


Ecoreqgions

-Purpose, definition, methods, applications, and
Interagency activities

-Perspectives on the nature of ecoregions and
their definition

-General purpose vs special purpose regions

-The process of refining and subdividing regions

-The process and scenarios specific to New
England



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.



General
purpose

A

v

Specific
purpose

ECOLOGICAL REGIONS

AGGREGATED ECOREGIONS

(for specific purposes)

LAKE MANAGEMENT REGIONS

LAKE PHOSPHORUS REGIONS

ALKALINITY REGIONS
NUTRIENT REGIONS

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

A

A 4
Based on patterns of one
characteristic and the
spatial associations with
causal and reflective
geographic phenomena



“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
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IInited States General Accounting Office

GAO

Report to Congressional Requesters

August 1991

ECOSYSTEM
MANAGEMENT

Additional Actions
Needed to Adequately
Test a Promising
Approach




MEMORANDUM OF UNDERSTANDING
AMONG THE

U.S. DEPARTMENT OF AGRICULTURE
NATURAL RESOURCES CONSERVATION SERVICE
FOREST SERVICE
AGRICULTURAL RESEARCH SERVICE

AND THE

U.S. DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT
U.S. GEOLOGICAL SURVEY
FISH AND WILDLIFE SERVICE
NATIONAL BIOLOGICAL SERVICE
NATIONAL PARK SERVICE

AND THE
U.S. ENVIRONMENTAL PROTECTION AGENCY
RELATIVE TO

DEVELOPING A SPATIAL FRAMEWORK OF ECOLOGICAL UNITS OF THE
UNITED STATES

This Memorandum of Understanding (MOU) is entered into by the Department of
Agriculture, Natural Resources Conservation Service (NRCS), Forest Service (FS), and
Agricultural Research Service (ARS); the U.S. Department of the Interior, Bureau of
LLand Management (BLM), U.S. Geological Survey (USGS), Fish and Wildlife Service
(FWS), National Biological Service (NBS), and National Park Service (NPS); and the
U.S. Environmental Protection Agency (EPA)).

I. PURPOSE

This MOU documents and defines the responsibilities of the cooperating agencies
to develop a common spatial framework for defining ecological units of the
United States. It also provides a vehicle for other Federal agencies with natural resource
management responsibilities to becom'e part of the cooperative effort nationwide.

II. BACKGROUND AND BENEFITS



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



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



DRAFT
o { Common Ecological Regions of the Conterminous United States
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1.
2.

3.
4.

REASONS FOR DISAGREEMENT OVER HOW TO
DELINEATE ECOREGIONS

Disagreement on the definition of ecosystems

The complexity of the nature of ecoregions and
ecoregion boundaries

Bias toward particular characteristics

Inability or reluctance to embrace a holistic
ecosystem concept and preoccupation with specific
objectives and reductive methods

. Disagreement on whether to use guantitative (rule-

based) or qualitative (weight of evidence)
approaches

. Disagreement over whether watersheds comprise

ecoregions

. Investment in existing frameworks and reluctance

to change.



A major problem:

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



[ Eastern Temperate Forests
MR Great Plains

Figure 1. The Great Plains and Eastern Temperate Forests ecological regions. The
names and identification numbers for level I ecological regions are given in CEC

1997,
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ECOLOGICAL REGIONS OF NORTH AMERICA ~ REGIONES ECOLOGICAS DE AMERICA DELNORTE ~ REGIONS ECOLOGIQUES DE L'AMERIQUE DU NORD

Level | Nivel | Niveau | -"

