
ECOREGIONS 
Ecoregion development by EPA 
  
    - purpose, definitions, methods, applications, and interagency 

activities 
 

Perspectives on the nature of ecoregions and their definition 
 
    -  ecoregions do not nest 
    -  why there is disagreement over how to define ecoregions 
 
The process of refining and subdividing ecoregions 
 
General purpose and special purpose regions 
 
Distinguishing between ecoregions, watersheds, and hydrologic  

  units (HUCs)  
 
 



ECOREGIONS 
Areas of similarity regarding patterns in the mosaic of biotic, 
abiotic, aquatic, and terrestrial ecosystem components, with 
humans being considered as part of the biota 

General Purpose 

  A spatial framework to allow resource mgmt. agencies and 
programs with different responsibilities for the same 
geographic areas to integrate their research, assessment, 
and management activities regarding environmental 
resources. 

  Ecoregions were not designed to serve a single purpose or 
to correspond specifically to patterns of specific components 
such as fish, macroinvertebrates, soils, or vegetation. 

  Ecoregions are intended to serve as a geographic 
organizational tool for ecosystem management. 



-The quality and quantity of water at any point reflects the 
aggregate of characteristics upgradient from that point. 

 

-Water quality and quantity will tend to be similar within areas 
where this “aggregate” is similar. 

 

-Therefore, for effective water resource research, assessment, and 
management we must 1) define these regions with similar 
characteristics and 2) identify sets of “reference” watersheds/areas 
within each region. 

 

-These regions of similarity (ecoregions) can be used to set 
expectations, standards, management practices, etc. 

 

-Basins and watersheds may then be identified to address 
contributions to particular points.  The regional reference data will 
be used to determine the contributions. 

 



“Ecological land classification is a process of delineating  and 
 
classifying ecologically distinctive areas of the earth’s surface.   
 
Each area can be viewed as discrete system which has resulted 
 
from the mesh and 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 factors 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 ‘86 



 



 



Examples of “Ecoregion Frameworks 

   U.S. NRCS major land resource regions 
   USEPA ecoregions 
   U.S. Forest Service 
       - Bailey ecoregions 
       - ECOMAP terrestrial ecological units (Keys et al.)     
       - aquatic ecological units (Maxwell et al.) 
   World Wildlife Fund 
      - terrestrial ecoregions 
      - freshwater ecoregions 
   Commission for Environmental Cooperation ecological regions 
   NITT common ecological regions 
   ------------------ 
   Quantitatively developed ecoregions (e.g. Hargrove and Hoffman) 

 
 



McMahon and others. 2001.  Developing a 
Spatial Framework of Common Ecological 
Regions for the Conterminous United 
States.  Environmental Management 
28(3):293-316 







REASONS FOR DISAGREEMENT OVER HOW TO 
DELINEATE ECOREGIONS 

1. Disagreement on the definition of ecosystems 
2. The complexity of the nature of ecoregions and 

ecoregion boundaries 
3. Bias toward particular characteristics 
4. Inability or reluctance to embrace a holistic 

ecosystem concept and preoccupation with specific 
objectives and reductive methods 

5. Disagreement on whether to use quantitative (rule-
based) or qualitative (weight of evidence) 
approaches 

6. Disagreement over whether watersheds comprise 
ecoregions 

7. Investment in existing frameworks and reluctance 
to change. 



A major problem: 
 
A common belief that ecoregion 
boundaries must be based on a 
single characteristic 



Ecoregion Boundaries 

 Places where the mosaic of geographic 
phenomena that characterize on ecoregion 
meet those of an adjacent ecoregion. 

