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PREFACE

The following manuscript is a draft chapter for an international synthesis
volume (IBP/CT Synthesis Volume II). The acronym CT stands for Conservation of
Terrestrial Ecosystems, an effort which formed a major activity-segment within
IBP. The subject matter of this report is related to our program in that it ties

our work into the worldwide activities of the International Biological Program.



ABSTRACT

The probiem of classifying vegetation is discussed.in:relation to three
general objectives: (1) inventorying existing vegetation types for comservation
purposes, (2) providing a framework for biological field studies and local
management, and (3) understanding plant and community distribuéion and dynamics
in relation to the environment. It is shown that the map scale which is used
imposes a set of constralnts on the method of classification. Several different
map scales are discussed in térms of these limitations. A number of well known
structural and floristic classifying schemes are reviewed including a new scheme
of world ecosystems. The IBP/CT (Conservation of Terrestrial Ecosystems) check-
sheet survey is evaluated in the light of these meth&ds. The conclusion is made
that Fosberg's structural scheme, which was adopted for ﬁhe check~sheet survey,
provided only a first approximation to the ultimate objective of inventorying
existing vegetation types for conservation purposes; A recommendation for a next
‘step is made, which involves a scheme of hierarchical mapping of world ecosystems.

It is anticipated that this activity will be carried out under the UNESCO

Man-and-the~Biosphere (MAB) Project No. 8 (Conservation of Natural Areas and of

the Genetic Materials they contain).
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INTRODUCTION

The following section is concerned with the general probleﬁ of classi-
fying vegetation. A few proven methods will be discussed. It will be shown
how these methods are related to the geographic scale, the objectives of the
clasgification and the nature of the vegetation itself. An attempt will be
made to assess the check-sheet survey in view of these methods and its own
specified objective, which was to provide a source of base—line data for
conservation areas.

Vegetation can be defined as an assemblagebof plants of one to many
species growing in areas of different sizes. Classification requires an
identification of geographic segments of vegetation that show a certain
degree of homogeneity within each segment. Degrees of homogeneity can be
recognized at different levels of generalization in the spatial sense. For
example, one may recognize small patches of grass cover (a few square meters
in size) as homogeneous segments among a stand of irregularly dispersed
trees. One may also recognize the trees together with the grass patches as
an open forest or woodland, which may form a more broadly defined homo-
geneous segment that may be separated from a closed forest or scrub vegeta-
tion. Moreover, one may view the open forest, the closed forest and scrub
of an area together as woody vegetation that can be separated from an
adjoining herbaceous vegetation such as a grassland. These are examples of
. separating vegetation segments by general life form and structural criteria.
Vegetation segments may of course also be recognized by changes in species
distribution, composition and quantities. For example, across a segment of
a closed forest, one tree species may show a quantitative dominance in one

area, while the rest of the forest may show a more uniform mixture of



several tree species, permitting the recognition of two floristically
defined closed forest segments, a mono-dominant forest and a mixéd—Species
forest. Where such variations are gradual, the boundary allocation may
cause some difficulties. Undergrowth species distributions may permit further
subsegmentation of the mixed forest.

The few examples may suffice to illustrate that vegetation segmentation
can be done at different degrees of homogeneity and different geographic
scale (or detail). All levels of vegetation segmentation can be useful.
But their usefulness varies with the objectives. It is therefore of utmost
importance in vegetation ciassification to specify and understand at least

the broader objectives.
GENERAL OBJECTIVES

Since vegetation can be classified in.so many ways, there is no single
method of classification that can satisfy all purposes. The choice of a
suitable method, however, is narrowed immediately by a statement of objec-
tives.

Three general objectives may be stated as follows:

Developing an inventory of existing types for conservation purposes

This can be described as the major goal of the IBP/CT check-sheet
survey, a relatively new objective. It is, however, closely related to the
long-standing aim of the plant geographer and vegetation scientist, which is
to comprehend and order the vegetatioﬁ diversity of certain territories.

In this geheral objective, the main focus of attention is on the vege-
tation itself and not so much on the associated environments, which may be

inferred from the vegetation or studied later in more detail.



An important question that may be asked immediately is, what is the
size of the territory to be inventoried? The world, a continent, an indi-
vidual country or state, a county or park? This leads to the specification

of the geographic scale for classifying and mapping of vegetation.

Providing a framéwork of reference for other biological

field studies and for local management

This general objective is rather pragmatic. It requires a relatively
simple classification that can be agreed upon by non-specialists. The
units must not be too many or too complex and yet must find considerable
reality in the field to be useful. The types must show integrity only for
‘the local territory since the objectiﬁe doeé not include the need to inte-
grate the units with the vegetation of other territoriés. The classification
must be more than a description.of types. It must at least be developed into

a key.. Preferably it should be portrayed in form of a map.

Understanding plant and community distribution and

dynamics in relation to environment

This is a general and fundamental objective of the vegetation ecologist.
It requires good floristic knowledge and a study of the environmental factors
in different habitats or along gradients. An important methodological
prerequisite is the laying out of sample plots or relevés, because vegetation
samples form the basis for arranging the data, which may result in either a
vegetation classification or ordination, or in both. If sqch studies are
considered to be useful for providing an ecological basis for other field
research or for natural area management, the resulting arrangements should
also be portrayed 6n a map. Mapping removes some of the complexities of

geometric models, dendrographs, or tabular arrangements. The latter are,



however, needed for the proper documentation of such community ordinations
and classifications.
These three broader objectives are related to the levels of spatial

generalization of vegetation.

LEVELS OF SPATIAL GENERALIZATION

Vegetation is a geographical phenomenon. - It cannot be understood
without the space it occupies. The samebapplies to each vegetation segment
or community. It must first be recognized in the field,

Vegetatioﬁ can be mapped at all geographic scales. But different scale
ranges give different information sets, and these in turn provide for dif-
ferent general objectives. In the following paragraphs, scale ranges used
for vegetation mapping will be discussed briefly at five levels, from the

most general to the most detailed:

Level 1: Very small-scale maps for global orientation,
from 1:50 to 1:10 million

This scale range includes standard wall maps of the world and atlas
maps of major world regions or continents. The most comprehensive recent
world vegetation map in this category is that of Schmithiisen (1968) at the
scale of 1:25 million (i.e., 1 cm on the map‘represents'250 km on the earth's
surface). At this small scale, Schmithusen was able to portray 143 world
vegetation types on eleven pocket-sized map-sheets. The map units are
shown by color and symbol combinations. (An improvement for greater clarity
would be to print the vegetation type numbers, shown in the legend, also
into their respective colored fields). Vegetation types projected include

such concepts as tropical lowland rain forests, tropical evergreen



dry-forests, thorn-scrub and succulent forests, summer-green conifer forests,
alpine meadows, heath vegetation of the temperate zone, lichen- and moss-
tundras, shrub deserts, etc. The vegetation categories coincide approxi-~
mately with the "biome" concept of IBP study groups, but many of Schmithusen's
units can even be considered as subdivisions of major biomes.

However, it is also appérent that Schmithusen's vegetation units do not
represent really existing vegetation, becausé much of the earth's surface is
variously modified, i.e., converted into agricultural lands, intoe industrial
or urban areas. The map units merely outline certain ecological zones of
assumed homogeneous growth potential for the named vegetation types. There
may be in these zones existing remnants of the kinds of vegetation for which
the areas are named. For these remnant vegetations (provided they are still
existing in their respective zones), the map establishes interesting differ-
ences and similarities (or equivalencies) across our planet. Therefore, the

map can fulfill a useful purpose in an inventory of world vegetation.

Level 2: Small-scale maps for overviewing individual continents

or countries, from 1:10 to 1:1 million

This scale is generally used for mapping vegetation zones, i.e., areas
characterized by certain key species or areas of so-called '"potential natural
vegetation." A good example of the latter is Kuchler's (1964, 1965) vege-
tation map of the United States at the scale of 1:7.5 million. The map shows
106 vegetation types with sucﬂ names as spruce-cedar-hemlock forest, redwood
forest, Douglas-fir forest, chaparral, sagebrush steppe, éouthern cordgrass
prairie (SaEartina), cypress savanna , Great Lakes spruce—fir forest, oak-
hickory forest, etc. Thus, in contrast to Schmithiisen's world vegetation

map which glves vegetation information only on the basis of physiognomy or



general structure, Kuchler's U. S. vegetation map provides general floristic
information by the citing of dominant species in his vegetation type names.