WO ENCEAN
EMCEANG ARTICE
(HOEAN ARCTIOLE

1.0 ARCTIC CORDILLERA
CORDILLERA ARTICA
CORDILLERE ARCTIQUE

| 2.0 TUNDRA
TUNDRA
TOUNDRA

3.0 TAIGA
TAIGA
TAIGA

4.0 HUDSON PLAIN
PLANICIE DE HUDSON PACIFIC EMCEAN
PLAINE D' HUDSOM OCEAND PACIFICO

5.0 NORTHERN FORESTS BRI ALY
BOSQUES SEPTENTRIONALES
FORETS SEPTENTRIONALES

6.0 NORTHWESTERN FORESTED MOUNTAINS
MONTANAS BOSCOSAS NOROCCIDENTALES
MONTAGNES FORESTEES DU NORD-QUEST

7.0 MARINE WEST COAST FonEsT
BOSQUE COSTERD OCCID, e .
FORET MARITIME DE LA TE O{;CIDE NTALE i i W 3, i Rogon boundary Levi !
r ] L it
8.0 EASTERN TEMPERATE FORESTS } e g ; IR NP S |
BOSQUES TEMPLADOS DEL ESTE i { oot on o bonduey
FORETS TEMPEREES DE L'EST ol 4 7 Limite inbemationale

9.0 GREAT PLAINS
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ATLANTIC OCEAN
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11.0 MEDITERRANEAN CALIFORNIA
CALIFORNIA MEDITERRANEA
CALIFORNIE MEDITERRANEENNE

12,0 SOUTHERN SEMI-ARID HIGHLANDS
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[ 14.0 TROPICAL DRY FORESTS
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] by =0 "

I 15.0 TROPICAL WET FORESTS . : et
SELVAS CALIDO-HUMEDAS o) 3 0 S PRI ' okt Ew.md'gﬁmm "
FORETS TROPICALES HUMIDES Proyeccion Azimutal de Equi-&rea G2 Lambert
Lambert Arimuthal Equal Area Progction




Figure 2. "Fifty versions of the Great Plains" (Rossum and Lavin, 2000).
Permission granted by Blackwell Publishing, Oxford, UK.




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. Bilas 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 |
started putting these notes together some 7+ years
ago; this is not because |1 am getting old and
conservative, it is because I am right and 1 know it(!).

| have emphasized vegetation and plant distributions,
which | think is useful, and gives my map an edge over
the others that claim to be biogeographic, but do not
really take detalls 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.”
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ECOLOGICAL REGIONS OF NORTH AMERICA ~ REGIONES ECOLOGICAS DE AMERICA DELNORTE ~ REGIONS ECOLOGIQUES DE L'AMERIQUE DU NORD

Level | Nivel | Niveau | -"

WO ENCEAN
EMCEANG ARTICE
(HOEAN ARCTIOLE

1.0 ARCTIC CORDILLERA
CORDILLERA ARTICA
CORDILLERE ARCTIQUE

| 2.0 TUNDRA
TUNDRA
TOUNDRA

3.0 TAIGA
TAIGA
TAIGA

4.0 HUDSON PLAIN
PLANICIE DE HUDSON PACIFIC EMCEAN
PLAINE D' HUDSOM OCEAND PACIFICO

5.0 NORTHERN FORESTS BRI ALY
BOSQUES SEPTENTRIONALES
FORETS SEPTENTRIONALES

6.0 NORTHWESTERN FORESTED MOUNTAINS
MONTANAS BOSCOSAS NOROCCIDENTALES
MONTAGNES FORESTEES DU NORD-QUEST

7.0 MARINE WEST COAST FonEsT
BOSQUE COSTERD OCCID, e .
FORET MARITIME DE LA TE O{;CIDE NTALE i i W 3, i Rogon boundary Levi !
r ] L it
8.0 EASTERN TEMPERATE FORESTS } e g ; IR NP S |
BOSQUES TEMPLADOS DEL ESTE i { oot on o bonduey
FORETS TEMPEREES DE L'EST ol 4 7 Limite inbemationale

9.0 GREAT PLAINS
GRAMNDES PLANICIES
GRANDES PLAINES
ATLANTIC OCEAN

10.0 NORTH AMERICAN DESERTS | 43 OCEAND ATLANTICO
DESIERTOS DE NORTEAMERICA \ oy & i
DESERTS DE L'AMERIQUE DU NORD | : 5 P . OCEAN ATLANTIQUE

