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l INTRODUCTION integrative, multi-factorial, and synthetic. Consequent-
ly, it is clear that a paradigm shift is required in how

The principal purpose of any classification is to relate classifications may become ecosystem-oriented, dyna-
common properties among different entities to mic, and process-oriented. Also, they must evolve
facilitate understanding of evolutionary and adaptive according to increases in knowledge and to the evolv-

processes. In the context of this volume, it is to facilitate ing needs of ecosystem management.

ecosystem stewardship, i.e.,to help supportecosystem A fundamental question is whether a common
conservation and management objectives, classification system can be developed that would meet

This chapter has three purposes. The first is to tire needs of all ecosystem managers. The answer

provide a broad, scientific overview of the theory and seems to lie in the ecosystem concept and the clari-
methods of ecological classification• The second is to fication of what is "common" to all ecologically based

review past and current efforts to shed light on the classifications. For the complex variety of conservation
characteristics of current classifications and how they and management questions that will always exist it

have evolved. The third is to provide the scientific would appear that a variety of biophysical classifica-

foundation for applying ecological classification to I tionswill alwaysby needed.
resource planning and management in the ecosystem This chapter attempts to respond to the challenge of
context, with a primary emphasis on new paradigms developing common ecosystem properties for ecolo-

• for classification. In all three aspects, the focus is on the gical classifications. It is structured in five sections.

United States because the intent is to help meet the goal After providing a definition of ecological classification,

of improved ecological stewardship of federal lands below, Section 2 describes the theory, conceptual ap-
and waters, proaches, and methods that have been developed, and

It is now widely accepted that federal management that continue to be the basis for, ecological classifi-

activities should take an ecosystem approach. The goal cation. Section 3 is a summary of existing classifications

ef this approach to management has been defined by for the major ecological realms terrestrial, fresh-
the IEMTF (1995) as follows: "to restore and sustain the water, and coastal-marine. It will become apparent that

health, productivity, and biological diversity of eco- each of these realms has been historically treated quite

systems and the overall quality of life through a natural differently, conceptually, and methodologically. In
resource management approach that is fully integrated some cases, management applications are made diffi-
with social and economic goals. This is essential to cult by these contrasting approaches, as for example
maintain the air we breathe, the water we drink the when aquatic systems are subsumed within terrestrial,
food we eat, and to sustain natural resources for future floristic provinces.

populations. "e Section 4 describes how classifications may be

To this somewhat a.nthropocentric definition, one derived by means of multi-factor, integrated methods.
may add the importance of maintaining entire land- This approach is required for ecosystems, which are

scapes (e.g., Franklin 1993), the conservation of evolu- complex, hierarchical, integrated systems involving
tionary and ecological processes, and the protection of both biotic and abiotic elements. Section 5 summarizes

species and ecosystems in protected areas (e.g., Grum- major existing classification systems and their applica-
bine 1994). Virtually all of the approaches have explicit tions. Section 6 presents conclusions and future needs.

or implicit requirements in common for the application This chapter is written in recognition that no ecosys-

of the l_est of theoretical science, and for clearly articu- tem classification system yet exists that truly integrates
lated conservation and management goals. Historically, all ecosystem attributes, nor that can suffice for all
these two requirements have not necessarily been plants and animals, nor for all lands and waters, nor

congruent; in fact, they have often been at odds. Yet that can fully describe or predict ecological change.
only through the alignment of ecosystem concepts with Notwithstanding these limitations, our intent has been

realistic management goals may the necessary research to cull out the essential elements of the subject with
and monitoring activities emerge to meet the challenges future needs in mind, trusting that the reaaer will refer
involved in sustaining productive ecosystems, with to the literature cited for further insight and

their full complement of biological diversity, information.
Solutions to problems related to the common inter-

ests of science and management directly affect ecologi- 1. l What !$ Ecological Classification?

cal classification. In the past, problems were expressed

narrowly according to site- or resource-specific goals. The objective of any classification is to group together
This led to narrowly defined classifications specific to sets of observational units based on their common attri-

those problems. The ecosystem approach is broad and butes (Kent and Coker 19921. Thus, ecological classi-
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fication refers to the development and characterization features, as sole descriptors for those units. If coastal
of a set of units that are assigned by analyzing environ- systems are to be classified, they must be fully based on

mental and biological variables. The variables that can the interactions of land, sea, and atmosphere, which
be used for classification are determined by available define the coastal zone.

data and other resources. The end product of a classi-

fication is a set of groups derived from the units of |.2 Classification Must be Driven by
observation where units within a group share more Objective
attributes with one another than with units in other

groups. The ecological stewardship implications are Different approaches to ecological classification have
that all representatives of an ecological unit should been developed to address specific objectives. As re-

respond predictably to both natural changes and viewed in this chapter, numerous ecological classifica-
resource management practices (Driscoll et al. 1984). tion systems have been applied in many different areas

Four important historical facts have set the stage for over the years. There is no one correct way to classify

present-day ecological classification. First, classifica- ecosystems; the success of an approach is measured by
tion in the past has been dominated by static approach- its ability to meet management and/or scientific object-
es; ecological dynamics were poorly understood and ives, preferably both when they exist. Classifications

environmental change was generally not considered, have primarily been constructed for three purposes: (1)

This is especially apparent on maps, ,,,,'here the poly- to help develop and represent the science of biogeo-

gons do not represent spatial, environmental and graphy itself; (2) to help identify "representative"
temporal dynamics. Second, by far the majority of ecosystems for protection, restoration production,
work on ecological classification has been land-based, management, research, monitoring, and inventory,

resulting in the omission of aquatic features. Third, most notably of living resources; and (3) conservation

aquatic systems have been classified generally by of biological diversity. With respect to management
means of physical features, such as temperature, itself, many possible applications exist for classifica-

salinity, topographic features that define watersheds, tions, of which Frayer et al. (1978) have identified four:
the dendritic structures of river systems, estuarine (1) a basis for cataloging the status of current resources;

structure, and the like. This is in strong contrast to the (2) a means of transferring experience and knowledge

more biotic approach of land systems. These segre- of a studied area to a similar but unstudied area; (3) a

gatedtreatmentsofterrestrialandaquaticsystemsdefy framework for assessing local management opportu-
attempts at integrating these ecosystem classification nities and predicting the outcomes of treatments or
approaches, as is obvious in the case of omitting rivers actions; and (4) a vocabulary for communication

from terrestrial biotic provinces or not considering between managers, between managers and re-
land-sea interactions when describing coastal searchers, and between managers and the public.

classifications. (An assumption for the land has been The principal factor that controls the relationship

that vegetation is a surrogate for other biota. An between classification and objectives is scale. For
assumption for the sea is that zoogeography or example, ecological classification requirements for

physical features can be used to define oceanographic songbirds (functioning at the vegetation stand level)
regions, or vice versa. These assumptions have met are different than those for amphibians (functioning at
with uncertain results.) the micro*habitat level). However, under a properly

Fourth, a host of classifications has resulted from designed system, ecological units that are appropriate

both the fragmented approach of management and the for management objectives related to amphibians can

disciplinary approach of science. As a result, some be aggregated into or nested within units meaningful
classifications are defined at a single level, whereas for songbird management. Thus, the first step in ecolo-
others contain multiple levels, which may or may not gical classification is to determine the spatial scales

be hierarchical. Most classification systems, and levels needed to address management objectives.

within classification systems, are associated with a Historically, management objectives have empha-
particular geographic area and with specific spatial sized single resources as separate entities in the

scales for implementation, landscape or seascape. Contemporary land managers.
It is now abundantly clear that biotic-abiotic however, are askingnew sets of questions that require

terrestrial-aquatic integration is required for an eco- integration of multiple factors. These new questions

system approach to classification. If ecological classi- include:
fication systems are generally to be used to delineate

sets of biophysical units across landscapes, they must • What are the cumulative effects of a management
go beyond climate, floristics, zoogeography or physical activity on multiple components of a system?
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• Will a management activity disrupt the inherent most important contemporary advances have utilized

ecological processes and functions of the system? the greater availability of biotic and abiotic data and

• What level of a management activity',','ill direct the improved spatial technologies to create multiple
hierarchical classifications that can be applied to

system into an aberrant ecological trajectory?
different objectives at multiple scales. What may be

Such questions are the essence of ecosystem steward- described as "local" vs. "regional" differs markedly

ship because they place resource management in the i among various systems. For the land, the difference is
context of multifaceted, hierarchical, ecological rela- apparent. But for rivers, the watershed is the usual

tionships. This is a particular challenge for the inte- "regional" frame of reference, with "local" referring to
gration of science and management, as science is not third- or fourth-order tributaries. For coastal systems,

able to give answers with high degrees of certainty to "regional" is the biotic province, usually defined by the

such questions. An instructive example concerns ranges of endemic fauna; "local"refers to physical sub-
fisheries management, which has been treated from units such as estuaries, bays, tributaries, and coastal

the point of view of simple "yield" models, out of formations. For open marine waters, including both
context of ecosystem properties. A growing concern is coastal oceans and ocean basins, "regional" may refer

that of sustained ecosystem functions and processes to zoogeographic provinces or water masses; "local" is
over time in light of management actions (question 3). usually referred to as "sample sites" or "patchiness."

Orians (1975) defines the following measures of Ecological classifications have historically been
ecosystem"stability": (1) constancy, (2) persistence, (3) based on abiotic, biotic, or integrated approaches.

inertia, (4) elasticity, (5) amplitude, (6) cyclical stability, Abiotic classifications have defined sites and mapping

and (7) trajectory stability. Which measures are units by singular or multiple components of the abiotic

operational can be very difficult to identify, but these environment. ;Fhese components include land forms
terms define a way to approach ecological classification (Hammond 1964), physiographic provinces (Penne-
from a functional-process viewpoint, man 1928), and climate (Trewartha 1968), along with

other variables such as geology, watersheds, and ele-
vation. Biotic classifications have primarily been

2 HISTORICAL OVERVIEW OF ECOLOGICAL developed to portray vegetation classes and animal
CLASSIFICATION habitats.

Examples of terrestrial biotic classifications include

Biogeographic classification has a very long history, potential natural vegetation (Kiichler 1964), vegetation
with strong links to biological diversity and physiognomy (UNESCO 1973, Grossman et al. 1994b),

biogeography. Since the time of the Greek scholars Society of American Foresters cover types (Eyre 1980),

Aristotle and Theophrastus during the third century plantcommunities(Grossmanetal. 1994b),andnatural
B.C., and of the Latin scholar Pithy the Elder during the vegetation of the Southwest (Brown et al. 1980).Hybrid

first century A.D., descriptions of species have been approaches have integrated abiofic and biotic compo-
accompanied by classifications, however rudimentary, nents to classify and map actual or potential land units.

and data on site locations. Over subsequent centuries Examples of integrated approaches include habitat

to the present, many questions concerning the charac- types (Krajina 1965, Pfister et al. 1977), ecoregions
terization of biological species and communities, (Bailey 1976, Omernik 1987), forest regions (Braun
including their relationships to environmental and 1950, Rowe 1972), ecological land units ('Haufler 1994'1,

latitudinal gradients, have emerged. As a result of and wetlands tCowardin et al. 1979).

rapid discoveries and the increasingly disciplinary In Europe, land use planning assessments promp-

nature of the inquiry, many different approaches to ted the development of ecological classification in the
biological and ecological classification have been early 1930s. Ecological, as opposed to purely biotic.
developed, along with a massive literature, classifications attempt to interpret the ecological mean-

Historical approaches to ecological classifications ing of the distribution of biotic types by relating this

may be broadly characterized as being either locally distributior, to one or more features of the era'iron-
specific or regionally simplified. For local classifica- merit. Tools suct7 as "ecological vegetation maps,"

fions, there has generally been a highly focused object- which not:ed the environmental features believed to be
b,'e and a large quantity of field information; this has indicated by the vegetation, were used for large-scale

resulted in classifications and maps _hat are specific assessmentsofthesuitability of sites for par_cular uses

and detailed. In contrast, regional treatments have ,Zonneveld 1988). Similarly. the North American con-
tended to generalize data from few points over large cept of "ecosystem" became the basis for evaluating
areas and, thus, had limited use at a local level. The suitability in that site characteristics for a given
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mapping unit were used to determine appropriate nentalshelvesoftheworld. Thiszoneisnowestimated

land use categories and for other resource manage- to include sea level plus and minus 200 m. It en-

ment needs. In the United States from 1900 to the late compasses 18 percent of the earth's land surface and 8