However, Kﬁchlér's map is similar to that of Schmithusen's in one
important ‘aspect: it does not outline actually existing vegetations ip the
field. It only provides for the possibility that in tﬁe general outline of
a map unit there may be one or more smaller tracts of vegetation_remaining
that may fit the type description given for the area. Apart from its general
information value, such a map can become extremely useful for conservation
purposes, because the actually existing remnants of the vegetation types can
be located by points or asterisks directly on the map. In this way the
representativeness of conservation‘areas or natural reserves can be evaluated
across a large country. Wrongly handled, such a map can also be a dangerous
tool, because it tends to overgeneralize vegetation type information. This
overgeneralization can result in the omission of important variations in a
regional vegetation for conservation purposes. Other good examples of
vegetation maps in this category are the 1:1 million "International Vege-
tation Maps" for‘South Asia, e.g., for Sri Lanka, Ceylon prepared by
Gaussen et al. (1964). In these maps, 1 cm represents 10 km in the field.
A few actually existing, but very broadly defined vegetation types are out-
lined or marked by symbols on Gaussen's maps. Moreover, these existing
types are shown within their respective ecological zones. The 1:1 million
scale was chosen as a guide for the recently developed UNESCO classification
of world vegetation types (UNESCO 1973).

However, in most situations, existing vegetation types can only be
located by a symbol and not mapped directly on such small-scale maps. It is
therefore less confusing to refer to these maps as vegetation zone maps or

as ecological zonation maps depending on whether the main source of information



was obtained’directly from the vegetation or from environmental parameters
or from both. For example, Krajina's (1969, 1974) biogeoclimatic zonation
map of British Columbia at 1:1.9 million, although couched in vegetation
terms (by naming the map-units after dominantAplant species), is what it
says, a map of ecological zones and not one of vegetation types. Each of
his zones contains a number of significant vegetation types, which however
cannot be mapped with sufficient clarity at that small scale.

Such small-scale ecological zonation maps are usually derivéd from
already existing information and they may ﬁot require any additional field
work. One way of derivation is to assemble existing vegetation maps prepared
at larger scales and to reduce these by carefully reasoned boundary elimina-
tion into more generalized units. Howevef, larger-scale vegetation maps
covering contiguous large areas are rarely available (only for a few inten-
sively studied countries), and ecological 2onation maps may then be derived
from environmental data. Most important at the small-scale geographic level
are climatic data, and there are several proven methods that can be employed
for the derivation of bioclimatic maps [e.g. the Koppen (1936), Thornthwaite
(1948) or the Gaussen (1957) method]. One of the simplest, easily understood
and richly informative methods is Walter's climate diagram method (1957)
explained briefly in Section 3.1.3 of this volume. At somewhat larger scales
(approaching 1:i million), topographic and soils data become important as
additional environmental information for the delimitation of ecological
zones. A good example of_the latter kind of map, using climatic, topographic
and soils data is the before mentioned biogeoclimatic zonation map of Krajina.
The distribution of certain key species, for example, dominant trees, were
used as another guiding parameter for the drawing of zonal boundaries.

However, the mention of key species in the unit-name does not describe them



as vegetation types.

Level 3: Intermediate-scdle maps for closer regional or

subregional orientation at state or provincial level,

from approximately 1:1 million to 1:100,000

Such maps may permit the mapping of structurally and broadly floristically
defined vegetation units, such as alliances (sensu Braun-Blanquet 1964) or
dominance communities (sensu Whittaker 1962). However, at this scale the
vegetation is stillboften geﬁeralized into climax types or potential natural
vegetation types. A good example of the latter is Kuchler's (1974) map of
the potential natural vegetafion of Kansas at 1:800,000 (i.e., 1 cm on the
map = 8 km in the field). It represents an enlargement of Kansas from
Kuchler's U. S. vegetation map by a factor of 10 (approx.). This enlarge-
ment permitted Kiichler to recognize twice the number of potential vegetation
types (l4)lto that on his U. S. map (7). In the text accompanying the
1:800,000 map, Kuchler shows a photograph each of an example of still
existing vegetation for the 14 mapped potential vegetation types. Yet it
would probably be difficult to map these existing communities at this scale,
because the landscape of Kansas is today dominated by man-introduced land
modifications to agricultural and other uses.

From this point of view, Gaussen's 1:200,000 climax vegetation map of
France (a section of ﬁhich is shown in Kuchler's 1967 book: 259) is parti-
cularly interesting. On this map, Gaussen shows several climax vegetation
- types by different polors. The climax types are not the existing vegetation
types. They merely represent vegetation zones or belts established from
existing remnant stands and from climatic and éoil information.

For example, the beech climax zone may include meadows, apple orchards,



heaths, tall shrub formations and beech forests. But Gaussen shows the type
of land use of the area on the same map by a system of overprinted symbols
denoting various forms of agricultural land use, such as corn, potato, rye
vinéyards, plantation forests, etc. Totally man-modified or cultivated

zones are shown without color (in white). Absence of land use symbols on

the colored fields of the climax zones indicates the presence of less modified
or near-natural vegetations. The occasional overprinting of a climax type
symbol may denote the presence of a more typical remnant stand. It is

evident that such a map carries a significant information value for the
objeétive at hand, i.e., an inventory of natural areas.

Vegétation maﬁs at this intermediate scale range can show the outline
of existing vegetation types only in relatively undisturbed or undeveloped
landscapes, e.g., for national parks or remote areas with low human popula-
tions. An example is Mueller-Dombois' (1972) "Generalized map of Ruhuna
National Park, Ceylon," which was published at the scale of 1:140,000. The
map shows the actual outline of 10 structural vegetation types, such as
forest, scrub with scattered trees, scrub islands, short-grass cover, etc.,
which are based on Fosberg's (1967) system. This map was reduced from a
large-scale map (at 1:31,680) with 28 structural vegetation types
(Mueller~Dombois 1969), which were generalized by elimination of those

vegetation boundaries that were less important at the smaller scale.

Level 4: Large-scale maps for research and management at county

or national park level, from approximately 1:100,000 to 1:10,000

(i.e., 1 cmon map = 100 m in the field or 1 cm2 = 1 hectare)

This scale range is commonly used for mapping the outlines of existing

vegetation types or communities. Such maps can be considered factual,since
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the hypothetical element of extending vegetation boundaries across man-
modified terrain is avoidable at this level. Large-scale vegetation maps
may require months or years for preparation, and whenvestablished may show
the diversity and distribution of plant communities within specific nature
reserves or natural areas.

The map units may be defined by all commonly used'classification criteria,
i.e., by structural vegetation criteria (sensu Dansereau 1957, Kuchler 1967,
Fosberg 1967 and others) by species’dominance criteriak(ggggg Whittaker 1962
and other Anglo-American authors), by species associétion criteria (sensu
Braun-Blanquet 1964 and other European authors) or by combined vegetation

' e.g., Eberhardt et al, 1967,
and habitat criteria (sensu Kopp, / Mueller-Dombois 1965 and others).
These classification criteria wiil be discussed in more detail in the next
section,

Structural and species dominance criteria are often more practical at
the upper range of this éeographic level, i.e., on vegetation maps with
scales of 1:50,000 to l:lO0,00wahile floristic association criteria permit
the portrayal of more detail, and thus are often applied at the larger scale
range of 1:10,000 to 1:50,000. However, there is no absolute or direct
relationship of classification criteria and map scales within this geographic
scale range. The criteria used depend on the nature of the vegetation itself,
on the more specified objectives and on the viewpoint of the mapper. For
example, in the international comparison of forest site mapping methods in
Switzerland (Ellenbérg 1967) which was carried out at the scale of 1:10,000,
E. Schgid's species dominance and plant life form (= structural) criteria
were applied to the same area as were the floristic association criteria of
Braun-Blanquet. In this case, the authors' viewpoint entered strongly into
the community classification and mapping schemes. On the other hand, areas

with considerable species diversity may not permit recognition of species-
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dominance communities even at large geographic scales. 1In such cases,
structural criferia may offer a better tool for subdividing a regional vege-
taion cover.

