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This thesis explores the genesis of the ecoregion concept,

examines the conceptual development of ecoregion classification

systems, investigates applications of ecoregion classification

systems for a broad range of purposes, and discusses the prospects

for the further evolution of this concept. An ecoregion is an area

that exhibits patterns of homogeneity in specified criteria such as

soils, vegetation, climate, geology, physiography, land use, and

hydrology. Ecoregions provide a unifying spatial framework for

environmental research, assessment, management, and monitoring

and are appropriate tools at continental, national, and state

plarming levels.

Recent years have seen marked interest in the development,

use, and application of ecoregion classifications. A literature review

provides a thorough look at the geographer's concept of regions and

regionalization, and identifies ecoregion classifications in use today,

including Bailey's, the EPA's, and others' frameworks in the context

of their specialized perspectives, purposes, and differences. The

contemporary uses, applications, and trends of ecoregion

classifications are also discussed.

Conclusions are made regarding the proliferation of

ecoregions to meet diverse information needs, trends in expanded

use, and concerns about the information value of ecoregion



classification frameworks. This analysis has shown that ecoregions

have been used effectively for a wide array of applications, including

broad-based holistic resource analysis, development of biological

criteria for water quality standards, evaluation of protected area

representativeness, wetland mitigation, and calibration of remote

sensing data. Over 40% of all ecoregion uses between 1976 and

1998 were for water quality management; however, recent trends

indicate ecoregions are being used for more holistic assessment of

terrestrial, aquatic, abiotic, and biotic resources with increasing

interagency collaboration. Ecoregion theory has developed rapidly

within the past thirty years, and this thesis identifies the current

utility of ecoregion classifications in the international arena.
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The Conceptual Development and Use of Ecoreglon
Classifications

Chapter I

Introduction

"Society has allocated responsibility for the study of
areas to geography; this responsibility Is the justification for

our existence as a scholarly discipline,"
(Hart, 1982; 1).



Environmental issues transcend political boundaries. To date,

public land management agencies have tended to focus on

individual resources rather than entire ecosystems. Changes in US

environmental policy spurred the need for the development of

regional-scale ecological classifications to provide information for

environmental monitoring and management. Ecoregions were

developed to meet these requirements.

An ecoregion, or ecological region, is an area with relative

homogeneity in ecosystems within which the mosaic of ecosystem

components, biotic and abiotic, as well as terrestrial and aquatic, is

different than that of adjacent regions (Omernik and Bailey, 1997).

The ecoregion concept, introduced by Crowley (1967), is based

on the notion that such homogeneous ecosystem regions exist in

nature and can be delineated and classified. This concept is not

new, but is merely a new name for old ideas developed in scientific

and geographic theory. The ecoregion concept, or theory, is used to

create classifications and frameworks that depict ecoregions.

The US Congress passed the National Environmental Policy

Act (NEPA) (Pub. Law 9 1-190, 1970) and created the Environmental

Protection Agency (EPA) in 1970. NEPA mandated that all Federal

agencies "utilize a systematic, interdisciplinary approach which will

insure the integrated use of the natural and social sciences and the

environmental design arts in planning and decision making which

may have an impact on man's environment" (Pub Law 91-190,

1970; 2). This requirement created the need for vast amounts of

information to set environmental goals, to guide rational decisions,

and to enforce legal standards. The ecoregion classification was



consequently designed to help agencies organize and achieve these

goals.

The stimuli to develop ecoregional frameworks within

individual federal agencies differed. Ecoregions of the United States

(Bailey, 1976) was prepared by the Forest Service in cooperation

with the Interior Department's Fish and Wildlife Service to aid in the

National Wetlands Inventory, and to conduct assessments required

by the 1980 Resources Planning Act (Bailey, 1978). For the EPA,

the need to assess existing and attainable surface water quality was

the impetus for ecoregion classification (Omernik and Griffith, 1991;

Gallant et aL, 1989). A Science Advisory Board Report

recommended to the EPA that ecoregions were useful for water

quality assessment and environmental management, and promoted

development of the concept (USEPA, 1991).

These developments have caused other governmental agencies

and non-governmental organizations (NGOs) to develop new

ecoregion classifications to meet their environmental mandates.

The frameworks are receiving widespread use in environmental

management. Private industry, government agencies, international

environmental organizations, and academic researchers are using

the ecoregions in environmental assessment, monitoring, and

management.

The widespread use and acceptance of the ecoregion concept

could result in misleading information and confusion due to the

development of many different ecoregion classification systems, each

designed for a specified purpose (Omernik and Griffith, 1991). A

careful examination of the development and use of ecoregions



should aid researchers by enumerating and describing the features

of ecoregion frameworks presenfly in existence.

1.1 Statement of the Problem

This thesis explores the genesis of the ecoregion concept,

examines the conceptual development of ecoregion classification

systems, investigates applications of ecoregion classification

systems for a broad range of purposes, and discusses the prospects

for the further evolution of this concept.

1.2 Objectives

The objectives of this thesis are: to conduct an historical

examination of the concept of natural regions and the influence of

early geographical classifications on modem ecoregion theory; to

catalog, compare, and contrast the ecoregion classifications that

have been developed: to evaluate the varied uses and applications of

the ecoregion classifications; and finally, to describe the current

proliferation of new ecoregion classification systems in the context of

information and communication concerns.



1.3 Organization

Chapter I identifies the problem, defines terms, and

introduces the topic, and Chapter II traces the progression of

regionalism in geography from its earliest roots to current

discussions surrounding different ecoregionalization methodologies.

Quantitative, qualitative, reductionistic, and holistic regionalization

techniques are examined. Frameworks depicting "natural regions"

or "biomes" (Herbertson, 1905; Austin, 1972; Hunt, 1974; and

Udvardy, 1975) built the foundation for mapping ecological regions.

The conceptual and methodological reasons for the transition to

contemporary ecoregion classifications are examined.

Section one of chapter III catalogs the international ecoregion

frameworks that were developed during the thirty-two year period

from 1967 to 1999 (Crowley, 1967; Bailey, 1976; Omernik, 1987).

The terrestrial and aquatic ecoregion schemes developed by Bailey

and the Forest Service (1976), Omernik and the Environmental

Protection Agency (1987), the Commission for Environmental

Cooperation (CEC) (1997), the World Wildlife Fund (WWF) (Rickets et

at, 1997), The Nature Conservancy (TNC), the Sierra Club, and

other frameworks representative of the contemporary use of the

ecoregion concept are compared and contrasted.

Section two of chapter III analyzes difficulties encountered

during ecoregion delineation including disagreements over boundary

width and boundary change over time. In this regard, the

relationships among institutional goals, policy requirements,

information needs, and ecoregions are discussed.



The applicability of a framework is a good test of its validity

and usefulness. Chapter IV identifies the various uses and

applications of ecoregions. All known uses of the term 'ecoregion'

are specified, compiled, and discussed. Specific attention is placed

on categorization of individual uses. Categories include the use of

ecoregions as an indicator of location, a basic mapping unit

boundary, and for stratifying water quality information.

Graphic displays illustrate the use of ecoregions in society.

Included are time series and distribution graphs of ecoregion

publications. Areas of growth in the international arena are also

identified. Controversies surrounding the use of qualitatively

defined ecoregional frameworks are also examined.

Finally, in Chapter V. new insights into the future of

ecoregions for environmental management applications are

presented.

1.4 Methods

A literature review of geographical and ecological literature

was conducted in order to trace the genesis of the ecoregion concept

in geography. Papers pertaining to theories of regions, natural

regions, and ecoregions were collected.

The ecoregion classifications were identified during the

literature search, and cataloged in Chapter III. The most recent

classifications were obtained from the World Wide Web. To compare

and contrast the frameworks, the classifications' methodologies

were obtained from the literature review; however, not all



classifications denoted explicit methodological processes. For the

EPA's interagency classification, interviews with regional

geographers were used to identify the most important criteria for

ecoregion delineation.

All known references to ecoregion classifications were

identified and discussed in the context of conceptual frameworks.

The classifications developed by Bailey and the EPA were back-

referenced to identify all known citations utilizing the published

frameworks. The Science Citation Index was used as an initial

guide to referenced citations. Bibliographic references not

appearing in the Science Citation Index but cited within other

documents were also obtained. Recent uses and applications of

ecoregions were obtained from the Current Contents database and

personal communication with ecoregion developers. During the

course of the research, applications of other ecoregion frameworks

were encountered and included.

Undoubtedly, a few ecoregion citations remain unidentified.

Non-peer reviewed departmental and governmental literature, as

well as recent publications, represent the most likely categories of

use that might have been overlooked. Regardless, every attempt

was made to ensure that the dataset was as accurate as possible

and that any omissions were not deliberate.

The uses were categorized by discipline, and applications

significant to the evolution of ecoregion theory were presented. A

citation was classified as a use when it appeared in a published

study--book, peer-reviewed journal, or internal document--that

incorporated ecoregions. The uses were divided into separate

categories denoting broad generalizations of use. Trend analyses of



the findings were graphically portrayed in the final chapter. The

graphs were discussed, and concerns were raised.

1.5 Definitions

A universal definition of ecoregions does not exist and will not

likely exist in the near future. Researchers tend to describe

ecoregions as large portions of the Earth's surface over which

ecosystems have common characteristics. Beyond such a common

definition, areas of contention arise.

Researchers designing classifications for conservation

purposes describe ecoregions as areas of extreme biodiversity or

environmental uniqueness. Some scientists refer to ecoregions as

climatically defined areas while stifi others contend the regions are

based on the integrated spatial relationships of all environmental

phenomena. The greatest area of contention is whether to include

humans as a part of the biotic realm.

Differing opinions over terminology is not a new problem for

regional geographers. A similar problem arose in the definition of

regions. Richard Hartshorne wrote:

The validity of an hypothesis cannot be made to
depend on the use of any particular word; on the
contrary, if it appears to depend upon a term that is
never precisely defined, it is for that very reason
suspect. If an areal section of the earth's surface,
delimited in some particular way to constitute a
'region,' can be demonstrated to be a corporeal thing, a
concrete unit whole, it must be that by whatever name



we call it. If we wish our logical demonstration to be
clear, we will avoid words whose lack of clarity is likely
to lead to dubious conclusions. If area and region are
regarded as inadequate by some because geography is
not to include everything in an area but only its
material features, it would be better to invent a term
such as 'geographic region,' that could be precisely
defined to mean that, since it has not established
meaning in common thought." (Hartshorne, 1939; 263)

The developers of the ecoregion concept learned from the

mistakes of early regional geographers and coined interchangeable

terms-ecoregion and ecological region. Ecoregion researchers from

the United States tend to use the former (Omernik and Bailey, 1997;

Ricketts et al., 1997) while Canadian researchers use the latter

(CEC, 1997).

Whether to consider humankind's ability to erect cities,

transform grasslands into agricultural areas, and mine the earth for

minerals as factors important to the ecoregional boundary

determination remains an area of contention. Some definitions

include anthropogenic change while others consider only

environmental phenomena. Several researchers and environmental

managers have stressed the need to develop an agreeable definition,

but due to the differing paradigms, goals, methodologies, and

philosophies of ecoregion developers, a standardized definition

remains elusive.

The following diagram (Figure 1.1) depicts a visual

interpretation of an ecoregion. The US Forest Service representation

also portrays the other scales of the agency's ecoregion classification

hierarchy.



LAND UNIT

LANDSCAPE

Landripe Asoation

Figure 1.1 Visual diagram of an ecoregion
(McNab and Avers, 1994; 1)

Variations in delineation and definition of landscape units, or

ecoregions, are rooted in early historical geographic science.

Chapter II investigates the historical and conceptual development of

natural landscape classifications.

10



Chapter II
The Historical Development of Ecoregions

"Regionalism was never a coherent movement,
but a hodgepodge of people and ideas.

(Hart, 1982; 10).

11



2.1 Holistic Regionalization

A primary task of the geographer is to synthesize a wide array

of information gathered from distinctively different sources into a

holistic idea. The region, a tool used by geographers to divide the

world into manageable pieces, has played an integral part in the

development of geography. Geographers have long debated the

creation and use of the region as a spatial tool and this debate

continues today. Scientists, on occasion, have divided the world

into such finite, intricate, and detailed areas that they have lost

sight of the complete, comprehensive system. The Bridge at

Courbevoie, a painting by the French impressionist who invented

pointillism, Georges Seurat, helps illustrate this point. The first

three images, significantly enlarged, appear as groups of colorful

dots. Only when the image is viewed from a distance does the

nature of the painting become comprehensible. The series of four

illustrations (Figures 2.1 & 2.2) is an allegorical representation of

the type of complications that can result when landscapes and

ecosystems are examined too closely.

12
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The M.C. Escher lithograph, Relativity, further illustrates the

need for holistic regionalization strategies. The linear assumption is

based on the premise that one can understand the whole by

studying the individual parts. Such sequential linear thinking

assumes that the whole is equal to the sum of its parts. Music can

aid in the explanation of this point. Though Johann Sebastian Bach

and Wolfgang Amadeus Mozart created compositions comprising a

myriad of individual notes, the true nature of the musical score

could not be understood by knowing the pitch and duration of each

individual note. The individual notes do not impart the listener with

the complete package of rhythm, melody, hannony, and tone

inherent in musical compositions. Landscapes, also, cannot be

understood by examining the individual parts; the entire region

must also be investigated.

The M.C. Escher print was divided into several pieces (Figure

2.3). Each piece was labeled with a division of the physical or

biological sciences. To the observer, each piece appears upright,

and normal within the context of its own boundaries. The theory,

terms, and paradigms of the individual fields have allowed the

scientist(s) to examine and define the "piece of the puzzle" according

to his or her individual standards.



BIOL
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Figure 2.3 Adapted from Relativity by M.C. Escher
(Trent Graphics, 1999)

When the print is reassembled (Figure 2.4), however, the

shape that appeared correct when analyzed using only one

paradigm becomes incomprehensible. The entire picture, the

holistic view of the system, cannot be examined with the same set of

rules. Thus, the theories fall apart, and the big picture fails to make

sense. When dealing with large-scale studies of the earth's

ecosystems, this need for holistic thinking becomes obvious.

16



Figure 2.4 Relativity by M.C. Escher (Trent Graphics, 1999)

Holistic scale studies require the scientist to examine the

system as the sum of its parts, as opposed to a narrow focus on one

piece of the system. There is another point to be made from this

illustration. The earth is an extremely complex system. Any

scientist alive today would have difficulty explaining the total of the

earth's variance. That is why it is necessary to study the earth as

discrete, observational units. A researcher must be careful when

17



dividing the earth into such "manageable" pieces. Instead of

applying an individual field's paradigms, terms, and theories to the

new region, the holistic scientist must always consider the system.

The central tenet to a holistic study must always be the way the

smaller piece will fit back into the system. Therefore, each of the

areas surrounding the studied section must also be taken into

consideration.

Ecoregions are an attempt to break the earth into such

smaller, manageable pieces. Most ecoregional classifications take

into account the complexity of the system, but some do not. The

correct use of ecoregions requires large-scale, interdisciplinary

holistic reasoning.

2.2 Formation of the Regional Concept in Geography

A region is an area on the earth having one or more

distinguishing characteristics that separate it from the surrounding

areas. Without the unifying characteristics, a place is considered

merely an area. The American Heritage Dictionary defines a region

as "a large continuous segment of a surface or space" or "a part of

the earth characterized by distinctive animal or plant life."

Geographers have molded this definition into several forms; there is

no universal agreement on the true definition of a region.

The concept of a 'region' existed prior to the appearance of the

term. The Greek scholar Aristotle classified the world into three

'regions': the torrid zone, the frigid zone, and the Ekumene, or

inhabited portion of the earth (Martin and James, 1993). Though

18
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referred to as zones, Aristotle's divisions represent one of the first

documented examples of humans' attempts to classify the world

into manageable regions.

The division of the earth into regions began in ancient times,

continued during the Renaissance, and became a part of modern

science. Several scholars adopted regionalism, as an area of study,

in America in the 19th and 20th centuries. The use of the terms

'regional' and 'regionalism' to describe distinctive areas developed

slowly through the 19th century and became widespread in

American geographic literature beginning in the 1920s (Simpson,

1989; 1). Regionalism transformed the field of geography.

Regionalization has been a dominant tool for classification

and generalization of phenomena, and geographers have used

regions for a variety of studies. Ecoregions, a form of regional

classification, are a relatively recent creation based on ideas that

originated during the early twentieth century. Though the term

ecoregion did not appear until 1967, the concept of ecological

regions existed earlier. The first ecological regions were labeled with

names such as biomes and natural regions.

In the mid-i 700s, geographers attempted to create a scientific

geography. Johann Christoph Gatterer made an instrumental first

step in the development of regionalism in 1773. Gatterer replaced

the traditional division of the world by political units with a division

of "natural regions." His work was based on the theory of a

continuous network of mountains spanning the entire globe

(Hartshorne, 1939). The development of natural units would

signilicanfly influence other contemporary scholars such as

Alexander von Humboldt, Immanuel Kant, and Karl Ritter. Kant
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coined a term that changed geographic theory and marked the

beginning of regional geography-- Länderkunde (Hartshorne, 1939).

Karl Ritter (1779- 1859), the German geographer who helped

initiate the classical period in geography, made the first attempt at

regional divisions in modern times (Martin and James, 1993).

Ritter recognized the need to divide the world into regions based on

the universal consideration of all features. Ritter's philosophy was

based on the teleological view that dominated scholars of that

period.

The middle to late 1 700s and early 1 800s was a dramatic

period of change in regional theory. Hartshorne wrote:

"Few of the writers of that period-or indeed any later
period-distinguish clearly between the concept of unity
of all phenomena at any particular place or area, in
what we may call vertical totality or unity, and the
horizontal unity of the area as an individual unit
distinct from neighboring units," (Hartshorne, 1939;
44).

The development of regional geography in Germany, pioneered

by Ritter, was continued by Ferdinand von Richthofen (1833-1905).

Richthofen developed a special geography that required descriptive

regional study followed by more detailed study of unique features.

He supported the use of direct field observation to identify

distributions of phenomena. He coined the term chorology--regional

study (Martin and James, 1993). Richthofen also identified the

need for integrated holistic and detailed study of the earth's surface.

Richthofen's methodologies required field observation from the

general to the more specific. He also defined the word Erdkunde-
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which caine to be regarded as the study of the region of the earth

where the lithosphere, hydrosphere, atmosphere, and biosphere

contact one another (Martin arid James, 1993). This method of

hierarchical regional study remains a significant part of modern

ecoregional geography.

During the mid-1800s, a movement occurred in which the

earth was thought of as a terrestrial organism. Continents were

considered organs, and the smaller areas, or regions, were

organisms. Karl Ritter (1779-1859) and Fredrick Ratzel (1844-1904)

occasioned the idea of the earth as an organism. Ritter stated that

the phenomena of the earth, animate and inanimate, material and

immaterial were precise statements of regional character (Martin

and James, 1993). Their ideas would have a significant influence

on the development and definition of natural regions and eventually

ecological regions.

2.3 "Natural" Regions

The concepts of unity and regional distinctiveness remain

areas of contention in modern regional geography. Geography

would not have evolved to its present state without an important

transition that occurred during regional geography's infancy--the

movement from state units defined by clear political boundaries to

"natural" units. Supposedly equally definite and determined by

nature, these units represented a clear break in tradition: political

boundaries had long been the standard unit of separation for

geographic study.
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Examples of these so-called natural divisions of the world

were the mountain networks, the seas, and the drainage basins

separated by mountains (Hartshorne, 1939). As exploration of the

earth's surface increased geographer's knowledge, the problem of

finding natural boundaries for areas denoted as 'natural units'

became more difficult to the early regional geographer (Hartshorne,

1939).

The use of the term 'natural' in defining regions of the earth's

surface would hinder the developments in regional geography.

Heated debates about what phenomena were natural or unnatural

ensued, and scientific progress stagnated during the late 1800s

(Hartshorne, 1939).

Though the concept of natural regions had been formed in

1773, formal consideration of each of the earth's divisions as

individual, natural units did not surface until 1805. Heinrich

Gottlots Hommeyer developed the concept of composite unity among

land surface form and the topographic surface. Composite unity

was defined as the integrated total of all areal phenomena into an

individual unit that is distinct from neighboring areas. August

Zeune and Wilhelm Butte also adopted and developed the concept of

composite unity (Hartshorne, 1939). Butte's greatest contribution

was the consideration of individual lands and districts as

organisms, animate and inanimate, including humans. "The unit

areas assimilate their inhabitants and the inhabitants strive no less

constantly to assimilate their areas." (Butte in Hartshorne, 1939;

45). This idea--of active coexistence of humans and the landscape--

was an important development in regional geography.



23

However, the concept of 'natural regions' was not without

opposition. In 1811, Rühle von Lilienstern disputed the delineation

of natural regions, citing the impracticability of establishing definite

boundaries. In the 1820s, Heinrich Wilhelmi and Friedrich Selten

pointed out other obstacles to the delineation of natural regions.

They acknowledged that the boundaries of natural units could not

be determined by only one kind of phenomena. They also identified

the inherent difficulty in defining areas where the boundaries were

gradual and failed to coincide (Hartshorne, 1939). Wilhelmi wrote,

"Nevertheless, the forms of nature are clear and distinctly separated

as soon as we regard the particular constitution (of the total of all

factors in any area) in its full form rather than the boundary or

transition zone," (Wilhelm! in Hartshorne, 1939). Despite the

recognition of difficulty in delineation, Wilhelmi still believed that

distinctive "natural" areas did exist, and could be identified. The

contentions and arguments raised in the early 1 800s persist today.

A powerful argument against the delineation of natural

regions was raised by August Leopold Bucher in 1927. Bucher

contended that the search for true natural regions was futile and

that political boundaries were not effective regional divisions either.

Bucher believed that regional studies could be arbitrarily bounded

as needed for the convenience of user and use (Hartshorne, 1939).

Bucher's argument took hold, and the skepticism gave rise to

numerous regional frameworks with varying methods and criteria

for boundary establishment. Today, ecological regionalization is

plagued with Bucher's cavalier notion of individual ecoregional

delineation. Such arbitrary ecological regionalization has led to the

development of "ecoregion frameworks" that are nothing more than
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individual fauna! distributions, soil regions, or climatic zones.

Ecoregion users should be aware of the fact that Bucher's idea

remains, and carefully select an appropriate ecoregion framework.

The skepticism of late 19th century scholars led to a period of

decline in regional studies. However, with the dawning of the 20th

century, a rebirth in regional geography appeared. Regions were

again considered as definite, concrete, natural units (Hartshorne,

1939).

The region, or Landschaft, is said to constitute a
definite individual unit that has form and structure,
and is therefore a concrete object so related to others
like it that the face of the earth my be thought of" as
made up of a mosaic of individual landscapes or
regions." Further, for some students, in this country
as well as in Germany, the region is an organic object,
comparable to biological organisms, (Hartshorne,
1939; 250).

Thus geographers had turned the region into the major unit for

geographical study; a unit equivalent to the species divisions of

biologists. Despite this rebirth, the consideration of regions as

independent organisms would help stymie the development of

regional geography.

Waither Penck (1888-1923), a German geomorphologist,

shattered the idea of the region as an independent organism. He

argued that organisms were essentially indivisible, whereas regions

could be divided into smaller and smaller units (Martin and James,

1993; Hartshorne, 1939). Another point of contention was that

organisms grew from a common origin, but regions grew from a

combination of factors. Penck also aided regional study by
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identifying the link between the observable features of the landscape

and the climatic classification of the earth's surface (Martin and

James, 1993). Penck's discovery of feature interelatedness would

appear in later integrative landscape classifications.

German geographers also brought musical terms into regional

geography. Harmony, dynamics, and rhythm were terms used to

discuss regional relationships in reference to the concept,

Lo.ndschaft The great geographer of the Classical period, Alexander

von Humboldt (1769- 1859) agreed with the ideas of harmonious

regions, although he rejected the idea of the region as an organism.

Humboldt believed that harmony was simply the concatenation of

all phenomena in a region. Rhythm was thought of as the harmony

of regional change (Hartshome, 1939). Even though these early

philosophical debates seem senseless to modem, systematic

geographers, the discussion was necessary to further the conceptual

development of regional studies.

Not only did geographers have difficulty defining the terms of

regional geography; but also, they had even more trouble delineating

the boundaries of regions. Hartshorne (1939) pointed out the

difficulties encountered even when boundary delineation was based

on a single factor.

Siegfreid Passarge (1867- 1958) assisted in the development of

a methodology for the division of natural (non-human) elements.

Passarge developed a system of lanclschaftskunde. In his system,

Lczncischaft areas were not considered complete units such as

animals or plants, but were specific concrete objects. The unit areas

developed by Passarge were based primarily on vegetation (closely

related to climate) and land forms (Hartshorne, 1939), and areas of
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natural vegetation were often confused with climatic zones.

Passarge noted that, at times, it was necessary to arbitrarily select

'lines of convenience' when the zones of transition between regions

were unclear (Passarge in Hartshorne, 1939; 269). Disagreements

over boundary determination were prevalent early in regional

geography.

At the turn of the Twentieth Century, a few geographers

continued the work of early, regional scholars. In 1897, Hettner

championed the ideas of Ritter and Richthofen, and developed an

inductive method of classification based on the combined

characteristics of small, individual areas. Hettner and his

contemporary German scholars maintained the tradition of Ritter,

and associated individual regions into larger realms and continents

(Hartshorne, 1939). Hettner elaborated on Richthofen's concept of

chorology. To Hettner, chorology required comprehension of the

interrelations of regional characteristics within different realms, and

the arrangement of the earth into continents, regions, and places

(Martin and James, 1993). Hettner also promoted geographical

study that integrated the study of general and specific elements.

Hettner suggested that reformulating the subject as a science

of regions would help geography overcome the cultural geophysical

dualism that burdened it. He contended that the geophysical

component was too remote from the subject's traditional concerns,

and, instead, urged that regional synthesis become the central focus

of geography (Livingstone, 1992). Hettner argued in favor of

inductive reasoning. He believed that only the chorological principle

could allow geography to retain the physical and human

components of geographic study because the character of regions
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was based on the integration of both factors (Livingstone, 1992).

Hettner's methodology, Lãnderkunde Schema, followed a strict

procedure of sequential observation of geology, relief, climate,

natural resources, zoogeography, and, finally, settlement

(Livingstone, 1992). Hettner's methods emphasized the physical

environment while still considering the influences of the cultural

landscape.

Other geographers believed the emphasis should rest on

cultural factors. Otto Schlüter, a student of Richthofen, opined that

the emphasis of geographical inquiries was the study of landscape

change based on cultural phenomena (Livingstone, 1992). SchlUter

placed emphasis on the cultural landscape as opposed to the

natural landscape. The debates prompted by Hettner and Schlüter

would continue throughout the first quarter of the twentieth

century. In the end, the concept of Lo.ndschaftskurtde became a

more holistic, integrative concept based on the intricate

relationships between humans and the land (Livingstone, 1992).

Geography, a science of synthesis, was expanding.

Although the contributions of the German geographers to

regionalism were remarkable, the monumental breakthrough in

regional study sprang from the British school of geographical study.

Patrick Geddes (1854-1932), influenced by the French geographers,

attracted British scholars to the study of the region as a

geographical unit (Livingstone, 1992).

Enter Andrew J. Herbertson. Herbertson (1865- 1915)

replaced the famous political geographer, Halford J. Mackinder

(1861- 1947), as the director of the Oxford School of Geography

(Martin and James, 1993). Herbertson distanced himself from the
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American teachings of William Morris Davis and the idea that

geography was a science of the physical environment, and, instead,

emphasized the study of regions (Livingstone, 1992). Because he

was interested in improving geographical teaching, Herbertson

rejected the use the earth's political unit divisions, and instead

supported a framework based on natural regions in the traditions of

Penck and Passarge (Martin and James, 1993).

Herbertson's classification of the landscape, published in

1905, was the first of its kind. He believed that geography was

concerned with the distribution of all elements on the Earth's

surface, not just one element. Herbertson wrote, "The recognition of

natural regions gives the historian a geographical foundation for his

investigations into the development of human society, such as he

has not hitherto consciously possessed," (Herbertson, 1905; 309).

The natural regions developed by Herbertson (Figure 2.5) were

based on configuration (physiography and geology), climate, and

vegetation. Vast oceans, mountain ranges, and deserts defined his

ideal boundaries. He warned that lines on the map were transition

zones where regions melted into the characteristics of other regions

(Herbertson, 1905).



I Polar regions
a Lowlands
h Highlands

2 Cool temperature regions
a Western margin
b Eastern margin
C Interior lowlands
d Interior mountain areas

3 Warm temperature regions
a Western margin with

winter rains
b Eastern margin with

summer rains
e Interior lowlands
d Plateau

4a West tropical deserts
4b East tropical lands
4c Intertropical tablelands

5 Lofty tropical or subtropical
mountains

6 Equatorial lowlands

Figure 2.5 Herbertson's Natural Regions (Bailey, 1998a)

Herbertson's classification was unique because he considered

the natural regions as specimens--types--that could be associated

even when separated by vast distances. Hartshorne wrote, "his

system was therefore a classification of regions regardless of

location and association in space, in contrast with an areal division

of the world into major parts, these each sub-divided into

subdivisions which are contiguous and together form an associated

whole," (Hartshorne, 1939; 293).

29

Herbertson's scheme was given the term generica

comparative classification based on internal character as opposed to
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specfican outline of the actual areal relations. In a specflc

division, the sub-regions could be added to form a true, single

region, but in a genenc system, sub-regions could not be combined

(Hartshorne, 1939). Modem ecoregion geographers use both the

generic and specflc methods of regional division.

Herbertson stated his system would educate, as well as be

useful in the fields of economics and politics. Despite Herbertson's

claims, other geographers immediately questioned the usefulness of

his system. Most geographers believed that chorography should be

the dominating foundation for geographical education. Herbertson's

use of climate in his subdivision was shunned. One scholar stated

that because one classification could not satisfy all of the members

of geographical science, the field should rely on the always-

dependable degree-net, coasfline, and contour lines for division of

the earth's surface. Yet another scholar agreed that it was an

instructive inquily, but doubted the system's usefulness in teaching

(Herbertson, 1905). These same arguments, established in 1904,

remain today. The British cartographer Earnst Ravenstein (1834-

1913) suggested that, for all practical purposes, Herbertson's

natural regions could not serve as guides because they were not

universally accepted geographical regions.

Despite the initial negative attitudes towards Herbertson's

regions, his idea would eventually spread to England, Germany, and

the United States. Hettner related that all classifications prior to

Herbertson's were "artificial." The prior classifications were only

useful because they had helped develop the infantile science of

regional geography (Hettner in Hartshorne, 1939).
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Herbertson's natural regions were strongly based on climate.

Herbertson claimed, "no circumstance has a greater iufluence.

than climate," (Herbertson in Livingstone, 1993; 281). Herbertson,

thus, helped establish environmental determinism as a major factor

of regional study ultimately causing severe problems for regional

geographers in the mid- 1900s.

Herbertson also developed a solution to the terminology

dilemma of natural versus unnatural. He suggested removing the

qualifier 'natural' and instead refer merely to regions. If this method

were not sufficient, the regions could be labeled "geographic

regions." Either way, the debates surrounding the use of the term

"natural" would be eliminated (Hartshorne, 1939). Unfortunately,

Herbertson's nomenclature did not take hold, and terminology

debates continued.