 



REASONS FOR DISAGREEMENT OVER HOW TO 
DELINEATE ECOREGIONS 

1. Disagreement on the definition of ecosystems 
2. The complexity of the nature of ecoregions and 

ecoregion boundaries 

3. Bias toward particular characteristics 
4. Inability or reluctance to embrace a holistic 

ecosystem concept and preoccupation with specific 
objectives and reductive methods 

5. Disagreement on whether to use quantitative (rule-
based) or qualitative (weight of evidence) 
approaches 

6. Disagreement over whether watersheds comprise 
ecoregions 

7. Investment in existing frameworks and reluctance 
to change. 



Quote from an ecologist/botanist on his state map of 
ecoregions: 
 
“My ideas have not changed since the first time I 
started putting these notes together some 7+ years 
ago; this is not because I am getting old and 
conservative, it is because I am right and I know it(!). 
 
I have emphasized vegetation and plant distributions, 
which I think is useful, and gives my map an edge over 
the others that claim to be biogeographic, but do not 
really take details into consideration. 
 
ACTUALLY, my main conclusion is that there is no 
perfect eco/regional map – there are too many 
viewpoints, applications, and biases to allow a perfect 
map.” 



General purpose ecological regions 

Based on spatial coincidence of numerous 
geographic phenomena affecting or 
reflecting ecosystem characteristics 

Specific purpose regions (e.g. 
alkalinity, soils, or geology regions) 

Based on patterns of one characteristic and 
spatial associations with causal or reflective 
geographical phenomena 















North American Ecoregions 
(CEC) 

Levels I, III, & III 





Level III and IV Ecoregions of the Conterminous U.S.  
 Revised April 2013 

 85 Level III,  967 Level IV ecoregions 
 
 



ECOREGION DEVELOPMENT 
Collaborative projects with states, EPA Regions, other federal 
agencies, and NHEERL-WED to refine and subdivide ecoregions 
and locate reference cites. 

Provides a framework for: 

- ecosystem management 

- developing biological criteria 

- setting water quality standards 

- establishing lake management goals 

- assessment and management of nonpoint source pollution 

- TMDL allocations and NPDES evaluations 

- extrapolation from “watershed” studies 

 



DEVELOPING LEVEL III AND IV ECOREGIONS  
- Projects are collaborative and always driven by needs 

- EPA/USGS geographers facilitate work to decrease spatial 
inconsistency 

Process: 
1. Initial meeting to gather information and ideas, determine 
participants, and discuss purpose, approaches, and timelines 

2. Research subject region (gather maps , books, ideas etc. on 
the geography, ecology, and resources of the region) 

3. Develop level III and IV scenarios 

4. Draft map and descriptions sent out for review 

5. Review meeting 

6. Revise map and descriptions 

7. Second review meeting and field verification 

 



Process (continued): 
8.  Revise level III and IV ecoregions and descriptions 

9.  Peer review 

10. Produce co-authored and co-endorsed 
maps/posters 

 



http://www.epa.gov/wed/pages/ecoregions/level_iii_iv.htm 



Number of individuals listed as principal authors on Level IV 
Ecoregion mapping publications, 1994-2011, and their affiliations.  
(Total number of individuals = 130) 
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Number of individuals listed as coauthor, collaborator, contributor, or peer 
reviewer* on Level IV Ecoregion mapping publications, 1994-2011, and their 
affiliations.    (Total number of individuals = 446) 
* (peer reviewer list incomplete) 
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California: 13 Level III and 177 Level IV Ecoregions 
publication status: USGS Open-File Report, in peer review 



David W. Smith (NRCS State Soil 
Scientist) 
Terry D. Cook (NRCS-retired)  
Ed Tallyn (NRCS) 
Kendra Moseley (NRCS)  
John Rogers (NRCS-retired) 
Thor Thorson (NRCS) 
Dick McCleery (NRCS) 
 
James Weigand (BLM) 
 
Ben Sleeter (USGS)  
James Calzia (USGS) 
 
Hazel Gordon (USFS)  
Hugh Safford (USFS)  
Joseph Furnish (USFS)  
 
Robert K. Hall (USEPA) 
 

Todd Keeler-Wolf (DFG) 
 
Julie Evens (CNPS)  
Greg Suba (CNPS) 
 
Earl B. Alexander (Soils & 
Geoecology) 
 
James M. Harrington (DFG) 
Peter Ode (DFG) 
 
Randy Southard (UC-Davis) 
Toby O’Geen (UC-Davis) 
 
Colleen B. Johnson (Raytheon/SRA)  
Sandra A. Bryce (Dynamac 
Corporation) Alan J. Woods (Oregon 
State University) 

The big help in California…. 