1960s, resource management was mainly concerned percent of the oceans" surface (but less than 0.5 percent

with protection from catastrophic events (e.g., fire, of the oceans' volume). However, its importance is
floods), and with the efficient extraction of commodi- disproportionate to its size: it supports 60 percent of
ties. Throughout the I970s and I980s, however, an the human population, and accounts for a quarter of
increased environmental awareness on the part of the the global primary productivity and more than 90

public and within government confirmed and percent of fisheries (LOICZ 1996). The recognition of

strengthened the need for structured, ecological data the coastal zone warrants a new ecological classifi-
assessment tools. Single-factor classification systems cation that not only transgresses traditional land--sea

were ineffective at addressing these "nev,," issues and boundaries, but also functionally integrates terrestrial,

did not capture land functions and processes. As a marine, and atmospheric processes.
result, multi-factor ecological classification systems The need for a global classification of coastal and
that recognized system inputs, outputs, complexity, marine systems became especially clear when IUCN

and inter-connectedness were developed to address and UNESCO recognized during the 1970s that there

multiple-use and biodiversity issues. ",','as no comprehensive, global classification for con-
Terrestrial classification systems have historically servation purposes. Udvardy's (1975) "world" classifi-

been given more attention and are considerably more cation was intended to meet that need for the land, but
advanced than other classification systems. As a result, this "world" did not include freshwater and marine

aquatic systems tend to be included within terrestrial systems. Consequently, IUCN and UNESCO support-

systems. For example, Bailey (1995) described ed an effort to develop a matching, coastal-marine

"eeoregions" on the basis of land surface, climate, classification. The result was Hayden et al. (1984),
vegetation, soils, and fauna. This approach neglects which reviewed the"state-of-the-art" and presented a
watersheds and their dynamics and even the existence tripartite scheme for comparing coastal geomorpho-

of the coastal zone, which includes a major portion of logical provinces, coastal biotic provinces, and marine
the land surface. Additionally, Cowardin et al. (1979) realms. It was recognized that this scheme needed

described wetland and deepwater habitats in significant extensions, particularly into the third di-
traditional, typological ways that did not take into mensionofdeeperoceanwatersandintosmallerscales

account the dynamic approaches employed by coastal of interaction. However, to date, this global treatment

biologists and oceanographers, has not been expanded.
Coastal-marine physiographic and biogeographic In summary, most work on ecological classification

classification has its own long history, perhaps dating and the related field of biogeography has focused on

from the scientific voyages of the 19th century. Modern specific systems or elements of systems. There are

zoogeography was initiated by Ekman (1953) and manyexamples of classifications that represent specific
Hedgpeth (1957), who took zoogeographic and taxa, landforms, vegetation and climate, physical geo-

physical-ecological approaches to sub*dividing the graphy, the phytoplankton of oceanicwaters, estuaries
near-shore seas and oceans into now-familiar zones and habitats of continental shelves, coral reefs, and

(from littoral to abyssal). Somewhat later, Briggs (1974) other factors. It has become increasingly clear that
re-evaluated the zoogeography and proposed a system many of the challenges presented by management of

of coastal biogeographic provinces primarily based on whole ecosystems cannot be addressed by these frag-
endemic species. This method allows clear identifi- merited classification approaches.

cation of province divisions, but does not create a
relational basis among provinces for evaluation as all 3 ECOLOGICAL CLASSIFICATION: THEORY
provinces defined by endemism become, by definition, AND bfETHOD$
unique. Nonetheless, Briggs's approach does confirm
divisions that have long been apparent among coastal From this brief history, it is clear that ecosystem man-

biotic provinces (e.g., as given for North America in agement requires a reversal of trends, in both science
Robins and Ray 1986, Robins 1992). and management, _way from fragmentation and

A major, relatively recent development has been the reductionism. The Ecological Society of America fESAI
recognition of the "coastal zone" as _ distinct earth has led attempts to define concepts for holistic man-

realm where land, sea, and atmosphere uniquely inter- agement application, e.g., for "sustainability" (Lub-
act. Ketchum (1972) essentially defined this zone to chenco et al. 1991j. More recently, the ESA has reported
include the entirety of the coastal plains and conti- on the scientific basis for ecosystem management,

',r I fr_11f-_-_ --_---" .............
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defined by: "...explicit goals, executed by policies, causal factors (Urban et al. 1987, Bourgeron and Jensen
protocols, and practices, and made adaptable by moni- 1993, Jensen et al. 1996). Once a correlation or a cause-

toring and research based on our best understanding of effect relation between pattern and process is deter-

the ecological interactions and processes necessary, top mined, predictions are made using the summa D' of
sustain ecosystem composition, st_acture, and function" data and information performed during the classifi-
(Christensen et a1.1996).This amplifies the definition of cation process and/or the generation of maps, statistical
the IETMF (1995) to include specific scientific goals, as or simulation ecological models, and/or a combination

well as social ones. Among the elements included in of the first two approaches. Such interpretations are

ecosystem management, as defined by this ESA report, reasonably well developed for terrestrial systems, but
are: sustainabi]ity, ecological modeling, adaptability and are only at a primitive stage of development for coastal
accountability, spatial and temporal scale, ecosystem (Ray 1991) and marine (Steele 1989, Ogden et al. 1994)
function and dynamics, ecosystem integrity, and the systems.
uncertainties of our knowledge.

3.1.2 Syscem Dynamics
3. ! Theoretical Basis for Ecological

Classification Most existing ecological classifications are concerned

with patterns or static structures. However, ecosystems
In this context, it is abundantly clear that most present may exhibit several trajectories (Orians 1975), and future
classifications are incomplete and possibly even mis- ecosystem classifications cannot ignore these dynamics.

leading in cases where the approaches are based on A new approach is that of dynamic biogeography,
narrowly defined ecosystem components. To address which merges the large-scale approaches of traditional

future ecosystem-oriented needs, seven areas of biogeographywithsmallersca]e approachesofecology.
ecological theory need to be considered: (1) pattern Dynamic biogeography concerns the study of biological

recognition; (2) system dynamics; (3) hierarchy theory; patterns and processes on broad geographical and time
(4) systems limits; (5) the biotic component of eco- scales, and represents spatial patterns at different scales
systems; (6) the abiotic component of ecosystems; and of variation (Hengeveld 1990).
(7) ecosystem characterization, Each of these areas is Ecological classifications are used for many put-

described in greater detail below. The treatment of poses, such as assessing spatial relations and compara-

these issues affects the selection of the concepts rive featuresofecologicalsystems. However, ecological
guiding ecological classifications, the most appropriate systems exhibit temporal changes along various dev-
data for such classification, the best techniques for elopmental pathways that result in different types of

classifying ecosystems and their components (e.g., organization. Many conceptual models used for plan-
assemblages of species, landscapes, seascapes), and the ning purposes assume that all ecosystems reach a state

best methods for predicting ecosystem properties and of equilibrium or quasi-equilibrium (e.g., the assump-
their responses to various management scenarios, finn that succession leads to climax). However, we now

know that ecosystems are rarely in equilibrium.
3. |. | Pattern Recognition Although it is convenient for scientific (e.g., modeling)

and planning purposes to assume equilibrium at a

To describe ecological systems, pattern recognition tech- given scale, we must recognize that ecological systems
niques are often employed. But because ecosystems are are fully dynamic (e.g., Kay 1991,Constanza et ah 1993,.

complex systems, defined by exchanges of energy, Thus, ecological classifications at all scales need to be
materials, and information, which may be described at designed to account for change, which may be slow or
many different scales (Levin 1992), their boundaries rapid, in terrestrial and aquatt¢ systems.

may be difficult to define and may even be considered
arbitrary. Nevertheless, boundaries are determinable, 3,l.3 Hierarchical Organization
for example, by recognizing gradients or "'ecotones."
which also provide a context for understanding Complex ecosystem patterns, and the multi_de of
ecological function (Hansen and di Castri 1992). processes that form them. exist within a hierarchical

Ecological classification requires that spatial and framework (Allen and Start 1982, Allen et M. 1984
temporal relationships need to be defined clearly O'Neill et al. I986,,as is readily observed inlandscapes
(Bourgeron and Jensen 1993, Jensen el al. 1996). or seascapes. In recent years, considerable attention

Furthermore, ecosystem management requires making has been directed to describing this hierarchical

predictions about ecological systems, that is, determin- organization. Hierarchy theory (Allen and Starr 1982,
ing relationships between patterns and hypothesized O'Neill et al. 1986) views multi-scaled systems as a
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series of constraints in v,,hich higher levels of organiza- functioi'_s at an "optimum." For example, it has been

tion providetheenvironmentinwhich thelowerleveIs assumed that, eventually, ecological succession

function. However, constraints are not necessarily continues until species stop replacing each other, at

"top*down," as Holling et al. (1993) have described, which point the processes that lead to change balance
Ecosystems at any level may cycle through functional the processes that lead to ecological organization. At

states of "exploitation," "conservation," "release," and this stage, called "climax," the ecosystem presumably
"reorganization," in which both "top-down" and would be operating at "optimum." Yet actual field

"bottom-up" interactions are evident, observations reveal that this point does not remain
Four tenets of hierarchy theory are critical to under- constant. Environmental conditions may change (e.g.,

standing landscape patterns and their dynamics, and because of local, regional, or global climate change),

to using that knowledge for ecosystem management new species may appear, and, even in the absence of
(Allen et al. 1984; O'Neill et al. 1986). major disturbances such as regional fires or coastal

1. Every component of a system ecological or other- storms, the "climax" will change to a new community.
wise, is both a whole and a part at the same time. The result is an"altered ecosystem state" with different

This concept is called "whole/part duality." For ex- optimal conditions (Hayden et al. 19_?1).

ample, a forest (a whole) is made up of trees (the Obviously, the concept that optimal limits exist for

parts), each of which would consist of multiple any ecological system deserves re-examination. The
communities for many organisms. At a larger spa- observed state of an ecosystem may be only one of
tial scales, the forest is part of a larger scale re- several possible and, hence, that the concept of an

gional landscape. "optimum operating point" at "climax" may be mis-
leading. It has been assumed that if an ecological svst-

2. Patterns, processes and their interactions can be
defined at multiple spatial and temporal scales, em fo ows one path rather than another in response to

These scales need to be identified clearly, accord- disturbance or environmental change, it may operate

ing to the question being asked or the function be- far below its optimal level. An example is the mainte-
nance of prairie grasslands under the natural dis-

ing examined, turbance regime of low intensity, high frequency fires.

3. There is no single scale of ecological organization When such fires are suppressed, succession leads to the

that can be used for all purposes. This is important development of a forest stage (e.g., Arno and GruelI
to consider because ecological systems are often 1985). Thus, the conclusion was that the ecosystem

interpreted at a single scale or at a limited number functioned at suboptimal levels under presettlement

of scales, disturbance regimes. On the other hand, disturbance is

4. The definition of the component patterns and pro- known to increase the biological diversity of some

cesses of any particular ecological hierarchy is dic- systems, notably tropical rain forests and coral reefs
tared by the objectives of the study or by the (Connell 1978), and recent research has shown that an

objectives of management, increase in biological diversity may increase the

Most classifications are static and "taxonomic," where- productivity of ecosystems (Naeem et al. 1994).
Ecological classifications need to be designed to

as hierarchy theory challenges them to become dynam- reflect these factors, especially if they are to be used in
ic and integrative. The "whole/part duality" of eco-
systems (Koestler 1967,Allen and Starr 1982.Allen et a]. ecosystem management or assessments. This is esp-

ecially important because many of the ecological units
1984_ clarifies ecological classifications because that require protection and management do not
hierarchy theory expresses how different levels of eco-

logical organization are linked. The findings at any one represent late successional or "climax" stages and/or
level may assist the understanding of another level, but are not in a state of equilibrium.

can never fully explain phenomena occurring at other 3. ! .S Biotic Component
levels (Odum 1971). That is. each level of a hierarchy

has characteristics that can only be explained with Species patterns over time and space may be used to

knowledge of other levels, define the biotic component of ecosystems in two

3. 1.4 System Limits ways: by means of the continuum or community con-
cepts. The continuum concept states that species ass-

As noted above, ecological systems mav follow emblages are temporary and fluctuating phenomena

different trajectories of change. Much attention has along regional gradients. In contrast, the community
been given to whether natural change is limited to concept maintains that repeatable assemblages of
approaches to a "climax" state in which an ecosystem species occur in discrete habitats with characteristic
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properties. The conflict between these two approaches and conduct landscape assessment using such corn-
has far-reaching implications for ecological classifica- munities can be successful only if the intra-community

tion, For example, if the continuum concept is correct, pattern of gradual change is correlated with gradual
the biotic component of ecosystems cannot be changesin tile enviromnent. Therefore, effectiveland-

classified because species respond individualistically to scape surveys need to take into account this depend-
environmental change over space and timff. Most ence of biotic patterns on abiotic variables (Bourgeron
researchers implicitly accept the continuum concept, et aL 1993).

even avoiding the term community and referring to The extent to which regional climatic/floristic

the more neutral term "assemblage" (Austin 1991). The classifications may apply to the fauna or to aquatic
same researchers, cartographers, and other practi- systems is highly dependent upon the strengths of the

tioners, however, continue to recognize homogeneous ecological linkages or dependencies among these diff-
units, hence implicitly using the community concept erent components. It would be incorrect to assume, for

for pragmatic management purposes, example, that different taxa respond in the same way to
In defining the biotic component of ecosystems, a particular set of environmental variables. Bibby et al.

