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Take Home ConceptsTake Home Concepts

The Basics:
• What are biological assessments and 

criteria.
• How they are derived.
• How they fit into water quality 

standards. 
• How they can be used in water quality 

management.
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THEMETHEME

“The true health of our aquatic 
environments is reflected by the 
biological communities that reside 
within them”

Prof. J. Karr
University of Washington
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CWACWA
SECTION 101SECTION 101

ObjectiveObjective

To Restore & Maintain 
the Chemical, Physical, 
& Biological IntegrityBiological Integrity of 
the Nation's Waters
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Elements of Ecological IntegrityElements of Ecological Integrity

PHYSICAL PHYSICAL 
INTEGRITYINTEGRITY

CHEMICAL CHEMICAL 
INTEGRITYINTEGRITY

BIOLOGICAL BIOLOGICAL 
INTEGRITYINTEGRITY

ECOLOGICAL INTEGRITYECOLOGICAL INTEGRITY
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BIOLOGICAL INTEGRITYBIOLOGICAL INTEGRITY

Definition:Definition:
The ability of an aquatic ecosystem to 
support and maintain a balanced adaptive 
community of organisms having a species 
composition, diversity, and functional 
organization comparable to that of natural 
habitats within a region.
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STATUTORY AUTHORITYSTATUTORY AUTHORITY

Section 303(c)2(B):Section 303(c)2(B):

“...where numeric criteria 
are not available, States 
shall adopt criteria based 
on biological.. assessment 
methods…”
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STATUTORY AUTHORITYSTATUTORY AUTHORITY

Section 303(c)2(A):

...State water quality standards shall consist of 
designated uses of navigable waters and the criteria
for protecting such uses.

...State water quality standards shall protect and 
enhance the quality of water and serve the purposes 
of the Act, including propagation of fish and 
wildlife.
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THE LINKAGE FROM STRESSOR EFFECTS TO 
ECOSYSTEM RESPONSE
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Fig u re  1 .  F iv e  c la s s e s  o f e n v iro n m e n ta l v a ria b le s  th a t a ffe c t w a te r re s o u rc e  in te g rity  
a n d  o v e ra ll b io lo g ic a l c o n d itio n  (m o d ifie d  fro m  Ka rr e t a l. 1 9 8 6 ).
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VALUE OF BIOLOGICAL CRITERIA:VALUE OF BIOLOGICAL CRITERIA:
Ohio Comparison of Ohio Comparison of Biosurvey Biosurvey 

with Chemical Evaluationwith Chemical Evaluation

Chemical Evaluation 
Indicates No Impairment

Biosurvey Shows 
Impairment

Biosurvey Shows
No Impairment

Chemical Evaluation 
Indicates Impairment

Chemical Prediction & 
Biosurvey Agree
(about status only)

6%

36% 58%

WHY?
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BIOASSESSMENTBIOASSESSMENT

Definition:Definition:
An evaluation of the biological condition of a 
water body using biological surveys of the 
structure and function of the community of 
resident biota.
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BIOLOGICAL CRITERIA BIOLOGICAL CRITERIA 
((BiocriteriaBiocriteria-- in Standards Sense)in Standards Sense)

Definition: Definition: narrative
descriptions or numerical
values of the structure and 
function of aquatic communities
in a water body necessary
to protect the designated
aquatic life use, implemented in, 
or through water quality 
standards.
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NARRATIVE AND NUMERIC NARRATIVE AND NUMERIC 
BIOCRITERIABIOCRITERIA

Narrative Narrative BiocriteriaBiocriteria-- General Statements of the  
Structure and Function of Aquatic Communities in 
a Water Body Necessary to Protect the Designated 
Aquatic Life Use.
Numeric Numeric BiocriteriaBiocriteria-- Specific Quantitative 
Measures of the Structure and Function of Aquatic 
Communities in a Water Body Necessary to 
Protect the Designated Aquatic Life Use.
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Other MeaningOther Meaning

• Biocriteria– (scientific) quantified values 
representing the biological condition of a water 
body as measured by structure and function of 
the aquatic communities typically at reference 
condition.
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CWA  WATER PROGRAMCWA  WATER PROGRAM