An example of a large-scale structural vegetation map is the before
mentioned map of Ruhuna National Park in S. E. Ceylon (now Sri Lanka) by
Mueller-Dombois (1969), which was prepared from air pﬁoto mosaics at the scale
of 1:31,680. Fosberg's (1967) structural scheme was used in the preparation
of this map. Yet the map scale was already so large that a number of
additional units had to be established. This caused no difficulty in this
tropical dryland region. Fosberg's scheme was flexible enough to permit
establishment of additional map units along the same sort of criteria that
are described in his system. For example, Fosberg (in Peterken 1967: 104)
recognizes four seasonal short—grass\vegetation types. Only one of these

applies to the Ruhuna Park grasslands, namely 1 M2, 1 = Seasonal orthophyll

short-grass. However, for mapping at this scale, 6 short-grass types were
recognizable on the basis of structure:

(1) short-grass cover without woody plants,

(2). short-grass cover with scrub islands,

(3) short-grass cover with forest-scrub islands,

(4) short-grass cover with scattered trees,

(5) short-grass cover with scrub islands and scattered trees

(6) short-grass or graminoid cover with sections of sparse cover of

barren areas near water.

Types 2 to 5 could, of course, also be treated as Fosberg's low savanna
and shrub savanﬁa types. They can be translated into the latter categories
for regional comparisons between countries, but that was not the objective.

Instead, the objective was to establish an integrity of map units for the
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dry zone in Ceylon. A similar structural vegetation map was prepared for
Wilpattu National Park in the N. E. part of Ceylon's dfy zone. The maps
were used for periodic animal activity surveys (Mueller-Dombois 1972,
Eisenberg and Lockhart 1972) for locating floristic and quantitative sample
plots (Comanor 1971), for soil surveys, etc. The more immediate purpose of
the map was to establish a framework of reference for a number of research

activities and wildlife management objectives.

Level 5: Very large-scale maps for detailed local orientation,

from approximately 1:10,000 to 1:1,000 (i.e., 1 cm on map =

10 m in the field, or 1 hectare =1 dmz on the map)

Such detail-maps are not published very often, bécause they are usually
prepared for rather special purposes of more local interest. A published
example is the vegetation map of the Neeracher Riet by Ellenberg‘and Klotzli
(1967),which covers a wetland bird sanctuary in Switzerland of about 100 ha
in size. The maﬁ shows 17 floristically definéd commuﬁities, and the smallest
variation recognized on the map is about 10 mz in the field. At this level
it is sometimes possible to map individual species aggregations or even
individual plants of larger life forms. The map Qas prepared for the conser-
vation-rmanagement of a unique ecological reserve, the largest existing low~
moor habitat in northern Switzerland. Maps at such very large scales can be
useful also for studies of vegetation development or succession, such as
Pearsal's maps of a river-mouth habitat in England (Taﬁsley 1939: 604-605).

Maps at scales larger than 1:1,000 are sometimes prepared for permanent
>research plots or sample quadrats. Ihey are used as tools in the study of
stand dynamics (e.g. the mapping of dynamic phases in a Yugoslavian climax
forest, see Mueller-Dombois and Ellenberg 1974: 398), for the dynamic shifts

of species in a community or for the location record of rare species and
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individuals. Such maps are usually not included in the concept of vegetation
maps, but they are rather thought of as individual stand or community sample

maps.
SYSTEMS FOR CLASSIFYING VEGETATION

Structural vegetation type concepts and systems

The formation concept.—--Nearly all earlier attempts in classifying vegetation

were based on physiognomic criteria that were more or less closely associated
with features of the environment. Plant communities that are dominated by
one particular life form, and which recur on similar habitats, are called
formations (in the physiognomic~ecological sense). Examples are the tropical
rain forest, the mangrove swamp, the caétivdesert, the grass steppe, the high
moor and the dwarf-shrub heath. Recognition of such types serveé for initial
oriéntation in‘setting subsequent studies into the proper perspective.
Originally, the term formation was defined physiognomically; that is
through structural properties of the vegetation itself. Environmental
attributes were added for closer description only. A later tendency has
been to define the same concept climétically or as a geographic area; that
is, through properties outside the current vegetation cover. In the latter
sense, the physiognomy of vegetation in certain areas of a macroclimatic
or geographic zone was used only as a geﬁeral indicator for the entire
region. This has led to quite a different understanding of the same term.
According to Clements (1928) a formation is the general plant cover of an
area which may include several physidgnomic variations. These variations
are inferred to belong to the prevailing, climatically controlled, physiognomic
type. For example the prevailing physiognomic type may be a grassland,

though the area may show stands of scrub and open forest. These would still
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be part of the grassland formation if occurring in the same so-called
grassland climate. The same idea in the original understanding is not a
férmation, but a vegetation zone or region. A vegetation region ﬁsually
contains a mosaic of actual vegetation types. One of these vegetation types
may prevail over larger areas in the zone, where it finds its most typical
expression on nonextreme sites. Such vegetation was called zonal vegetation
by Russian authors (Walter 1971), which is similar to the climatic climax
concept of Anglo-American authors, but less ambiguous. The Russian concept
refers to a specific formation type of actually existing végetation and not
to potential vegetation, which may not really be present in an area. The
before discussed world vegetation types mapped by Schmithusen (1968) should
be called vegetation zones or regions. The zonal vegetation types, i.e.,
formations in the original sense could then be indicated by dots, where
present, in the mapped zones.

Clements did recognize this zonal or regional vegetation mosaic, but he
added to the confusion of the term formation, by interpreting this vegetation
mosaic as consisting of different developmental stages of the same formation.
Clements converted the spatial side-by-side variation of vegetation, i.e.,
the different vegetation types or stages, mentally into a successional series,
i.e., a time sequence. He believed that the regional side-by-side variations
would develop into the same climax formation given enough time. This has
led to some erroneous assumptions. Such a system that links all vegetation
units to the final stage in succession provides for a gigantic outline.
However, 1t must resort to tenuous assumptions in many places. The system
is inclined to force certain communities into preconceived positions. Such
a system would be accompanied by many uncertainties in regions where the

vegetation is almost everywhere modified by man. These uncertainties may be
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sufficient to make the system of little scientific value.

" The synusia concept.--A vegetation segment or plant community consists of

plant species 6f different growth form and functions. For example, a grass-
land community may consist of scattered perennial:bunch grasses, low-growing
rhizomatous grasses and annuals. Each of these is a different type of life
fofm and each life form type may.be comprised of several species. The
species of a life form type that grow fogether in the same habitat are

referred to as synusia or "union."

These have a certain individuality of
their own in relation to the rest of the community. For this reasén they
were considered as the basic units of vegetation by sbme investigators,
particularly by Gams (1918).

Very simple communities, such as annual grasslands may consist of only
one plant synusia. More complex communities,.such as forests may consisf of
10 or more synusia. rIt is easiest to think of synusiae as layer communities
(Lippﬁa 1939), such as the moss, herb, shrub and tree layers in forests. But
from a functional viewpoint, one may find more than one 1life form type in
each layer, e.g. deciduous and evergreen trees in the upper tree layer, or
geophytes annuals and hemicryptophytes in the herb layer.

Synusiae may be identifiéd with the help of a life form classification
such as the well known system of Raunkiaer (1937), which.was developed into
a key and further elaborated by Ellenberg and Mueller-Dombois (1967). Of
course, synusiaé may also be recognized less formally by broader life form
classes. This depends on the specific objectives set for the investigation.

The advantages of the synusia concept are quite obvious: synusiae are
easily recognized, even without knowledge of the species names. Descriptions

of their combinations portray a clear picture of the communities and provide

a certain idea of the habitat conditions. Synusial combinations can be
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traced even across the limits of different floristic regions and permit
recognition of ecological relationships. Therefore, they are useful for world-
wide comparisonsvsimilarly as are the formationms.

However, if they were used as basic units for classifying vegetation,
one would arbitrarily separate the topographical and ecological unity of all
those communities that consist of several synusiae, such as forest stands
or heath communities. Synusiae should be treated as structurally definable

subunits within a plant community.

Dansereau's profile diagram scheme.--A well known structural scheme is that

of Danséreau (1951,‘1957); His scheme employs six categories: (1) plant
life form, (2) plant size, (3) coverage, (4) function (in the sensé of
deciduousness or evergreenness), (5) leaf shape and size, (6) leaf texture.
Each of these six categories contains a numBer of criteria that can be used
to characterize a vegetation segment in the field. For example, his plant
life form category includes six general life form groups: trees, shrubs,
herbs, bryoids, epiphytes and lianas; his size category includes three
height classes: tall, medium, and low, which are defined quantitatively for
certain life forms (e.g. low trees range from 8-10 m in‘height);.his coverage
category includes four criteria: bérren or very sparse, discontinuous, in
-tufts or groups, and continuous. Each criterion is designated by a letter
symbol.r The letter symbols can be combined to describe and differentiate
formations as units in the field, on air photos or on a map. 1In addition,
the map units can be further interpreted by schematic profile diagrams.

