CLASSIFICATION OF NON-MARINE ECOSYSTEMS

BY

F. RAYMOND FOSBERG! AND SAM H. PEARSALL III2

This review paper was originally prepared for the Classification Experts Meeting
of the Project on Classification and Preliminary Inventory of Ecosystems in the South
Pacific Region co-sponsored by the South Pacific Regional Environment Programme, The
Nature Conservancy (TNC), and the East-West Center Environment and Policy Institute
with funding provided by the United States Agency for International Development, the
United States Fish and Wildlife Service, and the World Wildlife Fund - US (WWE - US)
administered Biodiversity Support Project (TNC, WWF - US, World Resources Center).
All of these agencies have a strong interest in finding and protecting the best representa-
tive examples of all native ecosystems in the tropical insular Pacific. This paper
addresses some of the problems faced by those who would classify non-marine
ecosystems in general and in the Pacific, and then gives particular attention to schemes
(past and proposed) for non-marine ecosystem classification.

INTRODUCTION TO THE ECOSYSTEM CONCEPT

The concept of vegetation (versus flora) has seemed a fairly clear one for many
years, as a term for the plant-cover of the earth, or any part of it (Egler 1942). Flora,
often confused with vegetation, is used for any enumeration or account of the species that
occur in a given area, region or other spatial unit.

Vegetation is an easy concept to grasp, as it is usually visible, and often
characterized by apparently discontinuous variation, making it amenable to classification
and mapping. There seems to be no suitable comparable term applying to animals or
animal communities. Fauna is a comparable term to flora, an enumeration or account
of the animal species in an area, region, or other spatial unit. Fauna is often also used
for the zoological equivalent of the botanical concept of vegetation, but the use of the
same term for two related concepts is not a satisfactory arrangement. However, a term
for this equivalent zoological concept will not be coined here, as such a term should be
very carefully chosen and agreed upon by at least a substantial number of zoologists and
zoogeographers. Zoocoenosis would be a possibility, but the series of terms including
this one, though very logical, has not met with general acceptance outside continental
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Europe. These terms will be discussed later in this paper along with other existing
schemes.

von Bertalanffy is generally given credit for founding General Systems Theory
(first codified in von Bertalanffy 1951). It was this theory, intended as a unifying
concept for all scientific endeavor, along with the organismic theory of vegetation
succession and climax (Clements 1928, 1936), that inspired Tansley to coin the term
"ecosystem" in 1935 for a community of organisms interacting with their physical and
biotic environment. There has always been a need for a more general term, inclusive
of vegetation, its zoological equivalent, and the environment. Tansley’s new term
satisfied this need very well. He subsequently seldom used the term or concept, and it
was not generally adopted for many years. Egler, in the 1940’s or early 1950’s, used
it informally in correspondence. Francis Evans (1956), formally adopted and clearly
defined it. It was then used, at least casually, by several American and Australian
ecologists. In 1960, at the 10th Pacific Science Congress, Fosberg used and discussed
the term "ecosystem" in a major symposium entitled "Man’s Place in the Island
Ecosystem" (Fosberg 1963). He also used it in a paper entitled "A Qualitative
Description of the Coral Atoll Ecosystem” (Fosberg 1961b), which did not receive wide
notice. In the introduction to the 1960 symposium, Fosberg discussed the concept in the
sense that we will use it in the present paper. For a more complete history, see Major
(1969).

Sukachev’s Terminology: Over several decades, Professor V. N. Sukachev [W.
N. Sukatschew] developed a system for classifying Russian ecosystems incorporating both
organisms and environment (Sukachev 1945). His system of terminology, or parts of it,
has appeared in various Central European works, but it has never been accepted by
Anglo-American writers. His terms "biocoenosis," "phytocoenosis,” "zoocoenosis,"
"biogeocoenosis," "biogeocoenology,” and their derivatives, with meanings self-evident
from their Greek roots, are perhaps the clearest and least misused terms in ecology.
They perhaps could (or should) be substituted generally for their confused English
equivalents, except that we should retain the easier term "ecosystem" (instead of
biogeocoenosis).

Abstract versus Concrete Ecosystems

The ecosystem concept must be understood, in an abstract sense, as any biological
community of one or more organisms plus, and interacting with, its environment. In this
sense it would apply to any such system, from a single bacterial cell in a minute drop of
water, to the earth with all of its organic inhabitants and all environmental entities that
affect them. In its concrete sense, ecosystem applies to any particular spatial unit or
stand with its included organisms and the environment with which they interact or by
which they are affected. The problem of distinguishing between the abstract (type) and
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the concrete (example) will be with us as we examine every level in the hierarchy of
ecosystem classification.

