
Ecological Integrity Assessment: An Ecological Integrity Assessment: An 
Approach for Assessing Ecosystem Approach for Assessing Ecosystem Approach for Assessing Ecosystem Approach for Assessing Ecosystem 

Condition to Guide Conservation and Condition to Guide Conservation and 
ManagementManagementManagementManagement



Ecological IntegrityEcological Integrity

" the ability of an ecosystem to support and " the ability of an ecosystem to support and 
i i   b l d d i  i  f i i   b l d d i  i  f maintain a balanced adaptive community of maintain a balanced adaptive community of 

organisms having a species composition, diversity, organisms having a species composition, diversity, 
and functional organization comparable to that of and functional organization comparable to that of and functional organization comparable to that of and functional organization comparable to that of 
natural habitats within a region"natural habitats within a region"**
–– Reference condition implicitReference condition implicit (i.e. “natural” habitats)(i.e. “natural” habitats)

“  t  h i  th  f ll  f i  “  t  h i  th  f ll  f i  “an ecosystem having the full range of organisms “an ecosystem having the full range of organisms 
and ecological processes expected with no or and ecological processes expected with no or 
minimal human influence.” minimal human influence.” ****minimal human influence.  minimal human influence.  
–– Reference condition explicit (i.e. no or minimal human influence)Reference condition explicit (i.e. no or minimal human influence)

*Karr J.R. and D.R. Dudley.  1981. Ecological perspective on water quality goals.  Environmental Manager 5:55-68.
**EPA 2005. Use of Biological Information to Better Define Designated Aquatic Life Uses in State and Tribal Water Quality 

Standards: Tiered Aquatic Life Uses – August 10, 2005 (EPA-822-R-05-001)



Reference ConditionReference Condition

 Very important to defineVery important to define
–– Restoration targets & ecological assessment are anchored to Restoration targets & ecological assessment are anchored to 

this definitionthis definition

N t il  h t th  t  N t il  h t th  t   Not necessarily what the ecosystem Not necessarily what the ecosystem 
shouldshould be, rather the state that is be, rather the state that is valuedvalued

 Natural Range of VariabilityNatural Range of Variability
–– temporal and spatial range of ecosystem processes under temporal and spatial range of ecosystem processes under temporal and spatial range of ecosystem processes under temporal and spatial range of ecosystem processes under 

which contemporary ecosystems evolvedwhich contemporary ecosystems evolved
–– includes historical, human activities includes historical, human activities 
–– can be difficult to empirically describecan be difficult to empirically describe

**Stoddard, J.L., D.P. Larsen, C.P. Hawkins, R.K. Johnson, and R.H. Norris.  2006.  Setting Expectation for the Ecological Stoddard, J.L., D.P. Larsen, C.P. Hawkins, R.K. Johnson, and R.H. Norris.  2006.  Setting Expectation for the Ecological Stoddard, J.L., D.P. Larsen, C.P. Hawkins, R.K. Johnson, and R.H. Norris.  2006.  Setting Expectation for the Ecological Stoddard, J.L., D.P. Larsen, C.P. Hawkins, R.K. Johnson, and R.H. Norris.  2006.  Setting Expectation for the Ecological 
Condition of Streams:  The Concept of Reference Condition.  Ecological Applications 16(4): 1267Condition of Streams:  The Concept of Reference Condition.  Ecological Applications 16(4): 1267--1276.1276.



What is an Ecological What is an Ecological 
Integrity Assessment?Integrity Assessment?



What is an EIA?What is an EIA?
 MultiMulti--metric index of ecological integritymetric index of ecological integrity

 Ratings are based on deviation from natural Ratings are based on deviation from natural 
range of variabilityrange of variability

•• Metrics are rated and integrated into an overall Metrics are rated and integrated into an overall 
assessment of ecological integrityassessment of ecological integrityassessment of ecological integrityassessment of ecological integrity

•• Scores/Ratings are produced for the following Scores/Ratings are produced for the following 
iicategoriescategories::

Landscape ContextLandscape Context Biotic ConditionBiotic Conditionpp
Abiotic ConditionAbiotic Condition SizeSize = = Ecological IntegrityEcological Integrity

•• Results communicated in a Scorecard formatResults communicated in a Scorecard format•• Results communicated in a Scorecard formatResults communicated in a Scorecard format



What is an EIA? (cont )What is an EIA? (cont )What is an EIA? (cont.)What is an EIA? (cont.)