These profile diagrams are established from a system of diagrammatic symbols,
whereby each symbol denotes a structural criterion.

The method requires establishment of sample stands or relevés as is
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necessary for detailed, floristic classification methods. Thus, Dansereau's
method is more time consuming than other structural schemes. The profile
method is very formalized and the coded symbols have to be learned. In
spite of its worldwide applicability, Dansereau's scheme is particularly
useful for more specific purposes, such as the evaluation of military
terrain or the study of structural detail in tropical rain forests, where
taxonomic complexity presents itself as a barrier to studies in vegetation
ecology (Holdridge et al. 1971). The system may also be viewed as providing
information complementary to the floristic association system of Braun-
Blanquet (see below). Both systems work from below, i.e., from the detailed

to the more general aspects.

Kichler's formula method.--Another well known structural system is that of

Kuchler (1967), which provides for a hierarchical approach. It begins with
a separation into two broad vegetation categories: (1) basically woody
vegetation (2) basically herbaceous vegetation., Within the first category,

Kuchler distinguishes seven woody vegetation types [B = broadleaf evergreen,

D = broadleaf deciduous, E = needleleaf evergreen, N = needleleaf deciduous,

A

aphyllous, S = semideciduous (B + D) and M = mixed (D + E)]. 1In the
second category he distinguishes three herbaceous vegetation types

G = graminoids, H = forbs, and L = lichéns and mosses). These 10 basic
physiognomic categories can be further differentiated by whether they show
a dominance of specialized life forms. bThe specialized life forms given in
the system are five: climbers = C, stem-succulents = K, tuft plants = T,
bamboos = V, and epiphytes = X. A third major distinction in Kuchler's
system is baged on prevailing leaf characteristics in the vegetation segment

[h = hard (sclerophyll), w = soft, k = succulent, 1 = large (> 400 cmz),
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and s = small (< 4 cmz)]. Further structural separations are made on height
(stratification) and coverage of the vegetation. For height Kichler gives

eight classes (1 = < 0.1 m; 2 = 0.1 -~ 0.5 m; 3=0.5-2 m; 4= 2-5m;

]

5=5-10m; 6 = 10 - 20 m; 7 20 - 35 m; 8 = > 35 m) and for coverage

six [c = continuous (> 75%); i = interrupted (50-75%); p = parklike or in
patches (25-50%); r = rafe (6-25%); b = barely present or sporadic (1-5%) ;
and a = élmost absént or extremely séarce < 1%].

With this set of categories and criteria, any vegetation segment may
be characterized structurally by a formula composed of the lettef- and

number-symbols given. Kuchler gives various concrete examples and claims

that the system can be applied to all map scales.

Fosberg's system.--Fosberg presented a first (1961) and later a second (1967)

approximation of a general structural classification of vegetation, which
was adopted asba guide to cléssifying vegetation for the International
Biologiéal Program (IBP). One of the main features of Fosberg's system is
that it is based--as are the schemes of Dansereau and Kuchler--strictly
on existing vegetation and purposely avoids incorporatioﬁ of environmental
criteria. This has the advantage that the vegetation units, when portrayed
on a map, can be objectively correlated to independently established environ-
mental patterns, because the vegetation boundaries are not in part delimited
by environmental features. Where vegetation units are delimited in part by
environmental features, cdrrelation of such a vegetation map to environmental
maps of the same area Becomes problematic as this may result in circular
reasoning.

The objective of Fosberg's scheﬁe is to subdivide the vegetation cover

of the earth into units that are meaningful for a large number of purposes
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by criteria that are applicable‘on a worldwide basis. These criteria cannot
be floristic, because the distribution of plant species is geographically
restricted. Therefore, they must be primarily structural.

Foéberg makes a distinction between physiognomy and structure. Physiog-
nomy refers to thé external appearance of vegetation and to its gross composi-
tional features implying such broad units as forests, grasslands, savannas
and deserts, among others. Structure relates more specifically to the
afrangement in space of the plant biomass. 1In addition, Fosberg uses function
in the sense of seasonal leaf shedding versus retention df leaves and specific
aspects of growth or life form as important critéria for classifying the
vegetation cover.

The vegetation is classified by use of keys. The first key begins with
a breakdown into three alternatives--closed, open: or sparse vegetation.

Thus, first consideration is given to spacing or cover of thé plant biomass.
Closed is defined as crowns or shoots interlocking, open as not touching,
and sparse as separated bybmore than the plant's crown or shoot diameters on
the average. Sparse vegetation is equated with the term desert, which is
further: defined as vegetations where plants are so scattered that the
substratum dominates the landscape.

This first separation results in the first rank of vegetation units,

which are called the primary structural groups (namely closed, open, and

sparse). Within each of these, the second rank of vegetation units--called

formation classes-—-are separated.

For example, in the closed primary structural group, individual formation
classes are distinguished as forest, tall savanna, low savanna (tall and low

referring to height of grass layer), scrub, dwarf scrub, tall grass, short
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grass, broad leaved herb vegetation, etc. Therefore, in the formation class
breakdown, primary consideration is given to differences in the heights of
vegetation layers and their continuity or discontinuity. But at least one

of the layers in a vegetation unit must be continuous or closed to distinguish
all of these formation classes from those in the open primary structural
group.

Thirty-one formation classes are distinguishable in the first key. The
individual formation classes are then further subdivided in separate keys.
The first subdivision within each formation class key is by function, indi-
cating if the foliage is evergreen or if there are leafless periods for the
dominant layer. This functional separation distinguisheé the third rank,

called formation group. A further separation within the formation groups

leads to the basic units, referred to as formations.

These are distinguished on the basis of dominant life form with emphasis'
on leaf texture (sclerophyllous, orthophyllous = ordinary leaf texture as
opposed to sclerophylloﬁs), leaf size (megaphyllous = at least 50 cm long
and at least 5 cm wide, mesophyllous = leaves of ordinary size, and
microphyllous = for trees 2.5 cm greateét dimension, for shrubs 1 cm or less),
leaf shape (narrow versus broad), thorniness, and growth form (gnarled versus
straight, succulence, graminoid, etc.),.

Occasionally, the formations, which represent the fourth rank, are

subdivided into subformations, the fifth and ultimate division. For example,

the formation '"gnarled evergreen forest'" is subdivided into two subformations,
"gnarled evergreen mossy forest" and ''gnarled evergreen sclerophyll forest."
Each formation and subformation is supplied with at least one example

of vepetation that fits the structural definition. A glossary defines all
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technical terms.

The classification system is necessarily artificial because, for example,
the primary‘criterion of spacing may separate some environmentally or floris-
tically closely similar vegetations'into different priméry structural groups.
Yet, it may serve as a practical tool for mapping and organizing vegetation
data for general purposes. Floristic associations can be studied within and
across the structural frame given by the units. The structural vegetation
units, when mapped, can be compared to climate, soil, history and other
environmental maps from which one can derive the major regional or zomal

ecosystems.

The Australian system for IBP/CT.-~It seems significant that the Australian
CT Committee of the Intermational Biological Program (Specht et al. 1974)
opted not to use Fosberg's system that was suggestéd for fhe IBP/CT survey.
Instead the committee used a similar system developed by Specht (1970), which
is reproduced hefe as Table 1.