finding a practical approach has faced major limita- (1992) reported that areas of high endemism for birds
tions. Weak and ambiguous classifications have re- are not the same as those for other vertebrates. Fresh-

suited from unspecified or inconsistent criteria, vague water fishes are distributed according to'the confines of
definitions of key concepts, unspecified minimal areas watersheds, not floristics, and aquatic-coastal biotic

of reference, and undocumented sorting strategies provinces (Hayden et al. 1984) appear only roughly
(Whittaker 1978, KLichler and Zonneveld 1988). In related to adjacent terrestrial provinces (Bailey 1995)_
addition, existing data have not supported rigorous

testing among the various continuum alternatives _3.|.6 Abiot|c Component
(Austin 1991). Nevertheless, various aspects of both the
continuum and the community views appear to Two major categories of abiofic environmental

complement rather than exclude each other (Westhoff variables have been useful for ecological classification
and van der Maarel 1978, Whittaker 1980, Austin 1991). (Austin et al. 1984, Austin 1985, Austin and Smith 1989):

It has been shown, at least for terrestrial vegetation, • indirect factors -- known to be correlated to direct

that species can be individually distributed along factors that exert physiolog'_calinfluence on species

gradients (Austin 1987, Austin and Smith 1989) and that (e,g., elevation, bathymetry);
the distribution pattern of controlling environmental

factors constrains the pattern of species combinations, ' direct factors -- known to have a direct physiologi-
their distribution in the landscape, and their frequency, cal influence on species (e.g., temperature, pH, nu-

Even if some form of the community concept is trients).Both of these have been variouslybeen used
accepted, the problem of identifying the full set of for classification of terrestrial, freshwater, and ma-
environmental factors shaping the composition of the rine systems.

biotic community remains. For terrestrial classification, Numerous assumptions are made in developing ecolo-
the concept of a floristlc or biotic province is defined gical classifications that involve the abiotic components

within the context of a region with a distinct pattern of of ecosystems. The first maintains that biological corn-
climate and landscape characteristics (Bailey et al. munities are surrogates for the environment. This

1994). This is because such classifications are useful for approach, For example, uses tlle vegetation as a
defining regional ecosystem management guidelines surrogate for the environment as a whole based on the

only if vegetation units, defined as biotic or floristic assumption that vegetation is a faithful expression of
provinces, or any variant (e.g., Kfichler 1967, Brown et site characteristics _Troll 1941, 1943, 1955, 1956; K'achler
al. 1979) are modified to correlate with climatic/land- 1988). Therefore, vegetation maps have been central to

scape regions (Burger 1976, Rowe 1980, Bailey and describing ecological patterns (Whittaker 1980). 8imi-
Hogg 1986, Ki.tchler 1988). A primary purpose of such larly, for deep oceanic systems, plankton diversity has

regionally defined ecosystems is to serve as a reporting been used for decades as an indicator of environmental
structure for information about regional resources and conditions for the delineation of ocean zones
environment (Bailey and Hogg 1986, Bailey et al. 1993). (McGowan 1971. Dunbar 19791.

Another purpose is to define homogeneous regions The second assumption is that ecological units
within which to characterize finer scale ecosystems contain recurrent patterns and characteristics that can

and/or landscape properties (Westhoff and van Der be delineated. This approach uses broad enwronment-
Maarel 1978, Austin and Smith 1989). Similarly, al patterns alone to describe and delineate abiotic

attempts to characterize landscape level ecosystems elements in both terrestrial (Rowe and Sheard 1981,
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Zonneveld 1989) and coastal s),stems (Hayden and agents of pattern formation at all appropriate eco-
Dolan 1976). logical and planning scales may then be defined. The

The third assumption is that environmental proper match of patterns and agents of pattern
patterns may be integrated with biotic patterns to de- formation is important because any incorrect coupling

scribe and delineate habitats of both plant and animal of pattern to agents impedes the ability to make pre-
communities. For terrestrial systems, classifications dictions about the future state of the ecological system.
have been developed using climatic attributes either As a result, the value of conservation and management

alone or in conjunction with other attributes (e.g., actions and prescriptions is limited.
Bailey 1976, Austin and Yapp 1978, Walter 1985,

Omernik 1987, Bailey et al. 1994). For aquatic systems, 3,2 Goals and Methods of Multivariate
very, different approaches are used for freshwater, Classification
estuarine, and marine systems (Section 3.2}.

A fourth assumption is based on the argument that, The introduction to this chapter defined the purpose of

to be meaningful, ecological evaluation should be ecological classification in the context of meeting the

based on species" niche-habitat relationships (e.g., goal of ecosystem management. Sections 2.1 and 2.2
Hutchinson 1959, Whittaker 1972, Nix 1982, Brown described past approaches and presented some aspects
1984). The aim Js to summarize environmental vari- of modern ecosystem theory as a setting for future

ability, identify the distribution of major environ- development. Clearly, classifications are nowchalleng-
mental gradients, and indicate where significant shifts ed to become integrative, dynamic, and adaptive.
in ecological variability might occur (Mackey et aL 1988, Accordingly, this section reviews some multi-factor

1989). To accomplish this, species' responses to a methods and their applications.
limited set of dominant environmental variables that Developing ecological classification systems is an

comprise primary niche dimensions must be estimated iterative process invoMng field observation, statistics,

(Nix 1982; Mackey et al. 1988, 1989). Site-specific data and numerical modeling. At fine spatial scales, eco-
are used to generate classes of sites sharing similar logical units are often identified in the field, based on
ranges of values of the environmental variables. A map such things as flora, soils, and physiography (Host et al.
of these classes, or bioenvironments, can be used alone 1988). At coarser scales, data from remote sensing or

in the ecological assessment stage of an area for given other sources are commonly analyzed (Denton and
purposes (DeVelice et al. 1993), and/or in conjunction Barnes 1988). Classification units are refined as

with vegetation data for quantifying biotic-abiotic additional sampling and analyses are completed, and

correlations (Mackey et al. 1989). new relationships among components are identified.
In all cases, the classification units arguably Additionally, sampling of ecosystem components aids

represent natural levels of ecosystem integration with in the recognition of such patterns as soil-vegetation

respect to environmental regimes and key processes - correlations. This information is then integrated into
and there is evidence that this is the case (Swanson et the classified units

al. 1988). For example, geomorphic pattern, through Once large data sets are on hand. a variety of multi-
erosional/sedimentation processes, controls carbon, variate methods may be employed to identify' patterns

nitrogen, and phosphorus cycles in soils of riparian and to reduce the number of variables. Multivariate
forests in southern France (Pinay et al. 1992). methods have been used to detect patterns in different

types of data, including overstory basal areas, ordinal
3.1.'7 Ecosystem Characterization ground flora coverages, and nominal soil texture

classes CCleland er al. 1993}. Also, statistical methods

In the field, various ecological classifications are often can be employed to simplify data sets by extracting

used together to delineate the boundaries of ecological their "principal components," as has been done for

systems. For example, a classification of the vegetation estuaries by Ray er al. (1997) through the analysis of
may be used with classifications of land forms and NOAA's (1985) large data set. Several methods have
disturbances. The process of using ecological classifica- been widely applied in recent years to the analysis of

tions for matching patterns and processes is called I flora, fauna, plankton, abiotic features, and whole

ecosystem characterization (Levin 1992). This processis J environments (e.g., estuariest, especially where it is
used for mapping (e.g., Avers et al. 1994, Zonneveld necessary to condense and summarize extremely large
1989) and landscape evaluation from the site to the data matrices.
continent level In defining ecological land types (e.g., Multivariate ecological classifications for terrestrial

Wertz and Arnold 1972), the idea is to draw boundaries I and aquatic environments have changed dramatically
around ecological systems. Relevant patterns and I over the past few decades. Historically, analysis was
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carried out through the tabular analysis of plot data. analysis techniques may be applied to the same data

Braun-Blanquet's procedure of 1921 used tabular me- set. The communication of results is promoted by
thods in successive approximations to identify groups employing a moderate number of commonly used,
of species occurring in similar samples, and to identify relatively standardized methods (Pielou 197_.
samples with similar species composition. These early

tabular classification techniques were informal and in- 3.2,2 Clustering
herently subjective (Whittaker 1962, Mueller-Dombois

and EUenberg 1974). As a result, recognizing different The objective of clustering is to identify naturally
species groups as well as groups of similar samples occurring groups based on all variables in a data set.

depended heavily on the individual investigator's Both the process and the choice among techniques are

understanding of species-species and species--environ- more complex and more subjective than those of ordi-
mental relationships withir_ a study area. The results nation. The most commonly used clustering methods
have been variously expressed in tables, dendrograms, are: (1) non-hierarchical, (2) polythetic hierarchical

and maps. agglomerative, and (3) polythetic hierarchical divisive.
The past few decades have seen the proliferation on Non-hierarchical clustering assigns data to clusters,

more objective procedures and refined multivariate placing similar samples or species together. This is an
analyses, in some cases leading to models expressive of excellent way to handle redundancy and outliers, but is

ecosystem function (Mueller-Dombois and Ellenberg limited in its ability to analyze relationships. Hier-
1974, Gauch 1982, Spies and Barnes i985, Denton and archical clustering also groups similar entities together
Barnes I988, Hix I988, Host and Pregitzer I991, Bulger into classes, but additionally arranges these within a

et al. 1993). These procedures include explorative data hierarchy such that a single analysis may be viewed on
analyses involving descriptive statistics and graphical several levels, with relationships expressed among the

displays that are used to: (1) detect intercorrelations entities classified. The utility of a given technique is
among variables, thus reducing in the number of vari- judged in relation to others, and often several

ables that need to be considered; (2)check assumptions classification techniques are applied to the same data
about the data structure underlying particular anal- sets with results compared afterwards.
yses; (3) suggest appropriate transformations; and (4) The term "polythetic" means that information on all

identify sample outliers, variables is used to assign observations to a cluster, as
opposed to earlier monothetic methods that used

J,2.1 Ordination single variables in a non-multivariate analyses. Poly-

thetic agglomerative clustering has two steps: (1) the

Ordination is a powerful technique used to identify samples-by-species data matrix is used to compute a
important variables, to summarize data, and to reduce samples-by-species dissimilarity matrix using any of
the complexity of the data set. The results may be several distance measures such as Euclidean distance

displayed diagrammatically or mapped. In ecological or percent dissimilarity; (2) an agglomeration pro-
studies, ordination is also used to discover the latent cedure is applied successively to build up a hierarchy

structure of data by analyzing species' responses to ofincreasinglylargeclusters, startingwithdusterscon-
underlying environmental gradients (Prentice 1977, sisting of a single member, and agglomerating these

Bulger et al. 1993). hierarchically until a single cluster contains all the
Principal component analysis (Gauch 1982,Morrison samples or species. The polythetic hierarchical divisive

1976), correspondence analysis (Hill 1974, Greenacre method similarly computes the dissimilarity matrix in

1984), and det:rended correspondence analysis are the first step, and then successively applies a divisive
among the most commonly used ordination techniques procedure to a single large cluster to create a hierarchy

in modern ecological studies. They employ different of individual members.
methods to account for the variance in the data. The simplest polythetic-divisive classification is

Ordination is often used in an exploratory sense to ordination space partitioning (e.g., Noy-Meir 1973,
detect trends as well as outliers, to screen variables, to Peer 1980). Two-way indicator species analysis (TWIN-

reduce dimensionality, and to summarize community SPAN) (Hill 19791is another polythetic divisive cluster-
and environmental patterns. Ordination is often acc- ing technique. TWINSPAN begins with all species or

ompanied by clustering procedures to clarify natural samples (depending on the objectives) in a single
groupings of sampled data. Results of ordination and cluster and divides these into smaller clusters by first

clustering may be compared, and subsets of data may ordinating data by reciprocal averaging. The reciprocal
be interrogated to elucidate relationships further and averaging procedure is repeated until each cluster has

to develop hypotheses. Several complementary nomore thanachosenmm_mumnumberofmembers.
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3.2,3 Summary classifica fions have the goal of determining the relative

degree of simiIarity and difference among units. How-
Presently', ecological classification is often approached ever, it is apparent that none comprehensively

in an combined program of ordination, clustering, di- addresses the holistic character of ecosystems. This is

rect gradient analysis, and tabular synthesis of results, not to say that they are not useful, but tl_at integrated,
A five-step procedure has become routine, especially ecological classification still lies ahead. It is also app-
for terrestrial systems where procedures are most E arent that a classification is most useful to management
advanced. The analysis progresses by successive stages when it can be mapped and related to biogeography
of refinement (Cleland 1996). First, exploratory data (e.g., Pielou 1979, Brown and Gibson 1983).

analyses are conducted to ensure that the assumptions
underlying particular methods are met, and to reduce 4. I Terrestrial Classifications
the number of variables. Second, ordination is used to

summarize community and environmental patterns. Most terrestrial classifications are biotic in nature,

Third, clustering is used to identify groupings of samp- although many incorporate references to physiognom-
Ies and variables, and to corroborate patterns detected ic regions and climatic zones. Terrestrial classifications

through ordination. Fourth, community patterns are are often simpler than aquatic classifications because of

compared with environmental information to eluci- the comparably static nature of landforms and
date congruent changes and to produce an integrated vegetation. Also, more research has been completed in
interpretation of the ordination and clustering results, terrestrial systems than in aquatic systems. As a result,

Finally, hypothesis testing methods may be used a post- terrestrial classifications are more advanced in theory
eriori to assess the relationship between classification and in practice than are aquatic classifications.

and mapping as well as the ecosystem-level differences
in structure and function. Such differences might in- 4, 1. | Vegetation Classification

dude biomass production and productivity (Host et al.

