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Executive Summary

Introduction

Thisdocument has been designed to provide an overview of the biologi-
cal, physical and chemical methods of selected stream biomonitoring and
assessment programs. It was written to satisfy the need to identify current
methods that exist for sampling large rivers. The primary focus of this
document isthe boating methods used to assess flowing waters, but both boat-
based and wading methods areincluded. Thetarget audiencesareindividuals
tasked:

1. towork with data generated from one or more of these programs;
2. todesign or improve abioassess- and monitoring program;

3. toconduct field work using methods (or based on methods) reviewedin
thistext;

4. to conduct field comparisons among these methodsto determinethe
extent of their comparability and when each method is best employed.

This document is useful to these individuals in that it brings together
relatively obscure literature from a wide variety of sources and it presents
current and devel oping methods in acomprehensive context. These features
allow this document to serve as a guide for comparing the methods used by
various agenciesfor ng largerivers.

Much of the included text has been largely adapted and modified from
the agency documents from which it was derived. This has been done pur-
posefully to reducetherisk of misinterpretation.

Research Approach

The primary focus of this document is the boating methods used to as-
sess flowing waters. However, both boat-based and wading methods are
included in this document for several reasons. First, most wading methods



were devel oped before boating methods and boating methods are often deri-
vations of the wading methods that preceded them. Often, the methods used
while in boatable waters simply call for the wading methods to be used in
shallow areas(e.g., near the shore) or in the boat without any additional modi-
fications. Theinclusion of theorigina (wading) method aswell asthe derived
(boating) method may also help illustrate how methods can be modified in
order to meet the specific requirements of asampling agency. Another reason
that both setsareincluded isthat it may be necessary to use both wading and
boating methods among sampling sites or within asingle reach when ariver
has varying depths. Finally, the inclusion of both sets of methods may help
agenciesor individual sanalyze data setsthat were collected using both wad-
ing and boating methods.

Theinformation regarding the boating and wading methodsreviewed in
thisdocument was derived from the available literature, the Internet, personal
experience and persona communicationswith research scientistsfrom respective
agencies. Although some methods may have been modified or reduced since
their conception, methods are presented in their entirety so asto not diminish
their original intention. Where necessary, appendices areincluded to aid un-
derstanding of or differencesamong methodologies.

Major Findings and Significance

M ethods employed by the reviewed bi oassessment and monitoring pro-
grams varied greatly. Differences included, but were not limited to: overall
site selection (random, non-random), number and location of samples col-
lected within the selected site, index or sample period, stream length sampled,
time needed to execute methodsin thefield, timerequired to process samples
inthefield, type of sample collected (qualitative, semi-quantitative, or quanti-
tative), equipment required to execute methods, expertiserequired to execute
methods successfully, and subjectiveness of method. These differences may
help individual s choose the methods appropriateto their sampling needs. Sum-
mary tables are included throughout the document that aid in understanding
the differences between the methods used by the various agencies.
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Section 1
Introduction

by

Joseph E. Flotemersch

This document has been designed to
provide an overview of thebiological, physi-
cal and chemical methods of selected stream
biomonitoring and assessment programs. The
target audiencesarethoseindividual stasked
with working with the data generated from
one or more of these programs, yet unfamil-
iar withthe basi csof the sampling procedures
themselves. Other tasks that may be aided
by thisdocument arethe design or improve-
ment of abioassessment and monitoring pro-
gram, conducting field work using methods
reviewed inthistext, or conducting field com-
parisons among these methodsto determine
the extent of their comparability and when
each method isbest employed. However, this
document is not intended to serve as a sub-
stitute for the protocol manual s produced by
the respective agencies. Individual sintend-
ing on implementing any of these protocols
should, at a minimum, obtain a copy of the
agency’soriginal protocol manual. It would
also bebeneficid to theseindividual sto con-
tact the agenciesin order to gain the insight
of the scientists who devel oped these proto-
cols or who utilize them on aregular basis.