As is evident from Table 1, the‘two primary'criteria for classification
are spacing and height of the vegetation. In this respecﬁ there is no basic
difference from Fosberg's system. However, the Australian system uses one
more category for spaéing, and its height divisions are more detailed for
trées. Three divisions are given for the height of trees, where Fosberg's
system gives only one, namely forest. The other mainlife forms, shrubs
and herbaceous plants, are each separated into two height classes as in
Fosberg's system. The Australian divisions are defined in quantitative
terms, i.e., sﬁacing in percent foliage cover and height in meters. Life
form characteristics are used as an additional criterion in the height

separations. For example, tall shrubs are defined as reaching from 2 m to



Table 1. [Reproduced from Specht et al. 1974:6]

STRUCTURAL FORMATIONS IN AUSTRALIA

. Life form and height

Projective foliage cover of tallest stratum#

of tallest stratum* . Dense Mid-dense Sparse Very sparset
(70-100%) (30-70%) 10~30%) (< 10%)

Trees > 30 m I Tall closed-forest*® Tall open-forest Tall woodland Tall o'pén-woodland

Trees 10-30 m Closed-forest™® Open-forest Woodland Open-woodland

Trees 5-10 m Low closed-forest* Low open-forest Low woodland Low open-woodland
Shrubs 2-8 m } Closed-scrub Open-scrub Tall shrubland Tall open-shrubland
Shrubs 0-2 m § Closed-heath Open-heath Low shrubland Low open-shrubland
Hummock grasses 0—2 m - - Hummock grassland Open~hummock grassland
Herbs (including moss, Closed-herbland § Herbland § Open-herbland § Ephemeral herbland ’

ferns, hemicryptophytes,
geophytes, therophytes,
hydrophytes, helophytes)

(1) Closed-tussock
grassland

(2) Closed-grassiand

(3) Closed-herbfield

(4) Closed-sedgeland

(5) Closed-fernland

(6) Closed-mossland

(1) Tussock grassland
(2) Grassland
(3) Herbfield
(4) Sedgeland
(5) Fernland
(6) Mossiand

(1) Open-tussock
grassiand

(2) Open-grassland

(3) Open-herbfield

(4) Open-sedgeland

(5) Openfernland

{6) Open-mossland

* Isolated trees (emergents) may project from the canopy of some communities. In some closed-forests, emergent Araucaria, Acacia, or

Eucalyptus species may be so frequent that the resultant structural form may be classified better as an open-forest.
+ Some ccologists prefer to ignore scattered trees and shrubs, equivalént to emergents in a predominantly grassland, heath, or shrubland formatijon,
T A tree is defined as a woody plant more than 5 m tall, usually with a single stem. A shrub is a woody plant less than 8 m tall, frequently

with many stems arising at or near the base.

§ Appropriate names for the community will depend on the nature of the dominant herb.

- T
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A8 m in height, while low stature trees are defined as reaching from 5 m to

10 m in height. 1In their overlapping height ranges the two kinds of woody
plants are separated by presence or absence of basitonic branching. While it
may work in Australia, this separation would probably cause difficulties on
a worldwide vegetation basis.

The two-way breakdown by spacing (i.e., % cover) and height in Table 1
results in 26 structﬁral formations for Australia,’which can be compared to
the 31 formation classes of Fosbefg that were intended for worldwide applica-
tion.

From this it can be inferred that a separation of forest vegetations
into low stature, intermediate structure and tall forests is necessary for
Austrelia, if a structural system is to make any sense there. Fosberg
suspected the need for this height distinction. 1In his suggested refinement
on p. 81 in Peterken (1967), he admits that his one height classification of
forest may result in lumping rather unlike types, such as subaretic spruce

 taiga with giant Douglas-fir forests in northwest America. But Fosberg

points out that his system is flexible enough to accomodate such refinement.
Another point is the four-way breakdown‘of spacing by the Australian classifi-
cation into, for example, closed-forest, open-forest, woodland and open-
woodland as opposed to Fosberg's three-way breakdown into closed-forest,
'_open—foresf and savanna. It would seem that Fosberg's system provides the
flexibility for refinement in recognizing, for example, two spacing subclasses
in his open-forest category, so that the two systems are not incompatible.
Thie means that the Australian spacing categories should be translatable into

the Fosberg system if the need arises. It is interesting that the Australian

system includes structural subformations under its three spatially defined
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herbland formations,'whereas none are shown for the woody formations. Most,
if not all, of these herbland subformations can also be translated ihto
Fosberg's herbaceous subformations. The absence of structural subformations
for the Australian woody formafions indicates a greater utility for using
floristic subdivisions, although L. Webb shows (in the next Section) that a
number of structural criteria were found useful in distinguishing tropical
rain forest types in N. Queensland. No mention is made of seasonality in
the Australian system~-certainly a reflection of the near-absence of

deciduous forests in Australia.

L]

The formation system of UNESCO.--This classification system was established

by the UNESCO Committee on Classification and Mapping of the Worlds's Vegeta-
tion based ona list supplied by Schmithisen and Ellenberg. The system was
published initially by‘Ellenberg and Mueller-Dombois (1967) and then, in
slightly modified form by UNESCO (1973). The latter version includes a color
and symbol scheme for 225 vegetation types compiled by Gaussen. The purpose
of this classification is to serve as a basis for mapping wor1d vegetation

at a scale of 1:1 million in terms of vegetation units that indicate parallel
environments or habitats in different parts of the globe. Existing classifi-
cations were reviewed and these have influenced the thinking of the committee
(ﬁotably Rubel's system). But none of the.existing systems were found entirely
suitable for the intended purpose. As in Fosberg's system, vegetation
structure forms the main separating criterion. However, terms referring to
climéte, sdil and landforms were included in the vegetation names and defini-
tions, wherever they aided in the identification of the units. The reason

for this is that significant ecological differences in habitat are not always
reflected by easily definable structural or physiognoﬁic>vegetation responses.

-

For ekample, tropical lowland rain forests differ ecologically from tropical
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montane rain forests. Yet, their structural differences are apparent only
in certain regions and not on a worldwide scale.
The vegetation units are listed in hierarchical order under each of

five formation classes. The five formation classes are, I Closed forests,

11 Woodlands or open forests, I1II Scrub or'shrubland, iv Dwarf—scrub and
felated units, and V Herbaceous communities. Thus, spacing and height of
dominant growth forms are treated as parallel criteria in distinguishing
formation classes. Each woody formation class is subdivided into formation
subclasses on the basis of whether the vegetation is mainly evergreen,
mainly deciduous, or xeromorphic. These are then further separated into

formation groups by the macroclimate in which they occur. For example,

distinguished among closed forests that are mainly evergreen are tropical
ombrophilous (or rain) forests, tropical and subtropical seasonal forests,
tropical and subtropical semi~deciduous forests, temperaté rain forests,
etc. The next lower subdivision is the formation. Formations in tropical
rain forests are tropicél lowland rain forests,submontane and montané rain
foreéts, tropical cloud forests, tropical subalpine rain forests (usually
transitory to woodlands), tropical alluvial forests, tropical swamp rain
forests and torpical bog forests. The next lower level represents the

subformation, which together with the formation is considered the main map

unit. ‘For example, the tropical cloud forest is subdivided into a broad-
leaved subformation (the most common form) and a needle-leaved or microphyllous
subformation.

The classification gives an outline of all better known formations of
the earth. The system is flexible and allows inclusion of additional units

if this should become necessary. It provides a framework that permits
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accommodating an unlimited number of floristically quite different units
(that occur in various localities scattered over the earth'é surface) into
physiognomically and ecologically equivalent abstract categories.

‘Both the UNESCO classification and Fosbérg's scheme can be applied to
categorize vegetation in the field and on maps iﬂ comparative terms within
each scheme and also between the two schemes.

Fosberg's scheme provides a ready field tool for mapping at large and
intermediate map scales. It allows one to establish pure vegetation units
for correlations with environmental units mappéd independently at the same
scale. Because of its strictly structural orientation it may group ecologically
quite different vegetations into the same unit. For example, tropical lowland
and montane rain forests may form one vegetation unit. Howevér, the ecological
difference woula become apparent upon comparing the vegetation units to
environmental maps of such an area, and there would be no danger of circular
reasoning.

The UNESCO scheme gives some environmental—geographic information at
the start and therefore conveys an immediate orientation that appears useful
for a worldwide inventory. It provides for an outline of major vegetation
types and a general overview that can serve for immediate statistical purposes.
For example, endangered vegetation in different parts of the world may be
singled out for conservation. Specific mapping criteria may have to be
worked out regionmally within this framework. These can then be conveniently
based on a combination of regionally significant structural and floristic
criteria.

All structural systems are artificial. Eor example, an open forest or

woodland may differ from a closed forest only because of some disturbance.
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Howe?er, the primary objective of these schemes is identification of given
vegetations. An arrangement according to ecological, sociological or historical
relationships would handicap the diagnostic value of such a classification.
Moreover, it would hardly ever be completed, since ecological, sociological

and historical relationships are the objects of continuing research and

readjustment.