Hettner pointed out another problem with the term natural.

He contended that, regardless of the methods of division or

application, the regions were based on so many subjective decisions

that they could never be considered "natural," (Hettner in

Hartshorne 1939, 297).

Some geographers have accepted the use of natural when

referring to all of the phenomena observed outside the observer's

mind. This definition was the one preferred by Alexander von

Humboldt and several of his predecessors.

One 19th century movement defined natural as the study of

non-human phenomena. Nature was considered independent of

human influence (Hartshome, 1939). This line of thinking later

prompted James to begin using the word fundament when
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discussing relations between humans and the earth (Hartshorne,

1939).

Several new schemes of "natural regions" were developed

following the pioneering work of Herbertson. For instance, C. Hart

Merriam, Vernon Bailey, E.W. Nelson, and E. A. Preble created a

map of the zoogeographical provinces of North America in 1910.

The ten regions were produced for the American Ornithologists

Union, but were based on altitude and other environmental factors.

C. R. Dryer constructed a map of the natural regions in 1911 for use

in his high school geography textbook. The "provinces" and "types"

were based on soils and vegetation. Dryer identified five provinces

and twelve "types" for North America. Banse (1912) fabricated a

system with sixteen separate natural regions for North America;

Fischer and Geistbeck (1912) also delineated a system with sixteen

natural regions (Joerg, 1914).

Wolfgang L.G. Joerg created a system of natural ecological

regions for the United States in 1914 (Figure 2.6). Natural regions

were defined as any portion of the earth's surface whose physical

conditions were homogenous (Joerg, 1914; 56). With a methodology

adapted from Herbertson, Hettner, and Passarge, Joerg determined

that structure, relief, climate, and vegetation were the most

appropriate elements of regional delineation; anthropogenic factors,

however, were not deemed suitable criteria.

Joerg emphasized that human actMty could be better

interpreted if the surrounding environment was first recognized. He

used the inductive method based on direct field observations to

further subdivide the natural regions into smaller units, relying on

deductive, systematic descriptions only when necessary (Joerg,
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1914). Joerg was also a firm believer that the real value of the

system depended on its usefulness.

Figure 2.6 Natural Regions of North America (Joerg, 1914)

Researchers opposed to regional geography argued that

regions were subjective entities that were extremely hard to

comprehend. The argument was that regions were not equivalent to
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plants, animals, minerals, or other concrete objects (Hartshorne,

1939). A region could not be held or examined in the same maimer

one examines a mineral specimen. Not only did the researchers

have trouble with regions as concrete entities, but also the problems

spilled over into the general public. Laymen could not distinguish

or identify a "concrete region." Nevertheless, George T. Renner

asserted that "regions are genuine entities," (Renner in Hartshorne,

1939; 251). However, Hartshorne pointed out that Renner's

statement was in reference to the collective belief of several

contemporary regional experts (Hartshorne, 1939).

Though several regional scholars believed that regions were

indeed complete entities or homogenous units, few scholars agreed

on the definition, delimitation, or essential character of regions;

therefore, terminology differences were a major hindrance to the

growth of regional geography. The discordance of the early 1 900s

continues to plague modern regional geography as well.

American geography underwent significant changes during

the years preceding World War II. Following the movement toward

environmental determinism in the 1920s, geographers began to

remove realms of discordance. Although practitioners of geography

were still battling between the human and physical realms, new

geographies were being created. Regional geography, the science of

chorology, represented one of the four major areas of geographic

study in the first half of the 20th century. Another significant

occurrence was the development of applied geography, which

utilized geographic concepts that strayed from traditional academic

studies and, instead, answered practical economic, social, and
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political questions (Martin and James, 1993). Modern ecoregion

geography is a mixture of chorology and applied geography.

Richard Hartshorne (1899-1992) made significant

contributions to regional geography with his 1939 publication, The

Nature of Geography. He identified a parallel between regions and

research theses contending that geographers' searches to identify

regions were comparable to the student's task of writing a thesis.

Hartshorne wrote that no one had made an attempt to show that a

thesis was a necessary product of research studies, nor

demonstrated that the thesis had value explaining relationships

that could have been explained without it (Hartshorne, 1939).

Regional researchers, too, had not demonstrated the necessity or

importance of the region to geography. "We are concerned,

therefore, with a hypothesis that is neither self-evident nor the

product of geographic research, but is constructed by what for lack

of a better term we may call philosophic thinking about geography,"

(Hartshorne, 1939; 251).

Hartshorne instituted the idea of the region being an

intellectual construction as opposed to a statement of obvious fact,

a product of research, or a concrete entity. Research in regional

geography continued. Hartshorne emphasized that because nature

did not create obvious, individual concrete objects for geographic

study like those for astronomers and zoologists, geographers must

intellectually construct their regions (Hartshorne, 1939).

Given that regions were mere intellectual constructions, one

might logically ask the questions, "What is the value of a region?"

"For what purposes are regional studies useful?" Early geographers
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identified the value of the region as an area of relative homogeneity

of phenomena.

Johannes GranO believed that the geographic region was an

observable piece of reality. Granö suggested that geographic

researchers needed to construct the "whole units" that were needed

(Grano in Hartshorne, 1939). Wellington Jones expressed the need

for extensive study prior to holistic regionalization:

"The determination of areas of homogeneity inevitably
must come late in an investigation. Only after an
ample and sound body of data has been gathered, and
the significant relations between various categories of
data have been ascertained, can the important or
essential homogeneities of areas be determined. And
only after such homogeneities have been established
can boundaries of areas of homogeneities be drawn
with any approach to precision," (Jones in Hartshorne,
1939; 253).

Holism was, and is, an integral part of regional studies. To be of

use, the intellectual constructs known as regions had to be

delineated in a holistic fashion based on the integrated entirety of

the world's phenomena.

The proponents of regional geography were not only

developing the tools of geographers; they also sought to elevate

geography to a higher order within the scientific community. There

was a real need among many geographers to make the discipline a

true, systematic science. Other "higher sciences" had objects of

study, therefore regional geography was viewed as the method for

creating such objects (Hartshorne, 1939).
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Carl Sauer, regarded as the "father of regional geography,"

was guilty of referring to regions in terms similar to other sciences.

He described regional areas as having form, structure, and function.

He even stated that geographers could study the anatomy of areas.

"We regard the geographic area as a corporeal thing," (Sauer in

Hartshorne, 1939; 257). Again, the idea of a region as a living

organism would be the central tenet of many debates among

regional geographers.

After accepting a professorship at the University of California,

Berkeley in 1923, Sauer began to specialize fri regional geography,

considering the chorological concept as the core of geography

(MacPhearson, 1987). Two years later, Sauer published Th

Morphology of Landscape in which he attempted to distance

geography from environmental determinism. Sauer's iRfluence on

other American geographers was extensive, and he helped establish

the study of regions as a fundamental aspect of geographic study

(Martin and James, 1993).

Vernor C. Finch (1883-1959) furthered the concept of regions

as living entities. "A Geographic region, or even an arbitrarily-

chosen portion of the earth's surface, may be thought of as having

some of the qualities of a human being. It is a thing.. .with physical

and cultural elements so interwoven as to give individualism to the

organism," (Finch in Hartshorne, 1939; 257). Other famous

geographers agreed with the concept of regions as organisms. Glen

Trewartha (1896-1984) wrote that regions were functioning

organisms comparable to plants, and Preston James (1899-1982)

also referred to regions as organisms (Hartshorne, 1939).
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Defining "natural" regions remained a problem in regional

geography. Much of the dilemma was rooted in the process of

delineation. Regionalization required subjective decision making,

and some geographers found this process unacceptable. Any

attempt to define "natural" areas came under extreme scrutiny.

Geographers could not agree on a hierarchy of importance

(Hartshorne, 1939). Was climate a more important factor than

topography, or rainfall more important than soils? These questions

plagued early regionalists.

Similarly, the use of the term 'natural' was a source of

contention among regional scholars. Some geographers used the

term to indicate the basis of a division found in nature, including

humans, as opposed to a regional scheme based on one element,

such as a system of climatic regions or vegetation regions.

Hartshorne used the term in another manner. Natural regions

were, "regions on a basis of real conditions" or more simply, "real

regions," (Hartshorne, 1939; 297).

Not only did geographers disagree on what is natural, the

dictionaries of the world also contain contrasting definitions.

According to Webster, nature is defined as "the external world and

its entirety," (Mish et al., 1983; 789). Natural refers to "a

classification based on features existing in nature," (Mish et al..,

1983; 788). These definitions position humans within the realm of

nature. The Oxford dictionary provides a different interpretation.

Something is natural only if it is uncultivated, wild, and not

artificial (Abate et al., 1996). A universal definition of the term

"natural" remains equivocal.



2.4 Humans as Agents of Change

Certain geographers contended that natural regions were

delineated based on their non-human elements. However, such a

system exists only in theory. The world does not consist of a simple

system of natural regions; instead it is a complex combination of

independent, natural elements. There is no basis for the delineation

of regions based on non-human elements; nature does not establish

levels of environmental significance.

Human influences on environmental systems complicate the

regionalization process. The ubiquitous human race has

significantly altered the environment. Emily Russell pointed out

three major factors that can impact regional studies. By studying

the current conditions, researchers cannot detect the exact cause of

landscape change if the past human changes left a residual effect.

Anthropogenic changes are also cumulatively superimposed upon

each other, often masking the conditions that might have existed.

Climate also changes and must be considered. Finally, because

human activities are so widespread, it is nearly impossible to find

ecosystems unaffected by human change (Russell, 1997).

Humans have become a major geographic agent of change. In

1864, humans' ability to make extreme modifications on the

environment was formally addressed. George Perkins Marsh wrote,

"Not all the winds, and storms, and earthquakes, and seas, and

seasons of the world, have done so much to revolutionize the earth

as Man, the power of an endless life, has done since the day he

caine forth upon it, and received dominion over it," (Marsh in

Russell, 1997).

39
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Prior to Marsh's publication, Man and Nature, most people

assumed that human changes resulting from logging, mining, soil

erosion, or siltation were not major modifications, but only minor,

temporary side effects. The major problems such as declining

agricultural productivity or overfishing were attributed to natural

causes and climatic change (Russell, 1997). Marsh changed the

worldview by demonstrating that logging, overgrazing, and poor

agricultural practices had led to long-term environmental

degradation. He even suggested that logging and mining had

altered mesoclimates (Russell, 1997).

To deal with the issues of human's ability to modify the

environment, the concept of climax vegetation was created. Climax

vegetation should occur in all areas of the earth's surface unaltered

by humans. A discussion of the difficulties stemming from the use

of the climax concept for ecoregion delineation appears in Chapter

III.

Due to humankind's vast ability to alter the face of the planet,

it would seem foolish not to consider humans when delineating

natural or ecological regions. Although anthropogentc change has

occurred for mifiermia, research suggests that humans considerably

altered the physical 'pristine' environment over 5,000 years ago

(Russell, 1997). The changes imparted on the landscape are so

diverse and extensive, it would be fallacy to ignore anthropogenic

effects. For instance, no researcher could definitively say that every

inch of Africa had not been impacted at some point or another by

humankind (Hartshorne, 1939). Passarge, in his attempt to identify

natural vegetation of the planet, wrote "Man in his work practices

such a determining influence on the landscape that, not only is its
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appearance completely changed, but it becomes actually an

important and difficult problem to reconstruct the original

landscape," (Passarge in Hartshorne, 1939; 304).

In 1934, V.C. Finch helped amalgamate humans and regional

geography, diversifying the science. He wrote that the science of

regional geography rested upon" the conviction that the observable

phenomena of the inhabited earth ultimately shall be capable of

analysis and classification," (Finch, 1934; 113). In addition, Finch

attested to the inclusion of physical and cultural aspects of a

chosen portion of the earth's surface in geographical regionalization.

By integrating humans and nature, Finch continued the broadening

of the regional concept among scholars.

Despite the ubiquitous presence of humankind and its actions

as an agent of global change, some researchers still refused to

include humans in their regional systems. They, instead, desired a

system based on some virginal state that existed prior to

humankind's arrival. The geographers' failure to consider human

impact appears to be an oversight of the regional geographers.

What value lies in the identification of a natural landscape that will

never exist again? Perhaps approximations of the native, prehistoric

landscape could be helpful for historical reconstructions of ancient

battlefields or agricultural settlements. A Las Vegas casino designer

might be interested in an ancient landscape in order to help design

gardens of plastic plants for a "Jurassic Casino." Beyond such

extravagant pursuits, the applicabifity of a framework that

disregards humans seems negligible. The majority of modem

researchers would find such a system a profligate endeavor.
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With so many conflicting perceptions natural regions and how

humans fit into the system, a conceivably better way of delineating a

natural region might be to mention the item(s) to which the regions

refer. Hartshorne pointed out that a regional system based on

mosquitoes would be entirely different from one based on sequoias

(Hartshorne, 1939). To create useful natural divisions, the

geographer had to reference the classification to an ulterior concern

and tailor the system for user and use. Herbertson perhaps said it

best--natural regions are "regions based on natural conditions as

significant to man," (Herbertson in Hartshorne, 1939; 300).

The natural and unnatural argument is a fundamental tenet

of the dichotomy existing in historical and modem geography. Just

as the cultural and physical nature of geography has been a source

of debate for years, so has the definition of naturalism.

2.5 Problems with Delineation

Not only have geographers had difficulty identifying natural

landscapes, but they have also had trouble drawing the boundaries.

Passarge helped develop the methods of natural landscape

delineation. He suggested that through observation of nature, one

could find a basis for a division of the earth. The individual spaces

could be combined according to a set of rules in "landscape spaces,"

(Hartshorne, 1939). Of course, delineation by observation carried

certain problems with it. The regional geographer still must

determine the amount of difference that is significant enough for

regional boundaries to be broken out. Passarge believed that
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vegetation, affected by climate, landforms, and soils, was the most

important division (Hartshorne, 1939). However, one could argue

that the difference between mountainous areas and the surrounding

plains was a more significant difference than that of a forest and a

desert.

Another problem associated with regional delineation based

on field observation was the subjective nature of the system.

Regions were based on a hypothetical landscape that no living

person had ever seen--the "natural landscape" (Hartshorne, 1939).

Moreover, each person, depending on his or her training, would view

a "natural landscape" in a different light. These uncertainties in

regionalization, identified early in the nineteenth century, remain in

current ecoregionalization attempts.

Several factors slowed progress in geographical regionalization

of environmental areas. Hartshorne outlined four important

conditions:

A minimal relationship between climatic divisions
and land forms,
Soils and land surface forms are based primarily on
past climate and vegetation rather than present
conditions,
The discordance of transport or circulatory
phenomena, (atmospheric and hydrologic cycles)
Faunal and floral regions, dependent upon climate,
landforms, and soil, may be different because of
geographical separation by natural barriers.
(Hartshorne, 1939; 271)

Hartshorne believed that the interrelations of natural elements were

not to be thought of as simple formulae, but were highly variable
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phenomena. Natural regions were individual and distinct unit areas

determined primarily by non-human elements. He believed that the

nature of the earth's surface was a result of a great number of

varying causes that had nothing to do with each other. Hartshorne

was steeped in the unilormitarian (gradual, smooth landscape

change over time) viewpoint of his period. He believed that

landscapes were based not on present influences but on the

influences of the past (Hartshorne, 1939; 271-2).

On the other hand, Hartshorne also clearly understood the

profound effects humans impart on their environment.

Consideration of humans as part of the natural environment

continued to be a topic of contention among the regional scholars of

the early twentieth century. The difficulty in delineating regions

that incorporate human influence caused Finch and Trewartha to

abandon their prior definition of geographical regions as physical

and cultural organisms (Hartshorne, 1939). They redefined their

idea of regions to only consider the natural elements of the

environment. A duality was developing among regional geographers.

To Hartshorne, the delineation of 'natural' regions without

considering humans was impossible. An environment without

human influence was, he believed, only an intellectual construct.

Hartshorne wrote:

Even if it were possible to reconstruct with certainty
the fundament which existed before man, which is far
from the case, that would not represent correctly the
present natural environment, since natural elements
have changed in some degree since the time of early
man," (Hartshorne, 1939; 272).
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Furthermore, Hartshorne believed that unity based on the natural

environment that failed to consider humans had no reality. Natural

arid cultural features vary immensely and usually do not

correspond. Therefore, attempts to include cultural features met

with extreme difficulty.

In addition, Hartshorne pointed out the difficulty in defining

boundaries depicting the location at which the area of one

homogenous phenomenon ended and another began. Areas where

two natural elements, such as climate and relief, showed significant

correspondence and uniformity could be considered organic units.

Resolution of the arguments afflicting regional geography

would not occur. However, several geographers identified the need

for regional studies. Though the number of researchers

undertaking regional studies waxed and waned throughout the

Twentieth century, several famous geographers continued

researching in the area.

In 1952, Preston James published an article discussing the

regional concept and its relationship to geography. James said,

'The regional concept constitutes the core of geography," (James,

1952; 195). He stated that the regional concept is based on the fact

that the earth can be separated into areas of distinctive character.

These areas are composed of complex patterns and associations of

phenomena which possess a "legible meaning as an ensemble,

which added to the meanings derived from a study of all the parts

and processes separately, provides additional perspective and

additional depth of understanding," (James, 1952; 195). According

to James, geographers could only acquire a complete understanding

of the earth by focusing individualized study on particular places.
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James and his fellow scholars also tackled issues regarding

degrees of generalization and the scale at which regionalism could

be carried out. The region was considered a geographic

generalization. By grouping information about an area into various

categories, a better understanding of the place could be developed.

The key to generalization was to simplify the issue enough so that

the elements of the problem were illuminated. If, on the other hand,

the region created obscured the factors of a problem, then the

regional scientist had made a mistake (James, 1952).

James established guidelines for the scale at which areas

should be classified into regions---microlevel, intermediate, and

macrolevel (James, 1952). He also wrote about the distribution

patterns of two different landscape elements. Figure 2.7 displays

his idea of how elements could be related to one another.

Interrelationships and scale considerations were only some of

the important issues for regional geographers. The methodology for

delineation was also extremely important. Early regional

geographers contemplated the idea of objective versus subjective

methods of delineation. The German political geographer, Otto Maull

(1887-1957) developed a solution to the problem of subjective

boundary delineation (Martin and James, 1993). Maull suggested

drawing a series of borders for each significant element. The bundle

of lines formed what he termed a "boundary girdle," (Maull in

Hartshorne, 1939; 269).
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Figure 2.7 Spatial Interrelationships (James, 1934; 83)

Maull's boundary girdle methodology was used to divide the

Balkans into various regions. Nevertheless, the method was not

strictly objective. To divide the boundaries, a subjective decision

was required for reducing the wide zone of boundaries into one

single boundary.

Regional delineation using boundary girdles required

subjective decisions. Wide zones of different boundaries not only

had to be condensed into a single boundary; the criteria for

compressing the lines had to be determined. Since education and

training would likely differ among regional geographers, researchers

also had to consider the irregular levels of influence that come from

contrasting landscape factors, and not merely accept the geometric

average of the lines. Some geographers 'fixed' this problem by
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defining clear rules of procedure, thus making the delineation

method 'objective.'

In the 1 950s, climatologists used a form of boundary girdling

to determine where climatic boundaries should be placed. One

application was based on average rainfall amounts for various

climatic years. Figure 2.8 depicts the process of boundary girdling.

The average of the lines was used to determine the new

climatic boundary. Though this attempt does not specifically apply

to integration of different landscape phenomena, it does illustrate

the girdling concept. Subjectivity is still associated with the

selection of determining criteria.
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Passarge used another method for delineating regions, a

method that was, in essence, an early form of the modern GIS

overlay procedure. He superimposed transparent maps of different

features and drew regional divisions based on line coincidence.

Finding the method unsatisfactory, Passarge began using a method

of "inspection" to determine the nature of the areal portion of

regional landscapes. The method, which was employed by Passarge,

is similar to the method used by the United States Environmental

Protection Agency for delineating ecoregions.

Regardless of the method prescribed to, Hartshorne

emphasized the importance of scale. Geographic techniques must

support delineation from smaller to larger units and from larger to

smaller units while adopting compromises between scales

(Hartshorne, 1939).

2.6 Quantitative versus Qualitative Delineation Techniques

Several scholars in the early 1800s recognized the virtually

impossible task of objectively delineating regional entities based on

several observed, environmental factors. However, some

researchers believed that the subjective element could be reduced to

a minimum with increased study and expert knowledge

(Hartshorne, 1939.) Delineation of landscape regions by qualitative

or quantitative methods is still a topic of extensive debate.

Kurt Burger stated that the many differences of opinion over

the boundaries of regions were "no worse that the varying views of

the limits of historical periods," (Burger in Hartshorne, 1939; 275).
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The German geographer Erich Obst emphasized that the more

often and more conscientiously a region was studied, the greater the

agreement of the dominating factors (Obst in Hartshorne, 1939;

275). Regardless of the views, geographers who believed regions

could be discovered were conceding the fact that regions could be

established within a degree of uncertainty.

Regional geography differs significantly from systematic

biology in that the subdivision of the world is a "top-down" approach

as opposed to a "bottom up" approach. Biologists study individual

species, group them into genera and form the tree of life.

Geographers, on the other hand, must first consider the earth as a

whole and break it down into subsections, always considering the

larger picture (Hartshorne, 1939; 291). "The most that we can say is

that any particular unit of land has significant relations with all the

neighboring units and that in certain respects it may be more

closely related with a particular group of units than with others, but

not necessarily in all respects." (Hartshorne, 275).

Regions constructed in such fashion were mental

constructions, existing only as entities within an individual's

thought processes. Because of the inherent difficulties, Hartshorne

believed there was no hope for solving regional boundary

arguments.

The quantitative revolution in geography sought to subjugate

regional geography into a lower class of scientific endeavor.

Quantitative techniques were not developed to apply to natural

region delineation. The techniques also were not suitable for

holistic integrative studies. Therefore, when the quantitative

movement occurred during the 1950s, 1960s, and 1970s, regional
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geography fell from the forefront as a worthwhile endeavor among

the young geographers of the period.

Today, quantitative techniques have advanced to such a

degree that they actually assist regional geographers. Multivariate

techniques can be applied to test the validity of regional

frameworks, and remote sensing of the environment can aid in the

identification of land use and land cover as well as human-

environment relationships.

Qualitative and quantitative techniques can be utilized in

harmony for regional studies. Most of the modern ecoregion

frameworks incorporate qualitative delineation techniques;

quantitative techniques are employed to test the validity of the

frameworks. The quantitative-qualitative dichotomy remains an

area of heated contention. Quantitative supporters would argue

that the subjective nature of ecological regions requires that they be

disregarded as science, while qualitative scientists would support

the regions, citing the importance of expert and tacit knowledge and

holistic thinking. Resolution of these differences in not likely.

The real issue surrounding ecoregions is that regardless of the

delineation techniques, qualitative or quantitative, the regions seem

to make sense. A drive from the Pacific Coast of North America,

across the Cascade Range, and into the high desert validates this

point. Along the drive, it would be difficult to point out the

individual mile marker where the transition from coastal plain to

mountains, mountains to valley, or mountains to desert occurred,

however, one definitely realizes that they have crossed distinctly

different landscapes. Thus, ecoregion boundaries, even when

qualitatively defined, should be regarded as areas of transition. At
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times, the boundaries will be sharp; other times they will represent

broad transition zones. Nevertheless, the landscape changes exist,

and one would be hard-pressed to claim that no difference occurred.

2.7 Regional Geography Today

Regional delineation remains an arduous task. The first

regional geographers recognized the extreme difficulty confronting

geographers-the integration of the human and natural world. One

group of researchers might be interested in one element or set of

elements of the natural, non-human, landscape, whereas another

group might be interested in the association of cultural elements

and artifacts in other areas. However, the refusal of humans to

conform to the natural environment created a dualistic system.

Geographers have the difficult task of explaining all of the features

in a particular part of the world that are distinctive in regard to the

other features in the same location (Hartshorne, 1939). Geography

as a science has assumed a responsibility that some feel is

impossible. Hartshome emphasized that the regional geographer

had the laborious task of integrating varying phenomena according

to concordance and non-concordance. The task of the regional

geographer was not to discover regions that actually existed but to

develop an intelligent and useful method for dividing the world into

regions (Hartshorne, 1939).

In developing a useful division of the world, geographers must

choose the criteria used for defining regional boundaries. Just as

modern ecoregion frameworks are delineated differently, early
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regional geographers used a variety of criteria for defining the

boundaries of "natural regions." Hettner pointed out that the choice

of criteria must be made by the geographer, "according to his

subjective judgement of their importance," (Hettner in Hartshome,

1939; 290). Hettner also argued that regions should not be judged

as true or false divisions, but instead as 'purposeful or non-

purposeful.' 'There is no universally valid division, that serves

justice to all phenomena; one can only endeavor to secure a division

with the greatest possible advantages and the least possible

disadvantages," (Hettner in 1-Iartshorne, 1939; 290).

Despite the tumultuous past, regional geography is thriving at

the end of the millennium The resurgence of regional studies is

partly a result of the increase in ecoregional studies. J.M. Crowley

coined the term ecoregion in 1967, and initiated interest in a new

geography. The methods for this new study were backed by a long

history of developments. The next chapter will catalog today's

ecoregional frameworks and identify their similarities and

dissimilarities.
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CHAPTER III

Analysis of Ecoreglon Frameworks

"Regions are subjective artistic devices and they must be
shaped to fit the hand of the individual user. There can be no

standard definition of a region, and there are no universal rules
for recognizing, delimiting, and describing regions. Far too
much time can be wasted in the trivial exercise of trying to

draw lines around 'regions,"
(Hart, 1982; 21-2).
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This quote by John F. Hart (1982) describes some of the

problems associated with contemporary ecoregion geography. While

the developers of modem ecoregion systems tend to view ecoregions

as areas of relative homogeneity in environmental phenomena, they

fail to agree upon one mutually exclusive definition of the term. The

greatest discrepancy involves the inclusion of humans as part of the

biotic realm. Without terminology agreement, it is likely that the

developers are, in fact, delineating areas of disparate phenomena.

Ecoregion developers also employ varied methodologies when

delineating boundaries. But, as Hart (1982) stated, there car' be no

standard system for defining regions. Therefore, it becomes

necessary to analyze and compare the ecoregion frameworks in use

today.

It is important for users to understand the similarities and

differences among ecoregion classifications; therefore, the majority

of this chapter (3.1) investigates the numerous contemporary

ecoregion classifications. The frameworks are compared according

to methodological interrelations and variances among delineation

criteria. The final section (3.2) focuses on the problems facing

ecoregion developers and possible ways to resolve discrepancies.

3.1 Ecoregion Frameworks

Regional geography laid the groundwork for the evolution of

the ecoregion concept. Borrowing the methods and systems used

during the early 1900s, several geographers began to develop

classifications of ecological regions-termed ecoregions. Revisions of
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the earliest frameworks are still in wide use today. In fact, the

development of ecoregion classifications has increased significantly

in the last fifteen years. In the late 1980s federal agencies began to

recognize a need for broad-scale ecosystem management

approaches (U.S. GAO, 1994; Omernik and Griffith, 1999), a need,

which further spurred development of the ecoregion concept. This

section will examine the evolution of ecoregion classification

systems.

3.1.1 The First Ecoregions

In 1967, when delineating an ecological classification for

Canada, Crowley coined the term ecoregion. His intention was to

promote the study and development of biogeography as a sub-field

of geography in Canada. Crowley suggested that biogeography

could become the geographic study of ecosystems by integrating the

study of plants, animals, soils, climate, and geomorphology. His

ecoregion classification (Figure 3.1) represented the basic units for

biogeographical inquiries.
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Figure 3.1 Ecoregions developed by Crowley (1967)

Crowley's ecoregions of Canada were divided into three

hierarchical levels: domains, divisions, and provinces. Provinces,

the smallest areal unit, represented broad areas with similar

vegetation and climate that supported one or two zonal soils.

Divisions were groups of provinces that had definite vegetational

affinities and the same regional

climate (e.g. Marine West Coast, Humid Subtropical, etc). Domains

were groups of divisions based on vast climatic expanses. Crowley's

ecoregions were thus based primarily on climate, vegetation, and

regional soils.

57
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The classification was to be used for broad scale studies.

Researchers were to shift their focus from individual landscape

components such as vegetation, soil, or landforms to studies

utilizing entire ecosystems. Crowley championed such broad-scale,

ecosystem studies as a major source locus of growth in Canadian

and American biogeography. His approach laid the foundation for

future investigations utilizing ecosystem regions.

3.1.2 R. G. Bailey and the U.S. Forest Service

Robert G. Bailey recognized the need for a comprehensive

system for classifying ecosystems to aid regional and national long-

range land management and planning. In 1976, Bailey, working for

the United States Forest Service, published a map titled "Ecoregions

of the United States," (Bailey, 1978). This map was published for

the Interior Department's Fish and Wildlife Service to aid in the

National Wetlands Inventory. In 1978, he published a supplement

that contained detailed descriptions of the various ecoregions

depicted on the original map.

Bailey's methodology closely paralleled the work of Crowley.

He defined ecoregions as geographical zones that represented

geographical groups or associations of similarly functioning

ecosystems (Bailey, 1983). By analyzing environmental factors that

acted as selective forces for the creation of ecosystems, Bailey

constructed a 1:7,500,000-scale map of the United States'

ecoregions. A detailed explanation of the delineation methods was

published in 1983.
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Ecoregions, according to Bailey, divided the landscape into

variously sized ecosystem units that had significance for

development of resources and conservation of the environment.

Landscape analysis helped identify ecoregions which were defined

as broad areas where one would expect to find similar vegetation

and soil associations (Bailey, 1983).

Bailey proposed two important management functions that

could be derived from an ecoregion classification. The map

suggested the areal extent of productivity relationships derived from

experiments and allowed users to apply individual experience.

Ecoregion maps also provided a geographical framework that would

allow recognition and prediction of similar responses from

correspondingly defined sites (Bailey, 1983).

Climate, in Bailey's delineation methodology, became the most

important reflection of zonality. Second was surface configuration,

or land surface form. Vegetation regions based on Dasman (1969)

and Küchler (1973) represented the next level of subdivision. Bailey

established a hierarchical order based on sub-continental domains

that were defined by broad climatic similarities. The fairly

heterogeneous domains could be divided into divisions, which

correspond to definite vegetational classifications such as prairies or

forests. Zonal soils were given consideration at this level. The next

class was the province level, based on climax plant formations. Soil

zones also were important for province level delineation. The base

level of classification was the section level, based almost entirely on

Küchler's potential natural vegetation regions (Bailey, 1983).

Bailey recognized the difficulty of delineating ecological

systems in mountainous regions. Thus, mountainous regions
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became one, separate ecological unit, called highland provinces.

Boundary discrepancies were corrected by visual examination of the

various primary map sources and subsequent line revisions.

Bailey's complete regional hierarchy is depicted in the following

diagram (Figure 3.2).

Domain

V
Division

V
Lowland Province nd Province

Lowland Section Highland Section

Figure 3.2 Bailey's Ecoregion hierarchy (Bailey, 1983)

Bailey drew the boundary limits wherever changes in climate,

vegetation, and soil were most pronounced or significant when

compared to adjacent areas. He stated that such lines were only
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approximations of the location of change, but detailed analyses

would make local variation become clear.

