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Definitions

o effectively use biological criteria, a clear understanding of how these criteria are developed and ap-

plied in a water quality standards framework is necessary. This requires, in part, that users of biclogical

criteria start from the same frame of reference. To help form this frame of reference, the tollowing defini-
tions are provided. Please consider them carefully to ensure a consistent interpretation of this document.

Definitions

3 An AQUATIC COMMUNITY is an association of in-
taracting populations of aquatic organisms in a given
waterbocy or habitat

3 A BIOLOGICAL ASSESSMENT is an evaluation of
the biological condition of a waterbody using biclogi-
cal surveys and other direct measurements of resi-
dent biota in surface waters.

2 BIOLOGICAL CRITERIA, or biocriteria, are numeri-
cal values or narrative expressions that describe the
reference biological integnty of aquatic communities
nhabiting waters of a given designated aquatic life
Jse.

2 BIOLOGICAL INTEGRITY is functionally defined as
the condition of the aquatic community inhabiting
unimpaired waterbodies of a specified habitat as
measured by community structure and function.

32 BIOLOGICAL MONITORING is the use of a biologi-
cal entity as a detector and its response as a
measure (0 determine environmental conditions.
Toxicity tests and biological surveys are common
biomonitaring methods.

2 A BIOLOGICAL SURVEY, or biosurvey, consists of
collecting, processing and analyzing representative
portions of a resident aquatic community to deter-
mine the community structure and function.

3 A COMMUNITY COMPONENT is any portion of a
biolegical community. The community component
may pertain to the taxomonic group (fish, inver-
tebrates, algae), the taxonomic category (phylum,
order, family, genus, species), the feeding strategy

(herbivore, omnivore, carnivore) or crganizational
level {individual, population, community assoc:ation)
of a biclogical entity within the aquatic community.

< REGIONS OF ECOLOGICAL SIMILARITY describe
a relatively homogeneous area defined by similarity
of climate, lancform, soil, potential natural vegeta-
tion, hydrology, or other scologically relevant vari-
able. Regions of ecological similarity help define the
potentiat for designated use classifications of
specific waterbodies.

2 DESIGNATED USES are those uses specified n
water quality standards for each waterbody or seg-
ment whether or not they are being attained.

Q An IMPACT is a change in the chemical, physical or
biological quality or condition of a waterbody caused
by extemal scurces.

Q2 An IMPAIRMENT is a detrimental effect on the
biological integrity of a waterbody caused by an im-
pact that prevents attainment of the designated use.

3 APOPULATION is an aggregate of interbreeding in-
dividuals of a biclogical species within a specified
location.

3 AWATER QUALITY ASSESSMENT is an evaluation
of the condition of a waterbody using biological sur-
veys, chemical-specific analyses of poilutants in
waterbodies, and toxicity tests.

J An ECOLOGICAL ASSESSMENT is an evaluation
of the condition of a waterbody using water quauty
and physical habitat assessment mathods.




Executive Summary

he Clean Water Act (Act) directs the U.S. Environmental Protection Agency (EPA) to develop

programs that will evaluate, restore and maintain the chemical, physical, and biological in-

tegrity of the Nation's waters. In response to this directive, States and EPA implemented
chemically based water quality programs that successfully addressed significant water pollution
problems. However, these programs alone cannot identify or address all surface water pollution
problems. To create a more comprehensive program, EPA is setting a new priority for the develop-
ment of biological water quality criteria. The initial phase of this program directs State adoption of
narrative biological criteria as part of State water quality standards. This effort will help States and
EPA achieve the objectives of the Clean Water Act set forth in Section 101 and comply with statutory
requirements under Sections 303 and 304. The Water Quality Standards Regulation provides additional
authority for biological criteria development.

In accordance with pricrities established in the FY 1991 Agency Operating Guidance, States are to
adopt narrative biological criteria into State water quality standards during the FY 1991-1993 trien-
nium. To support this priority, EPA is developing a Policy on the Use of Biological Assessments and
Criteria in the Water Quality Program and is providing this program guidance document on biological
criteria.

This document provides guidance for development and implementation of narrative biological
criteria. Future guidance documents will provide additional technical information to facilitate
development and implementation of narrative and numeric criteria for each of the surface water
types.

When implemented, biological criteria will expand and improve water quality standards
programs, help identify impairment of beneficial uses, and help set program priorities. Biological
criteria are valuable because they directly measure the condition of the resource at risk, detect
problems that other methods may miss or underestimate, and provide a systematic process for
measuring progress resulting from the implementation of water quality programs.
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Siological Criteria:  Nasionsl Program Guidance

Biological criteria require direct measurements of the structure and function of resident aquatic
communities to determine biological integrity and ecological function. They supplement, rather than
replace chemical and toxicological methods. It is EPA’s policy that biological survey methods be fully
integrated with toxicity and chemical-specific assessment methods and that chemical-specific criteria,
whole-effluent toxicity evaluations and biological criteria be used as independent evaluations of non-
attainment of designated uses.

Biological criteria are narrative expressions or numerical values that describe the biological in-
tegrity of aquatic communities inhabiting waters of a given aquatic life use. They are developed
under the assumptions that surface waters impacted by antnropogenic activities may contain im-
paired aquatic communities (the greater the impact the greater the expected impairment) and that
surface waters not impacted by anthropogenic activities are generally not impaired. Measures of
aquatic community structure and function in unimpaired surface waters functionally define biologi-
cal integrity and form the basis for establishing the biological criteria.

Narrative biological criteria are definable statements of condition or attainable goals for a given
use designation. They establish a positive statement about aquatic community characteristics ex-
pected to occur within a waterbody (e.g., "Aquatic life shall be as it naturally occurs” or "A natural
variety of aquatic life shall be present and all functional groups well represented”). These criteria can
be developed using existing information. Numeric criteria describe the expected attainable com-
munity attributes and establish values based on measures such as species richness, presence or ab-
sence of indicator taxa, and distribution of classes of organisms. To implement narrative criteria and
develop numeric criteria, biota in reference waters must be carefully assessed. These are used as the

reference values to determine if, and to what extent, an impacted surface waterbody is impaired.

Biological criteria support designated aquatic life use classifications for application in standards.
The designated use determines the benefit or purpose to be derived from the waterbody; the criteria
provide a measure to determine if the use is impaired. Refinement of State water quality standards to
include more detailed language about aquatic life is essential to fully implement a biological criteria
program. Data collected from biosurveys can identify consistently distinct characteristics among
aquatic communities inhabiting different waters with the same designated use. These biological and
ecological characteristics may be used to define separate categories within a designated use, or
separate one designated use into two or more use classifications.

To develop values for biological criteria, States should (1) identify unimpaired reference water-
bodies to establish the reference condition and (2) characterize the aquatic communities inhabiting
reference surface waters. Currently, two principal approaches are used to establish reference sites: (1)
the site-specific approach, which may require upstream-downstream or near field-far field evalua-
tions, and (2) the regional approach, which identifies similarities in the physico-chemical charac-
teristics of watersheds that influence aquatic ecology. The basis for choosing reference sites depends
on classifying the habitat type and locating unimpaired (minimally impacted) waters.
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Exscutive Summaery

Once reference sites are selected, their biological integrity must be evaluated using quantifiable
biological surveys. The success of the survey will depend in part on the careful selection of aquatic
community components (e.g., fish, macroinvertebrates, algae). These components should serve as ef-
fective indicators of high biological integrity, represent a range of pollution tolerances, provide pre-
dictable, repeatable results, and be readily identified by trained State personnel. Well-planned quality
assurance protocols are required to reduce variability in data collection and to assess the natural
variability inherent in aquatic communities. A quality survey will include multiple community com-
ponents and may be measured using a variety of metrics. Since multiple approaches are available,
factors to consider when choosing possible approaches for assessing biological integrity are
presented in this document and will be further developed in future technical guidance documents.

To apply biological criteria in a water quality standards program, standardized sampling
methods and statistical protocols must be used. These procedures must be sensitive enough to iden-
tify significant differences between established criteria and tested communities. There are three pos-
sible outcomes from hypothesis testing using these analyses: (1) the use is impaired, (2) the biological
criteria are met, or (3) the outcome is indeterminate. If the use is impaired, efforts to diagnose the
cause(s) will help determine appropriate action. If the use is not impaired, no action is required based
on these analyses. The outcome will be indeterminate if the study design or evaluation was incom-
plete. In this case, States would need to re-evaluate their protocols.

If the designated use is impaired, diagnosis is the next step. During diagnostic evaluations three
main impact categories must be considered: chemical, physical, and biological stress. Two questions
are posed during initial diagnosis: (1) what are obvious potential causes of impairment, and (2) what
possible causes do the biological data suggest? Obvious potential causes of impairment are otten
identified during normal field biological assessments. When an impaired use cannot be easily related
to an obvious cause, the diagnostic process becomes investigative and iterative. Normally the diag-
noses of biological impairments are relatively straightforward; States can use biological criteria to
confirm impairment from a known source of impact.

There is considerable State interest in integrating biological assessments and criteria in water
quality management programs. A minimum of 20 States now use some form of standardized biologi-
cal assessments to determine the status of biota in State waters. Of these, 15 States are developing
biological assessments for future criteria development. Five States use biological criteria to define
aquatic life use classifications and to enforce water quality standards. Several States have established
narrative biological criteria in their standards. One State has instituted numeric biological criteria.

Whether a State is just beginning to establish narrative biological criteria or is developing a fully
integrated biological approach, the programmatic expansion from source control to resource
management represents a natural progression in water quality programs. Implementation of biologi-

cal criteria will provide new options for expanding the scope and application of ecological perspec-
tives.
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Introduction

he principal objectives of the Clean Water
TAct are "to restore and maintain the chemi-

cal, physical and biological integrity of the
Nation's waters® (Section 101). To achieve these ob-
jectives, EPA, States, the reguiated community, and
the public need comprehensive information about
the ecological integrity of aquatic environments.
Such information will help us identity waters requir-
ing special protection and those that will benefit most
trom regulatory etforts.

To meet the objectives of the Act and 1o comply
with statutory requirements under Sections 303 and
304, States are to adopt biological criteria in State
standards. The Water Quality Standards Reguiation
provides additionai authority for this effort. In ac-
cordance with the FY 1991 Agency Operating
Guidance, States and qualified indian tribes are to
adopt narrative biological criteria into State water
quality standards during the FY 1991-1983 trien-
nium. To support this effort, EPA is deveioping a
Policy on the Use of Biological Assessments and
Criteria in the Water Quality Program and providing
this program guidance document on biological
criteria.

Like other water quality criteria, biological cri-
teria identity water quality impairments, support
regulatory controls that address water quality
problems, and assess improvements in water
quality from regulatory efforts. Biological criteria are
numerical values or narrative expressions that
describe the reference biological integrity of aquatic
communities inhabiting waters of a given desig-
nated aquatic life use. They are developed through

Anthropogenic impacts, inchuding point source
discharges, nonpoint runoff, and habitat degradation
continue to impair the nation’s surface waters.

the direct measurement of aquatic community com-
ponents inhabiting unimpaired surface waters.

Biological criteria complement current pro-
grams. Of the three objectives identified in the Act
(chemical, physical, and biological integrity), current
water quality programs focus on direct measures of
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chemical integrity (chemical-specific and whole-ef-
fluent toxicity) and, to some degree, physical in-
tegrity through several conventional criteria (e.g.,
pH, turbidity, dissoived oxygen). Impiementation of
these programs has significantly improved water
quality. However, as we learn more about aquatic
scosystems it is apparent that other sources of
waterbody impairment axist. Biological impairments
from diffuse sources and habitat degradation can be
greater than those caused by point source dischar-
ges (Judy et al. 1987; Miller et al. 1989). in Ohio,
svaluation of instream biota indicated that 36 per-
cent of impaired stream segments could not be
detected using chemical criteria alone (see Fig. 1).
Although effective for their purpose, chemical-
specific criteria and whole-effluent toxicity provide
only indirect evaluations and protection of biclogical
integrity (see Table 1).

To effectively address our remaining water
quality problems we need to develop more in-
tegrated and comprehensive evaluations. Chemical
and physical integrity are necessary, but not suffi-
cient conditions to attain biological integrity, and
only when chemical, physical, and biological in-
tegrity are achieved, is ecological integrity possible
(see Fig. 2). Biological criteria provide an essential
third element for water quality management and
serve as a natural progression in regulatory
programs. incorporating biological criteria into a
fully integrated program directly protects the biologi-
cal integrity of surface waters and provides indirect
protection for chemical and physical integrity (see
Table 2). Chemical-specific critena, whole-effluent
toxicity evaiuations, and biological criteria, when
used together, complement the relative strengths
and weaknesses of each approach.

Figure 1.—Ohio Blosurvey Resuits Agree with
instream Chemistry or Reveal Unknown Problems

Impairment tdentification

Chemical Evaluation indicate
No Impairment: Biosurvey
Show Impairment

N

Biosurvey Show No
Impairment; Chemical
Evaluation Indicates
Impairment

Chemical Prediction
& Biosurvey Agree

Fig. 1. In an intensive survey, 431 sites in Ohio were assessed
using instream chemistry and biological surveys. In 36% of
the cases, chemicat evaiuvations implied no impairmeant but
biological survey evsiuations showed impairment. tn 58 % of
the cases the chemical and biological assesamaents agreec.
Of these, 17% identitied waters with no impairment. 41%
identified waters which were considered impatred. (Modified
from Ohio EPA Water Quality Inventory, 1968.)