Confusing Ecosystem and Vegetation Classifications

There has been an unbelievable amount of discussion and a plethora of
publications on flora, "vegetation,” animal communities and ecological concepts, and an
attempt to describe and summarize them, if adequate, would require a book, rather than
a review paper. By far the greater part of pertinent work on vegetation and ecosystem
concepts and classifications has been done in local, or geographically restricted
investigations, usually not claimed to be of more than local application. Some authors,
however, assume a broader applicability than is warranted, extrapolating from local
observations, making generalizations that apply less and less well the farther one goes
from the area where the observations were made.

A considerable number of vegetation classifications have been proposed, described
and applied, a few on a general or world scale, many more for restricted areas. A di-
chotomy has developed between those few classifications which are based strictly on
plant or vegetational features, and those including in their definitions such environmental
features as climate, soils, moisture, or even animals. In this paper, the term "vegetation”
will only refer to the plant component of ecosystems being discussed. In this restricted
sense, circularity of reasoning can be avoided. Vegetation cannot at the same time be
defined by soil features and then be used to define or characterize soils, for example.

‘ Granting this restriction, most so-called vegetation classifications and the maps
based on them are really ecosystem classifications and ecosystem maps. Few vegetation
students and mappers are willing to accept this restriction, and most continue to call their
schemes vegetation systems and maps. The Engler and Drude (1902), Riibel (1930),
Braun-Blanquet (1932), and Fosberg (1961a, 1961c, 1967) systems are the principal early
schemes to truly or even primarily qualify as vegetation classification systems on a
general or world scale.

PROBLEMS OF DEFINITION AND DELIMITATION

Before considering the existing classifications, it seems appropriate to discuss the
problems encountered in defining and delimiting ecosystems as they have concrete
existence in the field, and determining how, if possible, they may be related in a
hierarchical system. One is intuitively aware, once one grasps the ecosystem concept,
that ecosystems, in the concrete sense, exist as discrete entities.

It is no accident that there has been a great deal of description and classification
of what has been considered as vegetation, i.e., plant cover. Vegetation can be seen and
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its variations described and measured. The plant component is clearly the most tangible
of the complex of features and qualities that make up most terrestrial ecosystems.

Ideally, of course, an ecosystem should be delimited by taking into account all
of its components or attributes. But for practical reasons this is generally impossible.
In practice, some of the components may be measured or defined in terms of other
components. Soil surveying and mapping, after the reality of a soil type is established
by actual sampling, are done by observing vegetation correlation with soils, and mapping
the vegetation on the assumptions that the limits of the soil type are indicated by the
boundaries or areal extent of the corresponding vegetation.

A first approximation of the extent and boundaries of an ecosystem may thus be
established by discerning and mapping a vegetation feature or complex of features. This
is the property of the ecosystem that is immediately visible and may possibly indicate the
extent and boundaries of the ecosystem under study. If adequate spot-checking of other
important but less obvious features or properties of the system (e.g., soils) establishes
that the spatial extent of the vegetation corresponds with that of the corresponding
ecosystem, we have a practical basis for placing it in a classification and determining the
set of phenomena that we are interested in.

Inventories of Organisms

In characterizing an ecosystem at any level it would seem necessary to list or
inventory two sets of phenomena - the biotic or living component - flora and fauna, and
the inorganic environmental features. Neither of these enterprises is easy. On the
organic side, such large and conspicuous animals as birds and mammals are fairly easy
to identify and count. Likewise trees are large and obvious - witness the frequent
inventories of plants (trees) 10 cm or more diameter at breast height. Shrubs, vines, and
herbs are fairly easy, but often disregarded. But the cryptic, small or tiny organisms -
earthworms, salamanders, insects, spiders, mites, nematodes, fungi, actinomycetes,
protozoa, algae, and bacteria - that make up by far the greatest number of species in any
natural ecosystem are a different matter altogether. To complete such an inventory
requires either an old fashioned across-the-board naturalist or a team of specialists.

Inventories of Inorganic Features

Likewise, the inorganic components of an ecosystem (e.g., the soils, landforms,
water) must be identified, measured, their ranges of variation determined, their syner-
gistics and their effects on the living components understood and identified. Again, this
1s no mean array of tasks, but it is necessary if an ecosystem is to be fully understood
as a functioning whole.