Bailey's methodology is known as the controlling factors

method. An alternative method, map-overlay, (used by the EPA

researchers) integrates all factors, but some scientists have found

the system too complex. Therefore, the controlling factors method

was created to reduce the number of variables used when defining

regions. The method is based on the dominance of one particular

environmental controlling factor (Bailey, 1996). Bailey uses climate,

land-surface form, and vegetation, respectively, as controlling

factors. A criticism of the controlling factor method appears in

section 3.5.



3.1.2.1 Ecoregions of the United States

Bailey's first classification was of the conterminous United

States. This classification contained four Domains, 12 Divisions, 30

Provinces, and 45 section level regions (Figures 3.3 & 3.4).

Figure 3.3 The Fourth-order Ecosystem Regionalization of the
United States (Bailey, 1983)
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Section
2500 Prairie Division

2510 Prairie Parklnnd Province
2511 Oak-History-Bluestem Parkiand

Section
2512 Oak + Blueoten, Parkland Section

2520 Prairie Brushland Province
2521 Mesquite-Buffalograss Section
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2531 Bluestom Prairie Section
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M3112 Douglas-fir Foteas Section
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Figure 3.4 Descriptions of the Fourth-order Ecosystem
Regionalization of the United States (Bailey, 1983)
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Figure 3.5 Revision of United States Ecoregions (Bailey, 1998b)

64

An interesting characteristic of the ecoregion classification is

the temporal change over time. Bailey's newest edition of the

ecoregions of the United States (Figure 3.5) is significanfly different

from its original predecessor.



3.1.2.2 Ecoregions of North America

In 1981, with the help of the U.S. Fish and Wildlife Service,

Bailey expanded the map of the United States to include all of North

America. The boundaries and numeric ecoregion codes were

modified and refined based on the ecoregions of Canada (Crowley,

1967) and of the United States (Bailey, 1976)

The new map identified continental scale ecosystem regions

based on macroclimatic factors, regarded as the most significant

factor affecting landform, vegetation, and wildlife distributions.

With macroclimatic change, soils, topography, and other

environmental landscapes are altered as well. The broadest

domains and divisions are based primarily on Koppen's system of

climatic zones which was modified by Trewartha in 1968 (Bailey,

1998b).

The macroclimates are composed of smaller areas known as

climatic subtypes that correspond to major plant formations.

Provinces are based primarily on the plant formations, with

highland areas separated into mountain provinces.

The 1981 ecoregions of North America map (1:12,000,000)

contained 4 domains, 22 divisions, and 56 provinces; the section

level classification was eliminated.

A 1997 revision of the map (1:15,000,000) was created to

replace the outdated 1981 version. The new classification contained

4 domains, 28 divisions, and 62 provinces. The new edition was

published in 1997 through the cooperative efforts of the Nature

Conservancy, the USDA Forest Service, and the U.S. Geological

Survey.

65
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The reasons for revisions on both the Ecoregions of the United

States and Ecoregions of North America maps are not entirely clear.

A noticeable change between versions is the number of hierarchical

levels. The new maps contain three hierarchical levels, as opposed

to the previous four. The subsection level was deleted from both

classifications.

The revisions might be a result of a change in primary

delineation criteria. In his first maps, Bailey used climate for the

first division and landforms for the second. In 1996, Bailey stated

that at each level, different aspects of the climate and vegetation

were assigned prime importance for placing map boundaries (Bailey,

1996). Thus, vegetative features might have been given priority over

landform boundaries on the newer classifications.

Other revisions may reflect the larger role taken by the US

Forest Service in delineating the process. The USDA Forest Service

adopted a policy of ecosystem management in 1992 and has since

modified Bailey's ecoregion maps (McNab and Avers, 1994; Keys et

al., 1995). The Forest Service framework adopts Bailey's names and

hierarchical methodology. The maps have been further modified to

include smaller landscape units (Bailey, 1996; McNab and Avers,

1994). Agency goals might have influenced the changes between

classifications.

3.1.2.3 Ecoregions of the World

Bailey was also instrumental in the development of the first

global ecoregion classification. Not to discredit the earlier work of
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Herbertson (1905), who developed the natural regions of the world,

and Udvardy (1975), who created a classification of the world's

biogeographical provinces, as well as, Gerasimov (1964), who

created a system of natural landscape types, but Bailey was the first

scientist to create a global 'ecoregion' framework. The original map

(Bailey and Hogg, 1986) has undergone revisions, but remains

similar to the current version.

Bailey's system of world ecoregions (Figure 3.6) was developed

using the same set of techniques used for his previous ecoregion

class-ifications. He indicated that the United Nations Environment

Programme (UNEP) and the International Union of Forestry

Research Organizations (IUFRO) had expressed interest in

worldwide ecoregion mapping (Bailey and Hogg, 1986). Bailey also

noted that the map would be useful for national level policy

analysis, environmental monitoring, transfer of agricultural

technology, improvement of remote sensing-based systems for

monitoring environmental conditions and agricultural activities,

estimation of vegetative biomass from sateffite imagery, and

selection of areas for biological conservation (Bailey and Hogg,

1986).

By creating the ecoregions of the continents, Bailey initiated a

significant movement in the evolution of the ecoregion concept.

Prior to this point, ecoregion classifications had been confined to

North America. In the 1990s, other researchers (Dinerstein et al.,

1995; Griffith et aL, 1998b) would follow Bailey's lead and develop

ecoregion frameworks for other continents.
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Figure 3.6 Ecoregions of the Continents (Bailey, 1996)
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3.1.2.4 Ecoregions of the Oceans

Bailey continued his pioneering efforts in ecoregion

classification by developing the world's first ecoregion classification

of the oceans in 1995 (Figure 3.7). The delineated, oceanic regions

he created were based on differences in physical and biological

characteristics resulting from the interaction of oceanic

macroclimates and large-scale oceanic currents (Bailey, 1998a).

There are two levels of oceanic ecoregions, broad-scale

domains and a smaller-scale divisions. Domains identify

homogenous areas of oceanic circulation, life forms, color,

temperature, and salinity (Bailey, 1996). The broad-level regions

are largely the same as the world's system of latitudinal zonation--

polar, temperate, and tropical.

Within the domains are divisions, based on broad natural

regions defined by Dietrich in 1963 (Bailey, 1996). At the division

level, more detailed oceanic information, such as the spatial location

of zones of upwelling, were used as delineation criteria. The

descriptive names of the oceanic divisions such as Equatorward

westerlies, Trade winds, and Equatorial countercurrent suggest that

the divisions were defined by the prevailing winds of the oceanic

areas.

Oceanic ecoregions were delineated to improve understanding

of oceanic and climatic influence on the continental ecoregions map.

Though the ocean ecoregions have not been widely used in

ecoregion geography, they represent an area of future expansion. A

detailed description of the oceanic regions appears in Bailey (1998).
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3.1.3 Ecological Land Classification in Canada

Canadian scientists developed a significant portion of

ecoregion theory. The Sustainable Development Branch of

Environment Canada began an Ecological Land Classification Series

in 1976. The series of publications presented national standards,

terminology, methodological examples, and perspectives for

ecological land survey and classification in Canada (Wickware and

Rubec, 1989a).

In 1979, a national "Ecoregions of Canada" project was

initiated. The project prepared computerized databases and maps

of ecoregions and ecodistricts at various scales for the country. The

ecological resource classification was intended for use in planning,

management, and environmental impact assessments. The

Canadian government initiated a national requirement to develop an

ecological framework for the assessment of resources at risk

because of long-range air pollution and deposition in order to meet

the requirements of the Canada-United States Memorandum of

Intent of Transboundary Air Pollution (Memorandum of Intent,

1981). This international memorandum called for risk evaluation

and modeling of landscapes sensitive to acidic deposition (Wickware

and Rubec, 1989a).

The interdisciplinary ecoregion and ecodistricts approach, a

system with ecosystems nested within one another in a spatial

hierarchy, later became known as Ecological Land Survey (ELS)

(Wickware and Rubec, 1989a). The objective of ELS was to map and

describe ecologically distinct areas of the earth's surface at varying
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levels of generalization based on biotic and abiotic criteria

(Wickware and Rubec, 1989a).

The Canadian researchers cite developments in the 1950s and

1960s by Angus Hills as the origin of the modern system. Hills

developed site regions, areas with similar vegetation, landforms and

climate. The data made available by the LANDSAT satellite

beginning in 1972 aided the national classification system.

LANDSAT, which provided a consistent and uniform base for

mapping the Canadian provinces, helped spur development of the

Ecological Land Survey system (Wickware and Rubec, 1989).

Stan Rowe and John Sheard of the University of

Saskatchewan pioneered research in the integrated landscape

approach (Rowe and Sheard, 1981). They created a system of

classification that was not bound to formal rules, but, instead,

recognized awareness of levels of organization and the

interconnectedness of parts and wholes. The system contained four

hierarchical levels of regionalization: mid boreal, high boreal, low

subarctic, and high subarctic (Rowe and Sheard, 1981).

Rowe and Sheard also believed that a search for one "true"

classification was a waste of time and attempts to justify

classifications by quantitative measures or the repeatabifity of the

methods were misplaced. They argued that the primary aim of

ecological land classification was the definition of functionally

similar and dissimilar ecosystems as areal components of the

biosphere (Rowe and Sheard, 1981). The theory they developed

considered the landscape as a composition of ecosystems, large and

small, within one another in a hierarchy of spatial sizes. Regions

were identified by a system of "pattern recognition" of integrated
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environmental factors. Landforms provided the a priori means of

identifying functional land units, but soils, climates, and biota were

also important for identification of the regions. The theory and

methods developed by Rowe and Sheard (1981) influenced later

revisions of ecological land classification systems in Canada and the

United States (Bailey, 1983; Omernik, 1987; Wiken et al., 1989).

Ed Wiken also worked on the holistic ecoregionalization of

Canada in 1986. His expanded classification, Terrestrial Ecozones

of Canada, would become the dominant ecological classification

system. Wiken wrote:

Ecological land classification is a process of
delineating and classifying ecologically distinctive
areas of the Earth's surface. Each area can be viewed
as a discrete system, which has resulted from the
interplay of the geologic, landform, soil, vegetative,
climatic, wildlife, water and human factors which may
be present. The dominance of any one or a number of
these facts varies with the given ecological land unit.
This holistic approach to land classification can be
applied incrementally on a scale-related basis from
very site specific ecosystems to very broad ecosystems
(Wiken, 1986 as cited in CEC, 1997).

Canada's classification system was comprised of seven separate

levels of generalization.

ECOZONEan areas of the earth's surface of very generalized, large
ecological landscape units adjusting to the mix of distinctive and
interrelated abiotic and biotic factors present at any given time.



ECOPROVINCE - an area of the earth's surface characterized by
major structural or surface forms, faunal realms, vegetation,
hydrological, soil and climatic zones

ECOREGION - a part of an ecoprovince characterized by distinctive
ecological responses to climate as expressed by vegetation, soils,
water, and fauna

ECODISTRICT - a part of an ecoregion characterized by a distinctive
pattern of relief, geology, geomorphology, vegetation, soils, water
and fauna.

ECOSECTION - a part of an ecodistrict throughout which there is a
recurring pattern of terrain, soils vegetation, water bodies, and
fauna.

ECOSITE - a part of an ecosection having a relatively uniform
parent material, soil and hydrology, and a chronosequence of
vegetation.

ECOELEMENT - a part of an ecosite displaying uniform soil,
topographical, vegetative, and hydrological characteristics.

Table 3.1 Levels of Generalization for Ecological Land Survey
(Wickware and Rubec, 1989a)

The diversity of the Canadian system's generalization

hierarchy represented a new development in ecoregion classification

theory. Other publications helped promote ecoregion classification

in Canada (Ecoregions Working Group, 1989; Gilbert et al, 1985;

Wickware and Rubec, 1989b; Wiken et al., 1989). As the

methodology for ecological classification evolved, the Canadian

researchers began to consider humans and their impacts on the

environment when delineating ecoregions (Wiken, 1995). The

Canadian system appears in the Figure 3.8.
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Figure 3.8 Ecological Stratification Working Group Ecozones
(Environment Canada, 1998)

Broad scale ecosystem management is growing in Canada

and has even been incorporated in the international ecological

classification developed by the Commission for Environmental

Cooperation for all of North America (CEC, 1997) (See 3.1.6).

Inhabitants of northern Canada have been exposed to

transcontinental pollution, eastern Canadians have been plagued

by acid rain deposition, and western Canadians have witnessed the

destruction of the prairies and forestland and the associated
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biodiversity (Wiken and Gauthier, 1996). The vastness of the

Canadian landscape and the environmental problems facing its

inhabitants has encouraged public acceptance of ecoregions (Wiken

and Gauthier, 1996).

3.1.4 The Environmental Protection Agency Classification

Jim Omernik of the United States Environmental Protection

Agency's Western Ecology Division found the hierarchical,

climatically-driven classification developed by R.G. Bailey and the

Forest Service inadequate for water quality monitoring and

assessment. Omemik began developing a system of ecoregions for

the EPA. The ecoregion framework was first published in the Annals

of the Association of American Geographers in 1987. Today, several

maps have been published of state and national EPA ecoregion

boundaries. The EPA's classification, with over 170 citations in

recent literature, represents the most widely used contemporary

ecoregion framework.

The EPA developed the ecoregion classification to meet

environmental legislation mandates and to conform to the following

factors:

Holistic, broad-based regional analysis and
assessment of resource management.
Inventory and assessment of environmental
resources.
Establishment of resource management goals.
Wefland classification and management.



Development of biological criteria for water quality
standards.
Refinement of chemical water quality standards.

(Griffith et al., 1994)

Omernik's first classification of regions was based on themes

designed to address water resource concerns (Gallant et al., 1989).

The approach stemmed from an effort to classify streams for

effective water resource management. Omernik and his associates

found that the USDA Major Land Resource Areas (US Department of

Agriculture, 1981) as well as Bailey's framework of ecoregions were

not sufficiently useful for classifying areas of different water quality.

He was encouraged by his associates to create a new classification.

The newly formed EPA approach for defining ecoregions was

based on a hypothesis that ecosystems and their components

display regional patterns reflected in spatially variable combinations

of causal factors, such as climate, mineral availability (soils and

geology), vegetation, and physiography (Omernik, 1987). A map of

United States ecoregions was compiled at the 1:3,168,000 scale and

published at the 1:7,500,000 scale (Omernik, 1987). Other maps

with increasing levels of detail followed at the 1:2,500,000 scale.

Three component maps, as well as several USDA soil maps,

greatly influenced the boundaries of the first ecoregion framework:

Major Land Uses (Anderson, 1970), Classes of Land-Surface Form

(Hammond, 1970), Potential Natural Vegetation (Küchler, 1970)

(Omernik, 1987). The component maps were analyzed to create a

mental overlay of important features. Regions that were relatively

homogenous in soils, land use, land surface form, and potential
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natural vegetation were then sketched. Some boundaries were

clearly delineated while others were less distinct (Omernik, 1987).

The first ecoregion map was intended to allow comparisons of

land and water relationships, help establish water quality

standards, locate regional reference sites for environmental

monitoring and management, provide an extrapolation unit to

expand data from existing site-specific studies, and predict the

effects of changes in land use and pollution controls (Omernik,

1987).

3.1.4.1 EPA Level III and lv Ecoregions

Since its creation, the USEPA ecoregion framework has

undergone numerous changes. Among the most profound

alterations is the stratification of ecoregions into four hierarchical

levels. Level I represents the coarsest level, represented by 15

ecological regions for North America, and level II comprises 52

separate classes. Both level I and II boundaries (Figure 3.12) are

nearly identical to the ecoregion boundaries that appear in the

international framework developed by the CEC (1997).

Level III ecoregions are similar in scale to the original

framework published in 1987; however, the boundaries have been

adjusted as environmental knowledge has expanded and more state-

level projects have been conducted. The current map of the

conterminous United States (Figure 3.9) contains 84 separate level

III ecoregions; the original map contained 76 aquatic ecoregions of

the United States. Alaska has been mapped with an additional 20
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level III regions (Gallant et al., 1995). The ability to adjust and

refine the ecological boundaries has been considered an important

aspect of ecoregion mapping (Omernik, 1987; Bailey, 1983; Rowe

and Sheard, 1981).

Development of regional biological criteria and water quality

standards for managing and monitoring nonpoint source pollution

required a more detailed, level IV ecoregion classification (Figure

3.10) of individual states.

To better understand the nature of the EPA's classification

techniques, a questionnaire (Appendix 1) was given to the five

current researchers working on the EPA's ecoregion framework. The

regional geographers were asked to rank important criteria for

delineating ecoregion boundaries. Most of the researchers found the

quantitatively based questionnaire to be an inappropriate and

irrelevant method for describing the EPA's process of delineation.

Omernik did not complete the questionnaire. He pointed out

that the qualitative and artistic nature of ecoregion delineation

prevented a hierarchical quantification of delineation techniques.

"The characteristics useful in defining ecological
regions vary from one place to another, as do the
types of materials useful in making the delineations.
Ecoregions are intended for ecosystem management.
They allow agencies and programs who have different
interests and missions regarding the assessment,
inventory, research, and management for the same
geographical areas to integrate their activities,"
(Omernik, 1999).
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Level HI Ecoregions of the Continental United States
(Revised March 1999)

Nat ona Health and Environmental Effects Research Laboratory
U.S. Environmental Protection Agency
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Figure 3.9 EPA's Level III Ecoregions of the Conterminous United States (USEPA, 1999)
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Figure 3.10 EPA's Level III and IV Ecoregions of the Pacific
Northwest (Pater et al., 1998)

Omernik's reply was similar to a statement made by J. F.

Hart. "Geography is a science, but it is also an art, because

understanding the meaning of area cannot be reduced to a formal

process," (Hart, 1982; 3). Due to the artistic nature of the EPA's
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classification methodology, the techniques could not be described as

a quantitative, formal process.

The other researchers replied in similar fashion. One

researcher found all elements to be equally important in delineation;

others were able to rank the criteria. Nearly all of the completed

questionnaires identified user's objectives, political boundaries,

federal agency jurisdictions, and the presence of microclimnates and

urban areas as relatively unimportant factors for delineating

ecoregions.

EPA ecoregions are defined by identifying areas of coincidence

among all landscape characteristics. The hierarchy of

characteristics depends on the significance of features in a given

area and changes among locations. Therefore, it was impossible for

the researchers to pinpoint the most important criteria used for

delineation. This integrative approach is known as the map-overlay

method (Bailey, 1996). It is based on the premise that several

environmental component maps, pertinent to ecosystem regions,

can be correlated to one other by identifying areas where the lines

coincide. This process is similar to the boundary girdling method

developed by Maull in the 1920s. Researchers have often rejected

this method because of the difficulty in synthesizing such broad

ranges of criteria (Bailey, 1996).

The EPA specialists generally agreed on one definition of an

ecoregion: areas with relative homogeneity in ecosystems within

which the mosaic of ecosystem components, biotic (including

humans), abiotic, terrestrial and aquatic is different than that of

adjacent regions.
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The researchers were also asked to identify concerns

associated with the development of ecoregion frameworks. The use

of different landscape variables among frameworks was identified as

an extremely important area of concern. Other concerns were the

lack of formal methods for selecting regional reference sites, the use

of watersheds as an ecological framework, professional and agency

bias toward particular delineation characteristics, and frameworks

developed by committee that use different delineation methods in

different parts of the country.

Level W ecoregion classifications are currently being designed

for several states. The following diagram (Figure 3.11) shows the

current status of Level IV ecoregion mapping. The EPA's ultimate

goal is to extend the Level IV ecoregion classification to every state.

The EPA ecoregion classification system has significantly

evolved since the first classification was published in 1987. Today,

the classification is based on the combined efforts of several

governmental agencies, including the EPA.



Status of Ecoregion
Revision and Subdivision

Projects as of February 1999

Figure 3.11 Status of E.P.A. Level IV Ecoregion Projects
(USEPA, 1999)

3.1.4.2 Interagency Ecoregion Work

The newest EPA frameworks are delineated based on the

integration of research by several scientists and agencies requiring

a large number of individuals to agree on boundary placement in

order to proceed with the publication of the map. The EPA, the US

Forest Service, the Natural Resources Conservation Service (NRCS),

the United States Geological Survey (USGS), and state and regional

agency specialists all collaboratively define the level III and level IV
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ecoregion boundaries for the conterminous United States. Local

and regional experts provide important assistance at the numerous

meetings that take place during the delineation process. Though

each agency has different interests and applications for the

framework, cooperatively, they all manage to create these general-

purpose regions. Interagency collaboration is an important

advantage of this ecoregion classification.

The interagency framework has encountered difficulties

during delineation as well (See 3.2.2). Despite the differences, one

of the true hallmarks of ecoregion classification is its ability to

integrate the inputs of multiple agencies during the delineation

process.

The interagency framework attempts to do what Hart (1982)

said was impossible-create a universal regional classification. The

system allows resource agencies to 'read from the same page' when

creating environmental policy and managing resources in an

ecosystem framework. This integrative partnership represents a

milestone of achievement for multi-agency collaboration for

ecosystem management.

3.1.5 The Great Lakes Ecoregion Classifications

United States Department of Agriculture Forest Service

researcher, Dennis Albert, and B.V. Barnes, from the School of

Natural Resources at the University of Michigan, developed a

regional landscape classification for Michigan (Albert et al., 1986).

This classification incorporated methods similar to Bailey's
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ecoregion classification. The system used three hierarchical

landscape units, Regions, Districts, and Sub-districts.

Macroclimate and physiography dictated the boundaries of Regions

and Districts, physiography and soils determined Subdistricts, and

vegetation validated the climatic and geomorphologic boundaries

(Albert et al., 1986). The approach was modeled after German

biogeographers and the holistic concept of forest ecosystem regions

developed by Hifis (1960) in Ontario.

Bailey's 1976 and 1983 Ecoregions of the United States were

similar in nature. However, where Bailey divided Michigan into

three domain level ecoregions, Albert and his fellow researchers

identified four Landscape Ecosystem regions. The researchers

indicated that the two classifications were complementary

frameworks, and differences might have resulted from varying scales

used for delineation. The Michigan classification provided climatic

and physiographic detail at a smaller scale and also added two more

detailed levels, and was expanded in 1995 (Albert, 1995) to include

Minnesota and Wisconsin. Bailey's ecoregion maps were not used

in the development of the map and classification; however, the

boundaries of both frameworks were coincident at the province and

section level.

The ecoregions defined by Albert (1995) were used in yet

another ecoregion classification of the Great Lakes system (Reid and

Holland, 1997). Reid and Holland developed a holistic landscape

level ecosystem approach for the Great Lakes in order to assess the

adequacy of natural area protection along the coastal margin (Reid

and Holland, 1997). The system required international and

interagency collaboration during development and was used as a



part of a gap-analysis program for the Great Lakes nearshore

terrestrial ecosystems (Reid and Holland, 1997).

3.1.6 Commission for Environmental Cooperation
Classification

The Commission for Environmental Cooperation is an

international organization comprised of member nations: Canada,

Mexico, and the United States. The CEC was created to address

regional environmental concerns and help prevent potential trade

and environmental conflicts, and to promote the effective

enforcement of environmental law (CEC 1997). The CEC identified a

need to develop a framework for the study of North American

ecological regions that would facifitate continental cooperation for

environmental protection, resource sustainabiity, and human

impacts on ecosystems.

The CEC developed continental ecological regions (Figure

3.12) that would enhance the capabffities of governmental and non-

governmental organizations for assessment of natural conditions

and trends within the major North American ecosystems. The

authors offered the regions to professionals and the public in hopes

that the classification would be used as an educational tool, focused

on the sustainabiity and conservation of resources.

The boundaries were based upon the integration and

coincidence of environmental features, and human features were

considered as factors in the delineation process. The ecological

boundary lines for Canada were determined by Ed Wiken and four
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other Canadian researchers. Glenn Griffith, Tony Olson, and Jim

Omernik of the Environmental Protection Agency, and Tom Loveland

from the United States Geological Survey represented the United

States research effort. Five researchers representing separate

Mexican agencies identified the ecoregions of Mexico (CEC, 1997).

Canada and the United States had existing ecoregion

frameworks with similar delineation strategies. The ecoregion

boundaries for Canada are nearly identical to lines depicted by the

Ecological Stratification Working Group (Figure 3.8), and the

ecoregion boundaries of the United States follow the EPA

boundaries (Figure 3.9).

Mexico did not have a system of ecological regions that could

be easily joined with the US and Canadian systems. The American

researchers developed a draft of levels I, II, and III ecoregions of

Mexico that fit with the Canadian and US systems, but the Mexican

scientists considered the regions far too general for effective

representation of Mexico's ecological complexity (Griffith et al.,

1998b).

The Mexican researchers ultimately created a system of

ecoregions by using a biophysical approach, relying heavily on

vegetation, climate and physiography. In the end, no less that six

regions were acceptable for Mexico at level I. The final map

contained fifteen regions for North America, and seven of these

occurred in the smallest country, Mexico (Griffith et al., 1998b).

A cursory examination of the ecological boundaries indicates

the presence of these varying levels of generalization. Of course, the

different backgrounds, techniques, and perspectives of the regional

geographers working on the project were factors that affected the
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location of the boundary lines. Working through international

differences represents a necessary obstacle for ecoregion geography

to overcome. The intracontinental differences, though obvious, do

not discredit the integrative efforts of the researchers.

The CEC provided examples of possible applications of the

ecological classification, stating that the ecological regions would be

useful for forestry management of the North American temperate

rainlorests, aquatic resource management in basins extending

across political boundaries, biodiversity conservation in the North

American Arctic, bi-national cooperation for data access and

resource monitoring to promote public awareness (CEC, 1997)

The cooperative ecoregion map represents a positive step in

the development of ecoregional management. International

cooperation during delineation of the ecological regions yielded

distinct advantages. Not only did it promote cooperative resource

management, it also provided a continental framework for

management discussion. Greater efficiency should occur since

international researchers will each have one system on which to

base research (CEC, 1997).

The future potential for international applications of the

classification is intriguing, yet there remains a distinct need for

further delineation of continental subregions at level III. The

increased detail should allow a wider array of applications and uses

of the framework. Discrepancies between delineation strategies

within Mexico, the US, and Canada should also be resolved.



3.1.7 World Wildlife Fund Classification

Environmental conservation organizations have adopted the

ecoregion concept as a framework for preserving areas of

environmental biodiversity. The system developed by the World

Wildlife Fund (WWF) is well established within the organization's

structure. The WWF recognized a need to create an objective

framework that represented all ecosystem and habitat types at a

landscape level to aid in biodiversity conservation. Without such a

classification that assesses conservation status and biological

distinctiveness, land donors could overlook preservation of seriously

threatened areas of biodiversity (Dinerstein et al., 1995).

The WWF sought to undertake a long-term effort to conduct

conservation assessments of the terrestrial, freshwater, and marine

ecoregions of the world. The plan began with a biodiversity

assessment in Russia (Krever et al., 1994), and was continued with

a study in Latin America and the Caribbean (Dinerstein et aL,

1995). Ecoregion assessments then moved to North America and

plans are underway to develop systems for Asia and Africa (Ricketts

etal., 1997).

The project has evolved into a map of the Global 200

Ecoregions--a collection of the Earth's most outstanding and diverse

terrestrial, freshwater, and marine habitats. The ecoregion focus

stemmed from the recognition that biological diversity is not evenly

distributed or defined by political boundaries, and includes regions

of varying levels of biodiversity importance (What is the Global 200?

1999).
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The WWF defined ecoregions as relatively large areas of land

or water that share a large majority of their species, dynamics and

environmental conditions. The inclusion of species as a primary

factor for ecoregion delineation differs from other ecoregion

frameworks. Researchers evaluated the bioregions based on

biological distinctiveness and conservation status at a regional

scale. The organization identified four important goals of ecological

regionalization:

To develop a scientific approach to aid the land
donor's decision making process as opposed to an
ad hoc approach.
To shift their priorities from individual species
preservation to a broader focus on ecosystem and
habitat conservation
To integrate conservation biology and landscape
ecology into decision making.
To ensure funding was channeled into seriously
threatened ecoregions rich in biodiversity
(Dinerstein et al., 1995).

The World Wildlife Fund's ecological regions for North America

(Figure 3.13) were based primarily on the boundaries delineated by

the EPA and the CEC. Some of the EPA's plains ecoregions were

aggregated into larger units. They also identified small regions of

particular interest, such as portions of the Florida Sand Pine Scrub,

South Florida Rocklands, Great Basin Montane Forests, and the

Coastal Redwoods (Griffith et aL, 1998b).
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Figure 3.13 WWF Terrestrial Ecoregions (Ricketts et al., 1997)
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One of the primary differences between the WWF ecoregions

and the EPA ecoregions is the use of two indices, Biological

Distinctiveness Index (BDI) and Conservation Status Index (CSI) for

ecoregion identification. The Biological Distinctiveness Index (BDI)

is based on species richness, species endemism, global rarity of

habitat, and rare ecological or evolutionary phenomena. Globally

important habitats and high levels of beta-diversity were among the

classification factors. Conversely, beta-diversity is the measure of

turnover or replacement of a species with distance or along

ecological gradients. It provides an important indicator of the level

of effort needed to conserve an ecoregion. High beta-diversity

numbers require multiple protected areas across the ecoregion

(Ricketts et al., 1997).

The WWF ecoregion framework employed a biotic emphasis in

its definition, delineation, and ecoregion nomenclature. A bias

towards vegetation types is apparent in the renaming of the EPA's

Sierra Nevada ecoregion to Sierra Nevada Forests, and the Flint Hills

Ecoregion to the Flint Hills Tall Grasslands (Griffith et al., 1998b).

Nearly all of the EPA ecoregions were renamed with vegetational

descriptions.

The Conservation Status Index (CSI) was designed to estimate

the current and future ability of an ecoregion to meet three goals of

biodiversity conservation: maintaining viable species populations

and communities, sustaining ecological processes, and responding

effectively to both short and long term environmental change. The

index was based on habitat loss, remaining habitat enclaves, degree

of fragmentation, degree of protection, and future environmental

threat (Ricketts et al., 1997).
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Ecoregions were ranked on a scale ranging from globally

outstanding to regionally outstanding, bioregionally outstanding to

nationally important. Upon ecoregional assessment, conservation

strategies and resources could be more efficiently channeled to

unprotected, globally outstanding regions (Ricketts et al., 1997).

While the CEC (1997) framework contains varying levels of

intracontinental generalization, the WWF framework has varying

levels of intercontinental generalization. And, the North American

ecoregions (Rickets et al., 1997), based on the EPA's framework,

differs significantly from the South American framework (Dinerstein

et al., 1995). The South American ecoregions are based heavily on

vegetation. Some of the areas were defined by combining

considerably different vegetation coverages, creating inconsistencies

in pattern and scale (Griffith et al., 1998b). The WWF's boundaries

for the South American ecoregions are methodologically different

from the boundaries for North America.

Users of the WWF ecoregion framework should realize the role

of the organization's need to create a popular conservation strategy.

The different methods employed for delineation of North America

and South America are also an important consideration.

Nevertheless, the World Wildlife Fund's ecoregion conservation

program represents a rapidly growing realm of ecoregion geography.