11.0 MEDITERRANEAN CALIFORNIA
CALIFORNIA MEDITERRANEA
CALIFORNIE MEDITERRANEENNE

12,0 SOUTHERN SEMI-ARID HIGHLANDS
ELEVACIONES SEMIARIDAS MERIDIONALES
HAUTES TERRES SEMI-ARIDES MERIDIOMALES

13.0 TEMPERATE SIERRAS
SIERRAS TEMPLADAS
SIERRAS TEMPEREES

[ 14.0 TROPICAL DRY FORESTS
SELVAS CALIDO-SECAS
FORETS TROPICALES SECHES
] by =0 "

I 15.0 TROPICAL WET FORESTS . : et
SELVAS CALIDO-HUMEDAS o) 3 0 S PRI ' okt Ew.md'gﬁmm "
FORETS TROPICALES HUMIDES Proyeccion Azimutal de Equi-&rea G2 Lambert
Lambert Arimuthal Equal Area Progction




ECOLOGICAL REGIONS OF NORTH AMERICA
REGIONES ECOLOGICAS DE AMERICA DEL NORTE
REGIONS ECOLOGIGUES DE L'AMERIQUE DU NORD
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Ecoregions of North Carolina and South Carolina
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ng of North Carolina and South Carolina

Summary Table: Characterisiics of the Ecore
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Status of Ecoregion
Revision and Subdivision
Projects as of February 2007

B Complete
.| Draft

B In progress

| Planned

" | Remaining area



General purpose ecological regions

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

Specific purpose regions (e.q.
alkalinity, soils, or geoloqgy regions)

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



Ecoregions of South Carolina
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5 Total Alkalinity of Surface Waters

James M, Omemik ', Glean E, Griffith”,
Jeffrey T. Irsh’, and Colleen B. Johnson®
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TOTAL PHOSPHORUS REGIONS FOR THE LAKES IN THE NORTHEASTERN UNITED STATES
.fi\i“

Total Phosphorus
(ba/l)

B -9
I 10-14
15-19
[ ] 20-24
[ ]25-29
[ 130-50
[ |>50




SUMMER TOTAL PHOSPHORUS IN LAKES
IN MINNESOTA, WISCONSIN, and MICHIGAN

¥
JAMES i, DMERNIK', CHRISTINA M, ROMM!, SHARON £ CLARKE!, and DAVID P. LARSEN
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DEVELOPING LEVEL 111 AND 1V 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 111 and 1V 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 111 and IV ecoregions and descriptions
9. Peer review

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



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



DEVELOPMENT OF
REGIONALLY-BASED
INTERPRETATIONS OF TENNESSEE’S
NARRATIVE NUTRIENT CRITERION

Tennessee Department of Environment and Conservation
Division of Water Pollution Control
7" Floor L & C Annex
401 Church Street
Nashville, TN 37243-1534




DEVELOPMENT OF REGIONALLY-BASED
NUMERIC INTERPRETATIONS OF TENNESSEE'S
NARRATIVE BIOLOGICAL INTEGRITY
CRITERION

lennessee Department of Environment and Conservarion
Divizsion of Water Pollution Control
7" Floor L & C Annex
401 Church Streect
Mashville, TN 37243-1534




HABITAT QUALITY OF LEAST-
TMPACTED STREAMS IN TENNESSEE

Fennessee Department of Environment and Conservation
Division of YWater Pollutivn Centrol
7" Floor L&C Annex

401 Church Strect
MNashville, TN 37243-1534







United States Office of Water EPAB40-S-96-001
Environmental Protection 4501 F June 1996
Agency

< EPA Watershed Approach
Framework




United States Office of Water EPA 841-R-95-004

Environmental Protection (4503F) August 1995
Agency

wEPA  Watershed Protection:
A Statewide Approach

Nooksack/San Juan A
_?0 " - , Upper Columbia
; : .+ - Pend Oreille

’
\
[ =

Skagit/Stillaguamish,

Okanogan _;- .

’
A N
'
'

Spo‘kane

Lower Yakima

.Columbia Gorge

-

" Lower Snake ?

—— Water Quality Management
Area boundary

Water Resource Inventory
Area (WRIA) boundary

Horseheaven/Kitckita

»




6. Ambient Water Quality Data - Four Conventional Pollutants
Ammonia, Dissolved Oxygen, Phosphorus and pH
1990 - 1995

ERE SR
TNAN TN
=

Analysis of Alaska and
Hawaii reserved for Phase 2.

