-Top O.()()()() ( 6)' 0.3333 ( 6) 0.7000 ( 10)
A rea z-Sropc 0.2500 ( 4) 0.3333 ( 3) t.oooo ( 4)
Red Bluff 0.8333 ( 6)
Area 75 0.1000 (10) 0.5556 ( 9)
Area 6 0.0909 ( II ) 0.2000 (10) i.oooo ( 3)
Area 12 i .oooo ( 2)
Manning Mountain 0.3333 ( 6) 0.7500 ( 8)
Williamson MI/Shell PI O.()()()() ( 4) 0.5000 ( 2)
Brown's Creek O.()()()() ( 4) 0.2857 ( 7)
Robinet te Point 0.6667 ( 3)
Jack Mountain 0.5000 ( 8) 0.3333 ( 6)
West FOri Hood O.()()()() (13) 0.4000 ( 10)
Overall ' 0.0952 (21) 0.1875 (64) 0.6143 (70)

• Numhcr of pairs monitored in parentheses.
s X' (Overall*Year)=33.949. er-z, p<O.oo\.
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Table 31

Uncorrected and Corrected Median Estimates of Black-capped
Vireo Product ion (YoungIMated Pair) by Year and Colony Site

Area 1987 1988 1989

A. Uncorrected

Ar ea z-Top 0.000 ( 6)' 0.9 17 (6) 2.050 (10)
Area 2-Slope 0.875 ( 4) 0.333 ( 3) 3.250 ( 4)
Red Bluff 2.833 ( 6)
Area 75 0.100 (10) 1.278 ( 9)
Area 6 0.136(11) 0.200 (10) 2.167 ( 3)
Area 12 2.500 ( 2)
Manning Mountain 0.750 ( 6) 1.625 ( 8)
W ill iamson/Shell PI 0.000 ( 4) 1.250 ( 2)
Brown's Creek 0.000 ( 4) 1.071 ( 7)
Robinette Point 1.000 ( 3)
Jack Mountain 0.875 ( 8) 0.58 3 ( 6)
West Fon Hood 0.000 (13) 1.500 (10)
Overall 0.238 (2 1) 0.328 (64) 1.686 (70)
(SE ) (0.17802) (0.09398) (0.19039)
Range' 0.190-0.286 0.297-0.359 1.500-1.871

B. Cor rect ed

Area z-Top 0.000 ( 6) 1.294 ( 6) 2.050 ( 10)
Area 2-Slope 0.875 ( 4) 0.585 ( 3) 3.250 ( 4)
Red Bluff 2.833 ( 6)
Area 75 0. 100 ( 10) 1.697 ( 9)
Area 6 0 .239 (I I) 0.35 1 ( 10) 2.167 ( 3)
Area 12 2.500 ( 2)
Manning Mountain 1.065 ( 6) 1.719(8)
William son/Shell PI 0.000 ( 4) 1.250 ( 2)
Brown's Creek 0.000 ( 4) 1.07 1 ( 7)
Robinette Point 1.755 ( 3)
Jack Mountain 1.347 ( 8) 0.835 ( 6)
West Fon Hood 0.000 (13) 1.500 (10)
Overall' 0.292 (21)' 0.487 (64)' 1.804 (70)'
(SE) (0.20347) (0.14430) (0.1984 1)
Range" 0.226-0.358 0.450-0.524 1.597-2.01 1

• Number or pairs monitored in parentheses.
" Based on low and high estimates or individual mated pair production.
, F(amo ng years-Overall)= 18.8 \. ms=36 .076 30. df=21152. p=O.OOO I; values with

same letter are nor significantly different.
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Table 32

