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FOREWORD 

The United States Army does not have a standardized system for 
representing vegetation on maps at medium to small scales. For large
scale use, there is the implied classification used in map legends and 
vegetation overprints on tactical maps, and for research purposes various 
systems of large-scale recording of vegetation have been adopted by 
individual laboratories. But the representation of vegetation at medium 
to small scales--for which a need frequently appears in the conduct of 
background studies, test site analyses, and thematic mapping of signifi
cant environmental elements--has always depended on an ad hoc selection 
of whatever system was convenient and available. While this practice 
does not preclude the accomplishment of quality research, it makes 
difficult a comparison of the results of different studies and different 
geographical areas. 

The contract with California State University, Northridge, was let 
in order to provide a basis for selection and standardization of a system 
of classification and nomenclature that would be usable in any part of 
the world, understandable by persons without previous botanical training, 
and applicable at any scale smaller than 1:75,000. To do this necessi
tated, first, a review of the requirements of such a system and the 
attributes of existing systems. This report gives the results of such 
a review, followed by a partially new system that was tested at a medium 
scale in northern California and at a small scale in Peru. 

An immediate need for the system existed in a study then being con
ducted by the Engineer Topographic Laboratories for the U.S. Army Air 
Mobility Research and Development Laboratory, Eustis Directorate. The 
proposed system, with minor modifications, was found suitable for that 
purpose, and the results were published at a world scale in Special 
Report ETL-SR-74-4. A contribution of the contractor which was directed 
specifically toward that study, and therefore not included in the present 
report, had to do with Litter Production in various types of vegetation 
and its effect on the use of helicopters. This section of the final 
report is in the files of the Geographic Applications Division, USAETL. 

In the course of examining the numerous systems of classification 
that have been developed for vegetation mapping, the contractor acquired 
a quantity of maps showing vegetation at various scales in many parts of 
the world. These maps constitute a valuable resource for research pur
poses, available for use at USAETL. 

Oy>ing to personnel changes on the contractor's staff during the 
course of the study, no one individual exercised responsibility for 
conduct of the study during the entire life of the contract; however, 
the project was both initiated and concluded by Professor Gaines. Dr. 
Nevin A. Bryant, although not one of the authors, made significant 
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contributions to the analysis. Cartography was prepared under the 
direction of Greg Poseley. The graphs in Appendix A are from a report 
by. the U.S. Army Engineer Waterways Experiment Station (MEGA program), 
based on data from Jane's Yearbooks. 

WILLIAM C. ROBISON 
Project Officer 
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Chapter I 

INTRODUCTION 

This study is, in part, a review of existing systems of vegetation 
classification and mapping from the perspective of military applications. 
There is a demonstrable need for such an examination because many of the 
numerous and varied systems of classification and mapping are based on 
special properties appropriate for special needs. No single system of 
vegetation classification can fulfill the needs of all users of maps. 
For this reason, most general systems are restricted in use to atlases 
and classrooms. For the forester, grazier, land-use planner, or botanist 
such general systems have limited utility, so specialized systems of 
classification are contracted for and appropriate maps constructed. The 
proliferation of revised classifications and mapping programs continues. 

This project was initiated, in part, to provide an alternative to a 
reliance on the diversity of poorly understood and often unsuitable systems, 
and to establish a basic simplified system applicable to all regions. 
Examples abound of unsuccessful and unfortunate reliance on localized 
systems of vegetation classification. As a result, inter-regional com
parisons of vegetation typology have been retarded, and systems generated 
by different workers in the same region have proven incompatible. 

Other military-sponsored projects to classify or to map vegetation 
have utilized systems created by renowned and well-meaning vegeta
tionists, such as Dansereau, Kuchler, and Holdridge. 1 Such systems have 
not focused adequately on special military needs for strategic planning 
of mobile operations. Moreover, the elaborate system of vegetation 
description developed for the Waterways Experiment Station has proven 
inappropriate as a basis for classifying and mapping vegetation even at 
large scales. 2 It is the purpose of this study to present a system of 
vegetation classification for applications at small and medium scales. 

1 
P. Dansereau, ''Studies on the Vegetation of Puerto Rico. I. Description 
and integration of the plant conununities," University of Puerto Rico, 
Institute of Caribbean Science, ,,[e_ecial Publication No. 1, 1966. 

2 

L. R. Holdridge, et al., Forest Environments in Tropical Life Zones, 
A Pilot Study, Pergamon, New York, 1971. 

R. E. McLaughlin and F. H. Norris, in: U.S. Army Engineer Waterways 
Experiment Station, Military Evaluation of Geographic Areas, Reports 
on Activities to April 1963, Misc. Paper No. 3-610, 1963, p. 209. 
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From the perspective of ground- and air-mobile troop units, three 
landscape values have paramount significance: cover, visibility, and 
penetrability. Surface properties, such as drainage and debris, may 
also prove detrimental temporally or spatially to mobile operations. 
Obviously there are other environmental or ecological factors that affect 
military operations, but most, if not all, do not belong in a system of 
vegetation classification. Other features, such as floristics, can be 
excluded for reasons discussed below. Following the precedents of Kuchler 
and Dansereau, a system of vegetation classification based on physiog
nomic criteria is most appropriate for characterizing vegetational 
properties affecting cover, visibility, and penetrability.3 Physiognomy 
expresses the arrangement of life forms laterally and vertically within 
the plant community, or stated in another way, the structural arrangement 
of thP. dominant and subordinate life forms. This study focuses on 
physiognomic elements within the vegetation complex significant to the 
operations of air- and ground-mobile forces. In brief, these elements 
include dominant canopy and subcanopy life forms, seasonality of canopy 
and subcanopy life forms, height of strata, crown spacing (coverage), 
and spacing within subordinate layers. Discussion of these elements 
appears in Chapter II. The proposed classification system based on 
associations of physiognomic elements and their parameters is presented 
in Chapter IV. 

A special feature has been introduced into this proposed system 
because very low (less than 0.5 m.) and very sparse (less than 25 percent 
coverage) vegetation types do not warrant detailed subclassification for 
purposes of this system; rather, they are grouped under a single Class 
and subdivided according to dominant life forms. Low or sparse vegetation 
types offer mobile and deployment operations the same general advantages 
and disadvantages regardless of detailed physiognomic or floristic 
similarities or differences. 

Most cultivated vegetation types have physiognomic counterparts in 
natural landscapes and can be grouped under the appropriate Class or 
Group within the proposed classification. But because of their cultural 
significance, cultivated types are included in one Formation Class. 

The system proposed in this report excludes ecological and floristic 
criteria in large part because these are inappropriate for this tyP,e of 
classification and do not offer added insight into the character of the 
vegetation. 

3 A. W. Kuchler, "Analyzing the physiognomy and structure of vegetation," 
Annals Association of American Geographers, vol. 56, no. 2, 1966, pp. 
112-127. 

P. Dansereau, "A Universal system for recording vegetation. II. A 
methodological critique and an experiment," Sarracenia, no. 10, 1966, 
pp. 1-64. 
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Ecological criteria are of limited value because in many cases they 
are based on indices of heat and moisture derived in part from agro
ecological criteria.4 An extreme and current example of this approach 
is the work of Holdridge and his students.5 A more refined and complex 
system based on ecological elements has been developed by Gaussen and his 
colleagues for the Old World and incorporated in substance into the recent 
UNESCO system of vegetation classification.6 In most cases, what is 
ultimately mapped at small scales are not vegetation types but ecological 
or land-use types. 

4 

5 

6 

For example, see L. R. Holdridge, "Determination of world plant 
formations from simple climatic data," Science, vol. 105, 1947, 
pp. 367-368. 

L. R. Holdridge, Life Zone Ecology, rev. 1967, San Jose, Tropical 
Science Center, see critique by G. Budowski, ''Holdridge's world 
classification of life zones; a reappraisal," Turrialba, vol. 14, 
no. 2, 1964, pp. 96-100. 

H. Gaussen, "Les Cartes du vegetation," Travaux de la Section 
Scientifique et Technigue, Pondichery, Tome 1, Fasc. IV, 1959, 
pp. 155-179 

P. Legris, "La vegetation de l'Inde, ecologie et flore," Travaux 
du Laboratoire Forestier, Toulouse (Sect. 1), Tome 2, 1963, pp. 
l-596. 

Of the Rubel school in Zurich: H. Ellenberg and D. Mueller-Dombois, 
"Tentative physiognomic-ecological classification of plant formations of 
the earth," Ber. Geob. Inst. ETH Stiftg, Rubel (Zurich), vol. 37, 
1965-1966, pp. 21-46. 

For a critical review of the above, see: F. Bellot and M. Eugenia, 
(in French) "Critical comments on the physiognomic-ecological classifi
cation of vegetation of the world according to Ellenberg and Mueller
Dombois," An. Inst. Bot. A. J. Cavanilles, vol. 27, 1970, pp. 171-192. 

For a review of the draft version of the UNESCO classification, see: A.W. 
Kuchler and J.M. Montoya M., "The UNESCO classification of vegetation: 
some tests in the tropics," Turrialba, vol. 21, no. 1, 1971, pp. 
98-109. 
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A floristic approach to vegetation classification has gained wide 
currency in Western Europe and outside the Anglo-American sphere and 
the Soviet Union. The Zurich-Montpellier approach is based on the 
pioneering labors of Braun-Blanquet and carried on in modified forms 
by Tiixen in Germany and by Emberger in France. 7 The fundamental hypothesis 
of this school is that vegetation is composed of more or less supraorganic 
units capable of being identified by one or more species exhibiting high 
fidelity to a type of vegetation. More often than not, these diagnostic 
species are minor floristic or physiognomic components within vegetation 
types; in fact, they may be absent from a given stand of vegetation which 
is interpreted from habitat and other properties as corresponding to the 
type.8 In the final analysis what is being classified and mapped is 

7 The classic work in English translation of Braun-Blanquet is entitled 
Plant Sociology: the Study of Plant Communities, New York, McGraw
Hill, 1932. See also his "L'ecole phytosociologique Zuricho
Montpellieraine et la s.E.G.M.A.," Vegetatio, vol. 16, 1968, pp. 
1-78. 

8 

L. Emberger, "Evolution, principes actuels et problems de la technique 
cartographique practiquee au service de la Carte des Groupements 
Vegetaux," in: Methods de la Cartographie de la Vegetation, Colloques 
Internationaux, Centre National de la Recherche Scientifique, Toulouse, 
1961, pp. 211-217. 

Among Tiixen' s followers: Emil Schmid, "The fundamentals of the natural 
distribution of Mediterranean vegetation, Quaderno 1st Bot. Univ. 
Lab. Crittogam Pavia, Tome 35, 1963, pp. 1-39 (transl. from German 
version of 1949). 

Numerous vegetationists have evaluated the Z-M school of phyto-
sociology; the first two examples below are favorable, the last 
two, in differing degrees unfavorable. 

R. -w. -Becking, "The Zu-rich-i<tontpelli.e-r school of phytosociology' II 
Botanical Review, vol. 23, no. 7, 1957, pp. 411-88. 

J. Moore, et al., "A comparison and evaluation of some phytoso ciologi
cal techniques," Vegetatio, vol. 20, 1970, pp. 1-20. 

M.E.D. Poore, "The use of phytosociological methods in ecological 
investigations. I-IV," Journal of Ecology, vol. 43, 1956, pp. 226-
269 and 606-651, vol. 44, 1957, pp. 28-50. 

V. Westhoff, "Problems and use of structure in the classification of 
vegetation. The diagnostic evaluation of structure in the Braun
Blanquet system," Acta Bot. Neer., vol. 15, no. 3, 1967, pp. 495-511. 
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often no more than a habitat type, not a vegetation type. The severest 
limitation of the Zurich-Montpellier approach is its inapplicability to 
mapping at scales larger than about 1:250,000. The system is inductive 
and synthetic, requiring substantial generalization of types having few 
or no physiognomic affinities and ultimately few common floristic proper
ties. For these reasons, this and related approaches are treated only 
briefly in this study. A system of vegetation classification to be 
applied at a world scale must be based on elements widely shared by 
contrasting floristic units. 

Whittaker and other proponents hold the concept that vegetation 
varies continually over space and that more or less discrete vegetation 
units exist only where abrupt ecological changes or marked human 
disturbances are present.9 Attempts to apply the proposed classifi
cation must be based on convenience alone without recourse to the philos
ophy that vegetation units afo discrete entities in the traditions of 
Clements and Braun-Blanquet. Some vegetationists consider that their 
role is to determine primeval or potential vegetation that would develop 
in the absence of man's interference. The military, however, needs to 
know what are now the dominant vegetational characteristics in a region. 
Niceties of successional status have little immediate interest to a 
strategic planner. 

Neither is an air-mobile operational planner concerned with 
forestry or grazing potentials of a region although this information 

9 
R. H. Whittaker, "Gradient analysis in vegetation," Biological Review, 
vol. 49, 1967, pp. 207-264; see also: 

D. W. Goodall, "The continuum and the individualistic association," 
Vegetatio, vol. 11, 1963, pp. 297-316. 

lO J. Braun-Blanquet, Plant Sociology: the Studx of Plant Communities, 
New York, McGraw-Hill, 1932. See also his "L'ecole phytosociologique 
Zuricho-Montpellieraine et la S.E.G.M.A.," Vegetatio, vol. 16, 1968, 

The Clements-Cain debate of the 1930's was finally laid to rest with 
R. H. Whittaker's, "A consideration of climax theory; the climax as 
a population and pattern, 11 Ecological Monographs, vol. 23, no. 1, 
1953, pp. 41-78. 

See for example: 

F. E. Clements, ''Nature and structure of climax," Journal of Ecology, 
vol. 24, no. 2, 1936, pp. 252-284, and Stanley Cain, '~oncerning 
certain phytosociological concepts," Ecological Monographs, vol. 2, 
1932, pp. 457-508. 
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may be valuable to an intelligence officer. More often than not, 
forestry resources of an area have little relation to the physiognomy 
of the component vegetation types. Much the same criticism can be 
leveled at land classification systems that purport to be based in 
large part on vegetational properties, such as the study series pub
lished by Australia's C.S.I.R.O. Such small-scale surveys are often 
based upon superficial evaluations and analyses of vegetation and other 
landscape components. 

One of the early interests of this Project was an evaluation of 
the possible use of spectral properties derived from ERTS imagery in 
the interpretation of vegetational variation at small- and medium-scale 
applications. Initial field and laboratory trials suggested that such 
applications show limited promise of generating replicable results. Many 
factors affect the spectral properties of the vegetation cover. Also, 
in heavily vegetated landscapes, the closed canopy masks underlying 
strata! conditions. In sparsely vegetated areas, the sensors are flooded 
by spectral signatures of earth materials. Only in transitional vegeta
tion types having upper and lower strata of contrasting life forms does 
spectral analysis yield fairly dependable results. The inadequacy of 
spectral data derived from vegetation studies finally forced the dele
tion of these criteria from further consideration. 

111e main body of the study begins with an evaluation of dimensional 
and operational properties of ground and air transport modes from the 
point of view of their interactions with physiognomic elements. Also 
analyzed are vegetation properties affecting deployment and concealment 
of ground troops. From these analyses, parameters are established for a 
limited number of physiognomic elements significant for military opera
tions, at least for those employing conventional transport modes. 

In Chapter III the findings of Chapter II are applied in an evalua
tion from the military perspective of selected systems of vegetation 
classification and their applications. With these major systems are 
also grouped others of comparable philosophical bases, often differing 
only through revisions required to adapt the parent system to specific 
regiona. 

The proposed system of vegetation classification is in Chapter IV 
with the detailed classification outlined in Appendix B. Chapter V deals 
with a closer evaluation of the system using maps constructed by the 
Project staff employing the proposed system. A major concern with any 
classification system designed to map natural phenomena is how success
fully the system maintains integrity with changes in map scale. The 
trial mapping program sought to determine such factors as minimum 
mappable area for each hierarchial level and degree of detail preserved 
at scales ranging from medium to small. Maps and descriptions of the 
vegetation types are appended. The manner in which generalizations of 
vegetation were made during reductions in scale has been rationalized 
as well. 

10 



Chapter II 

DERIVATION OF PHYSIOGNOMIC ELEMENTS HAVING 
MILITARY SIGNIFICANCE 

As emphasized in Chapter I, the major limitation to the employment 
of established systems of classifying vegetation is that these systems 
are based on vegetative elements or parameters not necessarily of direct 
relevance to military operations and materiel. Many systems are based 
on floristic criteria which have only indirect value in classifying 
vegetation at medium and small scales. Ecological criteria, while of 
military significance, are considered in this study to be inappropriate 
as components in a system of vegetational classification. In this chapter, 
analysis of military transport and other operations strongly supports 
the concept that only physiognomic criteria have primary value in classify
ing vegetation for military strategic uses. 

To ascertain physiognomic values significant for a classification 
of vegetation for military purposes, the manner in which military affairs 
are conducted was investigated and the physical dimensions and operational 
characteristics of selected items of materiel have been analyzed. A 
survey of major operational activities was essential to the separation 
of militarily significant physiognomic characteristics from those that 
are principally of academic interest. Physical attributes of selected 
military hardware and features that characterize their operation were 
analyzed to determine appropriate class intervals of significant 
characteristics of vegetation. 

Details and supporting graphics are included as Appendix A. The 
discussion presented in the following pages summarizes the results of 
these analyses. 

Earlier studies of the impact of physical environments upon military 
operations have been reviewed. General studies, such as that of Peltier, 
have outlined the £vera1:1: impact of vege-ta-tion upon s-trategic and 
tactical planning. 1 More detailed studies, such as those of Project 
DUTY, have subdivided the envi~onment into its eleccntal parts and military 

11 L. C. Peltier, Military Geography, D. Van Nostrand Company, Inc., 
Princeton, NJ, 1966. 
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operations into individual functions to assess the impact of specific 
environment parameters on each military function.12 Results of those 
detailed analyses indicate that vegetation usually plays a limited but 
often crucial role in interfering with conventional military combat 
tactics,13 

The classification of vegetation proposed in this report takes into 
account previous as well as present research on how vegetation impedes or 
assists accessibility, mobility, visibility, and communications of indi
viduals and units on combat missions. Development of the proposed system 
was guided by considerations of the impacts of vegetation on air-mobile 
operations, on mechanized land-mobile units, and on operations of foot 
soldiers. 

Class intervals of vegetation parameters were determined by analyzing 
dimensions and other properties of selected airborne and landborne trans
port and weapon systems. For a tabular summary of results, see Table A.l, 
Appendix A. Dimensions for both U.S. and foreign materiel were obtained 
from Jane's Yearbooks. 14 This materiel was grouped into eight classes. 
Distinct clusters in various physical dimensions within each class were 
discerned. In addition, published studies of mobility of various trans
port systems were useful in determining values of specific characteristics 
of vegetation that may impede movement. The eight classes of materiel 
were grouped into two sets, airborne and landborne platforms, which are 
affected by different physiognomic aspects of vegetation. 

Vegetation elements and militarily significant numerical values in 
Appendix A are summarized in Table 1. 

12 P. J. Tyson, "The Physical Environment: A Study of Characteristics 
and Effects," Publications in Geography, Technical Paper No. 64-1, 
Department of Geography, University of Denver, 1964; H. M. Forde and 
and W. N. Schierbrock, "Determination of Significant Conditions of the 
Physical Environment for Military Research and Development," Publica
tions in GeQgraphy, 1'echnical -P-ap~r No~ ~4-5, Department of Geography, 
University of Denver, 1964. 

13 
T. M. Griffiths, "An Effects Linkage Test of Environmental Characteris
tics and Military Functions," Publications in Geography, Technical Paper 
No. 64-7, Department of Geography, University of Denver, 1964; R. R. 
Ream, "A Determination of Vegetation Characteristics and a Discussion 
of Vegetation Sampling Methods," Publications in Geography, Technical 
Paper No. 64-4, Department of Geography, University of Denver, 1964. 

14 Roy McLeavy (ed.), Jane's Surface Skimmers: Hovercraft and Hydrofoils, 
1972-73, 1972; T. R. Pretty and D.H.R. Archer (eds,), Jane's Weapons 
Systems, 1971-72, 1971; J.W.R. Taylor (ed.), Jane's All the World's 
Aircraft, 1972-73, Jane's Yearbooks, London, 1972. 
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Table 1. Summary of Significant Vegetation Elements and Values 

Factor 

Diameter of canopy opening for VTOL 
Height of sub-arboreal stratum 
Height of arboreal stratum 
Litter(with respect to aircraft) 

Height to first branching 
Tree trunk and shrub clump spacing 
Shrub and bamboo clump diameter 
Fallen logs (maximum step) 
Infantry cover and visibility 

AIRBORNE PLATFORMS 

Value 

25 to 50 m. 
0.5 and 3.0 m. 
15 m. 
Type, volume, and 

configuration 
3.0 m. 
5.0 m. 
1.0 m. 
0.5 m. 
1.5 m. 

Airborne platforms which operate in regions of unimproved terrain 
include: (1) helicopters (VTOL), (2) STOL aircraft, and (3) air cushion 
vehicles. Elements of vegetation significant to the operations of the 
above-named craft include: (1) canopy opening, (2) height of the herba
ceous or shrub strata, and (3) the amount and kind of litter, 

Other vegetative measurements less easily incorporated into the Pro
ject 1 s classification affect the survivability of helicopters and STOL 
craft during emergency landings and crashes in forested regions. 'lllese 
measurements include thickness and strength of canopy and the height above 
ground of first branching. Robison and Viletto concluded that in forested 
regions the most desirable attributes should be "closely spaced trees 30 
to 40 feet high which form a continuous, thick, springy canopy with the 
lower branches no more than 8 to 10 feet above the ground, 1115 Shrubby 
or herbaceous vegetation types have proven less hazardous for emergency 
landings of V/STOL craft. 

Helicopters. The most important physical dimensions of helicopters 
which affect ingress and egress include (1) overall length, i.e., main and 
tail rotors and fuselage, (2) rotor diameter, (3) ground clearance of 
turning rotor, and (4) ground clearance of fuselage. The vegetation 
elements which affect operations include size of caqopy opening relative 

15 w. c. Robison and J. Viletto, Jr., Classification and World Distribution 
of Vegetation Relative to V/STOL Aircraft Operations (Report No. 9 of 
"Studies of the Army Aviation V /STOL Environment"), Report ETL-SR-74-4, 
U.S. Army Engineer Topographic Laboratories, Fort Belvoir, VA, 1974, 
p. 4. 
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If a subarboreal stratum produces a very rough surface configuration, 
for example, from irregular shrub spacing, the lift of the aircraft will 
be impaired. Moreover, vegetation beyond the rotor diameter may adversely 
affect the slipstream and cause the pilot to lose control because of asym
metrical buffeting. As a helicopter approaches the surface, the lift 
effect produced by increased pressure in its slipstream lessens the power 
needed to hover. At a height corresponding to about one-fourth of the 
rotor diameter, or about the normal height of the landing gear, the lift 
is generally about 30 to 40 percent greater than when the craft is beyond 
the ground effect.16 

In forests and woodlands, minimum canopy openings of 20 to 50 meters 
may provide adequate space for ingress and egress of helicopters. This 
value range was determined as functions of rotor diameter and overall 
length of aircraft. Minimum canopy opening can roughly be computed as 
2.0 times the rotor diameter or 1.5 times overall length (see Appendix A, 
Table A.l). But, as discussed below, adverse site characteristics may 
necessitate a larger landing area. 