1988), successional pathways (Host et al. 1987, Johnson Most terrestrial, biotic classifications have been based
1992),and nitrogen dynamics(ZaketaL 1986, 1989). on vegetation. Beginning with the viewpoint of

Thus, multivariate methods are extremely useful in Gleason (1917, 1926) and extended by others (e.g.,

ecological classification because of the large number of Whittaker 1956, 1962; Curtis 1959), it was generally
variables and observations commonly analyzed, the believed that vegetation units could not be defined.

difficulty in detecting patterns due to the complex inter- The approaches taken often became polarized between
relationships involved, and the need to verify, the taxo- the "continuum" and the "community unit" concepts,

nomic and spatial hypotheses represented by classifica- described above. But despite differing viewpoints,
tion and mapping. Multivariate analyses alone, several features became widely recognized (Mueller-
however, are insufficient to develop classification Dombois and Eflenberg 1974): (1) similar species

systems. Even though the analysis methods themselves combinations recur; (2) no two sampling units are

may be relatively objective, the selection of particular exactly alike; and (3) species assemblages change more
multivariate mefl_ods, decisions about how to stand- or lass continuously if a geographically widespread

ardize data, the selection of important variables or the community is sampled throughout its range. Thus,

removal of superfluous, redundant, or rare variables are recurring species combinations may be correlated with
subjective choices that can influence the resulting elassi- their environments, and these combinations shift geo-
ficafion. In addition, the experience gained through graphically, meaning that a limited degree of ordering
reconnaissance, observation, and field sampling, and zspossible.

through the thought processes required to develop an
integrated ecosystem classification is valuable and Potential Versus Existir_gVegetation
should ",eused to augment strictly mechanical methods.
The role of multivariate analysis, therefore, is that of a Two differing approaches to the classification of

tool to be used in conjunction with knowledge of vegetation are the portrayalofexisfingversuspotential
ecological relationships gained in the field, natural vegetation ,PNV). Classifications emphasizing

existing vegeration determine vegetation units from
the current characteristics of the vegetation. Classifi-

4 ECOLOGICAL CLASSIFICATION SYSTEMS cations emphasizing potential natural vegetation use
characteristics that represent the most mature

Various types of classifications are summarized in this conditions of vegetation development _,T_xen 1956,
section, to illustrate their objectives and priorities, All K'3chler 1964_ It is, however, difficult to model the

l_r rI 7F711Tirlln1 _ r--l' _... ...... ,,_ '_, _, ......
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relationships between existing vegetation and poten- approach, which in practice, defines formations
tim natural vegetation. This modeling is limited by the defined by varied, conventionally accepted combina-
current knowledge of vegetafion-site relationships, lions of growth-form dominance and characteristics of
and the ability of the observer to infer these relation- the environment.

ships (Cook 1995). These models also emphasize FlorBtic methods characterize the species them-
hypothesized climax vegetation, a concept that is selves. Early 20th century ecologists who favored a
fraught with theoretical and practical difficulties. For strict floristic system included members of what has

example, most existing schemes assume that exotic been termed the Zurich-Montpellier Tradition in
species will be replaced by native species when, in fact, central Europe (Shimwell 1971). The most well known

the behavior of exotics is notoriously complicated to arnong them is that of Braun-Blanquet (1928), who
predict, called plant associations with common diagnostic

species "alliances." Nowadays, the most commonly
Basic Classification Approaches defined floristic unit is k_own as the "association,"

defined by Flahault and Schroter (1910) as "a plant
Three vegetation classification systems have gained community ... presenting a uniform composition and

widespread acceptance: physiog_omic classifications, physiognomy, and growing in uniform habitat
floristie classifications, and combined physiognomic- conditions." This definition implies that associations

floristic classifications (Howard and Mitchell 1988). All sharing a certain physiognomy would be grouped to-
three approaches provide a systematic ordering of gether into the same formation. Some floristic methods

vegetation or ecosystem pattern and relate these focus on species that occur constantly throughouta set

patterns to ecological processes. Beginning in the 19th of stands; others emphasize indicator or diagnostic
century with the work of plant geographers such as species, which are dominant in or restricted to these

Humboldt, Warming, and Grisebach, vegetation stands. Floristic methods require intensive field samp-

classification focused on the physiognomy of the ling, detailed knowledge of the flora, and careful
vegetation. Broadly speaking, physiognomy refers to tabular analysis of stand data to determine diagnostic

the structure (height and spacing) of the vegetation species groups. These methods reflect local and
and to the life forms of the dominant species (i.e., gross regional patterns of vegetation and are more detailed
morphology and growth aspect of the plants). In than physiognomic methods. They also provide

addition, physiognomy refers to characters of detailed descriptions of biotic communities regardless
seasonality, leaf shape, phenology, duration. These of their successional stage or origin. As such, they are

features are relatively easy to recognize in the field typified by an agglomerative, "bottom-up" approach.
with limited knowledge of the flora. Physiognomy Thus, florisfic units have been used fre,:tuent_y as indi-
provides a fast, efficient way to categorize vegetation cators of ecosystem processes and are a useful compo-
and can often be linked to remote sensing signatures, nent of ecosystem classifications (Mueller-Dombois

These characters are also useful for initial reeonnais- and EUenberg 1974, Rowe 1984, Strong et aL 1990).
sance of areas to be surveyed. In addition, they permit Combinations of these two approaches have also

generalizations about the vegetation at a coarse, often been developed on the basis that vegetation is most
worldwide, scale, thoroughly described by both structure and floristic

The principles underlying physiognomic classifiea- composition. As stated previously, physiognomic

lion are that each specificlife form represents astrategy, systems are easily recognized in the field, can be
(Stearns 1976), and that the composition of life forms in applied with limited knowledge of the flora, permit

a vegetation type is governed bv these strategies generalizations of vegetation patterns over large areas,
(Raunkier 1937, Monsi 1960, Walter 1973. Whittaker and can be linked to remotely sensed data to facilitate

1975). The predominance of certain physiognomic vegetation mapping. In contrast, floristicinformationis

types in a region tends to correspond to major climatic almost always used for detailed site analyses, whether
zones.Thus, physiognomiccategoriesareoftenexpres- forstudying environmental gradients, ecological stte
sions of macroclimate, soils, and vegetation (Holdridge factors or describing and forming classification urals.
1947, Walter 1985, Howard and Mitchell 1985_. Furthermore, studies have shown that a very good fit

The basic unit of physiognomic classifications is the exists between floristie and physiognomlc classifica-

"formation," i.e., a "community type defined by dotal- tmns because both types of attributes are borne by
nance of a given growth form in the uppermost individual species (e.g., Rfibel 1930,WesthoffandHeld
stratum ... of the community, or by a combination of 1969, Webb et al 1970 Wergner and Sprangers 1982,

dominant growth forms" (Whittaker 1962). These Borhidi 1991). The Nature Conservancy (Grossman et
classifications emphasize a "top-down/" divisive aL 1994b; Grossman et aI 1998) have refined the
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CLASSIFICATION HIERARCHY animals, and (3) the mutual relationships of geographic

ranges with humankind (Anee and Schmidt 1937,
SYSTEM -- Terrestrial Muller i974).

PHYSIOGNOMIC CLASS-- Woodland Classifying animals with reference to their
geographic locations dates back to the first century

PHYSIOGNOMIC SUBCLASS-- Mainly evergreen A.D. when faunal lists were created for specific areas
woodland (cf. Allee and Schmidt 1937). Faunal classifications have

focused on numerous factors, including morphological

PHYSIOGNOMIC GROUP -- Temperate evergreen traits, geologic influer_ces (e.g., continental drift), and
needle-leavedwoodland ecological relationships (e.g., animal distributions seen

FORMATION -- Needle-leaved evergreen seasonally as dependent upon localized environments, as op-
flooded/saturated woodland with rounded crowns posed to geographic distribution and range). Regard-

less of emphasis, all zoogeographic approaches reeog-
ALLIANCE -- Pseudotsugamenziesiiwoodland nize the link between habitat and animal distributions.

As is the case for plants, animal life is unequally
' ASSOCIATION -- Pseudotsugamenziesii/Festucaidahoensis

woodland distributed within any zoogeographic area. Primary
factors influencing the distribution of animals include

(1) the means of dispersal; (2) inherent or introduced

Fig. I. An example of the TNC terrestrial physiognomic- landscape barriers; (3) the degree of adaptability

floristic hierarchy (Grossman et al. 1994b). exhibited by the species (Allee and Schm_dt 1937); and
(4) competition with other species. Animal distri-

physiognomic classifications of UNESCO (1973) and butions are further complicated by the fact that many
Driscoll et al. (1984) and combined this with two species(e.g., most insects, crustaceans and fishesJ have
floristic levels to create an hierarchical, physiognomic- several life history stages, each with its own discrete

floristic approach (Fig. 1) whichis now widely used for habitat. Another major complicating factor is that
conservation and resource planning across the United different taxonomic animal groups have strikingly
States. different geographical affinities. It is possible to

The common question for terrestrial classification construct classifications for birds mammals, and

approaches is whether the obiective is to portray exist- invertebrates that have only a superficial resemblance

ing vegetation, potential natural vegetation, or both. in geographic pattern of distribution to one another.
Classifications emphasizing existing vegetation Even when "hot spots" for endemic species with limit-

determine vegetation units based ou existing structure, ed ranges are identified for conservation purposes, the

composition, and successional status (Haufler 1994). resulting maps for differenl taxonomic groups are not
Classifications emphasizing potential natural vegeta- well aligned (see the case of birds vs. amphibians and

tion use vegetation characteristics that represent the mammals in Bibby et al. 1992/. Thus, the concept of a
most mature conditions of vegetation development "formation" or "assooation" does not apply to fauna,

(Kiichler 1964_. In the words of Ttixen (1956, in except for species that are highly restricted to specific
Mueller-Dombois and Ellenberg 1974), potential veg- plant units at small scales. In these cases, the term

etation becomes "the vegetation structure that would "community" may be used. Additionally, the habitat
become established if all successional sequences were requirements of most species are multi-scale in accord

completed without interference by man under the with differing life-history requirements, meaning that
present climatic and edaphic conditions." the distributions of most animals are best viewed in an

hierarchical framework in which distributions at

4.1.2 Zoogeographic Classification different life-history stages are depenoeru on sets of
habitat requirements defined at those scales. For many

Zoogeography is the scienti.fic study of the distribution species, the scales may vary from inter-continental
of animals on the earth and the mutual influence ot during migration to highly local during reproduction.

environment and animals on each other (Allee and Lawton et aL (1993) explored numerous hypotheses
Schmidt 1937}. It is more difficult to summarize and to describe the relationships between range sizes or

represent that plant geography, simply because distribution limits and body size, latitudinal patterns,
animals are much less easily observed and are highly and metapopulation theories Multiple approaches to

mobile, Approaches to zoogeography include: (1) the coarse-scale zoogeographic classification have also

faunalcompositions of landscapes and regions, (2) the taken place, for example, zoogeographic realms

evolutionary dynamics of the geographical ranges of (Muller 1974_ and life zones (Merriam 1898). However,
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these coarse-scale classifications are not very useful for watershed modeling remain a major challenge for
operational land managers. Scott et aL (1993) hydrologists. These include the need to deal with sca-

developed a Gap Analysis approach more conducive to ling and the linkages among hydrology, geochemistry,
operational planning; it depicts species distributions environmental biology, meteorology, and climatology
based on vegetation alliances using small-scale satellite (Hornberger and Boyer 1998).

imagery. Even in this case, however, significant scale- The development of freshwater classification has

related problems emerge, occurred in phases. Early efforts to classify river
systems identified whole river system types (Davis

4.2 Aquatic Classifications 1890, Shelford 1911). The recognition of biological

zones led to a second phase of classification (Carpenter

As compared with terrestrial systems, aquatic systems 1928, Picker 1934). The utility of this approach >,'as
are highly dynamic. Classification is facilitated more by limited, however, because the classes were only
abiotic than by biotic features. The water's surface also applicable in basins where zoogeography, geology,

presents a screen to direct viewing by visible light. As a and climate were held constant; biological zones could

result, aquatic classification is much less advanced than not be compared across regions (Naiman et al. 1992).
terrestrial classification. It is apparent that aquatic The third phase, which continues to the present day,
classification systems should not be assumed to nest attempts to describe systems in terms of general

easily, if at all, into terrestrial classification systems, ecosystem processes (lilies 1961). Concurrently, geo-
As aquatic systems in general are highly dynamic morphologists worked to describe the physics of chan-

and subject to intense natural perturbations, the con- nel formation (Horton 1945, Leopold and Wolman
cept of a stable "climax" has not been useful. Coastal- 1957, Strahler 1957); their findings led to a recognition
marine systems shed some light on the question of the need to consider geologic and climatic processes
whether ciassifications of existing biology or biotic (Naiman et al. 1992).