Ellenberg's classification of world ecosystems: a functional scheme

Recently, Ellenberg (1973) presented a scheme for classifying the world
into a hierarchy of ecosystems from a functional viewpoint. The largest and
all encompassing ecosystem is the "biosphere", i.e., the outer skin of our
planet (soil, water and atmosphere) as far as it is the life medium of organisms.
It includes the oceans to their maximal depths. The biosphere is subdivided
into two main groups according to type of energy source: (1) natural or

predominantly natural ecosystems, i.e., those whose functions depend directly

on the sun as energy source, and (2) urban-industrial ecosystems, whose

functions depend on reconstituted energy (fossil fuel and recently, also
atomic energy).

Six main separating criteria are used at different levels in the
hierafchy:

(a) prevailing life-medium (air, water, soil, buildings)

(b) biomass and productivity of the primary producers

(c) factors limiting the activity of primary producers, consumers

and decomposers
(d) regulating mechanisms of matter- or nutrient-gain or -loss
(e) relative role of secondary producers ( i.e., of the herbivores,

carnivores, parasites and other mineralizers)
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(f) the role of man in the ecosystem (i.e., his role in the origin,
development, energy flow and mineral cycling of the ecosystem,
particularly his function in suppleménting energy sources)

A hierafchical order is obtained by defining successively smaller

ecosystems within larger ecosystems. Starting with the biosphere, the next

lower size-level is referred to as mega-ecosystems. Five mega-ecosystems

are recognized by the life-media (criterion a) that they represent (capital
letters as used in Ellenberg's key):
M Marine ecosystems (saline water)

L Limnic ecosystems (fresh water)

predominantly
S Semi-terrestrial ecosystems (wet-soil and air) natural
T Terrestrial ecosystems (aerated soil and air)
U Urban-industrial ecosystems (the creations of man) - artificial

Macro-ecosystems are the next lower size-level within each mega-ecosystem.

The macro—~ecosystems are still very broad or inclusive units that are separated
mainly by the criteria b to d (e.g., forests).

Meso-ecosystems are considered the basic units of this scheme. . They are the

"ecosystems" in the most commonly understood sense. A meso-ecosystem is
considered a relatively uniform or homogeneous system with respect to the
abiotic conditions as well as the life forms of the prevailing primary and
secondary producers (e.g., a cold-deciduous broadleaf forest with its animal
life).

Micro-ecosystems are subdivisions of meso-ecosystems, which depart with respect

to a certain component (e.g., a lowland, montane, or subalpine cold-deciduous
broadleaf forest with its animal life).

Nano-ecosystems are considered to be small ecosystems that are spatially

contained within larger ecosystems and that exhibit a certain individuality
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of their own (e.g., a wet depression in a montane deciduoﬁs broadleaf forest).

Within»almost all ecosystems one can recognizé strata or other partial
systems, which can be analyzed individually. At leést three partial systems
can be recognized generally: |

Topo-partial system, i.e., a layer or other topographically stratified segment

within an ecosystem (e.g., the topsoil in a forest)

Substrate-partial system, i.e., a small island-like community within an eco-

system (e.g., a moss—covered log in a forest)

Pheno-partial system, i.e., a partial system that appears only during a certain

time of the year (e.g., an algal bloom at. the surface of a lake)

The classification scheme includes a special scale for defining the kind
and degree of human influences for each ecosystem to be classified. Four
kinds of human interferences are recognized:

(a) Harvesting of organic materials and minerals, which are significant

for the metabolism of an ecosystem

(b) Adding of mineral or organic materials or organisms

(c) Toxification, i.e., adding of substances which are abnormal for the

metabolism of the ecosystem and which are detrimental to important
organisms or organism groups

(d) Changing of the species composition, i.e., by suppressing existing

species or by introducing alien species into the ecosystem.
The degree for each of the types of human interferences is expressed by
a scale of increasing severity from l.(e.g., no harvesting) to 9 (e.g., destruc-
tive hafvesting).
For worldwide comparisons of ecosystems the scheme also includes a
biogeographic separation into nine regions, such as tropo-american, tropo-

african, tropo-asian, australian, etc. Each of these biogeographic regions
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can be further subdivided into biogedgraphic subregions or provincés.

All criteria are identified in the scheme by letter symbols and a decimal
system. These provide for classifying any ecosystem by a short formula on a
worldwide basis.

An overview, in form of a key, shows the four predominantly natural
mega-ecosystem types (M, L, S and T) subdivided to meso-ecosystems and in some
examples to the level of nano-ecosystem and partial system (where well known).
The scheme can be completed with derivation of further knowledge.

‘The keybmékes a major division between aquatic (M + L) and land ecosysteﬁs
(S + T) on the basis of structure. The vertical extent of predominantly
natural land ecosystems (in contrast to aquatic ecosystems) is not determined
by their life medium (soil and air) and the availability of light, but by the
height growth of the dominant vascular plants. It follows that the terrestrial
ecosystems are defined primarily by vegetation structural criteria, and their
classification is based on the UNESCO formation system. Therefore, meso- and
micro-ecosystems are divisions somewhat parallel to formation and subformation
types, but they are described in functional terms (criteria b to f as far as
these are known). It may also be noted that the second structural unit-concept
of synusia has given rise to the functional concept of partial system as used
in this ecosystem scheme.

While the scheme is based entirely on structural-functional criteria, it
is also clear that any exact investigation of ecosystems cannot ignore the
species composition that forms the living matrix of the system. On the
contrary, for any detailed investigation of ecosyétems it is desirable to
derive as complete as possible a species list of the participating plants
and animals. Moreover, abundance determinations should be made for at least

those species of plants and animals that are significant for the productivity
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and maintenarice of the ecosystem. These lists are then usefully ordered or

classified according to animal- and plant-sociological viewpoints.

Floristic vegetation units and systems

Species dominance community-type concepts: the sociation and consociation.--

Single, easily noticed plant species provide the simplest floristic tool for
attaining relatively fast a certain order in the great variability of plant
communities. These have always been used even By untrained persons, for
example, in differentiating forest stands (beech forest, pine forest, etc.).
Such a simple classification can also be very satisfactory for scientific
purposes, if the area is floristically poor. In Scandinavian countries the
most abundant or the most dominant species are used for distinguishing the
so-called sociations.

Du Rietz (1921) considered the sociation thn basic unit of vegetation
classification and defined it as a recurring plant community of essentially
homogenous speéies.composition with at least certain dominant species in each
layer. For example, the East German pine-heath communities form a Pinus

sylvestris-Calluna vulgaris—Cladoniabsociation, certain beech forests a

Fagus sylvatica-Allium ursinum sociation, etc.

Du Rietz speaks of a consociation if only the upper stratum of a several-

layered community is dominnted by one specieé. As a type concept, a consociation
can also be understood as a class.composed of individual concrete sociatioms,
whose upper strata are dominated by the same species, while the lower strata

may be dominated by different species in each vegétation sample. The term
consociation was used also by Clements, Tansley and Rubel in a very similar

way. Consociations are more common than sociations particualrly in species-rich

areas. An example is the oak forests of England, which, according to Tansley,
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represent a consociation with very variable undergrowth. Few oak forests
have the same dominants in the herb layer; one example is the Vaccinium-oak
forests on acid soils.

Petersen (1927) tried to apply the consociation concept to the classi-
fication of meadéw communities in Central Europe. He distinguished meadow
types by the dominance of certain grass species, one dominant species charac-
terizing a meadow type. However, because of the great number of species in
Central and South Europe, there are rarely meadows with only one dominant
species. Therefore, it would be neéessary to consider most communities as
mixed types or they would not fit into Petersen's system at all.

This difficulty with regard to the sociation and consociation concepts
exists in all regions with large numbers of species, where many species compete
for the same habitat. A good example is the tropical rain forest in continental
lowland areas. Therefore, sociations and consociations have no universal
applicability as units in vegetation classification.

However, even in such communities where single plant species have become
dominant it is oftenvnot satisfactory to classify them as belonging to a
certain consociation type. It was found that the same species may become
dominant under diferent habitat conditions, whereby the associated flora may
differ considerably in response to the differences in environment. For

example, the tall reed grass Phragmites communis may grow in pure stands at

the margin of larger lakes with occasional admixture of Scirpus lacustris

or other tall semi-aquatic plants. Phragmites is found to also form vigorous
stands at river margins in the tidal ranges, in habitats with considerable
daily and annual fluctuations in water level. The associated plants named
above cannot grow under these conditions. Instead, a more or less rich

geophyte~flora is found growing there in the spring especially the yellow-
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flowering Ranunculus ficaria and Caltha palustris. It is obvious that the

two Phragmites consociations can be considered one unit only for very super-
ficial reasons.