3.1.8 The Nature Conservancy Framework

The Nature Conservancy (TNC) has also developed an

ecoregion framework to help meet its goal of conserving the world's
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areas of biodiversity. The Conservancy's mission is the preservation

of the Earth's diversity of life. In order to combat the current

extinction episode, The Nature Conservancy shifted its management

strategy focus from political units to ecological units.

In 1993, Steve McCormick arid Deborah Jenson identified a

system of ecoregions, developed by Robert Bailey, as an acceptable

framework for agency management. The Nature Conservancy

defined ecoregions as areas that follow living boundaries laid down

by climate and natural ground cover within which lives a cohesive

collection of living things. The regions contain a characteristic cover

of plants and animals adapted to the terrain, seasons, and the

natural trials of wildfire, drought and flood (Stolzenburg, 1998a).

TNC's definition of an ecoregion is similar the Ritter's and Ratzel's

idea of the earth as a terrestrial organism (See 2.2).

Incorporation of the ecosystem concept helped the TNC realize

that its goal of saving the world's species could be accomplished on

an ecoregion by ecoregion basis as opposed to random, point source

management plans. The Conservancy's system uses 62 ecological

regions borrowed from Bailey's ecoregion map for the United States.

Within each region, locations of troubled species were marked, and

preserves were located based on the species distributions.

The Conservancy uses the ecoregions to isolate biological "hot

spots" and to buy land located in those regions. Sites that harbored

species already established in another preserve were discarded. The

final selection of sites left the Conservancy with 52 areas for which

preservation was necessary. TNC considers the ecoregion
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management system to be the total solution to conservation. Gary

Bell, the director of conservation in the New Mexico chapter said,

"Ecoregional conservation is the only thing that makes sense,"

(Stolzenburg, 1 998a; 16).

The Nature conservancy recognized the fallacy of attempting

to protect the entire geographical expanse of an ecological region.

Vast expanses that extend over several state boundaries cannot be

protected in their entirety, but within each region there are tracts of

habitat that represent the whole. Such diverse tracts are the

regions the Conservancy would place in preserves.

The Nature Conservancy cites Bailey's ecoregion map as the

basis for the ecoregion divisions, but the boundaries often deviate

substantially from Bailey's ecoregion classification. The Great Lakes

ecoregion (Figure 3.14) is an example of these differences.

The Great Lakes ecoregion comprises the coastal margin

surrounding all five of the Great Lakes. Despite crossing several

different climate, soil, landscape, and vegetation zones, the area is

considered a homogeneous ecoregion. Even at Bailey's coarsest

level, the Domain level, two regions separate the Great Lakes, and at

the level equivalent to TNC's ecoregion map, the Great Lakes are

surrounded by five separate regions (Bailey, 1998b). The inclusion

of all of the Great Lakes in one region most likely reflects TNC's

goals or operational capabilities as opposed to ecological criteria. No

other ecoregion framework considers the coastal expanse of the

Great Lakes as a homogeneous unit.



\II

Ontr'
Nori h&rn Lake

Huron Shorcluu'

I. A KrRIr. -

Qurbei

(astern t4e
On ta rio

Pen in

Southern I
Michigin

3'-
Oak Operiiiigs

PA

OH

Figure 3.14 The Nature Conservancy's Great Lakes Ecoregion
(Kinch, 1997)

3.1.9 The Sierra Club Critical Ecoregions Strategy

Recognizing the interelatedness of environmental problems,

the Sierra Club decided to stop treating problems and places in

isolation. They instead created a comprehensive, integrated plan to

save the global environmentthe Critical Ecoregions Program

(Critical Ecoregions, 1998).

The Critical Ecoregions Program was focused on 21 ecosystem

regions (Figure 3.15). The goal of the program was to support

ecosystem health and to improve volunteer and public

understanding by shifting the organization's focus from isolated

systems to a more holistic view.
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Figure 3.15 The Sierra Club's Critical Ecoregions (Critical Ecoregions, 1998)

A cursory examination of the Figure 3. 15 indicates the
unique nature of the Sierra Club's ecoregion classification.
The Sierra Club's ecoregions are quite different from the
other frameworks that have been described, since the
delineation of boundaries was based on entirely different
criteria than any other ecoregion framework. Ecoregions
were tailored to coincide with jurisdictional operations of
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the Sierra Club's regional chapters and the "natural" areas of the

earth's ecosystems.

The Sierra Club identified several ecoregions including the

Great Lakes, the Great North American Prairie, The Ozark, the

Black Hills, and the Hawaiian. Information distributed through the

Sierra Club bulletin is organized to match this classification (Critical

Ecoregions, 1998).

An interesting example of a Sierra Club ecoregion occurs in

the Pacific Coast ecoregion. This ecoregion is defined on the west by

the path of the migrating gray whales, the Pacific Flyway marks the

center, and US Interstate Highway 5 represents the eastern

boundary. British Columbia marks the northern extent, and Baja

California the southern (Critical Ecoregions, 1998). This unique

system of ecoregion boundaries is strikingly different than other

classifications since the path of the migrating gray whales would be

a difficult boundary to depict on a static map, and 1-5 is hardly an

ecological formation. Nevertheless, the Sierra Club has found this

classification useful for the organization's individual conservation

projects.

3.1.10 Other Frameworks

The National Park Service recently created a system of

ecoregions to promote environmental sustainabifity (Figure 3.16).

The Park Service's goal is to increase public education about

ecosystems and ecoregional scale environmental conservation.



Figure 3.16 National Park Service World Ecoregions (NPS, 1999)

Such ecoregion classifications are becoming increasingly

common, and delineation techniques and criteria are becoming

exceptionally diverse. One of the largest areas of growth has

occurred within conservation and preservation organizations. The

Internet has become the preferred media for distribution of such

information, and a search for the term ecoregion will yield

thousands of websites. As public awareness of ecoregions

increases, so will the number of frameworks. This proliferation of

the concept could lead to problems in the future.
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For one thing, ecoregions have been touted as a useful

classification because of their integrative, multidisciplinary, and

comprehendible nature. However, when countless orgaruzations

create their own ecoregion classification systems, potential users

could be discouraged by the resulting confusion. For example, a

conservation organization located in central Texas, The Hill Country

Wild, developed an ecoregion framework that could be confusing to

uninformed users. Using a Geographic Information System,

members of the organization delineated a unique classification of

ecoregions (Figure 3.17).

The Hill Country Wild was founded to preserve and restore the

native species and ecological processes of the Central Texas hifi

country. The boundary of the 'Hill Country' ecoregion is nearly

identical to the Edward's Plateau ecoregion developed by the EPA.

Within the Edward's Plateau ecoregion are the four ecoregions of the

organization's classification. The boundaries vary significantly, as

the Balcones Canyonlands are extensively crenulated, whereas the

other boundaries are more smooth. Such differing levels of

cartographic generalization could create problems for potential

users. The organization did not mention the process used for

delineation, but personal communication with John Andrews, an

officer in the organization, revealed the group's philosophy

(Andrews, personal communication, 1999).
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The Hill Country Wild organization believed that ecoregions

were "known entities" and never considered the procedure for

delineation of boundaries. In response to the question of criteria

used for boundary delineation, Andrews replied, "It's not really

something we've worried over too much; we consider it a very

general boundary," (Andrews, personal communication, 1999).

Andrews touched on an important issue; how important are the
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boundaries? Section 3.2 will further investigate some of the

challenges facing ecoregion classification.

3.2 Ecoregion Delineation Challenges

With the numerous ecoregion classifications available, some

scientists and conservationists have expressed concern that there is

not one map for all of North America (Ricketts et al., 11997). The

EPA's interagency work represents a consensus among several

federal agencies and environmental professionals, but it is not a

universal ecoregion framework.

3.2.1 Ecoregion Boundaries: Definite Breaks or Broad
Transition Zones?

Although ecoregion boundaries are often defined by a single

line, in reality, they are usually transition zones of varying widths

(Clarke et al., 1991). In an attempt to better describe the

boundaries between ecoregions, Clarke and others (1991) assigned

lines of varying thickness to the EPA's ecoregions of Oregon. The

lines indicated the width of the transition zone between ecological

boundaries. Three transition widths were used: 1-5km, 5-15km,

and 15-50km. They found that this explicit portrayal of transition

width was useful. For example, the fault block ridges in

southeastern Oregon showed abrupt (1-5km) change, while the
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transition from the western Cascades to the Kiamath Mountains

was a gradual transition (15-50km) (Clarke et al., 1991).

The EPA researchers also attempted to deal the issue of

transition zones by creating 'fuzzy boundary' maps for Ohio,

Massachusetts, Mississippi, and Alabama. This method was

ultimately rejected because the increased complexity decreased the

maps' utility for surface water quality management.

The ecological boundaries depicted on afl ecoregion maps

should be viewed as zones of transition. In areas where landforms

create a significant change in the environment, the boundaries are

easily defined. In other areas, where climate or vegetation change is

the major factor for delineation, the boundary will be a broad

transition zone. Using lines of varying width was an attempt to

resolve this issue, but the system has yet to be used on a national

ecoregion map. Ecoregion developers continue to use narrow lines

on the maps to depict ecological boundaries, but they warn users

that the lines actually represent zones of transition, or in statistical

terms, confidence intervals.

3.2.2 Reasons for Boundary Refinement

Ecoregion classifications undergo boundary adjustments from

time to time Although the reasons for adjustment are as diverse as

the regions they depict, the most common impetus for boundary

alteration is the acquisition of new environmental knowledge.

The EPA's ecoregion map has been changed for several

reasons including acquisition of new information on surface water



quality, biota, and overall environmental patterns that has led to

the restructuring of ecoregion boundaries.

Interagency collaboration (see 3.1.4.2) and the compromises

required for such integrative work has also created a need for

changes. The following diagram (Figure 3.18) displays current

areas in which researchers have not been able to agree on

boundary limits.

Ecoregion Boundaries
of Contention

Ecological Region
Alignment recommended by
Forest Service
Areas of disagreement needing
further clarification

Figure 3.18 Interagency Lines of Contention
(Omernik et al., 1999)

For the EPA, Level IV mapping has also been a catalyst for

boundary restructuring. The researchers' knowledge of the area
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increases proportionately with the amount of time spent delineating

ecoregions, creating the need for boundary realignment.

Landscape alteration could also create a need to change the

regional boundaries. As aquifers are drawn down from excessive

ground water mining, the capacity of the entire region might

undergo vegetative and faunal alterations. A region that was once

homogeneous would need to be depicted as two separate regions. In

the future, large-scale anthropogenic change, such as surface and

sub-surface mining, landscape conversion or a nuclear reactor

meltdown, might create the need for boundary realignment.

Climate change could foreseeably alter the boundaries of

ecoregions, although the extent to which climate change might alter

boundaries remains unknown. Any rapidly changing climate will be

an issue in need of resolution in the future. It is important for

ecoregion users to realize that even though ecoregions are printed as

static maps, they are constantly changing and evolving.

3.2.3 Problems with Climax Stage Vegetation

Temporal considerations are important when delineating

ecoregions. Paleoecological research suggests that minimally

impacted ecosystems constantly change at a variety of scales, from

decadal stand-level responses to local disturbances such as

windstorms to long term climatic change (Russell, 1997). These

temporal variations, according to Russell, would thwart any attempt

to identify a typical "climax" type of vegetation at a regional scale.

The constant reshuffling of species under climatic change, species
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migration, and microevolutionary influences magnified by human

influences would prevent the delineation of a static framework

(Russell, 1997; 18).

The controlling factor method used by Bailey for delineating

ecoregions is limited by its narrow view of the role of biota within

the ecosystem. The method views ecosystems as entities in which

biological components are secondary outcomes of linear

developmental processes, controlled by a particular combination of

abiotic factors and culminating in predictable, stable endpoints

(Griffon, 1997).

The emerging view of ecosystems recognizes biota as primary

players in evolutionary processes, with rich feedbacks between

hierarchical levels. Biota are capable of producing multiple,

probabifistic outcomes rather than strictly determined results

(Griffon, 1997). "Both the processes and their outcomes are seen as

being constrained by higher levels, but not being controlled by

them," (Griffon, 1997; 114). In Bailey's hierarchical system, climate

controls the landscape and biota, and is not considered a

constraining factor.

3.2.4 Institutional Influence on Ecoregion Delineation

Individual researchers, governmental and private agencies,

and the goals and agendas of users influence ecoregion delineation.

The EPA ecoregions incorporate more water quality considerations

for delineation than other frameworks. Bailey's ecoregions consider

climate and vegetation quite important due to the effect on forests.
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The WWF' identifies areas of extreme species biodiversity as separate

ecoregions. TNC arid The Sierra Club delineate boundaries based

on their operational abffities. It is safe to say that every agency

would delineate a separate set of ecological regions with fluctuating

boundaries.



CHAPTER IV

The Use of Ecoregions

'The idea of the region provides an integrating philosophical theme
for the disparate subject matter of geography, and regions can be

useful areas for testing the theories generated by systematic studies
in geography," (Hart, 1982; 19).
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4.1 Applications of Ecoregions

Chapter III demonstrated that ecoregions have the potential to

be used in numerous environmental studies. The use has steadily

expanded to incorporate studies of biological, hydrological,

geological, and environmental nature. To examine use of

ecoregions, the classifications developed by Bailey and the EPA were

back-referenced to identify all known citations utilizing the

published frameworks

The following discussion of the various uses is limited to the

developments and uses that represent significant advances in

ecoregion theory. It would have been useful to mention each of the

350 plus citations individually, but in an attempt at brevity, the

number of applications included has been significantly reduced.

However, every citation was included in the bibliography for

evaluation as needed. The ultimate goal of this chapter is to provide

a general understanding of the types of studies in which ecoregions

have been useful. Not all studies found ecoregions useful; in fact,

some researchers rejected ecoregions due to various factors; these

instances have also been presented.

Twenty-one separate categories of use were defined. The

categories denote broad generalizations of use, and all of the studies

were easily classified into their respective categories. The ecoregion

frameworks of Bailey and the E.P.A. have been used more than any

other ecoregion classification; Bailey's classification was cited 145

times, the EPA's classification was used on 172 separate occasions,
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and 28 studies cited both frameworks. The uses of the two

classifications are displayed in Figure 4.1.

4.2 Location and Description

Using ecoregions to describe or define the boundaries of a

study area represents one of their most common applications. This

category does not appear on the graph; instead, the uses for location

were combined with the other investigations included in their

respective fields. Twenty-six separate studies were found that

utilized the EPA's ecoregions to describe the location of particular

research areas.

Sixteen of the studies focused on water quality issues.

Ecoregions represented the means for grouping the streams.

Typical citations appeared as follows: "The study area was located in

the Western Allegheny Plateau and Interior Plateau ecoregions,"

(Sanders, 1992), or 'The study area is physiographically and

ecologically diverse, encompassing portions of four ecoregions,"

(Davis, 1997). These types of studies tended to accept ecoregions as

definite areas in which to conduct environmental research.

Studies of wefland pollution, amphibian distributions,

forestry, remote sensing, avifaunal distributions, entomological

distributions, and wilderness preservation were among the other ten

citations that used ecoregions to describe location.

Not all researchers merely mentioned the location of the

ecoregions; several scientists used the descriptions of the ecoregion

frameworks. For example: "The refuge area is in Omernik's Central
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Irregular Plains ecoregion, which has a parkiand mosaic of bluestem

prairie arid oak/hickory forest as the potential natural vegetation,"

(Allenetal., 1995).

The use of ecoregions for location and description has been

useful to researchers in that it helps familiarize researchers with the

location and environmental surroundings of the various study

areas.

4.3 General Water Quality Management

Forty percent of all studies utilizing ecoregions between 1976

and 1998 were focused upon some aspect of water quality

monitoring or management. The water quality management

category represents studies that used ecoregions for the expansion

of water quality management theory, or for broad-based water

quality management issues. Water quality issues that focused on

wetlands, aquatic fauna, or riverine and lotic systems were

classified separately.

Thirty-two studies (9% of all studies) used ecoregions for

general water quality management. Eighty four percent of those

studies used the EPA's classification. This percentage should not be

surprising due to the water quality oriented nature of the

Environmental Protection Agency's policies and management

responsibilities.

State water quality researchers in Arkansas successfully

incorporated the ecoregion approach into the preparation of Use

Attainabffity Analyses (UAA). The Department of Pollution Control
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and Ecology (DPC&E) conducted brief field surveys on streams

where land use change was proposed. The data that characterized

the stream was compared to the data from the least-disturbed

reference streams in the same ecoregion (USEPA, 1986).

The Arkansas program demonstrated the utility of ecoregions

to develop and to evaluate water quality standards, particularly

standards associated with dissolved oxygen content and the

designation of fisheries. Arkansas also began using the ecoregion

framework for testing water pH, hardness, and the presence of toxic

pollutants. The study became the impetus for future statewide

applications of the ecoregional framework in water quality

management (USEPA, 1986).

Hughes and Larsen (1988) demonstrated the utility of

ecoregions for determining chemical and biological goals of surface

waters. The EPA ecoregion map was used to stratify the naturally

occurring variance in water quality and biological communities in

Oregon, Ohio, Arkansas, and Minnesota. Relationships between

ecoregions, water quality patterns and fish assemblages were

discovered. The analysis of the case studies demonstrated the value

of the ecoregional approach for evaluation of aquatic ecosystem

data.

Hughes and Larsen (1988) indicated that ecoregion

classifications could serve as a bridge between national scale and

site-specific approaches. The ecoregional approach along with

appropriate statistical tests could provide precise expectations

about large numbers of water bodies that would not be possible in

site-specific research or river basin surveys.
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Gannon et al. (1996) suggested a water quality-based,

ecoregional approach as opposed to a technology-based perspective

for dealing with water pollution. The ecoregional spatial framework

was proposed as the basis for establishing non-point source

pollution water quality standards. Research had shown that the

natural landscape caused changes in water quality within basins.

The researchers suggested that ecoregions, based on the natural

landscape features that influence water quality, should be used to

modify and refine water quality standards.

The CEC researchers who produced the international

framework suggested ecoregions would be useful for aquatic

resource management in basins that overlap political boundaries.

Locations where such a system would be applicable included

nutrient management in the different ecoregions of the Red-

Assiniboine River basin from Saskatchewan and Manitoba to

Minnesota and North Dakota, and water quality management in the

contrasting ecoregions of the Rio Grande for the United States and

Mexico (CEC, 1997).

The successful studies could lead one to believe that

ecoregions were a panacea for water quality managers, but Karr

(1991) was not so optimistic. Karr, an advocate for biological

monitoring and assessment, stated that despite the adoption of

ecoregions by several state water quality management agencies, the

ecoregion boundaries should not be accepted without first

examining other classifications such as river basins and

physiographic provinces. Karr's statement suggests that ecoregions

might not be the only choice for landscape stratification in water

quality management. Research in this area has continued to
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expand, and ecoregions have remained an important part of broad-

scale water quality studies.

4.4 Stream Water Quality Management & Biological Monitoring

This category contains only those studies that focused on

stream water quality, selection of regional reference sites, or

biological monitoring. Many of the studies also aided the

development of ecoregional water quality management theory. Fifty-

three different studies focused on stream water quality management

between 1976 and 1998, and all but two of those studies used the

EPA's ecoregion framework. Stream water quality monitoring and

management applications were generally focused on selection of

regional reference sites or determination of biological criteria.

Regional reference sites are used to quantify the health of

ecosystems and establish benchmarks and standards for stream

comparisons. Researchers have found that ecoregions are an

effective means for the selection of representative reference sites on

undisturbed streams (Hughes et al., 1986; Warry and Hanau, 1993;

McCormick and Cairns, 1994).

The dearth of reliable historical information about the

ecological conditions of aquatic organisms forced researchers to use

regional reference sites to assess the extent of ecosystem

deterioration. Thus, minimally impacted reference streams could be

used as benchmarks to gauge the condition of other streams in the

same ecoregion (McCormick and Cairns, 1994).
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Hughes et al (11986) determined that regional reference sites

offered a rational means to compare stream ecosystems over large

areas. Of seven classification systems, the EPA's map of ecoregions

was found to be the most appropriate system for classifying aquatic

ecoregions because of the integrative ecological, versus technological

and reductionist, way it was developed (Hughes et al., 1986).

The Hughes et al. (1986) study identified advantages and

disadvantages of using ecoregions for selection of regional reference

sites. Ecoregions were advantageous because regional reference

sites could provide examples of the attainable community structure,

dominant and intolerant species, species richness, habitat

conditions and the spatial variation of those variables within each

region. Managing agencies could determine how to monitor water

quality standards and regulate point-source discharge. The sites

could also be used to refine biological use classifications and

ecological standards by providing empirical, regional examples of

existing biota and habitat conditions. The use of a few regional

reference sites would allow logical extrapolation of various

conditions to the entire region.

The problems of the ecoregion reference site concept relate

several factors including scale variability between large and small

rivers and location of reference sites on anomalous streams.

Another confounding variable is that undisturbed reference sites do

not represent pristine systems; they represent the baseline

conditions of least altered systems. The sites might also not

realistically represent the attainable conditions of highly degraded

systems because of the resources required to improve those

systems. In addition, not all species would reveal regional patterns
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at the ecoregion scale of resolution, such as the distribution and

abundance of rare or ubiquitous species. Finally, managers should

not presume greater homogeneity within regions than actually

exists. The sites would serve as attainable benchmarks in a broad

context and would still require sound biological judgements and

scientific stream surveillance.

The regional reference sites aid researchers attempting to

establish biological criteria for stream water quality. Barbour et al.

(1996) tested an ecoregion classification for use as a basic

geographic unit for establishing reference conditions for biological

monitoring in Florida streams. Ecoregions were considered useful

as the basic geographic unit for establishing reference conditions

because the water chemistry and stream biology were known to

differ among ecoregions.

Four classification systems were evaluated using a

discriminate function analysis. The objective was to identify the

classification model that had the lowest discriminate

misclassification rate of Florida streams according to the biological

attributes of macroinvertebrate assemblages. An aggregated

ecoregion approach had the lowest percentage of misclassification

(8%) compared to the other models (25%, 29% and 33%) (Barbour et

al., 1996). These findings suggested that the ecoregional framework

was a suitable resource classification system for determining

reference conditions for broad-scale biological assessment for

Florida streams. Research in other locales has produced similar

results (Hughes 1989a; 1989b; Hughes et al., 1990; 1994).

The use of ecoregions for establishment of regional reference

sites and biological criteria continues today. Most states for which
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Level IV ecoregions have been developed incorporate ecoregions in

their water quality management plans. The ecoregion framework is

a cost effective method for water quality monitoring (Hughes,

1989a). Of over 350 studies utilizing ecoregions, 15% fell into

stream water quality management category, representing the

highest proportion of use.

4.5 Lotic Water Quality Management

Nineteen citations, approximately 6%, involved the use of

ecoregions to aid in lake water quality management, and all but one

study used the EPA's classification. Not surprisingly, ecoregional

strategies for lotic water quality management were developed in

Minnesota.

The seven distinct ecoregions of Minnesota were used to

assess regional patterns in watershed characteristics and in lake

parameters such as phosphorus concentration, Secchi

transparency, and lake mixing pattern. Ecoregions were utilized

because the researchers believed that regional patterns of lake

productivity and trophic status existed. Typical lotic productivity

levels vary as functions of the combined interactions of climate,

topography, soil, geology, land use, and other factors (Heiskary et

al., 1987).

A sampling strategy for the thousands of glacial lakes in

Minnesota would be utterly impossible. Therefore, roughly 10% of

Minnesota lakes were sampled, and the findings were extrapolated

across the ecoregions. This regional approach was preferable to a
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time consuming, resource intensive, lake-by-lake analysis (Heiskary

etal., 1987).

The researchers encountered regional patterns in total

phosphorus levels, phosphorus chlorophyll relationships, trophic

status, fisheries composition, lake mixing patterns, and chemical

watershed characteristics. Moreover, the findings indicated that the

aquatic ecoregion approach was a valid method for grouping lake

data and identifying spatial patterns of lake characteristics. The

researchers also found that no single total phosphorus

concentration could be used as a statewide standard. Regional

standards are required for effective lake management, and the

aquatic ecoregion approach helps identify and determine standards.

Other studies of lotic water quality using the ecoregional

approach include Heiskary and Walker (1988), USEPA, (1988),

Allen-Gil et al., (1995), Young and Stoddard (1996), Omernik et al.,

(1991), and Koutnik and Padilla, (1994).

Heiskary and Wilson (1989) also sampled user perceptions of

water quality according to recreational suitability and physical

appearance for Minnesota lakes. The chemical and subjective data

were used to help define swimmable conditions and to assist goal

setting by lake resource managers. Determination of regional lake

swirnmability was a unique use of the ecoregion framework. The

researchers suggested a future use of the approach would be an

assessment of lake trophic status within various subregions. This

analysis would help refine regional total phosphorus criteria

(Heiskary and Wilson, 1989).

The researchers reported that without the ecoregion

framework, the state of Minnesota could not provide valid yardsticks
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for evaluating lake water quality, defining user perceptions of water

quality, developing reasonable criteria for protecting water quality,

and setting attainable goals for improving water quality (Heiskary

and Wilson, 1989).

4.6 Wetlands

Twelve studies used ecoregions for wetland classification,

management, or mitigation. The EPA's and Bailey's classifications

were used equally for wetland studies. Ecoregions were generally

used to locate or describe the particular wetland.

To aid in the development of a scientific foundation for

wetland cumulative impact assessment, Bedford and Preston (1988)

emphasized the need for a shift to larger temporal, spatial, and

organizational scales in wetland management. Their study

summarized current understanding and examined the generic

assessment framework in terms of implications for research and

regulation pertinent to building a stronger scientific base for both

long-term and short-term wetland regulation.

The authors concluded that the EPA's ecoregion classification

was an effective basis for wetland cumulative impact assessment.

Minimal effort would be needed to develop a wetland regionalization

that integrated USGS hydrologic units and ecoregions (Bedford and

Preston, 1988). The scheme could be evaluated against various

criteria and modified as needed. The ability to extrapolate results

to other wetlands within the system was cited as the greatest

advantage of the ecoregion framework (Bedford and Preston, 1988).
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The EPA's ecoregion scheme and the USGS hydrologic units

could be used to identify the natural boundaries of watersheds and

drainage basins. The boundaries of the two systems would overlap

since delineation features vary. The most comprehensive framework

for wetland mitigation decisions would consider both ecoregions and

hydrologic units (Bedford, 1996).

In a similar study (Bedford, 1996), the goal was to create a

conceptual framework for establishing criteria for judging whether

or not replacement wetlands were hydrologically equivalent to those

lost. The research suggested that a shift in the scale of regulatory

criteria from the individual project to broader landscape goals was

necessary and that ecoregions provided the spatial context for

decision makers to evaluate the potential cumulative effects of

mitigation projects on broad-scale patterns of wetland diversity

(Bedford, 1996). Bedford supported integration of the ecoregion

and hydrologic unit frameworks for decisions regarding freshwater

wetland mitigation.

4.7 Ecoregion Theory

Ecoregion theory has developed quite rapidly within the last

quarter of the century. Applications within this category range from

new developments in qualitative and quantitative ecoregion

classification and delineation to the integration of ecoregion

concepts with other fields or methods. Often the original developers

of ecoregion frameworks conducted the theoretical developments.

Forty citations, twelve percent, involved some aspect that furthered
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ecoregional theory. Bailey's framework represented 50% of the

theoretical studies, the EPA comprised 25%, and both frameworks

were cited for the remaining 25%.

Gonzalez (1996) suggested that ecoregions should be revised

to include a third dimension during delineation that included air

and water distribution and transport. Gonzalez argued that

emphasis should be placed on functionality, which would include

patterns of water flow and airflow and their linkages to the

landscape. The ecosystem would be delineated based on the

functional attributes of volumes of land, air, and water. His

conceptual model incorporated groundwater in aquifers, and the

upper air layer of the atmosphere, into the delineation process.

Upper air currents undergo seasonal fluctuations and the water

table adjusts with changes in rainfall and land use demands, but

the study did not investigate the feasibility of integrating such

ephemeral conditions (Gonzalez, 1996); however, it did introduce a

third dimension to ecoregional theory.

Another study suggested the use of ecoregions for hazard and

disaster assessment. Ecoregions could be useful in reducing

uncertainty if the classification scale was appropriate to the hazard

(Hunsaker et al., 1990). The authors indicated that ecoregions

could be an effective means for determining data uncertainty but

warned that further investigation is needed. Classification or

aggregation of data could mask spatial heterogeneity that would be

significant to the evaluation of the hazard.

A further development in ecoregion theory resulted from an

integrated research endeavor by Omernik and Bailey (1997). The

two pioneers of ecoregion classification attempted to reduce
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confusion surrounding applications of ecoregion and watershed

frameworks, and the use and misuse of ecoregions. On a broad

scale, ecoregions were intended to provide a spatial framework for

ecosystem assessment, research, inventory, monitoring, and

management. Because ecoregional schemes consider all aspects of

the environment, the most useful applications would be as

extrapolation mechanisms (Omernik and Bailey, 1997).

Ecoregions were not designed for regionalization of a

particular characteristic. The authors cited five studies (Lyons,

1989; Inkley and Anderson, 1982; Poff and Alan, 1995; Poff and

Ward, 1989; Spindler, 1996) that compared ecoregions to faunal

assemblages or specific hydrologic characteristics. The studies

often found correlation, but other characteristics were found to be

more helpful. Omernik and Bailey (1997) stressed that the failure to

recognize the purpose of ecoregions led to this "misuse." Ecoregions

were considered useful for structuring research, assessment, and

management of all environmental resources but might or might not

be useful for examining one particular resource.

The authors also discussed the integrated use of watersheds

and ecoregions and the benefits that result from such applications.

Ecoregions and watersheds were both considered necessary for

development of a system of regional reference sites in water quality

management. Ecoregions and watersheds were referred to as

complementary tools; an ecoregion framework, when used in

conjunction with watersheds, provide the method for extrapolation

of reference conditions (Omernik and Bailey, 1997). Each tool was

designed for a specific purpose, and by emphasizing the positive

attributes of each system, researchers could produce superior
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studies. The holistic, top-down nature of the ecoregion scheme

could be coupled with the focused, bottom-up nature of watershed

analysis.

Other theoretical developments attempted to create

classifications that were objective and repeatable, as opposed to the

qualitative ecoregion classifications. Host et al. (1996) contended

that the existing ecoregional classification systems required

numerous subjective decisions about the relative importance of

different data layers. The classifications often contain unit

boundaries defined by a consensus of various agencies. The

researchers stated that such methods, based on subjective decisions

for regional classification that were later treated as objective

landscape entities, were often not repeatable.

Host et al. (1996) attempted to create a quantitatively based

framework that would be more objective and repeatable than

existing ecological land classifications. The framework was based

on the integration of climatic and physiographic classifications

using a GIS overlay operation. Lines were shifted to coincide when

the boundaries were divergent. Besides objectivity and

repeatabffity, an advantage to the quantitative approach was the

application of classification criteria across ownership boundaries,

whereas classifications developed by specific agencies tended to

focus on data collected within single ownerships.

Other researchers have attempted to develop a quantitative

classification of ecosystem units as well; however, no classification

has been widely accepted, and the qualitative ecoregion boundaries

remain in wide use by several public and private agencies.