potential apply to other than terrestrial systems. Valiela The most recent efforts classify river systems within
(1984) devoted an entire chapter to colonization and surrounding landscapes to account for the dynamics of

succession in marine communities; it is significant that ecosystem processes. Building on earlier work (Warren

the concept of"climax" does not appear. In fact, Peters 1979, Lotspeich 1980, Lotspeich and Platts 1982),
(1976) pointed out that many properties associated Frissell et al. (1986) applied principles of hierarchy
with succession are tautological, creating doubt on the theory to describe stream ecosystems in a watershed

validity of the concept of "potential" ecosystem states, context. This model has two important elements. First,
Indeed, as any recent marine biology or oceano- ecosystem processes are regionally scaled (i.e., whole

graphy text willillustrate, marine ecology is dominated stream systems are formed by climatic and geologic
by process concepts that emphasize change. Succes- events), whereas variation in channel form results from
sion is seen as the composite result of a complex of more local events, such as storms and landslides.

factors. Perhaps it is for this reason, that few "potential" Second, large-scale processes constrain the develop-

or"climax" maps equivalent to those for terrestrial veg- ment of small-scale stream features. In other words, the
etation exist. An exception is the work of Hayden et al. genesis of the stream system limits the range of micro-
(1984), which brought together mapped classifications habitat systems.
of coastaI-biogeographic, coastal-physical, and Much testing of hierarchical models has focused on

oceanographic environments. Although there was the constraint of the upper level ecological processes
some concurrence in the boundaries, enough differ- on stream systems, particularly their biological
ences were present to illustrate that these three composition. For example, Larsen et al (1986 found

approaches express different attributes, that ecoregions corresponded to the distribution of fish
assemblages in Ohio. Similar studies ,,','ere conducted
in Kansas IHawkes et al. 1986), Arkansas Rhom et al.

4.2. I Freshwater Classifications -- Rivers 1987},Oregon (Hughes et al. 1987 Whittier et aI. 19881_
and Wisconsin (Lyons 1989, At a coarse scale these

Approaches to classifying freshwater ecosystems range studies showed that ecoregional classification provides
from those focusing on single physical, chemical, or a useful means to stratify variability in fish distribu-

biological variables to efforts using complex combi- tions (Hughes et al. 1994, However, prediction of fish
nations of all three types of variables (Naiman et al species occurrence at a given site will require a classi-
1992, Hudson et al. 1992', However, despite manv fication system that accounts for local-scale habital

recent advances, issues related to parameterizing the features that are not apparent at the regional level

many variables and physical processes involved ir (Lyons 1989).

_ltl ................................ ,11mnlm I
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4.2,2 Freshwater Classifications- Lakes caused by winds are common, These dynamics
encourage more distinctive zonation and prevent the

The development of lake classification has followed a aging process usualh" found in inland wetlands

path similar to that for rivers. Typically, they have been (Herdendorf et al. 19S6). Inland wetlands respond to
based on single or multiple variables (Leach and rapid water-level increases from runoff, and ground-
Herron 1992) that generally fall into four groups: tro- water contribution can be significant. During hot and

phic or productivity levels (e.g., Hooper 1969; Shannon dr), periods, the survival of some inland wetland plant
and Brezonik 1972), chemical and/or biological charac- communities may depend on groundwater inflow'.

teristlcs(eg.,Moyle1956, Bright1968),basinoriginand Groundwater is of lesaer significance for coastal

physiographic characteristics (e.g., Hutchinson 1957, wetlands.
Winter 1977), and hydrologic setting (Winter 1977). Wetlands are often classified according to their

Current efforts to classify lakes relate biological plant communities. For example, coastal wetlands may

composition to large-scale ecosystem processes (Tonn be referred to by a major plant species, e.g., mangrove,
and Magnuson 1982; Tonn 1990; Schupp 1992). Tonn Spartina, or ]uncus. The approach for this classification
(1990) described the environmental and historical is floristic, as described above for terrestrialvegetation.
factors that determine patterns of fish biogeography

and community structure in lakes as a series of filters 4,2.4 Estuarine Classifications
that operate from continental to local scales. This inc-

orporates appropriate hierarchical levels for aquatic Estuaries represent important mixing zones of fresh
ecosystem processes and underscores the importance and marine waters. The'," have been classified in several
of considering the interaction of zoogeography and ways, largely by combinations of geomorphology,

geoclimatic factors at the higher levels of the hierarchy, hydrodynamics, and geographic (climate). Pritchard
Sly and Busch (1992) suggested an approach for classi- (1967) recognizes five geomorphologic categories: (1)

fying large aquatic systems based on multi- drowned river mouths, e.g., Chesapeake Bay, (2) tect-
dimensional, geophysical parameters. This approach onically produced, e.g., San Francisco Bay, (3) bar-built,
allows the consideration of productivity or functional e.g., coastal-lagoon systems of the southeastern and

performance criteria within geophysical boundaries. It Gulf coasts, and (4) fjord-like, e.g., glacially over-
also allows flexibility in identifying three-dimensional deepened valleys along the Alaskan coast. Birdsfoot
boundaries, river delta or everted river mouths, e.g., the Mississippi

River Delta, may be a fifth category.

4.2.3 Wetland Classifications The most simplistic estuarine classification is the
so-called "Venice System," which classifies estuaries

Wetland classification became an issue in the early 20th solely on the basis of salinity regimes (Anonymous

century through efforts related to the identification of 1959). This has long been considered an over-

peatlands (Mitsch and Gosselink 1986). More recently, simplification. In contrast, estuaries may be classified
scientists and environmental regulators have develop- hydrodynamically as: (1) stratified, (2) partially
ed various wetland classifications to identify and stratified or salt-wedge, and (3) completely mixed. In

quantify areas for management and protection stratified estuaries the freshwater floats over saltwater;
purposes. The goal, as stated in Cowardin et al. (1979), river influence is greater than tidal influence. Little
is to create "boundaries on natural ecosystems for the mixing occurs, and the wedge may move far inland. In

purpose of inventory, evaluation and management." partially stratified estuaries, freshwater flow equals
Nonetheless, this classification system is a generalized tidal flow as an agent of turbulence; the resultant layer-

"taxonomy" that is not georeferenced and that lacks ing may be complex. Completely mixed estuaries are
three-dimensional boundaries- a much-needed ex- vertically homogeneous, with tidal currents dotal-
tension and refinement, nating the freshwater inflow. All these classificat|ons

Water levelsdictatethetypeofwetlandcommunity, are entirely physical. Bulger et al. (1993) used a

Wetlands usually have their water table near or above principal components analysis to demonstrate that
the terrestrial surface, so that the area is seasonally or biologically relevant salinity reglmes can be derived.

permanently covered by shallow water, in which Geographic (climatic. classifications represent
hydrophytes dominate. The water source and duration attempts to categorize seasonal effects of climate on
often differs for coastal versus inland wetlands. Coastal ran-off, temperature, and daylight, allof which trigger

wetlands are usually located on gentle, sloping topog- biological responses, such as migration and spaw'ning

raphy, and are exposed to regular, seasonalwater-level Runofi is especially subject to seasonal shifts. For
fluctuations. However, abrupt, short-term changes example, in the tropics too little rainfall occurs in the "

[lff11_mrln ........



368 D,H. Grossmanet al./Principlesfor EcologicalClassification

dry season for any runoff to reach coastal areas. 4.2.6 Hierarchical Approaches
Lagoons may become sealed by bars formed by long-
shore currents and quickly become hypersaline. With The Nature Conservancy is developing an aquatic
the onset of the rainy season, freshets break through classification system to provide a framework for the

the bars, and flush the lagoon. As a result, the lagoon inventory, identification, and characterization of the

may become entirely fresh. Such dynamics are freshwater biodiversity of North America (Higgins et

important considerations for estuarine classification, al. 1996). This classification is hierarchical and allows
Roy (1984) recognized three main estuarine types for for the characterization of aquatic communities on
New South Wales, Australia: (1) drowned river valley, both abiotic and biotic levels at multiple scales (Fig. 2).

(2) barrier, and (3) saline coastal lake, all of which This approach captures information on the ecological
evolve by processes of infilling. He documented context of community types, including physical pro-

unique biotic assemblages in each estuarine type. cesses. It also characterizes the physical environment,
which provides an indirect way to identify community

4.2.5 Coas_l-Marine Classifications types where biological information is not sufficient
(Angermeier and Schlosser 1995).

It has been recognized for some time that a useful Another recent development is that of Maxwell et al.

ecological integrator for aquatic systems is the water- (1995), which calls for an hierarchical framework of

shed (e.g., Sheldon 1972, Lotspeich 1980, Seaber et al. aquatic units (Fig. 3). This system is based on the
1984). This approach may be extended into the sea as a aggregation of hydrologic units and the geographic
"seashed." The advantage of using this approach is that distribution of aquatic biota (particularly fish species).
watersheds reflect ecological properties across terres- The system is therefore not merely typological or de-

trial-aquatic boundaries, and thus act as controls on scriptive, but ecological. It provides insights into
the distribution of biological diversity. This approach is ' system dynamics and how these units may be used for

driven by multi-scale ecosystem factors, as exemplified management and other purposes.

by Lotspeich (1980); i.e., large-scale controlling forces
are climate and geology, reacting forces are soils and 4,3 Integrated Classification Approaches

vegetation, and the streams themselves respond to all
factors of the system. Although watershed and seashed The introduction to this chapter presented the overall
models are relatively well-developed, they are also purposes of ecological classification. From previous

limited by the lack of available information on ecologi- sections, as well as Tables 4 and 5, it is apparent that
cal interactions of the coastal zone. Significant research many different classifications exist. As has been
is needed to establish ecological relationships that are emphasized previously, terrestrial classifications have

useful for coastal-marine ecological classification, dominated the field. The classifications have many

Ray and Hayden (1992) adopted concepts from propertiesmcommon, namely the organization of data
Seaber et al. (1984) to develop a watershed- or into categories, which facilitates retrieval and analysis
seashed-based classification that recognized five and allows comparisons among systems. Most of these

coastal-zone subdivisions: uplands, coastal plain, and systems do not share a common approach to
tidelands on the terrestrial side and the shoreface en-
trainment volume and offshore entrainment volume ECOREGIONAL

over the continental shelf. Hydrological interactions "_ _[
Lorg_scaleare key to this system, which is specifically intended as Lcmdscope

1a comparative-hierarchical classification that is adapt- Cor,t_,×r_l 1 ECOREGIONAt
able to both scientific and conservation purposes. This S.;CT_ON

hierarchical approach is necessary to address the many 1-

scales that are involved. For example, the ability of any lt_CROHAa'_jJ--q aZLIANCE Ilocation to provide suitable habitat foi a diversity of _ tENTICp.OTI I_

species depends on an array of physical and biotic Small-scalePhvs_¢alT j CommunayEiornems

factors that vary at different temporal and spadal scales Contex, _ H J
from whole ocean basins to local estuarine and _lJ TAT

j UNITS ASSOClAnON
freshwater tributaries. (Regional distributions of fishes

have been described by Robins [1971], Robins and Ray ABIOTIC.