Such contact could provide clarification or
modificationsto the protocolsof interest. Table
1-1 provides contact information for thefive
agenciesthat arereviewed in thisdocument.

The reviewed biomonitoring programs
differ not only intheir methodsfor collecting
samplesinthefield but aso their methodsfor
processing samplesin the laboratory. While
the different laboratory methods may create
additional differences in the final data pro-
duced by the different agencies, theselabora-
tory methods are outside the scope of this
document which will focusexclusively onthe
field methods.

Much of the included text has been
largely adapted and modified from the agency
documents from which it was derived. This
has been done purposefully to reducetherisk
of misinterpretation.

Programsreviewed includetheU.S. En-
vironmental Protection Agency’s Environ-
mental Monitoring and Assessment Program
for Surface Waters (USEPA-EMAP-SW),
U.S. Geological Survey’s National Water-



Tablel-1. Contact Informationfor the Five Reviewed Programs

Biomonitoring Genera E-Mall Publications
Program Program Contact Contact and Web Sites Contact
USEPA-EMAP-  JohnStoddard E-mail: emap@epagov  National Service Center
SW USEPA National Healthand Web Site: for Environmental
Environmental Effects WWW.epa.gov/emap Publications
Research Lab/ORD Address:
Western Ecology Division P.O.Box 42419
Address: Cincinnati, OH 45242-2419
200 S.W. 35th Street Tdephone: 800-490-9198
CorvallisOR 97333-4902 FaxNumber: 513-489-8695
Tdephone 541-754-4441
E-mail:
Stoddard@mail.cor.epa.gov
USGSNAWQA TomMuir Web Site: U.S. Geological Survey
Coordinator, NAWQA WWW.water.usgs. Earth Scienceand
Address: gov/nawqga/nawga_ I nformation Center
Mail Stop 3660 home.html Open-File Reports Section
1849 C Street, N.W. Address:
Washington, D.C. 20240 Box 25286, MS517
Tdephone 703-648-5114 Denver Federal Center
E-mail: tmuir@usgs.gov Denver, CO80225
Tdephone 800-435-7627
800-872-6277
USEPA-RBP Michad T.Barbour Web Site: National Service Center
TetraTech, Inc. www.epa.gov/ forEnvironmental
Ecological Sciences owow/monitoring/rbp Publications
Address: Address: P.O.Box 42419
10045 Red Run Road, Cincinnati, OH 45242-2419
Suite110 Tdephone 800-490-9198
OwingsMills,MD 21117 FaxNumber: 513-489-8695
Tdephone 410-356-8993
E-Mail:
Michael .Barbour @tetratech.com
Ohio EPA ChrisY oder E-Mail: N/A
Division of Surface Water/ info-request@www.epa.
Ecological Assessment Unit  state.oh.us
Address: Web Sites:
4675Homer OhioLane www.web.epa. ohio.gov

Groveport, OH 43125
Tedephone: 614-836-8778

Agency MailingAddress:
LazarusGovernment Center
P.O.Box 1049

Columbus, OH 43216-1049

Agency Tdephone 614-644-2001

www.epa.state.oh.us

(continued)



Tablel-1. Continued

Biomonitoring Generad E-Mall Publications
Program Program Contact Contact and Web Sites Contact
MDNR-MBSS  Ann Smith Web Sites: Paul Miller
Monitoring and Nontidal www.dnr.state. TavesSaeOfficeBuilding,
Assessment Program of the md.us/streams/ mbss/ c2
Maryland Department of mbss_methods.html MD Department of Natural
Natural Resources Resources
Tdephone: 410-260-8611 www.nt2.versar. com/ Address:
E-mail: asmith@dnr.gdatemd.us.  mbss/mbss. html 580 Taylor Avenue
Annapalis, MD 21401
Agency MailingAddress: Tedephone 410- 260-8610