Figures A.l and A.2 demonstrate that small- and medium-sized heli
copters are readily distinguishable from larger models on the basis not 
only of payload but also of rotor diameter and overall length. Most 
larger models have rotor diameters greater than 12.5 meters and overall 
lengths in excess of 14 meters. Therefore, most small and medium heli
copters can operate through canopy openings only 25 meters in diameter. 
Most aircraft with payload capacities greater than 2,000 kilograms 
require openings larger than 30 meters. 

The practical size of an opening will, of course, depend upon the 
angle of approach (maximum of 75 degrees), the slope, and height of ground 
obstacles relative to rotor tips.17 

Aside from touching down, helicopters may be employed in operations 
requiring troops and cargo to be lowered through a canopy from hovering 
helicopters, In open forests and woodlands this type of operation is 
limited primarily by the height and density of the shrub layer or ground 
cover. On the other-hand, tall, multlstratal forests impose substantial 
limitations on such operations as well as those requiring the delivery 
of airborne ordnance on enemy emplacements. 

16 
J.P. Campbell, Vertical Takeoff and Landing Aircraft, Macmillan & Co., 
New York, 1967, p. 3. 

17 B. O. Benn, et al., Evaluation of Construction Munitions for Clearing 
Helicopter Landing Zones in Forested Areas; Project Combat Trap (U). 
Report 1: Effects of Bomb Blast on Trees (U), Technical Report M-69-3, 
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS, 
August 1969, Table 15 (U). 
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A critical height of 15 meters was chosen for the arboreal stratum to 
distinguish between forests and woodlands which offer less difficulty of 
penetration and forests of sufficient height and density to restrict access 
from hovering platforms. Of course, there are tall closed forests with 
little crown density and relatively scanty undergrowth; for example, cer
tain tall Australian Eucalyptus forests. Likewise, there are low closed 
forests lacking in sharp synusial development and therefore offering a 
dense vertical biomass from ground to canopy surface. The Project's re
view of the world's vegetation types supports the 15-meter value as critical 
in distinguishing between the two forest-woodland extremes. 

Significant height values were recognized at 3.0 meters and 0.5 meter. 
Most VTOL craft have rotor clearances of three or more meters and fuselage 
clearances of at least 0.5 meter (Figures A.3 and A.4). A value of 0.5 
meter for ground clearance also corresponds to an allowable maximum value 
for ground clearances of other transport modes. 

Ground and aerial litter may impair movements of all airborne vehicles. 
Flying debris may (1) obscure pilot vision, (2) impact the craft, and (3) 
interfere with engine air ducts. Deadfall and stumps are other hazards to 
be avoided. Aside from organic debris, aircraft operations may also be 
adversely affected by dust, sand, and gravel set in motion by the rotor's 
slipstream. 

Data on litter production in different vegetation types were difficult 
to obtain. The amount of litter present is a function of the net biomass, 
the degree of seasonality of the vegetation, and the rates of biological 
decay and incorporation into the soil. Other factors include the season 
of operation, the morphology of the leafy biomass, and its ability to 
Withstand slipstream buffeting. 

STOL Aircraft. Contemporary short take-off and landing (STOL) aircraft 
are designed to land on prepared runways, open water, or grass sod areas 
having a maximum field length of 1,000 meters. Some STOL aircraft with 
minimum loads can clear obstacle heights of SO feet in as short a distance 
as 500 feet as a result of superior lift capabilities. 18 In Figure A.S 
about 42 percent of- the- ST()I:. aircraft requ±re a dt-stance- of- 25-0 tu- 5-00 
meters for take-off with full payload. Twenty-nine percent can clear the 
field and obstacle height within a distance of 250 meters. The remaining 
29 percent can operate from fields greater than 500 meters in length. 

In vegetated regions without prepared landing fi~lds, vegetational 
factors which must be considered are: (1) size of canopy opening expressed 
in minimum length and width, (2) height of surrounding vegetation, and (3) 
ground cover on the landing site. It is readily apparent that few appropri
ate sites for landing and egressing will be found in most forested and 

18 d f I B. W. McCormick, Aero ynamics o V STOL Flight, Academic Press, London, 
1967' p. 3. 
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shrubby regions although emergency landings may be achieved in restricted 
natural or cultural openings in these regions. In areas with closed forests 
and open woodlands, canopy openings of the dimensions required for STOL 
operations are rare. Appropriate sites even in agricultural regions are 
often infrequent because of fencing, hedgerows, and the like. With these 
limitations in mind, it was decided to exclude dimensional and operational 

criteria of STOL and the largely experimental V/STOL aircraft in deter
mining significant vegetation elements and their parameters. 

Air Cushion Vehicles. Low clearances and wide beam widths of the 
present generation of military hovercraft greatly limit their use in 
most vegetation types (see Table A.l). The military has used these vehicles 
primarily as water craft for operations in swampy regions, such as the 
Mekong Delta of South Viet Nam. They may also be operated over most grass
lands and some shrublands with heights less than 0.5 meter. Where the 
spacing of taller shrubs and trees is sparse, as in very open savannas 
or semideserts, hovercraft may be operated with care. 

LANDBORNE PLATFORMS 

Landborne platforms which may be operated over unimproved terrain 
include: (1) armored fighting vehicles, (2) unarmed transport vehicles, 
(3) army ordnance, (4) surface-to-surface missiles, and (5) land-mobile 
surface-to-air weapons. The discussion below focuses on armored and 
transport vehicles only. Army ordnance is related to the vegetation 
cover in much the same way as are armored vehicles, at least for the 
larger, self-propelled types. Smaller weapons are towed by tractors 
or other tracked or wheeled vehicles and should respond to the limita
tions of the vegetation cover in the way their towing units do, as do 
smaller missile systems and light ground-to-air weapons. Larger missile 
and ground-to-air systems are limited to prepared sites or are mobile only 
along roadways. 

Vegetation elements wnicn principally affect the operations of landborne 
platforms include: (1) height of first branching (trees), (2) ground clear
ance, (3) tree trunk and shrub clump spacing, and (4) height of herbaceous 
and shrub layers. 

General. The following discussion is derived largely from analysis 
of armored fighting vehicles; data on unarmored transport vehicles are 
sparse, but much of what can be said about the former class can also be 
applied to the transport mode. 

The general conclusions concerning significant vegetational para
meters are first outlined, then a more detailed discussion follows. 
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The majority of the off-road wheeled and tracked vehicles have heights 
of less than 3 meters and should, therefore, be able to pass with little 
interference through a forest stand where the height of the first branching 
is above 3 meters (Appendix A, Figure A.6). Similarly, most vehicles have 
ground clearances of at least 0.5 meter with the result that shrubs or 
grasses at this height present almost no frictional impediment (Figure A.7). 
Furthermore, most off-road vehicles can negotiate a step of 0.5 meter or 
less, indicating that fallen logs of this diameter or smaller should pre
sent little hindrance to passage (Figure A.8). 

Spacings of tree trunks and shrub clumps may reduce a vehicle's speed
made-good or interdict its movement completely. As studies made by the 
WES show, trees with a diameter more than 25 cm. will interdict the move
ment of all tracked and wheeled vehicles tested. The frictional effect of 
overriding smaller trees and clumps of bamboo or shrubs seriously impedes 
movement.19 With this in mind, a median tree spacing of 5 meters was 
selected as the threshold value for practicable maneuvering of most military 
vehicles. A significant height limit in shrub and grass layers was set at 
3 meters because many military vehicles have heights less than 3 meters. 
A shrub layer of 3 meters will therefore effectively limit the visibility 
of a driver. On the other hand, shrubs in excess of 3 meters afford at 
least partial concealment from aerial reconnaissance. 

The United States Armed Forces have preferred tracked armored 
personnel and reconnaissance vehicles as well as tracked tanks. Other 
nations have utilized both tracked and wheeled vehicles. Tracked vehicles 
are generally wider than their wheeled counterparts carrying the same pay
load, but they also exhibit more efficiency in overriding obstructing 
trees and shrubs.20 

The effects of vegetation on surface mobility in Thailand have been 
shown to be: 

(1) Increasing path length. A vehicle must deviate from a straight 
path which is blocked by obstacles too large for the vehicle to overrun or 
push aside, e.g., trees, broad clumps of shrubs or bamboo, and tangled 
lianas, 

19 

20 

c. A. Blackmon and D. D. Randolph, An Analytical Model for Predicting 
Cross-Country Vehicle Performance. Appendix B. Vehicle Performance in 
Lateral and Longitudinal Obstacles (Vegetation). Vol. II: Longitudinal 
Obstacles, Technical Report No. 3-783, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, MS, July 1968, Table Bl. 

R. M. Ogorkiewicz, Design and Development of Fighting Vehicles, Double-
day & Co., Garden City, NY, 1968, p. 186. 
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(2) Frictional effect. Low plants that must be overrun or pushed 
aside will impede speed-made-good. 

(3) Vehicle damage. Damage may occur from an impact with a tree, 
the abrasive effects of overriding lower plants, or from spines or thorns. 

(4) Reduced visibility. Vegetation may reduce horizontal visibility 
and mask transit hazards.21 

Mobility for a particular vehicle is affected by the following 
vegetation characteristics: 

(1) Height of branching for trees in relation to the height of the 
vehicle. 

(2) Spacing of tree boles of sufficient diameter breast height 
(dbh) to force the vehicle to avoid the obstructions, a function primarily 
of vehicle width. 

(3) The size or density of tree boles or shrub/bamboo clumps which 
affects the vehicle's ability to override trees and shrub clumps, a 
function of the vehicle's speed, horsepower and traction and the obstacle's 
inertia. 

(4) The diameter of fallen logs which can interdict movement if the 
step height is above the vehicle's range. 22 

21 Anonymous, Environmental Factors Affecting Ground Mobility in Thailand, 
Preliminary Survey, Technical Report No. 5-625, U.S. Army Engineer 
Waterways Experiment Station, Vicksburg, MS, May 1963, pp. 35-36. 

22 
See, for example: (1) C. A. Blackmon and J. K. Stoll, An Analyt'ical 
Model for Predicting Cross-Country Vehicle Performance. Appendix B. 
Vehicle Performance in Lateral and Longitudinal Obstacles (Vegetation). 
Vol. I: Lateral Obstacles, December 1968, pp. B20 ff and C. A. 
Blackmon and D. D. Randolph, Vol. II: Longitudinal Obstacles, July 1968, 
pp. Bl8-B20 and B22 ff, Technical Report No. 3-733, U.S. Army Engineer 
Waterways Experiment-Station, Vicksburg, MS; and (2) J. D. Broughton and 
E. E. Addor, Mobility Environmental Research Study, A Quantitative Method 
for Describing Terrain for Ground Mobility. Vol. IV. Vegetation, 
Technical Report No. 3-726, U.S. Army Waterways Experiment Station, 
Vicksburg, MS, March 1968, pp. 17-21. 
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Height of First Branchin_g_. With the exception of heavy main battle 
tanks and a tracked personnel landing craft of the United States, most 
armored fighting and transport vehicles have heights of less than 3 meters 
(Figure A.5). In fact, the majority of armored reconnaissance and person
nel carriers have heights of less than 2.5 meters. Therefore, a minimum 
first-branching height of 3 meters is an appropriate value for use in a 
system of vegetation classification based on military needs. 

Spacing of Tree Boles. Studies conducted under the auspices of the 
U.S. Army Engineer Waterways Experiment Station (WES) have shown that the 
minimum obstacle spacing required for mobility through wooded or tall 
shrub landscapes is a function of vehicle width. Blackmon and Stoll 
determined that the minimum spacing for stanpard vehicles is a function 
of 1.4 times the width of the vehicle.23 In a later report by Grabau, 
Stoll and Stinson, the minimum obstacle spacing was reported to be 1.3 
times the width of tracked or wheeled vehicles.24 

The WES studies are normally conducted in structurally simple vege
tation types and are designed to determine speed-made-good or different 
classes of transport modes through the vegetation. Generally, the 
absolute minimum spacing of trees or shrub clumps averaged between 7 
and 12 feet.25 In recognition that most vegetation covers are struc
turally complex, the minimum spacing of tree trunks and shrub clumps 
has been set at 5 meters which is based on the function: 1.5 times 
vehicle width. As shown on Figure A.6, all but the largest armored 
tracked vehicles have widths less than 3.3 meters and a majority have 
widths less than 3 meters. 

23 

24 

C. A. Blackmon and J. K. Stoll, An Analytical Model for Predicting 
Cross-Country Vehicle Performance. Appendix B. Vehicle Performance 
in Lateral and Longitudinal Obstacles (Vegetation). Vol. I: Lateral 
Obstacles, Technical Report No. 3-783, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, MS, December 1968, Plate B3. 

w. E. Grabau, J. K. Stoll and G. G. Stinson, A PTan for Quantitative 
Evaluation of the Cross-Country Performance of Prototype Vehicles, 
Miscellaneous Paper M-70-7, U.S. Army Engineer Waterways Experiment 
Station, Vicksburg, MS, September 1970, Table 4. 

25 Ibid. Plate Bl. 
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Overriding Trees, Clumps, and Fallen Logs. A vehicle's ability to 
override the ground cover or obstructing trees is a function of the strength 
and resiliency of the plants and the amount of work exerted by the vehicle 
in overcoming the obstacle. This relationship can be expressed as hori
zontal force (work in foot pounds) times stem diameter-clump diameter.26 
This function was established through override tests on single stems. In 
tests conducted in forested stands where crowns intermeshed, impedence of 
forward movement increased at a greater rate with increased stem dbh.27 
The obvious conclusion is that a thicket of small stems may more effectively 
block forward progress than a few larger tree boles. 

Superior tractive force of tracked vehicles allows greater progress 
through stands of much larger or denser trees and clumps than that of 
similarly powered wheeled vehicles. In the Blackmon and Randolph test, 
two vehicles had similar power to weight ratios (about 1:90), but the 
tracked vehicle more successfully negotiated more trees of larger di
ameters. 28 

On the basis of the above studies and other sources, the suggested 
maximum diameter of trees has been established as 25 cm. dbh, and that of 
shrub or bamboo clumps as 1.0 meter. Diameters greater than these values 
will impede or stop forward mobility. 

To date there has been no published research on the effectiveness of 
grasses and shrubs in impeding vehicle override. Ground clearance of 
the vehicle is of primary importance here. Most military vehicles have 
ground clearances between 0.3 and 0.5 meter (see Figure A.7). The ability 
of a vehicle to overcome the frictional effect of ground cover depends on 
many factors including (1) number, size, density, and stem strength of 
ground vegetation, (2) tractive force of the vehicle, and (3) tractive 
surface and slope of the terrain. For purposes of this study, a maximum 
height of ground cover was set at 0.5 meter. Heights greater than 0.5 
meter interfere with vehicle mobility. 

26 
C. A. Blackmon and D. D. Randolph, An Analytical Model for Predicting 
Cross-Country Vehicle Performance in Lateral and Longitudinal Obstacles 
(Vegetation). Vol. II: Longitudinal Obstacles, Technical Report No. 
3-783, U.S. Army Engineer Waterways Experiment Station, Vicksburg, 
MS, July 1968, p. B24. 

27 
Ibid., pp. B29-B-30 and Plate 13. 

28 
Ibid., Table Bl. This relationship, although not articulated in the 
text is apparent upon examination of data in Table Bl. 

20 



Grabau et aL established that vehicles normally cannot negotiate step 
heights much greater than 0.5 meter with tracked vehicles showing greater 
capabilities than wheeled vehicles.29 Data on ground clearance, given in 
Figure A.7, reinforce the justification for selecting 0.5 meter as the 
maximum allowable fallen-log size in this study; however, Grabau et al. 
have recommended a maximum allowable step of 12 inches (0.3 meter).30 

Additional class intervals for other vegetation elements could have 
been delimited based upon the wide range in sizes and functions of 
military materiel. However, because of the need to accommodate the 
worldwide range of vegetation types for small and medium scale mapping, 
additional elemental parameters would merely add confusion and obfuscate 
truly critical measurements. 

One additional height interval should be incorporated into the mapping 
system. A height interval of 1.5 meters was chosen because it represents 
the minimum height at which a soldier in full combat gear can maneuver 
unseen, at the same time maintaining cross-country vision. At heights 
greater than 1.5 meters, vegetation cover affords some opportunity to 
avoid detection from aerial observation. In the system of vegetation 
classification proposed in this study, the value of 1.5 meters was used 
to distinguish between tall and low savannas and grasslands. In an 
earlier draft of the system, shrub communities were also segregated 
according to this height value; however, this distinction has proven 
impractical in trial applications of the proposed classification. 

29 
W. E. Grabau, J. K. Stoll and G. G. Stinson, A Plan for quantitative 
Evaluation of the Cross-Country Performance of Prototype Vehicles, 
Miscellaneous Paper M-70-7, U.S. Army Engineer Waterways Experiment 
Station, Vicksburg, MS, September 1970, pp. 44-46 and Tables 4 
and 9. 

3o Ibid. 
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CHAPTER III 

EVALUATIONS OF SELECTED WORLD SYSTEMS FOR 
CLASSIFYING VEGETATION 

Many general characteristics and specific parameters of vegetation 
significant for an evaluation of effects of plant cover on accessibility, 
movement, concealment, visibility, clearing, interdiction, comfort, and 
survival of military personnel and materials have been summarized in 
Chapter II, Table 1 and have been presented in detail in Appendix C. 
Other vegetative data which are important militarily include degree, 
rigidity, angle, and intricacies of branching of woody species; dis
tinctive growth features such as buttresses and pneumatophores; special 
life-forms such as palms and cycads; the occurrence of poisonous species; 
sources of useful species; characteristics of lodging of herbaceous 
species, and special colorations. 

Obviously, the larger the scale of maps, the larger the number of 
features which may be represented and the more complicated the multi
featured maps become; hence the longer the time and the more technical 
the training required for gathering data in the field, the more time
consuming the analysis of data and selection of characteristics to be 
displayed, and the more costly the preparation and publication of final 
maps. For very large-scaled maps, the limits of cartographic representa
tion may dictate the number of vegetative characteristics and parameters 
which may be included in systems for classifying and mapping vegetation. 
Reductions in the scale of map production must be accompanied by dis
carding of detail and concentration on the most significant data. This 
requires subj~ctive evaluation. 

Ideally, all systems should be relatively simple, sufficiently 
comprehensive to include all militarily significant types of vegetation 
in the world, composed of clearly defined and mutually exclusive entities, 
and readily readable by personnel not trained in systematic botany. An 
argument may be advancetl- fo-r minimal floris-tic inclu&-ions- such a-s- the
indication of poisonous plants and of species useful in survival exer
cises, but these additions to small- and medium-scale maps result in 
cluttering of maps, require special training of troops for effective 
utilization, and require extreme care in preparation of the maps. 
Therefore such inclusions are impractical for any but very large-scale 
maps. Floristic detail needed for special areas may be provided on 
maps by use of overprint symbolism. 

The evaluations which follow have been based primarily on the elements 
mentioned above, especially those of Chapter II and the Primary Elements 
and Parameters of Appendix C. 
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The following systems have been evaluated below: 

(1) Kuchler's Comprehensive Method. 

(2) UNESCO's International Classification and Mapping of Vegetation. 

(3) Waterways Experiment Station's Vegetation Description for 
Military Purposes. 

(4) Fosberg's Classification of Vegetation for General Purposes. 

(5) Dansereau's Universal System for Recording Vegetation. 

(6) Holdridge's World Life Zones. 

(7) Braun-Blanquet's Synthetic Table Method. 

KUCHLER'S COMPREHENSIVE METHOD 

Kuchler's Comprehensive Method is the product of almost three decades 
of revision of an initial "Geographic System" consisting of five groups 
of characteristics containing 25 physiognomic terms. One or more of the 
terms from each of the groups might be used to describe each synusia of 
a vegetative community. His current method is aimed at recording and 
mapping of a mass of vegetative data for each recognized plant stand. 
A Phytocoenological Record is prepared for each stand that is mapped 
and includes both structural and floral analyses of the community, For 
the preparation of final maps, any or all of the data acquired in the 
field may be used depending on the scale and the 0bjective of the map. 
The system is extremely flexible and may yield simple physiognomic maps, 
highly complex and detailed patterns of physiognomic and floristic

3
yata, 

or selected simplistic physiognomic or floristic patterns or both. 

31 .. . A.W. Kuchler, "A Geographic System of Vegetation," The Geographical 
Review 37 (2) :233-240, 1947; , "A Physiognomic Classifica
tion of Vegetation," Annals of the Association of American Geographers 
39(3): 201-210, 1949; , "Classification and Purpose in 
Vegetation Maps," The Geograph_~cal ~v_!_ew 46(2) :155-157. 1956; 

-----, "Analyzing the Physiognomy and Structure of Vegetation," 
Annals of the Association of American Geographers 56(2):112-117, 
1966; , Vegetation Mapping. New York: The Ronald Press 
Company, 1967. 451 pp. 
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The physiognomic categories currently utilized are: (1) life-forms 
including woody, herbaceous, and special, the woody types being dis
tinguished by leaf type and leaf persistence, (2) other leaf characteris
tics, (3) height, and (4) coverage. These include seven basic categories 
of woody vegetation and three herbaceous divisions which may be further 
described by one or more of five special life-forms, five categories of 
special leaf features, eight height classes, and six classes of coverage 
which are to be recorded for each stratum of a vegetative community. 
Obviously the number of possible combinations of characteristics is 
large anl the system is therefore complex in terms of the number of 
different descriptions which may result--in spite of the fact that most 
of the elements in the system are simple to determine. 

The basic steps in the preparation of a vegetation map using the 
recommended approach of Kuchler are an examination of available litera
ture on the vegetation of the area, a stereoscopic study of aerial photo
graphs in the laboratory prior to field work and delineation in the 
laboratory of potential vegetation stands, preparation of a Phytocoen
ological Record in the field for each stand, modifications in the 
field of previous delineations by photo study which prove to be untenable 
in the field, finalizing of records of field observations upon return to 
the laboratory, and finally the selection of elements to be included on 
the final map. The end product may be based on few or many of the 
categories for which data have been recorded. 