Pair Success in Fledging Cowbird Young by Year and Colony Sit e

Area 1987 1988 1989

A rea z-Top 0.1667 ( 6) 0.0000 ( 6) 0.0000 (10)
Area 2·Slopc 0.2500 ( 4) 0.3333 ( 3) 0.2500 ( 4)
Red Bluff 0.1667 ( 6)
Area 75 0.00<XJ ( 10) 0.0000 ( 9)
Area 6 0.0000 ( I I ) 0.0000 ( 10) 0.0000 ( 3)
Area 12 0.0000 ( 2)
Manning Mountain 0.3333 ( 6) 0.1250 ( 8)
Williamson/Shell PI 0.5000 ( 4) 0.5000 ( 2)
Brown's Creek 0.5000 ( 4) 0.4286 ( 7)
Robinette Point 0.0000 ( 3)
Jack Mountain 0.1250 ( 8) 0.1667 ( 6)
West Fort Hood 0.1539 ( 13) 0.2000 (10)
Overall' 0.lJ'J52 (2 I ) 0.1563 (64) 0.1429 (70)

• Number of pairs mon itored in parentheses.
, X' (Overall·Year)=0.484. df=2. 0.5<p<0.9.

Table 33

Cowbird Produ ction (Young/Mated Pair) by Year and Colony Site

Area 1987 1988 1989

Area 2-Tup 0.167 (6)' 0.000 ( 6) 0.000 ( 10)
Area z-Stope 0.250 ( 4) 0.333 ( 3) 0.250 ( 4)
Red Bluff 0.333 ( 6)
Area 75 0.000 (10) 0.000 ( 9)
Area 6 0.000 (I I ) 0.000 (10) 0.000 ( 3)
Area 12 0.000 ( 2)
Manning Mountain 0.333 ( 6) 0.500 ( 8)
Williamson MI/Shell P, 0.500 ( 4) 0.500 ( 2)
Brown's Creek 0.500 ( 4) 0.571 ( 7)
Robinette Point 0.000 ( 3)
Jack Mountain 0.125 (8) 0.167 (6)
w est Fort 1l00d 0.154 (13) 0.500 ( 10)
Overall" 0.095 (21) 0.156 (64) 0.257 (70)
(SE) (0.0656) <0.(457) (0.OR80)

• Numher of pairs monitored in parentheses.
, Ftarnong years·O verall)=O.92. ms=O.28755. df=2/ 152. p=O.402.
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Ta ble J4

Wee kly Probabi lity of a Rrnest ing Following
Successful and Unsuccessful Nesti ng Attempts

Week Success ful Nests Unsuccess ful Nes ts

I' 100.0 ( 15)' 100.0 (104)

2 100 .0 ( 15) 100.0 ( 104)

3 100.0 (15 ) 100.0 ( 101)

4 100.0 (15) 99.0 ( 101)

5 100 .0 (15) 98 .9 ( 93)

6 93 .8 ( 16) 96.5 ( 86)

7 85.7 ( 14) 94.4 ( 72 )

8 78.6 ( 14) 85.2 ( 54)
9 7 1.4 (14) 79.2 ( 48)

10 45.5 (I I) 62.5 ( 48)

II 30.0 (10) 50.0 ( 44)

12 6.7 (15 ) 37.8 ( 37)

13 0.0 (20) 18.2 ( 33)
14 0.0 (22) 0.0 ( 33)

• Wee k 1 begins Apri l 16.
" Sample size in parentheses.

Ta ble 35

Estima ted Black -ca pped Vireo and Co wbird Productio n Per Year for
Hypothetica l Unparasitize d and 100 Percent Parasitized Popul ations

Femal es
Nests buill
Nes t success
Successful nests
Fledging vireos
Fledging cowbirds

Fema le Success

o Broods
I Brood
2 Broods

Vireo Produ ction

Per succe ssful nest
Per active nest
Pcr fem ale

Cowbird Produ ction

Pcr successful nest
Per active ncst
Per vireo female

Unpa ras itized

100
395

25.1%
99

99 (100 %)
0( 0%)

19
63
18

3.10
0.77
3.08

80

45
17
2

Parasitized

100
522

11.8%
62

22 (35%)
40 (65%)

Cowbirds

45
3 1
5

2.46
0.10
0.53

1.16
0.09
0.46



Table J6

Pair Success in Fledging Black-capped Vireo Young
by Year and Treatment Group

Treatment'

No Treatment
Trapp ing
Shooung

1987 1988'

0.0952 (2 1) 0.1852 (6)
0.2000 (10)

1989'

0.6429 (14)
0.6389 (36)
0 .5500 (20)

• Number of pairs monitored in paren theses .
, X' (among trealments-1988)=(l.OI2. dfe l , p>O.9.
, X' (among treatmenlS-1989)=O.489. df=2. 0.5<p<O.9.