[1986 and Robins [1992]; the multi-scale dynamics of

these relationships have been examined by Ray et al, Fig. 2. TNC Aquatic Classification Hierarchy (Higgins et al,

[19971.) 19961.
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classification, and this is of utmost importance for and the soils or landform factors are established during

ecosystem management. Nor is it clear, at this point, if and after the classification process, but these factors are
the different classifications may be reconciled into or not used to define the vegetation units (Komarkova
around a common classification approach. 1983). The units described are natural ones, but

emphasis is placed on determining vegetation units
4.3.t $i¢e Classifications that represent "ecologically equivalent landscapes"

(Kotar et aL 1988). Insofar as they describe the floristic
Single Factor composition of part of the natural vegetation, namely

climax stands, the units of the habitat type are fairly

Single-factor site classifications generally assume that equivalent to the plant association concept used in the
the chosen characteristic best reflects spatial patterns of western United States (Komarkova 1983). The intent is
the environmental resources of interest (Omernik and to use these descriptions to classify sites that are not at
Gallant 1989). For terrestrial sites, these classifications climax and, b). examining their understory composi-

are primarily intended to reflect plant and animal tion, to infer their ecological potential.
potentials. Several site classification systems have used Somewhat different from the habitat type approach

only vegetation to determine site potentials, usually J is the ecological species group approach, which mare-
with reference to successional trends or productivity, i rains that species show similar "ecological behavior."
In this sense, these systems focus on potential natural i Generally, these species belong to the same layer of

vegetation (e.g., Fenneman 1946; K'3chler 1967; vegetation (e.g., the herb layer, nonvascular layer, or
Udvardy 1975; Brown et aL 1979, 1980). A widespread shrub layer). The method presumes that communities

approach to site classification using vegetation is the are combinations of plant species whose composition
habitat type classification system (Daubenmire I952, depends on the local environment (Mueller-Dombois
Pfister and Arno 1980, Kotar et aL 1988). This system and Ellenberg 1974). The community unit identified

focuses on natural climax or near climax vegetation, can, at times, be very similar to the plant association.

and recognizes all understory species as a reflection of whereby the ecological species groups are the
site characteristics. Relationships between vegetation diagnostic species for the association. However, it is
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also possible that the same association could contain similarly by Sukachev (1945) as "biogeocoenosis."

several ecological species groups (Mueller-Dombois Central to the application of the approach is that all
and Ellenberg 1974). The ecological species group parts of the ecosystem are included. In some
information can either be used by itself to indicate site ecosystems, each part -- vegetation, soils, climate and

characteristics, in which case the system partially landform -- is first studied independently and then

resembles the habitat type system, or it can be inte- combined (Jones et al. 1983, Driscoll et al. 1984, Sims et

grated with other measured site factors as part of an aI. 1989). In others, the parts are combined at the outset
ecosystem classification (Pregitzer and Barnes 1982, because it is their joint interactions on the landscape
Cleland et al. 1994). that define the units. Because it is difficult to integrate

multiple factors and understand their interactions

Multiple factor beyond the local level, the units are usually considered
hypotheses in need of further testing (Albert et al.

Mulfi-factor classifications are based on the idea that 1986). Mapping is a key product from this process

ecosystems and their components display regional (Rowe 1984, Zonneveld 1989). Bailey's ecoregionalmap

patterns that are reflected in a combination of causal of the United States (1976, 1995) is more similar to the
and integrating factors (Bailey 1983; Austin and independentapproachbecauseBaileyreliesheavilyon

Margules 1986; Omernik and Gallant 1987). Existing separate climatic, physiographic, and vegetation maps
multi-characteristic frameworks include, but are not and then reconciles their boundaries. The works of

limited to, the British Columbia biogeoclimatic system Albert et al. (1986) and Cleland et al. (1994) represent

(Pojar et al. 1987), Cajender's (1926) forest types, the combined approach.
Daubenmire's (1968) habitat types, the ecoregions of The biogeoclimatic zone system of Krajina (1965, in
the conterminous United States (Omernik 1987, Mueller-Dombois and Ellenberg 1974) is another syst-

Gallant et al. 1989, Omernik and Gallant 1989), Bailey's em in which vegetation is emphasized when defining

(1976, 1980) ecoregions of the United States, and the landscape or ecosystem units. These zones are defined

major land resource areas (USDA Soil Conservation as geographic areas that are predominantly controlled
Service 1981). Many similarities are found among these by the same macroclimate and contain similar soils and
classi fica tion systems. For example, site classifications (climatic climax) vegetation. The definition of the zones
include floristic information that is collected in the at lower scales uses vegetation units that are defined by

same way as that which would be used for vegetation the plant association concept (Pojar et al. 1987). At
classification (Mueller-Dombois and Ellenberg 1974, higher levels, climatic zones and topographic position

Pregitzer and Barnes 1982). Similarly, habitat type are used to group vegetation units into biogeoclimatic
classifications define plant associations in a similar zones.
manner to that of the floristic system of Braun-

Blanquet. Furthermore, site classifications that bring 4.:3.2 Ecoregional Classifications

together independent vegetation, soil, and landform
classifications rely on the independent classification of Ecoregions are defined as geographical zones that

these variables as their starting point (Jones et al. 1983, represent groups or associations of ecosystems that
Sims et al. 1989, Host 1993). Site classification systems function in a similar way. Ecoregions are assumed to be

that use multiple factors subdivide land into major and highly uniform with respect to their abiotic and biotic
minor land types or landscape ecosystems. They have factors, the processes controlling their ecosystems, and
beendevelopedprimarilyforlandmanagerswhoneed their limits and prospects for human exploitatmn.

to integrate resource management, biological conser- Consequently, classifying the world into an orgamzed
vafion, and restoration planning. These systems are geographic system and subdividing the earth's surface

most appropriate for classifying ecosystems, which are into consistent regions is difficult.
defined by the dynamic interactions of the biotic and In general, two distinct concepts have been used.

physical components. As with vegetation classifica- Th.e first is the "controlling factor(s)" concept (Bailey
tions, emphasis is placed on units that are more or less 1983, 1996L m which it is assumed that one or more

homogeneous both as to form and structure, but in this enwronmental factors act as primary controls or limita-
case with respect to all factors of the land and the tions for a particular ecoregmn as defined at a parti-

vegetation (Rowe 1961). cular scale. The second is the "synthesis approach"
An ecosystem approach to classification, namely ,Omernik 1987), whict_ assumes that a holistic integra-

that the plant community is considered together with tion of all predominant and stable components must be
its environment, wasimplicitin Clements work (1916), considered in the regionalization. This approach

but was defined explicitly by Tansley (1935) and defines ecoregions by perceived patterns in a corn-
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bination of causal and integrative factors, including climatic criteria. Divisions are subdivided into
land use, land surface form, potential natural veg- provinces on the basis of the climax plant formation

etation, soils, and so oil. The distinction between these that geographically dominates tile upland area of tile

approaches is obscured when they are mapped province. Provinces are further subdivided into
because mapping always requires a reduced set of sections by differences in the composition of the climax
differential and associated characteristics, vegetation type. The sections correspond generally to

Through over 100 years of development of biogeo- the potential natural vegetation types of Kfichler

graphy, many ecoregion systems have been produced (1964). As an extension of this system, an Ecological
at various scales from global to local. Many approaches Classification and Mapping Task Team (ECOMAP),

and applications havebeen developed, includingsome was formed in the U.S. Forest Service to develop a
which integrate soils, land forms, and vegetation (see consistent approach to ecosystem classification and
Herbertson 1905, Austin 1972, Udvardy 1975, Bailey mapping at multiple geographic scales. A national hier-

1976, Omernik 1987, Bailey 1995). Below is a brief archical framework of ecological units was developed

description of four ecore_onal classification systems by the ECOMAP team with four new levels under
that are presently used in North America two for Bailey's section: subsection, landtype association, land-
Canada and two for the United States. Also included is type, and landtype phase (McNab and Avers 1994).

a brief description of a new ecoregional classification ECOMAP is described in greater detail in the

system that was developed by the World Wildlife Fund "Synthesis Approaches" section.
to evaluate conservation priorities at an ecoregional
level in Latin America and the Caribbean. SynthesisApproaches

Controlling Factor Approaches Terrestrial ecozones oj' Canada: Using the synthesis
approach to integrate a different set of assumptions in

Ecoclimatic regions of Canada: Environment Canada mapping and characterizing regional land units,
has developed the "Ecoclimatic Regions of Canada, Wiken (1986) developed "Terrestrial Ecozones of Can-
First Approximation" (1989). This is a traditional ada." Although its nomenclatureissimilar to that of the

"control factor(s)" approach to creating a hierarchy of Ecoclimatic Regions of Canada, this system is based on

regionalizations. In order of decreasing size and gen- predominant and stable biophysical characteristics,
erality, the map includes ecozone, ecoprovince, rather than a singular controlling mechanism. Eco-

ecoregion, and ecodistrict levels. Climate guides the zones (15 units) are areas of the earth's surface repre-
development of the ecoprovinces, although physio- senting large and very generalized ecological units,

graphy, such as large mountain rar_ges, has major characterized by various abiotic and biotic factors. Eco-
modifying influences. Ecoregions were subdivided provinces (45 units) are parts of ecozones characterized
based on the effects of macroclimate on the vegetation, by major assemblages of structural or surface forms,

Ecoclimatic regions were defined as broad areas on the faunal realms, and vegetation, soil, hydrological and

earth's surface characterized by distinctive ecological climatic zones. Ecoregions (177 units) are parts of

responses to climate as expressed by vegetation and ecoprovinces characterized by distinctive regional
reflected in soils, wildlife, and water. Within eco- ecological responses to climate, as expressed by the

climatic regions, similar trends in vegetation succession development of vegetation, soil, water, and fauna.
•,,.'ill be found on similar soils occurring on similar Ecoregions of the contcrnlinous United States: Omernik

parent materials and positions on the landscape. Ten has produced ama F entitled "Ecoregaons of the Con-
ecoclimatic provinces and 77 ecoclimatic regions were terminous United States" (Omernik 1986, 1987) that
identified in Canada. shows 76 eco:egions at a scale of 1:7.500.000. Omernik's

Ecoregio_s of the Lhffted States: Bailey (1976, 1980, method grew ov,t of an effort to create a stream classi-
1983) developed a national regionalization of eco- fication system for the U.S. Environmental Protection

system units for the U.S. Forest Se_'ice. It is a hier- Agency to plan water resource management. The
archical system, and similar in concept to the premise behind Omernik's approach is that ecological
Environment Canada system, Four broad ecological regions can be identified by analyzing the patterns and
levels (domain, division, province, section) are composition of biotic and abiotic pnenomena that

distinguished, based on climate and biogeography, reflect differences m ecosystem quality and integrity

Domains are identified by broad climatic similarity, CWiken 1986: Omernik 1987, 1995). These phenomena
such as lands having dry climates at the subcontinental include geology, physiography, vegetation, climate,
scale. The domains are quite heterogeneous and are soils, land use, wildlife, and hydrology. The relative

further subdivided into divisions through additional importance of each characteristic varies from one
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ecological region to another, regardless of the States. ECOMAPusesasingle factor approach at some
hierarchicallevel, levels, and a synthesis approach at others. Because

ecological variables and processes operate at different

ECOMAP spatial spaces, each level of the hierarchy is associated

with particular design criteria for its scale (see Table I).

Until the early i990s, no single system had been dev- At the ecoregion scale, the domains, divisions, and

eloped with the structure and flexibility needed to dev- provinces are adapted from Bailey (1980, 1995), and are

elop ecological units from continental to local scales, recognized by differences in global, continental, and

The National Hierarchical Framework of Ecological regional climatic regimes and gross physiography.

Units (Avers et al. 1994) was developed by the U.S. These upper levels are based on regional climatic types

Forest Service to provide a consistent, hierarchical of KOppen (1931), as modified by Trewartha (1968). In

framework for application throughout the United addition to climate and physiography, the units at the

Table I. ECOMAP: Principal map units and design criteria (Avers et. al. 1994).

Scale Ecolog/caI Principal Map Unit Design Criteria* Map Scale Range General Polygon
Unit Size

Eooregional Domain • Broad climatic zones or groups (e.g. dry, humid 1:30,000,000 or 1,000,000's of
tropical), smaller square miles

Division • Regional climatic types (Koppen 1931, Trewatha 1:30,000,000 to 100,000's of square
1968). 1:7,500,000 miles

• Vegetational affinities (e.g. prak,'ie or .forest).
• Soil order.

Province • Dominant potential natural vegetation (Kuchler 1964). 1:15,000,000 to I0,000's of square
• Highlands or mountains with complex vertical 1:5,000,000 miles

climate-vegetation-soil zonation.

Subregion Section • Geomorphicprovince, geologic age, stratigraphy, 1:7.500,000 to 1.000's of square
lithology. 1:3.500,000 miles

• Regional clima tic data.
• Phases of soil orders, suborders or great groups
• Potential natural vegetation.
• Potential natural communities (PNC_ (FSH 2090).

Subsection • Geomorphic process, surficial geology, lithology. 1:3.500.000 to 10's to low 1.000's
• Phases of soil orders, suborders, or great groups. 1:250,000 of square miles
• Subreglonalclimaticdata.
• PNC--formation or senes.

Landscape Landtype • Geomorphic process, geologic iormatior., surficial l:_-_t 000 to ] O0's to I D00'sof
Assodation geology., and elevation 1:60,000 acres

• Phases of soil suborders, famines, or series.
• Local climate.

• PNC--series, subseries, plant associations.

Land. unit Landtype • Landform and topography (elevation, aspect, slope 1:60,000 to 1:24,000 10's to 100's of
gradient, and position}, acres

• Phases of soil subgroups, families, or series.
- Rock type, geomorphic process.
• PNC-plant associations.

Landt)_e • Phases of soil families or series. ] :24.000 or }arger < 1DOacres
Phase • Landform and slope posl,tion.

• PNC--plant associations or phases.

•Note: Criteria listed are broad categories of environmental and landscape components. The actual classes of components chosen

for designing map units depend on the objectives for the map.
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Table 3. ECOMAP;Nationalhierarchyof ecologicalunitsassociatedwith purpose,

Planning and Analysis EcologicalUnits Purpose, Objectives, and
Scale General Use

Ecoregions

Global Domain Broad applicability for modeling and sampling. RPA assessment.

Continental Division Internatonal planning.