Thus, community types defined by a single dominant species (consociations)
may lump together very different habitats. Moreover, the single dohinant
specieé concept cannot be‘applied in many regions. It is better to use a more
flexible concept of floristiec dominance types, where community types can be
recognized by one or more dominant species in the prevailing synusia. This in
fact, is the most widely used community-type concept in North American vegeta-
tion studies (Whittaker 1962), and in Australian studies (Specht et al. i974).
It lends itself to a relatively easy and informal system of classifying
communities in many parts outside the continental tropics. In such floristically
simpler areas, dominanée—community types may be used effectively as the first
floristic subdivisions of formations. They correspond approximately to the
European type concept of alliance (Ellenmberg 1959), which in the more formalized
system of Braun-Blanquet, forms the floristic unit above the level of association.

Because more than one dominant species are often used to designate these
dominance-~community types, they have béen called “associations” by Clements.
These so-called "associations'" are usually very large and heterogeneous in
habitat conditions and they differ entirely ffom the European association

concept, which is discussed in the next section.

The association concept.--~It is quite possible in the above cited examples to

differentiate several vegetation units if one considers the associated, as
well as the dominant species. Units that are floristically defined in this
manner are called associations. 1In contrast to a sociation, an association

does not have to show a single dominant species in each layer. Instead more
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than one species per layer may be used to define an association.

Following a resolution of the International Botanical Congress in Brussels
in 1910, it was agreed to apply the term association only to communities "of
definite floristic composition, uniform physiognomy and when occurring in

' In the continental European understanding, an

uniform habitat conditions.'
association refers to a relatively small vegetation unit, a unit below the
level of consociation. Thebl910 International definition of the term associa-
tion was rather strictly interpreted in continental Europe. However, an

exact fulfillment of the three requirements (definite flora, uniform habitat,
and physiognomy) is not always possible.

The requirement referring to a "uniform' habitat is particularly difficult
to fulfill. A uniform habitat may be found in several field situations, but
the vegetation samples to be grouped into an association-type can never have
identical habitats, because no two places on the earth's surface have exactly
the same combinations of site factors. Likewise, the criterion of definite
flora needs closer definition. In classifying, it is impossible, even though
ideal, to consider all species to be of equal significance. Because of the
great variability of communities, one would have to distinguish as many "units"
as there are plant communities.  Even two cloeely similar vegetation samples
will not have identical species lists. Yet, closely similar vegetation samples
will have a ceitain proportion of species in common. Therefore, it is possible
only to emphasize certain groups of species, namely those that recur commonly
in different locations of a region. Only those communities are put into a type
that show the same groups of species. Such groups can be distinguished either
by comparing a large number of vegetation samples (i.e., by tabular comparison)
or in other ways. An association-~type therefore can be defined as a unit of

vegetation derived from a number of vegetation samples or relevés that have a
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certain number of their total species in common. An individual association
member, i.e., a concrete community, can be recognized in the field by the
presence of certain species of a diagnostic group.

Unfortunately, the Brussels definition does not really specify the
criteria that were meant to be applied in the distinction of an association.
As a result, two entirely different association concepts evolved in continental
Europe and North America. - The only criterion common to both these different
interpretations is that an association name is made up of a combination of
species names. In North America, Clements (1928) inferpreted the termbassocia—
tion very broadly to refer to the first subdivision of a formation. This broad
association concept is still widely used in the United States and in Australia.
Since Clements''formation" was actually the general plant cover in a given
macroclimatic region (i.e., a vegetation mosaic), his association concept was
more or less a climatic subregion of which a selected vegetation cover was
used as an indicator. For the whole of North Americé Clements recognized
three so-called climaxes--a grassland, é scrub, and a forest climax. Each
climax was subdivided into a few "formations" (= regions) and each "formation"
was subdivided into two or more "associations.'" For example, in the forest
climax, the Pacific coastal forest (region) was called the Thuja-Tsuga formation.
This formation was subdivided into two associations, the Thuja~Tsuga association
and the Larix-Pinus association.  Clements defined an association floristically
by joining the names of two regionally dominant species and then implied that
an association was a grouping of two or more consociations. The term consocia-
tion was understood sensu Du Rietz. Thus, Clements' association concept was
even more inclusive than the consociation concept, which defines community

types by single dominant species.
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Braun—Blanquet?s floristic association system;--In brief; the system consists

of preparing species lists in relevés* and then processing these lists in
synthesis tablesf In these tables, the species common to several relevés are
identified and emphasized. This process has recently been automated by computer
programs (Spatz 1972, Ceska and Roemer 1971). The species unique to each relevé
are not ignored, but they are not given the same value as the species that recur
together in a number of relevés. These common species groups are the key to

the identification and mapping of vegetation units.

The association, as previously defined in the continental European sense,
is considered the basic unit in Braun-Blanquet's (1928, 1951, 1964) system.
Therefore, his system can be called a floristic association system. Other
vegetation units are recognized by the same tabulation technique, but as units
above or below the rank of association. In this way all unité are inter-
connected in form of a hierarchy, but each unit is identified by certain common
groups of species.

The different ranks are usually designated by a particular ending added
to the root of the scientific genus name of an especially characteristic

species. The following summary gives a general outline:

Rank ' ‘. Ending - Example

class ~etea Molinio-Arrhenatheretea
order _ ~etalia Arrhenatheretalia

alliance ;ion Arrhenatherion

association | ~etum Arfhenatheretum
subassociation ~etosum Arrhenatheretum brizetosum
variant _ no ending Salvia variant of the

Arrhenatheretum brizetosum

facies ~-osum Arrhenatheretum brizetosum
bromosum erecti

* relevés = vegetation samples in plots large enough to contain at least 90-957%
of the species of a vegetation segment or community.
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The lowest unit in this system, the facies, iskno longer characterized
by exclusive species (i.e., "character species"), but merely by dominance of
a certain (or several) species. Therefore, it corresponds in some respects
to the consociation or sociation. However, it is viewed here in relation to
the other ranked units, whose geographic coverage is progressively larger.

Recently, the tendency has developed to distinguish associations merely
by differentiating speciés. This implies dispensing with the requirement
of character species for an association. This development results from the
experience that there are only?few character species in the strict sense.
However, the alliances retain their own character species, while orders and
classes usuélly show numerous character species.

The segregation of different vegetation units b; differential speciés
is based on tabular comparison of vegetation relevés. Therefore, it is based
on a purely induective method. However, ranking of the units into the previously
discussed system, that is, in particular the solving of the question as to
which of the units can be considered associations, dependé on the personal

judgment of the investigator.
EVALUATION

The check-sheet survey in relation to the stated methods
and its specified objectives

The general objective of the CT check-sheet survey was to obtain in a
relatively short period a description of natural areas and research sites with
their vegetation types in internationally comparable terms. The specific
purposes were (1) to find out which major vegetation types or ecosystems are
receiving conservation status and (2) to determine how representative these

vegetation types are on a worldwide basis. It is clear that this survey had
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to be based on a structural system, because’speciéé distributions are by
natdre'provincial; i.e., confined’to floristic provinces.

it may bé said that the general objective has’been met most efficieﬁtly
by the adoption of Fosberg's sjrstemf The reason is thét of the structural
systems this method is the easiest to apply; and it carries the most universal
meaning. Danse:éau's and Kuchler's systemé appear to be equally universal in
applicétion, but they require more detailed observations in Sample plots.
Kiuchler's formula method’may take,én intermediate position as far as time
investment ié doncerned. Tts unit hierarchy isknot s0 formélized and resulting
structural formulae may permit too many combinations to achieve a'ready overview
of parallel types. But this is again a matter eﬁtirel& of purpose. Dansereau's
profile method is'thermost detéiléd and time-consuming. It is probably most
useful at large scales to very latge scales, and is almost comparable in
detail of unit-separation to the fléristic association system of Braun-Blanquet.

The Australian system caﬁ be éonsidered a regional refinement of Fosbefg's
system in so far és it leaves out (for Australia)“unnecesséry units, (for
“example, all deciduous woody vegetation types), while it iﬁcorporates‘refinement
 in forest height classes and plant cover density units. The latter are quanti-
’fied. This’makes the Australian types more objectively assessible. But the
Austrélian system is not fundamentally different from Fosberg's scheme, and
the Australian formations and subformations can probably all be translated into
Fosberg types, should the need arise.

