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CWA & Biological Criteria Development

1990:  EPA policy and technical guidance on use of biological 
assessment information and criteria development

1990 – 2000:  Increase in state bioassessment programs and 
biocriteria.  For most states, single biocriteria threshold.

Considerations:

Under CWA, states have authority to develop and manage their 
WQM programs

Biological expectations and conditions varied for each 
waterbody type, region, and political jurisdiction

Result: 

Terminology, methods, thresholds vary

High quality waters not always identified and 

protected

Setting attainable restoration targets and tracking 

improvements difficult 

Challenge sharing data and communicating

across political jurisdictions

State Best Practices

Practitioners Guide to the Biological Condition 
Gradient: A Framework to Describe Incremental  

Change in Aquatic Ecosystems  2016

EPA 842-R-16-001 





What is Biological Condition Gradient  
(BCG)?

It is a scientific framework  
for interpreting biological  
response to anthropogenic  
stress, based on  
bioassessments.

Conceptually applicable to 
all aquatic systems 
regardless of waterbody
type, location, method Stress

High

Low



BCG CONCEPTUAL MODEL
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Natural structural, functional and taxonomic integrity



BCG CONCEPTUAL MODEL

16

Ecosystem level functions fully 
maintained, but some  changes taxa and
biomass



BCG CONCEPTUAL MODEL
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Ecosystem level functions fully maintained, but 
loss of some  highly sensitive native taxa & 
shifts in relative abundance



BCG CONCEPTUAL MODEL
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Ecosystem level functions largely 
maintained, increasing replacement of 
sensitive taxa by more tolerant taxa



BCG CONCEPTUAL MODEL
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Reduced ecosystem function, with diminished 
sensitive taxa,  unbalanced distribution of 
major taxonomic groups and  organisms 
showing signs of physiological stress



BCG CONCEPTUAL MODEL
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Extreme changes in structure and ecosystem 
function with  wholesale changes in taxonomic 
composition and poor  organism condition



Key Components

• The Biological Condition Gradient (BCG) has two key  
components – Attributes and Levels.

o Levels are the discrete levels of biological condition across  
a stressor-response curve
Example: Level 1 =natural; Level 6 = completely degraded

oAttributes are measurable components of a biological  
system (Karr and Chu 1999)
Example: species composition such as number and proportion of  

sensitive and tolerant taxa; presence of disease
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QUANTIFY GRADIENT - Attributes

22

Stream, River, Coral Reef
• Taxa sensitivity/tolerance
• Organism Condition (e.g. disease, tumors etc)
• Presence of native/non native species

Estuaries: Work in Progress
• Above plus exploring measures of:
• habitat mosaic
• connectivity
• ecosystem function

HO #1
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BCG Process

A Practitioner’s Guide 
to the Biological 
Condition Gradient: A 
Framework to 
Describe Incremental 
Change in Aquatic 
Ecosystems. 
EPA 842-R-16-001



Iterative process: 

• conceptual model

• site data across stress 
gradient

• expert elicitation & 
panel consensus

• metric testing to 
replicate expert 
consensus 26

Quantitative Model Development



Example of a fish worksheet that was used when making 
BCG level assignments for stream sites in Illinois. 

Example: Data Worksheet
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Rate sites along gradient of disturbance

Assign to BCG level

Describe logic for assignment

We ask the experts to …
Biological Integrity, As Naturally Occurs

Severely
Altered



In a snapshot:

1) Narrative rules, logic  
documented

2) Test metrics that measure 

narrative rules

3) Suite of metrics = numeric 

decision rules

4) Test that the decision rules 
replicate expert knowledge

26

Quantitative Model DevelopmentHO #2 and #3



BCG complements existing IBIs
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Plat PRVSWApps

Comparison of modeled macroinvertebrate BCG levels with MMI scores for northern Alabama 

streams.

Comparisons are within site classes based on ecoregions: the Interior Plateau and the Transition Hills 

subecoregion (Plat), Southwestern Appalachians (SWApps), and the Piedmont and Ridge & Valley (PRV) 

Take Home Message: 

BCG is a tool in a larger “toolbox” of 
biological indicators and methods

It is a state, territorial or tribal program 
decision on how to adapt and use



Maine, Connecticut,

Vermont Streams –

NE BCG

(benthic &/o r fish)

Alabama: streams (benthic, fish)

Virginia

streams/Appalachian 

Mtn Ecoregions

(benthic, fish)

Maritime NW Pacific Region -

Washington/Oregon (benthic)

New Mexico Rio Grande  

River (benthic, fish)

Minnesota, Illinois, Indiana  

streams (benthic & /o r fish)

BCG: Work 

to date*

California streams  

(benthic, diatoms) New Jersey streams  

(benthic, fish, diatoms)

Montgomery County,  

MD Streams  

(benthic, fish)

Central Great  Plains 

(benthic, fish)
Narragansett and

Massachusetts Bay  

(habitat mosaic)

Pennsylvania stream

(benthic BCG metrics)

Puerto Rico and USVI  coral reef 

(benthic, fish)

*BCG development and/or application in progress.  



What can the BCG be
used for?
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Stressors
Biological  

response

Habitat  

structure

Flow  

regime

WQ &  

toxicity

What does biology tell you? 

Direct Cumulative
Measure of response to
what we are any and all
protecting stressors

Energy  

source

Biotic  

interaction



Stressors
Biological  

response

Habitat  

structure

Flow  

regime

WQ &  

toxicity

What does the BCG add?

Direct Cumulative
Measure of response to
what we are any and all
protecting stressors

Energy  

source

Biotic  

interaction

Interpret condition 
relative to undisturbed, 

natural expectations



Reference Sites As 
A Benchmark

What is reference condition?

The biological expectation for a given water 
body type (e.g., streams) in a given region 
(e.g., Northern Lakes and Forest Ecoregion) 
that would occur with no or minimal human 
disturbance.

This is what will be used as a benchmark to 
compare streams to determine their 
condition. 



Defining Reference Condition - I

Biota

Physical & Chemical Measures 

(Stress Gradient)

As naturally 

expected
Are the organisms 

at the test sites 

similar to or 

different from 

those observed in 

reference sites?

Highly 

Altered

No/Minimal High

Site A  

Site B  

Screening Criteria



Defining Reference Condition - II

Biota

Physical & Chemical Measures 

(Stress Gradient)

As naturally 

expected

Reference site 

quality may vary 

across ecological 

regions

Highly 

Altered

No/Minimal High



Reference Sites As 
A Benchmark

Least Disturbed Condition

The best available* existing conditions 
with regard to physical, chemical and 
biological characteristics.

* Lowest level of anthropogenic disturbance 
within class and/or region



Biological Condition Gradient: Provides Context 

Ex: Un/Minimally Disturbed

Ex: Least Disturbed



Potential Applications

Dec 2019 WQSA 37

Screening 

and  

AssessmentsExcellent

Fair

Good



Potential Applications

Dec 2019 WQSA 38

Identify High Quality  

Conditions



Potential Applications

Dec 2019 WQSA 39

Detect Early  

Signs of  

Degradation



Potential Applications

Dec 2019 WQSA 39

Detect Early  

Signs of  

Degradation



Potential Applications

Dec 2019 WQSA 40

Measure  

Improvements

Evaluate  

Effectiveness
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• Assess biological condition

• Identify high quality waters

• Set protection and restoration targets

• Track incremental progress

• Develop biological criteria and detailed 
ALU descriptions

In sum, the BCG can be used to help:



Thank You!

Questions?

Susan Jackson
jackson.susank@epa.gov