 NatureServe Ecological System ClassificationNatureServe Ecological System Classification

 EIA is part of Natural Heritage Network EIA is part of Natural Heritage Network 
MethodologyMethodologyMethodologyMethodology

ld h lld h l Builds on other assessment tools Builds on other assessment tools 

 Can be applied as Remote/Rapid/Intensive Can be applied as Remote/Rapid/Intensive 
assessmentassessmentassessmentassessment



Practicalities of MeasurementPracticalities of Measurement
Level 1 Level 1 ––

Remote AssessmentRemote Assessment
Level 2 Level 2 ––

Rapid Field AssessmentRapid Field Assessment
Level 3 Level 3 ––

Intensive AssessmentIntensive Assessment

General description: General description: Landscape Landscape 
condition assessmentcondition assessment

General description: General description: Rapid site Rapid site 
condition assessmentcondition assessment

General description:                        General description:                        
Detailed site condition assessmentDetailed site condition assessment

Evaluates:Evaluates: Condition of individual Condition of individual 
areas/occurrences areas/occurrences usingusing remote remote 

Evaluates:Evaluates: Condition of individual Condition of individual 
areas/occurrences areas/occurrences usingusing relatively relatively 

Evaluates:Evaluates: Condition of individual Condition of individual 
areas/occurrences areas/occurrences usingusing relatively relatively areas/occurrences areas/occurrences usingusing remote remote 

sensing indicatorssensing indicators
areas/occurrences areas/occurrences usingusing relatively relatively 
simple field indicatorssimple field indicators

areas/occurrences areas/occurrences usingusing relatively relatively 
detailed quantitative field indicatorsdetailed quantitative field indicators

Based on:Based on:
GIS and remote sensing dataGIS and remote sensing data

Can be based on:Can be based on:
Stressor metrics (e g  ditching  Stressor metrics (e g  ditching  

Can be based on:Can be based on:
Indicators that have been calibrated Indicators that have been calibrated GIS and remote sensing dataGIS and remote sensing data

Layers typically include: Layers typically include: 
––Land cover / useLand cover / use
––Other ecological typesOther ecological types

Stressor metrics (e.g., ditching, Stressor metrics (e.g., ditching, 
road crossings, and pollutant road crossings, and pollutant 
inputs); andinputs); and
Condition metrics (e.g., hydrologic Condition metrics (e.g., hydrologic 
regime, species composition)regime, species composition)

Indicators that have been calibrated Indicators that have been calibrated 
to measure responses of the to measure responses of the 
ecological system to disturbances ecological system to disturbances 
(e.g., indices of biotic or ecological (e.g., indices of biotic or ecological 
integrity)integrity)

Potential uses:Potential uses:
Identifies priority sitesIdentifies priority sites
Identifies status and trends of Identifies status and trends of 
acreages across the landscapeacreages across the landscape

Potential uses:Potential uses:
Promotes integrated scorecard Promotes integrated scorecard 
reportingreporting
Informs monitoring for Informs monitoring for 

Potential uses:Potential uses:
Promotes integrated scorecard Promotes integrated scorecard 
reportingreporting
Identifies status and trends of Identifies status and trends of 

Identifies condition of ecological Identifies condition of ecological 
types across the landscapetypes across the landscape
Informs targeted restoration and Informs targeted restoration and 
monitoringmonitoring

implementation of restoration or implementation of restoration or 
management projects management projects 
Supports landscape / watershed Supports landscape / watershed 
planningplanning
Support s general conservation and Support s general conservation and 

specific occurrences or indicatorsspecific occurrences or indicators
Informs monitoring for restoration, Informs monitoring for restoration, 
mitigation, and management mitigation, and management 
projectsprojects

pp gpp g
management planningmanagement planning
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EIA DevelopmentEIA Development



EIA DevelopmentEIA Development
1.1. Identify Key Ecological Attributes & MetricsIdentify Key Ecological Attributes & Metrics

Review literature and historical recordsReview literature and historical records–– Review literature and historical recordsReview literature and historical records
–– Characterize Characterize multiplemultiple, apparently undisturbed examples, apparently undisturbed examples

2. Develop Measurement Protocols2. Develop Measurement Protocols
–– Ensure systematic application of EIAEnsure systematic application of EIA