4.8 Ecoregion Delineation

Delineation and revision of ecosystem regions accounted for

11% of all ecoregion publications between 1976 and 1998. This

category was created to include the maps, books, and publications

that have been developed which define or delineate ecoregions.

Ecoregion delineation has increased and expanded (see chapter 3).

In all, 37 different citations focused on ecoregion delineation,

twenty-five centering on the EPA classification. The EPA published

maps delineating ecoregions for individual states and regions of the

United States (see figure 3.9) accounted for the majority of the

citations. Delineation of ecosystem regions will likely continue to

increase as user familiarity with ecoregions increases.

4.9 Aquatic Fauna

The use of ecoregions to characterize the distribution of

aquatic macroinvertebrate and ichthyofauna has yielded mixed

results. While some studies have found ecoregions useful, others

have determined that ecoregions are not a worthwhile measure of

fish assemblages. In all, aquatic faunal studies accounted for 7% of

all ecoregion citations. Thirteen studies used the EPA ecoregions,

eight used Bailey's classifications, and three citations used both

frameworks.

Whittier et al. (1988) tested the correspondence between

ecoregions and stream fauna in Oregon. The researchers evaluated

Omernik's ecoregion classification by determining how well spatial
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patterns in several characteristics of small stream ecosystems

corresponded with the eight ecoregions of Oregon. The researchers

collected data concerning fish patterns, periphyton,

macroinvertebrate assemblages, physical habitat, and water quality

in 49 small streams in Oregon the surrounding areas.

The researchers concluded that ecoregions were an effective

framework for broad-scale stream classification and management

arid provided a useful alternative to river basins. The results of data

analysis showed a hierarchy of differences among the eight

ecoregions. Clear regional differences existed between montane and

nonmontane regions. Moreover, the nonmontane region was further

subdivided according to regional patterns. Streams within an

ecoregion were similar but unlike those of other regions (Whittier et

al., 1988).

The researchers also attempted to evaluate the

correspondence of other geographic models and spatial patterns in

small stream ecosystems. Their evaluation was primarily qualitative

due to the variety of scales among frameworks. They analyzed

Brussock et al.'s (1985) geographic stream classification and found

that the regions were too coarse for Oregon and much of the

mountain and intermountain West.

Bailey's (1976, 1981) maps of ecoregions were also evaluated.

Bailey mapped nine ecoregions in Oregon, five corresponding with

Omernik's ecoregions. The other four regions could not be

evaluated precisely, but the researchers determined that if the

regions were reclassified then Bailey's section level ecoregions could

also be a useful framework for streams in Oregon (Whittier et al.,

1988).
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Hawkes et al. (1986) obtained quite different results. The

state of Kansas was partitioned frito a small number of

homogeneous areas, or fish ecoregions, using multivariate statistics

based on fish assemblage patterns. The fish ecoregions were

compared to patterns of climate, landform, geology, soil, potential

natural vegetation, land use, and land cover (Hawkes et al., 1986).

Statistical tests were conducted on fish presence/absence

data for thirty-nine fish species in 410 Kansas stream sites. The

analysis identified ten ecologically different fish assemblages. These

assemblages were clustered into six geographic areas, or fish

ecoregions. Mean annual runoff, mean annual growing season, and

discharge were the most important distinguishing environmental

variables for separating the fish ecoregions. The researchers found

a correspondence between the fish ecoregions and the patterns of

physiographic regions, river basins, geology, soil, and potential

natural vegetation in Kansas. The scientists believed the approach

could be used successfully in other states as well (Hawkes et aL,

1986).

The fish ecoregions in Kansas did not concur with the aquatic

ecoregions developed by Hughes and Omernik. The differences

were likely a result of the use of different variables as the basis for

classification since Hawkes et al. (1986) used fish association

patterns to stratify the regions. The study also found no correlation

between Omen-ilk's ecoregions and the study's fish ecoregions.

These early applications of ecoregions to describe fish

assemblage patterns heavily influenced later studies. A detailed

analysis of all the studies utilizing ecoregions to analyze aquatic

fauna was not conducted; however, interested researchers should
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consult Hawkes et al, (1986); Hughes et al., (1987); Brooks and

Hughes, (1988); Lyons, (1989); Kinsolving and Bain, (11993); Rabeni

and Sowa, (1996); Whittier et al. (1997); Maret et aL, (1997); Belliard

et al. (1997). These studies led Harding et al. (1997) to develop a

similar system of ecoregions for steam water quality management m

New Zealand.

Support for the use of ecoregions in stream fauna

classification is divided. Research in this area could represent a

possible misuse of the ecoregion classification. Users should

consider ecoregions as multi-purpose regions for the assessment of

broad, holistic environmental concerns. Omernik and Bailey (1997)

pointed out that the bulk of misuse and misunderstanding of

ecoregions centered on the failure of researchers to recognize the

purpose of ecoregions and the appropriate methods to evaluate

them. They stressed that ecoregions were generally useful for

structuring research and for assessing and managing the multitude

of environmental resources. Ecoregions were not the most

appropriate framework for evaluating individual resources (Omernik

and Bailey, 1997). Thus, studies that attempt to classify individual

species of fish might find that ecoregions are not a useful

classification.

4.10 Forestry

Forestry applications of ecoregion frameworks have largely

focussed on the classification developed by Bailey and the United

States Forest Service. Applications range from prediction of canopy
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cover and forest inventories to pesticide and fertilizer applications.

Eighteen of the twenty-three forestry citations used Bailey's

ecoregion framework in their studies.

A common application of ecoregions in forestry involves

characterization of forest communities. Ecoregion names

sometimes coincide with forest types, and, therefore, represent a

useful means for describing large landscape areas and the

vegetative types contained therein. The province level of Bailey's

ecoregion classification parallels forest species distributions.

Ecoregion names such as, mixed forest, broad-leaved forests, and

Mediterranean hard-leaved evergreen forests are based on the biotic

classification of the regions (Bailey, 1998b).

Forest site classification systems could provide a method for

organization and communication of ecologically based information.

Future forest resource management actions could be anticipated,

predicated, or extrapolated by using ecosystem regions (Sims et al.,

1995).

Dixon et al. (1994) used ecoregions as a means for estimating

the amount of land available to implement agroforestry management

and alternative land use practices. The researchers were testing a

plan that would improve the removal and storage of carbon from the

atmosphere (Dixon et al., 1994). This study used ecoregions to

integrate atmospheric science, land use management, and forestry.

O'Brien (1996) found significant differences in the extent and

conditions of forest resources among northern Utah ecoregions.

This study reinforced the validity of using ecoregions for ecosystem

management. Forest inventory data stratified by ecoregion could
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help facilitate landscape level plarming and monitoring (O'Brien,

1996).

Another study used ecoregions to identify optimal stand and

treatment factors to defoliate trees with the herbicide tebuthiruon.

Van Pelt and West (1993) used the EPA's ecoregion framework

because of similarities among precipitation, soils, and environments

of the testing sites. The researchers tested several methods of

herbicide application to find out what type of influences caused tree

mortality. The amount of herbicide and method of application could

be standardized for entire ecoregions. The researchers identified the

most efficient method of herbicidal application and proved that

differences were a result of landscape characteristics, such as

precipitation and soil type. When applying herbicide on a large-

scale basis, the amount needed could be adjusted according to the

landscape characteristics of the ecoregion (Van Pelt and West,

1993).

The CEC (1997) suggested ecoregions would be useful for

forestry management of the North American Temperate Rainlorests.

Ecoregions could be used to assess old growth preservation,

conservation and maintenance. This application includes analyses

of the region and determination of areas that are currently

protected. Conservation, protection, and maintenance programs

could, then, be focused on other old growth stands within the

ecoregion (CEC, 1997).

Characterization of forest communities, forest site

classification systems, implementation of agroforestry practices,

application of herbicides, and preservation and conservation of old

growth forests are among the diverse applications for which
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practices.

4.11 Remote Sensing

Remote sensing technology has rapidly expanded within the

last decade and such studies have utilized ecoregions on twenty-

three different occasions. While many applications merely mention

ecoregions, some studies have actually used ecoregions to stratify

land cover information and to test the accuracy of remotely sensed

information. Bailey's framework was used on 13 occasions, the EPA

classification was used 8 times, and two studies cited both

frameworks. Nearly all of the remote sensing studies occurred in

the 1990s.

The use of ecoregions in remote sensing applications

originated as a means to deal with file size and classification of

AVHRR data into land cover classes. Loveland et al. (1991)

attempted to define and evaluate the potential for using AVHRR 1-

km digital imagery and multi-source data (climate, terrain, and

ecoregions) in concert to characterize global land cover.

In developing a nationwide landcover database, the large

datasets have the potential to create analysis problems. The

researchers proposed the use of the EPA's ecoregions to partition

remote sensing information into smaller data sets. The researchers

rejected the initial idea due to the possibility of post-classification

mosaicking and interregional class correlation problems. Loveland

et al. (1991) serendipitously discovered a valuable use of ecoregions.
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Ecoregion maps were digitized and the attributes of the region such

as land surface from, major soils, land use, and potential natural

vegetation were summarized for use in characterization. The

researchers created the land cover map from the various sources,

and encountered problems with the classification scheme that had

to be dealt with qualitatively. The ecoregion framework was found

to be a useful tool for correcting the majority of the

misclassifications and resolving class confusion.

Brown et al. (1993) found ecoregions useful for reclassification

as well. Multi-source data, course-resolution satellite data and

ancillary data were used to produce a land-cover characteristics

database for the conterminous United States. Elevation and

ecological region datasets were critical to the development,

refinement, and information content of each class in the database.

Ecoregion data were used to rectify classes more than any

other type of ancillary data. The ecoregion data provided separation

rules for clusters 86 times by itself, and 59 times when used in

conjunction with frost-free periods or elevation criteria. The

ecoregion data were most useful in situations where a single

spectral-temporal cluster represented several different land-cover

types that were spatially separate. Ecoregions were used to stratify

127 of 189 occurrences (67%) of cluster confusion (Brown et al.,

1993).

Ecoregions were most helpful for resolving confusion involving

anthropogenic factors. Because the EPA's ecoregions include land

use information, the framework was the most logical ancillary

variable for post-classification stratification when the confusion was

spatially separated.
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The researchers indicated that the minimum set of ancillary

variables needed for a similar post-classification refinement must

contain digital elevation data and ecoregions (Brown et aL, 1993).

By using ecoregions to resolve misciassifications in remotely sensed

data, the researchers took advantage of the multifaceted nature of

an ecoregion classification. With the expansion of remote sensing

technology, and the increased use of the data for mapping, a

framework is needed to correct classification problems. According

to this study, ecoregions could be the best choice for post-

classification refinement of data.

Lachowski et al. (1995) discussed the usefulness of ecoregions

for assessing broad scale planning. The following diagram (Figure

4.2) shows the correlation between advanced very high resolution

radiometer (AVHRR) data and the boundaries of Bailey's ecoregions

of the Intermountain West. The image is centered primarily on

Wyoming and includes portions of surrounding states. The

ecoregion boundaries tend to coincide with the land cover types

from the AVHRR data. AVHRR data have been used to refine the

boundaries that failed to correspond (Lachowski et al., 1995).

Other remote sensing applications have focused on the spatial

relationship between the normalized difference vegetation index

(NDVI) and ecoregion frameworks (Ramsey et al., 1995). Homer et

al. (1997) found that multi-scene digital classification holds promise

as a viable landscape-level mapping methodology, especiafly in

diverse biogeographical regions. They indicated that the ecoregion-

based classffication provided a reasonable framework to work with

during the creation of a spatially large data set. It also aided

optimization of ground training site extrapolation and ancillary



model application. An important point made by the researchers

was that edge matching between ecoregions was not required

because the ecoregion boundaries stratified spectrally

homogeneous areas (Homer et al., 1997).

Figure 4.2 AVHRR and Ecoregion Correspondence
(Lachowski et al., 1995; 39)

Technological advances have allowed the construction of

broad-scale vegetation maps based on remotely sensed data. New

advances have created a rapid expansion in the creation of such

large-scale maps. Accuracy assessment for these maps has not

been able to keep up with the rapidly expanding technology.

Edwards et al. (1998) attempted to outline estimation formulas for
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simple map accuracy measurements and reported the results for the

cover types and ecoregions mapped as part of the Utah Gap

Analysis project.

The sheer size of the areas modeled in Gap Analysis pose

immense field and fiscal difficulties that complicate sampling

designs for accuracy (Edwards et aL, 1998). The researchers

created a seamless mosaic of 14 LANDSAT Thematic mapper scenes

and subset the mosaic into three Utah ecoregions (Omernik, 1987).

Each ecoregion was independently classified, modeled and

subsequently edge-matched Into the statewide coverage. The

drawback the researchers encountered for assessing ecoregion-scale

vegetation cover maps were the lengthy time of movement between

each sample site. The cost of collecting information from randomly

distributed locations across an ecoregion would also be

substantially higher than collecting information at clustered

locations easily accessible by highways.

Thus, ecoregions were not always found to be a useful

framework for remote sensing studies. Several remote-sensing

researchers, however, found that ecoregions could yield significant

advantages to researchers willing to include them within land

classification studies.

4.12 Avifauna

Six percent of all ecoregion applications focused on avian

fauna. Ecoregions have been applied to the study of bird habitats

and avifaunal distributions. Twenty studies were conducted, and
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all of them used Bailey's framework. Commonly, ornithological

researchers use ecoregions as a means for defining and describing

their study areas (Chester et al., 1990; Apfelbaum and Haney, 1981;

Ringelman and Longcore, 1982). Other ornithologists and

zoologists have undertaken more intensive studies.

Aldrich and James (1991) studied the geographic patterns in

size, shape and color of the plumage of the American Robin for all of

North America. Knowing that the smallest robins resided in the

eastern US, and that the largest were located in the Western and

northern states, the researchers wanted to identify linkages between

species dynamics and geographical location. They stratified

information on wing length, leg size, bill shape, and plumage

variation by ecoregion. Figure 4.3 depicts median values of wing tip

and wing length for male robins in 36 ecoregions.

Recent studies indicate that Neotropical migrant birds

breeding in North America and wintering in Central and South

America are generally declining (James et al., 1996). Using the

World Wildlife fund's ecoregions of Latin America and the

Caribbean, researchers focused on the conservation assessment and

population trends of transmigratory Neotropical migrant birds

(James et al., 1996; Roca et al., 1996). Both studies were aimed at

developing new international conservation strategies to deal with

intercontinental bird migrants.

Research on avifaunal conservation is expanding. The CEC is

currently developing a system of bird conservation regions for North

America. A draft of the United States portion of this framework



Figure 4.3 Wing length of the American Robin stratified by
ecoregions (Aldrich and James, 1991)

appears on the following page (Figure 4.4). The proposed bird

conservation regions were delineated with the cooperative help of

the CEC, the Fish and Wildlife Service, Ducks Unlimited, and other

bird conservation organizations. This study not yet been published

and was not included in the data set, but wifi likely prompt future

uses of ecoregions for avifaunal conservation and management.
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Figure 4.4 Proposed Avifaunal Regions of North America



4.13 Climate and Atmospheric Studies

More climatic studies used Bailey's ecoregion classification

than used the framework developed by the EPA. Seventeen of the

eighteen climatic studies, conducted between 1991 and 1998, used

Bailey's ecoregion classification.

Hogg (1993) studied the linkage between climate zones and

forest provinces to determine how global climate change would

affect forest distribution in the future. The study used the major

vegetation zones (ecoregions) developed for Canada by the

Ecoregions Working Group (1989) based on the approach of Bailey

et al. (1985). Close correspondence was found between the climatic

and ecoregion boundaries.

Similarly, Neilson (1993) studied global biomass change and

employed ecoregions to calibrate vegetation maps used to analyze

global vegetation redistribution. He investigated the regions of the

planet that would produce carbon dioxide emissions as well as those

regions that would sequester carbon dioxide global warming of 1.5

to 4.5 degrees Celsius were investigated (Neilson, 1993).

Other climatically oriented studies focused on methodological

concerns for delineation of climatic zones as a factor in ecosystem

classifications (Paruelo, 1995; DeGaetano, 1996). Bohm et al.

(1991) attempted to characterize the diurnal curves of tropospheric

ozone near coniferous forests in the western United States.

Ecoregions were crucial for identifying representative study sites

(Bohmetal., 1991).
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4.14 Rangeland Management

Twelve studies used Bailey's ecoregion map to study

environmental issues in North American grasslands and shrub-

lands. Ecoregions were used for location, description, identification

of regional patterns, and model development in grassland regions

(Paruelo and Lauenroth, 1995; Peinado et al., 1995). Location was

not the only way ecoregions were used in rangeland management.

Temperature, precipitation, and other environmental factors

play significant roles in grassland distribution. Parton et al. (1994)

used ecoregions in a study that developed a model to predict

environmental change in grassland areas. Such broad-based

studies of North American grasslands may find a classification such

as ecoregions useful.

4.15 Terrestrial Fauna, Entomology, and Agricultural Science

Terrestrial fauna, entomology, and agricultural science

represented 3%, 2%, and 1% of ecoregion applications, respectively.

The categories were combined because of their usage similarities.

Location and description of the study sites dominated ecoregion

citations of terrestrial fauna, entomological fauna, and agricultural

science. Species distributions were the focus of the first two

categories while the eradication of noxious weeds and landscape

scale pesticide applications dominated the agricultural science

category.
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Ten ecoregional studies were linked to the management or

analysis of terrestrial vertebrate fauna. Location of species ranges

and habitat types were the most common use within this category.

Ecoregions were also included in an index for GAP analysis of

vertebrate fauna because the regions represented a habitat variable

useful for identifying species ranges and distributions (Edwards et

al., 1995).

Dobson and Wigginton (1996) analyzed sexual dimorphism

among bobcats in the western United States. The researchers

stratified their data sets by ecoregion. The researchers found that

sexual dimorphism decreased as longitudinal movement continued

inland from the West Coast ecoregions (Dobson and Wigginton,

1996) and similarities between the sexes increased with

continentally.

Entomological studies, similar to the terrestrial vertebrate

studies, used ecoregions to describe location or habitat types

(Oosterbroek and Tangelder, 1987). Rykken et al. (1997) used

ground beetles as indicators of landscape diversity and concluded

that invertebrates could be used as a measure of biodiversity for

similar ecological landscape assessments (Rykken et al., 1997).

4.16 Biodiversity Conservation and Preservation

Biodiversity conservation represented only one percent of the

total use of ecoregions; however, this figure should soon increase.

The primary goal of the World Wildlife Fund, The Nature

Conservancy, the Sierra Club, and other similar organizations is the



144

preservation and conservation of the earth's ecoregions. The

organizations have each initiated strategies for preserving the

world's diverse ecoregions. The methods employed for preservation

have been widely distributed on the World Wide Web.

The CEC ecoregions could also be used to assess biodiversity

conservation in the North American Arctic. The distribution of

protected areas varies across ecoregions. The framework could be

used to determine what proportion of the arctic is protected by

certain nations, how well the regions are protected and managed,

and whether or not all ecosystems within each ecoregion were

protected (CEC, 1997).

The World Wildlife Fund developed its ecoregion framework

primarily to aid in the development of similar conservation

strategies. This framework was intended to identify the biological

distinctiveness of ecoregions, and set aside portions of the regions of

biodiversity for preservation. Continental assessments of species

richness and rarity were conducted for the regions of the world. The

following diagram (Figure 4.5) depicts the biological distinctiveness

of North America.

Globally Outstanding ecoregions (depicted in red) were

evaluated according to conservation status and conservation

priorities were developed for the ecoregions with the highest levels of

globally distinct biodiversity arid the least amount of protected

areas. This system has aided the decisions of land donors

throughout the world (Ricketts et at, 1997).
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Figure 4.5 WWF Species Distinctiveness (Ricketts et al., 1997)

4.17 Geology

Ecoregions were used in two geological studies (Breyer and

McCabe, 1986; Hughes, 1995). Hughes (1995) developed a two-

step approach for integrating geological components into ecological
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studies. Classification required the development of geological

terrain units. These units were areas with similar geologic

evolution, chemistry, physical characteristics, and landscape

determinants. Ecoregions represented an example of an integrated

geologic terrain.

4.18 Medical Geography

Rubio-Palis and Zimmerman (1997) sought to develop an

integrated control program to combat the resurgence of malaria in

the Americas. The plan represented a shift from individual house

spraying to large-scale vector control approach. The researchers

reported that malaria transmission patterns could be characterized

based on knowledge of the distribution of the vectors, biology, and

environmental factors such as climate, soil, geomorphology,

vegetation, and landuse.

The plan was considered an asset to resource managers

because it linked malaria transmission to ecological boundaries

rather than political stratification. The system could be used for

risk assessment programs. In resource inhibited areas,

management could be focused on locations where the vector

occurred, instead of only where individual malaria cases appear

(Rubio-Palis and Zimmerman, 1997).

The researchers concluded that the ecoregional classification

provided an approach that was essential to the development of

integrated management strategies. They also stated that the



ecosystem classifications developed by the EPA and Bailey held

promise for vector mapping.

4.19 Recreation Management

One of the first applications of ecoregions involved recreation

management. Steven Stadler (1988) presented a paper at a meeting

of the Association of American Geographers that used ecoregions as

a measure of golf course maintenance fees. The cost of golf course

maintenance per acre varies with location. Soil type, vegetation,

landforms, and rainfall all influence the costs of golf course

maintenance. Because ecoregions were based on such landscape

factors, they were tested as a measure of expenditure. Ecoregions

were useful in explaining cost per acre; however, climate type was

found to be a better identifier (Stadler, 1988).

Bhat et al. (1998) developed a new use of ecoregions in

recreation management. The researchers attempted to provide a

methodology for estimating recreation values in the United States

using the ecoregion approach. The ecoregion classification of Bailey

(1983), was used to group over 300 recreational site data across the

United States. The researchers found that outdoor recreation

values vary across ecoregions. The results could help identify

priorities for recreational planning and policy for ecoregions within

the United States (Bhat et aL, 1998).
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4.20 Statistical Theory

Developing accurate tests and procedures for testing the

validity of ecoregion frameworks has been an obstacle for statistical

researchers because relatively few tools are available for evaluating

the strength and utility of proposed qualitative and quantitative

classifications based on multivariate measurements of objects

within individual classes. Van Sickle (1997) presented the mean

similarity dendrogram for evaluating low-order classifications. He

used ecoregions in order to show the validity of his new multivariate

graphical procedure. Van Sickle (1997) suggested that mean

similarity dendrograms could be an attractive, nontechnical tool for

evaluating environmentally oriented land classifications.

4.21 Nature Writing

Writers have employed ecoregions to describe the natural

environment. The book, Far From Tam Reflections from the Heart o(

a Continent (Allmann, 1996) was organized into eight sections that

corresponded to the eight ecoregion divisions of southwest Michigan

and northwest Minnesota. The ecoregions were based on an

adaptation of Bailey's ecoregion classification. Though not an

important scientific advancement, this use represents an increase in

the public's awareness of ecoregions.
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4.22 Alternatives and Opposition to Ecoregions

Ecoregions are not always a useful classification for

environmental management. In fact, some studies have rejected

ecoregion frameworks in favor of alternative classifications. For

instance, Hondzo and Stefan (1993) and Stefan et al (1996) found

that ecoregions were not useful for classiJying water temperature in

Minnesota lakes or for the subdivision of fish habitats because the

scale of the classification was too detailed for their study.

Similarly, Hunsaker and Levine (1995) considered and

rejected ecoregions for a study of stream water quality because they

lacked sufficient detail. Despite the fact that ecoregions have

limitations, these three studies do indicate the importance of scale

in regional classifications. Broad-scale ecoregions are too detailed

for continental-scale studies, while not detailed enough for

landscape or watershed level studies. Therefore, selection of the

scheme with the 'best fit' is extremely important for users to

appropriately apply this environmental management tool.

Because of these limitations, some researchers support

quantitative approaches to regional ecosystem classification. This

support has made the development of quantitative techniques for

defining ecoregions a major contemporary research endeavor. For

information on quantitative development see Noronha and

Goodchild (1992).

One researcher has argued that the ecoregion management

concept is fatally flawed (Fitzsimmons, 1993; 1995; 1996a; 1996b;

1998). Fitzsimmons (1993) contends that the ecosystem concept

was not designed as an aid to federal policy or for regulatory
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purposes. The locations of ecoregion boundaries are arbitrary,

imprecise, and change over time and are, therefore, inappropriate

guidelines for policy management decisions (Fitzsimmons, 1993).

Fitzsimmons also emphasizes that ecosystems are geographic

fabrications devised to facilitate an analysis or to address some

problem of human concern and are not entities in their own right

(Fitzsimmons, 1996b). He presents three major flaws of ecosystem

management. First, there is a lack of an agreed-upon definition of

ecosystems and the ecoregions that define them. Second,

Fitzsimmons argues that there are significant differences in agency

ecosystem classification systems (i.e. Bailey, 1976 versus Omernik,

1987). The increasing number of ecoregion classifications and

methodologies used for delineation are significant problems that

need to be addressed. "As a means of partitioning the landscape,

ecosystems represent a classical Frank Sinatra approach-

ecosystems are determined 'my way,'" (Fitzsimmons, 1995; 79).

Without a consensus, ecoregions do not represent a coherent

system for guiding federal ecosystem management policy

(Fitzsimmons, 1995; 1996a; 1996b; 1998). Finally, Fitzsimmons

(1995) argues that ecosystems are not real. He returns to

arguments that appeared early in geographical literature. These

works argue that regions are nothing more than fictional and

mental constructs and, therefore, cannot be defined.

J.F. Hart (1982) provides an ample response to the arguments

put forth by Fitzsimmons, "Regions are subjective artistic devices

and they must be shaped to fit the hand of the individual user.

There can be no standard definition of a region, and there are no

universal rules for recognizing, delimiting, and describing regions,"
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(Hart, 1982; 21-2). Regional classifications are, by nature, tailored

for user and use. Each agency has a different goal, and a need for a

different classification system.

However, Fitzsimmons does introduce an interesting point. If

ecoregions were used to guide policy decisions, would the

subjectively defined classifications withstand the scrutiny of the

law? On this point, it is important to recall that ecoregions

represent broad generalities, and the lines distinguishing the

regions are transition zones. As long as users acknowledge these

inherent facts, policy problems should not arise.

4.23 Ecoregion Research Trends

The use of individual ecoregion classifications has changed in

the last twenty years. In the 1980's, researchers most often cited

Bailey's framework. The use of the EPA's interagency classification

has since displaced the use of Bailey's ecoregion classification in the

1990's. The frequency of publications that developed or used

ecoregions appears in the following graph (Figure 4.5).
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Figure 4.6 Annual Frequency of Ecoregion Publications: 1976-1998

Figure 4.5 also depicts the overall expansion of the ecoregion

classification. Ecoregions are being used with increasing frequency,

and the overall trend appears to be a steady increase (the low value

for 1998 is likely the result of an incomplete data set). The recent

development of several new ecoregion classifications and the

dissemination of the information on the World Wide Web will

continue the expansion of ecoregion use. The Internet is already

influencing the development of ecoregions; a search for the term

ecoregion yields numerous websites utilizing ecoregions in some

form.
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There are notable differences between Bailey's classification

system and that of the EPA. Water quality management issues are

the dominant, distinguishing factors in the EPA's classification.

However, climate, habitat, and remote sensing applications form the

crux of Bailey's classification. The following diagrams (Figures 4.7

and 4.8) show the differences in uses between the two

classifications.
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4.24 Summary

Ecoregions have proven a useful framework for a wide variety

of applications. The examples presented in this chapter are a

sampling of the multitude of ways researchers could employ

ecoregion frameworks for environmental and geographical studies.

The numerous ways that ecoregions can be used are testament to

the broad-based holistic nature of ecoregion classifications. While

Bailey's ecoregions, originally developed for the Forest Service, and

Omernik's first map, developed for the EPA, were first used for

management primarily by the agencies for which they were

developed, the use of the frameworks has steadily expanded. In

recent years, other organizations and research agencies have used

ecoregions for biotic conservation strategies, remote sensing

applications, and climate change studies.

That such a diverse range of fields and disciplines has found

ecoregions useful suggests the sustainability of ecoregion studies,

yet dissention remains. The arguments made by Fitzsimmons

(1995; 1996a; 1996b; 1998) should not be disregarded without

ample consideration; however, with over 350 uses of ecoregions

within a 32 year period, it would seem that his argument, which

states that ecoregions are not useful for federal environmental

management, is untenable.
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Chapter V

Conclusions

"The highest form of the
geographer's art is producing

good regional geography,"
(J.F. Hart, 1982; 2).
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5.1 Areas of Expanded Use and Concern

Certain applications will likely see expanded use of the

ecoregion classification. For example, water quality management,

remote sensing, and biodiversity conservation are among the

applications that will be utilized more extensively than they are

today.

Water quality management applications will also likely

increase because the creation of level W EPA ecoregions for

individual states will promote their use. State agencies currently

use the level IV ecoregions to select regional reference sites and to

implement water quality management strategies. The EPA

framework will likely continue to be used for water quality purposes.

Ecoregions could be used to extrapolate data from Long Term

Ecological Research sites (LTER's). The system of LTER's was

created to promote baseline studies of ecological conditions, but

difficulties have arisen with data uniqueness. One of the difficulties

studies based on data obtained from LTER's have encountered is

data are only useful for the specific area in which the research was

conducted. Ecoregions could be used as extrapolation units for the

information discovered in LTER's. The information could then be

used for resource management applications, rather than solely for

baseline research.

Education and public awareness are also areas in which

ecoregions could be used. Ecoregions could aid educators who teach

regional and physical geography. Course work could be stratified by

ecoregions. This stratification would allow teachers to incorporate
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information about soils, climate, vegetation, landforms, and land

use activities in the course curriculum. These additions would help

promote integrative thinking and holistic environmental

management.

The tropical dry ecosystem in Mexico is an example of a North

American ecosystem in peril. The ecoregion concept could explain

the factors involved in developing programs that promote public

awareness of diversity, or stimulate scientists to conduct research

on the conservation and use of the tropical dry ecosystem (CEC,

1997). Conservation organizations utilize ecoregions this way.

Environmental information could be disseminated to the public

through ecoregion classifications.

Bird conservation programs using an ecoregion approach will

likely increase as well. The delineation of a new system of avifaunal

ecoregions will provide the impetus for future studies that promote

the use of ecoregions for bird conservation, preservation, and

management.

Ecoregions could be also be useful for historical

reconstruction of environmental landscapes. Emily Russell, an

historical ecologist, points out that historical landscape studies

should first compile the natural abiotic features of the research area

at an appropriate scale. Consideration of climate, microclimate,

bedrock, surficial geology, and soils was deemed important because

the factors determine the possible ecosystems, species composition

and structure. Abiotic features and location strongly influence the

potential natural vegetation and human activities (Russell, 1997).

The military is responsible for restoration and preservation of

environmental landscapes on military bases, and might find
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ecoregions useful for identifying the original landscape patterns and

restoring the ecosystem to its natural state.

Anthropogenic and climatic change could yield ecoregions less

useful after many years, therefore, temporal variability is an

important research issue. A useful approach might be the addition

of au expiration date to ecoregion classifications. With the

increased ease of computer mapping and online distribution,

ecoregion developers could update versions of the maps in a short

period of time, thus keeping the framework current. Developers of

ecoregion theory should investigate this issue further.