Biological assessments have been used in
biomonitoring programs by States for many years.
In this respect, biological criteria suppcrt eartier
work. However, implementing biological criteria in
water quality standards provides a& systematic,
structured, and objective process for making
decisions about compliance with water quality
standards. This distinguishes biological criteria from
earlier use of biological infformation and increases
the value of biological data in regulatory programs.

Table 1.—Current Water Quality Program Protection of the Three Elements of Ecologicat Integrity.

ELEMENTS OF ECOLOGICAL i PROGRAM THAT DIRECTLY

INTEGRITY | PROTECTS

' PROGRAM THAT INDIRECTLY
: PROTECTS

Chemical Integnty o

( Chemical Spectic Cntena (toxics)

| Whoie Effiuent Toxicity (toxics)

i Physical Integnty
{pH. DO, turbidity)

Critena tor Conventionals

o

Bological Integnty

' Chemmical Whole Effluent Toxicity
(ootic response 1n 1ab)

Table 1 Current programs focus on chemical speciic and whole-effivent toxicity evaluations. Both are valuable approaches
for the direct evatuation and protection of chemical integnty Physical integrity 1s also directty prolected 10 a imited deg-ee
through critena lor conventional pollutants Biological iIntegrty 1s only indirectly protected under the assumption ‘hat Zy
evaluating toxicity to organmisms in 1aboratory studies estimates can be made about the toxicity to other organisms inhati' =2

ambient walers




Chapter 1. introguction

Table 2.—Water Quality Programs that incorporate Biological Criteris to Protect Elements of Ecological Integrity.

ELEMENTS OF
ECOLOGICAL INTEGRITY DIRECTLY PROTECTS " INDIRECTLY PROTECTS
Chemical Integnty Chemical Specific Critena 1toxics) Biocntena (identhcanon of
Whole Effluent Toxicity (toxics) impairment)
Physical Integrity Cntena for conventionals (pH. temp Biocntena (habitat evaluation)
. DO}
Biological Integnty Biocntena (biotic response in surtace Chemical- Whote Effluent Testing
water) tDIONIC response n iab)

Tabie 2 When Dioiogical critena are incorporated into water quaitty programs the bioiogical integnity of surface waters may
pe directly evaiuated and protected. Biological critena aiso provide additional benehts by requinng an evaluaton of physical
integrity and providing a monstanng tool 1o assess the effactivenass of current chemically based cntana

Figure 2.—The Elements of Ecological integrity Biological assessments provide integrated
evaluations of water quality. They can identify im-
pairments from contamination of the water column

/_\ and sadimaents from unknown or unregulated chemi-
/ \ cals, non-chemical impacts, and altered physical
Physical Integnity habitat. Resident biota ftunction as continual

,'/—3‘\ monitors of environmental quality, increasing the

likelihood of detacting the effects of episodic events

M } \ (e.g.. spills, dumping, treatment plant malfunctions,

nutriant anrichmant) toxic nonnoint taurce nollition

/ \ / \ / \ (e.9.. agricultural pesticides), cumulative pollution

Ecatogical (i.e., multiple impacts over time or continuous low-

/ \\!mw't/y\/ Biological } level stress), or other impacts that periodic chemical

Integrity sampling is ununmy to dstact. Impacts on the physi-

\ Chemical ; } / cal habitat such as sedimentation from stormwater

integnity runoff and the effects OI DHYSICEJ ar structurai

\ \/ / habitat alterations (e.g., dredging, filling, chan-
\_/v nelization) can aiso be detected.

- Biological criteria require the direct measure of

resident aquatic community structure and function

1o determine biological integrity and ecological func-

Fig 2. Ecological Integnty 1s attainable when chemicai, mpv.'m".'n
physical, and biologicat integrity occur simultaneously. tion. Usmg these measures, i ! t can be

detacted and evaluated withaout Immmm the im-

- - ¥ e e e T

pact(s) that may cause the impairment.

Value of Eiological Biofogical criteria provide a reguiatory frame-
—~ . work for addressing water guality problems and
Criteria offer additional benefits, including providing:

* the basis for characterizing high quality

Biological criteria provide an effective tool for waters and identifying habitats and
addressing remaining water quality problems by community Components requiring special
directing regulatory efforts toward assessing the protection under State anti-degradation
biological resources at risk from chemical, physical

policies,;

or biological impacts. A primary strength of bnolog|~ '

cal criteria is the detection of water quality problems * a framework for deciding 319 actions for best
that other methods may miss or underestimate. control of nonpoint source pollution;
Biclogica! criteria can bs used to dsterming to what

* an gvaluation of surface water impairments

extent current regulations are protecting the use. predicted by chemical analyses, toxicity
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testing, and fate and transport modeling (e.g.,
wasteioad allocation);

* improvements in water quality standards
(including refinement of use classifications),

* a process for demonstrating improvements in
water quality after implementation of pollution
controis;

* additional diagnostic tools.

The roie of biclogical criteria as a regulatory tool
is being realized in some States (e.g., Arkansas,
Maine, Chio, North Carolina, Vermont). Biological
assessments and criteria have been useful for
regulatory, resource protection, and monitoring and
reporting programs. By incorporating biological
criteria in programs, States can improve standards
setting and enforcement, measure impairments
from permit violations, and refine wasteload alloca-
tion models. In addition, the location, extent, and
type of biological impairments measured in a water-
body provide valuable information needed for iden-
ufying the cause of impairment and determining
actions required to improve water quality. Biological
assessment and criteria programs provide a cost-
effective method for evaluating water quality when a
standardized, systematic approach to study design,
field methods, and data analysis is established
(Ohic EPA 1988a).

Process for
Implementation

The implementation of biological critena will fol-
low the same process used for current chemical-

specific and whole-effluent toxicity applications: na-
tional guidance produced by U.S. EPA will support
States working to astablish State standards tor the
implementation of reguiatory programs (see Table
3). Biological criteria differ, however, in the degree
of State involvement required. Because surface
waters vary significantly from region to region, EPA
will provide guidance on acceptable approaches for
biological criteria development rather than specific
criteria with numerical limitations. States are o0 es-
tablish assessment procedures, conduct field
evaluations, and determine criteria values to imple-
ment biological criteria in State standards and apply
them in regulatory programs.

The degree of State involvement required in-
fluences how biological criteria will be implemented.
It is expected that States will implement these
criteria in phases.

@ Phase | \ncludes the development and adog-
tion of narrative biological criteria into State
standards for all surface waters (streams,
rivers, lakes, wetiands, estuaries). Definitions
of terms and expressions in the narratives
must be included in these standards (see the
Narrative Criteria Section, Chapter 3). Adop-
tion of narrative biological criteria in State
standards provides the legal and program-
matic basis for using ambient biological sur-
veys and assessments in regulatory actions

@ Phase Il includes the development of an im-
ptementation plan. The plan should include
program objectives, study design, research
protocols. criteria for selecting reference con-
ditions and community components, quality
assurance and quality control procedures,

Table 3.—Process for impiementstion of Water Quality Standards.

CRITERIA EPA GUIDANCE

STATE IMPLEMENTATION

STATE APPLICATION

Chermcal Specific Potiutant specific numenc cntena

Narrative Free Forms Whole sffluent toxicity gudance

Biciogicat Biosurvey minimum requirement

gwdance

State Standards

Water Quakty Narrative
© No toxic amounts transtator

State Standards

© refineg use

T NArativernuMmenc cntena
- antdegradation

Pearmit hirmits Monitonng

T use designanon Best Management Practices
© nuUMenc crena Wasteioad atiocation
© anbdegracabon

Parrmut mrets Monstonng
Wasteioad aliocation
Best Management Practices

Permit conaiions Monitoring
Best Management Practices
Wasteioad atiocation

Table 3 Similar to chemical specihc cntena and whole effluent toxicity evaluations. EPA 1s providing quidance o States fc’
the adoption of biological cntena into State standards to regulate sources of water quality \mpairment




and training for State personnel. In Phase ||,
States are to develop plans necessary o im-
plement blological criteria for each surtace
water type.

u Phase Ill requires full implementation and in-
tegration of biological criteria in water quality
standards. This requires using biological sur-
veys to derive biological criteria for classes of
surface waters and designated uses. These
critaria are then used 1o identity nonattain-
ment of designated uses and make regulatory
decisions.

Narrative biological criteria can be developed
for ail five surface water classifications with little or
no data collection. Application of narrative criteria in
seriously degraded waters is possible in the short
term. However, because of the diversity of surface
waters and the biota that inhabit these waters, sig-
nificant planning, data collection, and evaluation will
be needed to fully implement the program. Criteria
for each type of surface water are likely to be
developed at different rates. The order and rate of
development will depend, in part, on the develop-
ment of EPA guidance for specific types of surface
water. Biological criteria technical guidance for
streams will be produced during FY 1991, The ten-
tative order for tuture technical guidance documents
includes guidance for rivers (FY 1992), lakes (FY
1993), wetlands (FY 1994) and estuaries (FY 1995).
This order and timeline for guidance doas not reflect
the relative imporiance of these surface waters, but
rather indicates the relative availability of research
and the anticipated difficulty of developing
guidance.

Independent Application
of Biological Criteria

Biological criteria suppiement, but do not
replace, chemical and toxicological methods. Water
chemistry methods are necessary to pradict risks
(particularty to human heaith and wildlife), and to
diagnose, modsel, and regulate important water
quality problems. Because biological criteria are
able to detect different types of water quality impair-
ments and, in particular, have ditferent levels of sen-
sitivity tor detecting certain types of impairment

Chapter 1: introduction

compared to toxicologicali methods, they are not
used in lieu of, or in conflict with, current regulatory
efforts.

As with all criteria, certain limitations to biologi-
cal critaria make independent application essential.
Study design and use influences how sensitive
biological criteria are for detecting community im-
pairment. Several factors influence sensitivity: (1)
State decisions about what 8 significantly different
between reference and test communities, (2) study
design, which may include community components
that are not sensitive {0 the impact causing umpair-
ment, (3) high natural variability that makes it dif-
ficult to detect real differences, and (4) types of
impacts that may be detectable sooner by other
methods (e.g., chemical cnteria may provide earlier
indications of impairment from a bicaccumulative
chemical because aquatic communities require ex-
posure over time to incur the full effect).

Since each type of critena (biological cntera,
chemical-specific ¢cnteria, or whole-effluent toxicity
ovaluations) has different sensitivities and pur-
poses, a critarion may fail to detect real impairments
when used alone. As a result, these methods should
be used together in an integrated water quality as-
sessmaent, sach providing an independent evalua-
tion of nonattainment of a designated use. If any
one type of criteria indicates impairment of the sur-
face water, regulatory action can be taken to im-
prove water quality. However, no one type of crnitenia
can be used to confirm attainment of a use if
another form of criteria indicates nonattainment
(see Hypothesis Testing: Biological Criteria and the
Scientific Method, Chapter 7). When these three
methods are used together, they provide a powertul,
integrated, and eftective toundation for waterbody
mang jement and regulations.

How to Use this
Document

The purpose of this document is to provide EPA
Regions, States and others with the conceptual
framework and assistance necessary to deveiop
and implement narrative and numeric bioclogical
criteria and to promaote national consistency in ap-
plication. There are two main parts of the document.
Part One {Chapters 1, 2, 3, and 4) includes the es-
sential concepts about what biological critania are
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and how they are used in regulatory programs. Parn
Two (Chapters 5, 8, and 7) provides an overview of
the process that is essential for impiementing a
State biological criteria program. Specific chapters

include the following:

Parti: PROGRAM ELEMENTS

Q Chapter 2, Legsl Authority, reviews the legal
basis for biclogical criteria under the Clean
Water Act and includes possible applications

undar the Act and other lnnmlnhnn_
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discusses the essential program elements for
biologicai criteria, inciuding what they are and
how they are developed and used within a
reguiatory program. The deveiopment of
narrative biological cnitena is discussed in this
chapter.

(8]

32 Chapter 4, Integration, discusses the use of
biological criteria in regulatory programs.

Partii: THE IMPLEMENTATION PROCESS

3 Chapter 5, The Reference Condition,
provides a discussion on aiternative forms of
reference condit:ons that may be geveloped by
a State based on circumstances and needs.

Chapter 8, The Biological Survey, provides

some detail on the elements of a quality

hiolagical sursev
Ll vIv INWEGRT WF WS 'U,

(8]
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Chapter 7, Hypothesis lmlrlg Sioiogicai
Criteria and the Scientific Method, discusses
how bioiogical surveys are used to make
reguiatory and diagnostic decisions.

(J

Q Appendix A includes commonly asked
questions and their answers about biological
criteria.

Two additional documents are pianned in the
near term to supplement this program guidance
Jocument.

t. "Biological Cniteria Technical Reference
Guide® will contain a cross reference of tech-
nical paners on availahle approaches and

——T et

methods for developing bnologucal cntena

leaa tantativa takla A‘ contants im Aes
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2. “Biological Criteria Development by States”
wili provide a summary of different mecha-
nisms several States have used to implement
and apply biological criteria in water quality
programs (see tentative outline in Appendix

yments are planned for FY 1981 As
previously discussed. over the next triennium tech-
nicai guidance for specific systems (e.q., streams,
wetlands) will be developed to provide guidance on
acceptable biological assessment procedures to fur-
ther support State implementation of comprehen-
sive programs,

Tiar TS Tl Wil

mant supports development and implementation of
biclogical criteria by providing guidance to States
working to comply with requirements under the
Ciean VWater Act and the Water Quality Standards
Regulation. This guidance 1s not reguiatory.