Table 37

Black -capped Vireo Production (Young/Ma ted Pair)
by Year and Treatment Group

Treatment 1987 1988 1989'

No Treatment 0.292 (2 1)' 0.513(6) 1.555 (14)
(SE) (0.20347) (0.16595) (0.35402)
Trapping 0.35 1 (10) 2.035 (36)
(SE) (0.23397) (0.37866)
Shooting 1.563 (20)
(SE ) (0.29398)

• F(among lrealmenlS-1989)=O.7 1. ms=1.97881. p=O.494
" Number of pairs monitored and standard errors in parentheses.

Table J8

Pair Success in Fledging Cowbird Young
by Year and Treatment Group

Treatme nt 1987

No Treatment 0 .0952 (2 1)'
Trapping
Shooting

1988

0.1852 (54)
OOסס.0 (10)

1989'

0.0714 ( 14)
0.5000 (36)
0 .1944 (20)

• X' (among lreatmenlS-1989 )=2.755. df=2. 0.1<p<0 .25.
" Number of pairs monitored in parentheses.
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Table 39

Cowbird Production (YoungIMated Pair )
by Year and Treatment Group

Treatment 1987 1988 1989'

No Treatment 0.095 (21) 0.185 ( 6) 0 .071 ( 14)
(SE ) (0.06564) (0.05336) (0.07143)
Trapping 0.000 (10) 0.194 (36)
(SE) (0.00000) (0 .08746)
Shooting 0.500 (20)
(SE) (0.25649)

• Ftamong trea'menlS·1989)=1.70. m<=1.80397. df=2167. p=O.,
191.

" Number of territories monitored and standard errors in paren 
theses.

Table 40

Critical Levels or Black-capped Vireo Production
and Cowbird Nest Parasitism Required To Maintain
Stable Black-capped Vireo Population on Fort Hood

" U, 'J uJ Prod, Para, Para,

0.60 0.40 0 .40 0 .60 2.00 42.4 55.2
0 .30 0.70 2.67 16.1 37.6
0.20 0 .80 4.00 <0.0 2.6

0 .65 0.35 0 .40 0 .60 1.75 52.2 61.8
0.30 0.70 2.33 29.4 46.4
0.20 0 .80 3.50 <0.0 15.7

s.=adult annual survival
u.eaduu annual mortality
sJ=juveni le first year survival
uJ=juvenile first year mortality
Prodecriucal level of prod uction to sustain population
Para,ecritical level of parasitism necessary to meet Prod, (See

text for further explanation).
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Table 41

Incidence or Cowbird Nest Parasitism in Perc ent by Year and Region

Region 1987 1988 1989

East Range 90.3 (3 1)' 84.4 (32 ) 51.8 (56)
East Live Fire 100.0 (16) 80.0 ( 15)
West Range 83.3 (12) 70.8 (24)
West Live Fire 100.0 ( I ) 87.5 ( 8) 85.7 (28)
West Fort Hood 100.0 ( I ) 100.0 (19) 58.6 (29)

• Number of nests in parentheses

Table 42

Results or Three-Way Analysis or Independence
of Region, Year, and Cowbird Nest Parasitism

Source

Region
Year
Region- Year
Parasitism
Region-Parasitism
Year- Parasitism
Likelihood Ratio

df

4
1
4
1
4
1
4

x'
49.09
26.77
6.95

54.20
12.17
17.53
7.67

p

o.(J(J(J(J

O.(J(J(JO

0. 1383
O.(J(J(J(J

0.0161
o.(J(J(J(J

0.1045

• Data from Table 4 1; analysis includes only years 1988 and 1989.
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Table 43