The rapid expansion of urban areas is also an area of concern.

Large cities such as Las Vegas and Phoenix are significantly

changing the environmental surroundings of the region. Increased

moisture from lawns and golf courses has caused microclimatic

changes, and the smog from automobile emissions affects

precipitation patterns. Soils are also altered with chemical and

organic inputs, further altering the natural status of the region.

Roads and parking lots prevent native plant species from

establishing themselves, allowing non-native flower and garden

varieties to spread throughout the region. These alterations might

create the need for the delineation of a new class of urban

ecoregions.

5.2 Final Thoughts

This thesis has provided information that can help

researchers better use the ecoregion concept effectively. Effective
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use of ecoregions for environmental management requires the

consideration of a several important issues. First, the user must

adopt a holistic perspective, in which the focus is on broad-scale as

opposed to point source management. The development of the

ecoregion concept evolved from a combination of historical

geographical theory for classifying natural regions, in addition to

governmental mandates and legislation of the 1960s and 1970s

(NEPA). The development of the currently accepted ecoregion

classifications represents the integration of geographic theory and

legislative mandates. These classifications would provide a rationale

for regional classification and would also serve to link theory to

practice.

Potential users of ecoregions should be cognizant of the

similarities and differences among the ecoregion classifications in

use today. Specific delineation techniques, methodologies, and

criteria used for boundary demarcation vary widely among

classifications, and common sense dictates care should be taken in

the selection of an ecoregion scheme designed to meet the user's

needs.

The final criterion for effective use of ecoregions requires a

formal understanding of the purpose of ecoregion classifications.

Ecoregions were not created to aid in classification of individual

species or resource factors. This is not to say that ecoregions could

or should not be used for single species faunal analyses; ecoregion

classifications might ultimately prove useful for such endeavors. On

the contrary, users would most likely achieve better results, and

reduce or eliminate the possibility of wasting finite, research

resources if they used ecoregions for studies that spanned a broad
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range of environmental variables and resources. Therefore, the use

of ecoregions for broad-based, environmental management concerns

represents the best application of this diverse classification scheme.



Bibliography

Abate, F., S.P. Elliott, J.S. Goodwin, E.J. Jewel!, K.M. Isaacs, R.H.
Manley, C.L. Stevens. Eds. 1996. The Oxford Dictionary and
Thesaurus. Oxford University Press, Inc., New York. l828p.

Adams, M.B., T.R. Angradi, and J.N. Kochenderfer. 1997. Stream
water and soil solution responses to 5 years of nitrogen and
sulfur additions at the Frenow Experimental Forest, West
Virginia. Forest Ecology and Management 95(1): 79-91.

Albert, D.A., 1995. Regional landscape ecosystems of Michigan,
Minnesota, and Wisconsin: a working map and classification.
Gen. Tech. Rep. NC-178. St. Paul, MN: USDA Forest Service,
North Central Forest Experiment Station. 25Op.

Albert, D.A., S.R. Denton, and B.V. Barnes. 1986. Regional
landscape ecosystems of Michigan. Ann Arbor, MI: University
of Michigan. 32p Map (scale 1:1,000,000).

Aldrich, J.W., F.C. James. 1991. Ecogeographic variation in the
American Robin. The Auk 108: 230-49.

Allen, G.T., T.J. Nash, D.E. Janes. 1995. Contaminants Evaluation
of Marais Des Cygnes National Wildlife Refuge in Kansas and
Missouri, USA. Environmental Management 19: 393-404.

Allen-Gil, S.M., D.J. Gilroy, and L.R. Curtis. 1995. An Ecoregion
Approach to Mercury Bioaccumulation by Fish in Reservoirs.
Archives of Environmental Contamination and Toxicology 28:
61-8.

Allmann, L. 1996. Far From Tame: Reflections from the Heart of a
Continent. University of Minnesota Press, Minneapolis.
l55p.

Anderson, J.R. 1970. Major land uses. Map (scale 1:7,500,000).
In: The national atlas of the United States of America. USGS,
Washington, DC (revised by F.J. Marschner). Plates 158-59.

163



Anderson, S.H. and E.S. Williams. 1997. Plague in a complex of
white-tailed prairie dogs and associated small mammals in
Wyoming. Journal of Wildlife Diseases 33(4): 720-32.

Andrews, J. 1999. Personal Communication. (1 / 31/99).

Angermeier, P.L., R.A. Smogor, and J.R. Stauffer. 1998. Studies of
benthic macroinvertebrates and fish in streams within EPA
Region 3 for development of biological indicators of ecological
condition: Part II. Final report to USEPA, National Health and
Environmental Effects Research Laboratory, Corvallis, OR.
26p.

Apfelbaum, S. and A. Haney. 1981. Bird populations before and
after wildfire in a Great Lakes pine forest. Condor 83: 347-54.

Archambault, L, B.V. Barnes, and J.A. Witter. 1990. Landscape
ecosystems of disturbed oak forests of southeastern Michigan,
USA. Canadian Journal of Forest Research 20: 1570-82.

Asrar, G., E.T. Kanemasu, G.P. Miller, and R. L. Weiser. 1986.
Light interception and leaf area estimates from measurements
of grass canopy reflectance. IEEE Transactions on
Geoscience and Remote Sensing 24(1): 76-82.

Austin, M.E. 1972. Land resource regions and major land resource
areas of the United States. Agriculture Handbook 296. USDA
Soul Conservation Service, Washington, D.C. l56p.

Bahis, L., R. Bukantis, and S. Tralles. 1992. Benchmark Biology of
Montana Reference Streams. Water Quality Bureau.
Unpublished Departmental Literature. 54p.

Bailey, R.G. 1976. Ecoregions of the United States. Ogden UT:
USDA Forest Service, Intermtn. Reg. Ogden, UT. Map (scale
1:7,500,000).

164

Bailey, R.G. 1978. Description of the Ecoregions of the United
States. USDA Forest Service, Intermtn. Reg. Ogden, UT. 7fip.



Bailey, R.G. 1989a. Explanatory supplement to ecoregions map of
the continents. Environmental Conservation 16: 307-9.

165

Bailey, R.G. 1981. Integrated approaches to classifying land as
ecosystems. In: P.Laban, ed. Proceedings of the workshop on
land evaluation for forestry. November 10-14, 1980.
Wageningen, The Netherlands. Wageningen: International
Institutes for Land Reclamation and Improvement: 95-109.

Bailey, R.G. 1982. Classification systems for habitat and
ecosystems. p. 16-26. In: Research on Fish and Wildlife
Habitat. USEPA 600/8-82-022. Washington DC: 248p.

Bailey, R.G. 1983. Delineation of ecosystem regions.
Environmental Management. 7(4): 365-73.

Bailey, R.G. 1984a. Integrating ecosystem components. In:
Proceedings of the Forest Land Classification Symposium. J.
Bockheim, ed. Mar 18-20, 1984, Madison, WI.

Bailey, R.G. 1984b. Testing an ecosystem regionalization. Journal
of Environmental Management 19(3): 239-248.

Bailey, R.G. 1985. The factor of scale in ecosystem mapping.
Environmental Management 9(4): 27 1-5.

Bailey, R.G. 1987. Suggested hierarchy of criteria for multi-scale
ecosystem mapping. Landscape and Urban Planning. 14:
3 13-19.

Bailey, R.G. 1988a. Ecogeographic analysis: a guide to the
ecological division of land for resource management. Misc.
Publ. N. 1465. Washington, DC: USDA Forest Service. l6p.

Bailey, R.G. 1988b. Problems with using overlay mapping for
planning and their implications for geographic information
systems. Environmental Management 12: 11-7.



166

Bailey, R.G. 1989b. Locating sites for monitoring predicted effects
of land management. Presentation at Global Natural resource
monitoring and Assessment, Preparing for the 21st century,
Venice, Italy: 1-7.

Bailey, R.G. 1991. Design of ecological networks for monitoring
global change. Environmental Conservation 18: 173-75.

Bailey, R.G. 1995. Description of the ecoregions of the United
States. 2d ed. Rev, and expanded Misc. Publ. No. 11391 (rev.)
Washington, DC: USDA Forest Service. lO8p.

Bailey, R.G. 1996. Ecosystem Geography. Springer-Verlag: New
York. 2O4p.

Bailey, R.G. 1998a. Ecoregions: The Ecosystem Geography of the
Oceans and Continents. Springer-Verlag: New York. l92p

Bailey, R.G. 1998b. Ecoregions Map of North America: explanatory
note. USDA Forest Service Publication. Misc. Pub. 1548.

Bailey, R.G. and C.T. Cushwa. 1981. Ecoregions of North America.
FWS/OBS-81/29. Washington, DC: U.S. Fish and Wildlife
Service. Map (scale 1:12,000,000).

Bailey, R.G. and H.C. Hogg. 1986. A world ecoregions map for
resource reporting. Environmental Conservation 13(3): 1986.

Bailey, R.G., P.E. Avers, T. King, and W.H. Mcnab. Eds. 1994.
Ecoregions and subregions of the United States. Washington,
DC: USDA Forest Service. Map (scale 1:7,500,000).

Bailey, R.G., R.D. Pfister, and J.A. Henderson. 1978. Nature of
land and resource classification-a review. Journal of Forestry
76(10): 650-55.

Bailey, R.G., S.C. Zoltai, and E.B. Wiken. 1985. Ecological
regionalization in Canada and the United States. Geoforum
16(3): 265-175.



Baker, D.B. 1993. The Lake Erie Agroecosystem Program: Water
Quality Assessments. Agriculture, Ecosystems and
Environment 46: 197-215.

BakhtiarI, S. and R. Zoughi. 1991. A model for backscattenng
characteristics of tall prairie grass canopies at microwave
frequencies. Remote Sensing of the Environment 36: 137-47.

Barbour, P.P. 1993. Experimental Design and Control: Keys to
Refining Rapid Bioassessment Metrics. Environmental
Toxicology and Chemistry. 12(1): 2-4.

Barbour, M.T., J. Gerritsen, G.E. Griffith, R. Frydenborg, E.
McCarron, J.S. White, and M.L. Bastian. 1996. A Framework
for Biological Criteria for Florida Streams Using Benthic
Macroinvertebrates. Journal of the North American
Benthological Society 15(2): 185-211.

Barbour, M.R., J.L. Plaikin, B.P.Bradley, C.G.Graves, and R.W.
Wisseman. 1992. Evaluation of EPA's Rapid Bioassessment
Benthic Metrics: Metric Redundancy and Variabffity among
Reference Stream Sites. Environmental Toxicology and
Chemistry 11: 437-49.

Barbour, H. T. Simmons, P. Swain, and H. Woolsey. 1998. Our
Irreplaceable Heritage: Protective Biodiversity in
Massachusetts. Natural Heritage & Endangered Species
Program, MA. Division of Fisheries and Wildlife and The
Massachusetts Chapter o the Nature Conservancy.

Barnes, B.V., K.S. Pregitizer, T.A. Spies, and V.H. Spooner. 1982.
Ecological forest site classification. Journal of Forestry (8):
493-8.

Bashkin, V.N and R.G. Bailey. 1996. Compilation of a global map
of ecological regions: biogeochemical and soil approaches.
Eurasian Soil Science 28(6): 107-21.

167



168

Bayer, C.W., J.R. davis, S.R. Twidwell, R. Kleinsasser, G. Linam, K.
Mayes, and E. Hornig. 1992. Texas Aquatic Ecoregion
Project: an assessment of least disturbed streams. USEPA
Region VI, Dallas

Bedford, B.L. 1996. The Need to Define Hydrologic Equivalence at
the Landscape Scale for Freshwater Wetland Mitigation.
Ecological Applications 6(1): 57-68.

Bedford, B.L. 1996. The Need to Define Hydrologic Equivalence at
the Landscape Scale for Freshwater Wetland Mitigation.
Ecological Applications 6(1): 57-68.

Bedford, B.L., E.M. Preston. 1988. Developing the Scientific Basis
for Assessing Cumulative Effects of Wefland Loss and
Degradation on Landscape Functions: Status, Perspectives,
and Prospects.

Beecher, H.A., E.R. Dott, and R.F. Fernau. 1988. Fish species
richness and stream order in Washington state streams.
Environmental Biology of Fishes 22(3): 193-209.

Beland, M., Y. Bergeron, B. Harvey, and D. Robert. 1992. Quebec's
ecological framework for forest management: a case study in
the boreal forest of Abitibi. Forest Ecology and Management
49: 247-66.

Bella, D. 1999. Seminar Lecture. Oregon State University,
Wilkinson Hall, Room 235. (1/5/99).

Belliard, J. P. Boet, and E. Tales. 1997. Regional and Longitudinal
Patterns of Fish Community Structure in the Seine River
Basin, France. Environmental Biology of Fishes 50(2): 133-
47.

Berg, D.R. 1995. Riparian Silvacultural System Design and
Assessment in the Pacific Northwest Cascade Mountains,
USA. Ecological Applications 5(1): 87-96.



169

Bernert, J.A., J.M. Eilers, T.J. Sullivan, K.E. Freemark, and C.
Ribic. 1997. A Quantitative Method of Delineating Regions:
An Example for the Western Corn Belt Plains Ecoregion of the
USA. Environmental Management 21(3): 405-20.

Bhat, G., J. Bergstrom, R.J. Teasley, J.M. Bowker, and H.K. Cordell.
1998. An ecoregional approach to the economic valuation of
land and water based recreation in the United States.
Environmental Management 22(1): 69-77.

Biggs, B.J.F. 1995. The contribution of flood disturbance,
catchment geology, and land-use to the habitat template of
periphyton in stream ecosystems. Freshwater Biology 33(3):
419-38.

Biggs, B.J.F., M.J. Duncan, I.G. Jowett, J.M. Quinn, C.W. Hickey,
R.J. Davies-Colley, M.E. Close. 1990. Ecological
Characterization, Classification, and Modeling of New Zealand
Rivers: an Introductions and Synthesis. New Zealand Journal
of Marine and Freshwater Research 24: 277-304.

Bohm, M., B. McCune, and T. Vandetta. 1991. Diurnal Curves of
Tropospheric Ozone in the Western United States.
Atmospheric Environment 25A(8) 1577-90.

Born, S.M., W.C. Sonzogni. 1995. Integrated Environmental
Management: Strengthening the Conceptualization.
Environmental Management 19(2): 167-8 1.

Box, E.O. 1995. Factors determining distributions of tree species
and plant functional types. Vegetatio 121: 10 1-16.

Bralewa, M.A., J.H. Brown, and W.P. Gould. 1985. Biomass and
cordwood production of red maple stands in Rhode Island.
Journal of Forestry 83(11): 683-5.

Bramblett, R.G. and K.D. Fausch. 1992. Variable Fish
Communities and the Index of biotic Integrity in a Western
Great Plains River. Transactions of the American Fisheries
Society 129: 752-69.



170

Bronson, K.F., K.G. Cassmari, R. Wassmann, D.C. 01k, M. van
Noordwijk, and D.P. Garrity. 1998. Soil Carbon Dynamics in
Different Cropping Systems in Principal Ecoregions of Asia.
In: Management of Carbon Sequestration in Soil. Lal, R., J.M.
Kimble, R.F. Follett, B.A. Stewart. CRC Press LLC, Boca
Raton. pps. 35-57.

Brooks, R.P. and R.M. Hughes. 1988. Habitat Preferences of
Twenty-Five Common Species of Oregon Freshwater Fishes.
Northwest Science 62(5): 223-32.

Brotherson, J.D., D.L. Anderson, and L.A. Szyska. 1984. Habitat
relations of true mountain mahogany in central Utah.
Journal of Range Management 37(4): 32 1-9.

Brown, L.R. 1997. Concentrations of Chlorinated Organic
Compounds in Biota and Bed Sediment in Streams of the San
Joaquin Valley, California. Archives of Environmental
Contamination and Toxicology 33: 357-68.

Brown, D.D. and T.C. Brown. 1994. An Evaluation of Land
Classification Systems for Large-scale Water Quality
Assessment. American Water Resources Association. June:
939-48.

Brown, J.F., T.R. Loveland, J.W. Merchant, B.C. Reed, D.O. Ohien.
1993. Using Multisource Data in Global Land-Cover
Characterization: Concepts, Requirements, and Methods.
Photogrammetric Engineering & Remote Sensing 59(6): 977-
87.

Brussock, P. 1993. Experimental Design and Control: Keys to
Refining Rapid Bioassessment Metrics. Environmental
Toxicology and Chemistry 12(1): 1-2.

Brussock, P.P. and A.V. Brown. 1991. Riffle-pool Geomorphology
Disrupts Longitudinal Patterns of Stream Benthos.
Hydrobiologia 220: 109-17.



171

Bryan, G.G., and L.B. Best. 1994. Avian nest density and success
in grassed waterways in Iowa rowcrop fields. Wildlife Society
Bulletin 22(4): 583-92.

Bryce, S.A. and S.E. Clarke. 1996. Landscape-level Ecological
Regions: Linking State-Level Ecoregion Frameworks with
Stream Habitat Classifications. Environmental Management
20(3): 297-311.

Bryce, S.A., J.M. Omernik, D.E. Pater, M. Ulmer, J. Schaar, J.
Freeouf, R. Johnson, P. Kuck, and S.H. Azevedo. 1998.
Ecoregions of North Dakota and South Dakota. (Map poster).
U.S. Geological Survey, Reston, VA.

Burkart, M.R., and D.D. Buhier. 1997. A regional framework for
analyzing weed species and assemblage distributions using a
geographic information system. Weed Science 45(3): 455-62.

Calvo, J.F., J.A. Palazon, M.A. Esteve, M.L. Suarez, A. Torres, M.R
Vidalabarca, and L. Ramirezdiaz. The use of multivariate
analysis for the ecological characterization of the landscape:
The Mula River watershed, Southeast Spain. Journal of
Environmental Management 34(4): 297-308.

Cambell, W.G., and D.C. Moretenson. 1989. Ensuring the quality
of geographic information system data: a practical application
of quality control. Photogrammetric Engineering and Remote
Sensing 55(11): 1613-18.

Cannon, R.W., F.L. Knopf, and L.R. Pettinger. 1982. Use of landsat
data to evaluate lesser prairie chicen habitats in western
Oklahoma. Journal of Wildlife Management 46(4): 915-9.

Carrol, C.S., and S. A. Morain. 1992. Defining Biophysical Land
Units for Resource Management. Photogrammetric
Engineering & Remote Sensing 58(8): 1239-44.

Catling, P.M., and S. Porebski. 1997. An ecoregional analysis of
morphological variation in British Columbia coastal
strawberries for germplasm protection. Canadian Journal of
Plant Science 78: 117-23.



Charigeux, T. and D. Pont. 1995. Ichthyogeographic regions and
watershed size in the French River Rhone network.
Hydrobiologia 301: 355-63.

Chester, D.N., D.F. Stauffer, T.J. Smith, D.R. Luukkonen, and J.D.
Fraser. 1990. Habitat use by nonbreeding bald eagles in
North Carolina. Journal of Wildlife Management 54(2): 223-
24.

Clarke, S.E. and S.A. Bryce. 1997. Hierarchical Subdivisions of the
Columbia Plateau & Blue Mountains Ecoregions, Oregon &
Washington. General Technical Report PNW-GTR-395. U.S.
Department of Agriculture, Forest Service, Pacific Northwest
Research Station, Portland, OR ll4p.

Clarke, S.E., D. White, and A.L. Schaedel. 1991. Oregon, USA,
Ecological Regions and Subregions for Water Quality
Management. Environmental Management 15(6): 847-56.

Commission for Environmental Cooperation. 1997. Ecological
Regions of North America: Toward a Common Perspective.
Commission for Environmental Cooperation, Montreal,
Quebec, Canada. 7lpp.

Conner, R.N. 1985. Vocalizations of common ravens in Virginia.
Condor 87(3): 379-88.

Cook, J.G. and L.L. Irwin. Climate-vegetation relationships between
the great plains and great basin. American Midland
Naturalist 127(2): 3 16-26.

Costanza, R., R. Darge, R. Degroot, S. Farber, M. Grasso, B.
Hannon, K Limburg, S. Naeem, R.V. Oneffi, J. Paruelo, R.G.
Raskin, P. Sutton, and M, Vadenbelt. 1997. Nature
387(6630): 253-60.

Cowardin, L.M., F.C. Golet. US Fish and Wildlife Service 1979
Wefland Classification: A review. Vegetatio 118(1-2): 139-52.

Critical Ecoregions Program Strategy. 1998. The Sierra Club.
http://www.sierraclub.org/ecoregions/ecoregions.html
(7/1/98).

172



173

Crivelli, A.J., Y. Leshem, T. Mitchev, and H. Jerrentrup. 1991.
Where do palearctic great white pelicans presently overwinter?
Revue D Ecologic-La Terre et la Vie 46(2): 145-71.

Crowly, J.M. 1967. Biogeography. Canadian Geographer: 11(4):
312-26.

Cuffney, T.F., M.R. Meador, S.D. Porter, and M.E. Gurtz. 1997.
Distribution of fish, benthic invertebrate, and algal
communities in relation to physical and chemical conditions,
Yakima River Basin, Washington, 1990. USGS Water
Resources Investigations Report 96-4280.

Custer, T.W., R.G. Osborn, and W.F. Stout. 1980. Distribution,
species abundance and nesting-site use of Aflantic coast
colonies of herons and their allies. The Auk 97(7): 591-600.

Cufler, M.R. 1980. Wilderness decisions: values and challenges to
science. Journal of Forestry (2): 74-7.

Davis, F.W. and J. Dozier. 1990. Information analysis of a spatial
database for ecological land classification. Photogrammetric
Engineering and Remote Sensing 56(5): 605-13.

Davis, J.R. 1997. Revitalization of a Northcentral Texas River as
Indicated by Benthic Macroinvertebrate Communities.
Hydrobiologia 346: 95-117.

Davis, W.S., B.D. Snyder, J.B. Stribling and C. Stoughton. 1996.
Summary of state biological assessment programs for streams
and wadeable rivers. EPA 230-R-96-007. U.S. Environmental
Protection Agency; Office of Policy, Planning, and Evaluation;
Washington, DC.

Davison, R.P. 1985. Influencing congressional decisions on
wetlands conservation: information and communication
needs. Transactions off the North American Wildlife and
Natural Resources Conference 50: 4 18-24.



DeGaetano, A.T. 1996. Delineation of mesoscale climate zones in
the northeastern United States using a novel approach to
cluster analysis. Journal of Climate 9: 1765-82.

Delong, M.D. and M.A. Brusven. 1992. Patterns of periphyton
chlorophyll-a in an agricultural nonpoint source impacted
stream. Water Resources Bulletin. 28(4): 731-41.

Dennehy, K.F., D.W. Litke, C.M. Tate, J.S. Heiny. 1993. South-
Platte River Basin-Colorado, Nebraska, and Wyoming. Water
Resources Bulletin 29(4): 647-83.

Denton, S.R. and B.V. Barnes. 1988. An ecological climatic
classification of Michigan: a quantitative approach. Forest
Science 34(1): 119-38.

Dinerstein, E., D. M. Olson, D.J. Graham, A.L. Webster, S.A. Primm,
M.P.Bookbinder, and G. Ledec. 1995. A Conservation
Assessment of the Terrestrial Ecoregions of Latin America and
the Caribbean.The World Wildlife Fund. The World Bank.
Washington, D.C. l29p.

Dixon, R.K., J.K. Winjum, K.J. Andrasko, J.J. Lee, and P.E.
Schroeder. 1994. Integrated land-use systems: assessment
of promising agroforest and alternative land-use practices to
enhance carbon conservation and sequestration. Climatic
Change 27: 71-92.

Dobson, F.S., and Wigginton, J.D. 1996. Environmental influences
on the sexual dimorphism in body size of western bobcats.
Oecologia 108(4): 610-16.

Ecological Stratification Working Group. 1995. A national
ecological framework for Canada. Environment Canada, State
of Environment Directorate. Center for Land and Biological
Resources Research, Ottawa, Ontario.

174



175

Ecoregions Working Group. 1989. Ecoclimatic Regions of Canada.
First Approximation. Canada Committee on Ecological Land
Classification. Sustainable Development Branch, Environment
Canada. Ecological Land Classification Series, No. 23.
Ottawa, Ontario. ll8p.

Eddleman, W.R. and F.L. Knopf. 1985. Determining age and sex of
American Coots. Journal of Field Ornithology 56(1): 4 1-55.

Edwards, T.C. Jr., E.T. Deshler, D. Foster, and G.G. Moisen. 1996.
Adequacy of wildlife habitat relation models for estimating
spatial distributions of terrestrial vertebrates. Conservation
Biology 10(1): 263-70.

Edwards, T.C. Jr., G.G. Moisen, and D.R. Cufler. 1998. Assessing
Map Accuracy in a Remotely Sensed, Ecoregion-Scale Cover
Map. Remote Sensing of the Evironment 63: 73-83.

Ernst, T.L., N.C. Leibowitz., D. Roose, S. Stehman, and N.S.
Urquhart. 1995. Evaluation of US EPA Environmental
Monitoring and Assessment Program's (EMAP)- Wetlands
Sampling Design and Classification. Environmental
Management 19(1): 99-113.

Fausch, K.D., C.L. Hawkes, and M.G. Parsons. 1988. Models that
predict standing crop of stream fish from habitat variables:
1950-85. Gen. Tech. Rep. PNW-GTR-213. Portland, OR:
USDA Forest Service, Pacific Northwest, Research Station.
52p.

Fedkiw, J. 1997. The forest services pathway toward ecosystem
management. Journal of Forestry 95(4): 30-4.

Fend, S.V. and J.L. Carter. 1995. The Relationship of Habitat
Characteristics to the Distribution of Chironomidae (Diptera)
as Measured by Pupal Exuviae Collections in a Large River
System. Journal of Freshwater Ecology 10(4): 343-59.

Fielding, D.J. and M.A. Brusven. 1995. Ecological Correlates
between rangeland grasshopper and plant communities of
southern Idaho. Environmental entomology 24(6): 1432-41.



176

Finch, V.C. 1934. "Presenting the Geography of Regions." Annals
of the Association of American Geographers. 113-22.

Fisher, J.R., W.P. Kemp, and F.B. Pierson. 1996. Aulocara Elliotti
(Orthoptera, Acrididae) - Diapause Termination, Postdiapause
Development and Prediction of Hatch. Environmental
Entomology 25(5): 1158-66.

Fitzsimmons, A.K. 1993. Balanced Resource Solutions: Solving
Problems for Land Users by Balancing Economic and
Environmental Objectives. Statement before Committee on
Science, Space, and Technology. Sept. 14. 9p.

Fitzsimmons, A.K. 1995. Science or dogma? Why federal
management and protection of ecosystems is a bad idea.
Constructor. 10: 78-9.

Fitzsimmons, A.K. 1996a. Sound policy or smoke and mirrors: does
ecosystem management make sense? Water Resources
Bulletin 32(2): 2 17-27.

Fitzsimmons, A.K. 1996b. Stop the parade. BioScience 46(2) 78-9.

Fitzsimmons, A.K. 1998. Why a policy of federal management and
protection of ecosystems is a bad idea. Landscape and Urban
Planning 40: 195-202.

Forbes, B.C. 1995. Tundra disturbance studies, III: short term
effects of aeolian sand and dust, Yarnal region, Northwest
Siberia. Environmental Conservation 22(4): 335-45.

Fore, S.A., S.I. Guttman, A.J. Bailer, D.J. Aitfater, and B.V. Counts.
1995. Exploratory Analysis of Population Genetic Assessment
as a Water Quality indicator. Ecotoxicology and
Environmental Safety 30: 24-35.

Gallant, A.L., E.F. Binnian, J.M. Omernik, and M.B. Shasby. 1995.
Ecoregions of Alaska. US Geological Survey Professional
Paper 1567. U.S. Government Printing Office, Washington
D.C.



Gallant, A.L., T.R. Whittier, D.P. Larsen, J.M. Omernik, and R.M.
Hughes. 1989. Regionalization as a Tool for Managing
Environmental Resources. EPA/600/3-89/060. USEPA,
Environmental Research Laboratory, Corvallis, OR, l52p.

Gannon, R.W., D.L. Osmond, F.J. Humenik, J.A. Gale, and J.
Spooner. 1996. Goal-Oriented Agricultural Water Quality
Legislation. Water Resources Bulletin 32(3): 437-4?

Garcia, M.W. 1989. Forest Service experience with interdisciplinary
teams developing integrated resource management plans.
Environmental Management 13(5): 583-92.

Garman, G.C., and J.R. Moring. 1991. Initial effects of
deforestation on physical characteristics of a boreal river.
Hydrobiologica 209(1): 29-37.

Giese, J., B.Keith, M. Maner, R. McDaniel, and B. Singleton. 1987.
Physical, chemical, and biological characteristics of least-
disturbed reference streams in Arkansas' ecoregions. Volume
II. Data analysis. Arkansas Department of Pollution Control
and Ecology, Little Rock, AR. l48p.

Gilbert, G., R.G. Helie, and J.M. Mondoux. 1985. Ecoregions and
Ecodistricts of Quebec. In Ecosystem Sensitivity to Acid
Precipitation for Quebec. Ecological Land Classification
Series. No. 20 (A): 1-76. Lands Directorate, Environment
Canada. Ottawa, Ontario. 87p.

Gonzalez, O.J. 1996. Formulating an Ecosystem Approach to
Environmental Protection. Environmental Management 20(5):
597-605.

Graham, R.C. and J. Obal. The non-parametric statistical
evaluation of precipitation chemistry sampler intercomparison
data. Atmospheric Environment 23(5): 1117-30.

Greller, A.M. 1989. Correlation of Warmth and Temperateness with
the distributional limits of zonal forests in eastern North
America. Bulletin of the Torrey Botanical Club 116(2): 145-
63.

177



Griffon, D. 1997. Review of Ecosystem Geography. The
Geographical Review 87(1): 112-14.

Griffith, G.E., D.E. Canfield, Jr., C.A. Horsburgh, J.M. Omernik.
1997. Lake Regions of Florida. EPA/R-97/127. U.S.
Environmental Protection Agency, National Health and
Environmental Effects Research Laboratory, Corvallis, OR.
89p.

Griffith, G.E. and J.M. Omen-ilk. 1991. Alabama/Mississippi
Project. U.S. Environmental Protection Agency,
Environmental Research Laboratory, Corvallis OR. 2'7p.

Griffith, G.E., J.M. Omernik, and S.H. Azevedo. 1997. Ecoregions
of Tennessee. EPA! 600/R-97/022. U.S. Environmental
Protection Agency, National Health and Environmental Effects
Research Laboratory, Corvallis, OR. 5lp.

Griffith, G.E., J.M. Omernik, and S.H. Azevedo. 1998a. Ecoregions
of Tennessee. (Map poster). U.S. Geological Survey, Reston,
VA.

Griffith, G.E., J.M. Omernik, and S.H. Azevedo. 1998b. Ecological
classification of the western hemisphere. Unpublished report,
National Health and Environmental Effects Research
Laboratory, Office of Research and Development, USEPA,
Corvallis, OR.