EnforcementEnforcement
& Compliance& Compliance

SourceSource
Controls/BMPSControls/BMPS

MonitoringMonitoring
& Assessment& Assessment

Establish UsesEstablish Uses
& Criteria& Criteria

Problem ID/SetProblem ID/Set
PrioritiesPriorities

ChemicalChemical
PhysicalPhysical

BiologicalBiological

Define and Allocate ControlDefine and Allocate Control
ResponsibilitiesResponsibilities

Biological Biological 
Assessments  & Assessments  & 

Criteria Can Play a Criteria Can Play a 
Role in Every StepRole in Every Step
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TYPICAL APPROACHES TO BIOCRITERIA TYPICAL APPROACHES TO BIOCRITERIA 
DEVELOPMENTDEVELOPMENT

MultimetricMultimetric IndexIndex:: a number that integrates one or 
more biological metrics to express a site’s condition or 
health.  (IBI).

Multivariate Predictive Model: a predicted value of 
the biological condition based on what is observed at a 
site versus what is expected. (RIVPACS) 

Discriminant Models: based on aquatic life use classes
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MULTIMETRIC APPROACHMULTIMETRIC APPROACH
Attribute: any measurable component of a 
biological system.
Metric: attribute that shows a quantitative 
change in value along a gradient of human 
influence.
Multimetric Index: a number that integrates 
several biological metrics to express a site’s  
condition or health.  Index of Biotic Index of Biotic 
Integrity (IBI).Integrity (IBI).
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MEASURES OF COMMUNITY MEASURES OF COMMUNITY 
STRUCTURE AND FUNCTION (Metrics)STRUCTURE AND FUNCTION (Metrics)

Species Richness
Tolerant/Intolerant Species
Distribution of Trophic Feeding Groups
Diseases and Anomalies
Number of Individuals
Non-native Species
Reproductive Preferences
Total Number of Species
Mean Individual Size Measurement
Biomass
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PROCESS FOR  PROCESS FOR  
DEVELOPING & IMPLEMENTINGDEVELOPING & IMPLEMENTING

BIOLOGICAL CRITERIABIOLOGICAL CRITERIA

IBI = 50

ICI = 30
ICI = 30

HBI = 4.5
HBI = 4.5

WIBI = 35
WIBI = 35
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DEVELOPING BIOCRITERIADEVELOPING BIOCRITERIA
((MultimetricMultimetric approach)approach)

1.  Select Standardized, Consistent Biosurvey Protocols

2.  Classify Water Bodies into Similar Groups or Classes

3.  Identify Reference Sites in Each Class

4.  Conduct Bioassessments at Unimpaired Reference Sites in 
Each Class

5. Derive Reference Conditions for Each Class

6. Conduct Bioassessments at Impacted Sites
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DEVELOPING BIOCRITERIADEVELOPING BIOCRITERIA

7. Test Attributes for Response to Gradient of 
Conditions

8. Select Responsive Metrics

9. Develop Scoring Criteria for Each Metric 

10. Aggregate Metrics With Scoring Criteria to Derive 
Biocriteria Index

11. Develop Biocriteria for each Aquatic Life Use

12. Apply Biocriteria to Water Bodies to Protect Those 
Uses
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Review Fish IBI Metrics for Review Fish IBI Metrics for 
North America and Karr IBINorth America and Karr IBI
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Multivariate Approach Multivariate Approach –– (RIVPACS)(RIVPACS)

= EFigure out which taxa you 
should probably capture

Compare to what you Compare to what you actually observeactually observe = O 

The final measure = percent of expected taxa presentThe final measure = percent of expected taxa present

= O/E
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Steps in the Multivariate ProcessSteps in the Multivariate Process

1. Describe the continuum of 
assemblage types using 
‘reference’ streams

2. Link assemblage types to 
physical-chemical features

3. Predict expected (E) 
assemblage of a test stream 
based on physical 
appearance

4. Compare to the observed (O) 
assemblage 

5. O/E provides a simple 
measure
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KEY COMPONENTS OF KEY COMPONENTS OF 
BIOLOGICAL CRITERIABIOLOGICAL CRITERIA

Biological Surveys

Classification 

Reference Condition
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KEY COMPONENTS OF KEY COMPONENTS OF 
BIOLOGICAL CRITERIABIOLOGICAL CRITERIA