3. Define Thresholds for Metric Ratings3. Define Thresholds for Metric Ratings
–– Examine specific impact of humanExamine specific impact of human--induced alterations in known induced alterations in known Examine specific impact of humanExamine specific impact of human induced alterations in known induced alterations in known 

occurrencesoccurrences

4  I t t  M t i  R ti  i t  C t  S4  I t t  M t i  R ti  i t  C t  S4. Integrate Metric Ratings into Category Scores4. Integrate Metric Ratings into Category Scores
-- Ecological Category ScoresEcological Category Scores

Overall Ecological Integrity ScoreOverall Ecological Integrity Score-- Overall Ecological Integrity ScoreOverall Ecological Integrity Score



Level 2 Metrics - Shrub Steppe
Rank FactorRank Factor Key Ecological AttributeKey Ecological Attribute MetricMetric

Landscape ContextLandscape Context Landscape StructureLandscape Structure

Landscape ConnectivityLandscape Connectivity

Surrounding Land Use IndexSurrounding Land Use Index

Cover of Native PlantsCover of Native Plants

Floristic Quality AssessmentFloristic Quality Assessment

% Native Forbs% Native Forbs

Biotic ConditionBiotic Condition VegetationVegetation

% Native Forbs% Native Forbs

% Cover of Native Bunchgrasses% Cover of Native Bunchgrasses

% Cover of Fire% Cover of Fire--sensitive Shrubssensitive Shrubs

Ratio of Structural Stages (closed Ratio of Structural Stages (closed 
vs. open vs. grassland)vs. open vs. grassland)

% Cover of Increasers% Cover of Increasers

Abiotic ConditionAbiotic Condition

Soils/Physiochemical StructureSoils/Physiochemical Structure

% Cover Cryptogamic Crust % Cover Cryptogamic Crust 

Soil QualitySoil Quality

Abiotic ConditionAbiotic Condition

Natural Disturbance RegimesNatural Disturbance Regimes

Fire intervalFire interval

HerbivoryHerbivory

Absolute SizeAbsolute Size

SizeSize SizeSize

Absolute SizeAbsolute Size

Relative SizeRelative Size



Metric Ranks Metric Ranks –– Shrub SteppeShrub Steppe

CategoryCategory
Key Key 

Ecological Ecological 
AttributeAttribute

MetricsMetrics
Metric Rating CriteriaMetric Rating Criteria

ExcellentExcellent
(A)(A)

Good (B)Good (B) Fair (C)Fair (C) Poor (D)Poor (D)

% Cover % Cover 
Native PlantsNative Plants >95% cover>95% cover 8080--95% 95% 

cover cover 6060--80% cover80% cover < 60% cover< 60% cover

FQA (Mean C)FQA (Mean C) Mean C >6Mean C >6 Mean C 5Mean C 5--66 Mean C 4Mean C 4--55 Mean C <4Mean C <4

Biotic Biotic 
C ditiC diti

VegetationVegetation

% Cover % Cover 
Native Native 

BunchgrassesBunchgrasses
>75% cover 60-75% 

cover 50-60% cover < 50%

% Cover Fire% Cover Fire-- < 25% cover; > 40% cover; ConditionCondition sensitive sensitive 
shrubsshrubs

< 25% cover; 
well-spaced 25-35%; > 40% cover; 

dense

>80% cover of 
>60% cover 
of vascular 

>30% cover of 
vascular plant 
i t   Ab t OR 

% Cover % Cover 
CryptogammiCryptogammi

c Crust c Crust 

vascular plant 
interspaces; 
high diversity 

of lichens 
and/or mosses 

plant 
interspaces; 
moderate 
diversity 

lichens/moss

interspaces;  
monotypic 

early-
successional  

mosses 

Absent OR 
<30% cover of 
vascular plant 
interspaces; 

crust with low and/or mosses 
in crust

lichens/moss
es (at least 
3-4 species)

abundant); 
lichens with 
low cover

diversity



Metric Metric Ranking CriteriaRanking CriteriaMetric Metric Ranking CriteriaRanking Criteria

 Characterize metric in reference & disturbed Characterize metric in reference & disturbed 
ditiditiconditionsconditions

•• Field characterizationField characterization
•• LiteratureLiterature•• LiteratureLiterature
•• Best professional judgmentBest professional judgment

 Estimate metric thresholds/ratingsEstimate metric thresholds/ratings

 Assumptions, justifications, etc. documentedAssumptions, justifications, etc. documented