Griffith, G.E., J.M. Omemik, S.M. Pierson, and C.W. Kfflsgaard.
1994. Massachusetts Ecological Regions Project.
EPA/600/A-94/ 111. USEPA, Environmental Research
Laboratory, Corvallis, OR. 58p.

Griffith, G.E., J.M. Omernik, C.M. Rohm, and S.M. Pierson. 1994.
Florida Regionalization Project. EPA/600/Q-95/002. USEPA,
Environmental Research Laboratory, Corvallis, OR. 83p.

Griffith, G.E. J.M. Omernik, T.F. Wilton, and S.M. Pierson. 1994.
Ecoregions and Subregions of Iowa: A Framework for Water
Quality Assessment and Management. The Journal of the
Iowa Academy of Science. 101(1): 5-13.

178



Hamilton, L.S. 1997. Maintaming Ecoregions in Mountain
Conservation Corridors. Wild Earth 3: 63-6.

Hammond, E.H. 1970. Classes of land-surface form. Map (scale
1:7,500,000). In: The National Atlas of the United States of
America. USGS, Washington, DC Plates 62-3.

Harden, M. 1999. The Bridge at Courbevoir by G. Seurat,
Courtauld Inst, London. In: TheArtchive.
www.artchive.com/artchive/s /seurat/bridge .j pg. html.
(3/15/99).

Harding, J.S. and M.J. Winterbourn. 1997. An Ecoregion
Classification of the South Island, New Zealand. Journal of
Environmental Management 51: 275-87.

Harding, J.S., M.J. Winterbourn, and W.F. McDiffett. 1997. Stream
Faunas and Ecoregions in South Island, New Zealand: Do
They Correspond? Archly Fur Hydrobiologie 140(3): 289-307.

Harrison, E.A. and H.H. Shugart. 1990. Evaluating performance of
an Appalachian oak forest dynamics model. Vegetation 86: 1-
13.

Hart, J.F. 1982. The highest form of the geographer's art. Annals
of the Association of American Geographers 72: 1-29.

Hartshorne, R. 1939. The nature of geography: a critical survey of
current thought in the light of the past. Annals of the
Association of American Geographers 29(3-4). Derwent
Whittlessey, Ed.

Hawkes, C.L., D.L. Mifier, and W.G. Layher. 1986. Fish Ecoregions
of Kansas: Stream Fish Assemblage Patterns and Associated
Environmental Correlates. Environmental Biology of Fishes
17(4): 267-79.

Hayden, B.P., G.C. Ray, and R. Dolan. 1984. Classification of
coastal and marine environments. Environmental
Conservation 11(3): 199-207.

179



180

Hayward, G.D. and R.E. Excano. Goshawk Nest-site characteristics
in Western Montana and Northern Idaho. Condor 9 1(2): 476-
9.

Heiskary, S.A. and W.W. Walker, Jr. 1988. Developing Phosphorus
Criteria for Minnesota Lakes Lake and Reservoir
Management 4(1): 1-9.

Heiskary, S.A., B.C. Wilson, and D.P. Larsen. 1987. Analysis of
Regional Patterns in Lake Water Quality: Using Ecoregions for
Lake Management in Minnesota. Lake and Reservoir
Management 3: 337-44.

Heiskary, S.A. and B.C. Wilson, 1989. The Regional Nature of Lake
Quality across Minnesota: an Analysis for Improving Resource
Management. Journal of the Minnesota Academy of Science
55(1): 71-77.

Herbertson, A.J. 1905. The major natural regions: an essay in
systematic geography. Geographical Journal 25: 300-12.

Herithy, A., P. Kaufmann, L. Reynolds, J. Li, and G. Robison. 1997.
Developing indicators of ecological condition in the Willamette
basin: an overview of the Oregon prepiot study for EPA's
EMAP program. In: River Quality, Dynamics and
Restoration. A. Laenen and D. A. Dunnette (eds.) Lewis
Publishers. CRC Press, Boca Raton. pp. 275-82.

Herithy, A.T., J.L. Stoddard, C.B. Johnson. 1998. The relationship
between stream chemistry and watershed land cover data in
the Mid-Atlantic Region, U.S. Water, Air, and Soil Pollution
105: 377-86.

Hession, W.C., D.E. Storm, C.T. Haan, S.L. Burks, and M.D.
Matlock. 1996. A Watershed-level Ecological Risk
Assessment Methodology. Water Resources Bulletin 32(5):
1039-54.



181

Hill, B.H., J.M. Lazorchak, F.H. McCormick, and W.T. Wihingham.
1987. The Effects of Elevated Metals on Benthic Community
Metabolism in a Rocky Mountain Stream. Environmental
Pollution 95(2): 183-90.

Hifis, G.A. 1960. Regional site research. For. Chron. 36: 401-23.

Hix, D.M. 1988. Multifactor classification and analysis of upland
hardwood forest ecosystems of the Kickapoo River watershed,
Southwestern Wisconsin. Canadian Journal of Forest
Research 18(11): 1405-15.

Hix, D.M. and B.V. Barnes. 1984. Effects of clear-cutting on the
vegetation and soil of an eastern hemlock dominated
ecosystem, Western Upper Michigan 14(6): 914-23.

Hix, D.M., and J.N. Pearcy. 1997. Forest ecosystems of the
Marietta Unit, Wayne National Forest, southeastern Ohio:
multifactor classification and analysis. Canadian Journal of
Forest Research 27: 1111-31.

Hlass, L.J., W.L. Fisher, and D.J. Turton. 1998. Use of the index of
biotic integrity to assess water quality in forested streams of
the Ouachita Mountains Ecoregion, Arkansas. Journal of
Freshwater Quality 13(2): 181-92.

Hogg, E.H. 1994. Climate and the southern limit of the western
Canadian boreal forest. Canadian Journal of Forest Research
24: 1835-43.

Hoidren, G.R., T.C. Strickland, P.W. Shaffer, P.F. Ryan, P.L.
Ringold, and R.S. Turner. 1993. Sensitivity of Critical Load
Estimates for Surface Waters to Model Selection and
Regionalization Schemes. Journal of Environmental Quality
22(2): 279-89.

Holl, S.A. and V.C. Bleich. 1987. Mineral lick use by mountain
sheep in the San Gabriel Mountains, California. Journal of
Wildlife Management 51(2): 383-5.



182

Holomuzki, J.R. 1998. Grazing Effects by Green Frog Tadpoles
(Rana clamitans) in a Woodland Pond. Journal of Freshwater
Ecology 13(1): 1-8.

Homer, C.G., R.D. Ramsey, T.C. Edwards, Jr., and A. Falconer.
1997. Landscape Cover-Type Modeling Using a Multi-Scene
Thematic Mapper Mosaic. Photogrammetric Engineering &
Remote Sensing 63(1): 59-67.

Homer, C.G, T.C. Edwards Jr., R.D. Ramsey, and K.P. Price. 1993.
Use of Remote Sensing Methods in Modeling Sage Grouse
Winter Habitat. Journal of Wildlife Management 47(1): 78-84.

Hondzo, M, and H.G. Stefan. 1993. Regional Water Temperature
Characteristics, Lakes, and Climate Change. Climatic Change
24: 187-211.

Hondzo, M, and H.G. Stefan. 1996. Long-Term Lake Water Quality
Predictors. Water Research 30(12): 2835-52.

Hopkinson, C.S. and J.J. Vallino. The relationships among mans
activities in watersheds and estuaries- a model of runoff
effects on patterns of estuarine community metabolism.
Estuaries 18(4): 598-62 1.

Host, G.E., D.P. Lusch, D.T. Cleland, K.S. Pregitzer, and C.W. Ram
1988. Variation in overstory biomass among glacial
landforms and ecological land units in Northwestern Lower
Michigan. Canadian Journal of Forest Research 19(6): 659-
68.

Host, G.E., P.L. Poizer, D.J. Miadenoff, M.A. White, and T.R. Crow.
1996. A Quantitative Approach to Developing Regional
Ecosystem Classifications. Ecological Applications 6(2): 608-
18.

Host, G.E., and K.S. Pregitzer. 1992. Geomprphic influcences on
ground flora and overstory composition in upland forests of
Northwestern Lower Michigan.



183

Huang, S.L., and J.J. Ferng. 1990. Applied land classification for
surface water quality management. Journal of Environmental
Management 31(2): 107-26.

Hughes, R.G. 1986. Theories and models of species abundance.
American Naturalist 128(6): 879-99.

Hughes, R.M. 1989. Ecoregional Biological Criteria. IN: Proceedings
of an EPA Conference, Water Quality Standards for the 21st
Century, Dallas, TX. 4p.

Hughes, R.M. 1989. What can Biological Monitoring Tell Us About
the Environmental Health of Aquatic Ecosystems? In:
Proceedings of an International Symposium; Design of Water
Quality Information Systems. R.C. Ward, J.C. Loftis and G.B.
McBride (eds.) Fort Collins, CO. pp. 447-460.

Hughes, R.M. 1995. Defining Acceptable Biological Status by
Comparing with Reference Conditions. In: Biological
Assessment and Criteria: Tools for Water Resource Planning
and Decision Making, W. Davis and T.P. Simon (eds.) Lewis
Publishing, Boca Raton, FL. pp. 31-47.

Hughes, R.M., and J.R Gammon. 1987. Longitudinal Changes in
Fish Assemblages and Water Quality in the Willamette River,
Oregon. Transactions of the American Fisheries Society. 116:
196-209.

Hughes, R.M., S.A. Heiskaiy, W.J. Matthews, and C.O. Yoder.
1994. Use of Ecoregions in Biological Monitoring. In:
Biological Monitoring of Aquatic Systems. S.L Loeb and A.
Spade (eds.). Lewis Publishers, Boca Raton, FL. pp. 125-5 1.

Hughes, R.M. and D.P. Larsen. 1988. Ecoregions: an Approach to
Surface Water Protection. Journal of the Water Pollution
Control Federation 60: 486-493.

Hughes, R.M., D.P. Larsen, and J.M. Omernik. 1986. Regional
Reference Sites: A Method for Assessing Stream Potentials.
Environmental Management. 10:629-635.



184

Hughes, R.M., E. Rexstad, and C.E. Bond. 1987. The Relationship
of Aquatic Ecoregions, River Basins, and Physiographic
Provinces to the Ichthyogeographic Regions of Oregon. Copeia
2: 423-32.

Hughes, R.M., T.R. Whittier, C.M. Rohm, and D.P. Larsen. 1990. A
Regional Framework for Evaluating Recovery Criteria.
Environmental Management. 14(5): 673-683.

Hughes, S.P. 1995. Two tools for integrating geology into
ecosystem studies. Environmental Geology 26: 246-51.

Hunsaker, C.T. R.L. Graham, G.W.Suter II, R.V. O'Neill, L.W.
Barnthouse, and R.H. Gardner. 1990. Assessing Ecological
Risk on a Regional Scale. Environmental Management 14(3):
325-32.

Hunsaker, C., R Graham, R.S.Tumer, P.L.Ringold, G.R.Holdren,
Jr., and T.C.Strickland. 1993. A National Critical Loads
Framework for Atmospheric Deposition Effects Assessment: II.
Defining Assessment End Points, Indicators and Functional
Subregions 17(3): 335-41.

Hunsaker, C.T. and D.A. Levine. 1995. Hierarchical Approaches to
the Study of Water Quality in Rivers. Bioscience 45(3): 193-
203.

Hunt, C.B. 1979. Surficial geology. Color proof of unpublished
map (scale 1:7,500,000). USGS, Washington, DC.

Huntington, T.G. 1995. Carbon sequestration in an aggrading
forest ecosystem in the southeastern USA. Soil Science of
America Journal 59(5): 1459-67.

Huntzinger, T.L. and M.J. Ellis. 1993. Central Nebraska river
basins. Water Resources Bulletin 29(4): 533-74.

Inldey, and Anderson. 1982. Wildlife communities and land
classifications systems. P 73-81 In: Transactions of the 47th
North American Wildlife and Natural Resources Conference.
Wildlife Management Institute, Washington DC.



185

Isaac, R.A., L. Gil, A.N. Coopermari, K. Hulme, B. Eddy, M. Ruiz, K.
Jacobson, C. Larson, and O.C. Pancorbo. 1997.
Environmental Science and Technology. 31(11): 3198-203.

James, P.E. 1934. The Regional Concept. Annals of the
Association of American Geographers. 42 (3): 196-222.

James, P.E. 1937. On the Treatment of Surface Features in
Regional Studies. Annals of the Association of American
Geographers. 213-28.

James, RE. 1952. The Terminology of Regional Description.
Annals of the Association of American Geographers. 78-92.

James, F.C., C.E. McCullogh, and D.A. Widenleld. 1996. New
approaches to the analysis of population trends in land birds.
Ecology 77(1): 13-27.

Jarmon, R. 1984. The development of aquatic ecoregions in
Oklahoma. Ph.D. dissertation. University of Oklahoma:
Norman. l79p.

Jenerette, D., J. Lee, D. Waller, and R. Carlson. 1998. The effect of
spatial dimensions on regionalization of lake water quality
data. In: Proceedings 8th International Symposium Spatial
Data Handling. T.K. Poiker and N. Chrisman (eds.). pps.
256-64.

Jensen, M.E., P. Bourgeron, R. Everett, and I. Goodman. 1996.
Ecosystem Management: A Landscape Ecology Perspective.
Water Resources Bulletin 32(2): 203-15.

Joerg, W.L.G. 1914. The subdivision of North America into natural
regions: A preliminary inquiry. Annals of the Association of
American Geographers 4: 55-83.

Johnson, L.B., and S.H. Gage. 1997. Landscape approaches to the
analysis of aquatic ecosystems. Freshwater Biology 37(1):
113-32.



Johnson, L.B., C. Richards, G.E. Host, and J.W. Arthur. 1997.
Landscape influences on water chemistry in midwestern
streams ecosystems. Freshwater Biology 37(1): 193+.

Johnston, C.A. and J. Bonde. 1990. Quantitative Analysis of
Ecotones Using a Geographic Information System.
Photogrammetric Engineering and Remote Sensing 55(11):
1643-7.

Jones, J. 1997 (7/25). Monitoring ecoregions: natural regions of
Texas. http: / /twri. tamu .edu/twripubs /WtrResrc/v23n 1/text-
4.html (Feb 1, 1999).

Jones, K.B., K.H. Riitters, J.D. Wickham, R.D. tankersley Jr., R.V.
O'Neffl, D.J. Chaloud, E.R. Smith, and A.C. Neale. 1997. An
ecological assessment of the United States Mid-Atlantic
region. USEPA/600/R-97/ 130. Office of Research and
Development, Washington, D.C.: 1 04p.

Joyce, L.A., T.W. Hoekstra, R.J. Aug. 1986. Regional Multiresource
Models in a National Framework. Environmental
Management 10(6): 761-71.

Kahl, R.B., T.S. Baskett, J.N. Burroughs, and J.A. Effis. 1985.
Characteristics of summer habitats of selected nongame birds
in Missouri. Missouri Agricultural Experiment Station
Research Bulletin 956: 1-16.

Kathura, F.B., I. Kullaya, M. Kilasara, R. Lal, B.R. Singh, and J.B.
Aune. 1996. Topsoil Thickness Effects on Soil Properties and
Maize Yield in Three Ecoregions of Tanzania. Journal of
Sustainable Agriculture 9(1): 11-30.

Karr, J.R. 1991. Biological Integrity: A Long-neglected Aspect of
Water Resource Management. Ecological Applications 1(1):
66-84.

186



187

Keene, W.C., B.W. Mosher, D.J. Jacob, J.W. Munger, R.W. Talbot,
R.S. Artz, J.R. Maben, B.C. Daube, J.N. Galloway. 1995.
Carboxylic-Acids in clouds at a high-elevation forested site in
central Virginia. Journal of Geophysical Research:
Atmospheres 100(D5): 9345-57.

Keys, J.E. Jr., C.A. Carpenter, S.L. Hoors, F. G. Koenig, W.H.
McNab, W.E. Russell and M.L. Smith. 1995. Ecological Units
of the Eastern United States. USDA Forest Service,
Washington DC. Map scale 1:3,500,000.

Kinch, J.A. 1997. Great expectations: the conservancy's far-
reaching efforts in the Great Lakes Ecoregion. The Nature
Conservancy 3: 25-9.

Kinsolving, A.D. and M.B. Bain. 1993. Fish Assemblage Recovery
Along a Riverine Disturbance Gradient. Ecological
Applications 3(3): 531-44.

Kiemas, V.V., J.E. Dobson, R.L. Ferguson, and K.D. Haddad. 1993.
A coastal land cover classification system for the NOAA
coastwatch change analysis project. Journal of Coastal
Research 9(3): 862-72.

Klijn, F., R.W. De Waal., and J.H. Oude Voshaar. 1995. Ecoregions
and Ecodistricts: Ecological Regionalizations for the
Netherlands' Environmental Policy. Environmental
Management 19(6): 797-813.

Kiopatek, J.M. 1988. Some Thoughts on Using a Landscape
Framework to Address Cumulative Impacts on Wetland Food
Chain Support. Environmental Management 12(5): 703-11.

Klopatek, J.M. and J.T. Kitchings. 1985. A regional technique to
address land-use changes and animal habitats.
Environmental Conservation 12(4): 343-.

Kiopatek, J.M., J.T. Kitchings, R.J. Olson, K.D. Kumar, and L.K.
Maim. 1981. A hierarchical system for evaluating regional
ecological resources. Biological Conservation 20: 27 1-89.



188

Knapp, A.K. 1984. Water relations a growth of 3 grasses during
wet and drought years in a taligrass prairie. Oecologia 65(1):
35-43.

Knapp, A.K., M.D. Abrams, and L.C. Hulbert. An evaluation of beta-
attenuation for estimating above ground biomass in a
taligrass prairie. Journal of Range Management 35(6) 556-
558.

Knopf, F.L., J.A. Sedgwick, and D.B. Inidey. 1990. Regional
correspondence among shrubsteppe bird habitats. The
Condor 92: 45-53.

Knutson, M.G. and E.E. Klaas 1998. Floodplain forest loss and
changes in forest community composition and structure in
the upper Mississippi river: a wildlife habitat at risk. Natural
Areas Journal 18(2): 138-50.

Kocan, A.A., M.G. Shway, W.C. Edwards, and J.H. Eve. 1980.
Heavy metal concentrations in the kidneys of white-tailed deer
in Oklahoma. Journal of Wildlife Diseases 16(4): 593-9.

Koutnik, M.A., and D.K. Padifia. 1994. Predicting the Spatial
Distribution of Dreissena Playmorpha (Zebra Mussel) among
Inland Lakes of Wisconsin: Modeling with a GIS. Canadian
Journal of Fisheries and Aquatic Science 51: 1189-96.

Krever, V., E. Dinerstein, D. Olson, and L. Williams eds. 1994.
Conserving Russia's biological diversity: an analytical
framework and initial investment portfolio. World Wildlife
Fund, Washington, DC. l4Sp.

Küchler, A.W. 1970. Potential Natural Vegetation. Map (scale
1:7,500,000). In: The National Atlas of the United States of
America. USGS, Washington, DC. Plates 90-1.

Küchler, A.W. 1973. Problems in classifying and mapping
vegetation for ecological regionalization. Ecology. 54: 5 12-23.

KUchler, A.W. 1984. Ecological vegetation maps. Vegetatio 55: 3-
10.



Lachowski, H.M., T. Wirth, P. Maus, and P. Avers. 1994. Remote
sensing and GIS: Their role in ecosystem management.
Journal of Forestry 92(8): 39-40.

Lant, C.L. and J.B. Mullens. 1991. Lake and river quality for
recreation management and contingent valuation. Water
Resources Bulletin 27(3): 453-60.

Larsen, D.P., D.R. Dudley, and R.M. Hughes. 1988. A Regional
Approach to Assess Attainable Water Quality: An Ohio Case
Study. Journal of Soil and Water Conservation 43:171-6.

Larsen, D.P., K.W. Thornton, N.S. Urquhart, and S.G. Paulsen.
1994. The Role of Sample Surveys for Monitoring the
Condition of the Nation's Lakes. Environmental Monitoring
and Assessment. 32: 10 1-34.

Larsen, D.R., S.R. Shifley, F.R. Thompson III, B.L. Brookshire, D.C.
Dey, E.W. Kurzejeski, and K. England. 1997. 10 guidelines
for ecosystem researchers: Lessons from Missouri. Journal of
Forestry (3): 4-8.

Layher, W.G. 1984. Compatibility of multiple uses: potable water-
supplies and fisheries. Fisheries 9(6): 2-11.

Legg, D.E., J.A. Lockwood, and M.J. Brewer. 1996. Variability in
Rangeland Grasshopper (Orthoptera: Acrididae) Counts When
Using the Standard, Visualized-Sampling Method.
Entomological Society of America. 9+(5): 1143-50.

Leland, H.V. 1995. Distribution of phytobenthos in the Yakima
River Basin, Washington, in relation to geology, land use and
other environmental factors. Canadian Journal of Fisheries
and Aquatic Sciences 52(5): 1108-1129.

Lenat, D.R., and J.K. Crawford. 1994. Effects of Land Use on
Water Quality and Aquatic Biota of Three North Carolina
Piedmont Streams. Hydrobiolgia 294: 185-99.

189



Livingstone, D.N. 1992. The Geographical Tradition: Episodes in
the History of a Contested Enterprise. Blackewell: Oxford.
434p.

Lobo, A., J.J. Ibanez Mart! and CC. Gimenez-Cassina. 1997.
Regional scale hierarchical classification of temporal series of
AVHRR vegetation index. International Journal of Remote
Sensing 18(15): 3167-93.

Longcore, J.R., D.A. Clugston, and D.G. Mcauley. 1998. Brood
sizes of syrnpatric American black ducks and mallards in
Maine. Journal of Wildlife Management 62(1): 142-5 1.

Lotspeich, F.B. 1981. Watersheds as the basic ecosystem: this
conceptual framework provides a basis for a natural
classification system. Water Resources Bulletin 16(4): 58 1-9.

Loveland, T.R., J.W. Merchant, D.O.Ohlen, and J.F. Brown. 1991.
Development of a Land-Cover Characteristics Database for the
Conterminous U.S. Photogrammetric Engineering & Remote
Sensing 57(11): 1453-63.

Lowe, J.J., K. Power, and M.W. Marsan. Canada's forest inventory
1991: summary by terrestrial ecozones and ecoregions.
Victoria, B.C.: Natural Resources Canada, Canadian Forest
Service, Pacific and Yukon Region.

Lowell, K.E. 1990. Differences between ecological land type maps
produced using GIS or manual cartographic methods.
Photogrammetric Engineering and Remote Sensing 56(2): 169-
73.

Lyons, J. Correspondence Between the Distribution of Fish
Assemblages in Wisconsin Streams and Omernik's
Ecoregions. The American Midland Naturalist 122: 163-82.

Lyons, J. 1996. Patterns in the Species Composition of Fish
Assemblages among Wisconsin Streams. Environmental
Biology of Fishes 45: 329-41.

190



191

MacCracken, J.G. 1996. Forest health I the inland northwest:
maintaining the focus. Wildlife Society Bulletin 24(2): 325-9.

MacPherson, A. 1987. Preparing for the National Stage: Carl
Sauer's First Ten Years at Berkeley in Kenzer, M.S. 1987.
Carl 0. Sauer: A Tribute. Oregon State University Press:
Corvallis 229p.

Maret, T.R., C.T. Robinson, and G.W. Minshall. 1997. Fish
Assemblages and Environmental Correlates in Least-
Disturbed Streams of the Upper Snake River Basin.
Transactions of the American Fisheries Society 126: 200-16.

Martin, G.J. and P.E. James. 1993. All Possible Worlds: A History
of Geographical Ideas. 3rd ed. John Wiley & Sons, Inc.: New
York. 584p.

Martin, R.D., G. Asrar, and E.T. Kanemasu. 1989. C-Band
Scatterometer measurements of a tallgrass prairie. Remote
Sensing of Environment 29(3): 28 1-92.

Mason, J.W., G.D. Wegner, G.I. Quinn, E.L. Lange. 1990. Nutrient
loss via groundwater discharge from small watersheds in
southwestern and south central Wisconsin. Journal of Soil
and Water Conservation. 2: 327.

Matthews, W.J., D.J. Hough, and H.W. Robison. 1992. Similarities
In fish distribution and water-quality patterns in streams of
Arkansas-congruence of multivariate analyses. COPEIA 2:
296-305.

Mattson, M.D., P.J. Godfrey, M.F. Walk, P.A. Kerr, and O.T. Zajicek.
1992. Regional chemistry of lakes in Massachusetts. Water
Resources Bulletin 28(6): 1045-56.

Mausbach, M.J. and T.A. Weber. 1998. Interagency efforts:
common maps of ecological units. Interdepartmental letter
with attachments.



192

McAuley, D.G., D.A. Clugston, and J.R. Longeore. 1998. Outcome
of aggressive interactions between American black ducks and
mallards during the breeding season. Journal of Wildlife
Management 62(1): 134-41.

McCormick, P.V. and J. Cairns, Jr. 1994. Algae as Indicators of
Environmental Change. Journal of Applied Phycology 6: 509-
26.

McDaniel, T.W. C.T. Hunsaker, J.J. Beauchamp. 1987.
Determining regional water quality patterns and their
ecological relationships. Environmental Management 11(4):
507-18.

McGhie, R.G., J. Scepan, and J.E. Estes. 1996. A comprehensive
managed areas spatial database for the conterminous United
States. Photogrammetric Engineering and Remote Sensing
62(44): 1303-6.

McNab, W.H. and P.E. Avers. 1994. Ecological subregions of the
United States: section descriptions. USDA Forest Service WO-
WSA-5. Washington, DC.

Meadows, M.E. 1997. Biogeography: adaptive radiation of a
discipline. Progress in Physical Geography 21(4): 583-92.

Merrill, T., R.G. Wright, and J.M. Scott. 1995. Using Ecological
Criteria to Evaluate Wilderness Planning Options in Idaho.
Environmental Management 19(6): 815-25.

Meyer, W.B., and B.L. Turner. 1992. Human population growth
and global land use cover change. Annual Review of Ecology
and Systematics 23: 39-61.

Miller, R. 1983. Habitat use of feral horses and cattle in Wyoming's
Red Desert. Journal of Range Management 36(2): 195-203.

Mifis, M.R., R.E. Houp, J.F. Brumley, and K.L. Smathers. 1997.
Reference reach fish community report. USEPA Division of
Water, Water Quality Branch. Ecological Support Section,
Frankfort, KY. Tech Rep No 52.



193

Minshall, G.W., J.R. Sedell, R.C. Petersen, R.L. Vannote, D.A.
Bruns, K.W. Cummins, and C.E. Cushing. 1985.
Developments in stream ecosystem theory. Canadian Journal
of Fisheries and Aquatic Sciences 42(5): 1045-55.

Mish, F.C., E.W. Gilman, J.G. Lowe, R.D. McHenry, and R.W. Pease,
Jr. eds. 1990. Webster's Ninth New Collegiate Dictionary.
Springfield, MA. 1563p.

Montgomery, D.R., G.E. Grant, and K. Sullivan. 1995. Watershed
analysis as a framework for implementing ecosystem
management. Water Resources Bulletin 31(3): 369-86.

Neilson, R.P. 1993. Vegetation redistribution: a possible biosphere
source of CO2 during climatic change. Water, Air, and Soil
Pollution 70: 659-73.

Nelson, R.L., W.S. Platts, D.P.Larsen, and S.E. Jensen. 1992.
Trout Distribution and Habitat in Relation to Geology and
Geomorphology in the North Fork Humboldt River Drainage,
Northeastern Nevada. Transactions of the American Fisheries
Society 121(4): 405-26.

Newell, A. and J. Bernert. 1996. Scientific and management issues
in Oregon's lake ecoregions. Northwest Science: Official
Publication of the Northwest Scientific Association 70:1.

Niemela, J. and J.R. Spence. 1991. Distribution and abundance of
an exotic ground beetle: a test of community impact. Olkos
62(3): 351-9.

Noronha, V.T. and M.F. Goodchild. 1992. Modeling interregional
interaction: implications for defining functional regions.
Annals of the Association of American Geographers. 8 1(1):
86-102

O'Brien, R.A. Forest Resources of northern Utah Ecoregions. USDA
Forest Service Publication INT-RB-87. Intermountain
Research Station, 23p.



194

Ojima, D.S., B.O.M. Dirks, E.P. Glenn, C.E. Owensby, and J.O.
Scurlock. 1993. Assessment of C budget for grasslands and
drylands of the world. Water Air arid Soil Pollution 70(1-4):
95- 109.

Ojima, D.S., W.J. Parton, D.S. Schimel, J.M.O. Scurlock, and T.G.F.
Kittel. 1993. Modeling the effects of climatic and CO2
changes on grassland storage of soil C. Water Air and Soil
Pollution 70(1-4): 643-57.

Olson, D.M. and E. Dinerstein. 1998. The Global 200: A
representation approach to conserving the Earth's distinctive
ecoregions. Conservation Science Program, WWF US. Draft
manuscript: March 1998.

Omernik, J.M. 1987. Ecoregions of the Conterminous United
States. (Map Supplement): Annals of the Association of
American Geographers. 77(1): 118-25, scale 1:7,500,000

Omemik, J.M. 1987. Ecoregions of the Northeast States. Map
(scale 1:2,500,000). EPA/600/D-87/3 13. Environmental
Protection Agency, Environmental Research Laboratory,
Corvallis, OR.

Omernik, J.M. 1995. Ecoregions: A Framework for Managing
Ecosystems. The George Wright Forum. 12(1): 35-50.

Omernik, J.M. 1995. Ecoregions: A Spatial Framework for
Environmental Management. In: Biological Assessment and
Criteria: Tools for Water Resource Planning and Decision
Making, W. Davis and T.P. Simon (eds.) Lewis Publishing,
Boca Raton, FL. pp. 49-62.

Omernik, J.M. 1999. Personal communication. (4/10/99).

Omernik, J.M. and R.G. Bailey. 1997. Distinguishing Between
Watersheds and Ecoregions. Journal of the American Water
Resources Association. 33(5): 1-15.



195

Omernik, J.M. and A.L. Gallant. 1987. Ecoregions of the Southwest
States. Map (scale 1:2,500,000). EPA/600/D-87/316.
Environmental Protection Agency, Environmental Research
Laboratory, Corvallis, OR.

Omernik, J.M. and A.L. Gallant. 1987. Ecoregions of the West
Central States. Map (scale 1:2,500,000). EPA/600/D-87/3 17.
Environmental Protection Agency, Environmental Research
Laboratory, Corvallis, OR.

Omernik, J.M. and A.L. Gallant. 1988. Ecoregions of the Upper
Midwest States. EPA/600/3-88/037. USEPA, Environmental
Research Laboratory, Corvallis, OR. 56p.

Omernik, J.M. and A.L. Gallant. 1989. Aggregations of Ecoregions
of the Contenninous United States. Map. USEPA,
Environmental Research Laboratory, Corvallis, OR.

Omernik, J.M. and G.E. Griffith. 1991. Ecological Regions Versus
Hydrologic Units: Frameworks for Managing Water Quality.
Journal of Soil and Water Conservation. 46(5): 334-340.

Omernik, J.M. and G.E. Griffith. 1999. Delineating Ecoregions:
Problems and Prospects. In Press.