Kuchler's Method will yield a mass of information which is signifi
cant for military purposes. None of the items in Appendix C is 
insignificant although sizes of leaves and whether leaves are soft or 
succulent may be of minor importance. The author's claims for his 
system are that: (1) it can be used on maps of any scale; (2) it can 
be used on maps of any country or region; (3) it can be expressed in a 
clear and unequivocal terminology; (4) it can be employed readily be
cause it does not require taxonomic knowledge; and (5) it forms an 
excellent basis for studies in comparative phytocoenology.32 For most 
vegetation studies, these claims are valid except that the entire system 
cannot be employed on small- and medium-scale maps because selection must 
be made, and taxonomic knowledge is- re-qutre-d- for- the- floristlc- analysis
of the Phytocoenological Record. 

The deficiencies of the system are not in the amount of data provided 
but in the definitions of categories, the incompleteness of parts of the 
system, and the inadequacies of the system to accomplish all of the stated 
and desired objectives. Deficiencies of the system, in the opinion of 
the writer, are as follows: 

32 Kuchler, Vegetation Mapping, pp. 16-17. 
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(1) The abandonment of the distinction between trees and shrubs 
in the refinement of the system and the reliance on life-fonn category 
and height class to separate two life-fonns which are closely related, 
but in many instances distinct, is unfortunate. Kuchler has stated 
th~t it is impractical to distinguish between trees and shrubs and that 
the vexing problem has been solved by the introduction of height classes. 
The difficulty of penetrating low woody vegetation branching laterally 
immediately above ground and fonning a profuse network of branches is 
not to be equated to young sapling growth in the same height class and 
providing about the same covering of leaves. 

(2) If the system is employed as recommended, a clear-cut impression 
of stratification may not result, even if a fonnula is recorded for each 
stratum or layer synusia. Height classes in the formulae are expected 
to yield information on stratification. In fact, clear data on strati
fication will be yielded only through the structural and floristic 
analyses of the Phytocoenological Record. An entry of B876 for a 
broadleaf evergreen forest with trees in height classes 8, 7, and 6 
does not indicate whether the forest is massive or stratified. Kuchler 
indicated that any kind of notes may be added to the Phytocoenological 
Record and thus his system could function in this respect but the 
necessary elements are not built into the system. It is fairly obvious 
that Kuchler did not have reference to the use of Record notes to indi
cate stratification. His statement that the fonnula reveals layering 
is questionable. 

(3) The Height classes of the Comprehensive Method are not as 
applicable for military purposes as they are for the convenience of 
separating vegetative entities. For example, the height of 3.0 meters, 
desirable to provide infonnation on the mobility of off-road wheeled and 
tracked vehicles through forest areas, is not a class limit of the 
Comprehensive Method. The first class limit above 3.0 meters is 10 
meters. Also, the height class of 1.5 meters, deemed adequate to pro
vide concealment for foot soldiers moving upright, does not occur in 
the class limits. The military significance of height classes below 
0.5 meter is negligible and for low-flying air operation~ it is desir-
able to know hei-ght-s of tr-e-e-s in excess of 35 meters. Kuchler made the 
suggestion that the number 9 and primes be used for the extension of 
height classes. However, it seems desirable to extend the number of 
classes on a regular rather than an optional basis. 

(4) Although the Method contains six classes of coverage, this 
portion is weak on definition and completeness. In this section, Kuchler 
has made his "unequivocal" tenninology equivocal. He has qualified tenns 
which should not be qualified, especially con.tinuous and barren. Vegeta
tion is either continuous or it is not continuous. Defining continuous 
cover as overlying 75 percent or more of the ground is a misuse of tenns. 
Similarly, an area is barren or it is not barren. The £class of cover
age is applicable to areas with one to five percent plant cover. To 
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employ almost absent as a coverage class with less coverage than barren 
is a contradiction of terms. 

A major deficiency in Kuchler's categories of coverage is that 
continuous cover may occur but may not be yielded by his formulae. If 
any one stratum has continuous cover, that quality will appear in a 
formula unless the upper stratum of the major life-forms is a continuous 
cover in which case the omission of~ is supposed to indicate continuity. 
If no one stratum provides continuous cover, there is no device in the 
formula to indicate continuous cover resulting from the composite of 
coverages of different synusiae. The cover for each layer is recorded 
but there is no procedure other than notes for indicating where composite 
continuous cover results. For example, a three-strata! forest vegetation 
unit with coverages of i (interspersed) for each layer could provide 
continuous cover or could provide no more than 51 percent cover if the 
upper stratum covered 51 percent of the ground and if the other strata 
were understories with the same percentage of cover. 

The terminology for coverage for Kuchler's system has evolved from 
terminology on spacing which is aptly descriptive of the sociability of 
vegetation or of a species but should not be equated to cover. Neither 
should the same terminology be used for sociability and for coverage. 

(5) Among other weaknesses in the system are the inconsistencies in 
the descriptions of methods. (a) The "rule" that epiphytes are to be 
recorded for each height class and lianas for the uppermost height class 
where they are spread out is followed by the statement that "this may 
happen for more than one height class and the record should reveal that. 1133 
There can be only one uppermost height class where lianas are spread out. 
Elsewhere the statement is made that the symbols for epiphytes and lianas 
are inserted in the formulas of the tallest height class of woody life
forms. (b) One is not always aware of whether references to mapping 
functions refer to in-field or to in-laboratory operations. (c) The 
categories of coverage do not yield reliable information on spacing of 
plants which would permit or deny VTOL and STOL operations. (d) The 
assumption that vegetation maps may be prepared for any purpose is mis
leading. Preparation of maps showing only those species on which certain 
animals graze or browse is a vegetation map only if the species grazed or 
browsed comprise the vegetation of the area. Otherwise the product is a 
resource map. (e) Procedures based on omissions are questionable, for 
example, omission of~ for continuous cover of a major woody life-form 
and the omission of lianas and epiphytes in all but the highest stratum 
in which they occur. In the field, much duplication could result from 
the practice of omission, and upon return to the laboratory, one is bound 
to wonder if the omission resulted from proper application or failure to 

33 
Kuchler, Vegetation Mapping, p. 195. 
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observe. Perhaps an extremely confident field research man has no trouble 
with this matter, but the wisest course of action would seem to be to 
make all possible entries in the field. 

UNESCO'S INTERNATIONAL CLASSIFICATION 

This International Classification is the product of UNESCO's Standing 
Connnittee on Classification and Mapping of Vegetation which was composed 
of 10 selected expert vegetationists from different countries and from 
the UNESCO staff, the resultant membership providing expertise on 
practically all areas of the world.34 The Committee examined existing 
classifications and concluded that none was adequate for their purpose, 
i.e. , "to provide a comprehensive framework for the more important ca te-

11 5 gories to be used in vegetation maps at scales of 1:1 million or smaller.3 
The system may also be applied to maps of larger scale. 

The classification is a hierarchal system reportedly based on physiog
nomy and structure yet admittedly including climatic, soil, and landform 
or altitudinal terms "where they help in the identification of a given 
unit." 

The hierarchal units and their designations by numbers and letters 
are summarized as follows: 

Formation Class. I through V 
Formation Subclass. A through E 

Formation Group. 1 through 10 
Formation. a through h 

Subformation. (1) (2) etc. 
Further subdivisions (a) (b) etc. 

Major Formation Classes are: I. Closed Forest; II. Woodland; 
III. Scrub; IV. Dwarf Scrub and Related Co;:nmunities; and V. Herbaceous 
Vegetation. -Fo-rmati-un Subclasses for predominantly woody vegetation are: 
A. Mainly Evergreen; B. Mainly Deciduous; and C. Extremely Xeromorphic. 
Two additional subclasses in Formation Class IV are: D. Tundra; and 
E. Mossy Bog Formations with Dwarf-Shrub. For Herbaceous Vegetation 
the Subclasses are: A. Tall Graminoid; B. Medium Tall Grassland; 

34 Members of the Standing Committee are: H. Gaussen, A. W. Kuchler, 
J. Lebrun, D. Poore, V. Socava, C. Troll, G. Budowski, E. Evteev, 
0. Franzle. Also contributing were: Schmitthusen, Ellenberg, Muller
Dombois, Montoya-Maqu!n, Jimenez-Saa, Bagnouls, and Legris. 

35 UNESCO. International Classification and Mapping of Vegetation. Paris, 
1973, p. l (unnumbered), 15. 
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C. Short Grassland; D. Farb Vegetation; and E. Hydrophytic Fresh
water Vegetation. At this point in the system, uniformity and parallel
ism disappear. 

UNESCO's International Classification is not to be given serious 
consideration at this time for the following reasons: 

(1) In spite of the claims of the Committee, the classification 
is not strictly vegetational but is physiognomic, climatic, and edaphic. 
Many of the vegetative categories and descriptions are actually nota
tions on environmental conditions, e.g., "Not along rivers, but on 
edaphically wet habitats ••• , 11 "bog forest (with organic surface 
deposits)." 

(2) Terminology is weak. Tropical ombrophilous lowland forest 
serves as an example, a statement of tree spacing, altitude, temperature, 
and moisture conditions. In any system of classification of vegetation, 
if climatic, edaphic, altitudinal, or other non-vegetative connotations 
are entered into the terminology, the system is no longer vegetative. 
The occurrence of extraneous non-vegetative terms indicates a major 
weakness, if not an inadequacy, in the classification. 

(3) Neither the Formation terms nor their descriptions are adequate 
to give a true description of units. A complete picture is obtained 
only by placing the formation in its hierarchy. For mapping purposes, 
the resultant terminology needed to describe vegetation types could be 
imponderable. The Committee has avoided this problem by using letters 
and numbers to refer to types in map legends, thus I.A.lc(l) appears 
opposite a color patch. Unless one knows the code completely, the map 
will not be readable unless the classification system is also on hand. 
And there is no consistency in the meaning of the last two entries in 
the code above. 

(4) Whether or not successional units are recorded is not clear. 
Apparently the Committee did not take a definite position on this matter. 
Its recommendation is that vegetation be based on climax types where 
practical. For military purposes, vegetative categories must be based 
on vegetation as is. 

(5) The system is exceedingly lengthy, complex, and contains many 
categories which have limited distributions or their existence may be 
doubtful. The composite legend contains 225 different color symbols. 

(6) The recommended color symbols are presented as solid or mixed 
color patches approximately .23 x 1.1 inch in area, many of which could 
not be rendered on a minimum mappable area. 

(7) The status of cultivated areas is uncertain. According to a 
statement in the Introduction, cultural vegetation has been excluded. 
However, applications of the system to parts of France and India resulted 
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in maps in which agricultural information was presented along with the 
potential vegetation for areas under cultivation. Apparently some 
workers are adopting the recommendations of Gaussen for mapping areas 
under cultivation. 

(8) No height classes exist within the system except for herbaceous 
categories. Minimal height requirements have been established for many 
of the woody categories, but the values are essentially Woolworth figures, , 
i.e., multiples of 5 and 10, most of which are not significant for military 
purposes. 

(9) Few notations on spacing occur, yet in a treatise in which spacing I 
is neglected throughout most of the categories, a rather precise relation
ship between cover and spacing is expressed, i.e., when the cover of trees 
is 40 percent "the distance between two tree crowns equals the mean radius 
of a tree crown. 1136 

(10) Minimal attention is given to coverage except that, by definition, 
closed forests provide continuous cover in a correct sense. In the her
baceous categories, continuous ground cover is defined as more than 50 
percent--which indicates that Kuchler, who was responsible for the develop
ment of Formation Class V, continues to have difficulties with coverage 
and spacing. 

(11) Stratification apparently is not a major feature of vegetation, 
according to the Committee. Infrequent notations on undergrowth and 
ground cover appear. 

(12) The present system must be regarded as an approximation. The 
first lists of concepts and symbols appeared in 1964. The system has not 
been subjected to sufficient trials in the field to bring about needed 
refinement. For example, for 69 test sites in Costa Rica, only 26 were 
regarded as perfect fits for categories in the classification. About 
half were regarded as good fits, but it is not clear whether the good 
fits occurred in transitional areas, as the authors suggest,37 whether 
the authors were not very successful in selecting good field sites, or 
whether the system is in need of much revision. Many of the categories 
are compromises between members of the Committee. The exact fits to 
vegetative reality are not fully known. Further tests will undoubtedly 
reveal additional needs for revision. UNESCO's International Classif(
cation has not been sufficiently tested and refined to warrant adoption 
for military purposes, Also, there are more functional classifications 
available for consideration. 

36 
UNESCO. International Classification, p. 23. 

37 A. W. Kuchler and J.M. Montoya Maqufo,"the UNESCO classification of 
vegetation: some tests in the tropics," Turrialba, vol. 21, 1971, 
p. 104. 
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WES VEGETATION DESCRIPTION FOR MILITARY PURPOSES 

Measuring and recording the diversity of vegetation were major problems 
which the Waterways Experiment Station of the Corps of Engineers encountered 
in its military evaluation of geographic areas. Their solution resulted in 
a system for measuring and recording all characteristics which they then 
considered significant for any military activity.38 

A physiognomic system based on life-forms and other external charac
teristics resulted. The so-called prime parameters of military significance 
which are measured and recorded in the application of this system are 
growth form including crown or, plant shape and crown diameter; height; 
stem characteristics such as diameter, habit, hardness, or succulence; 
branching habit including type of branching and height of first branching; 
root habits; foliage characteristics; armature; distribution and stem 
spacing. Class intervals were established for measurable phenomena, 
descriptive subclasses for others. Field data are transcribed into a 
total plant symbol, the values and other qualities of which are then 
transferred to a structural diagram which gives a graphic impression 
and a quantitative record of the plant assemblage. Floristic data are 
not utilized. 

As a system for measuring and recording vegetative characteristics, 
the MEGA system can, with modifications, yield almost any type of non
floristic vegetative data which any military commander might desire. 
Nineteen categories which include 81 descriptive elements provide a 
possibility of thousands of different combinations, many of which are 
fortunately denied by nature. Some aspects which have not been fully 
resolved are leaf persistence with precise time-factor classes, other 
seasonal variations, complete coverage and crown density, and poisonous 
or useful plants. These minor deficiencies can be readily eliminated. 

Although the number of significant vegetative measurements of military 
importance is impressive, the ranges of values of some of the classes are 
questionable. No attempt ha-s- been made to justliy certain_ quantitati.Ye_ 
ranges as in height classes. The absence of explanation and an examina
tion of the class limits employed lead one to question· the merits of many 
of the height classes, most of which do not seem to have direct military 
significance. Obviously, most if not all of the critical height values 
will fall within one of the classes. The question arises as to'whether 
a known significant value should fall within or be a limit to a range. 
The latter seems more useful. 

38 
United States Army Engineer Waterways Experiment Station. ''Military 
Evaluation of Geographic Areas, Reports on Activities to April 1963," 
Miscellaneous Paper No. 3-610, Vicksburg, MS, 1963, 237 pp. 
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Difficulties in transferring field data to vegetation maps have been 
recognized by WES. No natural system emerged. However, data were 
utilized to construct maps which included the following categories: 

a. Cultured areas, including buildings, farmyards, fields in 
crops, clear pastures, roads, and rights-of-way. Cover is 
highly variable. Travel impeded. 

b. Old fields, weedy areas with scattered woody plants. No 
closed cover layers above 5 feet, tangled and sometimes 
thorny underfootages. 

c. Thicket-woody stems in high density, essentially closed 
canopy, large shrubs or small trees. Cover is excellent 
but passage painfully slow. 

d. Park-woodland, an arbitrary transition type with numerous 
taller trees, affording partial overstory closure and 
little cover in other than ground layer. Passage likely 
to be fast. 

e. Forest with thicket, trees with high canopy but also with 
a dense understory of woody shrubs ••• , or both. Cover 
is good, but passage is labored and slow. 

f. Forest without thicket, high canopy affords good cover. 
Stem density permits easy passage • 

.8.• Slash-logged areas of great complexity. Low and variable 
percent of cover at treetop and also lower heights. Brush 
piles, blackberry patches, stumps, snakes, and poison ivy 
in varying amounts make passage hazardous.39 

Maps with the seven categories listed above are inferior to the more 
sophisticated products available from several American and European systems. 
Terms were _nol: _defined. Usable descriptive elements were not employed. 
Class ranges were omitted. Nevertheless, the seven categories provide 
useful information for operations of foot soldiers and off-road vehicles. 
Little information is available for operations of VTOL and STOL platforms. 

Unfortunately, classes of leaf persistence and coverage were not 
developed and needleleaf was omitted from leaf shape. Had these been 
included, standard life-forms could have been identified which could 
have been qualified by height classes, other leaf characteristics, and 
spacial arrangements to yield a number of standard categories which could 

39 WES, ''Military Evaluation," pp. 209-211. 
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be further refined where needed, by crown shape, type and height of 
branching, and armature. To develop a mapping system from MEGA char
acteristics, the missing parameters must be provided. And, for the 
system to be expanded for mapping purposes, a complete range of vege
tation types must be provided with appropriate nomenclature. 

FOSBERG'S CLASSIFICATION OF VEGETATION FOR 
GENERAL PURPOSES 

Fosberg's classification is a complex, unwieldy, artificial, arbitrary, 
general-purpose system designed primarily for mapping and for comparing 
vegetation patterns.40 His parameters for all classification purposes 
are: physiognomy, structure, function, composition, dynamics, habitat, 
and history, the last three of which are not employed regularly in the 
subject classification. Composition is useful only for small areas. 
Dynamics enters only with the inclusion of secondary forests. Thus the 
major elements of the system at hand are physiognomy, structure, and· 
function. 

The hierarchy of Fosberg's classification is as follows: 

Major Structural Groups (3) based on spacing; 

Formation Classes (27) based on habit and structure, e.g., 
forest, scrub, and grass; 

Formation Groups (54) characterized by leaf periodicity or 
persistence of the dominant layer; 

Formations (175) delimited by growth form, leaf texture, and 
such features as thorniness, succulence, and graminoid habit; 
and 

Subformations (43) ''where further subdivision on much the same 
general types of character of growth form or epharmony, seems 
desirable. 1141 

The entire system may be found in an appendix to Kuchler's Vegetation 
Mapping. 

40 
F. R. Fosberg. "A Classification of Vegetation for General Purposes," 
Tropical Ecology, 2:1-28, 1961. 

41 
Ibid, p. 5. 
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The system was designed to use data commonly occurring in phyto
sociological studies, forestry, and generalized studies of vegetation. 
Criteria are gross. No rigorous analytical techniques were employed; 
hence, there is no need for quantitative dat3 on spacing, crown cover, 
and other characteristics. 

Numerical values were used sparingly for spacing and height and then 
only at high levels of classification. Trees and shrubs were separated 
at 15 meters, shrubs or scrub and dwarf scrub at 0.5 meter, tall savanna 
and low savanna at 1.0 meter, tall grass and short grass at 1.0 meter. 
Closed vegetation signifies plants in contact or overlapping but gives 
no indication of density of crowns. Open is defined as having plant 
crowns interspersed and separated by not more than twice their diameter; 
sparse distributions have more than twice the mean crown diameter between 
crowns. 

The system is usable for worldwide application, especially with 
Fosberg's recommendations for the addition of new formations and sub
formations as they are discovered and for flexibility in assigning 
communities of intermediate status within the system. However, there 
is a strong probability that no two experienced workers would arrive at 
the same classification and mapping for some areas. What are the critical 
distinctions between evergreen narrow sclerophyll forest, resinous ever
green narrow sclerophyll forest, and nonresinous evergreen narrow sclero
phyll forest? What guides one in making a meaningful decision on placing 
a given community in steppe-scrub or in shrub-steppe? Also, similar 
vegetation types appear to be arbitrarily separated under different 
Primary Structural Groups, particularly the savanna and steppe groups. 

Fosberg does not demonstrate his own standards for clarity and con
ciseness of vegetation expression. Structural and functional criteria 
are vague. Spacing is a function of plant diameter. Because of vague 
definitions this system is difficult to quantify and almost impossible 
to relate to numerical values significant for military operations. 
Criteria have not been restricted to vegetative terms. Also included 
are eco-iogical, edaphic, and dynamic terms such as swamp, marsh, bog, 
and secondary. How practical is the separation of soft woods from hard 
woods? Are dwarf heath and dwarf scrub so different physiognomically 
that different categories are warranted? Evergreen narrow sclerophyll 
lichen savanna is not at all clear until bolstered by an example of 
lichen muskeg with Picea dominant. Full description of the type requires 
a complete examination of the hierarchy. Herbaceous vegetation is not 
distinguished by definition from graminoids. Why are "leaves generally 
rather small" not described as microphyllous? Why were different dimen
sions assigned for microphyllous leaves of trees, shrubs, and dwarf 
shrubs? Tile terms savanna and steppe are so ambiguous that they are 
no longer used by most vegetationists, yet Fosberg uses them frequently. 
Also questionable is the use of colors, gray and green, for subformations 
of microphyllous evergreen scrub including Artemisia tridentata and 
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Artemisia californica, but the latter is not evergreen but becomes 
marcescent with age and changes color from light green to gray green 
to grayish yellow to light brown, becoming quite dark under the influ
ence of salt spray. Coastal sagebrush (Artemisia californica) is classi
fied as evergreen orthophyll scrub when accompanied by Salvia. Correctly 
described, the leaves of coastal sagebrush are filiform. 

The system, containing 307 different categories including 174 forma
tions and 43 subformations, is unwieldy in the field and is difficult 
and costly to render cartographically. 

Also included are categories which may not exist~ 

Fosberg professed that the most important vegetation classifications 
are based not only on features of vegetation but on other environmental 
factors as well. After examining his classification, one has the im
pression that he did not escape his convictions in this respect in spite 
of his appeal for clarity and conciseness of vegetative expression. 

DANSEREAU'S UNIVERSAL SYSTEM FOR 
RECORDING VEGETATION 

For more than a quarter of a century, Pierre Dansereau has been 
one of the world's leading vegetationists, engaging in a number of 
ecological studies; in recording, classifying, and interpreting vegeta
tion; and in cartographic representation of vegetative structure and 
plant formations. Of particular interest here are his Universal Systea, 
for Recording Vegetation and his Essays on Cartographic Representation 
of Structural Elements of Vegetation.42 Classification and mapping are 
not primary objectives of his Universal System but have been used in the 
development of 10 Formation Types and 15 Formation Classes used for 
mapping world vegetation.43 

42 

43 

Pierre Dansereau, Peter F. Buell, and Ronald Dagon, "A Universal System 
for Recording Vegetation. II. A Methodological Critique ~nd Experi
ment," Sarracenia 10:1-64, 1966; Pierre Dansereau, "Essais de Repre
sentation Cartographique des Elements Structurauxde la Vegetation," 
in Centre National de la Recherches Scientifique, Methods de la 
Cartographie de la Vegetation, Colloques International (XCVll), 1961, 
pp. 234-255. 