Presenter
Presentation Notes
In press, June 2014: 
Griffith, G.E., Omernik, J.M., Johnson, C.B., and Turner, D.S., 2014, Ecoregions of Arizona (poster): U.S. Geological Survey Open-File Report 2014–XXXX, with map, scale 1:1,325,000, http://dx.doi.org/10.3133/ofr2014XXXX.



Applications 
- Ecosystem management 
- Developing biological criteria 
- Setting water quality standards 
- Establishing lake management goals 
- Assessment and management of nonpoint source 

pollution 
- TMDL allocations and NPDES evaluations 
- Extrapolation from “watershed” studies 
- Post stratification of EMAP data 
- Evaluating land cover change 



Principal components analysis showing Ohio ecoregional 
patterns in least-disturbed reference watersheds 

Presenter
Presentation Notes
Ohio ecoregional patterns in nutrient richness and ionic strength variables in least-impacted watersheds as indicated by principal components axis I scores for each. Square color corresponds to site in an ecoregion of the same color on the index map
Patterns of single chemical parameters in Ohio streams were seldom associated with EPA ecoregions. However, a principle components analysis of combinations of all the chemical characteristics sampled, with a combination of components comprising nutrient richness on one axis and a combination of components comprising ionic strength on the other, revealed a strong ecoregion pattern



Applications: State Water Quality 
Assessments,  

“My study showed 
that the 4 
southeastern 
ecoregions examined 
could be delineated 
on the basis of the 
stream invertebrate 
assemblages 
they contain. This 
finding supports the 
hypothesis 
that ecoregions 
represent a useful 
framework 
with which to 
characterize natural 
variation 
in aquatic biota” 



Applications: State Water Quality Assessments, 
Regional Reference Conditions, WQ Standards 

Arkansas    Tennessee 



Land Cover with 
Ecoregions 

Applications: USGS Land Cover 
Trends 



Overall spatial change from 1973 to 2000 for all 
Western U.S. ecoregions   (Sleeter et al., 2011) 

http://landcovertrends.usgs.
gov/ 



Applications: BLM Rapid Ecoregional Assessments 
in 7 Level III Ecoregions …..  started in 2010 

 Partners: BLM, states, NatureServe, other contractors 

 Objectives: ‘wall-to-all’ assessment of key resources and change agents – including 
climate change -  in preparation for resource management planning (under NEPA) 

Rapid Ecoregional Assessments 
(REAs)  
REAs synthesize the best 
available information about 
resource conditions and trends 
within an ecoregion. Tie to future 
projections. 

Ecoregional Direction  
Ecoregional direction will use the 
results of the REAs to identify key 
management priorities for the 
public lands within an ecoregion.  

Field Implementation  
Management priorities and 
strategies identified in ecoregional 
direction  put into practice on-the-
ground. 



Applications: State Wildlife Action Plans 
e.g., http://www.wildlifearkansas.com/strategy.html 



Applications: Bird Conservation Regions 

Partners In Flight 
“Physiographic Areas”  
Based in part on Level III 
ecoregions 

North American Bird Conservation 
Initiative 
Bird Conservation Regions (BCRs) created by 
aggregating CEC level II, III, and IV ecoregions in 
combinations that reflect bird species distribution and 
life history requirements. 
 

Presenter
Presentation Notes
The bird conservation regions for the US and North America were based heavily on ecoregions. These bird programs involve a coalition of federal government agencies (especially Dept. of Interior), state agencies, private organizations, academics, and various bird initiatives working to ensure the long-term health of North America's native bird populations. 