Thie biological criteria program gui




Legal Authority

he Clean Water Act (Federal Water Poliution
Control Act of 1972, Clean Water Act of
1977, and the Water Quality Act of 1987)
mandates State development of criteria based on

biological assessments of natural ecosystems.

The general authority for biological criteria
comes from Seaction 101(a) of the Act which estab-
lishes as the objective of the Act the restoration and
maintenance of the chemical, physical, and biologi-
cal integrity of the Nation's waters. To meet this ob-
jective, water quality criteria must include criteria to
protect biological integrity. Section 101(a)(2) in-
cludes the interim water quality goal for the protec-
tion and propagation of fish, shellfish, and wildlifs.
Propagation includes the full range of biological
conditions necessary to support reproducing
populations of all forms of aquatic life and other life
that depend on aquatic systema. Sections 303 and
304 provide specific directives for the development
of biological criteria.

Section 303

Under Section 303(c) of the Act, States are re-
quired to adopt protective water quality standards
that consist of uses, criteria, and antidegradation.
States are to review these standards every three
years and to revise them as needed.

Section 303(c)(2)(A) requires the adoption of
water quality standards that . . . serve the purposes
of the Act,” as given in Section 101. Section
303(c)(2)(B), enacted in 1987, requires States to

Balancing the legal authority for biclogical criteria.

adopt numeric criteria for toxic pollutants for which
EPA has published 304(a)(1) criteria. The section
further requires that, where numeric 304(a) criteria
are not available, States should adopt criteria based
on biological assessment and monitoring methods,
consistent with information nublished by EPA under
304(a)(8).

These specific directives do not serve to restrict
the use of biological criteria in other settings where
they may be helpful. Accordingly, this guidance
document provides assistance in implementing
various sections of the Act, not just 303(¢)(2)(B).
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Section 304

Section 304(a) directs EPA to develop and
publish water qualty criteria and information on
methods for measuring water quality and estab-
lishing water quality criteria for loxic poltutants on
bases other than poliutant-by-poliutant, including
biological monitoring and assessment methods
which assess:

* the effects of pollutants on aquatic community
components (. . . plankton, fish, shellfish,
wildlife, piant life . . .°) and community
attributes (°. . . biological community diversity,
productivily, and stability . . ."); in any body of
water and;

¢ factors necessary °. . . to restore and
maintain the chemical, physical, and
biological integrity of all naviqable wataers . . .°
for ". . . the protection of shellfish, tish, and
wildlite for classes and categories of receiving
waters . . .°

Potential Applications
Under the Act

Development and use of biological criteria will
help States to meet other requirements of the Act,
including:

3 setting planning and management priorities for
waterbodies most in need of controls
{Sec. 303(d)};

3 determining impacts from nonpoint sources
fi.e., Section 304(f) *(1) guidelines for
identitying and evaluating the nature and
extent of nonpoint sources of pollutants, and
(2) processes, procedures, and methods to
control poliution . ...

3 biennial reports on the extent to which waters
support balanced biological communities
[{Sec. 305(b));

2 assessment of lake trophic status and trends
[Sec. 314);

Q lists of waters that cannot attain designated
uses without nonpoint source controis
{Sec. 319j;

Q2 development of management plans and
conducting monitoring in estuaries of national
significance [Sec. 320];

Q issuing permits for ocean discharges and
monitoring ecological effects (Sec. 403(c) and
301 (h)(3}):

32 determination of acceptable sites for disposal
of dredge and fill material [Sec. 404];

Potential Applications
Under Other Legislation

Several lagisiative acts require an assessment
of risk to the environment (including resident aquatic
communities) to determine the need for regulatory
action. Biological criteria can be used in this context
to support EPA assessments under:

Q Toxic Substances Controt Act (TSCA) of 1976

2 Resource Consarvation and Recovery Act
(RCRA),

3 Comprehensive Environmental Response,
Compensation and Liability Act of 1980
(CERCLA),

Q Superfund Amencments and Reauthorization
Act of 1986 (SARA),

3 Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA);

Q National Environmental Policy Act (NEPA),

Q2 Federal Lands Policy and Management Act
(FLPMA).

Q The Fish and Wildlife Conservation Act of 1980

3 Marine Protection, Research, and Sanctuaries
Act

Q Coastal Zone Management Act




2 Wild and Scenic Rivers Act

A Fish and Wildlifa Coordination Act, as
Amended in 1965

A summary of the applicability of these Acts for
assessing ecological impairments may be found in
Risk Assessment Guidance for Superfund-Environ-
mental Evaluation Manual (Interim Final) 1989.

Other federal and State agencies can also
benefit from using biclogical criteria to evaluate the
biological integrity of surface waters within their
junisdiction and to the effects of specific practices on
surface water quality. Agencies that could benefit in-
clude:

2 Department of the interior (U.S. Fish and
Wildlite Service, U.S. Geological Survey,
Bureau of Mines, and Bureau of Reclamation,
Bureau of indian Affairs, Bureau of Land
Management, and National Park Service),

2 Department of Commerce (National Oceanic
and Atmospheric Administration, National
Marine Fishenas Service),

2 Department of Transportation (Federal
Highway Administration)

23 Department of Agricuiture (U.S. Forest
Service. Soil Conservation Service)

2 Department of Defense,
3 Department of Energy,
2 Army Corps ot Engineers,

A Tennessee Valley Authorlty.

Chapter 2: Legal Authority
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The Conceptual Framework

iological integrity and the determination of

use impairment through assessment of am-

bient biological communities form the foun-
dation for biological criteria development. The
etfectiveness of a biological criteria program will
depend on the development of quality criteria, the
refinement of use classes to support narrative
criteria, and careful application of scientific prin-
ciples.

Premise for Biological
Criteria

Biological criteria are based on the premise that
the structure and function of an aquatic biological
community within a specific habitat provide critical
information about the quality of surface waters. Ex-
isting aquatic communities in pristine environments
not subject to amhropogenic impact exemplify
biological integrity and serve as the best possible
goal for water quality. Although pristine environ-
ments are virtually non-existent (even remote
waters are impacted by air poliution), minimally im-
pacted waters exist. Measures of the structure and
tunction of aquatic communities inhabiting unim-
paired (minimally impacted) waters provide the
basis for establishing a reference condition that may
be compared to the condition of impacted surface
waters to determine impairment.

Based on this premise, biological criteria are
developed under the assumptions that: (1) surtace
waters subject 1o anthropogenic disturbance may
contain impaired populations or communities of
aquatic organisms—the greater the anthropogenic

‘
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Agquatic communities assessed in unimpaired
waterbodies (top) provide a reference for svaluating
impairments in the same or similar waterbodies sufferng
from increasing anthropogenic impacts (bottom)
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disturbance, the greater the likelihood and mag-
nitude of impairmant; and (2) surface waters not
subject to anthropogenic disturbance generally con-
tain unimpaired (nstural) populations and com-
munities of aquatic organisms exhibiting biclogical
integrity.

Biological Integrity

The expression "biological integrity® is used in
the Clean Water Act to define the Nation's objec-
tives for water quality. According to Webster's New
Worid Dictionary (1966), integrity is, “the quality or
state of being complete; unimpaired.® Biological in-
tegnty has been defined as "the ability of an aquatic
ecosystem to support and maintain a balanced, in-
tegrated, adaptive community of organisms having
a species composition, diversity, and functional or-
ganization comparable to that of the natural habitats
within a regron” (Karr and Dudley 1981). For the pur-
poses of biclogical criteria, these concepts are com-
bined to deveiop a functional definition for
evaluating biological integrity in water quality
programs. Thus, biological integrity is functionally
defined as:

the condition of the aquatic community
inhabiting the unimpaired waterbodies
of a specifiad habitat as measured by
community structure and function.

It wiil ofter. be difficuit to find unimpaired waters
to define biological integrity and establish the refer-
ence condition. However, the structure and function
of aquatic communities of high quality waters can be
approximated in several ways. One is to charac-
terize aquatic communities in the most protected
waters representative of the regions where such
sites exist. in areas where few or no unimpaired
sites are available, characterization of least im-
paired systems approximates unimpaired systems,
Concurrent analysis of historical records should
suppliement descriptions of the condition of least im-
paired systems. For some systems, such as lakes,
evaluating pealeoecological information (the record
stored in sediment profiles) can provide a measure
of less disturbed conditions.

Surface waters, when inhabited by aquatic com-
munitigs, are exhibiting a degree of biological in-
tegnty. However, the best representation of
biciogical integrity for a surface water should form

the basis for establishing water quality goals for
those waters. When tied to the deveiopment of
biological criteria, the realities of limitations on
biological integrity can be considered and incor-
porated into a progressive program to improve
water quality.

Biological Criteria

Biological criteria are narrative expressions or
numerical values that describe the biological n-
tegrity of aquatic communities inhabiting waters of a
given designated aquatic lite use. While biological
intagnty describes the ultimate goal for water
quality, biological criteria are based on aquatic com-
munity structure and function for waters within a
variety of designated uses. Designated aquatic life
uses serve as general statements of attained or at-
tainable uses of State waters. Once established for
a designated use, biological criteria are quantifiable
values used to determine whether & use is impaired.
and it so, the level of impairment. This is done by
specifying what aquatic community structure and
function should exist in waters of a given designated
use, and then comparing this condition with the con-
dition of a site under evaluation. If the existng
aquatic community measures fail to meet the
criteria, the use is considered impaired.

Since biological surveys used for biolog.cal
critena are capable of detecting water quaity
problems (use impairments) that may not be
detected by chemical or toxicity testing, violation of
biological criteria is sufficient cause for States to in-
itiate regulatory action. Corroborating chemical and
toxicity testing data are not required (though they
may be desirable) as supporting evidence to sustain
& determination of use impairment. However, a find-
ing that biological critenia fail to indicate use impair-
ment does not mean the use is automaticaily
attained. Other evidence, such as violation of physi-
cal or chemical criteria, or results from toxicity tests,
can aiso be used to identify impairment. Alternative
forms of criteria provide independent assessments
of nonattainment.

As stated above, biological criteria may be nar-
rative statements or numerical values. States can
establish general narrative biological criteria early in
program development without conducting biolog:cal
assessmants. Once established in State standards.
narrative biological criteria form the legal and

14



programmatic basis for expanding biological as-
sessment and biosurvey programs needed to impie-
ment narrative criteria and deveiop numeric
biological criteria. Narrative biological cntera
should become part of State regulations and stand-
ards.

Narrative Criteria

Narrative biological criteria are general state-
ments of attainable or attained conditions of biologi-
cal integrity and water quality for a given use
designation. Although similar to the “free from®
chemical water Quality criteria, narrative biological
criteria establish a positive statement about what
should occur within a water body. Narrative criteria
can take a number of forms but they must contain
several attributes to support the goals of the Clean
Water Act to provide for the protection and propaga-
tion of fish, shellfish, and wiidlite. Thus, narrative
criteria shouid include specific language about
aquatic community characteristics that (1) must
exist in @ waterbody to meet a particular designated
aquatic life use, and (2) are quantifiable. They must
be written to protect the use. Supporting statements
for the criteria should promote water quality to
protect the most natural community possible for the
designated use. Mechanisms should be established
in the standard to address potentially contlicting
multiple uses. Narratives should be written to

-
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protect the most sensitive use and support an-
tidegradation.

Several States currently use narrative critaria.
In Maine, for example, narrative criteria were estab-
lished for four classes of water quality for streams
and rivers (see Table 4). The classifications were
based on the range of goals in the Act from *no dis-
charge" to ‘protection and propagation of fish,
shelifish, and wildiife® (Courtemanch and Davies
1987). Maine separated its "high quality water" into
two cmegcﬁes, one that reflects the highest goal of
the Act (no discharge, Class AA) and one that
reflects high integrity but is minimally impacted by
human activity {Class A). The statement ‘The
aquatic life . . . shall be as naturally occurs® is a nar-
rative biological criterion for both Class AA and A
waters. Waters in Class B meet the use when the
life stages of all indigenous aguatic species are sup-
ported and no detrimental changes occur in com-
munity composition (Maine DEP 1986). These
criteria directly support refined designated aquatic
life uses (see Section D, Refining Aquatic Lite Use
Classifications).

These narrative criteria are effective only if, as
Maine has done, simple phrases such as "as
naturally occurs® and ‘nondetrimental® are clearly
operationally defined. Rules for sampling proce-
dures and data analysis and interpretation should
become part of the regulation or supporting
documentation. Maine was able to deveiop these
criteria and their supporting statements using aval-

Table 4.— Aquatic Lite Classification Scheme for Maine's Rivers and Streams.

RIVERS AND
STREAMS MANAGEMENT PERSPECTIVE LEVEL OF BIOLOGICAL INTEGRITY
Class AA High quality water for preservation of Aquatic e shall be as naturally occurs.
recreational and ecological interests. No
discharges of any kind permitted. No
impoundment permitted.
Class A High quality water with imited human Aguatc ife shall be as naturally occurs
interference. Discharges restricted to noncontact
process water or highly treated wastewater of
qQuality equal to or better than the receving
water. Impoundment permitted.
Class B Good quality water. Discharges of well lreated Ambient water quality sufficient to support ife
effiuents with ampie dilution permitied. stages of all indigenous aquatc species Oniy
nondetnmental changes n community
composition may occur.
Class C Lowest quality water Requirements consistent Ambient water quality sutficient to support 're

with intenm goals of the federal Water Qualty

Law (hshable and swimmable)

life stages of ai! indigenous fish species
Changes in species composition may occL” !
structure angd lunction of the aguatc commy- .,
must be maintained




able data from water quality programs. To imple-
ment the criteria, aquatic life inhabiting unimpaired
waters must be measured to quantify the cnteria
statement.