Pierre D:=msereau, "A Universal System for Recording Vegetation," 
Contributions Ae l 'lnstitut Botanique de l 'Universite~_cl(:?_l{ontreal-
No. 72. Montreal, Canada, 1958, pp. 21-27. 
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Dansereau defined structure as the spatial organization of individuals 
of a stand, type, or association of vegetation which is revealed through 
six criteria: hibit-fonn, stratification, leaf shape and size, coverage, 
seasonality, and texture, each with subcategories. WES based its vegeta
tion descriptions on Dansereau, expanding his categories somewhat and 
adding others, Subsequent changes in Dansereau's system were influenced 
by the modifications by WES and other recommendations of colleagues, 
Similarities to tenninology used by WES and by Kuchler are apparent and 
need not be elaborated here. 

Recent modifications of Dansereau's Universal System include the 
following: (1) addition of alternate crown outlines for woody plants, 
(2) inadequate structural diagram showing 33 basic patterns of structural 
fonn with appropriate symbols for leaf size, shape, and seasonality, 
(3) the leaf size-and-shape category has been divided into separate units 
on leaf sizes and leaf shapes, (4) classes of stem diameters have been 
proposed, and (5) maximum heights are now recorded in addition to height 
classes. 

Symbols in the various categories may be-combined into a fonnula for 
a vegetation type much as the elements of Kuchler are used, 

For recording vegetative characteristics for military purposes, the 
limitations of Dansereau's system are: (1) inadequacy of classes of 
coverage, (2) absence of quantitative data on spacing and crown density, 
and (3) lack of categories on root habit, armature, and stem spacing. 

In spite of noted limitations, the Dansereau system can and does 
provide a great amount of infonnation which is needed for military opera
tions. Like the WES system, Dansereau's procedures require much time 
for gathering data in the field and for the preparation of structural 
diagrams and range diagrams. 

Dansereau has used direction, thickness, and spacing of lines to 
show in black and white 27 different structural types, 9 each of forest, 
savanna, an<i grass-iana,44 based on three elements: biochore, periodicity, 
and leaf type. The system has been used effectively on small- to large
scale maps. By manipulation of symbols and by the addition of vertical 
lines, diagonal cross-hatching, upper-right to lower-left diagonal, and 
the use of broken lines for all directional patterns, this system may 
be expanded to show 108 different structural types in black and white. 
Obvious limitations are the rendition of thicknesses of lines which are 
readable and the minimal area which could be shown with this method will 
be larger than can be shown by simpler symbolism. 

44 Dansereau, "Essais." pp. 243-249. 
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Dansereau's 15 Formation Classes are based on his generalizations of 
structure. The classes are (1) tropical rainforest, (2) temperate rain
forest, (3) tropical deciduous forest, (4) summergreen deciduous forest, 
(5) needle-leaf evergreen forest, (6) evergreen hardwoods, (7) woodland, 
(8) savanna, (9) thornbush, (10) scrub, (11) tundra, (12) prairies, (13) 
steppe, (14) meadow, and (15) desert. 

The Formation Classes were not developed solely on the basis of 
structure nor were they selected with military application in mind. 
Categories and characteristics are vague. Climatic elements have been 
introduced. The ambiguous terms, savanna and steppe, have been perpetu
ated. "Maybe" 8 meters separates trees and shrubs. Tall, medium, low, 
and short trees are not distinguished by specific heights. Few specific 
notations on cover occur. The classification is designed for geographic 
generalization--not specific application. 

HOLDRIDGE'S LIFE ZONE SYSTEM 

Holdridge's Life Zone System is a multifactored concept based on 
altitudinal belts, humidity provinces, and so-called latitudinal regions.45 
Humidity provinces are defined by potential evapotranspiration ratios, 
which are the ratios of mean annual biotemperature and mean annual pre
cipitation. Latitudinal region and altitudinal belts are defined by 
mean annual biotemperature, which is an average of unit-period tempera
tures exclusive of those below o° C. and above 30° c. Unit-per!gd 
temperatures may be based on hourly, daily, or monthly records. The 
relationships between mean annual biotemperatures with latitudinal regions 
and with altitudinal belts are indicated in Table 2. Potential evapo
transpiration expressed in millimeter equivalents of precipitation is 
determ!9ed by multiplying mean annual biotemperatures by a constant, 
48.93. The elements of Life Zones have been consolidated into a Life 
Zone Chart (Figure 1) on which values have been charted logarithmically. 
The Chart contains in &xc&&& of 100 Life Zones, 

45 

46 

47 

L. R. Holdridge. 
Rica, 1967. 206 
in Tropical Life 
1971. 738 pp. 

Life Zone Ecology. Revised Edition. San Jose, Costa 
pp.; L. R. Holdridge, et al. Forest Environments 
Zones: A Pilot Study. Oxford: Pergamon Press, 

Holdridge. Life Zone Ecology. pp. 18-24. 

Holdridge. Forest Environments. p. 9. 
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Table 2. Relationships of Latitudinal Regions and 
Altitudinal Belts to Mean Annual Biotemperatures 

Mean Annual 
Latitudinal Region BiotemEerature Altitudinal Belt 

Tropical 24° c. or above Tropical 

Subtropical 16-24° C.; no Premontane 
frost 

Warm temperate 12-16° c. ; frost Lower montane 

Cool temperate 6-12° c. Montane 

Bo real 3-6° c. Subalpine 

Subpolar 0 1. 5-3 c. Alpine 

Polar 0 0-1.5 c. Ni val 

Holdridge's Life Zones are based on three levels of classification: 
(1) Life Zones defined climatically, (2) associations, and (3) sub
divisions of associations based on vegetation or land use. An associa
tion is 

a distinctive habitat or physical environment complete 
with an evolved naturally adapted community of plants 
and animals. It is defined by a range of environmental 
conditions within a Life Zone, together with its living 
organisms, within which the total complex of physiog-
nomy of plants and activities of the animals are unique. 48 

-Roux -associations were t'ecsgnize-0 .for ~~.ch Life Zone: one zonal or 
climatic association which is t~e norm for the Life Zone in which the only 
limitations on plant growth are climatic, and three azonal associations: 
edaphic, atmospheric, and hydric. Edaphic associations result from poor 
or excessive drainage. Hydric associations prevail where water covers a 
surface for all or most of the year. Atmospheric associations are 
supposed deviations from local climate as in cloud forests, on exposed 
ridges, or in areas where monsoonal or Mediterranean weather conditions 
prevail. It is difficult to envision monsoon and Mediterranean climates 
as deviates. The deviant emphasis is on a long dry period. 

The third level of generalization has not been fully exposed. 

48 Holdridge, Life Zone Ecology, p. 33. 
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Holdridge's effort is essentially a climatic-veg~tation system aimed 
at establishing a predictive system of climate for vegetation and vegeta
tion for climate. His hypothesis is that there are unique statistical 
relationships between measurements of vegetation, under-canopy environ
ment, Life Zone, and Association.49 He has spent much time in forests 
in Tropical America gathering data which to him seem to substantiate his 
hypothesis. Thirty-seven different physiognomic characteristics were 
examined on numerous sites to detect potentially useful characteristics 
which were further tested for a measure of utility. Correlation co
efficients were obtained for physiognomic, vegetational, and environ
mental parameters, the distinction between physiognomic and vegetational 
not being made clear. 

A number of physiognomic characteristics have been found to be useful 
as discriminators of Life Zones of Costa Rica, according to Holdridge. 
These include density and height of stand, abundance of epiphytes, 
frequency and density of shrubby palms and ferns~ density of ground 
cover, and abundance of thick-stemmed epiphytes. 0 Several of these 
"discriminators" have been recorded in Forest Environments, pp. 558-
561, but the values and relationships are vague. For example, ''Mean 
trunk volume • • • is well associated with stand height, and consequently 
separates Tropical Wet and Moist forests from other zones." No values 
are given! "Stand height ••• is especially useful in distinguishing 
lowland Tropical (basal) Wet and Moist forests from Tropical Dry forests," 
How? At what index? ''Mean height to the first branch ••• is also 
associated with elevation and temperature." What is the specific associa
tion? '~alms are common understory tree elements in Tropical Wet, Moist, 
and Dry forests. nie stilt-rooted palms Iriartea gigantea and Socratea 
durissima are abundant in Tropical Wet; Welfia georgii, Corozo oleifera, 
and Astrocaryum spp. are found in swamps along rivers. Scheelua rostrata 
is a conunon palm up to 25 m. tall in Tropical Moist. 11 Other correlations 
are stated, but the notations as given will not provide an adequate basis 
for an experienced worker to do the things which Holdridge claims for his 
discriminators. There are too many answers yet to be found. 

-a-s a result of his extensive field work in Costa Rica, Holdridge 
has provided a rather detailed physiognomic description of 10 Life Zones 
in that country.51 There is little emphasis on cover. Heights and 
stratal depths are based on actual measurements. 

49 Holdridge, Forest Environments, 2. p. 

50 Holdridge, Forest Environments, 558. p. 

51 Holdridge, Forest Environments, pp. 564-573. 
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The Life Zone concept of Holdridge is a classification of ecosystems 
with primary emphasis on climate and vegetation. It has been tested only 
in tropical and subtropical humid areas. There are few quantitative or 
qualitative vegetative characteristics that are definitive. The rigidity 
of Life Zone boundaries is unnatural even though based on natural criteria, 
And, discriminator species necessitate use of taxonomic botany, a require
ment which Holdridge sought to avoid. There is little evidence to suggest 
that the Life Zone system has utility for military purposes outside the 
tropics. The potentials for use within tropical humid forest areas are 
great but are yet to be developed. 

BRAUN-BLANQUET'S SYNTHETIC TABLE METHOD 

Classification of vegetation based on floristics has attracted much 
more attention in Europe than in the United States. The Zurich-Montpellier 
Tradition or School has provided leadership in floristic classification 
of vegetation during the twentieth century. The phytosociological methods 
which identify the School were crystallized by Braun-Blanquet early in 
the century and have since been modified by the School in efforts to 
widen the sphere of application of the system which is frequently referred 
to now as the Table Method or the Synthetic Table Method. Although numer
ous variations in terminology and techniques exist among the graduates of 
the School, the method described below is basic to the work of most of 
the followers of the so-called Z-M tradition. 

For those who are knowledgeable about the Braun-Blanquet system of 
classifying vegetation, no other system provides the quality of informa
tion on composition, structure, and ecology of vegetative units which 
have been recognized oy tne ScnooI. Tlle system is fToristic and sub
jective, yielding understanding of interrelationships only after long 
periods of field work, laboratory comparisons, and correlations with 
existing literature on association lists and phytosociological progres
sions developed by other investigators trained in the Zurich-Montpellier 
School or in one of its offshoots. It has been stated frequently that one 
can attain proficiency in the utilization of the system only after receiv
ing personal training under the tutelage of an expert in the system. The 
subjectivity in the application of the system yields it unwieldy, if not 
untenable, to exact descriptions in literature; therefore much of the 
following description is based on the prior works of Shimwell, Kuchler, 
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Whittaker, Poore, Mueller-Dombois, and Ellenberg,S2 each of whom has had 
intellectual contact with some of the outstanding exponents of the School. 

In the Braun-Blanquet School the essential basic element in classi
fication is the designation of an association, a floristic unit recognized 
initially in a laboratory after examining, grouping, and regrouping 
numerous species lists from uniform sample areas and ultimately assigned 
to that association. The association is thus initially synthetic al
though workers in the School find field identification of the association 
an easy matter because of the high indicator values of certain species or 
groups of species. 

Although proponents of the School subscribe to the definition of 
association established at the Third Botanical Congress, i.e., 11a plant 
community of definite floristic composition presenting a uniform physi
ognomy and growing in uniform habitat conditions;~3 the emphasis in the 
field is floristic. Braun-Blanquet defined an association as a "floris
tically uniform plant community, more or less in equilibrium with external 
factors, and manifesting ecological independence through the presence of 
Character-species specific to the association.S4 Other aspects are of 
minor importance until an association has been recognized in' a laboratory. 
As one might expect from the situation above, some of the characteristics 
of plant communities such as abundance, cover, sociability, layering, and 
vitality are determined subjectively in the field, but the characteristics 
most significant to the School are derived from comparisons of species 
lists and cover-abundance and sociability indices of species of sample 
plots in a recognized association. Foremost among the synthetic char
acteristics is fidelity. Others are presence or constance and frequency.SS 

S2 

S3 

S4 

SS 

David W. Shimwell, The Description and Classification oi Vegetation, 
Seattle: University of Washington Press, 1971. 317 pp.; A. W. Kiichler, 
Vegetation Mapping, New York: The Ronald Press Co., 1967. 4Sl pp.; 
Robert H. Whittaker, "The Classification of Natural Communities," The 
Botani-cal Revi-ew 28:1-249, 1%2; and M.E.D. Poore, flThe Use of Phyto
sociological Methods in Ecological Investigations. I. The Braun
Blanquet School,":Journal of Ecology 43:226-244, 19SS; Dieter Mueller
Dombois and Heinz Ellenberg, Aims and Methods of Vegetation Ecology, 
John Wiley and Sons, New York, 1974, S47 pp. 

Whittaker, p. 10. 

Whittaker, p. 13. 

Presence and constance or constancy are equivalent terms referring to 
the percentages of stands in which a given species was recorded. 
Frequency is the number of species that occur in each frequency 
or percentage class of a stand. 
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Although floristics dominate the processes of data-gathering and data
processing, the School is also concerned with relations of species and 
associations to habitat conditions. In field work, sample plots are 
selected from uniform areas of community types or stands which are recog
nized subjectively. Thus a worker is guided by some preconceived idea of 
the field unit and has no qualitative field basis for determining unifor
mity. The latter quality is applied to the sample plots of the association 
by discarding those sample plots for which the species lists depart too 
much from those of the general "run-of-the-mill" sample plots. While in 
the field, a worker notes for each sample plot the essential identifica
tion and locational items as well as exposure; percentages of ground 
covered by tree; shrub, herb, and moss layers; notes on surface habitat 
conditions; soil type; and the nature and development of roots and root
layering. 

But as indicated above, floristic interests dominate field work. 
Once a homogeneous area of a "uniform" type has been selected, a species 
list is compiled for each layer in the entire stand. Species listed are 
not restricted to dominant or abundant species or both. As complete a 
list as possible is secured which may include mosses, lichens, and algae. 
For each species two notations on space relationships are noted--cover
abundance and sociability--each according to a five-point scale. """"AS"the 
term suggests, cover-abundance is a combination of two subjective 
evaluations made in the field for each species in the list. Abundance 
is an expression of the numbers of a species on a five-point basis:56 

1 very sparse, very rare 
2 sparse, rare 
3 not numerous, infrequent 
4 numerous, abundant 
5 very numerous, very abundant 

Cover data indicate the portion of a sample plot covered by the 
shoot system of each species in each layer noted. If marked seasonal 
differences occur, data for each season are required, Cover has been 
roughly equated to dominance-. The- five---poi.nt system is- a-s- follows-: SJ 

56 
Josias Braun-Blanquet, Plant Sociology, The Study of Plant 1 Communities, 
translated by George D. Fuller and Henry S. Conrad. New York: 
McGraw-Hill Book Co., Inc., 1932. p.30. 

57 
Braun-Blanquet, p. 32. 
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1 very scant; covering less than 1/20 of the ground 
2 covering 1/20 to 1/4 of the ground 
3 covering 1/4 to 1/2 of the ground 
4 covering 1/2 to 3/4 of the ground 
5 covering 3/4 to 4/4 of the ground 

Cover-abundance, the separate values considered together, is recorded 
as follows:56 

r rare or solitary with small cover 
+ sparsely or very sparsely present; cover very small 
1 plentiful but of small cover value 
2 very numerous or covering at least 1/20 of the area 
3 any number of individuals covering 1/4 to 1/2 of the area 
4 any number of individuals covering 1/2 to 3/4 of the area 
5 covering 3/4 or more of the area 

Sociability of a species is an indication of the grouping of shoots 
and is categorized as follows:59 

l growing one in a place, singly 
2 grouped or tufted 
3 in troops, small patches, or cushions 
4 in small colonies, in extensive patches, or forming carpets 
5 in great crowds, pure populations 

Sociability numbers are underlined by dashes to indicate open stands; by 
solid lines to signify closed units. 

When numerous species lists for different sample plots of a particu
lar community type have been accumulated, they are examined for groupings 
which are noticeably different from the majority, either in numbers of 
species or in species included. Heterogeneous species lists are removed 
from the accumulation for that particular community type. Thus the 
remaining lists have many species in common. The homogeneous lists are 
then combined into a table with species at the left and the numbers of 
sample stands at the top. 

From an examination of the table which is the composite of the 
usable species lists, it is possible to determine two types of diagnostic 
species: character-species essential to the recognition of an association 
and differential-species essential to the recognition of subunits of an 
association. 

58 
Mueller-Dombois and Ellenberg, pp. 59-61. 

59 Braun-Blanquet, p. 36. 
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Character-species are exclusive species in a grouping such as an 
association or an alliance or are much more important in that grouping 
than in other units. The designation of character-species for a unit 
is thus based on the relationships of species of that unit to the role, 
if any, of those species in other units. A fidelity rating of 3, 4, or 
5 is required for designation of a character-species. As with many other 
items in the Braun-Blanquet system, fidelity is subjectively determined. 
Fidelity ratings of character-species, rarely published, are based 
primarily on comparisons of presence and abundance of the species. 

Presence is a characteristic of the distribution of a species which 
indicates the percentage of stands in which that species occurred.

6
gegrees 

of presence are noted according to the following five-point scale. 

5 or V 
4 or IV 
3 or III 
2 or II 
1 or I 

constantly present--in 80 to 100% of the stands 
mostly present--in 60 to 80% of the stands 
often present--in 40 to 60% of the stands 
seldom present--in 20 to 40% of the stands 
rare--in 1 to 20% of the stands 

A five-point basis for characterizing abundance has been given above. 

Fidelity values are expressions of the exclusiveness or restrictive
ness of a species to a particular unit or to the pronounced importance of 
a species in a given unit in comparison with the significance, if any, of 
that species in other units of association or higher level. Five values, 
the first three of which describe character-species, are as follows:61 

60 

61 

5 Exclusive species: completely or almost completely 
confined to one community 

4 Selective species: found most frequently in a certain 
community but also, though rarely, in other communities 

3 Preferential species: species present in several 
communities more or Iess aoundantry out predominantly 
or with better vitality in one certain community. 

2 Indifferent species: species without pronounced affinities 
for any community. Sometimes referred to as companion 
species 

1 Strange species: species that are rare and accidental 
intruders from another community or relicts of a preceding 
community. 

Braun-Blanquet, p. 53. 

Ibid., p. 366. 
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In a situation in which a species occurs exclusively in one community
type, the assignment of a fidelity value is straightforward. However, as 
indicated, the assignment of fidelity values is subjective and relative. 
For example, a fidelity value of 5 could be assigned to a species in an 
association in which that species had a presence value of 4 or 5 and an 
abundance value of 3 to 5 if the presence value of that species in other 
associations was 1 or 2 and the abundance value was 1. A fidelity value 
of 5 could be assigned to another species with a presence value of 1 to 3 
and any abundance value if the species was lacking or very rare in other 
associations. Similar ranges of possibilities occur for fidelity values 
3 and 4. 

As indicated, character-species are essential for the recognition of 
an association or higher unit, but it must be kept in mind that the recog
nition of character-species is derived from a comparison of species lists. 
A character-species may have a low presence value and may be relatively 
inconspicuous in an association. One should not assume that character
species are dominant or abundant. In some instances they are so insignifi
cant as to lend nothing to the character of the association, yet to the 
trained observer with an intricate knowledge of the flora of the unit, 
character-species have high indicator values. 

Subdivisions of associations are identified by differential species, 
i.e., species which are much more important in some stands than in others, 
either being limited to those stands or being relatively and significantly 
more important in some stands than in others. Recognition of degree of 
fidelity is not a requirement for designation of differential species. 

When a mass of data on numerous units has been accumulated and 
characterized by diagnostic species, the units may be grouped into a 
hierarchy. Associations which are closely related floristically may be 
grouped into alliances identified by alliance-character-species, 
floristically similar alliances into orders with order-character-species, 
orders into circles of vegetation corresponding roughly to life zones or 
biogeographic regions such as the Mediterranean or Euro-Sibiric-North 
American region.62 Three units are desig~ated below the level of associa
tion: subassociations, variants, and facies. Subassociations are 
divisions of an association and usually occur in areas which vary slightly 
from the climatic or edaphic environment of a total association. Sub
associations are indicated by differential species but are lacking in 
character-species. Lesser variations of species combinations which appear 
frequently but contain no differential species are termed variants. An 
area with an abundance of species which do not reappear frequently in 
combination may be referred to as a facies.63 

62 Braun-Blanquet, p. 366. 

63 Whittaker, p. 133. 
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The position of a conununity in the hierarchy of vegetative units is 
indicated by the ending which is applied to the genetic stem of the scien
tific name of one or more of the character-species or differential species 
or both. The endings applied to ranks are as follows:64 

Rank 

Class 
Order 
Alliance 
Association 
Subassociation 
Variant 

Ending 

-etea 
-etalia 
-ion 
-etum 
-etosum 
(Indicated by specific names) 

If one species is sufficient to identify the unit, the ending is added to 
the genitive stem of the genus; if two species are employed, the ending 
is applied to the genitive stem of the second genus and a connective vowel 
and a hyphen follow the genitive stem of the first genus. If a genus is 
not adequate to identify a unit as in a case in which two or more species 
of the same genus occur in the species list, the ending is applied to the 
genus and a genitive ending to the specific epithet. Normally only two 
species are used in naming a unit. 

A seemingly inordinate amount of time is required before the system 
begins to yield useful results even for relatively small areas. Some 
associations have been recognized after 15 years of field work and careful 
analyses of numerous records of somewhat similar stands. 

From the statements above, it is obvious that the Braun-Blanquet 
School or any of its variations 65 does not provide an ideal operational 
base for mapping world vegetation for military purposes at any map scale 
unless a vast project is undertaken to develop thousands of experts in 
the system and to launch an extremely costly worldwide exercise in 
vegetational mapping. And to utilize the products of such a vast project 
would require a Braun-Blanquet expert attached to each level of militar~ 
operations at which interpretation of vegetation maps needs to be made. 

64 
Shimwell, p. 196. 

65 
As shown in the preceding pages, the synthetic characteristic, 
fidelity, is given major attention by the direct followers of 
Braun-Blanquet. Some workers have attempted to place less emphasis 
on fidelity and more on other values such as constancy and dominance. 
Regardless of emphasis, these systems and others of the Zurich
Montpellier School are strongly floristic. 
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Chapter IV 

PROPOSED SYSTEM OF VEGETATION CLASSIFICATION 

A major mission of the project was to select or amend an existing 
system of vegetation classification for use by the military in mapping 
at medium and small scales. The proposed System, presented in outline 
in Appendix B, is adapted to the realities of airmobile and landmobile 
operations and does not necessarily follow traditional approaches to 
classifying vegetation. 