Number of Cowbird E~s per Black-capped Vireo Nest by Year and Region

1987 1988 1989

Region Z 3 Z 3 Z 3

East Range 9 12 7 16 7 4 18 9 2
East Live Fire 9 3 4 6 5 I
West Range 3 4 2 13 3 I
West Live Fire 0 1 0 2 1 2 14 7 3
W est Fort Hood 0 I 0 9 8 2 15 2 0
Total 9 14 7 39 23 14 66 26 7

Mean No./Ncsi 1.93 1.67 1.40

Table 44

Results of Three-Way Analysis of Independ ence
of Region. Year, and Number of Cowbird Eggs

per Black-capped Vireo Nest

Source

Region
Year
Region -Year
Parasi tism
Region sParasuism
Ycar"' Parasilism
Li ke lihood Ratio

df

4
I
4
2
4

2
8

x'
10.94
0.05

12.85
42.94

5.05
7.83
9.4 7

p

0.0273
0.821 1
0.0120
0.0000
0.7519
0.0 199
0.3038

~ Data from Table 43; analysis includes only years 1988
and 1989

Table 4S

Pair Successs in Fledging Black-capped Vireo Young
by Year and Region

Region 198,. 1988 1989

Easl Range 0 '<1952 (2 1) 0.2631 (19) 0.8400 (25)
East Live Fire 0.1000 (10) 0.5 560 ( 9)
West Range 0.2000 (10) 0.7000 (10)
West Live Fire 0.3333 (12) 0.3750 (16)
w est FOr! fl ood 0.0000 (13) 0.4000 (10)

I Number of mated pairs monitored in parentheses.)
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Table 46

Results or Three-Way Anal ysis of Independence of
Region . Year, and Pair Success in Fledging Vireos

Source

Region
Year
Rcgion*Ycar
Success
Region -Success
Year*Success
Lik elihood Ratio

dr

4
I
4
I
4
I
4

x'
16.99
2.39
1.19
9.49

11.13
22.08

7.66

p

0.0019
0.1219
0.879 1
0.002 1
0.025 1
0.0000
0.1049

I Data from Table 45; analysis includes only years 1988
and 1989.

Ta ble 47

Black-capped Vireo Production (Young/Maled Pair)
by Year and Region

Region 1987 1988 1989

East Range 0.292 (21)' 0.686 (19) 2.480 (25)
(SE) (0.20347) (0.3 1654) (0.28355)

East Live Fire 0.100 ( 10) 1.697 ( 9)
(SE) (0. 10000) (0.64669)

West Range 0.639 (10) 1.625 (10)
(SE) (0.46 148) (0.36374)

West Live Fire 0.898 (12) 1.111 ( 16)
(SE) (0.40863) (0.39 227)

Wesl Fort Uood 0.000 (13) 1.500 (10)
(SE) (0.0000) (0.687 18)

• Number of territories monitored and standard errors in parentheses.
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Table 48

Results of Two-Way Analysis of Variance on Black-capped Vireo Production
for Year and Region

Source dr Type 1JI 55 Mean Square r p

Year \ 44 .89\ 5\ 44 .89 \5 \ 22.22 0.000 \
Region 4 13.49244 3.373\1 1.70 0.1542
Year"Region 4 11.83400 2.95850 1.49 0.2090
Error \ 24 246.062 45 1.98437

• Data from Table 47; analys is includes only years 1988 and 1989.

Table 49

Pair Success in Fledging Cowbird Young by Year and Region

Region 1987 1988 1989

East Range 0.0952 (21)' 0.0526 (19) 0.0800 (25)
East Livc Fire O()(X)() ( \ 0 ) O.()()()() ( 9 )
W est Range 0.4 000 (10) 0.2000 (10)
We sl Live Fire 0.2500 (12) 0.2500 ( 16)
West Fort Hood 0.1539 (13) 0.2000 ( 10)

I N umber of mated pairs monitored in parentheses.