Tawes State Office Building
580 Taylor Avenue

Annapoalis, MD 21401

Quality Assessment program (USGS-
NAWQA), U.S. Environmental Protection
Agency’s Rapid Bioassessment Protocol
(USEPA-RBP), Ohio Environmental Protec-
tion Agency’sflowing waters program (Ohio
EPA), and Maryland’s Department of Natu-
ral Resources'sMaryland Biological Stream
Survey program (MDNR-MBSS). Whilethe
USEPA-EMAP-SW, USGS-NAWQA and
USEPA-RBP programs are concerned with
assessing riverson the National and Regional
levels, the Ohio EPA and MDNR-MBSS pro-
grams are concerned with assessing the riv-
ersintheir respective states. These differences
inscaearereflected intheway each program
developed and currently implementstheir pro-
tocols.

1.1 Boating and
Wading Methods

The depth of flowing waters can be
roughly characterized as boatable or wade-
able. The methods used to assess the condi-
tion of theseflowing watersmay vary depend-
ing ontheir depth status. Becauseitisthegoal
of this document to help individuals under-
stand the differences between the ways data

E-mail:
pmiller@dnr.state.md.us.

are collected, this document distinguishes
between boating and wading methods when
they occur.

The primary focus of this document is
the boating methods used to assess flowing
waters, however, both boating and wading
methods are included in this document for
several reasons. First, most wading methods
were devel oped before boating methods and
boating methods are often derivations of the
wading methods that preceded them. Often,
the methods used while in boatable waters
simply call for thewading methodsto be used
in shallow areas (e.g., near the shore) or in
the boat without any additional modifications.
Theinclusion of theorigina (wading) method
aswell asthe derived (boating) method may
also helpillustrate how methods can be modi-
fiedin order to meet the specific requirements
of a sampling agency. Another reason that
both setsareincludedisthat it may be neces-
sary to use both wading and boating methods
among sampling sitesor withinasinglereach
when ariver hasvarying depths. Also, sepa-
rate protocols specifically tailored for either
boatable or wadeable streams are not avail-
ablefor all phasesof al programs. Therefore,



it is necessary to include the protocols that
areavailable evenif they arenot specified as
protocols for boatable streams. Findly, the
inclusion of both sets of methods may help
agencies or individuals analyze data sets
which were collected using both wading and
boating methods.

1.2 Overall Sampling
Design Of Reviewed
Programs

1.2.1 USEPA-EMAP-SW
Methods

The USEPA hasdesignated EMAP-SW
to devel op the necessary monitoring tool sthat
can determine the current status, extent,
changes and trends in the condition of our
Nation’secological resourceson regiona and
national scales (U.S. EPA 1998). The sam-
pling framework for this program consists of
40-kn* hexagons placed over asystematic tri-
angular grid of approximately 12,500 points
for the contiguous United States. The
program’s national design statesthat approxi-
mately 800 |akes and 800 streams are chosen
from one quarter of the grid hexagons each
year, giving afour-year resampling cycle. The
field sampling sitesare selected using statisti-
cal probability methodsto ensurethat robust
population inferences can be made and that
the sites represent the spatial distribution of
lakesand streams (Overton et a. 1991). Sites
are randomly selected by establishing size
strata, to ensure an adequate characterization
of larger lakesand streams.

The sampling period, or index period,
for USEPA-EMAP-SW varieswith theloca-
tion and type of project being conducted. For
the Mid-Atlantic Integrated Assessment
(MAIA) project, aspring (April to June) in-

dex period was selectedin 1993 and 1994. In
1997 and 1998, however, a summer (July to
September) index period was selected, which
coincided with thelow flow period of streams
inthisresearch area.

The elementary sampling unit used by
USEPA-EMAP-SW for biological, physical
and chemical data collection is a length of
stream 40 timesthe channel width. Thislength
was derived from pilot studiesthat indicated
this sampling approach was needed to col | ect
90% of the species in the stream reach. In
streams | ess than four meters wide, alength
of 150 misused asaminimum samplereach
length. No maximum reach length was estab-
lished for boatable or wadeable streams.
Reaches are laid out so that 50% of the sur-
vey areaisupstream, and 50% of the survey
areaisdownstream of the predetermined | ati-
tude and longitude of the study site.