In Chapter III a number of existing systems of classification and 
mapping were tested against the criteria developed in Chapter II. These 
evaluations demonstrate that no system is directly usable, given the 
expressed needs of the military, although several could prove useful 
in the preparation of maps based on the System proposed herein. 

The proposed System of vegetation classification is an adaptation 
of Fosberg' s general system of vegetation c"lassification, which is based 
largely on physiognomic criteria and terminology.66 The advantages of 
the Fosberg system, which recommend the system to modification for military 
use, are: (1) world coverage, (2) flexibility for mapping at all scales, 
(3) relatively clear physiognomic distinctions among types, (4) freedom 
from most non-physiognomic criteria, and (5) easily adaptable physiogno
mic elements. On the other hand, the Fosberg system includes an excessive 
number of formations for the purposes of the present Project and suffers 
from other deficiencies enumerated in Chapter III. From a practical view, 
he assigns to high hierarchial status many vegetation types that are too 
restricted geographically, are too indistinct in physiognomy from other 
types, or have insufficient density or stature to warrant detailed classi
fication, 

Given the limitation of scale, the proposed System cannot hope to 
encompass comfortably all ph:ysiognomictypes -0f natural and cultivated 
vegetation. Selection and definition of vegetation types emphasize 
critical features which have some military significance, 

Appendix C lists the Primary and Secondary Elements and Parameters 
which, in part, were used in the development of the proposed System. 
Because the system of classification is designed for small map scales, 
the number of elements that can be employed in defining broad vegetation 
types is limited, Primary Elements include (1) life form, e.g., tree and 
shrub; (2) height and stratification; (3) coverage; (4) seasonality, or 
periodicity; and (5) leaf type, texture, and size. The height of first
branching is also included among the Primary Elements; however, this 

66 I 
F. R. Fosberg, "A Classification of Vegetation for General Purposes, 11 

In: G. F. Peterken (ed.), Guide to the Checklist for I.B.P. Areas, 
I.B.P. Handbook No. 4, Cambridge, 1967. 
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element was not selected as a primary criterion because of the difficulty 
of determining those heights from available source materials. 

The Secondary Elements and Parameters cannot be used in classifying 
vegetation for medium- and small-scale mapping. Abundant data can be 
generated on these and the Primary elements utilizing the MEGA system 
of vegetation description developed under the auspices of WES, but at 
great cost for small stand samples.67 These data are appropriate for 
very large-scale mapping efforts. 

In the development of the System, the major goal was to limit the 
number of vegetation types exhibiting low stature or low coverage. These 
vegetation types, no matter how varied their life forms, structural 
properties, or other vegetational features, have much the same influence 
on military operations. Therefore, the System is organized according to 
the degree of assumed interference of vegetation on military offensive 
and deployment operations with special consideration given to operation 
of VTOL and armored ground vehicles. In most arboreal vegetation this 
interference is extreme unless the cover is broken by human occupance. 
In nonarboreal vegetation more mobility is assured, and the definition 
of vegetation types reflects both the degree of interference to mech
anized mobility and the degree of cover-visibility afforded troops and 
vehicles, Vegetation types of little areal significance and cultivated 
types are placed toward the end of the System's outline. 

The System is organized into the following hierarchy: Formation 
Classes, Formation Subclasses (for Class VIII only), Formation Groups, 
and Formations. The major deviation of the System's hierarchial nomen
clature from traditional ones is the rejection of geographical, ecologi
cal, floristic, and dynamic criteria for use in defining hierarchial 
status, For a brief review of the taxonomic nomenclature of vegetation 
classification, see Shimwel1.68 For a more thorough discussion see 
Whittaker.69 

67 E. E. Addor, "Vegetation Description for Military Purposes," In: 

68 

69 

Military Evaluation of Geographic Areas, Reports on Activities to 
April, 1963, Miscellaneous Paper No. 3-610, U.S. Army Waterways 
Experiment Station, Vicksburg, MS, December 1963, pp. 98-128. 

D. W. Shimwell, The Description and Classification of Vegetation, 
University of Washingcon Press, Seattle, 1971, especially Chapter 2, 
pp. 42-62. 

R. H. Whittaker, "Classification of Natural Communities," Botanical 
Review, Vol. 28, No. 1, 1962, pp. 1-239. 
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Formation Classes and Subclasses. Eleven Formation Classes have 
been isolated based largely on the elements: dominant life form, coverage, 
and, by inference, height. The last two Classes, Vegetation of Aquatic 
Landscapes and Cultivated Landscapes deviate in recognition of their 
special edaphic and cultural properties, respectively. 

The Formation Classes are: I. Closed Forests, II. Open Forest 
and Woodlands, III. Closed Shrublands with or without Scattered Trees, 
IV. Open Shrublands with or without Scattered Trees, V. Savannalands 
with Scattered Emerging Trees or Shrubs, VI. Grasslands, VII. Herblands, 
VIII. Dwarfed or Scattered to Sparsely Vegetated Landscapes (three Sub
classes), IX. Landscapes Dominated by Bamboo, Cane and Reed Brakes, 
X. Vegetation of Aquatic Landscapes, and XI. Cultivated Landscapes. 
The three Subclasses of Class VIII are: A' Sparse Woodlands, B' Dwarf 
Shrublands and Sparse Shrublands, and C' Dwarf or Sparse Herblands. 

In Appendix II, Table A, these Classes, Subclasses, and Formation 
Groups are broadly defined in such a way as to allow an "either-or" 
approach in deciding where to place an unknown vegetation type. As 
discussed below, the Formations were selected to assist the user in 
judging where specific vegetation communities should be placed in the 
classification system. 

At the smallest scales, 11 vegetation types can be mapped using 
Classes I through XI. At these or somewhat larger scales, the Sub
classes of Class VIII may also be added for greater detail, giving 13 
mapping units. On the other hand Classes VII, IX, X, and possibly XI 
include communities having limited geographical distributions and, 
therefore, may often not be delineated on medium-scale maps. Class 
VIII and its three Subclasses include vegetation types which are assumed 
to offer limited interference to military operations, and so at the 
smallest scales these types may be conveniently mapped as a single Class 
or as three Subclasses based on dominant life form or stature. 

Formation Groups. Within each Formation Class or Subclass, a 
Timited number oI Formation Groups are recognized, based on properties 
such as periodicity of dominant life form, e.g., evergreen versus 
deciduous; distinctive leaf shape and size, e.g., broadleaf versus 
needleleaf; and strata! features, e.g., seasonality and coverage of 
ground layer under the arboreal canopy. 

As many as 50 Formation Groups from Classes I through XI can be 
mapped. However, numerous Groups, especially those in areally restricted 
Classes, may not appear in regional applications. As the mapping scale 
increases, the number of Groups that can be included increases. With 
this adaptable approach, for example, as many as 39 Group's can be mapped 
rather than all 50 Groups; i.e., as many as 32 Groups from Classes I 
through VI, Class VII, Class VIII or its three Subclasses, and Classes 
IX through XI. 
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Formations. Further subdivision of Formation Groups into Formations 
is offered only to guide the user in his own classification efforts. 
Formations in the strictest sense are basically geographical variants 
of Formation Groups, but a full enumeration of Formations would lead to 
an excessive number of types for use in small-scale mapping. However, 
in mapping regional vegetation at a larger scale, i.e., about 1:100,000, 
Formations may prove valuable where tactical considerations require more 
precise vegetational detail. In some situations one or several Formations 
may show extensive distributions where similar habitat qualities range 
over wide areas. In other circumstances the complexity of the vegetational 
mosaic produces a pattern in which no Formation shows areal dominance. In 
the first instance, mapping the dominant Formation(s) would be a practical 
decision although elsewhere on the map the complexity of the vegetation 
cover would restrict mapping to Formation Groups or possibly to Classes. 

The selection and definition of Formations are, therefore, suggestive 
only, although the choices include most of the important Formations. One 
hundred and sixty Formations are included. In local, larger-scale mapping, 
additional Formations may be recognized. 

Synonymy. The problem of synonymy was alluded to earlier. The 
successful application of the proposed System in mapping at small and 
medium scales will depend on the mapper's ability to determine the synonymy 
between a source's nomenclature and that of the System. Too often, a map 
or textual material includes an abbreviated nomenclature that may or may 
not indicate the physiognomy of the vegetation. The problem is especially 
acute with systems employing geographical, physiographic, floristic, or 
ecological terminology. Even when physiognomic criteria are used, terms 
are seldom defined satisfactorily; in fact, their application may not 
follow standard usage. For example, in East Africa the term "bush" is 
used to describe any vegetation comprising trees and shrubs rather than 
shrubs alone.70 Confusion over synonymy is further aggravated by the 
plethora of local and regional classifications derived from existing 
systems but having altered nomenclature adjusted to local usages. 

Other systems classify potential, or tneoretrcar, vegetation ratner 
than actual vegetation. Such treatments are of limited value to users of 
the proposed System, These dynamic, or organismic evolutionary, systems 

70 
D. J. Pr&tt, P. J. Greenway and M. D. Gwynne, "A Classification' of 
East African Rangeland with an Appendix on Terminology," Journal 
of Applied Ecology, Vol. 3, 1966, p. 380. 
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are based on the concept that in every region there is one climax 
vegetation type toward which all plant communities evolve.II 

During the Project's research, existing systems of vegetation 
classification and maps based on these and more specialized but local 
classifications were evaluated with the intent of determining synonymy 
with the proposed System. After much agonizing, the Project staff 
concluded that the establishment of synonymy is an exercise in futility, 
largely for reasons already discussed. Therefore, no attempt was made 
in this report to relate the System's nomenclature to one or more of the 
popular nomenclatures. The expectation is that workers seeking to apply 
the proposed System will, in the course of research, be required to deter
mine synonymy on a source-by-source basis. This report only suggests 
some of the more useful studies which do offer synonymy with earlier 
studies. 

There are continental and broad regional syntheses which have 
attempted to establish synonymy among existing nomenclatures. Most 
syntheses deal with vegetation of tropical and subtropical regions 
where different European colonial governments attempted to develop 
systems of vegetation classification in floristically complicated 
vegetations having imperfectly understood ecologies. Most classifi
cation systems were based on a complex of criteria including non
vegetational factors.72 

In extratropical regions of the Northern Hemisphere, a combina-
tion of long familiarity with the vegetation cover, simpler floristics, 
and often more homogeneous ecological patterning allowed vegetationists 
to establish classifications based on floristic criteria. One or several 
species are considered dominant or in some way indicative of a vegetation 
type and often an ecological or habitat type. Similarities in temperate 
to subarctic floras of North America and Eurasia permitted easy trans
ference of concepts and nomenclature from Eurasia to North America. Un
fortunately, much of this nomenclature is floristic, such as oak-hickory 

71 The foremost proponent of the climax concept is Clements; for example, 
see F. E. Clements, Plant Succession and Indicators, W. H. Wilson Co., 
New York, 1928; for an example of mapping potential vegetation, see 
A. W. Kuchler, The Potential Natural Vegetation of the Conterminous 
United States, American Geographical Society, New York, Special 
Research Publication No. 36, 1964. 

72 P. W. Richards, A. G. Tansley and A. S. Watt, "The Recording of 
Structure, Life Form and Flora of Tropical Forest Communities as 
a Basis for Their Classification," Journal of Ecology, Vol. 28, 1940 
p. 225. 
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forest; and unless the physiognomy of this forest type is known to the 
mapper, he will have difficulty in determining synonymy with the pro
posed System's terminology. Terminology such as Mixed Mesophytic Forest 
is even less enlightening in this respect. 

Tlble 3 is a cross-listing of vegetational studies which establish 
synonymy with one or more earlier systems of classification. The notation 
in parentheses following these names indicates what type of classification 
is employed by the vegetationist: (P) physiognomic, (E) ecological, 
(PE) physiognomic-ecological, (A) areal-geographical-ecological, (D) 
dynamic-floristic, and (PF) physiognomic-floristic.73 This listing is 
incomplete and biased towards systems of classification based at least 
in part on physiognomic criteria and those dealing with tropical and sub
tropical vegetation types. 

The studies referred to in Table 3 are listed in the Bibliography 
at the end of this report, 

73 
A. W. Kuchler, Vegetation Mapping, Ronald Press Co., New York, 1967, 
p. 35. 
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Aubreville 
(1965)(PE,A,D) 

Beard (1944) 
(PE) 

Beard (1955) 
(PE) 

Beard (1967) 
(PE) 

Burtt Davy 
(1938)(PE) 

Cochrane 
(1962) (P) 

Hundley(l961) 
(PE,D) 

Monod (1932) 
(A,D) 

Table 3. Representative Vegetation Studies Establishing 
Synonymy of Nomenclature with Earlier Nomenclatures 
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For vegetation of temperate and higher latitudes, synonymy of nomen
clature is more difficult to establish because most popular classification 
systems are based on floristic, floristic-dynamic or a complex of criteria. 
Moreover, some systems of classification are applicable only to large
scale mapping because their inductive approaches do not allow grouping 
of floristic associations into units of classification higher than Fonna
tions. Their highest units are often based on one or more plant genera or 
species rather than on physiognomic criteria. For example, mapping at 
scales smaller than 1:200,000, vegetationists of the Ziirich-Montpellier 
school must abandon the floristic approach of Braun-Blanquet and map 
potential areal-geographical-ecological units or some other synthetic 
units based on a complex of criteria.74 

A useful source for determining synonymy between floristic and 
physiognomic nomenclatures is the manual accompanying Kuchler's map of 
potential vegetation of the United States.75 Kuchler has also apQlied 
his physiognomic system to mapping the world at very small scale.76 

74 H. Passarge, "Die Formationen als hochste Einheiten der soziologis
chen Vegetationssystematik," Feddes Repertorium, vol. 73, no. 3, 
1966, pp. 226-235. 

75 A. w. Kuchler, The Potential Natural Vegetation of the Conterminous 
United States, American Geographical Society, New York, Special 
Research Publication No. 36, 1964. 

76 A. W. Kuchler, "Generalized Land Vegetation Map of the World," In: 
N. Polunin, Introduction to Plant Geography and Some Related Sciences, 
McGraw-Hill Book Co., Inc., 1960, facing page l; includes 35 vegeta
tion types comparable to Formation Groups. 
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CHAPTER V 

TRIAL APPLICATIONS OF PROPOSED 
SYSTEM OF CLASSIFICATION 

The success of any system of classifying and mapping depends upon 
how well the system meets two criteria: (1) the adequacy of hierarchal 
units in uniting diverse phenomena in a meaningful way, and (2) the 
mappability of hierarchal units within the range of scales for which 
the system has been designed. Restated, the first criterion demands 
that the system be sufficiently inclusive to accrue those phenomena 
sharing significant elements and to assure that the units so defined 
have· maximum reality. The second criterion, mappability, tests the 
internal consistency within a hierarchal level. For example, an urge 
to delimit all discrete vegetation types may lead to a number of units 
incapable of being mapped at the proposed scale. To some extent this 
problem is unavoidable with systems of classifying world vegetation 
wherein the need to recognize patently important vegetation types is 
offset by a cartographer's limited ability to map units that are areally 
restricted, for example, riparian vegetation, aquatic communities, and 
the mosaic of cultivated and seral communities. 

A third criterion must also be considered for classification systems 
especially devised with rather precise elements and parameters. Can 
vegetational data be gathered from the appropriate literature or from 
conventional modes of remote sensing in sufficient detail to map at 
required scales? The trial applications presented in this chapter were 
selected not only to test differences in scale but also in approach. 
The small-scale application, Vegetation of Peru (Plate I), was compiled 
by the first-named author largely from published material supplemented 
by his personal knowledge of the vegetation of Peru. In illuch the same 
manner, regional specialists contribute their knowledge during the con
struction of small-scale maps of the world or parts thereof. In Chapter 
Ill it was shown that for some land areas of the world, existing systems 
for classifying and mapping vegetation could not be relied upon to supply 
useful physiognomic data. The employer of the Proposed System would 
therefore have to solicit data from other sources to compile maps of 
such regions. 

The mapping trial conducted by the Project staff in northern 
California (Plate II) relied chiefly on field studies for the acquisition 
of mapping data. For applications of the Proposed System at medium and 
moderately small scales, i.e., from 1:125,000 to 1:1,000,000, aerial 
photography anrl other forms of remote sensing could be integrated use
fully with a program of field sampling to yield more precise data for 
mapping Formation Groups. Maps constructed with this approach may have 
tactical as well as strategic value in military applications. The Pro
posed System proved to be applied easily during the field trials and 
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adapted to aerial photographic interpretation, especially at the 
Formation Class level. Numerous Formation Groups were also readily 
identifiable although for the purposes of cartographic presentation 
not all of these vegetation types could be portrayed on Plate II. 

Detailed descriptive summaries of the vegetation depicted in Plates 
I and II are given in Appendix D along with supporting bibliographies. 
Below are presented brief commentaries and evaluations of Plates I and 
II and the Proposed System as applied to these trial applications. 

Vegetation of Peru: Plate I. Diversity of landscapes and climates 
has given rise to complex vegetation patterns in much of the Peruvian 
landscape--patterns which have been further complicated by millenia of 
human occupance. Earlier attempts at mapping vegetation, such as the 
work of Weberbauer, or of mapping ecological units, as by Tosi, have 
been based in part on assumed altitudinal and climatic limits of life
forms and taxa for the determination of vegetative or ecological types 
and their areal distributions. The use of physiognomic elements and 
parameters to define vegetation types has been limited or has been 
employed inconsistently. Several compilers have produced maps of poten
tial vegetation based on the principle of climax vegetation or that of 
ecological climax as proposed by Holdridge and followed by Tosi. 

In the preparation of Plate I, physiognomic 
the available literature and supplemented by the 
personal knowledge of Peruvian vegetation types. 
for Plate I in Appendix D was composed from both 
personal material. 

data were extracted from 
compiler's notes and 

The descriptive summary 
the literature and 

The major limitation encountered with the application of the Pro
posed System to the vegetation of Peru reflects the problem imposed by 
the ecological complexity of the Andean topography. At the scale of 
1 to 5 million it is impossible to delimit transitional vegetation types 
in the western Andes and along the eastern Andean flank through a range 
of elevation from near sea level to 5,000 meters within a horizontal 
aistance of 50 to 100 km. For this reason Plate I includes two classi
ficatory units with the word "complex" to indicate the imposed diversity. 
On the other hand, the remaining eight categories represent distinct 
Formation Classes with one or more related-Formation Groups. 

To increase the usefulness of the map, the compiler preferred to 
follow earlier tradition in segregating three physiognomically similar 
vegetation types of Formation Class VIII that occur in distinct geo
graphical and ecological settings: Sparse or Dwarf Vegetation of lomas 
or coastal hills, Sparse Shrublands on western slopes, and Sparse or 
Dwarf Herbaceous Vegetation at high elevations. 

Tropical forests of eastern Peru have been mapped as two vegetation 
types (Formation Groups IA and IE), this restriction being a 
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reflection of the paucity of knowledge of existing communities and their 
distributions. The compiler of the map has flown over extensive areas 
of eastern Peru and has observed complex patterns of riparian and swamp 
vegetation, most of which have not been recorded on maps nor noted in 
literature. On the other hand, the distinction between closed evergreen 
forests (IA) and closed mixed broadleaf forests (IE) is of value because 
these designations imply variations in patterns, stratal density, and 
seasonality in canopy taxa. 

One inadequacy of the Proposed System of vegetation classification 
was encountered with shrublands having mixtures of evergreen and deciduous 
elements, the relative dominance of which varied with exposure and with 
degree of cultural impact. At the small scale of Plate I, this problem 
can be ignored for Peru but may prove disturbing at larger-scale efforts 
in Peru or in other regions. 

It is also apparent that problems of map generalization will arise 
when distributional data are available which reflect more precisely than 
current sources the degradation of vegetative cover by man and his live
stock. 

Physiognomic Classification of Vegetation: Sonoma and Napa Counties, 
California: Plate II. Plate II demonstrates the value of the Proposed 
System at medium scales. By the use of color, code, and pattern, one can 
at first glance obtain a visual impression of the distribution of seven 
Formation Classes; on closer examination, one can determine Formation 
Groups from the letters representing the appropriate Groups within the 
Proposed System. 

As noted above, Plate II was derived from field studies and areal 
photographic interpretation. The original photo tracings were reduced 
in scale to 1:62,500 and the vegetation patterns simplified. Additional 
reduction with further simplification yielded a working copy at the scale 
of 1:113,000. Photographic reduction with further amendments yielded 
finished copies at scales of 1:250,000 and 1:500,000, the latter repro
duced herein as Plate II. 

The greatest loss of detail occurred with the reduction from about 
1:113,000 to 250,000. On Plate I, for example, open Forests (II) 
include, in part, areas formerly designated as Savannas (V), 1 0pen Forests 
(II), and restricted Closed Forests (I). Numerous but areally restricted 
Open Shrublands (IV) had to be joined with the more predominant Closed 
Shrublands (II). As a general rule for this trial region, the scale of 
about 1:125,000 marks the limit of applicability of the Formation level 
within the Proposed System. On the other hand, in regions with more 
homogeneous climatic and topographic patterns, Formations may be mappable 
at much smaller scales. At scales smaller than 1:500,000 the vegetation 
pattern represented on Plate II would take on a distinctively synthetic 
quality owing to the need for further generalization. A pattern of 
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Formation Classes could be maintained and be dominated by the woody 
vegetation types I, II and III with small inclusions of savanna (V). 
This pattern more or less corresponds to those shown on small scale 
maps of the region (e.g., Clark, 1937). 

Table 4 offers synonymy of terminologies to assist in relating the 
vegetational units of Plate II to the vegetation types recognized by Munz 
and Keck (1949) and Clark (1937) for northern California. It is evident 
from the table that physiognomic criteria are less employed in the earlier 
classifications than in the Proposed System. Floristic dominance figured 
more significantly and a sense of climax hypothesis prevailed. Under 
these circumstances, the utility of earlier systems of vegetation classi
fication for the preparation of maps based on the Proposed System is 
limited to the extent of the compiler's knowledge of the vegetation 
under consideration. 

Conclusions. The Proposed System of Vegetation classification can 
be applied to medium- and small-scale mapping with a rewarding degree of 
adaptability. At smaller scales, maps of the world or continental regions 
can be constructed employing as many as 11 Formation Classes and as many 
Formation Groups as are deemed appropriate. For medium-scale applica
tions as many as 50 Formation Groups can be employed. For special pur
poses, certain vegetation types can be mapped on the level of the 
Formation Class while others of more significance to the mapper can 
be demarcated at their Formation Group level. 

As discussed in Chapter IV, some Formation Classes are areally or 
geographically limited and their inclusion on even a medium-scale map 
would be cartographically difficult no matter how militarily significant 
they may be. For example, Aquatic Landscapes (Class X) rarely are so 
extensive as to allow direct mapping; however, these and other limited 
Classes and Groups could be delimited on maps symbolically to indicate 
their presence. 