Omernik, J.M., C.M. Rohm, R.A. Lillie, and N. Mesner. 1991. The
Usefulness of Natural Regions for Lake Management: An
Analysis of Variation Among Lakes in Northwestern
Wisconsin, U.S.A. Environmental Management 15(2): 281-93.

O'Neill, RV., C.T. Hunsaker, K.B. Jones, K.H. Rlitters, J.D.
Wickham, P.M. Schwartz, l.A. Goodman, B.L. Jackson, and
W.S. Baillargeon. 1997. Monitoring Environmental Quality at
the Landscape Scale. Bioscience 47(8): 513-19.

Oosterbroek, P. and I.R.M. Tangelder. 1987. A hybrid population of
Nephrotoma from a central Texas refugium. Canadian
Entomologist 119(1): 45-7.



Paltridge, G.W. 1991. RainIall-albedo feedback to climate.
Quarterly Journal of the Royal Meteorological Society 117:
647-50.

Pan, Y., R.J. Stevenson, B.H. Hill, AT. Herlihy, and G.B. Collins.
1996. Using Diatoms as Indicators of Ecological Conditions
in Lotic Systems: A Regional Assessment. Journal of the
North American Benthological Society 15(4): 481-95.

Parsons, M, and R.H. Norris. 1996. The Effect of Habitat-specific
Sampling on Biological Assessment of Water Quality Using a
Predictive Model. Freshwater Biology 36: 419-34.

Parton, W.J., D.S. Ojima, and D.S. Schimel. 1994. Environmental
change in grasslands: assessment using models. Climatic
Change 28: 111-41.

Paruelo, J.M., and W.K. Lauenroth. 1995. Regional patterns of
normalized difference vegetation index in North American
shrublands and grasslands. Ecology 76(6): 1888-98.

Paruelo, J.M., and W.K. Lauenroth, H.E. Epstein, I.C. Burke, M.R.
Aguiar, and O.E. Sala. 1995. Regional climatic similarities in
the temperate zones of North and South America. Journal of
Biogeography 22: 9 15-25.

Pastor, J. 1996. The Poetry of Ecoregions. The Prairie Naturalist
28(4): 211-12.

Pater, D.E., S.A. Bryce, T.D. Thorson, J. Kagan, C Chappeil, J.M.
Omernik, S.H. Azevedo, and A.J. Woods. 1998. Ecoregions of
Western Washington and Oregon. (Map poster). U.S.
Geological Survey, Reston, VA.

Peinado, M., F. Alcaraz, J.L. Aguirre, J. Delgadfflo, and I. Aguado.
1995. Shrubland formations and associations in
Mediterranean-desert transitional zones of northwestern Baja
California. Vegetation 117: 165-79.

196



Perala, D.A. 1984. How endemic injuries affect early growth of
aspen suckers. Canadian Journal of Forest Research 14(6):
755-62.

Peterson, M.J. 1996. The endangered Attwater's prairie chicken
and analysis of prairie grouse helminthic endoparasitism.
Ecography 19: 424-31.

Peterson, M.J., J.R. Purvis, J.R. Lichtenfels, T.M. Craig, N.O.
Dronen, and N.J. Silvy. 1998. Serologic and parasitological
survey of the endangered Attwater's prairie chicken. Journal
of Wildlife Diseases 34(1): 137-44.

Peterson, S.A., D.P. Larsen, S.G. Paulsen, and N.S. Urquhart. 1998.
Regional lake trophic patterns in the Northeastern United
States: three approaches. Environmental Management 22(5):
789-801.

Pfister, R.D., and S.F. Arno. 1980. Classifying forest habitat types
based on potential climax vegetation. Forest Science 26(1):
52-70.

Phillips, P.J. and L.J. Bachman. 1995. Hydrologic Landscapes on
the Delmarva Peninsula Part 1: Drainage Basin Type and
Base-flow Chemistry. Water Resources Bulletin 32(4): 767-
78.

Platts, W.S. and R.L. Nelson. 1985. Stream habitat and fisheries
response to livestock grazing and instream improvement
structures, Big-Creek, Utah. Journal of Soil and Water
Conservation 40(4): 374-79.

Poff, N.L. and J.D. Allen. 1995. Functional-organization of stream
fish assemblages in relation to hydrological variabffity.
Ecology 76(2): 606-27.

Poff, N.L. and J.V. Ward. 1989. Implications of Streamfiow
Variability and Predictability for Lotic Community Structure:
A Regional Analyses of Streamfiow Patterns. Canadian
Journal of Fisheries and Aquatic Sciences 46: 1805-18.

197



Poff, N.L. and J.V. Ward. 1990. Physical habitat template of lotic
systems-recovery in the context of historical pattern of
spatiotemporal heterogeneity. Environmental Management
14(5): 629-45.

Pratt, J.R. 1994. Artificial habitats arid ecosystem restoration:
managing for the future. Bulletin of Marine Science 55(2-3):
268-75.

Preston E.M. and B.L. Bedford. 1988. Developing the Scientific
Basis for Assessing Cumulative Effects of Wetland Loss and
Degradation on Landscape Functions: Status, Perspectives,
and Prospects.

Prisley, S.P., J.L. Smith, and T.G. Gregoire. 1989. The mean and
variance of area estimates computed in an arc-node
geographic information system. Photogrammetric Engineering
and Remote Sensing 55(11): 1601-12.

Public Law 91-190. 1970. 91st US Congress, 5. 1075. l3p. In:
Guidelines for Preparation of Environmental Statements.
1973. US Environmental Protection Agency Region X, Seattle,
WA.

Quigley, T.M., R.W. Haynes, W.J. Hann, D.C. Lee, R.S. Hoithausen,
and R.A. Greavenmier. 1998. Using an ecoregion assessment
for integrated policy analysis. Journal of Forestry no. 10: 33-
38.

Rabeni, C.F., and S.P. Sowa. 1996. Integrating Biological Realism
into Habitat Restoration and Conservation Strategies for
Small Streams. Canadian Journal of Fisheries and Aquatic
Science 53 (Suppi. 1): 252-9.

Ramsey, R.D., A. Falconer, and J.R. Jensen. 1995. The
Relationship Between NOAA-AVHRR NDVI and Ecoregions in
Utah. Remote Sensing of the Environment 53: 188-98.

198



199

Ravichandran, S. R. Ramanibal, and N.y. Pundarikanthan. 1996.
Ecoregions for Describing Water Quality Patterns in
Tamiraparani basin, South India. Journal of Hydrology 178:
257-76.

Ray, C.G. 1987. Toward a World Ecoregions Map? Environmental
Conservation 14(1): 80.

Reid, R. and K. Holland. 1997. The Land by the Lakes: Nearshore
Terrestrial Ecosystems. State of the Lakes Ecosystem
Conference 1996: Background Paper. EPA 906-R-97-015c.
l42p.

Resh, V.H., R.H. Norris, and M.T. Barbour. 1995. Design and
Implementation of Rapid AssessmentApproaches for Water
Resource Monitoring Using Benthic Macroinvertebrates.
Australian Journal of Ecology 20: 108-2 1.

Richards, R.P. 1990. Measures of flow variability and a new flow-
based Classification of Great Lakes tributaries. Journal of
Great Lakes Research 16(1): 53-70.

Richards, C., L.B. Johnson, and G.E. Host. 1996. Landscape-scale
influences on stream habitats and biota. Canadian Journal of
Fisheries and Aquatic Sciences 53(S1): 295-311.

Richter, B.D., J.V. Baumgartner, R. Wigington, and D.P. Braun.
1997. How much water does a river need? Freshwater
Biology 37(1): 23 1-49.

Ricketts, T., E. Dinerstein, D. Olson, C. Loucks, W. Eichbaum, K
Kavanagh, P. Hedao, P. Hurley, K. Caney, R Abell, and S.
Walters. 1997. A conservation assessment of the terrestrial
ecoregions of North America. Volume I. The United States
and Canada. World Wildlife Fund. Washington, DC.

Riddle, B.R. and R.L. Honeycutt. 1990. Historical biogeography in
North American arid regions: and approach using
mitochondrial-DNA phylogeny in Grasshopper Mice (Genus
Onychomys). Evolution 44(1): 1-13.



200

Riddle, B.R., R.L. Honeycutt, and P.L. Lee. 1993. Mitochondrial
DNA phylogeography in northern grasshopper mice
(Onychomys-Leucogaster)-the influence of quaternary climatic
oscifiations on population dispersion and divergence.
Molecular Ecology 2(3): 183-93.

Ringelman, J.K. and J.R. Longcore. 1982. Movements and wetland
selection by brood-rearing black ducks 46(3): 615-21.

Robinson, P.J. 1984. Use of the national environmental data
referral service. Bulletin of the American Meteorological
Society 65(12): 13 10-15.

Roca, R., L. Adkins, M.C. Wurschy, K. Skerl. 1996. Transboundary
conservation: an ecoregional approach to protect Neotropical
migratory birds in South America. Environmental
Management 20(6): 849-63.

Rohm, C.M., J.W. Giese, and C.C. Bennett. 1987. Evaluation of an
Aquatic Ecoregion Classification of Streams in Arkansas.
Journal of Freshwater Ecology 4(1): 127-40.

Rowe, J.M., S.K. Meegan, E.S. Engstrom, S.A. Perry, and W.B.
Perry. 1996. Comparison of Leaf Processing Rates Under
Different Temperature Regimes in 3 Headwater Streams.
Freshwater Biology 36(2): 277-88.

Rowe, S.J. and J.W. Sheard. 1981. Ecological land classification: a
survey approach. Environmental Management 5(5): 45 1-464.

Rowntree, R.A. 1984. Forest canopy cover and land use in four
eastern United States cities. Urban Ecology 8: 55-67.

Rubio-Palis, Y. and R.H. Zimmerman. 1997. Ecoregional
Classification of Malaria Vectors in the Neotropics. Journal of
Medical Entomology 34(5): 499-510.

Russell, E.W.B. 1997. People and the Land through Time: Linking
Ecology with History. Yale University Press: New Haven.
3O6p.



201

Rykken, J.J., D.E. Capen, and S.P. Mahabir. 1997. Ground Beetles
as indicators of land type diversity in the green mountains of
Vermont. Conservation Biology 11(2): 522-30.

Sanders, R.E. 1992. Day Versus Night Electrofishing Catches from
Near-Shore Waters of the Ohio and Muskingum Rivers. Ohio
Journal of Science 92(3): 5 1-9.

Schmidt, R.H. The arid zones of Mexico: climatic extremes and
conceptualization of the Sonoran Desert. Journal of Arid
Environments 16(3): 241-56.

Schmidt, T.L., J.S. Spencer, Jr., and M.H. Hansen. 1996. Old and
potential old forest in the lake states, USA. Forest Ecology
and Management 86: 81-96.

Schonter, R. and V. Novotny. 1993. Predicting Attainable Water
Quality Using the Ecoregional Approach. Water Science and
Technology. 28(3-5): 149-58.

Schwartz, M.D. 1984. A revision of the black grass bug genus
Irbisia Reuter. Journal of the New York Entomological Society
92(3): 193-306.

Schwintzer, C.R. 1981. Vegetation and nutrient status of northern
Michigan bogs and conifer swamps with a comparison to fens.
Canadian Journal of Botany 59: 842-53.

Schwintzer, C.R. and T.J. Tomberlin. 1982. Chemical and physical
characteristics of shallow ground waters in northern Michigan
bogs, swamps, and fens. American Journal of Botany 69(8):
1231-9.

Scott, J.M., F. Davis, B. Csuti, R. Noss, B. Butterfield, C.Groves., H.
Anderson., S. Caicco, F. D'erchia, T.D. Edwards, Jr., J.
Ulliman, and R.G. Wright. 1993. Gap Analysis: A Geographic
Approach to Protection of Biological Diversity. Wildlife
Monographs. Iss. 123: 1-41.



202

Short, H.L. 1988. A habitat structure model for natural-resource
management. Journal of Environmental Management 27(3):
289-305.

Sims, R.A., B.G. Mackey, K.A. Baldwin. 1995. Stand and
landscape level applications of a forest ecosystem
classification for northwestern Ontario, Canada. Ann. Sci.
For 52: 573-88.

Singer, S.W., N.L. Naslund, S.A. Singer, and C.J. Ralph. 1991.
Discovery and observations of 2 tree nests of the marbled
murrelet. Condor 93(2): 330-9.

Skousen, J.G., and C.A. Call. 1987. SOD seeding to modifiy coastal
bermudagrass on reclaimed lignite overburden in Texas.
Reclamation and Revegetation Research 6(3): 163-76.

Smith, M.E., J.M. Lazorchak, L.E. Herrin, S. Brewer-Swartz, and
W.T. Thoeny. 1997. A Reformulated, Reconstructed Water for
Testing the Freshwater Amphipod, Hyalella Azteca.
Environmental Toxicology and Chemistry 16(6): 1229-33.

Soriano, A. and J.M. Paruelo. 1992. Biozones: vegetation units
defined by functional characters identifiable with the aid of
satellite sensor images. Global Ecology and Biogeography
Letters 2: 82-89.

Soulliere, G.J. 1988. Density of suitable wood duck nest cavities
in a northern hardwood forest. Journal of Wildlife
Management 52(1): 86-9.

Sowa, S.P., and C.F. Rabeni. 1995. Regional Evaluation of the
Relation of Habitat to Distribution and Abundance of
Smallmouth Bass and Largemouth Bass in Missouri Streams.
Transactions of the American Fisheries Society 124: 240-51.

Spies, T.A. and B.V. Barnes. 1985. A multifactor ecological
classification of the northern hardwood and conifer
ecosystems of Sylvania Recreation Area, Upper-Peninsula,
Michigan. Canadian Journal of Forest Research 15(5): 949-
60.



203

Stadler, S.J. 1988. Climate, ecoregion, and golf course
maintenance costs. Presentation at the Annual Meeting of the
Association of American Geographers. Phoenix, AZ.

Staparilan, M.A., D.L. Cassell, and S.P. Cline. 1997. Regional
Patterns of Local Diversity of Trees: Associations with
Anthropogenic Disturbance. Forest Ecology and Management
93: 33-44.

Stefan, H.G., M. Hondzo, X. Fang, J.G. Eaton, and J.H. McCormick.
1996. Simulated Long-term Temperature and Dissolved
Oxygen Characteristics of Lakes in the North-Central United
States and Associated Fish Habitat Limits. Limnological
Oceanography 4 1(5): 1124-35.

Stein, B.A. 1996. Putting Nature on the Map. The Nature
Conservancy. 1: 24-27.

Steiner, J.J. and S.L. Greene. 1996. Proposed ecological
descriptors and their utility for plant germplasm collections.
Crop Science: 36(2): 439-51.

Stolzenburg, W. 1998a. Above the Rim. The Nature Conservancy.
5: 12-8.

Stolzenburg, W. 1998b. The United States of Nature. The Nature
Conservancy 3: 8-9.

Stoms, D.M., F.W. Davis, K.L. driese, K.M. cassidy, and M.P.
Murray. 1998. Gap analysis of the vegetation of the
interrnountain semi-desert ecoregion. The Great Basin
Naturalist 58(3): 199-216.

Stonedahl, G.M. 1988. Revision of the mirine genus Phytocoris
Fallen for western North America. Bulletin of the American
Museum of Natural History 188(1): 3-251.

Stoner, J.D., D.L. Lorenz, G.J. Wiche, and R.M. Goldstein. 1993.
Red River of the North Basin, Minnesota, North Dakota, and
South Dakota. Water Resources Bulletin 29(4): 575-6 15.



204

Swanson, S., R. Miles, K. Genz, and S. Leonard. 1988. Classifying
rangeland riparian areas: the Nevada task-force approach.
Journal of Soil and Water Conservation 43(3): 259-63.

Sybert, B., C. Wilhite, and J. Andrews. 1999. Hill Country Wild.
http: I /www.hcwild.oig/maps/rp/hceco2.gif (1/26/99).

Sylla, M. A. Stein, M.E.F. van Mensvoort, and N. van Breeman.
1996. Spatial variability of soil actual and potential acidity in
the mangrove agroecosystem of West Africa. Soil Science of
America Journal 60(1): 219-30.

Szumlas, D.E., C.S. Apperson, P.C. Hartig, D.B. Francy, and N.
Karabatsons. 1996. Seroepidemiology of La Crosse virus
infection in humans in western North Carolina. American
Journal of Tropical Medicine and Hygiene (54(4): 332-7.

Tate, C.M. and J.S. Heiny. 1995. The Ordination of benthic
invertebrate communities in the South Platte River Basin in
relation to environmental factors. Freshwater Biology 33(3):
439-54.

Thackway, R and I.D. Cresswell 1995. An interim biogeographic
regionalisation for Australia: a framework for setting priorities
in the national reserves system cooperative program.

Thiele, S.A. and S.E. Clarke. 1994. Landscape Level Ecological
Regions: Linking State-Level Ecoregion Frameworks with
Stream Habitat Classifications. USEPA. Environmental
Research Laboratory, Corvallis, OR. 39p.

Thiele, S.A. and J.M. Omernik. 1993. Subregions of the Columbia
Plateau Ecoregion. USEPA Environmental Research
Laboratory, Corvallis, OR. l9p.

Thorson, RM., and S.L. Harris. 1991. How natural are inland
wetlands: an example from the trail wood Audubon sanctuary
in Connecticut, USA. Environmental Management 15(5): 675-
87.



Trent Graphics. 1999. Relativity by M.C. Escher. In: Trent
Graphics. www.trentgrf.com/pos/O514.htm (3/15/99).

Udvardy, M.D.F. 1975. A classification of the biogeographical
provinces of the world. IUCN Occasional Paper No. 18. IUCN,
Morges, Switzerland.

Ulery, R.L., P.C. VariMetre, and A.S. Crossfield. 1993. Trinity River
Basin, Texas. Water Resources Bulletin 29(4): 685-711.

US Environmental Protection Agency. 1999. Level III Ecoregions of
the Continental United States. (Revision of Omernik, 1987):
Corvallis OR, USEPA-National Health and Environmental
Effects Research Laboratory, Map M- 1, Various Scales.

U.S. Environmental Protection Agency, Office of Water. 1986. Water
Quality Program Highlights: Arkansas' Ecoregion Program
Monitoring and Data Support Division Report. Washington,
DC 2p.

U.S. Environmental Protection Agency, Office of Water. 1988.
Summer Total Phosphorus in Lakes: A Map of Minnesota,
Wisconsin, and Michigan, U.S.A. Environmental Management.
12(6): 815-25.

U.S. Environmental Protection Agency, Office of Water. 1990. Ohio
EPA's Use of Biological Survey Information. Monitoring and
Data Support Division Report. Washington, DC. 4p.

U.S. Environmental Protection Agency, Science Advisory Board
Report. 1991. Evaluation of the ecoregion concept. EPA-SAB-
EPEC-91-003. Report of the Ecoregions Subcommittee of the
Ecological Processes and Effects Committee, Washington DC.

US General Accounting Office. 1994. Ecosystem Management:
Additional Actions Needed to Adequately Test a Promising
Approach. GAO/RCED-94- 111. United States General
Accounting Office, Washington DC. 87p.

205



206

Van Pelt, N.S. and N.E. West. 1993. Interactions of Pinyon and
Juniper Trees with Tebuthiuron applications at 2 matched
reinvaded sites in Utah. Journal of Range Management 46(1):
76-81.

Van Sickle, J. 1997. Using Mean Similarity Dendrograms to
Evaluate Classifications. Journal of Agricultural, Biological,
and Environmental Statistics, 2(4): 370-88.

Verburg, J., S. Langeveld, and A. Van den Hurk. 1994. Ecology,
Economy and local government in Breda: Towards and
Ecoregion. Tijdschrift voor economische en sociale geografie:
TESG = Journal of economic and social geography 85(3): 269.

Viimow, J.R. 1952. The position of the Koppen Da/Db boundary
in Eastern United States. Annals of the Association of
American Geographers 47(1): 94-7.

Vogelmann, J.E., T. Sohi, and S.M. Howard. 1998. Regional
characterization of land cover using multiple sources of data.
Photogrammetric Engineering and Remote Sensing 64(1): 45-
57.

Wany, N.D., and M. Hanau. 1993. The Use of Terrestrial
Ecoregions as a Regional-Scale Screen for Selecting
Representative Reference Sites for Water Quality Monitoring.
Environmental Management 17(2): 267-76.

What is the Global 200? 1999. The World Wildlife Fund.
http: / /www.worldwildlife org/action/global200/new/whatare.
htm (1/26/99).

White, J.S., 1997. Subregionalization of the Mid-Aflantic Coastal
Plain Ecoregion Within Maryland: University of Maryland,
unpublished M.S. Thesis. 98p.

Whittier, T.R., D.B. Halhiwell, and S.G. Paulsen. 1997. Cyprinid
Distributions in Northeast U.S.A. Lakes: Evidence of Regional-
Scale Minnow Biodiversity Losses. Canadian Journal of
Fisheries and Aquatic Science 54: 1593-607.



207

Whittier, T.R., R.M. Hughes, and D.P. Larsen. 1988.
Correspondence Between Ecoregions and Spatial Patterns in
Stream Ecosystems in Oregon. Canadian Journal of Fisheries
and Aquatic Sciences 45: 1264-78.

Whittier, R.R., D.P. Larsen, R.M. Hughes, C.M. Rohm, A.L. Gallant,
and J.M. Omernik. 1987. The Ohio Stream Regionalization
Project: A compendium of Results. EPA/600/3/-87/025.
USEPA, Environmental Research Laboratory, Corvallis, OR.
66p.

Wickware, G.M. and C.D.A. Rubec. 1989a. Ecoregions of Ontario.
Ecological Land Classification Series, No. 26. Sustainable
Development Branch, Environment Canada. Ottawa, Ontario.

Wickware, G.M. and C.D.A. Rubec. 1989b. Terrestrial Ecoregions
and Ecodistricts of Ontario. Map and descriptive table. In
ecoregions of Ontario. Ecological Land Classification Series,
No. 26. Sustainable Development Branch, Environment
Canada. Ottawa, Ontario.

Wiken, E.B. 1986. Terrestrial ecozones of Canada. Ecological Land
Classification Series No. 19. Environment Canada. Hull,
Quebec. 36p. +map.

Wiken, E.B. 1995. Developing and applying a national ecosystem
concept in Canada. In: C.A. Bravo, ed. North American
Workshop on Monitoring for Ecological Assessment of
Terrestrial and Aquatic Ecosystems, p. 39-46. USDA Forest
Service, Gen. Tech. Rep. RM-GTR-284. Rocky Mountain
Forest Station, Fort Collins, CO.

Wiken, E.B. and D. Gauthier. 1996. Conservation and ecology in
North America. In: E Wiken, ed. Reflections on Home Place.
Canadian Plains Research Center and University Extension
Press, Ottawa, Ontario.

Wiken, E.B. and D. Gauthier. 1997. Ecological regions of North
America. Presentation to the Third International Conference
on the Science and Management of Protected Areas (SAMPAA),
May 12-16, 1997, Calgary, Alberta.



208

Wiken, E.B., D.A. Gauthier, I. Marshall, K. Lawton, and H.
Hirvonem. 1996. A perspective on Canada's ecosystems: an
overview of the terrestrial and marine ecozones. Canadian
Council on Ecological Areas Occasional Paper Number 14,
Ottawa, Ontario.

Wiken, E.B. and K. Lawton. 1995. North American protected areas:
an ecological approach to reporting and analysis. The George
Wright Forum 12(1): 25-33. Hancock, MI.

Wiken, E.B., C.D.A. Rubec, and G.R. Ironside. 1989. Terrestrial
Ecoregions of Canada. Provisional Map 1:7,500,000.
Sustainable Development Branch, Environment Canada.
Ottawa, Ontario.

Wikstrom, J.H. 1987. Moving forestry into the post-modern world.
Ambio 16(2-3): 154-6.

Wilcox, B.A. and K.N. Duin. 1995. Indigenous Cultural and
biological diversity: overlapping values of Latin American
ecoregions. Cultural Survival Quarterly: 49-53.

Wilzbach, M.A., and K.W. Cummins. 1989. An assessment of
Short-term Depletion of Stream Macroinvertebrate Benthos by
Drift. Hydrobiologia 185: 29-39.

Wilzbach, M.A. 1990. Nonconcordance of Drift and Benthic Activity
in Baetis. Limnology and Oceanography. 34(4): 945-52.

Wilzbach, M.A., and K.W. Cummins. 1989. An assessment of
Short-term Depletion of Stream Macroinvertebrate Benthos by
Drift. Hydrobiologia 185: 29-39.

Woods, A.J., J.M. Omernik, D.D. Brown, and C.W. Kiilsgaard.
1996. Level III and IV Ecoregions of Pennsylvania and the
Blue Ridge Mountains, the Ridge and Valley, and Central
Appalachians of Virginia, West Virginia, and Maryland.
EPA/600/R-96/077. USEPA National Health and
Environmental Effects Research Laboratory, Corvallis, OR
50p.



209

Woods, A.J. and J.M Omernik. 1996. Ecoregions of Pennsylvania.
The Pennsylvania Geographer 34(2): 2-37.

Woodward, D.F., A.M. Farag, M.E. Mueller, E.E. Little, and F.A.
Vertucci. 1989. Sensitivity of endemic Snake River Cutthroat
Trout to acidity and elevated aluminum. Transactions of the
American Fisheries Society 118(6): 630-43.

Wright, R.G., J.G. MacCracken, and J. Hall. 1994. An Ecological
Evaluation of Proposed New Conservation Areas in Idaho:
Evaluating Proposed Idaho National Parks. Conservation
Biology 8(1): 207-16.

Wright, R.G. M P. Murray, and T. Merrill. 1998. Ecoregions as a
level of ecological analysis. Biological Conservation 86: 207-
213.

Young, T.C., and J.L. Stoddard. 1996. The Temporally Integrated
Monitoring of Ecosystems (TIME) Project Design 1.
Classification of Northeast Lakes Using a Combination of
Geographic, Hydrogeochemical, and Multivariate Techniques.
Water Resources Research 32(8): 25 17-28.

Zoughi, R., J. Bredow, and R.K. Moore. 1987. Evaluation and
comparison of dominant backscattering sources at 10 GHz in
2 treatments of tall-grass prairie. Remote Sensing of
Environment 22(3): 395-412.



210



ECOREGION QUESTIONNAIRE

Name:

Job Title:

What is your collegiate training?

Undergraduate Major / Location:

Master's focus I Location:

Thesis or Project Title:

Ph.D. focus I Location:

Title of Dissertation:

What do you consider to be your geographic specialty? (e.g.
climate, geomorphology, biogeography, etc)

Additional Training:

Number of years spent working on ecoregions:

What are the states in which you have worked on ecoregion
delineation?

What Is your motivation for working on ecoregions?

211



212

Please circle the BEST definition of the term ecoregion on the
following list. If none of these examples are suitable, feel free
to compose your own.

Area depicting ecosystems of regional extent at the macroscale
in which there is a distinctive association of causally
interconnected features in which a change in one feature
would cause a change within another and the geographic
distribution.

Any large portion of the Earth's surface over which
ecosystems have characteristics in common

A classification of ecologically distinctive areas, at a variety of
scales, of the Earth's surface. Each area can be viewed as a
discrete system which has resulted form the mesh and
interplay of the geologic, laridfonn, soil, vegetative, climatic,
wildlife, water and human factors which may be present.

Areas with relative homogeneity in ecosystems within which
the mosaic of ecosystem components, biotic (including
humans), abiotic, terrestrial, and aquatic, is different than
that of adjacent regions.

Relatively large areas of land or water that share a large
majority of their species, dynamics, and environmental
conditions.

Ecoregions follow living boundaries, laid down by climate and
natural ground cover and within each lives a cohesive
collection of living things, a characteristic cover of plants and
animals adapted to the terrain and seasons, the natural trials
of wildfire, drought and floods.



Rank of Importance of Geographical Factors at Level III

Assume you are confronted with the task of delineating Level
III ecoregions for a hypothetical continent that contains all of
the following factors. Please rank the importance of the
various factors, and point out those factors that are not
applicable for Level III delineation. Circle any factors that
stand out from the rest in level of importance.

Extremely Important 5
Important 4

Moderately Important 3
Somewhat Important 2

Not Important 1
Not Applicable N/A

Presence of Glaciated
Terrain
Fish Faunal
Distributions
Urban Features
Mammal Fauna
Avifaunal Distributions
Bedrock
Soils
Vegetation
Agricultural
Development
Mining (including
tailings)
Microclimates
Mesoclimates
Macroclimates
Physiography
Stream Water Quality
Logging Activity

Chemical soil
components
Lake Water Chemistry
Hydrology
Political Boundaries
Land Use
Surficial Geology
Nuclear Test Sites
Engineered Waterways
(Canals, Aqueducts)
User's objectives
Human Population
Density
Federal Agency
Jurisdictions (e.g. BLM
vs. NPS vs. FS operated
lands)
Regional Anomalies
(former swamps,
lakebeds)
Weather Anomalies
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Rank of Importance of Geographical Factors at Level IV

Assume you are confronted with the task of delineating Level IV
ecoregions for a hypothetical place that contains all of the
following factors. Please rank the importance of the various
factors, and point out those factors that are not applicable for
Level 1V delineation. Circle any factors that stand out from the
rest in level of importance.

Extremely Important 5
Important 4

Moderately Important 3
Somewhat Important 2

Not Important 1

Not Applicable N/A
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Presence of Glaciated
Terrain
Fish Faunal
Distributions
Urban Features
Mammal Fauna
Avifaunal Distributions
Bedrock
Soils
Vegetation
Agricultural
Development
Mining (including
tailings)
Microclimates
Mesoclimates
Macroclimates
Physiography
Stream Water Quality
Logging Activity

Chemical soil
components
Lake Water Chemistry
Hydrology
Political Boundaries
Land Use
Surficial Geology
Nuclear Test Sites
Engineered Waterways
(Canals, Aqueducts)
User's objectives
Human Population
Density
Federal Agency
Jurisdictions
(e.g. BLM vs. NPS vs. FS
operated lands)
Regional Anomalies
(former swamps,
lakebeds)
Weather Anomalies



215

To better understand the inclusion and significance of
reference sources, please rank the categories of references that
are most important when delineating ecoregions. You may
assign equal ranks to material.

Departmental literature (not peer reviewed)

Professional Papers (peer reviewed journals, etc)

Text and Reference books (excluding atlases)

Maps

Atlases

Internet Websites

Other

Rank the following features of ecoregion classifications based
on importance. Write N/A any features that do not apply:

Transcend agency jurisdictions

Transcend political boundaries

Use for fishery management

Use for forestry management

Aid conservation of biodiversity

Aid wildlife management

Improve water quality management

Use as an Extrapolation Unit

Broad-Based Holistic Environmental Management

Other
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Briefly state the greatest advantage ecoregions have over other
environmental classifications?

Rank the following concerns associated with ecoregions. The
greatest area of concern should be assigned the number one:

Lack of a formal procedure for delineating and subdividing

ecoregions

Lack of formal methods for selecting reference sites

Difficulty defining and locating boundaries

Difficulty in repeatability of delineation

Use of different landscape variables among frameworks

Extreme differences in relative ecoregions size at the same

level

Varying levels of within region homogeneity

Other:

In your opinion, what will be the foremost "future use" of
ecoregions in the next century?