Narrative critaria can take more spacific forms
than illustrated in the Maine example. Narrative

critaria mav includa enacific claseas and snaciae of
i IO ’ TWiWW Y W wil WBATFW N AV U W wiWS W

organisms that will occur in waters for a given dasng~
nated uss. To develop thess narratives, fisld svalua-
tions of reference conditions are necessary lo
identify biologicai community attributes that differ
significantly between designated usas. For example
in the Arkansas use class Typical Gulf Coastal
Ecoregion (i.e., South Central Plains) the narrative
criterion reads:

“Streams supporting diverse
communitias of indigenous or adapted
specias of fish and other forms of
aquatic life. Fish communitics are
characterized by a limited proportion of
sensitive species; sunfishes are
distinctly dominant, followed by darters
and minnows. The community may be
generally characterized by the following
fishes: Key Species—Redfin shiner,
Spotted sucker, Yellow bullhead, Flier,
Slough darter, Grass pickerei; Indicator

Spoc:es—Prrare perch, Warmouth,

Spotred sunfish, Dusky darter, Creek

T e - ST

chubsucker. Banded pygmy sunfish

In Connecticut, current designated uses are
supported by narratives in the standard. For ex-
ample, under Surface Water Classifications, Inland
Surface Waters Class AA, the Designated Use is:
‘Existing or proposed drinking water supply; fish
and wildlife habitat; recreational use; agricuitural, in-
dustrial supply, and other purposes (recreation uses
may be restricted).*

The supporting narratives include:

Benthic invertebrates which inhabit lotic

watare: A usda u-n-h: ~t
vaIolS. Y "'Uv \4 4L Ul' v'

macroinvertebrate taxa should normally
be present and ali functional groups
should normally be well represented . . .
Water quaiity shali be sufficient to
sustain a diverse macroinvertebrate
community of indigenous species. Taxa
within the Orders Plecoptera

(stonafiies), Ephemeroptera (mayfies},
Coieoptisra (beeties), Tricoptera
(caddisfiies) should be wall represented
(Connecticut DEP 1987).

For these narratives to be effective in a biologi-
cal criteria program expressions such as ‘a wide
variety® and "functional groups should normally be
wall representad” require quantifiable definitions

o2 LE- Ak -

that be->me part of the standard or supporting

docum non, Mnnu Q'a!e_ ma\’; fin d sych narra-
tives in  air standards already. If 30, States should

b b i mmd oo .o - if o o

évaluate current language to determin it meeis
the requiraments of quantifiable narrative critera
that suppori refined aquaitic iife uses.

Narrative biological criteria are similar to the
traditional narrative “free froms® by providing the
legal basis for standards applications. A sixth “free
from* could be incorporated into standards to help
support narrative biological criteria such as “free

trom activities that would impair the aquatic com-

mnnim ag it nammllu occure . Narrativa hinlmir:l

cmena can be used mmadxately to address obvmus

Numneric Criteria

Numerical indices that serve as biological
criteria should describe expected attainatie ccm-
munity attributes for different designated uses. It s
important to ncte that tull implamentation of narra-
tive critaria will raquire similar data as that needed
for developing numeric criteria. At this time, States
may or may not choose to establish numeric criteria
but may find it an effective tool for regulatory use.

[P R U7 . pegy - o

IU UUIIVU a numenc UIIUIIU", an ¢quum. LUt~
munity's structure and function is measured at refer-
ence sites and set as a reference condition.
Examples of relative measures include similarity in-
dices, coefficients of community loss, and com-
parisons of lists of dominant taxa. Measures ot
existing community structure such as species rich-
ness, presence or absence of indicator taxa, and
distribution of trophic feeding groups are usefui for
establishing the normal range of community com-
ponents to be expected in unimpaired systems. For
axample, Ohio uses critaria for the warmwater

habitat use class based on multiple measures in dif-

ferent rninrnnﬂn ennc within the same nﬁnrng:nn

Criteria are set as the 25th percentule of all biologi-

rY-1 Moy nAamenn sonmmerdood

cal index scores recorded at

nnnnnnnnn
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sites within the ecoregion. Exceptional warmwater
habitat index criteria are set at the 75th percentile
(Ohio EPA 1988a). Applications such as this reguire
an extensive data base and multiple reference sites
for each criteria value.

To develop numeric biological criteria, careful
assessments of biota in reference sites must be
conducted (Hughes et al. 1986). There are
numerous ways !0 assess community structure and
function in surface waters. No single index or
measure is universally recognized as free from bias.
it is important to evaluate the strengths and weak-
nesses of different assessmant approaches. A multi-
metric approach that incorporates information on
species richness, trophic composition, abundance
or biomass, and organism condition is recom-
mended. Evaluations that measure multiple com-
ponents of communities are also recommended
because they tend to be more reliable (e.g.,
measures of fish and macroinvertebrates combined
will provide more information than measures of fish
communities alone). The weaknesses of one
measure or index can often be compensated by
combining it with the strengths of other community
measurements.

The particular indices used to develop numeric
criteria depend on the type of surface waters
(streams, rivers, lakes, Great Lakes, estuaries, wet-
lands, and nearshore marine) to which they must be
applied. In general, community-level indices such
as the Index of Biotic Integrity developed for mid-
western streams (Karr et al. 1986) are more easily
interpreted and less variable than fluctuating num-
bers such as population size. Future EPA technical
guidance documents will include evaluations of the
effectiveness of different biological survey and as-
sassment approaches for measuring the biological
integrity of surface water types and provide
guidance on acceptable approaches for biological
criteria development.

Refining Aquatic Life Use
Classifications

State standards consist of (1) designated
aquatic life uses, (2) criteria sufficient to protect the
designated and existing use, and (3) an an-
tidegradation clause. Biological criteria support
designated aqualic life use classifications for ap-
plication in State standards. Each State develops its

Chapter 3: The Conceptual Framework

own designated use classification system based on
the generic uses cited in the Act (e.g., protaction
and propagation of fish, shelifish, and wildlife).
Designated uses are intentionally general. How-
ever, States may develop subcategories within use
designations to refine and clarify the use class.
Clarification of the use class is particularly helpful
when a variety of surface waters with distinct char-
acteristics fit within the same use class, or do not fit
well into any category. Determination of nonattain-
ment in these waters may be difficult and open to al-
termative interpretations. If a determination is in
dispute, regulatory actions will be difficult to ac-
complish. Emphasizing aquatic community structure
within the designated use focuses the svaluation of
attainment/nonattainment on the resource of con-
carn under the Act.

Flexibility inherent in the State process for
designating uses allows the development of sub-
categories of uses within the Act's general
categories. For example, subcategories of aquatic
life uses may be on the basis of attainable habitat
(e.g., cold versus warmwater habitat); innate dif-
ferences in community structure and function, (e.g.,
high versus low species richness or productivity); or
fundamaental differences in important community
components (e.g., warmwater fish communities
dominated by bass versus catfish). Special uses
may also be designated to protect particularly uni-
que, sensitive, or valuable aquatic species, ¢com-
munities, or habitats.

Refinement of use classes can be ac-
complished within current State use classification
structures. Data collected from biosurveys as part of
a developing biocriteria program may reveal unique
and consistent differences among aquatic com-
munities inhabiting different waters with the same
designated use. Measurable biological attributes
could then be used to separate one class into two or
more classes. The result is a refined aquatic life
use. For example, in Arkansas the beneficial use
Fisherias “provides for the protection and propaga-
tion of fish, shallfish, and other forms of aquatic life"
(Arkansas DPCE 1988). This use is subdivided into
Trout, Lakes and Reservoirs, and Streams. Recog-
nizing that stream characteristics across regions of
the State differed ecologicalty, the State further sub-
divided the stream designated uses into eight acdi-
tional uses based on regional characteristics (e ¢
Springwater-influenced Gulf Coastal Ecoregicn
QOuachita Mountains Ecoregion). Within this cias-
sification system, it was relatively straightforward fer
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Arkansas to establish detailed narrative biological
criteria that list aquatic community components ex-
pected in each ecoregion (see Narrative Criteria
saction). Thoso narrative cntana can then be used

Dll(“ can refine very genaral OUSIU“EI.O uses
such as high, medium, and low quality to specific
categories that inciude measurabie ecologicai char-
acteristics. in Maine, for example, Class AA waters
are defined as “the highest ciassification and shail
be applied to waters which are outstanding natural
resources and which should be preserved because
of their ecological, social, scenic, or recreational im-
portance.® The designated use includes ‘Class AA
waters shall be of such quality that they are suitable

. as habitat for fish and other aquatic lite. The
habitat shall be characterized as free flowing and
natural.® This use supports development of narra-
tive criteria based on biological characteristics of
aquatic communities (Maine DEF 1986; see the
Narrative Criteria section).

Blological criteria that include lists of dominant

nr fumn-l -pmi.c axnact [ o] Itu. In th- .nrfnn-
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water are particularly sffective. Descriptions of im-
paired conditions are mors difficull to interpret.

However, biological criteria may contain statements
conceming which species dominate disturbed sites,
as well as those species expectsd at minimally im-
pacted sites.

Most States collect biological data in current
programs. Refining aquatic life use classifications
and incorporating biological criteria into standards
will enable States to evaluate these data more ef-
fectively.

Developing and
Implementing Biological
Criteria

Biological criteria development and impiemen-

tatinm in atandarde raniiisn an ndasatandionne Af tha
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selection and evaluation of reference sites, meas-

urement of aquauh bUllllllUlllly structure and IUIK.'
tion, and hypothesls testing under the scientific
method. The developmentai process is imporiant for
State water quality managers and their staff to un-

derstand to promoie effective plannlng for resource
and staff needs. This major program element deser-

ves careful consideration and has been separated
outin Part |l by chapter for each developmental step
as noted below. Additional guidance will be provided
in future technical guidance documaents.

The developmental process is illustrated in Fig-
ure 3. The first siep is estabiishing narrative criteria
in standards. However, to support these narratives,
siandardized protocois need io be deveioped io
quanitify the narratives for criteria implementation.
They should incilude data collection procedures,
selection of reference sites, quality assurance and
quality control procedures, hypothesis testing, and
statistical protocois. Pilot studies should be con-
ducted using these standard protocols to ensure
they meet the needs of the program, test the
hypotheses, and provide effective measures of the
biological integrity of surface waters in the State.

Figure 3.—Process tor the Development and
Implementation of Biological Criteria

Deveiop Standard Protocols
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)
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Fig. 3: Implementation of biological critena requires the in-
itia! sslection of reference sites and characterization of ras+
dent aquatic communities inhagbiting those sites to estadblish
the reference condilion and bioiogical critena. After criterna
development. impacted sites are evaluated using the same
biosurvey procedures to assess resident bicta. It impairment
1$ tound, diagnosis ot cause wili lead to the impiementation
of a contral. Continued monitoring should accompany con-
trol impiementation to determine the effectiveness of in.
tervention Momtonnn 1% 2it0 recommended whare no m.
pairment s found to ensure that the surface watler maintains
or IMproves 1N Quaity
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The next step is establishing the reference con-
dition for the surface water being tested. This refer-
ence may be site specific or regional but must
establish the unimpaired baseline for comparison
(see Chapter 5, The Reterence Condition). Once
reference sites are selected, the biologica!l integrity
of the site must be evaluated using carefully chosen
biological surveys. A quality biological survey will in-
clude muitiple community components and may be
measured using a variety of metrics (see Chapter 8,
The Biological Survey). Establishing the reference
condition and conducting biological surveys at the
reference locations provide the necessary informa-
tion for establishing the biclogical criteria.

To apply biological criteria, impacted surface
waters with comparable habitat characteristics are
evaluated using the same procedures as those used
to establish the criteria. The biological survey must
support standardized sampling methods and statis-
tical protocols that are sensitive enough to identity
biologically relevant differences between estab-
lished criteria and the community under evaluation,
Resulting data are compared through hypothesis
testing to determine impairment (see Chapter 7,
Hypothesis Testing).

When water quality impairments are detected
using biological criteria, they can only be applied in
a regulatory setting if the cause for impairment can
be identified. Diagnosis is iterative and investigative
{see Chapter 7, Ciagnosis). States must then deter-
mine appropriate actions to implement controls.
Monitoring should remain a part of the biological
criteria program whether impairments are found or
not. If an impairment exists, monitoring provides a
mechanism to determine if the control effort (inter-
vention) is resuiting in improved water quality. f
there is no impairment, monitoring ensures the
water quality is maintained and documents any im-
provements. When improvements in water quality
are detected through monitoring programs two ac-
tions are recommended. When reference condition
waters improve, biological criteria values should be
recalculated to refiect this higher level of integrity.
When impaired surface waters improve, states
should reclassity those waters to reflect a refined
designated use with a higher level of biological in-
tegnty. This provides a mechanism for progressive
water quality improvement,

Chapter 3: The Conceptual Framework
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Integrating Biological
Criteria Into Surface Water
Management

quality programs will help to assess use attain-

ment/nonattainment, improve problem dis-
covery in specific waterbodies, and characterize
overall water resource condition within a region.
Ideally, biological criteria function in an iterative man-
nar. New biosurvey information can be used to refine
use classes. Refined use classes will help support
cntena development and improve the value of data
collacted in biosurveys.

Integrating biological criteria into existing water

Implementing Biological
Criteria

As biological survey data are coliected, these
data will increasingly support current use of
biomonitoring data to identity water quality
problems, assess their severity, and set planning
and management priorities tor remediation. Monitor-
ing data and biological criteria should be used at the
outset 1o helip make regulatory decisions, develop
appropriate controls, and evaiuate the effectiveness
of controls cnce they are implemented.