Applications:  
Bird Conservation Regions and Bird Atlases 

Birding Nebraska 
NebraskaLand Magazine 
Vol. 82, No 1, Jan/Feb 
2004  
 

Author: Jon Farrar 
Contents 
INTRODUCTION 
EARLY BIRD STUDY 
A CENTURY OF BIRD STUDY 
ECOREGIONS AND DESTINATIONS 
 
WESTERN CORN BELT PLAINS 
Missouri River Corridor 
   Indian Cave State Park 
   Fontenelle Forest 
   Neale Woods 
   DeSoto National Wildlife Refuge 
Tallgrass Prairie 
   Audubon Spring Creek Prairie 
   Pawnee Prairie Wildlife Management Ar  
   Burchard Lake Wildlife Management Are  
CENTRAL GREAT PLAINS 
Loess Hills and Plains 
   Cather Prairie 
   Myrtle Hall Wildlife Management Area 
............... 

 
 



Applications: Forest Disturbance Assessments 
 

Volume 115, Issue 
12, December 2011 
 
Modeling conifer 
species 
vulnerability to 
climate change 
within 34 Level III 
ecoregions and 
comparing to 
MODIS imagery 
disturbance 



Distinguishing between 
ecoregions, watersheds, and 

hydrologic units (HUCs) 



 
 





WATERSHEDS 

Areas within which apparent surface 
water drains to a particular point. 

 

ECOREGIONS 

Regions of relative homogeneity in 
ecological systems and/or relationships 
among organisms and their environments 



BASINS 

Large watersheds 

 

HYDROLOGIC UNITS 

Watersheds and segments of watersheds 
and basins, often with adjacent 
intersticies 



WATERSHEDS 

Useful for assessing the relative 
contribution of natural and anthropogenic 
characteristics to the quality and quantity 
of water at specific points on streams and 
on particular water bodies. 



ECOREGIONS 

Provide a spatial framework for the 
research, assessment, inventory, 
monitoring, and management of 
ecosystems and ecosystem components. 



-The quality and quantity of water at any point reflects the 
aggregate of characteristics upgradient from that point. 

 

-Water quality and quantity will tend to be similar within areas 
where this “aggregate” is similar. 

 

-Therefore, for effective water resource research, assessment, and 
management we must 1) define these regions with similar 
characteristics and 2) identify sets of “reference” watersheds/areas 
within each region. 

 

-These regions of similarity (ecoregions) can be used to set 
expectations, standards, management practices, etc. 

 

-Basins and watersheds may then be identified to address 
contributions to particular points.  The regional reference data will 
be used to determine the contributions. 

 







 



 







 





 

















-Watersheds are imperative for understanding the 
associations between human and non-human 
characteristics and water quality and quantity. 

-Watersheds rarely correspond to areas within which 
there is similarity in characteristics affecting water 
quality and quantity. 

-Most hydrologic units (HUCs) are not watersheds. 

-In many areas (approx. 30%) watersheds are 
difficult to impossible to define or are irrelevant. 

-Watersheds and ecoregions are complementary 
frameworks. 

      KEY POINTS 



NEEDED: 

A set of national maps of true 
watersheds of each size 
(cataloging unit?) category 

 



“People often ask, ‘What is the single most 
important environmental/population  problem 
facing the world today?’  A flip answer would be, 
‘the single most important problem is our 
misguided focus on identifying the single most 
important problem!’  That flip answer is essentially 
correct, because any of the dozen problems if 
unsolved would do us grave harm, and because 
they all interact with each other” 

                      Jared Diamond, 2006.  COLLAPSE:  

                       How  Societies Choose to Fail or 

                       Succeed. 



 
Glenn Griffith  
USGS 
200 SW 35th St. 
Corvallis, OR 
97330 
 
541 754-4465 
ggriffith@usgs.go
v 

Contacts: 
 
Jim Omernik 
USGS c/o US EPA 
200 SW 35th St. 
Corvallis, OR 97330 
 
541 754-4458 
omernik.james@epa.gov 



“Two streams of science – one 
reductive and certain, and one 
integrative and uncertain.  The first 
provides the bricks for the edifice, but 
not the architectural design” 

                                        C.S. Holling ‘95 