Table 50

Result s of Three-Way Analysis of Independence
of Region. Year t and Pair Success in Fledging Co wbirds

Source

Region
Year
Rcgion*Year
Success
Region- Success
Year"Success
Li kel ihood Ratio

3
I
3
I
3
I
3

x'
1.88
0.03
1.3 1

34.32
5.95
0.05
1.13

p

0.7569
0.8724
0.7267
0.0000
0.1139
0.8208
0.7702

I Data from Table 49: analysis includes only years 1988
and 1989.
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Ta ble 51

Cowb ird Production (Young/Mated Pair) by Year and Region

Regjun 1987 1988 1989

East Region 0.095 (2 1)' 0.053 (19) 0.120 (25)
(SE) (0.06564) (0.05263) (0.08794)

East Live Fire 0.000 (10) 0 .000 ( 9)
(SE) (0.00000) (0.00000)

W est Range 0.400 (10) 0.500 (10)
(SE) (0.16330) (0 .40 139)

West Live Fire 0.250 (12) 0.3 13 (16)
(SE) (0.13056) (0. 15052)

West Fort Hood 0.154 (13) 0.500 (10)
(SE) (0.104 15) (0.34 157)

• Number of territories monitored and standard errors in parentheses.

Table 51

Results of Twe-way Analysis of Variance on Cowbird Production
for Years and Regions

Source ar Type III SS Mean Square r p

Year I 0.40145 0.40 145 1.17 0.2805
Region 4 3.09645 0.77411 2.27 0.0659
Year- Regio n 4 0.40811 0.10202 0.30 0.8784
Error 124 42.36718 0.34 167

• Data from Table 5 1: analysis includes only years 1988 and 1989.
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Table 53

Female Cowbirds Trapped per Trap Day in
Oklahoma, Texas, California, and Michigan

Location and
Number Trapped

Oklahoma

0.20 (705)
0.00 (0/55)
0.Q9 (8/92)
0.18 (6506-1)
0.<l9 (4123)

0.26 (130/500)

Year

1985
1986
1986
1987
1987
1988

Co unty

Canadian
Comanche
Canadian
Comanche
Canadian
Comanche

Source

Grzybowski ( 1985b)
Grzybowski (1987)
Grzybowski (1987)
Grzybowski (l988a)
Grzybowski ( 1988a)
Grzybowski (1989)

Overall 0.20 (2 14/ 1069)

Texas

0.19 ( 12/62)
0.06 (3/50)
0.18 (10/56)F&Y
0.16 (27/174)F&Y
0.38 (22158IF&Y
0.10 ( 18/180)F&Y
0.7 1 (203/284)
0.10 (38m8)
O.(I'! ( 145/154.1)
O.l14 ( 10/270)
0.06 (36/639)

1985 Travis
1985 Kerr
1986 Kerr
1986 Travis
1987 Kerr
1987 Travis
1988 Kerr
1988 Travis
1989 Travis
1988 Bell
1989 Coryell

Grzybowski (l985b)
Grzybowski ( 1985b)
Grzybowski (1986)
Grzybowski (1986)
Grzybowski ( 1988b)
Grzybowski ( 1988b)
Grzybowski (1989)
Grzybowski ( 1989)
Espey Huston & Assoc. Inc (1989)
This Study
This Study

Overall 0.17 (478/2785) (F&Y=females and young)

California

O.oJ (24m.l)
0.07 (22/321)
0.06 (140/2.166)

1986
1986
1988

San Diego
San Diego
San Diego

(Riparian) Beezley & Rieger (1987)
(Foraging) Beezley & Rieger (1987)
Sweetwater Env. Bio logi sts (198 9)

Overall 0.05 (186/3660)

Michigan

0.99 (288 112920) Lower Penninsula

88

Espey Huston & Assoc. Inc. (1989)



Table 54

Co mpa r ison of Nesl in~ Success Between Parasitized and Unparasitized Nests of Severa l Selected Bird Species

S UC(TM (II\-, Uosc V OUb c n rdgrd " Dnlroy~ Dntrtion

'"I ...IlL. ...J.&.. ....!.!!.L ~ ~

SJk'C~ Unp p" l !np p" Unp p" Un. p" Unp p" Unp p., Sour ce'

Yellow Warb ler' '0 44 24 (I)