The value of incorporating biological survey in-
formation in reqgulatory programs is illustrated by
evaluations conducted by North Carolina. In

To integrate biological criteria into water quality
programs, states must carefully determine where and
how data are collected to assess the biological integrity
of surface waters.

response to amendments of the Federal Water Pol-
lution Control Act requiring secondary effluent limits
for all wastewater treatment plants, North Carolina
became embroiled in a debate over whether meet-
ing secondary etfluent limits (at considerable cost)
would resull in better water quality. North Carclina
chose to test the effectiveness of additional treat-
ment by conducting seven chemical and biological
surveys befcre and after facility upgrades (North
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Carolina DNRCD 1984). Study results indicated that
moderate (o substantial in-stream improvements
were observed at six of seven facilities. Biotogical
surveys were used as an efficient, cost-effective
monitoring tool for assessing in-stream improve-
ments after facility modification. North Carolina has
also conducted comparative studies of benthic mac-
roinvertebrate surveys and chemical-specific and
whoie-effluent evaluations to assess sensitivities of

these measures for detecting impairments
(Eagleson et al. 1980).

Nasrative biological criteria provide a scientific
framework for evaluating biosurvey, bicassessment,
ang biomonitoring data collected in most States. Ini-
tial application of narrative biclogical criteria may re-
quire only an evaluation of current work. States can
use available data to define variables for choosing
reference sites, selecting appropriate biological sur-
veys, and assessing the response of local biota to a
variety of impacts. States should alsc consider the
decision criteria that wili be used for determining ap-
propriate State action when impairment is found.

Recent efforts by several States to develop
biciogical criteria for freshwater streams provide ex-
cellent examples for how biological criteria can be
integrated into water quality programs. Some of this
work is described in the National Workshop on In-
stream Biological Monitoring and Criteria proceed-
ings which recommended that “the concept of
biological sampling should be integrated into the full
spectrum of State and Federal surface water
programs® (U.S. EPA 1987b). States are actively
developing biological assessment and criteria
programs; several have programs in place.

Biological Criteria in State
Programs

Biological criterla are used within water
programs !o refine use designations, astablish

criteria for determining use nttalnmem/nonanam-
mant, avaluate effactivensse of currant watar

programs, and detect and characterize previously

unknown impairmsnts.

baldlomm msa a:ioosadds
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using some form of standardized ambient biological
assessments {0 detarmine the status of biota within
State waters. Levels of effort vary from bicassess-
ment studies to fully deveioped biological criteria
programs.

Fifteen States are deveioping aspects of
biological assessments that will support future
deveiopment of biological criteria. Colorado, lilinois,
lowa, Kentucky, Massachusetts, Tennessee, and
Virginia conduct biological manitoring to evaluate
biological conditions, but are not developing biologi-
cal criteria. Kansas is considering using a com-
munity metric for water rasource assessment.
Arizona is planning to refine ecoregions for the

State. Delaware Minnesota Texas, and Wisconsin

ars d-ualnmng camnlmg and avaluation msthods to

apply to future biological criteria programs. New
York is proposing to uses biological criteria for site-
specific evaluations of water guality impairment.
Nebraska and Vermont use informai bioiogical
criteria to support existing aquatic life narratives in
their water quality standards and other regulations.
Vermont recenlly passed a law requiring that
biotogical criteria be used to regulate through per-

mitting the indirect discharge ot sanitary effluents.

Florida ncorporated a specific biological

inta  State standarde |nunﬁnhr='a
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species diversity. Species diversity within a water-
body, as measured by a Shannon diversity index,
may not fall below 75 percent of reference values.
This criterion has been usad in enforcement cases
to obtain injunctions and monetary settiements.
Fiorida’s approach is very specific and iimits aiter-
native applications.

criterion fnr
criterio for

Four States—Arkansas, Narth Carolina, Maine,
and Ohio—are currently using biological criteria 1o

L2h- L1 bt 2

define aquatic life use classuﬁcations and enforce

water quality standards. These states have madse

biological criteria an integral part of comprehensive

wialtar miialith, ;smmemane

walgl HUCIHY PlUuldlll!

& Arkansas rewrote its aquaiic life use ciassifica-
tions for each of the State's ecoregions. This has al-
lowed many cities to design wastewater treatment
plants to meet realistic attainable dissolved oxygen
conditions as determined by the new criteria.

8 North Carolina developed biological criteria 10
assess impairment to aquatic life uses writtan as nar-
ratives in the State water quality standards. Biologi-

cal data and criteria are uged sxtensivel to H-nhf\;

cals & e Y wwww wosswr VWYY W rews

waters of special concern or those with axceptlonal

water quality. In addition to the High Quality Waters

(HQW) and Outstandlng Resource Waters (ORW)

uualgnauuna. Nutrient Sensitive Vvaiers (NDW) at
nsk for eutrophication are assessed using biological
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criteria. Although specific biological measures are
not in the reguiations, strengthened use of biological
monitoring data to assess water quality is being
proposed for incorporation in North Carolina’s water
quality standards.

@ Maine has enacted a revised Watar Quality
Ciassification Law specifically designed to facilitate
the use of biological assessments. Each of four
water classes contains descriptive aquatic life condi-
tions necessary to attain that class. Based on a
statewide database of macroinvertebrate samples
collected at-ve and below outfalls, Maine is now

Aavatanin~ a eat af Airhatamaiie kave that carva ae
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the biological criteria. Maine's program is not 8x-
pected to have a significant roie in permitting, but will
be used to assess the degree of protection afforded
by effluent iimitations.

8 Ohio has instituted the most extensive use of
biotogical criteria for defining use classifications and
assessing water quatlity. Biologica! criteria were
developed for Ohio rivers and streams using an
ecoregional reference site approach. Within each of
the State's five ecoregions, criteria for three biologi-
cal indices (two for fish communities and one for
macroinvertebrates) were derived. Ohio successfully
uses biological criteria ta demonstrate attainment of
aquatic life uses and discover previously unknown or
unmidentified environmental degradation (e.g., twice
as many mpaired waters werg discovered using
biological criteria and water chemistry together than
were found using chemistry alone). The upgraded
use designations based on biological criteria were
upheld in Ohio courts and the Ohio EPA successfully
proposed their biological criteria for inclusion in the
State water quality standards regulations.

States and EPA have leamed a great deal about
the effectiveness of integrated biological assess-
ments through the development of biological criteria
for freshwater streams. This information is par-
ticularly valuable in providing guidance on develop-
ing biological criteria for other surface water types.
As previously discussed, EPA plans to produce sup-
porting technical guidance for biological criteria
development in streams and othaer surface waters.
Production of these guidance documents will be
contingent on technical progress made on each sur-

Chapter & Integrating Biological Crtens

face water type by researchers in EPA, States and
the academic community.

EPA will also be developing outreach work-
shops to provide technical assistance to Regions
and States working toward the implementation of
biological criteria programs in State water quality
management programs. In the interim, States
should use the technical guidance currently avail-
able in the Technical Support Manual(s): Waterbody
Surveys and Assessments for Conducting Use At-
tainability Analysis (U.S. EPA 1983b, 1984a,b).

During the next triennium, State effort will be
focused on developing narrative biclogical critena.
Full implementation and integration of biological
criteria will require several years. Using available
guidance, States can complement the adoption of
narrative criteria by developing implementation
plans that include:

1. Defining program objectives, develop:ng
research protocols, and setting priorities;

2. Determining the process for establishing
reference conditions, which includes
developing a process to evaluate habitat
characteristics;

3. Establishing biclogical survey protocols that
include justifications for surface water
classifications and selected aquatic
community components to be evaluated;
and

4. Developing a formal document descrbing
the research design, quality assurance and
quality control protocols, and required
training for staff.

Whether a State begins with narrative biological
criteria or moves to fully implement numeric cntera,
the shift of the water quality program focus from
source control to resource management represents
a natural progression in the evolution from the tech-
nology-based to water quality-based approaches in
water quality management. The addition of a
biological perspective allows water quality programs
to more directly address the objectives of the Clean
Water Act and to piace their etforts in a context that
is more meaningful to the public.
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Future Directions

Biological criteria now focus on resident aquatic
communities in surface waters. They have the
potential to expand in scope toward greater ecologi-
cal integration. Ecological criteria may encompass
the ambient aquatic communities in surface waters,
wildlife species that use the same aguatic resour-
ces, and the aquatic community inhabiting the
gravel and sediments underlying the surtace waters
and adjacent land (hyporheic zone); specific criteria
may apply to physical habitat. These areas may rep-
resent only a few possible options for biological
criteria in the future.

Many wildlife species depend on aquatic resour-
ces. If aquatic population lavels decrease or if the
distribution of species changes, food sources may
be suffictently altered to cause problems for wiidlife
species using aquatic resources. Habitat degraca-
tion thatl impairs aquatic species will often impact
important wildlife habitat as well. These kinds of im-
pairments are likely to be detected using biological
criteria as currently formulated. !n some cases,
however, uptake of contaminants by resident
aquatic organisms may not result in aitered struc-
ture and function of the aquatic community. These
impacts may go undetected by biological criteria,
but could result in wildlife impairments because of
bioaccumulation. Future expansion of biological
cntena to include wildlife species that depend con
aquatic resources coulc provide a more integrative
ecosystem approach.

Rivers may have a subsurface flood plain ex-
tending as far as two kilometers from the river chan-
nel. Preliminary mass transport calculations made
in the Flathead River basin in Montana indicate that
nutrients discharged from this subsurface flood
plain may be crucial to biotic productivity in the river
channel (Stanford and Ward 1988). This is an unex-
plored dimension in the ecology of gravel river beds
and potentially in other surface waters.

As discussed in Chapter 1, physical intagrity is a
necessary condition for biologicat integrity. Estab-
lishing the reference condition for biological criteria
requires evaluation of habitat. The rapid bicassess-
maent protocol provides a good example of the im-
portance of habitat for interpreting Dbiological
assessments (Plafkin et al. 1989). However, it may
be useful to more fully integrate habitat charac-
teristics into the regulatory process by establishing
criteria based on the necessary physical structure of
habitats to support ecological integrity.
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_————————

The implementation of biological criteria requires: (1) selection of unimpaired
(minimal impact) surface waters to use as the reference condition for each desig-
nated use, (2) measurement of the structure and function of aquatic communities in
reference surface waters to establish biological criteria, and (3) establishment of a
protocol to compare the biological criteria to biota in impacted waters to determine
whether impairment has occurred. These elements serve as an interactive network
that is particularly important during early development of biological criteria
where rapid accumulation of information is effective for refining both designated
uses and developing biological criteria values. The following chapters describe
these three essential elements.

==
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The Reference Condition

key step in developing values for support-

ing narrative and creating numeric biologi-

cal criteria is to establish reference
conditions; it is an essential feature of environmental
impact evaluations (Green 1979). Reterence condi-
tions are critical for environmental assessments be-
cause standard experimental controls are rarely
available. For most surface waters, baseline data
were not collected prior to an impact, thus impair-
ment must be inferred from differences between the
impact site and established references. Reference
conditions describe the characteristics of waterbody
segments least impaired by human activities and are
used to define attainable biological or habitat condi-
tions.

Wide variability among natural surface waters
across the country resuiting from climatic, landform,
and other geographic differences prevents the
development of nationwide reference conditions.
Most States are aiso too heterogeneous for single
reference conditions. Thus, each State, and when
appropriate, groups of States, will be responsible for
selecting and evaluating reference waters within the
State to establish biological criteria for a given sur-
face water type or category of designated use. At
least seven methods for estimating attainable condi-
tions for streams have been identified (Hughes et al.
1986). Many of these can apply to other surface
waters. References may be established by defining
models of attainable conditions based on historical
data or unimpaired habitat (e.g., streams in oid
growth forest). The reference condition established
as before-after comparisons or concurrent mea-

Reference conditions shouid be established by
measuning resident biota in unimpaired surface waters.

sures of the reference water and impact sites can be
based on empirical data (Hall et al. 1989).

Currently, two principal approaches are used for
establishing the reference condition. A State may
opt to (1) identity site-specific reference sites for
each evaluation of impact or (2) select ecologicaily
similar regional reference sites for comparison with
impacted sites within the same region. Both ap-
proaches depend on evaluations of habitats to en-
sure that waters with similar habitats are compared.
The dasignation of discrete habitat types is more
tully developed for streams and rivers. Development
of habitat types for lakes, wetlands, and estuaries is
ongoing.
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Site-Specific Reference
Condition

A site-specific reference condition, frequently
used to evaluate the impacts from a point discharge,
is best for surface waters with a strong directional
flow such as in streams and rivers (the upstream-
downstream approach). However, it can aiso be
used for other surface waters where gradients in
contaminant concantration occur based on
proximity to a source (the near field-far field ap-
proach). Establishment of a site-specific reference
condition requires the availability of comparable
habitat within the same waterbody in both the refer-
ance location and the impacted area.

A snte-specific reference condit e Aifficalt ta
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tions on the waterbody; or (4) habitat characteristics
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tions and the impact site (Hughes et al. 1986; Plaf-
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Ri & & 1599). N UeSe C(a8SeS, sie-speciic
reference conditions could result in underestimates
of impairment. Despite limitations, the use of site-

specific reference conditions is often the method of
choice for point source discharges and certain
waterbodies, particularly when the relative impair-

menis from gdifferent iocai impacis need io be deier-
mined.