Use of Selected Features or Components

Clearly, to inventory and evaluate all organic and inorganic components of
ecosystems to be classified would be totally impractical. No classification would ever
be accomplished. What, then, is the alternative? It seems clear that a few important and
readily observable attributes must be selected and assumed to be the parameters that
define the ecosystems at any particular level in the hierarchy. Different such sets of
features would be suitable at different levels, and an estimation of the breadth and
importance of major features or sets of features would determine the levels and their
order in the hierarchy. At least for the higher parts of the hierarchy, the science of
biogeography should be enlisted to help select these criteria. To the best of our
knowledge, this approach has not been tried, although some of the so-called vegetation
classifications, those in which broad environmental, rather than strictly vegetation
characteristics, are basic, may actually be the results of similar logic.

Biogeography

Biogeography may be thought to provide an approach to an ecosystem
classification but there is so much difference of opinion as to what is biogeography that
this confusion must be put in order before it will be very useful for anything of this sort.
There seem to be at least four main subject-matters referred to as biogeography or its two
subdivisions phytogeography and zoogeography (Fosberg 1976):

1. Floristic/faunistic biogeography, perhaps better called statistical biogeography, is
perhaps what is most commonly meant by the term. In this, plant and animal
species are sorted into groups called "elements" based on what are considered to
be their closest taxonomic relationships. Then these groups are arranged geo-
graphically into "geographic elements.” A preponderance of any one of these in
a flora or fauna indicates its principal geographic affinity. This seems theoret-
ically a sound approach, and is applied in many biogeographic studies and texts.
However, the uneven and frequently inadequate taxonomic knowledge in many
major groups of organisms and incompleteness of collection in many geographic
areas lessens one’s confidence in conclusions reached in this way.

2. Another major field of biogeography is called historical biogeography. This
attempts to interpret and understand distributional patterns in terms of what is
known of the fossil histories of faunas and floras, and of paleogeographic
reconstructions. These approaches not only contribute to the development of a
biogeographic picture of the biota of an area or region, but what is known of the
biota helps fill in the paleogeography and the knowledge of the migration and
evolution of the plant and animal groups and lines of descent (e.g., vicariance
versus dispersal theories of biogeography (Udvardy 1981) or the "equilibrium
theory of island biogeography (MacArthur and Wilson 1963, 1967)).




The results of these sorts of biohistorical speculations, correlations, and
reconstructions are often combined with determination of the succession of strata.
The apparent chronology provides materials for stratigraphic determination of the
relative ages of strata and their included fossils. Then the presence of taxonomi-
cally similar fossils may be used to indicate the age of other strata in which these
fossils occur. The lists of fossils of putatively similar ages are compiled into
fossil floras and faunas. These may then be assumed to indicate paleo-ecosys-
tems. However, there seems to be so much incompleteness and inherent
uncertainty in the results of this approach that historical biogeography can
scarcely contribute much to a practical ecosystem classification.

Economic biogeography is the collection and organization of information on
useful plants and animals, and products derived from them in terms of their
geographic origins and distributions. This is a special aspect of biogeography of
considerable practical importance, but it has little pertinence to ecosystem
definition and classification.

There remains the subject of ecological or physiological biogeography. This, the
classical, or Schimperian biogeography, usually phytogeography, had its origin
in Humboldt’s observation of zonal distribution of organisms according to
attitudinal belts in the Ecuadorian Andes (Humboldt 1805, 1806). It was
launched as a formal science by A.F.W. Schimper in 1898, in his monumental
"Pflanzengeographie Auf Physiologischer Grundlage" (first translated into English
in 1903 by W. R. Fisher). This great work divides the land surfaces of the earth
into plant-geographic regions on the basis of climate, temperature and rainfall
regimes, soils, elevation, and other ecological factors, as expressed by the
structure and physiognomy of the vegetation. On a world scale, this scheme
resulted in a very coarse-grained pattern, but an eminently sound one. It is, of
course, really an arrangement of major ecosystems, though commonly referred
to as a vegetation system. Much work has been devoted to refinement and
improvement of Schimper’s essentially physiognomically definable and recogniz-
able units. It has been given more attention by geographers than botanists or
zoologists, but it is basically ecological. Schimper’s regions and subdivisions are
in reality major ecosystems based on complexes of ecological factors and
recognizable from variations in physiognomy of vegetation. Modern refinements
of these units will most likely form the higher levels of any hierarchical
classification of ecosystems. As noted earlier in this paper, vegetation is the most
visible feature of almost any major ecosystem and its nature and appearance
provide the best indicators of the ecosystem extent and boundaries.