The UNESCO system is more Specialized‘than Fosberg's in the sense that
its application requires more experience to yield good results. A person with
a good knowledge of world vegetation types may be able to translate éll of
AFosberg's types into the UNESCO syStem, should that become necessary during

the planned UNESCO mapping project.
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A’word of caution may be added regarding the proposed 1:1 million map
scale for the UNESCO units. The scale rarely allows mapping the outline of
existing structurally defined formation types. Therefore, it would be more
appropriate to call the UNESCO units "formation zones.'! For an inventory of
conservation areas it would bé necessary to locate the existing remmant formation
types in their respective zones and to mark these by shading or with asterisks
on the proposed 1:1 million International vegetation maps.

| The first of the two specific CT check-sheet purposes--to find out which
" of themajor vegetation types or ecosystems are receiving conservation status
and which not--poses a more complex problem. Of course, the conservation status
itself may be readily established from the chéck—sheets. But the problem of
vegetation type diversity of an area can only be resolved in reference to a
specified geographic scale range, because Fosberg's étructural categories
can be identified at different levels of homogeneity. For example, the concept
of a "gnarled evergreen mossy forest" (Fosberg unit 1Al, 3) may be interpreted
as a cloud forest belt (at the écale of 1:1 million) in one surveyor's mind,
while it may be rather exactingly interpreted (at the scale of 1:10,000) by
another.

It must be remembered that classification of vegetation usually
involves two levels of abstraction. The first level is introduced in the
segmentation or subdividing of a vegetation cover by the homogeneity concept
of the investigator. One must decide what range of variation in the vegetation
cover one can reasonably recognize as a vegetation segment or unit. The
second level of abstraction is introduced in the grouping of similar segments
into vegetation categories or classes. This part of the classification process
depends on the similarity concept of the investigator.

When vegetation has been abstracted twice in this fashion the established
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categories may 6r may not have much reality in nature. The classification
itself gives very little information on this question unless it is well
documented by vegetation samples (i.e., relevés). But even then the validity
of the classification is not always easy to interpret. The test of validity
of a vegetation classification comes when the established categories are
projected on a map. Therefore, a vegetation classification cannot really be
considered complete until it is supplied with a vegetation map.

This means that the check-sheet survey may only give a first approximation
of the diversity of structural vegetation types in the areas surveyed. A
more definite answer can only be obtained through a map application of Fosberg's
system in the check-sheet sites.

The second specifié purpose of the IBP/CT survey--to establish what sort
of representatioﬁ the check-sheet areas give on a worldwide basis--can hardly
be answered with this survey. This is so because there is generally not
enough knowledge on the vegetation types outside the surveyed areas. This
information can only be achieved through a worldwide effort to map vegetation

types. This leads to the following recommendation.

Hierarchical mapping for conservation purposes: a recommendation

The insufficient cover of the IBP/CT check-sheet survey in terms of world
distribution of available areas has been brought out in previous sections of
this book. But even if the distribution of check-sheet returns have approached
a more complete global coverage, the survey can only be viewed as a first
approximation. As such it has established a momentum now, at the end of IBP,
that should be utilized and developed further through the next internationally
coordinated resear;h programs, notably by the UNESCO MAB 8 Project.

One cannot reasonably expect that a complete survey of globally available
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vegetation types at the previously discussed large geographic scale of level
4 can be made within the time contraints of even a 10-year program. However,
it is at this large map-scale of 1:10,000 to 1:100,000 that ecological field
research and natural area management has to operate in order to be locally
meaningful and effective. For one thing, conservation of biological resources
becomes meaningful only when we begin to take stock of the species in the
communities and ecosystems. We must further understand their quantitative
relationships;_their dynamic tendencies, and the ecological roles of at least
the more important speqies, whether they be dominant or rare and endangered.
A global survey for conservation of species and ecosystems would best be
approached through a program of hierarchical mapping. A world inventory of
conservation éites or ecological reserves should relate éll sites to a system

of ecological zones. Furthermore, because of the provincial nature of species

distributions, it is of utmost importance that superimposed on the system of

ecological zones is a system of biogeographical provinces. These provinces

will serve to emphasize the uniqueness of the biological populations that
comprise ecosystems occurring in otherwise structurally and envirommentally
similar vegetations in different parts of the world.

It is important that a global survey of this sort uses all existing
information. At the broadest level of generalization (Level 1), Schmithusen's
1:25 million world vegetation map can be adapted with relatively little extra
work. Firstly, the wofld vegetation formation zones indicated on that map may
be used to search for existing remnants of real vegetation types of world
formations (to be located by dots on the same map). The same map should also
be supplied with the boundaries of world biogeographic provinces of such
categories as suggested by Ellenberg (1973; i.e., tropo-american, tropo-asian,

australian, etc.). Secondly, a search should be made for Level 2 vegetation
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and eqological zonation maps, é.g., Kﬁchlér's map of the U.S.A. or Krajina's
map of British Columbia.v On these maps also, the still existing remnant vege-
tation types of zonal significance should be located by asterisks. Wherever
possible, biogeographic boundaries should be indicated. The UNESCO plan of
generating a comparable set of international vegetation maps (UNESCO 1973) at
the scale of 1:1 million deserves the greatest support in this respect: once
puf into action, the mapping project can supply reliable information on the
status of world ecosystems. The 1:1 million mapping project sﬁould make full
use of the tremendous advances recently made in reméte sensing technology.. In
this way a real breakthrough could be achieved by mapping world ecosystems in
cénsiderable detail.

Any important iﬁdividual area should then be enlarged to.Level 4 map scales
(ranging from 1:100,000 to 1:1 million) for an inventory of major ecosystems
within stétes, provinces, or island groups. The nekt enlargement to Level 5
maps then becomes very meaningful in the global network of ecological reserves.

The large geographic scale range af Level 5 (1:10,000 to 1:100,000) is
the one that forms the underpinning of the various vegetation type concepts
and clasSification systems discussed above, because all of these are based on
experience gained in the field with real (in contrast to potential) vegetation.

Recall the previously mentioned ambiguity of the homogeneity concept
relating to segmentation of a vegetation cover into communities. This ambiguity
can be minimized by specifying the geographic scale. For example, if an area
is to be classified into communities at the séale of 1:10,000, different
investigators are likely to stress similar subunits, particularly if the
classification system is specified also. Ambiguity at the second level of
abstraction in classification--the similarity concept of the investigator--

would likewise be minimized by specifying geographic scale and classification
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system. The similarity concept can even be objectified to some extent by using
similarity indices.

It must be understood clearly that the task of surveying the biological
resources on our planet is not complete until we produce an inventory of
species populations with information on their grouping, quantities, and dynamic
status in their respective communities. This task can only be accomplished
through intensive local area studies involving the establishment of.a large
number of sample stands or relevés. There is little doubt that the most
successful method for this purpose is the relevé methqd of Braun-Blanquet.

It must be emphaéized that the method cannot serve to establish a worldwide
hierarchy of floristically defined communities, because species ranges differ
from area to area. However, the sampling of species lists in the field, with
indications of their quantities in a series of relevés or sample stands, can
be done in all vegetation'areas of the world. It is the most thorough and the
moét rapid community analysis method for this specific purpose. Moreover,
there are a number of relatively simple, rapid, and meaningful data processing
methods available, ranging from the two-way table technique to the dendrogram
method of cluster analysis (Mueller-Dombois and Ellenberg 1974).

In the establishment of a global network of ecological reserves, it would
seem appropriate that first urgency is put on the development of the 1:1 million
International Vegetation Maps. Second priority should be given to the more
detailed floristic and faunistic local area surveys. For the specified purpose
at hand it would seem appropriate to promote the relevé method as the best
formal inventory technique for local area research and management. Depending
on the nature of the regional vegetation, the relevé method can be employed
in connection with large-scale structural vegetation maps established through

Fosberg's classification criteria, or it can be used in connection with any
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other large-scale existing vegetation map (e.g., one based on species-
dominance criteria). Moreover, the method itself may sﬁpply the criteria for
mapping floristically defined finer subdivisions by yielding--in most
situations--diagnostic or key species through the two-way table technique.
These key species in turn can serve as the basis for mapping floristically
defined community types--community types useful as a framework for natural

area research and management.
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