Establishing Metric RatingsEstablishing Metric Ratings
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Graph adapted from:  Davies and Jackson. 2006.  Ecol. Appl. 16(4)Graph adapted from:  Davies and Jackson. 2006.  Ecol. Appl. 16(4)



General Metric Rating DefinitionsGeneral Metric Rating Definitions
Rank 
Value

Description

A  highest quality site  biotic/abiotic components are well within

Excellent  functioning within natural disturbance
regimes

 unfragmented, natural landscape    
 size is larger than minimum dynamic area                    

natural range of variability
 invasives/non-natives absent
 comprehensive set of key indicator species

B
Good

 not among the highest quality sites
 still functioning within natural disturbance  

regimes
 largely natural, minimally fragmented

 biotic/abiotic components are within natural
ranges of variation
 Invasives/non-natives are present in minor

amountslandscape
 size is larger than minimum dynamic area

amounts
 many (but not all) key plant and animal

indicators are present

C h   f bl  h t i ti  bi ti / bi ti  t   h tC
Fair

 has some unfavorable characteristics 
 functioning slightly outside natural

disturbance regimes
 moderately fragmented, natural landscape
 size is smaller than minimum dynamic area

 biotic/abiotic components are somewhat
altered outside their natural range of variation
 invasives/non-natives may be a sizeable

minority of the species abundance
 Some management is needed to maintain ory g

restore these major ecological attributes

D
Poor

 has severely altered characteristics 
 highly fragmented, landscape with little

t l h bit t

 biotic/abiotic components are severely
altered from their natural range of variation;
i i / ti  t  t  tinatural habitat

 size is very small or well below the
minimum dynamic area

 invasives/non-natives exert a strong negative
impact

 little long-term conservation value without
restoration (may be difficult or uncertain)



Ecological Ecological Variation Variation & & gg
ThresholdsThresholds

“A” Rank“A” Rank

Excellent Excellent 
IntegrityIntegrity

Indicator/system is Indicator/system is 
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Fair 
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Indicator/system is outside its 
NRV and requires significant  
intervention to avoid serious 
d d ti

Outside 
NRV

Restoration
Threshold

Integrity

“D” Rank

degradation

Indicator/system is well outside its 
NRV d i l d d dD  Rank

Poor 
Integrity

NRV and is severely degraded.  
Restoration success is unlikely



Intact Shrub Steppe = “A” Alternative State = “B”

Simplified Shrub 
Steppe = “C” or “D”

Invasive Annual 
Grassland = New type Steppe = C  or DGrassland = New type

Threshold



(1)(1) Tall Sedges, Tall and Medium Grasses, Tall Sedges, Tall and Medium Grasses, 
Forbs (Historic Climax Plant Community)Forbs (Historic Climax Plant Community)

Wet Meadow Wet Meadow 
State/TransitionState/Transition Forbs (Historic Climax Plant Community)Forbs (Historic Climax Plant Community)

Calamagrostis canadensis, Spartina pectinata Glyceria 
striata, Carex utriculata, C. aquatilis, C. nebrascensis, 

Mentha arvensis, Potentilla gracilis

State/Transition State/Transition 
ModelModel

-- MT NRCSMT NRCS
“A” Rank“A” Rank

, g

(2) Medium and Short Grasses and Sedges(2) Medium and Short Grasses and Sedges

Juncus balticus, Carex praegracilis, Hordeum 
brachyantherum, Calamagrostis canadensis, Spartina 

“B” Rank“B” Rank
y , g , p

pectinata, Glyceria striata, Carex utriculata, Potentilla 
gracilis, Thermopsis montana, Iris missouriensis

“D” Rank“D” Rank
“C” Rank“C” Rank

(3) Rushes, Forbs, Short Grasses and (3) Rushes, Forbs, Short Grasses and 
SedgesSedges (4) Rushes, Non(4) Rushes, Non--native Grasses, Invasive native Grasses, Invasive SedgesSedges

Juncus balticus, Argentea anserina, Iris 
missouriensis, Hordeum brachyantherum, 

Carex praegracilis, C. nebrascensis, 

( )( )
ForbsForbs

Juncus balticus, Poa pratensis, Agrostis gigantea, 
Phalaris arundinacea, Elymus repens, Rumex 

i Ci i T ffi i lMuhlenbergia richardsonii, Poa pratensis, 
Phalaris arundinacea, Agrostis gigantea

crispus, Cirsium arvense, Taraxacum officinale



Documentation of Metric ProtocolsDocumentation of Metric Protocols