-Faults in -the clas-sifi~-atiun ~stem can be corrected, but most that 
have been identified are minor and are based on one's inability to encom
pass all of Nature's variability. Additional work should be done on 
determining the degree of synonymy, if any, which exists between the 
Proposed System and the classifications of earlier major efforts. As 
indicated in earlier chapters, many of the existing systems of classifi
cation do not lend themselves to comparison with the Proposed System. 
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Proposed 
System 

IA3 

1B3 

!Cl 

IE2 

IF2 

IGl 

IG2 

III 

II Fl 

IIHl 

IIH2 

IIJl 

IIJ2 

IIIA2 

IIIDl 

Table 4. Synonymy of Vegetation Units of Plate II and 
Terminology Proposed by Munz and Keck and by Clark 

Munz and Keck (1949) Clark (1937) 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 

VIII. 9 Northern Oak Woodland B4a Foothill Woodland 

v 10 North Coastal Coniferous C6c Coastal Pine Forest 
Forest 

v 12 Redwood Forest C6a Redwood Forest 
v 13 Douglas Fir Forest 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 
VII 19 Northern Oak Woodland B4a Foothill Woodland 

VI 18 Mixed Evergreen Forest B4b Bald Hills Woodland 
VII 19 Northern Oak Woodland 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 
v 13 Douglas Fir Forest C6b Tanoak Forest 

VI 18 Mixed Evergreen Forest C6b Tan oak Forest 
v 13 Douglas Fir Forest C6b Tanoak Forest 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 
VII 19 Northern Oak Woodland B4a Foothill Woodland 

v 10 Northern Coastal Coniferous C6c Coastal Pine Forest 
Forest 

v 12 Redwood Forest C6a Redwood Forest 
v 13 Douglas Fir Forest C6b Tan oak Forest 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 
VII 19 Northern Oak Woodland B4a Foothill Woodland 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 
\ 

VII 19 Northern Oak Woodland B4a Foothill Woodland 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 

VI 18 Mixed Evergreen Forest C6b Tanoak Forest 

VIII22 Chaparral B3a Lo'W Chaparral 
B3b High Chaparral 

IV 4 Northern Coastal Scrub 
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Proposed 
System 

IV2 

VC2 

VC5 

VIBl 

VIB4 

Table 4. Continued 

Munz and Keck (1949) 

VIII 22 Chaparral 

VII 19 Northern Oak Woodland 

Redwood Forest v 12 
v 13 
VI 18 

Douglas Fir Forest 
Mixed Evergreen Forest 

IX 23 Coastal Prairie 

IX 24 Valley Grassland 
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Clark (1937 

B3a Low Chaparral 
B3b High Chaparral 

Ala Savanna Prairie 
B4b Bald Hills Woodland 

(?) 
(?) 
(?) 

Ale Coastal Prairie 

Ala Savanna Prairie 
Alb Hill Prairie 



APPENDIX A 

GRAPHICS IN SUPPORT OF CHAPTER II 

Table A.1 Significant Values of Vegetation Elements in 
Relation to Classes of Military Materiel 

I. 

II. 

FACTOR 

Helicopters: 
a) Diameter of canopy 

opening1 

b) Height of sub-arboreal 
stratum2 ' 3 

c) Height of arboreal 
stratum4 

d) Litters 

STOL Aircraft: 
a) Length of canopy 

opening6 
7 

b) Width of canopy opening 
c) Height of sub-arboreal 

stratum8 
d) Litters 

III. Air 0..ls-hion Vehicles-: 

SIGNIFICANT VALUES 

25 to 50 m range 

0.5 m and 3.0 m 

15 m • 

Type, volume, and 
configuration 

250, 500, and 1000 m 
20, 35, and 50 m 

0.5 m 
Type, volume, and 

configuration 

a) Height of sub-canopy 
stratum9 OoS m 

b) Spacing of trees in 
open woodlandlO 10 to 25 m range 

c) Spacing of tree and 
bush islands in savanna 
landscapes10 10 to 25 m range 

IV. Armored Fighting Vehicles: 
a) Height to first branch

ing (trees) 11 

b) Tree trunk and
1

shrub 
1 . 2 c ump spacing 
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v. 

VI. 

VII. 

VIII. 

APP&~DIX A (Continued) 

c) Tree trunk diameter 
(dbh) 13 

d) Shrub and bamboo 
clump diameterl3 

e) Fallen logs14 

Unarmed Transport Vehicles: 
(same measures as :for IV) 

Army Ordinance: 
(same measures as :for IV) 

25 cm 

1.0 m 
Oo5 m 

Sur:face-to-sur:face Missiles:
15 

(same measures as :for IV and:) 
a) Diameter o:f canO?Y 

opening1 6 100 to 500 m range 

Land-mobile Sur:face-to-air 
Weapons : 15 

(same measures as :for IV 
and:) 
a) Diameter o:f canopy 

opening16 50 to 100 m range 

Footnotes to Table A. l: 

1. Twice the rotor diameter or 105 X overall length; 
significant break at 12.5 m :for small and medium 
to larger models 

2. Fuselage clearance 

3. Height of rotors, in most models over 3o0 m 

4. Based on repelling :from hovering aircra:ft; 
vertical distance and density o:f arboreal biomass 
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APPENDIX A (Continued) 

5. Impedes motor efficiency, damages motor and 
other parts, and impedes pilot vision 

6. Based on landing (stall} speed and length of 
take-off run (attaining 15 m altitude} for air
craft with three payload configurations 

7. Based on wing span of same aircraft 

8. Fuselage clearance; landing gear cannot negotiate 
shrubs to any appreciable degree 

9. Function of hover height 

lOo Function of 1.5 X the beam width of hovercraft 

llo Function of vehicle height 

12. Minimum tree and shrub clump spacing a function 
of 1.5 X vehicle width 

13. Diameter sufficient to interdict movement 

14. Function of ground clearance and maximum step 
negotiable 

15. Refers to missile systems in transport mode 

160 Suggested canopy opening for unrestricted field 
of launch 
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APPENDIX A (Continued) 

Table A.2 Classification of Helicopters
1 

CLASS 

Light 

Utility 

Cargo 
Light 
Medium 
Heavy 

Crane 

Armed 

MILITAHY USES 

Reconnaissance, observation, 
command, liaison 

Command, liaison, evacuation,
light troop lift, supply sup
port, anti-submarine warfare 

Transport and artillery 
lift, supply support, rescue, 
anti-submarine warfare, 
etc. 

Heavy lift (bridges, vehicles, 
crashed aircraft, etc.) 

Armed support: su?pression 
fire, anti-tank fir~ aerial 
"artillery", etc. 

Table A.3 Armored Fighting Vehicle~2 

Tanks: Heavy (main battle tanks) 
Medium 
Light 

Armored Personnel Carriers; Tracked 
Wheeled 

Self-propelled anti-tank Guns (all tracked) 

Armored Reconnaissance Vehicles: Tracked 
Wheeled 

1. Adapted from:Stockholm International Peace Research 
Institute, SIPRI Yearbook or World Armaments and 
pisarmament, 1968/69, Humanities Press, New York, 
1970 and J.W.R. Taylor (ed.}, JANE'S All the World's 
Aircraft 1972-73, Jane's Yearbooks, London, 1972. 

2. Adapted from: R. T. Pretty and D.H.R. Archer (eds.) 
JANE'S Weapon System 1971-72, Jane's Yearbooks, 
Lo'!ldon, 1971 • 
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APPENDIX A (Continued) 

1 
Table A.4 Unarmed Transport Vehicles 

Wheeled Trucks: Ordinary 
Articulated 

Tracked Vehicles (e.g. weasel) 

Off-road Vehicles 
(possess superior amphibious qualities or 
mobility over marsh, swamp or sand 
terrain) 

1. Adapted from: R. T. Pretty and D.H.Ro Archer (eds.), 
JANE'S Weapon Systems 1971-72, Jane's Yearbooks, 
London, 1971. 
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Figure A.2 

HELICOPTERS---RELATIONSHIP BETWEEN PAYLOAD AND OVERALL LENGTH 
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Figure A.4 

HELICOPTERS---GROUND CLEARANCE OF FUSELAGE 
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Figure A.5 

STOL AIRCRAFT--RELATIONSHIP BETWEEN PAYLOAD AND TAKEOFF RUN 
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Figure A.8 

ARMORED FlqHTING AND TRANSPORT VEHICLES---GROUND CLEARANCE 
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APPENDIX B 

PROPOSED SYSTEM OF VEGETATION CLASSIFICATION 

Hierarchial Arrangement: 

Formation Class (11) 

Formation Subclass (3 in Class VIII) 

Formation Group (50) 

Formation (A partial listing is given by 
way of example) 

Formation Classes: 

I. Closed Forests: arboreal strata closed to dis
continuous, equal to or greater than 75% 
coverage, trees at least 5 m tall; sub
arboreal strata variable but at least 25% 
coverage. 

II. Open Forests and Woodlands: arboreal strata or 
stratum sufficiently open to expose the 
sub-arboreal layer(s) to partial illumination 
and observation, 50 to 75% coverage on the 
average; subarboreal strata open to closed, 
at least 50% coverage. 

III. Closed Shrublands with or without Scattered 
Emerging Trees: shrubs 0.5 to 5 m tall dom
inate with coverage of at least 75%

1

; low 
scattered trees may be present, these often 
having low-branched or coppice growth pat
terns and coverage value of less than 50%0 

IV. Open Shrublands with or without Scattered 
Emerging Trees: shrubs as above but coverage 
between 50 to 75%; trees, if present, as 
above, but commonly sparseo 
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APPENDIX B (Continued) 

V. Savannalands with Scattered Emerging Trees and/ 
or Shrubs: dominance by graminoids or other 
herbaceous plants at least Oo5 m tall and 
with at least 50% coverage; trees or shrubs 
emerging from herbaceous layer with less 
than 50% coverage. 

VI. Grasslands: graminoid dominance with height at 
least Oo5 m and coverage of at least 50%; 
little or no woody growth. 

VII. Herblands: forbs, ferns or other herbaceous forms 
other than graminoids dominate; these at least 
0.5 m tall with at least 50% coverage; 
emerging trees or shrubs rare or absent. 

VIIIo Dwarfed and Scattered to Sparsely Vegetated 
Landscapes: 

A' Subclass: Sparse Woodlands: 
Trees more than 5 m tall but with 
less than 50% coverage; sub
arboreal layer either less than 
Oo5 m tall or collectively less 
than 50% coverageo 

B' Subclass: Dwarf Shrublands and Sparse Shrub
lands: 
Shrub-dominated but these either 
less than 0.5 m tall or with less 
than 50% coverage; other non
lignaceous life forms either less 
than 0.5 m tall or with less than 
50% coverage; substratum commonly 
dominates. 

C' Subclass: I>Narf or Sparse Herblands: 
Graminoids or other herbaceous 
forms dominate but either less 
than 0.5 m tall or collectively 
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with less than 50% coverage; 
substratum often dominates; 
Fosberg's Bryoidland included 
in this category. 

IX. Landscapes Dominated by Bamboo, Cane and Reed 
Brakes: these at least 0.5 m tall and with at 
least 50% coverage; emerging trees or shrubs 
rare or absent; often forming extensive 
thickets; substrate may be poorly drained. 

X. Vegetation of Aquatic Landscapes: dominated by 
herbaceous plants; these emerging, floating 
or submerged. 

XI. Cultivated Landscapes: Height and coverage in 
large part seasonally variable; types of in
determinate hierarchial status and include 
lignaceous (tree and shrub) and herbaceous 
(graminoid and forb) types. 

Note: Classes VII, IX, X, and XI include coilllllunities 
having limited geographical distributions and, 
therefore, may often not oe derineatea- on even 
medium scale maps. Where these Classes are 
spatially important, the use of overlying symbols 
is recoilllllended to portray their presence. 

OUTLINE OF SYSTEM 

I. Closed Forests 

A. Formation Group: Evergreen Broadleaf Forests; 
arboreal strata largely evergreen, subarboreal 
strata evergreen. 
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1. Formation: Tall Multistratal Evergreen Broad
leaf Forests;~-, tropical rain forest 
of Amazonia. 

2. Evergreen Broadleaf Forests; medium to tall, 
fewer arboreal strata;~., most secondary 
forests in humid tropics; dry evergreen 
forests of northern Thailand. 

3. Tall Evergreen Broadleaf Sclerophyllous 
Forests; tall to medium tree heights; sub
canopy strata variable but mostly ever
green;~·' wet sclerophyll forests of 
southeastern Australia and Tasmania. 

4. Evergreen Broadlear Sclerophyllous Forests; 
low to medium tree heights; trees may be 
gnarled, subarboreal layer may be herba
ceous; epiphytes may be conspicuous; ~-, 
gnarled mossy forests of tropical montane 
regions; Arbutus-Umbellaria forest of 
California. 

S. Evergreen Microphyllous Forests (sometimes 
thorny and often compound-leaved; ~·' 
Prosopis forests of Hawaiian Islands). 

6. Evergreen Broadlear Swamp Forests; low to 
tall heights, includes forms with both 
orthophyll (normal thickness) and sclero
phyll leaves;~·' most freshwater swamp 
types of tropics; mangrove swamps. 

80 



APPENDIX B (Continued) 

B. Deciduous Broadleaf Forests: arboreal strata 
largely or wholly deciduous; subarboreal strata 
evergreen or deciduous, woody or herbaceous. 

1. Tall Deciduous Broadleaf Forests; dry-season 
deciduous canopy; subcanopy strata thick 
and evergreen;~-, most monsoon forests. 

2. Low Deciduous Broadl.eaf Forests; dry-season 
deciduous canopy; trees may be partially 
sclerophyllous; subcanopy strata variable; 
~·' Lancewood woodlands and forests of 
northern Queensland, Australia. 

3. Deciduous Microphyllous Forests; may form 
closed canopy in tall phases; trees may or 
may not be armed; ~·, Albizia lebbek 
forest of Saipan. 

4. Deciduous Broadleaf Forests; aold-season de
ciduous canopy; subcanopy layer largely 
deciduous or seasonal;~-, oak forests 
of western Europe, oak-hickory forests of 
eastern United States. 

s. Deciduous Broadleaf Swamp Forests; cold-season 
deciduous canopy; ~., red maple ~wamps 
of eastern United States. 
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c. Evergreen Needleleaf and Scaleleaf Forests; 
arboreal strata largely or wholly evergreen, often 
with single arboreal layer; subcanopy strata 
variable in life forms and density but mostly 
seasonal or deciduous. 

1. Tall Evergreen Needleleaf and Scaleleaf For
ests; canopy at least 25 meters high; 
~., Douglas-fir forests of Pacific 
Northwest. 

2. Evergreen Needleleaf and Scale leaf Forests; 
subcanopy strata dominated by broadleaf 
shrubforms; ~·, pin'e forests of Southeast 
United States. 

3. Low Evergreen Needleleaf and Scaleleaf For
ests; subcanopy strata dominated by variable 
mixtures of graminoids, bryoids and forbs; 
~., spruce forests of Canada. 

4. Evergreen Needleleaf and Scaleleaf Swamp For
-ests; -e.g., clos-ed phase of black spruce 
swampso 

D. Deciduous Needleleaf and Scaleleaf Forests; 
arboreal layer deciduous in cold season; subarboreal 
layers sparse or dominated by low herbaceous forms 
or dwarf shrubs or a combination of both. 

1. Deciduous Needleleaf Forests;~-, Larix 
forests of Siberia. 

2. Deciduous Needleleaf and Scaleleaf Swamp For
ests; ~., closed phase of Larix swamps, 
Taxodium swamps of Southeast United States 
(closed phase). 
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E. Closed Mixed Forests, Evergreen or Sclero
phyllous Broadleaf Dominant; in these forests 
and those of Groups F and G below, arboreal 
strata with two or more life forms; subarboreal 
strata variable; largely transitional or seral. 

1. Deciduous Broadleaf Subordinant; ~., 
semi-evergreen forests of eastern Peru. 

2. Needleleaf or Scaleleaf Subordinant; ~-, 
Mixed Evergreen Forest of northern 
coastal California (Douglas-fir 
admixtures). 

F. Closed Mixed Forests, Deciduous Broadleaf 
Dominant; see above under E. 

1. Evergreen or Sclerophyllous Broadleaf 
Subordinant; -~·, mixed oak forests 
of northern California. 

2. Needleleaf or Scaleleaf Subordinant; e.g., 
Oak-pine forests of southeastern United 
States. 

G. Closed Mixed Forests, Needleleaf or Scaleleaf 
Dominant; see above under E. 

1. Evergreen or Sclerophyllous Broadleaf 
Subordinant; e.g., pine-live oak forests 
of southeastern United States. 

2. Deciduous Broadleaf Subordinant; ~., 
Oak-hickory-pine forests of the upper 
midwest of the United States. 
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!Io Qpen Forests and Woodlands 

A. Open Evergreen Broadleaf' Forests and Wood
lands with Closed Lower Layers; arboreal 
strata largely evergreen; subarboreal strata 
evergreen or seasonal, closed to open. 

1. Open Evergreen Broadleaf Forests and 
Woodlands with Closed Lower Layers; 
subarboreal layers dominated by 
graminoids or shrubs, evergreen or 
seasonal;~., for~-claire of 
Southeast Asia; Campo Cerrado of 
Brazil. 

2. Open Evergreen Sclerophyllous Forests and 
Woodlands with Closed Lower Layers; 
lower strata commonly dominated by 
graminoids and seasonal;~·' Live
oak woodlands of California, savanna 
forest of Venezuela. 

3. Qpen Evergreen M:Lcrophyllous Forests and 
Woodlands with Closed Lower Strata; may be 
thorny; graminoids and forbs or shrubs 
may dominate ground layers, commonly 
seasonal; ~., open phase of Prosopis 
forest of Hawaii. 

4. Open Evergreen Broadleaf Swamp Forests 
and Woodlands with Closed Lower Layers; 
includes open forms of freshwater 
tropical swamps and open phases of man
grove swamps with closed shrub layers. 
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B. Open Evergreen Broadlear Forests and Woodlands 
with Open Lower Layers; arboreal layer largely 
evergreen; subarboreal evergreen or seasonal 
strata with less than 75% coverage and may even 
be sparse or less than o.s meter tallo 

1. Open Evergreen Sclerophyllous Forests and 
Woodlands with Open Lower Strata; ~.go, 
drier phases or Eucalyptus woodland or 
Australia. 

2. Open Evergreen Microphyllous Forests and 
Woodlands with open Lower Strata; ~-, 
mesquite woodlands or Southwest United 
States, Prosopis woodlands or Peru. 

3o Open Evergreen Broadlear Swamp Forests and 
Woodlands with Open Lower Layers;~-, 
some open mangrove swamps. 

c. Open Deciduous Broadlear Forests and Woodlands 
with Closed Lower Layers; arboreal strata 
largely deciduous, subarboreal strata seasonal 
or less commonly evergreen. 

1. Open Deciduous Broadlear Forests and Wood
lands with Closed Lower Layers; ~., 
deciduous dipterocarp forest or Thailand. 

I 

2o Open Deciduous Microphyllous Forests and 
Woodlands with Closed Lower Layers; ~., 
Miombo woodlands or south central Africa. 

3. Open Deciduous Broadlear Swamp Forests and 
Woodlands with Closed Lower Layers;~., 
open phases of Nyssa swamps or Southeast 
United States; open phases of deciduous 
mangrove. 
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D. Open Deciduous Broadleaf Forests and Woodlands 
with Open Lower Layers; arboreal strata decid
uous; subarboreal strata deciduous or seasonal, 
rarely evergreen. 

1. Open Deciduous Broadleaf Forests and Wood
lands with Open Lower Layers; ~·, 
drier phases of dipterocarp forests of 
Thailand and other monsoon forests of 
Southeast Asia; open oak woodlands of 
Southeast on sand hillso 

2. Open Deciduous Microphyllous Forests and 
Woodlands with Open Lower Layers; may or 
may not be thorny;~-, Caribbean thorn 
forest, open phases; Acacia woodland 
of East Africao 

E. Open Evergreen Needleleaf and Scaleleaf Forests 
and Woodlands with Closed Lower Layers; sub
arboreal strata deciduous or seasonal anc 
o:ften of' low neight. 

lo Open Evergreen Needleleaf and Scaleleaf 
Forests and Woodlands with Closed Lower 
Layers; ~., open pine barrens of New 
Jersey; open aspects of ponderosa pine; 
denser phases of pinon-juniper wood
lands with graminaceous or shrubby 
ground layer; more open aspects of 
Canadian spruce-fir forests. 

2. Open Evergreen Needleleaf and Scaleleaf 
Swamp Forests and Woodlands with Closed 
Lower Layers; ~., open phases of 
black spruce swamps. 
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F. Open Evergreen Needleleaf and Scaleleaf 
Forests and Woodlands with Open Lower Layers. 

1. Open Evergreen Needleleaf and Scaleleaf 
Forests and Woodlands with Open Lower 
Layers; ~., some open phases of 
Western United States pine forests and 
woodlands. 

G. Open Deciduous Needleleaf and Scaleleaf Forests 
and Woodlands with Closed Lower Layers. 

1. Open Deciduous Needleleaf Forests and 
Woodlands with Closed Lower Layers; ~·, 
larch forests and woodlands of Canada 
and Siberia. 

2. Open Deciduous Needleleaf and Scaleleaf 
Swamp Forests and Woodlands with Closed 
Lower Layers;~-, open phases of 
tamarack swamps; open Larix muskeg; 
open Taxodium swamps of Southeast 
United States. 

H. Open Mixed Forests and Woodlands, Evergreen or 
Sclerophyllous Dominant; in these types and 
those of Groups I and J below, arboreal strata 
with two or more life forms; subarboreal' strata 
variable; largely transitional or seral. 

1. Deciduous Broadleaf Subordinant; ~·' 
open woodlands of mixed oaks in northern 
California. 

2. Needleleaf or Scaleleaf Subordinant; ~., 
more open oak-pine communities of the 
southeastern United States. 
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I. Open Mixed Forests and Woodlands, Deciduous 
Broadleaf Dominant; see H above. 

lo Evergreen or Sclerophyllous Subordinant; 
~., remnant mixed woodlands of the 
Peruvian Interandean valleyso 

2. Needleleaf or Scaleleaf Subordinant; ~·, 
pine-oak barrens of New Jersey. 

J. Open Mixed Forests and Woodlands, Needleleaf 
or Scaleleaf Dominant; see H above. 

1. Evergreen or Sclerophyllous Broadleaf 
Subordinant; ~·' Douglas fi=-tan
oak forests of northern Californian 
coast range. 