Regional Province

Subreglons Sections RPA planning, Multi-forest, statewide, and multi-agency analysis and

Subsections assessment.

Landscape Landtype Association Forest or area-wide planning, and
watershed analysis.

Land Unit Landtype Project and management area planning

Landtype Phase and analysis.

province level are further characterized and classified Taxonomic and geographic scales: implications for

by soil orders and potential natural communities (from classt[ications and their integration: The different scales
K(_chler 1964). inherently associated with the levels of the National

At the subregion scale, sections and subsections are Hierarchical Framework of Ecological Units have

characterized by combinations of climate, geomorphic implications for the specific types of planning

process, topography, and stratigraphy. These factors objectives for which each can be used. Table 3 shows
influence moisture availability and exposure to radiant the general utility of each ECOMAP level.
solar energy, which in turn directly control hydro-

logical function, soil-forming processes, and potential Biodiversity PatternApproaches

plant community distributions (Avers et al. 1994). The

classification and descriptions have now been corn- Terrestrial ecoregions of Latin America and the
pleted throughout the United States at the sectionlevel Caribbean: With the objective of setting conservation
(McNab and Avers 1994). Numerous regions (the east- priorities at an ecoregional level, the World Wildlife

ern United States, California, and the Columbia Basin) Fund developed a hierarchical, terrestrial ecoregion

have completed classification, characterization, and system for Latin America and the Caribbean
mapping at the subsection level (see Keys et al., in (Dinerstein et al. 1995). This system is based on an

press). An example of the level of detail for the map estimation of the "original/" pre-Colombian distribu-
units is shown in Table 2. In the upper midwest tion of habitats in this area, and differs significantly

(Minnesota, Wisconsin, and Michigan)and other areas from the approaches used in the United States and
this work has been completed to the subsubsection Canada. Three hierarchical levels were identified:

level (see Albert 1994). maior ecosystem types, major habitat types, and eco-

At the landscape scale, the landtype association is regions. Major ecosystem types (5 units) are defined
defined by general topography, geomorphic process, primarily by dynamic properties and spatial patterns of

surficial geology, soil, potential natural community patt- biodiversity, not wholly by vegetation structure. Major
erns, and local climate (Formann and Godron i986; ecosystem types are subdivided into major habitat

Avers et al. 1994). At this level, terrestrial features and types (11 units/ based on general habitat structure.
processes may also have a strong influence on ecological climatic regimes, and major ecological processes. The

characteristics of aquatic habitats (Platts 1979, Ebert et al. level of species turnover with distance fDeta diversity)
1991). At the land unit scale, landtypes and landtype is also considered, with flora and fauna showing slml-

phases are designed and mapped in the field based on lar guild structures and life histories. Nested within the
properties of local topography, rock types, soils, and major habita{ types, ecoregions are identified to

vegetation. These factors influence the structure and represent geographically distinct assemblages of
composition of plant communities, hydrologic function, natural communities that share a large majority of their

and basic land-use capability (Avers et al. 1994). species, ecological dynamics, and similar envzron-
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mental conditions. The ecological interactions critical S. | Data Issues

for the long-term persistence of these COmmunities are

also considered. Four questions relating to data need to be addressed

when developing an ecological classification system:
4.3.3 Land Cover ClasslncatJons (1) what kind of data are needed, (2) how many data

are needed, (3) can existing data be used, and (4) what
Land cover classifications are primarily intended for are the costs associated with preparing data for the
land management or resource planning. They emph- classification _-ystem? All four questions must be

asize conspicuous features of the land surface, and can answered in relation to the specific management

be combined with land-use maps to convey an overall objective(s) to be addressed.
perspective of what is visually perceived on the land. To respond to the first two questions, it must be
Many classification systems derive land cover units recognized that the different applications of ecological

from general structure and composition of the vegeta- classification may not necessarily be achievable
tion (Anderson et al. 1976). For example, cover types, through the use of one data set or analysis, Char-

named by the dominant tree (Eyre 1980), are used as a acterization data are used grouping similar patterns

descriptive land cover classification of forest lands, and delineating areas of interest. Pattern recovery data
Recent land cover systems have increasingly relied are used to extrapolate or interpolate the classification

on factors that can be characterized through remote units to areas that have not been sampled. The amount

sensing imagery (Witmer 1978). Examples include the of data needed to satisfy either of these applications is

Gap Analysis (GAP) and the Multi-Resolution Land related to the required accuracy and precision of the
Characterization (MRLC) Programs. GAP is a national classification system. Additional data may be needed to

program that uses remote sensing to derive landcover characterize the properties of each classification unit.
types, which are then used to model the distribution Therefore, the total amount of data needed depends on

and protection status of animal species. Similarly, the the objective of the classification; the required accuracy
MRLC Program is creating a consistent, remote and precision for pattern characterization and
sensing-based land cover characterization approach recovery; and the type of description required for each
across the nation that can be used for both one-time classification unit.

and repeatable resource inventory and environmental To answer the third question, it is important to
assessment objectives, determine what types of data are already available and

whether they will be useful and cost effective before
undertaking ori_nal research. Existing data sources

S USE OF ECOLOGICAL CLASSIFICATION may include remote sensing imagery, herbarium and

SYSTEMS museum species records, and plot/transect data that
have been collected during past ecological surveys.

Many ecological classification systems use existing Data, maps, and charts for vegetation, soils, lakes,

biological and environmental information to predict geology, fresh waters, estuaries, salinity, temperature,
patterns, processes, and occurrences that will support coastal geomorphology, and climate also exist in many

conservation and management objectives. Classifica- geographical areas. Because using existing data often
tions have been able to integrate more information in involves compiling disparate and interdisciplinary

recent years, and the resulting products can increasing- data, problems related to differences in sampling dates
]y be applied to multiple purposes (e.g., strategic and design, data quality and storage, spatial repre-
planning, environmental monitoring, protected-area sentation and resolution, and standardization must be

identification). Caution must be exercised, however, solved (see Davis et al 1991, Davis 1995_.Nevertheless

when using classifications and maps to make resource existing data that are well organized and appropriate
conservation and management prescriptions when to the objective can, in certain instances, be an effective
those products were developed through combining way to help develop ecological classifications and

preexisting data sets. The products derived from such maps _e.g, Reid et al. 1995).
integrated data sets are, as a rule, much loss precise in The fourth :tuestion regarding costs, can on|v be

terms of class and spatial accuracy than their compo- answered following the first three. Cost is determined
nent parts, by the amount of eqmpment, techniques. _"kills. and

Care must be taken to develop classifications t_me necessary to acquire the h, pe and amount of data

tailored to their intended applications and to choose needed. It should be noted that. although it might be
the most appropriate classifications for addressing more expensive, it is often easier to build ecological
specific management needs, classifications and prepare maps using new data.

-'-N



376 D.H. Grossmanet aL/Principlesfor Eco{ogicalClassification

rather than attempting to derive them from existing 5.3 Ecological Boundaries: What Do the

products and data. An example of this concerns tile Lines on Maps Mean?
high costs and questionable utility of digitizing old

maps of undocumented spatial accuracy into Ecological variables are generally semi-continuous, as

geographic information systems (GIS). opposed to being categorical, and are expressed as
gradients. The concept of the "ecotone" reflected this

5.2 Ecological Classification and Mapping (di Castri et al. 1988, di Castri and Hansen 1992): "..,the

ecotone is a 'zone of transition' between adjacent

Therelationshipbetweenclassificationandmappmgls ecological systems, having a set of characteristics
often confusing for scientists and managers alike. In its uniquely defined by space and time scales, and by the
purest form, ecological classification is independent of strength of the interactions between adjacent ecologic

mapping. It is a scientific process of methodically systems." Ecotones may be expressed at any scale. As a
arranging units of quantitatb,,e information into classes result, distinct lines between ecological units are the
or groups that possess common properties. Mapping is exception rather than the norm.

a representation of these units which is constrained by The problem of where to draw a line on a map is
the scale of the map and by the spatial information that complex and requires an explicit set of rules and

must be related to the ecological units. Additional disclaimers. Two untested assumptions are typically
complexity is introduced with the interpretation of made: (1) the mappable attribute is a clearly defined

"spectral signatures" or an aggregation of available and a predictable property of the ecological unit, and
georeferenced"data layers." (2) the mappable attribute does not vary over the

Maps will never exactly represent ecological units known distribution range of the ecological unit
unless those units were developed through the (Bourgeron et aL 1993). This is difficult enough for
aggregation of spatial thematic layers. A map of earth simple variables, but wiren multiple variables are
cover that is created through the analysis of remotely brought into the classification framework, the "fuzzi-

sensed data or interpretation of aerial photography hess" of the lines increases dramatically.

will not portray an ecological classification system. If Consequently, several important factors must be
cover types are determined to be an important factor of considered when developing a map of ecological units.
an ecological classification system, additional research First, interpreting ecological units depends in part on
must be conducted to define the relationship between knowledge of the distributions of environmental

the cover classes and the ecologicalclassification units, attributes along gradients. Second, the ecological rela-
As reviewed earlier in this chapter, ecological tionsamong bioticand abiotic components need to be

classifications may be developed by using a variety of stated and tested explicitly. A clear link between scales,
variables. Using spatial data (maps) that include patterns, and processes must be established; and
variables needed for a classification system can greatly temporal variability must be considered (Bourgeron et

simplify the process of creating an ecological classi- al. 1993). The question becomes how much fuzziness in
fication map. Spatial data sets have variable thematic the transition zone is acceptable to meet the elassi-

and locational accuracy, so that when a map is com- fication and mapping objectives. Strategic planning
piled from multiple spatial products, its overall may tolerate more fuzziness, whereas operational

accuracy is unpredictable and interpretation must be planning typically tolerates less. Regardless of the
tentative. Furthermore, the boundaries of separate management needs, any ecological map must produce
map themes rarely coincide, largely because of real boundaries that are ecologically significant. One way

differences among attributes. This is as true for land to become explicit is to map the gradients themselves.
units (Bailey et a1.1994), as it is for coastal (e.g., physical The concept of ecoregions is intuitively attrac tire for
vs. biogeographic units), and marine units (e.g., marine all systems -- terrestrial, freshwater, and marine. The

phytoplankton vs. physical oceanographic regimes reconciliation of boundaries among different environ-
(McGowan 1972, Hayden et al. 1984). mental attributes, as has been done for terrestrial

In addition to these technical challenges, care'must systems (e.g., Bailey 1995), remains problematic,
be taken not to substitute a composite map of ecolo- Ecological classifications, especially when presented

gical components for a map of ecological units. Overlay on maps, give the appearance of ecosystem stasis and
maps do not represent the ecological relationships offers few opportunities for further analysis.
between the individual layers. Anecologicalunitinthe Furthermore, when classification approaches are

natural environment is not merely a compilation of dominated by few factors, they tend to address some
independent components; but is functionally systems better than others. Each environmental factor

integrated, and/or system exhibits its own behavior, which in
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mapped terms may be expressed as gradients across 5.5 Management Applications
the land- or seascape. Combining these may be poss-

ible only through statistical modeling approaches of Regulatory and management agencies at all levels of
"dynamic biogeography" (e.g., Hengeveld 1990). The government, have struggled to apply ecological

science of ecosystem classification and geography still classifications to resource planning and management
has a long way to go, especially in the "critical areas of challenges. The diversity of ecological classifications
treatment of heterogeneity and scaling" (Hornberger has been reviewed in earlier sections. Each system has

and Boyer t995), been developed for a specific set of purposes and many
have proven extremely valuable for management

applications (see Management Chapter). However,

5,4 Key A¢¢ribuces of Representative having value for one set of applications does not make
Classification Syscems a classification system useful for other applications. For

example, classification systems that focus on site

Forty-four classification systems are presented in Table potential (e.g., ECONLa.P Land Type Associations) may

5, and key attributes in six topic areas are listed for each be appropriate for gross, strategic analyses of resource
system. The table can be used to evaluate what each management. For operational planning or statistically
effort classifies (e.g., terrestrial vs. freshwater systems), defensible estimates, analyses that are conducted at the
how the classification was developed (e.g., use of stand level and that integrate existing and potential
abiotic vs. biotic factors), and at what scale the system is vegetation are recommended (Roloff 1994).

classified (e.g., global vs. local). One classification Table6providesanevaluationoftheapplicabilityof

system often addresses more than one attribute in a the major ecological classification systems for different
topic area; for example, that of Grossman et ah (1994b), management applications. The management applica-
Grossman et al. (1998) considers both terrestrial and tions are divided into four general areas: land manage-

wetland systems. Each classification effort is described ment and use, biodiversity conservation, resource

by: inventory and management, and research and assess-
ments. Additional discussion concerning the applica-

• The ecologicalsystem that theeffortclassifies ter- tions of ecological classification systems to meet

restrial, freshwater, coastal/marine, estuarine, and/ management objective can'be found in Carpenter et al.
or wetland; (this volume).