Biological 
Surveys
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SELECTING COMMUNITY SELECTING COMMUNITY 
COMPONENTSCOMPONENTS

Target Species &Target Species & TaxaTaxa
Serve as Effective Indicators of Biological 

Response to Effects of Human Activity                 

Represent a Range of Pollution Tolerances

Provide Predictable, Repeatable Results

Are Readily Identifiable by State 
Personnel
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COMMUNITY COMPONENTSCOMMUNITY COMPONENTS

Streams, Small Rivers, Lakes, EstuariesStreams, Small Rivers, Lakes, Estuaries

MacroinvertebratesFish

Algae

Fish

Algae Zooplankton
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COMMUNITY COMPONENTSCOMMUNITY COMPONENTS
WetlandsWetlands

Birds

Vascular Plants

Amphibians
Algae

Birds

Algae

Macroinvertebrates
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BioassessmentBioassessment ---- Streams and Streams and 
Small RiversSmall Rivers
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Invertebrate community bioassessment 
using a kicknet
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CLASSIFICATIONCLASSIFICATION

Identifies Regions of Ecological 
Similarity from Which To Select 
Reference Sites.

Biological Conditions Expected to 
be Similar.
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REFERENCE CONDITIONREFERENCE CONDITION

The benchmark for determining  
biological conditions.

• Regional Reference Sites
• Site-Specific Reference Sites
• Historical Data
• Model-Based Approach
• Expert Opinion



March 31 – April 4, 2003 National Biological Assessment and Criteria Workshop, BIO 101_01 41

Review Examples of Review Examples of 
Narrative Narrative BiocriteriaBiocriteria

Review Examples of Review Examples of 
Numeric Numeric BiocriteriaBiocriteria
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Sample test sites and compare to Sample test sites and compare to biocriteriabiocriteria

Impaired ConditionImpaired Condition NotNot ImpairedImpaired

APPLYING BIOCRITERIAAPPLYING BIOCRITERIA

Diagnose Cause of Diagnose Cause of 
ImpairmentImpairment

Usually No Action RequiredUsually No Action Required
(Continue Monitoring)(Continue Monitoring)

ImplementImplement Corrections Corrections 
(Continue Monitoring)(Continue Monitoring)
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Stressor 
Identification

Identifying 
Unknown 
causes of 
biological 
impairment
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APPLYING BIOCRITERIA IN APPLYING BIOCRITERIA IN 
WATER QUALITY STANDARDSWATER QUALITY STANDARDS

Biological Assessments and Criteria Can Be Used 
to Better Define and Protect Aquatic Life Uses

• “BioassessmentBioassessment--basedbased” designated uses can be 
subcategorized (or tiered) according to reference 
conditions, restoration potential, human 
disturbance and management objectives.

• Once Once bioassessmentbioassessment-based designated uses are 
established, they can be protected by biocriteria.



Range of Biological Conditions

No Impact    
from Human 

Activities Minimal

Severe
Range of Management Options

(Range of Aquatic Life Uses)

BIOLOGICAL INTEGRITY BIOLOGICAL INTEGRITY 
AND DESIGNATED USESAND DESIGNATED USES

Natural

Moderate
Major

Changes in Structure & Function of 
Biological Communities
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Hypothetical Subcategorized BiologicallyHypothetical Subcategorized Biologically--BasedBased
Aquatic Life UsesAquatic Life Uses

Designated UsesDesignated Uses
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Cold water salmon fishery/natural spawning

Cold water salmon nursery/rookery

Cold water salmon passage

Seasonal cold water salmon passage

Habitat restoration

Limited aquatic life habitat

IBI = 60

IBI = 50

IBI = 40

IBI = 30

IBI = 20

IBI = 10
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PROGRAM GOALSPROGRAM GOALS
All States use bioassessments to evaluate the health of  

aquatic life in all waterbodies

Bioassessment data is used to better define aquatic life 
uses

Quantifiable biocriteria are in all State/Tribal water 
quality standards to protect aquatic life uses

Biocriteria/bioassessments used to assess the 
effectiveness of water quality management efforts

Bioassessment data and biocriteria used to better 
communicate the health of the Nation’s waters
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FUTURE DIRECTIONSFUTURE DIRECTIONS

• Great Rivers
• Coral Reefs
• Great Lakes
• Intermittent and ephemeral streams
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