The Upstream-Downstream
Reference Condition

The upstream-downstream reference condition
is best applied to streams and rivers where the
habitat characteristics of the waterbody above the
point of discharge are similar to the habitat charac-
teristics of the stream below the point of discharge.
One standard procedure is to characterize the biotic
condition just above the discharge point (accounting
for possible upstream circulation) to establish the
reference condition. The condition below tha dis-
charge is also measured at several sites. If sig-
nificant differences are found between these
measures, impairment of the biota from the dis-
chamn is indicated. Since measguramants of resi.

(LI 180 ) SRS

dent bnota taken in any two sites are expected 1o
differ bacause of naturai variation, more than one
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conclusions drawn from these data (Green, 1979).
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particularly it regional characteristics of the water-
bodies are incorporated, the basis for determining
impairment from site-specific upstream-downstream
assessmenis may require fewer individuai samples.
The same measures made below the ‘recovery
zone” downsiream f{rom the discharge wiii heip
define where recovery occurs.

The upstream-downstream reference condition
should be used with discretion since the reference
condition may be impaired from impacts upstream
from the point source of interest. In these cases it is
important to discriminate between individual point
source impact versus overall impairment of the sys-
tem. When overall impairment occurs, the resident
biota may be sufficiently impaired to make it impos-
sible to detect the effect of the target point source
discharger.

The approach can be cost effective when one
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condition adequately reflects the attainable condi-
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tich of the impacted sils. However, routine com-
parisons may roquiro assessments of several
upstream sites to adequately describe the natural
variability of reference biota. Even so, measuring a
series of site-specific references wiii iikely continue
to be the method of choice for certain point source
discharges, especiaily where the reiative impair-
ments from different iocal impacts need to be deter-
mined.

The Near Field-Far Field Reference
Condition

The near field-far field reference condition is ef-
fective for establishing a reference condition in sur-
face waters other than rivers and streams and is
particularty applicable tor unique waterbodies {e.q.,

s o7 LIWRA

estuaries such as Puget Sound may not have com-
parahle estuaries for comparison). To apply this

method, two variables are measured (1) habuat
characteristics, and 19\ nradinnl of m\nﬂlrm.nf For

reference waters o be |dent|fied wnhm the same
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Although not fulty developed, this approach may
provide an effective way to establish biological
criteria for estuaries, large lakes, or wetlands. For
example, estuarine habitats could be defined and
possible reference waters identified using physical
and chemical variables like those selected by the
Chesapeake Bay Program (U.S. EPA 1987a, e.g.,
substrate type, salinity, pH) to establish comparable
subhabitats in an estuary. To determine those areas
least impaired, a "mussel watch® program like that
used in Narragansett Bay (i.e., captive mussels are
used as indicators of contamination, (Pheips 1988))
could establish impairment gradients. These two
measures, whan combined, could form the basis for
selecting specific habitat types in areas of least im-
pairment to establish the reference condition.

Regional Reference
Conditions

Some of the iimitations of site-specific reference
conditions can be overcome by using regional refer-
ence conditions that are based on the assumption
that surface waters integrate the character of the
land they drain. Waterbodies within the same water-
shed in the same region should be more similar to
each other than to those within watersheds in dif-
ferent regions. Based on these assumptions, a dis-
tnbution of aquatic regions can be dsveloped based
on ecological features that directly or indirectly re-
late to water quality and quantity, such as soil type,
vegetation (land cover), land-surface form, climate,
and land use. Maps that incorporate several of
these features will provide a general purpose broad
scale ecoregional framework (Gallant et al. 1989).

Regions of ecological similarity are based on
hydrologic, climatic, geologic, or other relevant
geographic variabies that influence the nature of
biota in surface waters. To establish a regional refer-
ence condition, surface waters of similar habitat
type are identified in definable ecological regions.
The biological integrity of these reference waters is
determined to establish the reference condition and
develop biological criteria. These criteria are then
used to assess impacted surface waters in the
same watershed or region. There are two forms of
regional reference conditions: (1) paired water-
sheds and (2) ecoregions.

Chapter 5: The Reterence Condition

Paired Watershed Reference
Conditions

Paired watershed reference conditions are es-
tablished to evaluate impaired waterbodies, often
impacted by multipie sources. When the majority of
a waterbody is impaired, the upstream-downstream
or near field-far field referance condition does not
provide an adequate representation of the unim-
paired condition of aquatic communities for the
waterbody. Paired watershed reference conditions
are established by identifying unimpaired surface
waters within the same or very similar local water-
shed that is of comparable type and habitat. Vari-
ables to consider when selscting the watershed
reference condition include absence of human dis-
turbance, waterbody size and other physical charac-
teristics, surrounding vegetation, and others as
described in the "Regional Reference Site Selec-
tion® feature.

This method has been successfully appled
(e.g., Hughes 1985) and is an approach used in
Rapid Bicassessment Protocols (Plafkin et al.
1989). State use of this approach results in good
reference conditions that can be used immediately
in current programs. This approach has the added
benefit of promoting the development of a database
on high quality waters in the State that could form
the foundation for establishing larger reg:onal refer-
ences (e.g., eccregions.)

Ecoregional Reference Conditions

Reference conditions can also be developed on
alarger scale. For these references, waterbodias of
similar type are identified in regions of ecological
similarity. To establish a regional reference condi-
tion, a set of surface waters of similar habitat type
are identified in each ecological region. These sites
must represent similar habitat type and be repre-
sentative of the region. As with other reference con-
ditions, the biological integrity of selected referance
waters is determined to establish the reference.
Biological criteria can then be deveioped and used
to assess impacted surface waters in the same
region. Before reference conditions may be estab-
lished, regions of ecological similarity must be
defined.
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To determine specific regional reference siles
for streams, candidale watersheds are selected
from the appropnate maps and evaluated to
agetermine if they are typical for the region An
avaluation of ievel of human disturbance is mace
and a number of relatively undistrbed reference
sites ares selected from the candidate sites.
Generally, watersheds are chosen as regional ref-
erence sitas when they fall entirely within typical
areas of the region. Candidate sites are then
salected by aenal and ground surveys Identifica-
hon of canaidate sites is based on: (1) absence
of human disturbance, (2} stream size. (3) type
of stream channei. (4) location within a natural or
poiical refuge and (5) historicar records of resi-
dent biota and possible migration barners

Final selection of reference sites depends on
8 Oeterminaton of minvmal disturbance derived
from habitat evaluabon made dwring site visits.
For example, indicators of good quality streams in
forested ecoregions include: (1) extensive. oid.
natural npanan vegetaton; (2) relatively high het-
srogenerly in channel width and depth. (3) abun-
dant large woody debns, coarse bottom sub-
stratg or extensive aqualc or overnanging vege-
tanon. (4) relatively high or constant discnarge.
(5) relatively clear waters with naturai coior and
odor, (6) abundant diatom, insect and fish as-
sembiages. and (7) the presence of piscivorous
birds and marmmals.

One frequently used method is described by
Omernik (1987) who combined maps of land-sur-
face form, soil, potential natural vegetation, and
land use within the conterminous United States to
generate a map of aquatic scoregions for the

country. He aiso deveioped more detailed regional
maps. The acoregions defined by Omernik have

been evaluated for sireams and small rivers in
Arkansas (Rohm et al. 1987), Ohio (Larsen et al.

1986; Whittier et al. 1987), Oregon (Whm:er et al.

19828\ {‘mnmnn (Gallant st al. 1989) and Wiscon-
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n (Lyons 1989) and for lakes in Minnesota (Heis-
Lmos ab al 400N Ditmdm mamcm oo  o.m o
Raiy ©u ai. l::or) 21a1s B!.Uluglull maps were

developed for Colorado (Gallant et al. 1989) and
Oregon (Clarke et al. mss). Maps for the national
ecoregions and six multi-state maps of more
detailed ecoregions are available fromthe U.S. EPA
Environmental Research Laboratory, Corvallis,
Oregon.

Ecoregions such as those defined by Omernik
(1987) provide only a first siep in esiabiishing
regional reference sites for development of the ref-
erence condition. Fieid site evaiuation is required io
account for the inherent variability within each
ecoregion. A generai method for seiecting reference
sites for streams has been described (Hughes et al.
1986). These are the same variables used for com-
parable watershed reference gite selection.
Regional and on-site evaluations of biological fac-
tors help determine specific sites that best represent
typical but unimpaired surface water habitats within
the region. Details on this approach for streams is
described in the "Regional Reference Site Selec-
tion" tfeature. To date, the regional approach has
been tested on streams, rivers, and lakes. The
method appears applicable for assessing other in-
land ecosystems. To apply this approach to wet-
lands and estuaries will require additionat
evaluation based on the relevant ecological features
of these ecosystems (e.g. Brooks and Hughes,
1988).

IUcﬂlly, UbUlUgIUlldl lClU
1s Ittle disturbed as possible, yet represent
scdies tor which they are 'lu serve as referen
waters. These sites may serve as references for a
iarge number of simiiar waterbodies (e.g., severai
reference streams may be used {0 define the refer-
ence condition for numerous physically separate
streams it the reference streams contain the same
range of stream morphology, substrate, and flow of
the other streams within the same ecological
region).

water-

An important benefit of a regional reference sys-

tem is the establishment of a baseline condition for
tha least impacted surface watars within the
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Regional reference sites based on the least im-
pacted sites within a region will help water quality
programs restore and protect the environment in a
way that is ecoiogicaily feasibie.

tanecivaly
(111 lal'ul’

30



This approach must be used with caution for two
reasons. First, in many urban, industrial, or heavily
developed agricultural regions, even the least im-
pacted sites are seriously degraded. Basing stand-
ards or criteria on such sites will set standards too
low if these high levels of environmental degrada-
tion are considered acceptable or adequate. in such
degraded regions, alternative sources for the
regional reference may be needed (e.g., measures
taken from the same region in a less developed
neighboring State or historical records from the
region before serious impact occurred). Second, in
some regions the minimally-impacted sites are not
typical ot most sites in the region and may have
remained unimpaired precisely because they are
unique. These two considerations emphasize the
need to select reference sites very carefully, based
on solid quantitative data interpreted by profes-
sionals familiar with the biota of the region.

Each State, or groups of States, can select a
seres of regional reference sites that represent the
attainable conditions for 2ach region. Once biologi-
cal criteria are established using this approach, the
cost for evaluating !ocal impairments is often lower
than a series of measures of site-specific reference
sites. Using paired watershed reference conditions
immediately in requlatory programs will provide the
added benefit of building a database for the
develcpment of regions of ecological similarity.

Chapter 5. The Reference Condition
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critical element of biological criteria is the
characterization of biological communities

L Lmhabmng surtace waters. Use of biological
data is not naw; biological information has been used

s =1

to assess impacts from pollution since the 1890s
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porate biological information in their decisions about
the quaiity of suriace waters. However, bioiogicai in-
formation can be obtained through a variety of
methods, some of which are more effective than
others for characterizing resident aquatic biota.
Biological criteria are developed using biological sur-
vays; these provide the only direct method for
measuring the structure and function of an aquatic

cammunibys
communiy.
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Differeni subhabitat within the same surface water wili
contain unique aquatic community components. In

fast- IKJWrng Siream sogments SPOCIOS Sucn as ( i } biack
Ry larva: (2} brook trout; (3) wator penny; (4) crane fly
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However, in siow-flowing stream segments, species
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and (4) ingemail clams are abundant.

WI@I SUI'VOY SIUQY OOSIQI’I i8 of criticai im-
ponanco to criteria development. The design must
be scientifically rigorous to provide the basis for
legal action, and be biologically relevant to detect
probiems of reguiatory concern. Since it is not finan-
cially or technically feasible to evaluate ail or-
ganisms in an entire ecosystem at all imes, careful
selection of community components, the time and
place chosen for assessments, data gatherng
methods used, and the consistency with which
these variables are applied will determine the suc-
cess of the biological criteria program. Biological
surveys must therefore be caretully planned to meet
scientific and leqal requirements, maximize informa-
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tion, and minimize cost.
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Biological surveys can range from collecting
samples of a single species to comprehensive
svaluations of an entire ecosystem. The first ap-
proach is difficuit to interpret for community assess-
ment; the second approach is expensive and
impractical. A balance between these extremes can
meet program needs. Current approaches range
between detailed ecological surveys, biosurveys of
targeted community components, and biological in-
dicators (8.g., keysione species). Each of these
biosurveys has advantages and limitations. Addi-
tional discussion will be provided in technical
guidance under development.

No single type of approach to biological surveys
is always best. Many factors affect the vatue of the
approach, inctuding seasonal variation, waterbody
size, physical boundaries, and other natural charac-
teristics. Pilot testing alternative approaches in
Slate waters may be the best way to determine the
sensitivity of specific methods for evaluating biclogi-
cal integrity of local waters. Due 1o the number of al-
ternatives available and the diversity of ecological
systems, individuals responsible for research
design should be experienced biologists with exper-
tise in the local and regional ecology of target sur-
face waters. States shouid develop a data
management program that includes data analysis
and svaluation and standard operating procedures
as part of a Quality Assurance Program Plan.

When developing study designs for biological
criteria, two key elements to consider include (1)
selecting aquatic community components that will
best represent the biological integrity of State sur-
face waters and (2) designing data collection
protocols to snsure the best representation of the
aquatic community. Technical guidance currently
available to aid the development of study design in-
clude: Water Quailly Standards Handbook (U.S.
EPA 1983a), Technical Support Manuai: Waterbody
Surveys and Assessments for Conaucting Use At-
tainability Analyses (U.S. EPA 1983b); Technical
Support Manual: Waterbody Surveys and Assess-
ments for Conducting Use Attainability Analyses,
Volume iI: Estuarine Systems (U.S. EPA 1984a);
and Technical Support Manual: Waterbody Surveys
and Assessments for Conducting Use Attainability
Analyses, Volume lil: Lake Systems (U.S. EPA
1984b). Future technical guidance will build on
these documents and provide specific guidance for
biological criteria developmaent.