"Land management and use" activities focus on the
• The geographical coverage that the effort encom- land unit and its development by humans for a variety

passes --global, continental, national, regional, and/ of purposes, including

or local; • Infrastructure siting for roads and other "conduits"

• The overall objectives of the classification effort -- and buildings;
research, management, and/or conserva6on;

• Resource planning, site prescription, and manage-

. The environmental factors used to develop the clas- ment for forestry, wildlife, fisheries, recreation, agri-
sification effort climate, soils, elevation, geology, culture, erosion control, minerals and water, and

landform/land position, and/or hydrology/ multiple use designations;

hydrography; • Desired future conditions analysis; and

• The biological factors used to develop the classifica- • Sustainable development.

tion effort -- existing vegetation structure, existing

vegetation composition, potential natural vegeta- B'odivers ty conservat'on" refers to the identifica-
tion, zoological guilds, and/or zoological composl- don and protection of natural biota as it occurs iv
tion; and, ecological systems, including:

• Biological diversity inventory;
• Other factors that are importam in Jescribing the • Identification of conservation sites:

classification effort, such as: are the classification • Sustainable design for conservation; and

units geographically referenced? Is the classification • Restoration planning.
hierarchical (i.e., do multiple levels exist']? Were a

varie D" of factors used to develop the classification "Resource inventory and management" includes
effort? Were extensive data needed to develop the _ctivities intended to determine the existing number,
classification? abundance, and condition of natural resources to

_,_ [ .rl r'lrlrllll r'II _l_r[ [TIT
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inform management decisions. These activities Espec a "..for terrestna s)stems, class f catlonsha_.e
include: been developed to identify boundary conditions which

can be employed to 0npose restrictions on land use. For
• Resource sampling; wetlands connected to larger aquatic systems, the
• Resource inventory; boundary between vegetated and non-vegetated areas
• Resource management forestry, wildlife, fisher- is of considerable manageme1_.t interest. The federal

ies, agriculture, recreation, soil, and minerals and government has the mandate to monitor wetland con-
water; dition and abundance in relation to defined levels for

• Habitat suitabifityanatysis; and healthy ecosystems and abundant fish and wildlife
• Resource reporting and mapping, resources. Wetland classification is the first step in

"Research and assessments" include the evaluation identifying these areas for inventory and management;

and prediction of the effects of natural and human subsequent steps include protection, regulation,

changes on natural resources and systems, including: evaluation, restoration, and rehabilitation.
Ecological classification has assisted aquatic eco-

• Environmental impact assessments; system management in several areas, including water
• Ecosystem and landscape monitoring; quality assessment (Meador et al. 1993, Paulsen and
• Study of pattern and process in relation to scale; Linthurst 1994), fish productMty modeling (Fausch et
• Representativeness assessment; and al. 1988), fish habitat requirement modeling (Nelson et
• Predictive modeling, al. 1992, Hill and Platts 1995), and adjacent land

Perhaps the most common application of terrestrial management (Platts i980, Maxwell et al. 1995). Because

vegetation and site classifications is the determination of the complexity of lakes and their typically large size,
of appropriate uses for agricultural and forest lands• as ,,,,'ellas the historical focus on fisheries management,

Integrated units derived from climatic, soil, and classification for productivity has received consider-
vegetation provide a useful tool for the determination able attention.
of site potential. In addition, the combination of One example of aquatic ecosystem management is

existing and potential vegetation classifications have the National Water Quality Assessment Program
been used to describe current conditions, predict (NAWQA). In 1990, the U.S. GeologicalSurvey (USGS)

successional processes, and characterize disturbance initiated this Program as a comprehensive survey of

regimes (Haufler 1994, Roloff 1994). The limited degree the status and trends of ground and surface water
of success using exclusively potential vegetation in quality in the United States. Physical, chemical, and
accomplishing these goals is based on limited know- biologicaldataarebeingcollected fromstudyareasthat

ledge concerning vegetation-site relationships, and correspond to hydrologic units based on the drainages
the abiH ty of the dependence on the observers to infer of major rivers and aquifers (USGS 1982), which will be
site characteristics from the vegetation, further stratified according to the classification frame-

A standard application for ecological classification work of Frissell et al. (1986) (Meador et al. 1993).
systems, terrestrial and aquatic alike, is conservation NAWQA researchers are currently assessing the use of
planning. Ecological classifications have been used ecoregions as a stratification tool for national sampling
extensively to inventory and protect terrestrial and (J. Higgins, pers. comm.).

aquatic areas. A direct biolo_cal classification will For wetlands, management initially focused on
always provide the greatest confidence of capturing waterfowl and furbearer production, which had pro-
the conse_'ation target, but coarser biological and site found implications for wetland classification. In the

classifications can be used to develop a high degree of past two decades, however, other services provided by
predictive accuracy. Vegetation classifications have wetlands, such as biological functions, habitat,

been the primary approach for the identification and sanctuaries, hydrological functions, and cultural val-
delineation of terrestrial conservation sites by resource ues, have been identified _Greeson et al. 197% Reppert
management agencies (Scott et al. 1993, Grossman et al. and Sigleo 1979, Tiner 1984 _.In addition, society often
1994a). Aquatic researchers and managers have assigns shoreline marshes a higher ecological value
attempted to classify standardized descriptors for habi- than other types of wetlands because of their direct

tat sub-units for conservation planning (Busch and Sly contribution to fish and wildlife populations, rather
1992). Boundary delineations alone are often used in than their role in larger ecosystems (Maltby et al. 1983j
terrestrial and aquatic systems to protect delineated Estuarine wetlands and wetlands located _t nver

habitat units that are in short supply, unique, or mouths are also highly valued by society because
support known species of special interest, wildlife (bird) and fish usage is usually high, rare plants
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or unusual wildlife colonies may occur, and these areas izations and classifications are abundant throughout

are often near urban centers (Crispin 1990). the scientific literature. However, the existing systems

Descriptive attributes have been used to develop a do not fully meet the current expectations or needs o f

"taxonomy" of coastal wetlands, iocludir_g vegetation, resource managers.
hydrology, geography, climate, soils, stratigraphy, and Most ecological classifications have been descriptive
landscape position (topography, aspect, slop@ Funo and have focussed on either terrestrial, freshwater,

tional attributes are also used as insights into system coastal, or marine systems. Up to now, terrestrial
dynamics and management, including species life systems have dominated ecological classification

histories, multi-species interactions, landscape inter- efforts; these generally do not incorporate adequate
actions, hydrological processes (flood storage and information on aquatic systems (e.g.,Avers et al. 1994,
storm-flow modification), nutrient retention and trans- Bailey 1995). This is partially an artifact of traditional

formation, sediment and toxicant trapping, and sedi- training in ecology and resource management, but also
meat stabilization. Both sets are then modeled to reflects the variable status of data and knowledge

provide decisions on wildlife habitat and public use associated with the different systems.
(James E. Perry, Virginia Institute of Marine Sciences, Aquatic classifications have primarily been based on

pers. comm.), biophysical factors, whereas most terrestrial elassifi-
Estuaries represent high levels of complexity and cations emphasize vegetation (potential and existing),

conservation urgency. They house major fish climate, and physiography. For example, Cowardin et
populations, and provide vital habitat for early al. (1979)focus on wetland topography, while Bailey

life-history stages of many marine fishes and in- (1995) emphasizesphytogeographyandelimate. Coast-
vertebrates. All anadromous and catadromous fishes al classifications are often approached with a more

must cross estuaries. Estuaries are the sites of most of comprehensive "ecosystem" perspective as they include
the world's large cities and ports, and also provide components of both terrestrial and aquatic systems.
important industrial and commercial sites. As a result, The increased need for sound management of

they are centers for coastal pollution and are, in natural resources and prioritizaflon of conservation
general, heavily disturbed, which has implications for action has resulted in an increased dependence upon

coastal living resource and fishery sustainability, existing ecological classification systems. The existing
Classification of estuaries requires information on ecological classification systems can address some, but

where various types of habitats occur, which are the not all, management and conservation concerns. Each
best examples, and whatactivities most threaten them. system was developed to address a specific set of

objectives. It is important to understand the intended
and appropriate uses for each classification system and

6 PRESENT SITUATION AND FUTURE its associated products. No individual system will ever

VISION meet the full spectrum of potential applications.

The understanding of ecological dynamics at the com-

munity, landscape, and ecosystem levelsis undergoing 6,2 The l)evelopmen¢ of New Ecological
rapid growth. Spatial and temporal organization and Classifications
dynamics are better understood through the applica-
tion of hierarchy theory and remotely-sensed inform- Existing classifications provide the framework to go

ation. Biogeographic and environmental information beyond mere description of the distribution of
are being developed at an unprecedented rate and biological species and communities to focus on their
with a high level of quality control. Technological relationships to one other and to environmental gra-

advances in the management and analysis of spatial dients. There are many challenges associated w_.th the
data are increasingly available to managers and development of the nexl generation of classification
scientists. This remarkable progress provides a suite of [ systems.

new opportunities for the science and application of The dynamics of environmental change are central

ecological classification, to the concept of the ecological unit However. it has

been difficult to apply ecosystem concepts and
6.1 Existing Ecological Classifications practices ro most ecological classification systems, as

few of them emphasize ecological process and the
Many ecological classification systems have already dynamics of change. In addition, ecological classifi-

been developed. Accounts of the development and cations must reflect our increasing knowledge about
application of biogeographic and ecological character- the biological and ecological processes that function-
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ally integrate terrestrial, freshwater, and coastal/ be represented and interpreted spatially. Simulta-

marine systems. Marine classification must integrate neously, there have been remarkable advances in the
the coastal systems which, in turn, must integrate technological capabilities for managing, aggregating,

terrestrial systems. Until more classifications integrate analyzing, and portraying these data. These advances

aquatic and terrestrial features and processes, they i have stimulated rapid testing, refinement and imple-
cannot be seen as truly "ecosystemic" and they will be mentation_,of numerous classification and assessment

restricted in applications and future value, approaches that are used to address various conser-
vation and management objectives, as well as basic

6.2. l A Set of National Ecological Units research @estions.
This increased capacity to integrate information for

Many managerswould derive great benefit from access targeted application will greatly augment the devel-
to one common ecological classification system with opment of a common classification approach. Specific

explicit standards and application guidelines. In many classifications can be developed to address specific
cases, access to one standard framework of resource management and conservation objectives.

classification units would represent the most efficient Users can determine the appropriate scales for analyses
and cost-effective solution to many shared resource and identify the specific biophysical variables and

management challenges, ecological processes that apply to their specific
The successful development of a common set of questions and objectives. They can draw from multiple

ecological units will require sufficient consensus on data sources to compile and analyze the appropriate
common objectives, appropriate scales of analysis, and spatial data and to develop very specific solutions to

the critical ecological processes and biophysical vail- their questions.
ables that function at those scales. This system ideally Where multiple approaches to ecological classi-

wouldintegrateacross multiple scales, multiple factors, fications are appropriate, the ability to share stand-
and be relevant for terrestrial, freshwater and coastal/ ardized data layers becomes increasingly important.

marine systems. The development of this common eco- For this to occur, standards for ecological inventory,

logical framework would not restrict the development data management, and analytical approaches must be
or use of other systems that better address specific developed and documented. Ecological classifications

needs and applications, and associated products (e.g., keys, assessments, maps,

This concept of a common set of ecological units has etc.) should be accompanied with appropriate meta-

already gathered momentum. In December 1995, a data that fully disclose the methods, data sets, scales,
Memorandum of Understanding (MOU) was signed variables, analyses, classes, and other information

by the U.S. Department of Agriculture (Natural required to fully interpret the utility of the product. All
Resources Conservation Service, Forest Service, and data and data products must meet minimal standards

Agricultural Research Service), the U.S. Department of so that they can be broadly interpreted and applied to
the Interior (Bureau of Land Management, Geological multiple objectives. Data standards and inclusion of

Survey, Fish and Wildlife Service, National Biological metadata files will allow partners to confidently assess

Service, and National Park Service), and the U.S. the appropnateness of the data products for
Environmental Protection Agency. This MOU was addressing their individual objeefives.

designed to develop a spatial framework of ecological It is critical that resource managers, conservation-
units for the United States. A National Interagency lsts, and researchers will be able to use the information.

Steering Committee and a National lnteragency Potential users willneed to have theability to access all

Technical Team have been established to implement data so they may identify the appropriate informatmn
this MOU. As part of the initial and ongoing effort, and ecological classification systems that would help

maps of common ecological units will be developed them meet their specific objectives. This ,,,,'ill also
and published at standard scales. Digital data sets in require a high level of terminological consistency;

formats meeting available Federal Geographic Data working definitions must be widely agreed upon and
Committee standards will also be published, implemented to guard against inappropriate applica-

tions and faulty interpretatmn of ecological data,
6.2.2 User-Defined Classification Systems classifications and associated products.

The quanti W and quali_ of ecological and biological 6.3 Human Factors
data has dramatically increased over the past few

decades. More and more of these data are Many appropriate applications of ecological classifi-
geographically referenced, allowing the information to cation systems have been identified in this report, but
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