Aquatic Situations

Aquatic ecosystems do not fit well with much of what has been said above, which
is mostly about dry-land or wet-land terrestrial phenomena. Large bodies of water,
marine benthos, small lakes and ponds, streams and rivers, and flowing springs cannot
ordinarily be identified and defined by readily visible vegetation. They certainly contain
biotic communities in addition to their physical environments, but their environments
provide water rather than soil and air as the medium or matrix. In some cases the
vegetation is evident enough to be useful in defining the system, but in others we must
depend on other features such as chemical or physical structure of the water medium.
The water may be saline or fresh, acid or alkaline, clear or turbid, still or moving,
smooth or turbulent, warm or cold, seasonally frozen or not, and more or less (usually
more, these days) polluted. These features and combinations of them will influence or
control the organic components of the system. An almost infinite number of combina-
tions may occur. It seems clear that the whole natural range of ecosystems should be
divided into terrestrial and aquatic segments, each of which would comprise a separate
hierarchy in any complete hierarchical classification. It will be difficult to determine
which of the sets of features listed above under the aquatic environment are useful to our
purposes. Those pairs of attributes are not the only ones of significance, but seem to be
the most important in order to provide bases for a usable hierarchy.

Succession and Continuous Variation

The problem of succession will have to be dealt with in both aquatic and
terrestrial ecosystems. Clements (1902, 1928) has provided a rather clear framework in
his hydrosere-halosere-xerosere terminology. His hydrosere is perhaps the easiest to
visualize, though all too easy to oversimplify. Emergent aquatic vegetation, especially
on tidally or other intermittently submerged and emerged ground (and continua), whether
successional, non-successional, geographic or periodic, are realities to be dealt with.
This is most especially true when our most basic discontinuity, that between aquatic and
terrestrial ecosystems, breaks down. The truism that sharp boundaries are rare or non-
existent in nature is nowhere more evident than here. Even the apparently sharpest
boundaries are made fuzzy.by "edge effects."

Diversity

A concept that has, to a few scientists, been of importance for a long time, has
in the last few years been recognized to be of major consequence to a wide audience.
Diversity has come to be recognized as a factor in the stability and permanence of major
ecosystems. Such a subject, attracting more than just scientific attention, and now even
of political consequence, is certain to stir up controversy. Even the definition of
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diversity, once regarded as obvious, has become a matter of argument with some
definitions so mathematical as not to be obvious at all.

A stated objective of many classifications is the preservation and protection of
biological diversity. Diversity must therefore enter into the classification of ecosystems.
What most organizations intend to preserve is actual diversity in terms of numbers of
species. These are essential components of functioning ecosystems, clear and simple
enough to be readily understood by educated and intelligent people, and not only by
specialists in technical ecology.

While the objective is the preservation of the mosaic of complex communities of
interacting organisms, the habitats that are home to the diverse multitudes of species are
equally diverse. The geological base may be of many kinds, physical and chemical, of
rocks, the parent materials for a diversity of soils. Erosion and tectonic uplift of these,
and volcanic outpouring from the complex series of magmas forming and combining
beneath the surface of the earth, and the erosion and weathering of surface rocks provide
a rich diversity of habitats for the multitude of plant species that provide habitats for the
diversity of animals. All of this adds up to a remarkable physical diversity and a much
greater biological diversity or "biodiversity, " all of which we must do everything possible
to preserve.

Virtually every aspect of the intricate web of biotic and inorganic diversity
provides an ecological niche that supports one or more species of plants or animals.
Each such community which interacts within itself and with its segment of habitat, forms
a definable ecosystem. Such ecosystems, at every level of complexity, are what must
be ordered and classified so that knowledge about them is made accessible. The resulting
classification must serve as a guide to this labyrinthine complexity.