Selecting Aquatic
Community Components

Aquatic communities contain a variety of
species that represent different trophic levels,
taxonomic groups, functional characteristics, and
tolerance ranges. Careful selection of target
taxonomic groups can provide a balanced assess-
ment that Is sufficiently broad to describe the struc-
tural and functional condition of an aquatic
ecosystem, yet be sufficiently practical to use on a
daily basis (Plafkin et al. 1989; Lenat 1988). When
salecting community components to include in a
bioclogical assessment, primary emphasis should go
toward including species or taxa that (1) serve as ef-
fective indicators of high biological integrity (i.e.,
those likely to live in unimpaired waters), (2) reprs-
sent a range of pollution tolerances, (3) provide pre-
dictable, repeatable results, and (4) can be readily
identified by trained State personnel.

Fish, macroinvertebrates, algas, and zoopiank-
ton are most commonly used in current bioassess-
ment programs. The taxonomic groups chosen will
vary depending on the type of aquatic ecosystem
being assessed and the type of expected impair-
ment. For exampie, benthic macroinvertebrate angd
fish communities are taxonomic groups often
chosen for flowing fresh water. Macroinvertebrates
and fish both provide valuable ecoiogical informa-
tion while fish correspond to the regulatory and
public perceptions of water quality and reflect
cumulative environmental stress over longer time
frames. Plants are often used in wetlands, and
algae are usefut in lakes and estuaries (0 assess
sutrophication. in marine systems, benthic macrain-
vertebratas and submerged aquatic vegetation may
provide key community components. Amphipods,
for example, dominats many aquatic communities
and are more sensitive than other invertsbrates
such as polychaetes and moluscs to a wide variety
of poliutants including hydrocarbons and heavy me-
tals (Reich and Hart 1979; J.D. Thomas, pers.
comm.).

It is beneficial to supplement standard groups
with additional community components to meet
specific goals, objectives, and resources of the as-
sessment program. Biological surveys that use two
or three taxonomic groups (e.g., fish, macroinver-
tebrates, aigae) and, where appropriate, include dif-
ferent trophic levels within each group (e.g..
primary, secondary, and tertiary consumers) will
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provide a more realistic evaluation of system
biological integrity. This is analogous to using
species trom two or more taxonomic groups in
bioassays. Impairments that are difficult to detect
because of the temporal or spatial habits or the pol-
lution tolerances of one group may ba revealed

through impairments in different species or as-
semblages {Ohio EPA 1988a).

1Ak

Selection of aquatic community omponents
that show different sensitivities and responses 10
the same perturbation will aid in identitying the na-
ture of a problem. Available data on the ecological
function, distribution, and abundance of species in a
given habitat will help determine the most ap-
propriate target species or taxa for biological sur-
veys in the habitat. The selection of community
components should also depend on the ability of the
organisms to be accurately identified by trained
State personnel. Attendent with the biological
criteria program should be the development of iden-
titicaticn keys for the organisms selected for study
in the biological survey.

Biological surveys that measure the structure
and function of aquatic communities will provide the
information needed for Diciogicai criteria deveiop-
ment. Elements of community structure and function
may be evaiuated using a sernes of metrics. Struc-
tural metrics describe the composition of a com-
munity, such as the number of different species,
relative abundance of specific species, and number
and relative abundance of tolerant and intolerant
species. Functional metrics describe the ecological
processes of the community. These may include
measures such as community photosynthesis or
respiration. Function may also be estimated from
the proportions of various feeding groups (e.g., om-
nivores, harbivores, and insectivores, or shredders,
collectors, and grazers). Biological surveys can
offer variety and flexibility in application. Indices cur-
rently available are primarily for freshwater streams.
However, the approach has been used for lakes and

Selecting the metric
Several methods are currently available for

measuring the relative structural and tunctional well-
being of fish assemblages in freshwater streams,

Chapter 8: The Bioloocal Survey

such as the Index of Biotic Integnity (IBI), Karr 1981,
Karr et al. 1986; Miller ot af. 1988) and the Index of
Waell-being (IWB. Gammon 1978, Gammon et al.
1981). The (Bl is one of the mora widaly used as-

sessment methods. For additional detail, see the
*Index of Biotic Integrity® feature.

e "

ndex of B

rity

otic Inteos
otic Integrily

.,

The index of Biotic integrity (i81) 1s common:y
used for fish community analys:s (Karr 1981) Tre
original (B was comprised of 12 metrics

B six metncs evaluate species richness ara
compos:Htion

* numoer of spec.es

* numper of Jarter species
* number of sucker species

* number of sunlish species

* number of intolerant specias

* proportion of green sunfish

W three metncs quantify trophic composiicn
* precocrron of omnivores
* proporten of insectivorous Cypr'n Cs

* proportion of PisCivores

8 three metncs summarize lish abundance ang
condition information

* number of indmduais in sampie

* proportion of hybnds

o s o M ko

* proportion of ndividuals with disease

Each metric 1s scored 1 (worst), 3. or 5 (best)
depending on how the field cata compare with an
expected value obtained from reference sites A.
12 melnc values are then summed (o provide ar
overall index vaiue that represents relative n-
tegrity The !B/ was designed for midwes!er~
streams. substitute metrics reflecting the sarre
structural and functional charactensncs ha.e
been created to accommodate regional varators
in fish assemblages (Miller et al 1988)
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Several indices that evaluate more than one
community characteristic are aiso available for as-
sessing stream macroinvertebrate populations.
Taxa richness, EPT taxa (number of taxa of the in-
sect orders Ephemeroptera, Plecoptera, and Tricap-
tera), and species pollution tolerance values are a
few of several components of these macroinver-
tebrate assessments. Example indices include the
Invertebrate Community Index (ICl; Ohio EPA,
1988) and Hilsenhoff Biotic Index (HBI; Hilsenhoff,
1987).

Within these maetrics specific information on the
poliution tolerances of different species within a sys-
tem will help define the type of impacts occurring in
a waterbody. Biological indicator groups (intolerant
species, tolerant species, percent of diseased or-
ganisms) can be used for evaluating community
biotogical integrity it sufficient data have been col-
lected to support conclusions drawn from the in-
dicator data. In marine systems, for example,
amphipods have been used by a number of re-
searchers as environmental indicators (McCall
1977; Botton 1979; Mearns and Word 1982).

Sampling design

Sampling design and statistical protocols are re-
quired to reduce sampling error and evaluate the
natural variability of biological responses that are
found in both laboratory and field data. High
variability reduces the power of a statistical test to
detect real impairments (Sokal and Rohif, 1981).
States may reduce variability by refining sampling
techniques and protocol to decreass variability in-
troduced during data coliection, and increase the
power of the evaluation by increasing the number of
replications. Sampiing techniques are refined, in
part, by coliecting a representative sample of resi-
dent biota from the same component of the aquatic
community from the same habitat type in the same
way at sites being compared. Data collection
protocols should incorporate (1) spatial scales
(where and how samples are collected) and (2) tem-
poral scales (when data are collected) (Green,
1979):

® Spatial Scales refer to the wide variety of sub-
habitats that exist within any surface wates
habitat. To account for subhabitats, adequate
sampling protocols require selecting (1) the
location within a habitat where target groups

reside and (2} the method for collecting data on
target groups. For example, if fish are sampled
only from fast flowing riffies within stream A, but
are sampled from slow flowing pools in stream
B, the data will not be comparable.

® Temporal Scales refer to aquatic community
changes that occur over time because of diurnal
and life-cycle changes in organism behavior or
development, and seasonal or annual changes
in the environment. Many organisms go through
seasonal life-cycle changes that dramatically
affect their presence and abundance in the
aquatic community. For example, macroinver-
tebrate data collected from stream A in March
and stream B in May, would not be comparable
because the emergence of insect adults after
March would significantly atter the abundance
of subadults found in stream B in May. Similar
problems would occur it algae were collected in
lake A during the dry season and lake B durnng
the wet season.

Field sampling protocols that produce quality
assgssments from a limited number of site visits
greatly enhance the utility of the sampling techni-
que. Rapid bioassessment protocois, recently
developed for assessing streams, use standardized
techniques to quickly gather physical, chemical. and
biological quantitative data that can assess changes
in biological integnty (Plafkin et al. 1989). Rapid
bicassessment methods can be cost-effective
biclogical assessment approaches when they have
been verified with more comprehensive evaluations
for the habitats and region where they are to be ap-
plied.

Biological survey methods such as the 1Bl for
fish and ICI for macroinvertebrates were developed
in streams and rivers and have yet to be applied to
many ecological regions. In addition, further re-
search is needed to adapt the approach to iakes,
wetiands, and estuaries, including the deveiopment
ot aiternative structural or functional endpoints. For
example, assessment methods for algae (s8.g.
measures of biomass, nuisance bloom frequency,
community structure) have been used for lakes. As-
sessment metrics appropriate for developing
biological criteria for lakes, large rivers, wetiands,
and estuaries are being developed and tested so
that a multi-metric apprcach can be effectively used
for all surface waters.
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Chapter 7

Hypothesis Testing:
Biological Criteria and the
Scientific Method

iological criteria are applied in the standards
program by testing hypotheses about the
biological integrity of impacted surface
waters. These hypotheses include the null
spothesis—the designated use of the waterbody is
st impaired-—and alternative hypotheses such as
the designated use of the waterbody is impaired
(more specific hypotheses can also be generated
that predict the type(s) of impairment). Under these
hypotheses specific predictions are generated con-
cerning the kinds and numbers of organisms repre-
senting community structure and function expected
or found in unimpaired habitats. The kinds and num-
bers of organisms surveyed in unimpaired waters
are used to establish the biological criteria. To test
the alternative hypotheses, data collection and
analysis procedures are used to compare the criteria
to comparable measures of community structure and
function in impacted waters.

Hypothesis Testing

To detect differences of biological and regula-
tory concern between biological criteria and ambient
biological integrity at a test site, it is important to es-
tablish the sensitivity of the evaluation. A 10 percent
ditfference in condition is more difficuit to detect than

50 percent difference. For the experimental/sur-
8y dasign to be effective, the level of detection
should be predetermined to establish sample size

Muitipie impacts in the same surface water such as
discharges of effiuent from point sources, leachate from
landfilis or dumps, and erosion from habitat degradation
each contribute to impairment of the surface water. Al
impacts should be considered durning the diagnosis
process.

for data coilection (Sokal and Rohif 1981).
Knowledge of expected natural variation, experi-
mental aerror, and the kinds of detectable differences
that can be expected will help determine sample
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size and iocation. This forms the basis for defining
data quality objectives, standardizing data collection
procedures, and developing quality assurance/
quality control standards.

Once data are collected and analyzed, they are
used to test the hypotheses tc determine if charac-
teristics of the resident biota at a test sits are sig-
nificantly different from established criteria values
for a comparable habitat. There are three possible
outcomes:

1. The use is impaired when survey design and
data analyses are sensitive enough to detect
differences of regulatory importance, and
significant differences were detected. The
next step is to diagnose the cause(s) and
source(s) of impairment.

2. The biological criteria are met when survey
design and data analyses are sensitive
enough to detect differences of reguiatory
significance, but no differences were found.
In this case, no action is required by States
based on these measures. However, other
evidence may indicate impairment (e.g.,
chemical criteria are violated; see below).

3. The outcome is indeterminate when survey
design and data analyses are not sensitive
enough to detect differences of regulatory
significance, and no differences were
detected. if a State or Region determines
that this is occurring, the development of
study design and evaiuation for biological
criteria was incomplets. States must then
determine whether they will accept the
sensitivity of the survey or conduct
additional surveys to increase the power of
their anatyses. If the sensitivity of the
original survey is accepted, the State should
determine what magnitude of differencs the
survey is capable of detecting. This will aid
in re-svaluating research design and desired
detection limits. An indeterminate outcome
may also occur if the test site and the
reference conditions were not comparable.
This variable may also require re-evaluation.

As with all scientific studies, when implementing
biological criteria, the purpose of hypothesis testing
is to determine if the data support the conclusion
that the null hypothesis is false (i.e., the designated

use is not impaired in a particular waterbody).
Biological criteria cannot prove attainment. This
reasoning provides the basis for emphasizing inde-
pendent application of differant assessment
methods (8.9., chemical verses biological criter:a).
No type of criteria can “prove” attainment; each type
of criteria can disprove attainment.

Although this discussion s limited to the null
and one alternative hypothesis, it is possible to
generate multiple working hypotheses (Popper,
1968) that promote the diagnosis of water quality
problems when they exist. For example, if physical
habitat limitations are believed to be causing impair-
ment (e.g.. sedimentation) one alternative
hypothesis could specify the loss of community
components sensitive to this impact. Using multiple
hypotheses can maximize the information gained
from each study. See the Diagnosis section for addi-
tional discussion.

Diagnosis

When impairment of the designated use is
found using biological criteria, a diagnosis of prob-
able cause of impairment is the next step for im-
plementation. Since biological criteria are primarily
designed o0 detect water quality impairment,
problems are likely to be identified without a known
cause. Fortunately the process of evaluating test
sites for biological impairment provides significant
information to aid in determining cause.

During diagnostic evaluations, three main im-
pact categories should be considered: chemical,
physical, and biological. To begin the disgnostic
process two questions are posed:

* What are the cbvious causes of impairment?