Watershed Classification
77 0- 10% Observations in Exceedence of Selected Reference Level

__ 11 25% Oservations in Exceedence of Selected Reference Level Index (:it; Watershed

[0 >25% Observations in Exceedence of Selected Reference Level Indicators e ]

B Data Sufficiency Threshold Not Met S 5. Bakrnri Semsiimdbarrr wEPA

Storage and Retrieval (STORET) System e 27, 1997

493,091 2




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.



- Karstlands

/ Glaciated areas

| Excessively arid areas with
less than 20 cm precipitation

Sandy areas, more than

50 percent covered by sand




Ecoregions and Eight Digit HUs in the Pacific Northwest
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True Watersheds within the Columbia River Basin

A4 _#7] [ True Watersheds
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Four Eight Digit HUs (A, B, C, and D) in the Columbia Plateau Ecoregion (10)
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True Watersheds Associated with Downstream Points in HUs A, B, C, and D
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L ccator Map

Pee Dee Basin

Santes B asin

E disto B asin

Savannah Basin
“Sla - Ogeeches Basin

Altamaha B asin
Blue Ridge E coregion
Fiedmont E coregion
Coastal Plain Ecoregion

. Selected watersheds within
ecoregions




KEY POINTS

-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%26) watersheds are
difficult to impossible to define or are irrelevant.

-Watersheds and ecoregions are complementary
frameworks.



DEVELOPING LEVEL 111 AND 1V 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 111 and 1V 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 111 and IV ecoregions and descriptions
9. Peer review

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



“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 a
dozen problems if unsolved would do us grave harm,
and because they all interact with each other.”

Jared Diamond, 2006. COLLAPSE. How Socireties

Choose to Fall or Succeed.





















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)









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.



Single

=
Qo
1]
=

Multi

Single = PURPOSE > Multi
Individual Indicator
Ecosystem Species
Componentis &
Stresses
Ecosystems &
the Aggregate
of Stresses

Types of Environmental Research




THINK PLAN  ACT
Multi-scale Local
Long Term Short Term
Holistic Reductionistic

Multi-stakeholder/Multi-
issue

Single Problem/Issue




“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



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
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General purpose ecological regions

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

Specific purpose regions (e.q.
alkalinity, soils, or geoloqgy regions)

Based on patterns of one characteristic and
spatial associations with causal or reflective
geographical phenomena
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5 Total Alkalinity of Surface Waters
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L.ake Regions of Florida
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STATSGO SOILS
Texture
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43132 %5 Rock
1az.a06 Quartiles
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CR = Coarse

MOCR = Moderately Coarse
MECR = Medism Coarse
MOFN = Moderately Fine

FM = Fine
ECOREGIONS (MO, 2000)
1) Korther Bisin ace Range
§1 Seonowsn Bsia sl Bangs RACMETLRS y
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Fig. 1. =all texstore (USIPAS) and rock contents of State Soll Geographic daiahase (STATSGO) soll map units of ithe conterminaes Lnked
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Figure 1. Level 11 ecoregions and eight digit HUs in Texas and parts of adjacent states.
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Stream

True watersheds

Eight digit HUs that are true watersheds and are completely or partially in Texas.

Figure 2.



Figure 3. Four eight digit HUs covering ecoregions 32 (the Texas Blackland Prairie) and 33 (the East Central Texas Plain).
The hydrologic unit codes for A, B, C, and D are 12090301, 12070102, 12080101, and 12070103 respectively.




Figure 4. True watersheds associated with downstream points in HUs A, B, C, and D.
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Figure 5. Discharge and water quality characteristics for HUs A, C, B, and D. Sources: Gandara et al. 1995; Gandara et

al. 2001a; Gandara et al. 2001b; Texas Natural Resources Commission, 1996.
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Figure 6. Representative watersheds within level 111 ecoregions that are completely or partially in
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DEVELOPING LEVEL 111 AND 1V 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 111 and 1V 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 111 and IV ecoregions and descriptions
9. Peer review

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