EXISTING SCHEMES OF CLASSIFICATION

As noted above, there is an enormous literature on classification of vegetation,
animal communities, ecosystems and, in general, ecological entities. As also mentioned,
it would require several books rather than a review paper to digest and summarize this
literature. A plethora of terms, maps, and systems have been proposed, and many of
these are, or have been, in use. Many of them have value, especially in relation to the
purposes for which they were created. Some of these purposes and values are discrepant
and even conflicting. No one system of ecological terminology or classification is
suitable for all purposes. This view is not, however held by all workers in the field.
The extreme opposite position was very positively expressed by no less a person than
Professor van Steenis who said (1956 conversation with Fosberg), "there can only be one
correct vegetation map of an area."
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In this paper it seems only practical to give an idea of the principal systems of
very broad, or worldwide application; and of terms and concepts of possible use or
significance in formulating a hierarchical classification of ecosystems for use in efforts
toward conservation of biodiversity, especially in the Pacific islands. No special effort
is being made to be sure of the complete history of a term or even of a system, so long
as the concepts are clear and understandable. More attention will be paid to the
appropriateness of terms, concepts, and features of the systems discussed for use in the
classification to be constructed. A basic aim will be to determine and convey how
effective a term or concept will be for storing and retrieving information for the proposed
classification of ecosystems. This objective may in places cause the sequence of this
paper to be less direct or economical than might be expected.

It is not our purpose here to describe the ecosystems that are classified, but we
may properly be reminded that no matter how good a classification is, the results of its
use or application will be no better than the quality of the records of the ecosystems, or
communities plus environments, to be classified. The recording and description of data
on the natural phenomena of vegetation is a whole other subject, but an important and
essential one (see Dansereau 1957). Terminology is the connecting link between the
descriptive data and the classification, so terminology will frequently be discussed and
used in the remainder of this paper. Some definitions will be offered of terms that are
not obvious.

We will present three general types of classification schemes. These are:
Strict or almost strict vegetation classifications;

Ecological approaches to vegetation classifications; and
Ecosystem classifications.

W

Some of the systems discussed in these three sections will be discussed again or
referenced during the later presentation of classification units. A later section also covers
systems of biogeographic classification as a possible approach to the top level in a
classification of ecosystems.

Strict or Almost Strict Vegetation Classifications

The Braun-Blanquet System of Phytosociology: The most widely accepted
vegetation scheme, especially in continental Europe, is that developed by Professor J.
Braun-Blanquet of Montpellier, France, and associated also with Zurich, Switzerland
(Braun-Blanquet 1932, English translation by Fuller and Conard; also see Becking 1957).
The Braun-Blanquet system of vegetation science, though usually thought of by those not
involved with it as just a scheme of classification, and nomenclature, is actually a well-
rounded method of collecting, organizing, and interpreting information on plant cover
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of areas of the earth’s surface. It is only the classification aspect that concerns us here
and that most Americans are aware of.

The Braun-Blanquet approach is based on floristic data, which are used as
indicators of the associations, the basic unit, and of higher units which are groups of
associations. The data for these higher units indicate but are not based on environmental
factors. This differs from the usual American indicator concept (e.g., Clements 1902,
1936) in that it does not hold that a single species reliably indicates an environmental
complex, but that a number of species together give a more reliable indication. The
concept of "fidelity," that certain species are found in no other "association" is central
to the system. These faithful species are called "character species.” Other species,
present, but not exclusively so, are called "constant." A group of species usually found
together in the association, and useful in differentiating it from other associations, are
called "differential species." The procedure of the method, after the selection of the
plots, on which the "relevés," or working building blocks of the system are selected, is
a prescribed standard order which, if followed, will yield associations, if such exist in
the area of vegetation.

The critical operation in Braun-Blanquet’s method is the choice of plots for
making the relevés on which the floristic analyses are based. A standard sized area of
homogeneous vegetation is chosen subjectively. The data which are abstracted from
these plots are the raw material from which the relevés are compiled. The relevés are
then tabulated and the associations are derived statistically from the tables. One of the
most severe criticisms of the system has been aimed at the subjective, rather than random
choice of plots. In our opinion, the careful selection of plots, based on experience with
the vegetation is the real strength of the method. If the choice of plots were random, it
would be very unlikely that any associations would result from the operation. The
association, as stated above, is the fundamental vegetation unit of the system.

These associations are grouped into a higher category called "alliances," by the
same method, and the alliances into orders, and the orders into classes. The associations
are usually not readily recognizable on quick ground observation, and reading a
description of vegetation according to this system gives no visual impression of the
vegetation. At the alliance level it is often possible to recognize the units visually in the
field, but only after some experience.

The Braun-Blanquet scheme undoubtedly detects and portrays something real, and
maps based on it have proven very useful in indicating environmental factors and in land-
use planning. However, it is not clear that it would help in defining ecosystems, at least
not without a high cost in time and labor. In spite of its wide acceptance, we can ignore
it in our present context. We have described it in some detail, informally, because it is
so firmly entrenched in the science of phytosociology that strong arguments are possible
for its adaptation as the basis for the description of the vegetation component of the























































