* If no obvious causes are apparent, what
possible causes do the biological data
suggest?

Obvious causes such as habitat degradation,
point source discharges, or introduced species are
often identified during the course of a normal field
biological assessment. Biomonitoring programs nor-
mally provide knowledge of potential sources of im-
pact and characteristics of the habitat. As such,
diagnosis is partly incorporated into many existing
State field-oriented bicassessment programs. I
more than one impact source is obvious, diagnosis
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will require determining which impact(s) is the cause
of impairment or the extent to which each impact
contributes to impairment. The nature of the biologi-
cal impairment can guide evaluation (e.9., chemical
contamination may lead to the loss of sensitive
species, habitat degradation may result in loss of
breeding habitat for certain species).

Case studies illustrate the effectiveness of
biological criteria in identitying impairments and
possible sources. For example, in Kansas three
sites on Little Mill Creek were assessed using Rapid
Bioassessment Protocols (Plafkin et al. 1989; see
Fig. 4). Based on the resuits of a comparative
analysis, habitats at the three sites were com-
parable and of high quality. Biological impairment,
however, was identified at two of the three sites and
directly retated to proximity to a point source dis-
charge from a sewage treatment plant. The severely
impaired Site (STA 2) was !ocated approximately
100 meters downstream from the plant. The slightly
impaired Site (STA 3) was located between one and
two miles downstream from the plant. However, the
unimpaired Site (STA 1(R)) was approximately 150
meters upstream from the piant (Plafkin et al. 1989).
This simple example illustrates the basic principles
of diagnosis. In this case the treatment plant ap-
pears responsible for impairment of the resident
biota and the discharge needs to be evaluated.

Figure 4. —Kansas: Benthic B.oassessmaeni of Little Mill Creek (Little Mill Creek

Relationship of Habitat and Bicassessment

Chapter 7: Hypothesis Testing

Based on the biological survey the results are clear.
However, impairment in resident populations of
mactainvertebrates probably would not have been
recognized using more traditional methods.

In Maine, a more complex problem arose when
effluents from a textile plant met chemical-specific
and effluent toxicity criteria, yet a biological survey
of downstream biota revealed up to 80 percent
reduction in invertebrate richness below plant out-
fails. Although the source of impairment seemed
clear, the cause of impairment was more difficult to
determine. By engaging in a diagnostic evaluation,
Maine was able to determine that the discharge con-
tained chemicals not regulated under current
programs and that part of the toxicity effect was cue
to the seguential discharge of unique effuerts
{tested individually these effluents were not tox.c;
when exposure was in a particular seguerce.
toxicity occurred). Use of biological criter:a resu.ted
in the detection and diagnosis of this toxicity creo-
lem, which aliowed Maine to develop weorkatbie ater-
native operating procedures for the textile .ndustry
to correct the probiem (Courtemanch 1989, and
pers. comm.).

During diagnosis it is important to consider and
discriminate among multiple sources of impairment.
in a North Carclina stream (see Figure 5) four sites
were evaluated using rapid bioassessment techni-
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Fig 4 Three stream segments sampled in a stream in Kansas using Rapid Bioassessment Protocols (Platkin et ai *989: -a.a3 ~
significant impairments at sites below a sewage treatment plant
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Figure 5.—The Relationship Between Habitat Quality and Benthic Community Condition at the North Carolina

Pilot Study Site.
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Fig. 8: Distinguishing between point and nonpoint sources of i/mpairmen! requires an evaluation of the nature and magmtude

of different sites in a surtace water (Piafkin. et al. 1989)

ques. An ecoregional reference site (R) established
the highest level of biological integrity for that
stream type. Site (1), well upstream from a local
town, was used as the upstream reference condi-
tion. Degraded conditions at Site (2) suggested non-
point scurce problems and habitat degradation
because of proximity to residential areas on the
upstream edge of town. At Site (3) habitat altera-
tions, nonpoint runof!, and point source discharges
combined to severely degrade resident biota. At this
site, sedimentation and toxicity from municipal
sewage trsatment sffluent appeared responsible for
a major portion of this degradation. Site (4), al-
though several miles downstream from town, was
still impaired despite significant improvement in
habitat quality. This suggests that toxicity from
upstream discharges may still be occurring (Bar-
bour, 1990 pers. comm.). Using these kinds of com-
parisons, through a diagnostic procedure and by
using available chemical and bioclogical assessment
tools, the relative effects of impacts can be deter-
mined so that solutions can be formulated to im-
prove water quality.

When point and nonpoint impact and physical
habitat degradation occur simultaneously, diagnosis
may require the combined use of biological, physi-
cal, and chemical evaluations to discriminate be-

tween these impacts. For example, sedimentation of
a stream caused by logging practices is likely to
result in a decrease in species that require loose
gravel for spawning but increase species naturaily
adapted to ‘ine sediments. This shift in community
components correlates well with the observed im-
pact. However, if the impact is a point source dis-
charge or nonpoint runoff of toxicants, both species
types are likely to be impaired whether sedimenta-
tion occurs or not (although gravel breeding species
can be expected to show greater impairment if
sedimentation occurs). Part of the diagnostic
process is derived from an understanding of or-
ganism sensitivities to different kinds of impacts and
their habitat requirements. When habitat is good but
watar quality is poor, aquatic community com-
ponents sensitive to toxicity will be impaired. How-
ever, if both habitat and water quality degrade, the
resident community is likely to be composed of
tolerant and opportunistic species.

When an impaired use cannot be easily related
to an obvious cause, the diagnostic process be-
comes investigative and iterative. The iterative diag-
nostic process as shown in Figure 6 may require
additional time and resources to verify cause and
source. i{nitially, potential sources of impact are
identified and mapped to determine location relative
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Figure 8.—Dlagnostic Process
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Fig. § The diagnostic process 1s a stapwise process for
determiming the cause ot impaired biological integrity in sur-
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more *ran cne remedial pran

Chapter 7: Mypothesus Testing

to the area suffering from biological impairment. An
analysis of the physical, chemical, and biolegical
characteristics of the study area will help identify the
most likely sources and determine which data will
be most valuable. Hypotheses that distinguish be-
tween possible causes of impairment should be
generated. Study design and appropriate data col-
lection procedures need to be developed to test the
hypotheses. The severity of the impairment, the dif-
ficulty of diagnosis, and the costs involved will
determine how many iterative loops will be com-
pleted in the diagnostic process.

Normaily, diagnoses of biological impairment
are relatively straightforward. States may use
biological criteria as a method to confirm impairment
from a known source of impact. However, the c¢:ag-
nostic process provides an effective way to identify
unknown impacts and diagnose their cause so that
corrective action can be devised and implemented
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Appendix A

Common Questions and
Their Answers

Q. How will implementing biological criteria
benefit State water quality programs?

A. State water quality programs will benefit from
biological criteria because they:

a) directly assess impairments in ambient
biota from adverse impacts on the
environment;

b) are defensibie and quantifiable;

€) document improvements in water quality

resulting from agency action;

d) reduce the likelihood of false positives (i.e.,
a conclusion that attainment is achieved

when it is not);

@) provide information on the integrity of
biological systems that is compelling to the

public.

Q. How will biological criteria be used in a
permit program?

A. When pemmits are renewed, records from
chemical analyses and biological assessments are
used to determine if the permit has effectively
prevented degradation and led to improvement. The
purpose for this evaiuation is 10 determine whether
applicable water quality standards were achieved
under the expiring permit and to decide if changes
are needed. Biological surveys and criteria are par-
ticularly effective for determining the quality ot
waters subject 0 permitted discharges. Since
biosurveys provide ongoing inteQrative svaluations
of the biological integrity of resident biota, permit

writers can make informed decisions on whether to
maintain or restrict permit limits.

Q. What expertise and staff will be needed ‘o
implement a biological criteria program?

A. Staff with sound knowledge of State aquatic
biology and scientific protocol are needed to coor-
dinate a biological criteria program. Actual fieid
monitaring could be accomplished by summaer-hire
biologists led by permanent staff aquatic biologists
Most States employ aquatic biologists for monutor-
ing trends or issuing site-specific permits.

Q. Which management personne! should te
involved in a biologically-based approach?

A. Management personnel from each area
within the standards and monitoring programs
should be involved in this approach, including per-
mit engineers, resource managers, and field per-
sonnel.

Q. How much will this approach cost?

A. The cost of deveioping biological criteria 1s a
State-specific question depending upon many vari-
ables. However, States that have implemented a
biclogical criteria program have found it to be cost
effective (e.g.. Ohio). Biological criteria provide an
integrative assessment over time. Biota reflect mul-
tiple impacts. Testing for impairment of resident
aquatic communities can actually require less
monitoring than would be required to detect many
impacts using more traditional methods (e.g.
chemical testing for episodic events).
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Q. What are some concerns of dischargers?

A. Dischargers are concemed that biological
criteria will identify impairments that may be er-
roneously attributed to a discharger who is not
responsible. This is a iegitimate concern that the
discharger and State must address with careful
evaluations and diagnosis of cause of impairment.
However, it is particularly important to ensure that
waters used for the reference condition are not ai-
ready impaired as may occur when conducting
site-specific upstream-downstream evaluations. Al-
though a discharger may be contributing to surface
water degradation, it may be hard to detect using
biosurvey methods if the waterbody is also impaired
from other sources. This can be evaluated by test-
ing the possible toxicity of effluent-free reference
waters on sensitive organisms.

Oischargers are also concerned that current
permit limits may become more stringent it it is
determined that meeting chemical and whole-ef-
fluent permit limits are not sufficient to protect
aquatic lite from discharger activities. Alternative
forms of regulation may be needed; these are not
necessarily financially burdensome but could in-
volve additional expense.

Burdensome monitoring requirements are addi-
tional concerns. With new rapid bioassessment
protocols available for streams, and under develop-
ment for other surface waters, monitoring resident
biota is becoming more straightforward. Since resi-
dent biota provide an integrative measure of en-
vironmental impacts over time, the need for
continual biomonitoring is actually lower than
chemical analyses and generaily iess expensive.
Guidance is being developed to establish accept-
able research protocois, quality assurance/quality
control programs and training opportunities to en-
sure that adequate guidance is available.

Q. What are the concerns of
environmentalists?

A. Environmentalists are concemed that biologi-
cal criteria could be used to aiter restrictions on dis-
chargers if biosurvey data indicate attainment of a
designated use even though chemical criteria
and/or whole-effiuent toxicity evaluations predict im-
pairment. Evidence suggests that this occurs infre-
quently (e.g., in Ohio, 6 percent of 431 sites
evaluated using chemical-specific criteria and
biosurveys resulted in this disagreement). in those

cases where evidence suggests more than one con-
clusion, independent application applies. If biolog-
cal criteria suggest impairment but chemical-
specific and/or whole-effluent toxicity implies attain-
ment of the use, the cause for impairment of the
biota is to be evaluated and, where appropriate,
regulated. If whole effluent and/or chemical-specific
criteria imply impairment but no impairment is found
in resident biota, the whole-effluent and/or chemi-
cal-specific criteria provide the basis for regulation.

Q. Do biological criteria have to be codified
in State regulations?

A. State water quality standards require three
components: (1) designated uses, (2) protective
criteria, and (3) an antidegradation clause. For
critenia to be enforceable they must be codified in
regulaticns. Codification could involve general nar-
rative statements of biological criteria, numertc
critena, and/or criteria accompaniad by specific test-
ing procedures. Codifying general narratives
provides the most flexibility—specific methods for
data collection the least flexibility—for incorporating
new data and improving data gathering methods as
the biological criteria program develops. States
should carefully consider how to codily these
criteria.

Q. How will biocriteria fit into the agency's
method of implementing standards?

A. Resident biota integrate multiple impacts
over time and can detect impairment from known
and unknown causes. Biocriteria can be used 10
verily improvement in water quality in response o
regulatory efforts and detect continuing degradation
of waters. They provide a framework for developing
improved best management practices for nonpoint
source impacts. Numaenic criteria can provide effec-
tive monitoring criteria for inclusion in permits.

Q. Who determines the values for biological
critenia and dacides whether a waterbody meaets
the criteria?

The process of devetoping biological criteria, in-
cluding refined use classes, narrative criteria, and
numeric criteria, must inciude agency managers,
staff biologists, and the public through public hear-
ings and comment. Once criteria are established.
determining attainment\nonattainment of a use re-




quires biological and statistical evaluation based on
established protocols. Changes in the criteria would
require the same steps as the initial criteria: techni-
cal modifications by biologists, goal clarification by
agency managers, and public hearings. The key 10
criteria development and revision is a clear state-
ment of measurable objectives.

Q. What additional information is available
on developing and using biological criteria?

A. This program guidance document will be
supplemented by the document Biofog:cal Criteria
Development by States that includes case histories
of State implementation of biological criteria as nar-
ratives, numerics, and some data procedures. The
purpose for the document is to expand on material
presented in Part |. The document will be available
in Qctober 1990.

A general Biological Criteria Technical Refer-
ence Guide will also be available for distribution
during FY 1991. This document outlines basic ap-
proaches for developing biological criteria in all sur-
face waters (streams, rivers, lakes, wetlands,
estuaries). The primary focus of the document is to
provide a reference guide to scientific literature that
describes approaches and methods used to deter-
mina biological integrity of specific surface water
types.

Cver the next triennium more detailed guidance
will be produced that focuses on each surface water
type {e.g., technical guidance for streams will be
produced during FY 91). Comparisons of different
biosurvey approaches will be included for accuracy,
efficacy, and cost eftectiveness.

Appendix . Common Questions and Their Answers
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