Yell ow w arb ler 5.1 24 41 I7 1.' 0.7 J .J 2.' 7' 57 JO (2)
Yellow Wamkr ... 47 2.J 0.' J.b I., (J )
Kirtland 's Warhkr 4.1 4b J2 1.5 0.:1 J .5 0.7 (4)
Common Yellololo1tuoal I.' 0.4 (5)
Prame Warbler

"
0.7 0.1 J.4 0.9 ' b)

So fuary Vireo .. " 2.4 0.5 (7)

Ea\lcm Meadow lar1l. JJ " " 12 0.7 0.2 2.2 1.2 JO 29 4b 4b (')
Willow R ycalcher 5b I' (.)

Dick ci\!<1 25 22 25 " 0.5 O.J 2.0 1.l 50 b' 0 I7 (H)

Dickcisselt prairie) " I' J .7 1.' (10)

Dickcissel' (old field) .1 1 1J J .2 2.0 ( 10)

l .lIrt Sparrow 59 2' 4. 20 I.' o.e J .2 2.1 ( 11 )

Gra\\hopper Sp,UTOW 33 22
"

b 0.' 0.1 2.5 0.5 se JJ 22 22 (0)

Brown-heeded Junco '4 ., 2.7 1.5 (12)

b ghl Specie\ .1b 19 (13)

DeWs Vireo 22 7 (lJ)
Eight Specev 44 ,. (14 )

Hell's Vireo 12 (14 )

Five Spccie-, 4 J5 (IS)

Mean 4.1 2b 44 21 1.. 0.5 3.1 1.5 54 45 14 2'
Black -cap ped Vireo 25 12 0.7 0.1 2.7 0.9 57 .14 , 4. This study"

(A) HCl'1 you ng per active ne'l; (H) 110 \ ' young per \ucce\sful f'IC: \ l .
III Clan. and Rot-ert-.oo 19RJ: (2) Goov-e n and ~a ly 19R2; 0 ) Weatherhead 19H9; (4) Mayfield 1%0: ei) Stewart 195J: (6) Nolan 197R: (1) M.arvil
and CfUJ. 191'19; (R) Ellior 197M: (9) Sedll.... if .. and I< noph 19MM: 110)z..mmerm,m 1 9~: II I) Newman 1970: (2) Wolf 19R7; OJ) Wien, 196J; ( 14)
Ely 1957 in Wien' I96J: ( 15IGrm...m 19101.11 .
Predated r'Ie \ l\ excluded .

Perce nt dco\lfUclion and de-.rnioo ba-ed only un laying lhrough tle\ lling period...
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Table 55

Brown -headed Cowbird Success in Nests orSelected Passer ine Species

% of Eggs Cowbird
Cowbird Eggs Fledging Young per

Species per Nest Cowbirds Nest Source

Willow Flycatcher 1.1 9 15 0.18 Sedgwick and Knoph 1988
Bell 's Vir eo 1.25 20 0.25 Wiens 1963
Bell 's Vireo 1.50 7 0.\0 Ely 1957 in Wiens 1963
Bell 's Vireo 1.35 6 0.09 Mayfield 1965
Red-eyed Vireo 1.80 23 0.42 Young 1963
Solitary Vireo 1.62 45 0.73 Marvil and Cruz 1989
Black-capped V ireo 1.74 6 0.11 Mayfield 1965
Ovenbird 1.90 23 0.43 Young 1963
Prairie Warbler 1.13 5 0.06 Nolan 1978
Kirtland' s Warbler 1.57 23 0.37 Walkinshaw 1983
Kirtl and's W arbler 1.67 41 0.68 Mayfield 1960
Yellow W arbler 1.50 8 0.12 Young 1963
Yellow Warbler 1.25 16 0.20 Mayfield 1965
Common Yellowrhroat 1.80 28 0.51 Young 1963
Common Yellowthroar 1.80 22 0.40 Stewart 1953
Lark Sparrow 1.27 16 0.21 Newman 1970
Grasshopper Sparrow 2.00 7 0.22 Elliot 1978
Field Sparrow 1.28 13 0.16 Mayfield 1965
Song Sparrow 1.50 31 0.46 Mayfield 1965
Abert's Towhee 4 Finch 1983
Dickcissel 2.40 1\ OJ 3 Elliol 1978
Eastern Meadowlark 3.10 6 0.36 Elliot 1978
7 Spec ies 13 SCOII and Ankney 1980
8 Species 1.1 9 24 0.29 Wiens 1963
8 Specie s 1.56 22 0.34 Ely 1957 in Wiens 1963
36 Species 1.47 25 OJ7 Young 1963
Mean 1.62 18 0.31
Black-capped Vi reo 1.58 6 0.09 This Siudy
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Camp Bullis