2. Deciduous Broadleaf Subordinant; .£..:.£•, 
spruce-fir-aspen of central Canada. 

III. Closed Shrublands with or without Emerging Trees 

Ao Closed Evergreen Shrublands with Scattered 
Emerging Trees; shrubs and trees largely or 
wholly evergreen. 

1. Closed Evergreen Broadleaf Shrubland with 
Scattered Evergreen Broadleaf Trees; 
~·, tropical old fields with "senti
nel" trees remnant of previous vegeta
tion cover. 
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2. Closed Evergreen Sclerophyllous Shrubland 
with Scattered Evergreen Broadleaf 
or Sclerophyllous Trees; either needle
leaf or broadleaf trees;~·, 
California chaparral with emerging live 
oak. 

3. Closed Evergreen Sclerophyllous Shrubland 
with Scattered Deciduous and Faculta
tively Deciduous Trees;~-, Tropical 
deciduous woodlands of northern 
Australiao 

4. Closed Evergreen Microphyllous Shrubland 
with Scattered Evergreen Trees; ~., 
taller heath communities with scattered 
needleleaf trees, peat accumulation 
present. 

s. Closed Evergreen Megaphyllous Shrubland 
with Scattered Evergreen Trees;~·' 
palmetto scrub with pine trees in 
southeast United States. 

B. Closed Deciduous Shrublands with Scattered 
Emerging Trees; trees either evergreen or 
deciduous. 

1. Closed Deciduous Broadleaf Shrublands 
with Scattered Trees; includes decid
uous broadleaf and needleleaf evergreen 
trees. 

2. Closed Deciduous Microphyllous and 
Sclerophyllous Shrublands with Scat
tered Trees;~., taller heath with 
peat accumulation. 
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3o Closed Deciduous Broadleaf Swamp Shrub
land with Scattered Trees; ~., 
alder swamp with either tamarack or 
red maple trees. 

C. Closed Evergreen and Deciduous Needleleaf 
Shrublands without Emerging Trees. 

1. Closed Gnarled Evergreen Needleleaf 
Shrubland; ~., krummholzo 

2o Closed Evergreen Needleleaf Shrubland; 
~., pine scrub of Japano 

3. Closed Evergreen or Deciduous Needleleaf 
Swamp Shrubland; ~-, low phases of 
black spruce and tamarack swamps. 

D. Closed Evergreen Shrubland without Emerging 
Trees. 

1. Closed Evergreen Broadleaf Shrubland; 
~., tropical old-fields; Salvia 
dominated coastal sagebrusho 

2. Closed Evergreen Sclerophyllous Shrub
land; ~-, chaparral; Andean seral 
scrub; Rhododendron scrub. 

3. Closed Evergreen Megaphyllous Shrubland; 
~., low palmetto scrub. 

4. Closed Evergreen Microphyllous Shrubland; 
often thorny, cactoids may be present; 
~-, Acacia farnesiana shrubland of 
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Australia; California sagebrush; some 
aspects of Ceonothus shrubland of 
southwest United States. 

s. Closed Evergreen Mossy Sclerophyllous 
Shrubland; e.g., montane areas of 
tropics; abundant epiphytes and 
bryoids; related to mossy forests. 

6. ~losed Evergreen Broadleaf Swamp Shrub
lands; numerous types, including some 
mangroves. 

E. Closed Deciduous Broadleaf Shrublands without 
Emerging Trees. 

1. Closed Deciduous Broadleaf Shrublands; 
winter deciduous; ~., Salix shrubland 
of Arctic. 

z. Closed De-cidu-ou-s Microphyllous- Shrub~ 

lands; dry-season deciduous; ~-, 
Leucaena shrubland of Java. 

3. Closed Deciduous Microphyllous Thorny 
Shrublands; often with cactoids; £.:..2.•, 
although probably rare in closed 

form, the Caatinga of Brazil. 

4. Closed Deciduous Broadleaf or Sclero
phyllous Swamp Shrubland; ~-, alder 
swamps; some Southeast Asian man
grove types. 
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F. Closed Deciduous Needleleaf Shrublands; ~-, 
low phases of tamarack swamps of north
east United States. 

IV. Open Shrublands with or without Scattered 
Emerging Trees 

A. Open Evergreen Shrublands; ground cover closed 
or open. 

1. Open Evergreen Broadleaf Shrublands; ~·' 
low phase of Campo Cerrado of Brazil. 

2. Open Evergreen Sclerophyllous Shrublands; 
~., open phases of California chapar
ral; some Atriplex flats of Great 
Basin. 

3. Open Evergreen Megaphyllous Shrublands; 
~., denser aspects of Florida saw 
palmetto prairie. 

4. Open Evergreen Needleleaf and Scaleleaf 
Shrublands; ~·' open krummholz of 
pine or spruce. 

s. Open Evergreen Microphyllous Shrublands; 
~., open heath of Western Europe; 
open aspects of Great Basin sagebrush; 
some Atriplex in same region. 

6. Open Evergreen Succulent Shrublands; ~·' 
denser phases of 0puntia in Southwest 
United States; Tamarix shrublands of 
Southwest; Sarcobatus flats of Great 
Basin. 
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B. Open Deciduous Shrublands; ground cover 
closed or open. 

1. Open Deciduous Broadlea.:f Shrublands; ~·' 
pine-oak and scrub-oak bush of southern 
United States; open phases of birch 
shrubland in Canada. 

2. Open Deciduous Microphyllous Shrublands; 
may be thorny; ~-, thornbush of 
Caribbean area; denser phases of mesquite 
in Texas. 

V. Savannaland with Scattered Emerging Trees and/or 
Shrubs 

A. Tall Savannas with Evergreen Trees; herbaceous 
plants averaging at least 1.5 meters tall; 
trees with less than 50% coverage and mostly 
with more than 25% coverage. 

1. Tall Fern Savannas with Evergreen Broadlea.:f 
Trees; ~., Philippines. 

2. Tall Savannas with Evergreen Sclerophyllous 
I 

Trees; ~., Curatella-Byrsomina savanna 
of Llanos; taller phases of live oak 
savannas of California. 

3. Tall Savannas with Evergreen Megaphyllous 
Trees;~-, palm and Pandanus savannas. 

4. Tall Savannas with Evergreen Needleleaf 
Trees; ~-, Casuarina savanna of Gurun; 
pine savannas of Luzon and Central 
America. 
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5. Tall Swamp Savannas with Evergreen Sclero
phyllous Needleleaf and Broadleaf 
Trees; variable type, including dominance 
by other herbs; ~·' saw-grass savannas 
of Florida Everglades; coastal swamp 
savannas of Suriname. 

B. Tall Savannas with Deciduous Trees; as above 
but trees may be sparse. 

1. Tall Savannas with Broadleaf Deciduous 
Trees;~., Adansonia savanna of Sudan. 

2. Tall Savannas with Deciduous Microphyllous 
Trees; commonly thorny as in Acacia 
tall-grass savanna of Africa. 

c. Low Savannas with Evergreen Trees; herbaceous 
plants averaging between o.s and 1.5 meters tall 
excluding inflorescences. 

1. Low Fern Savannas with Broadleaf Evergreen 
Trees, !:...!..2.•' Palau Island. 

2. Low Savannas with Evergreen Sclerophyllous 
Trees; ~., live oak savanna of 
California. 

3. Low Savannas with Evergreen Broadleaf Trees; 
!:.!..2.·' derived savannas of the submontane 
elevations of eastern Peru. 

4. Low Savannas with Evergreen Microphyllous 
trees; often thorny;~-, savannas of 
evergreen Prosopis at higher elevations 
of Peru. 
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s. Low Savannas with Evergreen Needleleaf and 
Scalelea£ Trees; ~., pine savannas 
and pinon-juniper savannas of United 
States. 

6. Low Savannas with Evergreen Megaphyllous 
Trees; £!..2_., degraded palm savanna
pastures of Cuba. 

7. Bryoid Savannas with Evergreen Needleleaf 
Trees;~·' lichen-Picea. 

8. Bryoid Swamp Savannas with Evergreen 
Needleleaf Trees;~·' Sphagnum-Picea. 

D. Low Savannas with Deciduous Trees. 

1. Low Savannas with Deciduous Broadleaf Trees; 
~·' oak savannas of Northern 
California; aspen savannas of southern 
Canada. 

2. Low Savannas with Deciduous Sclerophyllous 
Trees. 

3. Low Savannas with Deciduous Microphyllous 
• I 

Trees; ~., drier phases of African 
Acacia savannas; often tho'rny. 

4. Bryoid Savannas with Deciduous Needleleaf 
Trees; ~., open phases of lichen
Larix. 

s. Bryoid Swamp Savannas with Deciduous 
Needleleaf Trees;~-, open phases of 
Sphagnum-Larix muskeg. 
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E. Evergreen Shrub Savannas: graminoids and other 
herbaceous plants mostly averaging between 0.5 
and 1.5 meters tall; scattered shrubs less than 
5 meters tall. 

1. Evergreen Broadleaf Shrub Savannas; in
cludes some sclerophyllous forms;~·' 
lower phases of CUratella-Byrsomina 
savannas of Llanos; scrub oak savannas of 
Texas. 

2. Evergreen Microphyllous Shrub Savannas; 
~., sagebrush savannas of Great Basin. 

3. Evergreen Needleleaf and Scaleleaf Shrub 
Savannas;~-, juniper savanna of 
Western United States; casuarina savanna 
of drier Pacific Islands. 

F. Deciduous Shrub Savannas; as above. 

1. Deciduous Broadleaf Shrub Savannas; in
cludes sclerophyllous forms;~·, 
early old-field succession in eastern 
United States. 

2. Deciduous Microphyllous Thorn Shrub 
Savannas; .£.:..2.•, Acacia thorn savanna of 
Caribbean region. 

VI. Grasslands 

A. Tall Grasslands; at least 1.5 meters tall 
excluding inflorescences. 
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1. Tall Evergreen Sward-forming Grasslands 
(rare). 

2. Tall Evergreen Tussock Grasslands, ~-, 
New Zealand tussock grassland. 

3. Tall Seasonal Grasslands,~-, tall 
prairie of United States. 

4. Tall Evergreen and Seasonal Sclerophyllous 
Grasslands; includes grasses with 
cutting edges; .£.:...2.·, Imperata savannas 
of Southeast Asia. 

B. Low Grasslands; 0.5 to 1.5 meters tall exclud
ing inflorescences. 

1. Low Evergreen Sward-forming Grasslands; 
~., a variety of volunteer types on 
disturbed areas of tropics; for exam
ple, Paspalum. 

2. Low Evergreen Tussock Grasslands;~-, 
Festuca in New Zealand; medium bunch
grass prairies of western United States. 

I 

3. Low Evergreen Sedge-Grass Bogs; ~-, 
peat-grasslands of Irelando 

4. Low Seasonal Grasslands; includes most 
types 0£ short-grass prairies and 
graminaceous tundras. 

s. Low Seasonal Sclerophyllous Grasslands, 
!:.:_2·, saw-grass everglades. 
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VII. Herblands (excluding graminoid-dominated 
landscapes) 

A. Forblands, mostly old-field vegetation 
types: 

1. Tall Evergreen Forblands, at least 1.5 
meters tall. 

2. Tall Seasonal Forblands. 

3. Low Evergreen Forblands, 0.5 to 1.5 
meters tall. 

4. Low Seasonal Forblands. 

B. Fernlands, trees and emerging shrubs absent 
or largely so: 

1. Tall Bver~r~~ Fernlands, ferns at least 
1.5 meters tall. 

2. Tall Seasonal Fernlands. 

3. Low Evergreen Fernlands, ferns 0.5 to 1.5 
meters tall. 

4. Low Seasonal Fernlands. 
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VIIIo Dwarfed and Scattered to Sparsely Vegetated 
Landscapes 

A' Subclass: Sparse Woodlands 

A. Evergreen Sparse Woodlands 

1. Evergreen Broadleaf Sparse Woodlands; 
may be sclerophyl~ous; ~-, sparser 
phases of northern South American 
savannas, grasses sparse or less 
than OoS meters tallo 

2. Evergreen Leafless Sparse Woodlands, 
~·' Olneya woodland of Arizona. 

3. Evergreen Succulent Sparse Woodlands; 
~., Cereus giganteus of Arizona. 

4. Evergreen Needleleaf and Scaleleaf 
I 

Sparse Woodlands; e.g., more open 
pinon-juniper and juniper dese~:t 
grasslands of Southwest United States. 

B~ Deciduous Sparse woodlands 

1. Deciduous Broad:J..eaf Sparse Woodlands; 
~., dry phase of California foot
hill oak savanna, grasses sp~rse or 
less than o.s m tall., 

2. Deciduous Microphyllous Sparse Woodlands; 
may be thorny;~., Idria woodlands 
of Baja California; Prosopis woodlands 
of coastal Peru; low phase of Acacia 
savanna of southern Sahara where 
grass sparse of less than o.s meters 
tall. 
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B' Subclass: Dwarf Shrublands and Sparse 
Shrub lands 

A. Dwarf Shrublands; may be closed or open 
and may include scattered trees or taller 
shrubs 

1. Evergreen Broadleaf, Sclerophyllous, 
or Needleleaf Dwarf Shrublands; 
~·' Arctostaphylos mats of 
Northern Europe; dwarf phases of 
garrique of Mediterranean region. 

2. Evergreen Microphyllous Dwarf Shrub
lands; includes most heath types 
with or without peat accumulation; 
several coastal dwarf scrub types. 

3. Evergreen Succulent Dwarf Shrublands; 
~·, low phases of 0puntia in 
Southwest United States. 

4-. Deciduous Eroadleaf. Dwarf Shrub lands; 
~., a variety of low Vaccinium 
shrublands of Northern United 
States-and Canada, some with peat 
accumulation. 

B. Sparse Shrublands; ground cover may be ab
sent or nearly so or less than o.s meter 
tall. 

1. Evergreen Broadleaf Sparse Shrublands 
(rare); ~·, Polylepis puna of 
Altiplano. 
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2o Evergreen Sclerophyllous Sparse Shrub
lands; ~., Capparis of northern 
coastal Peru; Yucca desert grass
lands of Southwest United States. 

3. Evergreen Microphyllous Sparse Shrub
lands; ~., Atriplex flats and 
Larrea-Franseria deserts of South
west United States. 

4. Evergreen Leafless Sparse Shrublands; 
thorny or spinose; ~., Koeberlinia 
of New Mexico. 

s. Evergreen Succulent Sparse Shrublands; 
~., Tamarix of Middle East; 
0puntia of Arizona. 

6. Deciduous Broadleaf Sparse Shrublands 
(rare?};~., open phases of Ulmus 
pumila in Central Asia. 

7. Deciduous Micropnyllous Sparse Shrub
lands; often thorny;~., Acacia
Fouguieria and Acacia deserts of 
Southwest United States. 
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APPENDIX 8 (Continued) 

C' Subclass: Sparse Herblands 

A. Sparse Grasslands 

1. Evergreen Sparse Grasslands;~-, 
lower or sparser aspects of low 
evergreen grasslands. 

2. Seasonal Sparse Grasslands;~., 
Stipa and other "desert" grass
lands. 

B. Sparse Forblands, non-graminaceous 

1. Evergreen Sparse Forblands; ~·, 
tropical old-field pioneer 
vegetation. 

2. Evergreen Succulent Sparse Forblands; 
£..:.:l·, Suaeda flats of New Mexico; 
include here also the various 
cushion-plant types. 

3. Seasonal and Ephemeral Sparse Forb
lands; ~-, Loma vegetation of 
coastal Peru; temperate old
field pioneer vegetation. 

c. Bryoidlands, normally of low stature but 
may also be sparse 

1. Bogs and Wet Meadows dominated by 
Bryophytes. 

2. Bogs, Wet Meadows, and Tundra 
dominated by Lichens. 
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APPENDIX B (Continued) 

IX. Landscapes Dominated by Bamboo, Cane, and 
Reed Brakes 

A. Tall Brakes, commonly Bamboo, 3 or more 
meters tall. 

B. Medium Brakes, commonly Cane and young 
Bamboo, loS to 3 meters tall. 

c. Low Brakes, commonly Reed, o.s to 1.5 meters 
tall. 

X. Aguatic Landscapes 

A. Marshlands 

1. Evergreen Graminoid Marsh;~., Scirpus 
and Typha marshes. 

2. Evergreen Broadleaf Marsh,~., Jussieau 
of Amazonia. 

3. Seasonal Graminoid Marsh; ~., temperate 
salt marsh. 

4. Seasonal Broadleaf Marsh; ~·z, marsh 
marigold zones. 

B. Submerged and Floating Meadowlands: 

1. Evergreen Graminoid Submerged and Floating 
Meadows; .£.:.2,•z turtle grass; Lemna. 

2. Evergreen Broadleaf Submerged and Floating 
Meadows;~·' Azolla; water hyacinth. 
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3. Seasonal Graminoid Submerged and Floating 
Meadows, including thalliform tYPes; 
~-, eelgrass; duckweed. 

4. Seasonal Broadleaf Submerged and Floating 
Meadows;~-, water lilies; Azolla. 

XI. Cultivated Landscapes 

A. Tree-dominated and Shrub-dominated 

1. Evergreen Broadleaf; ~-, coffee, citrus, 
rubber, tea, ornamental plantings. 

2. Evergreen Megaphyllous; ~-, coco palm, 
banana; biennial herbs of shrub form 
such as yucca, pineapple, cactus plant
ings, ornamental planting. 

3. Evergreen ~eedlelea£; ~· , pine planta
tions, Casuarina plantings. 

4. Deciduous Broadleaf; ~-, apple, pears, 
vineyards, ornamental plantings. 

B. Graminoid-dominated and Forb-dominated 

1. Small-grained, dry-land;~-, wheat; 
barley; Panicum maximum pastures. 

2. Small-grained, wet-land; .£!5!·, padi rice; 
Panicum purpurescens pastures. 
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APPENDIX B (Continued) 

3. Large-grained; .£!.2_•, maize, soya. 

4. Caney;~., sugar cane. 

5. Annual Crops, dry-land; ~., beans, 
lettuce. 

6. Annual Crops, wet-land; !L:..2.·' taro. 

7. Biennial Crops, dry-land; ~-, Manihot. 
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APPENDIX C 

IMPORTANT VEGETATION ELEMENTS 

Primary Elements and Parameters 

1. Life forms (Primary Structural Elements) 

a. Tree (non-climbing woody plant at least 
five meters tall and commonly having a 
bole (trunk) ) 

b. Shrub (woody plant under five meters tall 
and commonly without a central bole; 
rather, a number of stems issue from or 
near the base of the plant) 

c. Graminoid (herbaceous, non-lignaceous 
grass-like plant with linear leaves} 

2. Height and Stratification: 

a. Significant Height Classes 
l'bre than 35 meters {very tall trees, 

often emergents) 
25 - 35 m (tall trees) 
15 - 25 m {medium trees) 

5 - 15 m (low trees) 
3 - 5 m (tall shrubs and very tall herbs) 

1.5 - 3 m (medium shrubs and tall herbs) 
0.5 - 1.5 m (low shrubs and medium herbs) 
Less than 0.5 m (dwarf shrubs and low herbs) 

Note: The significance of the height values 
0.5, 1.5, 3, and 15 meters are explained 
in Appendix A, Table A. l, and, in part, 
under Item 6 below. 
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APPENDIX C (Continued) 

b. Stratification: 
Massive (layers or strata are not 

spatially discrete) 
Single layer, or Unistratal 
Multistratal (either discrete or merging 

with two or more layers; for purposes 
of description, distinguish the 
following: two to three layers, four to 
five layers, and more than five layers) 

3. Coverage: 
Closed (complete to interrupted crown closing, 

or 75% or greater coverage on the average) 
Open (discontinuous to patchy crown closing, 

or 50 to 75% coverage) 
Scattered (crowns separated by more than their 

diameters on the average, or 25 to 50% 
coverage 

Sparse (crowns separated by twice their di
amet-ers- o-n the ave1' age-, ol:' less. than_ 25.% 
coverage 

4. Seasonality (or Periodicity): 
Evergreen (green year-round by retention of 

par.t of leaf mass or by having photo
synthetic stems) 

Deciduous (woody plants that seasonally lose 
all leaves) 

Mixed, or semi-evergreen (mixed deciduous 
and evergreen plants) 
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5. Leaf Type, Leaf Texture, and Leaf Size: 

a. Leaf Type: 
Leafless (photosynthetic organs incor

porated into stem material, or in 
deciduous state, or standing slash) 

Broadleaf (not conspicuously elongated 
along one axis) 

Linear (elongated along one axis, leaf 
many times as long as broad with 
essentially parallel sides at least 
in middle) 

Needleleaf (narrow sclerophyll leaf: 
needle-like or narrowly linear hard 
or stiff leaves or equivalent organs 
such as photosynthetic branchlets, 
phyllodes, cladodes, etc.) 

Scaleleaf (microphyllous leaf, often 
sclerophyllous, including equivalent 
organs) 

A.wn1£af (ver_y short, narrow sclerophyll 
leaf or equivalent organs) 

b. Leaf Texture: 
Filmy (very delicate, normally 

translucent) 
Membraneous (normal texture, opaque 

but capable of rebounding after 
being crushed in the hand) 

Sclerophyllous (hard, stiff or coriaceous 
leaves or equivalent organs; usually 
brittle, not flexible) 

Succulent (leaves or stems conspicuously 
fleshy) 
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c. Leaf Size (for normal, or isodiametric 
leaves of woody plants): 

Microphyll (small leaves, less than 
75 mm long in trees and 50 mm in 
shrubs) 

Notophyll (average leaves, 75 to 125 mm 
long in trees and 50 to 75 mm in 
shrubs, also called mesophyll) 

Macrophyll {large leaves, 125 to 500 mm 
long in trees and greater than 75 mm 
in shrubs 

Megaphyll (very large leaves, greater 
than 500 mm long in trees; does not 
apply to shrubs) 

6. Height of First-branching (trees, where 
arboreal stratum more or less discrete): 

Less than loS meters (very low) 
1.5 to 3.0 meters (low) 
3- .. 0 t0- 1-Q met~s_ (medium) 
Greater than 10 meters {high) 

Note: The height of 1.5 meters represents 
the height below which an infantryman 
is affected; 3.0 meters repr~sents 
the height below which most armored 
vehicles are adversely affected. The 
value of 10 meters is suggested ten
tatively as one that may distinguish 
between forests with relatively open 
subarboreal layers and those with 
substantial subcanopy biomasso 
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77 
Secondary Elements and Parameters 

1. Crown shape (and diameter): 
Conical and Turbinate 
Spheroid · 
Cylindrical 
Rhomboid and Ellipsoid 
Umbrella 

(narrow; much less than height, 
medium: less than half of height; 
broad: equal to or greater than 
height) 

2. Crown Closing: 
Top 
Middle 
Bottom 

3. Aggregation: 
Uniform (evenly spaced as in 

plantations) 
Random 
Clustered (forming clones or groves) 

4. Bole (Trunk) Circumference: 
A value of 25 cm dbh is proposed as 

a maximum value affecting ground 
mobility 

These elements cannot be incorporated into a system 
of classifying vegetation for medium- and small-scale 
mapping. 
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5. Bole Base: 
Buttress (flanged base) 
Pneumatophore (enlarged base, 

swamp trees) 
Stilt Root (pattern of aerial roots) 

6. Bole Spacing: 
Between Individuals (mean and median 

values) 
Less than 3 meters 
3 - 5 meters 
Greater than 5 meters 

7. Growth Form: 
Erect 
Spreading 
Procumbent 
Decumbent 
Trailing 
Tufted 
Matted 

8. Leaf and Stem Armament: 
Thorns or Spines (or equivalent) 
cutting Edges 
Poisons and Irritants 
Other 

9. Root System: 
Shape 

Flat 
Heart 
Tap 

Lateral Diameter 
Depth 
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10. Litter (in relation to f .o.b. danger 
to VTOL and V/STOL): 

None 
Minimal (may occasionally be 

significant) 
Abundant (affecting military opera

tions due to danger of mechanical 
damage) 

Note: Probably should distinguish two 
classes of material: Soft (.~ .. :.£•, 
leaf litter) and Hard(~., 
stem and cane fragments) 

11. Dust Factor: 
None 
Minimal (as above) 
Abundant (as above) 

12. Subcanopy Visibility: 
0-5 meters (very restricted) 
5-15 meters (restricted) 
15-30 meters (discontinuous) 
30-100 meters (interrupted) 
Greater than 100 meters (no restriction) 
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APPENDIX D 

DESCRIPTIVE SUMMARY OF VEGETATION TYPES: PLATES I AND II 

General 

In Chapter V the proposed System of vegetation classification 

was evaluated through the medium of trial mapping exercises at 

small (Plate I) and medium (Plate II) scales. Of primary concern 

was the testing of the adequacy of hierarchial units in relation 

to mapping scale. 

This Appendix offers descriptive summaries of the vegetation 

types mapped in Plates I and II entitled, respectively, Vegetation 

of Peru and Physiognomic Classification of Vegetation: Sonoma and 

Napa Counties, California. These descriptions were derived largely 

from personal field notes and are further supported by review of the 

technic~l literature. Appended are bibliographies of supporting 

literature pertaining to each of the mapped areas. 
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TRUE DESERT 

PLATE I: VEGETATION OF PERU 

SUMMARY DESCRIPTION OF VEGETATION TYPES 

The coastal desert is largely barren but locally sparse 

terrestrial epiphytes (Tillandsia .§£.•) and seasonal grasses and 

herbs (VIIIC'A) occur. In the larger valleys sparse shrublands 

(VIIIB'B) develop along stream sides, in reach of ground water, 

or at higher elevations. Along more or less perennial streams 

may be found remnants of open to closed shrublands (mostly 

IIIV2 and IVB2) and open woodlands (II). Much of the appropriate 

riparian land is given over to irrigation agriculture. The 

northern and central valleys are primarily in sugar cane, cotton, 

and food crops (XIB). The southern valleys carry orchard crops 

as well as food and cotton (XIA and B). The desert vegetation 

grades into the following category. 

SPARSE SHRUBLANDS 

Along the middle elevations of the western Andean slope 

sparse shrublands (VIIIB'B) dominate, but the character of the 

vegetation cover varies with latitude as well as with elevation: 

(1) Northern Zone. The "climax" is an open thorn woodland (IIA3), 

locally closing, with deciduous and facultatively deciduous trees 

and tall columnar cacti, 7 to 9 meters tall. Most of this cover 

type has been degraded to sparse woodland (VIIIA'B) and sparse 
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shrubland (VIIIB'B), up to 4 or 5 meters tall. (2) Central Zone. 

This zone is dominated by a sparse shrubland with sclerophyllous 

and deciduous species, microphyllous elements and abundant cacti 

reaching 3 or 4 meters in height (VIIIB'B). (3) Southern Zone. 

This zone carries a sparse shrubland similar to that of the 

Central Zone except that the shrubs are sparser and lower, 

generally less than 2 meters, and cacti are less conspicuous. 

COMPLEX XEROMORPHIC VEGETATION 

This type includes a mosaic of conununities occurring in the 

drier reaches of the deep intermontane Andean valleys and those 

in the far northwestern section of Peru. Below 1500 meters the 

vegetation types of the valleys are comparable to some of the 

sparse shrublands with cacti (VIIIA'B and B'B) described for the 

Northern Zone of the western Andean slope. At higher elevations 

the original cover of evergreen forests and woodlands, micro

phyllous and scleophyllous but locally partly deciduous, have 

been degraded to savanna, low seasonal grasslands and shrublands; 

i.e., IIA2 to VC2, VIB, and IVA2. In more tropical elevations 

the valleys support sparse woodlands and shrublands in which 

mostly deciduous trees reach 8 meters and cacti 6 meters over a 

closed understory of gnarled, spiny shrubs. The shrublands tend 

to be very open but like the woodland may locally close and 

include cacti and terrestrial bromeliads. Under the impact of 

woodgatherers and grazing animals, the vegetation has been 

reduced to low savannas with scattered trees or shrubs. 
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MONTANE GRASSLAND 

Above approximately 3,500 to 3,800 meters of elevation, a 

narrow transitional band of shrubland similar to California 

Chaparral (IIIA2) gives way to a low evergreen tussock grassland 

with a seasonal lower story of small grasses and herbs (VIB2). 

Locally conspicuous are admixtures of shrubs and cacti with a 

cushion form. In some areas shrubs become important;~., 

toward the lower elevational limits or where overgrazing has 

occurred, leading to IIID4, !VAS and VE2 in the southern and 

central zones and deciduous types in the northern zone (IIIE, !VB 

and VF). Extreme degradation results in the establishment of 

VIIB' and C' communities. In the high intermontane basin, as 

around Lakes Titicaca and Junin, restricted wetland communities 

may also be found. 

SPARSE OR DWARF HERBACEOUS VEGETATION -- High Elevations 

In the subalpine and alpine elevations sparse or dwarf 

herbaceous communities (VIIIC'B) dominate below the snowline, or 

approximately 4500 to 4800 meters. Above the snowline, plants are 

more or less absent. Near the transition to montane grasslands 

or shrublands, the vegetation is a mosaic of VIIIB' and C' with 

more grasses and fewer herbs. As the snowline is approached, non

graminaceous herbs become important. On Plate I the barren areas 

have not been delimited but are connnon on the eastern and western 

ranges of the southern Andes. 
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SPARSE OR DWARF VEGETATION OF THE LOMAS 

Along the coastal ranges and low mountain slopes enveloped in 

winter stratus clouds are seasonal plant communities dominated by 

herbaceous perennials (VIIIC'B) to the south and sparse shrub

lands with dwarf herbaceous groundcovers (VIIIB'B) to the north. 

Although the actual elevational range in which these communites 

are found vary latitudinally they occur largely between 500 and 

800 meters. Local remnants of the probably "climax", a sparse 

woodland-shrubland (VIIIA') survive north of Lima. Much of this 

cover type has been removed over centuries of Hispanic occupation 

by woodgatherers and graziers. 

CLOSED BROADLEAF EVERGREEN FOREST 

True rain forest, or Tall Multistratal Broadleaf Evergreen 

Forest (IAl) predominates over much of the eastern third of Peru 

up to elevations of 1500 to 1800 meters. Along rivers and in 

poorly drained zones, but not mapped, are swamp forests (IA6), 

caney riparian communities (IXA and B), and low tangled woodlands 

(IA and IIA). Paralleling the major rivers and some tributaries 

are zones of secondary vegetation and cropland. Along the 

extreme northwest coast is the southernmost outlier of mangrove 

(IA6, IIA4 and IIID6) in western South America. 
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CLOSED MIXED BROADLEAF FOREST 

Extensive areas of IEl occur in tropical regions which 

experience a marked dry season. The emergent layer and as much 

as 50 percent of the canopy stratum may be deciduous, the percent 

of deciduousness varying with the severity of the dry season 

and substrate conditions. For example, more mesic sites may 

support IA2 or even !Al. On xeric sites the deciduous component 

may come to dominate the canopy stratum and so yield IB2 or even 

IIA2. In the central Huallaga valley region, very acid sandy 

loams carried an original cover of sclerophyllous low forests and 

woodlands (IA4 and IIA2). These communities have been degraded 

in part to savannas with evergreen sclerophyllous low trees and 

shrubs (VC2). Above approximately 1200 meters are fern-dominated 

savannas with the same woody overstory (VC2, VEl, and VCl). 

Elsewhere are limited distributions of savannas with broadleaf 

evergreen trees and shrubs on mesic sites and with microphyllous 

deciduous trees and shrubs on xeric sites. In the Rio Madre de 

Dios region of southeastern .Peru, poorly drained soils support 

an evergreen savanna with palm trees (mostly VC6) related to 

the Mojos savannas of Bolivia and the pantanal of Brazil. 

COMPLEX VEGETATION ON WINDWARD MOUNTAINS (CEJA DE MONTANA) 

At temperate elevations along slopes and crests exposed to the 

prevailing, rain-bearing winds, dense persistent cloud covers and 

heavy rains, combined with generally precipitous slopes, have 

worked to produce a vegetation mosaic. A typical tropical montane 
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Cloud Forest (IA4) tends to dominate between 1600 and 3000 meters, 

but at higher elevations; i.e., 3500 to 4500 meters, and on unstable 

slopes, various woodlands and shrublands appear (especially IIAl 

and IIIAl). Above 3500 meters occur small inclusions of savanna 

(mostly VEl) and grasslands (VIBl and B2). The vegetation complex 

is characterized by aerial and terrestrial ephiphytes, tree ferns, 

cyclads, and bamboo brakes; the latter indicating disturbance. 

Forests at lower elevations also include abundant palms. Old 

fields in this zone may come to be dominated by braken fern. 
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PIATE II: PHYSIOGNOMIC CIASSIFICATION 
OF VEGETATION: SONOMA AND 
NAPA COUNTIES, CALIFORNIA 

DESCRIPTIVE SUMMARY OF VEGETATION TYPES 

I. CLOSED FORESTS 

The closed forests along the Jenner-to-Winters and the 

Sea Ranch-to-Healdsburg transects are highly variable in 

dominant life-form, height, and floristic composition. 

Four types of closed forests are recognized at the Forma-

tion Group level: IC, IE, IF and IA. 

Along the coast and nearby inland river flats are 

tall conifer forests (IC) dominated by Sequoia sempervirens 

and Pseudotsuga menziesii which attain heights of SO to 90 

meters. These forests a~so occur as ~solated groves on more 

favorable sites as far east as the Napa Valley. Their 

understories are generally open with shrubs and ferns or 

with stumps and deadfall in areas subject to logging 

activities. 

On hillsides adjacent to and eastward from these 

conifer-dominated forests is a broad but discontinuous zone 

of mixed closed forests interrupted by open forests and 

woodlands (Class II), savannas (Class V), shrublands 
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(Classes III and IV), and cultivated lands (Class XI). On more 

mesic north facing slopes and valley flats, these mixed forests 

(IG) are dominated by conifers, especially Pseudotsuga menziesii 

with the broadleaf evergreen tanoak (Lithocarpus densiflora) as 

the sclerophyllous subdominant. Toward the east end on more 

xeric sites, mixed forests become dominated by other broadleaf 

evergreen sclerophylls such as Quercus wislizenii, g. chryso

lepis, Arbutus menziesii and Umbellularia californica. Mixed 

fores~s with abundant deciduous broadleaf trees, such as Acer 

macrophyllum, Quercus kelloggii, g. d·~uglasii and g. lobata, are 

interspersed through forested areas dominated by broadleaf 

evergreen trees. Pinus coulteri and Pinus lambertiana are often 

conspicuous elements within these IE and IF forests. 

The heightsof these closed mixed forests range from 5 to 30 

meters with 15 meters being the average. Emerging conifers are 

generally twice as tall as the canopy of broadleaf trees. The 

understories vary from closed schlerophyllous shrubs to open 

annual grasses. 

Areally restricted communities of broadleaf evergreen 

sclerophyllous trees (IA3) are scattered through the mixed 

forests but have been largely merged with the mixed forests 

upon generalization to the smaller map scales. 
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I I. OPEN FORESTS AND WOODIANDS 

Formation Class II is composed of types that appear to 

be open phases of Class I forests with similar patterns of 

species dominance from the coast east to the Central Valley. 

Four Formation Groups occur: IIB, IIF, IIH, and IIJ. 

The most common Formations are IIHl and IIH2 which are 

dominated by broadleaf sclerophyllous trees with admixture 

of broadleaf deciduous and needleleaf evergreen trees. 

Quercus species predominate with emerging conifers Pinus 

coulteri and Pseudotsuga menziesii common. Elsewhere, open 

conifer forests and woodlands (IIF) and mixed conifer

broadleaf stands (IIJ) occupy more mesic sites. The height 

of these open forests and woodlands ranges from 5 to 20 

meters with conifers coincident with or emerging to twice 

the height uf the open broadl-eaf c~nopy. 

Open forests and woodlands are common on the higher 

ridges of the Coastal Ranges where they are intermixed with 

sclerophyllous shrublands. In the Bald Hills region, these 

open communities give way to savanna types. The greatest 

concentration of Class II Formations is found in the more 

easterly areas, particularly along the mountain ranges 

adjacent to the Napa Valley where south-facing slopes, 

ridges and other exposed locations provide optimum habitats. 
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Understory strata characteristically comprise 

sclerophyllous shrubs whose dense foliage merge upwards 

with the lower branches of the arboreal strata. These 

Formations may often give way to live oak savannas with 

scattered shrubs or more rarely with conifer savannas. 

Litter is sparse to moderate, dry and loose, and dust is 

often abundant. 

III. CLOSED SHRUBLANDS 

Closed shrublands occur throughout the region but the 

most extensive distributions are found on the upper slopes 

of the inner Coast Ranges east of the Napa Valley. Fortna-

tion Groups IIIA and IIID are represented. 

In coastal areas small patches of closed evergreen 

broadleaf shrublands (IIIDl) appear on slopes protected 

from wind sheer within the coastal prairie (VIB4). Shrub 

heights range from 0.5 to 2 meters. Common constituents 

are Baccharis pilularis, Castilleja latifolia, Lupinus 

variicolor, ~ diversiloba, a thorny Rubus species and 
' 

shrubby forms of trees. Emerging trees are uncommon. 

In the western Coast Ranges largely broadleaf sclero-

phyllous shrub communities (IIIA) are associated with 

conifer-dominated forests (ICI, IGI) where recent logging 

has occurred. These shrublands are composed of sprouts and 
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saplings of Lithocarpus densiflora, Arbutus menziesii, and 

other tree species and shrub species conunon to the surrourrl

ing forests. Remnant conifers and broadleaf trees may be 

scattered over these seral shrublands. 

Beginning about two or three miles from the coast 

appear the true sclerophyllous shrub conununities, or chap

arral (IIIA2), which are at first restricted to steep, south

facing slopes. Further east, particularly on the upper 

slopes of Mount Hood and Mount Vaca ranges, occur extensive 

stands of closed sclerophyllous shrublands, IIIA2 and IIID2 

without emergents. Heights of these closed shrublands range 

from one to 5 meters with an average of 2 meters. Conifer 

and broadleaf sclerophyllous emergents are conunon. 

Common constituents are the sclerophyllous shrubs 

-Hater~me1es arbutifolia, Cercocarpus betuloides, Baccharis 

pilularis, species of Arctostaphylos, Ceanothus, and Quercus, 

the scrub oaks. Adenostoma fasciculatum is the most dominant 

shrub within these communities, especially east of the Napa 

Valley where the shrub may form nearly pure stands. 

The chaparral connnunities are also characterized by 

often abundant dry and loose litter and a high dust factor. 

The fire hazard of these communities is well known. 
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IV. OPEN SHRUBLANDS 

Open shrublands, largely of the Formation IVA2, occur 

as open phases of the western seral closed shrub connnunities 

and the sclerophyllous shrub communities further east. In 

most situations, open shrublands are associated with steeper, 

rockier sites within closed shrubland or are in areas 

transitional between closed shrublands(III) and savannas (V) 

or grasslands (VI). 

The open seral shrub connnunities near the coast repre-

sent the early stages of regrowth following logging. Shrub 

forms of the arboreal species and shrub species connnon to 

the area comprise the dominants within this Formation. The 

ferns Polystichum munitum and Pteridium aquilinum are comnon 

in the undergrowth. Remnant conifers, tanoak and other 

broadleaf sclerophylls are often present. 

Toward the east on sites character1zed by severe 

edaphic conditions, the closed sclerophyllous shrub connnuni.-

ties are replaced by open shrublands with species related to 

' 
the closed shrublands. Emergent trees appear, especially in 

more protected ravines and exposures. 

Along the eastern slope of Mount Vaca closed shrublands 

grade downslope into grass-dominated connnunities. These 

transitional connnunities are open shrublands characterized 
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by admixtures of shrubs and annual grasses and eventually 

grade into savannas and grasslands as the shrubs phase out. 

The height of these open shrublands is generally less 

than that of the closed shrublands and averages about one 

meter. Litter is sparse to moderate, dry and loose, and 

the dust factor moderate to high. 

V. SAVANNAS 

In the Project's system of classification, savannas 

as defined by a minimum height of 0.5 meter for the 

dominant herbaceous stratum are uncommon; rather the gross 

cover is often either sparse or less than 0.5 meter in 

height. In fact, these vegetation types could be classi

fied in part as Sparse Woodlands; e.g., VIIIA'Al and 

VIIIA'Bl, broadleaf sclerophyllous and broadleaf deciduous, 

respectively. On the other hand, the graminoid cover is 

dominated by annual species having potential heights 

greater than 0.5 meter in the absence of widespread 

grazing. With this problem in mind, the decision was made 

to classify these communities as savannas. 

Five Formations from Groups VC, VD and VE have been 

identified although the uncommon VD is not mapped on 

Plates II and III. The common type of Savanna is VC2. 

Other savannas include VC5 with conifers, VDl with 
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broadleaf deciduous oaks, and a rare VC 3 with evergreen 

broadleaf trees. Toward the eastern part of the mapping 

region are sclerophyllous shrub savannas (VEl) which in 

places has the aspect of evergreen sclerophyllous sparse 

shrublands (VIIIB'B2) because of subminimal graminoid 

coverage or height. 

West of Santa Rosa, savannas occur principally on 

south-facing slopes or in valleys apparently cleared of 

forest vegetation. Locally, this savanna-capped ridge 

country is known as the "Bald Hills" region. Broadleaf 

sclerophyllous and deciduous trees tend to predominate in 

the arboreal layer away from the coast, but conifers are 

important elements closer to the coast and in cleared areas 

having been recently logged and burned. These conifer 

savannas are identifiable by the profusion of standing 

slash, deadfall, and stumps. 

East of Santa Rosa, extensive savannas occur on the 

lower slopes adjacent to agricultural regions, such as the 

Napa Valley and the Central Valley. Here and elsewhere 

savannas are interspersed with open forests and woodlands 

(II) and grasslands (VI) and grade upslope to closed and 

open shrublands (III and IV). Evergreen sclerophyllous trees, 

largely live-oaks, dominate. In the valleys savannas carry 
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broadleaf deciduous species; i.e., Quercus lobata and g. 

kelloggii. Toward the Central Valley, pines may replace the 

live-oaks; i.e., Pinus sabiniana, f· coulteri, and P. 

lambertiana. Shrub savannas are typically mosaics of 

chaparral and grasslands, but locally one may observe 

savannas with scattered sclerophyllous shrubs. 

The grass cover is dominated by species of Bromus, 

Festuca, Avena, and Lolium with forbs seasonally common. 

Coverage varies from sparse to closed depending upon 

exposure, season, and grazing intensity. The height of 

these grasses range from 15 to 60 centimeters compared to 

tree heights ranging from 5 to 18 meters, the average being 

about 8 meters. 

VI . GRASSLANDS 

Grasslands are classified as Formation VIB4, low 

seasonal grasslands; however, perennial grasses may dominate 

in the coastal grasslands; i.e., Formation VIBl or B2. 

Rarely is the extent of grasslands sufficient to allow 

mapping at the scale of 1:250,000 in Plate II, so in many 

cases grasslands have been merged with savannas on the map. 

Coastal grasslands, called prairies, are restricted to a 

narrow strip one-half to 2 miles in width innnediately on the 

coast. These grasslands give way in ravines and other more 
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protected sites to closed evergreen broadleaf shrublands 

(IIIDl). Monterey Cypress (Cupressus macrocarpa) is 

scattered or has been planted as windbreaks over the 

coastal prairie. 

Although annual grasses and forbs are plentiful, 

perennial grasses give the coastal prairie its distinct 

character. These grasses proliferate in depressions in the 

gently undulating terrain, areas where the water table is 

often close to the surface. On more xeric sites the grass 

cover is similar to the interior grasslands. Species 

include Danthonia californica, Deschampsia caespitosa 

ssp. holciforrois, Calamagrostis nutkaensis,Holcus lanatus, 

Hierochloe occidentalis, Phalaris californica, species of 

Poa and Elymus, and numerous low forbs. 

Grasslands in the Bald Hills region are topographically 

and floristically associated with savannas and some types 

of open woodlands having grassy ground covers. 

In the hot valleys of the inner Coast Ranges and 

marginal to the Central Valley, the grasslands ar~ dominated 

by annual species of Brorous, Festuca, Avena, Erodium and 

Lolium. They are contiguous with savannas and often are 

marginal to vineyards, orchards, and pastures; the latter 

are often difficult to distinguish from more natural grass

lands. Forbs are plentiful in the cool, moist months of 

spring. 
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Graminoid heights and coverage of the interior grass

lands are similar to those of savannas, but the coastal 

prairies may have closed coverage and graminoid heights of 

1.0 to 1.5 meters. The dust factor is moderate to high in 

interior grasslands and nil in most portions of the coastal 

prairie. 

XI. CULTIVATED VEGETATION 

The cultivated vegetation types are largely pastures 

(XIBl) and orchards and vineyards with deciduous low tree 

and shrub forms (XIA4). Also present are scattered truck 

gardens and small farm gardens with annual crops (XIBS). 

Overall, pastures predominate on the cultivated landscape 

although beyond the limits of the transect, orchards and 

vineyards show greater importance than pastures. 

Orchards are planted to peaches, plums, walnuts, 

apricots, and nectarines. In most cases, these fruit crops 

are kept pruned to heights of less than 5 meters. Vineyards 

are widespread and much expanded since the aerial photo

graphic series was taken in 1968. 

On Plate II major areas of orchards and vineyards 

(XIA4) are distinguished from pastures, the latter mapping 

unit also including minor XIBS. 
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