Figure I. Cur rent Distribution or the Black-ca pped Vireo in Texas and Oklahoma by County.
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Figure 2. Fort Hood Plant Community Types.
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Figure 3. Black-capped Vireo Colony Sites on Fort Hood (gr id: 5000 m).
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Figure 4. Fort Hood Training Intensity Map (grid: 5000 m).
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Figure 5. Number of Black-capped Vireo Nestings Discovered by Nest Start Period and Year .
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Through the Nestling Stage as Calculated From Exposure.
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Figure 7. EfTect of Cowbird Trapping on (A) Incidence and (B) Intensity of Cowbird Parasitism
at Areas 2 and 6.
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Figure 8. Correlation Between Female Cowbird Trapping Success and Percent Cowbird
Parasitism.
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Figure 9. Proportion of Black-capped Vireo Nests (A) Deserted and (B) Destroyed by Year and
Nest Stage as Calculated From Exposure.
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Figure 10. Correlation Between Daily Nest Losses Due to Desertion During the Incubation Stage
and the Intensity of Cowbird Parasitism.
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Figure II. Mean Daily Nest Loss Rate From (A) Desertion, (8) Destruction, and (C) in Total
During the Incubation Stage, and From Destruction During (D) Nestling Stage
Among Cowbird Control Treatment Groups by Year.
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Figure 12. Black-capped Vireo Nesting Success by Year and Cowbird Control Treatment Group
Calculated From Exposure for the Incubation and Nestling Periods.
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Figure 13. Results of Regression of Vireo Production on Percent Parasitism, Nolan's Model
Relating Prod uction and Parasitism, and a Possible Curvilinear Relationship Between
Production an d Parasitism (A).
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Figure 14. Mea n Daily Nest Loss Rate From (A) Deser tion and (B) Destru ction, and in Total (e)
During the Incubation Stage, an d Fro m Destruction Duri ng the (D) Nestling Stage
Among Regions of For t Hood by Year.
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APPEN DIX C: Co lony Site Code Descriptions

Site Descr iption

Non-live lire training area

AR2T Area 2-Top

AR2S Area 2-Slope

AR 6 Area 6

AR 12 Area 12

REBL Red Bluff •

BHMT Brookhaven Mountain

MAMT Manning Mountain

WMSP Williamson Mountain

WMSP Shell Point

NWFH Northwest Fort Hood

WEFH West Fort Hood

Live lire training area

AR 75 Area 75

ROPT Robinette Point

RAPT Rambo Point

BRCR Brown's Creek

JAMT Jack Mountain

NOLF Ruth Cemetery

NOLF Dalton Mountain

NOLF Henson Mountain

LOMT Lone Mountain

PKRA Pilot Knob Range

AR 8 1 Area 81

104



APPENDIX D: Pla nt Community Code Descri ptio ns

BARR Barren « 10% ground cover)

SPHE Sparse Herbaceous

SPFO Sparse Forb

OPFO Open Forb

DEFO Dense Forb

CLFO Closed Forb

SPGR Sparse Grass

OPGR Open Grass

DEGR Dense Grass

CLGR Closed Grass

OPSH Open Shrub

DESH Dense Shrub

CLSH Closed Woodland

OPWO Open Woodland

DEWO Dense Woodland

CLWO Closed Woodland

Sparse: <25% cover
Open: 25 to 50% cover
Dense: 51 to 75% cover
Closed : 76 10 100% cover
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