A designated sample reach is divided
into 10 subsectionsdelineated by 11 transects
spanning the width of the stream and labeled
“A” through “K”. The downstream endpoint
of the samplereachistransect “A”. Transect
“B” isthat point whichis 1/10 (four channel
widthsinbig streamsor 15minsmall streams)
of the designated stream length upstream from
the start point (transect A) [Figure 1-1 shows
amember of afield crew marking atransect
at the proper distance from the previous
transect.] When transect “B” isdetermined, a
roll of adieisused to determinethelocation
along the transect where sampling of certain
indicators will take place. Options are a
left(L), center(C), or right(R) sampling point.
After thefirst random selection (transect B),
sampling locations are assigned to each
transect, alternating in order as L, C, or R.
This process is repeated until the upstream
extent of the samplereachislocated (transect
K).
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Figure 1-1. Afield crew member ties aflag in a tree to mark the a transect at the proper distance from

the previous transect.

Ecological indicators included in the
stream sampling program are physical habi-
tat, water chemistry, periphyton/phytoplank-
ton assemblages, sediment metabolism,
benthic macroinvertebrate assemblages,
aguatic vertebrate assemblages, fish tissue
contaminants, and sediment toxicity. This
document focuses on the water chemistry,
physical habitat, and assemblage indicators
only.

Physical habitat dataare collected from
each stream reach. Stressor indicatorsderived
from the collected data are used to help ex-
plain or diagnose stream conditionsrelative
to variousindicators. Important attributes of
physical habitat in streamsare channel dimen-
sions, gradient, substrate characteristics, habi-
tat complexity and cover, riparian vegetation
cover and structure, disturbance due to hu-
man activity, and channel-riparian interaction
(Kaufmann 1993).

Water chemistry dataare collected from
each stream in order to measure avariety of

physical and chemical analytes. Information
fromthese analysesisused to evaluate stream
condition with respect to stressors such as
acidic deposition (mine drainage), nutrient
enrichment, and other organic and inorganic
contaminants.

Periphyton samples are collected from
erosiona and depositional habitatslocated at
each of the nine interior cross-sectional
transects (B through J). Four different types
of laboratory samplesare prepared: 1) an 1D/
enumeration sampleto determine taxonomic
composition and relative abundances, 2) a
chlorophyll sample, 3) abiomass samplefor
ash-free dry mass, and 4) an acid/akaline
phosphatase activity sample. Benthic
macroinvertebrates are collected using amodi-
fied kick net. A kick net sampleis collected
from each of the nineinterior cross-sectional
transects (B through J) at the sampling point
(Left, Center, or Right) assigned when the
location of the sampling reach isdetermined.
Musselsand snails, within thekick net sasmple
points, are hand-collected. In boatable



streams, drift nets are also used to collect
benthic macroinvertebrates.

Fish are sampled using a single-pass
electrofishing method covering the deter-
mined reach length. Each pass of the
electrofishing sampling has a duration of at
least 45 minutes but does not exceed three
hours. Herpetofauna observed in the course
of electrofishing for fish are collected and
identified to the specieslevel.

The USEPA-EMAP-SW sampling
methods are detailed in Lazorchak et al.
(1998) for wadeabl e streams and L azorchak
et al. (1999 draft version) for large rivers.
Boatable methods have been tested and re-
fined in a pilot study in Mid-Atlantic states
during 1997 and 1998 and Midwestern states
during 1999.

1.2.2 USGS-NAWQA
Methods

The objectives of the USGS-NAWQA
program are to: 1) describe current water-
quality conditions for a large part of the
Nation'sfreshwater streams, rivers, and aqui-
fers, 2) describe how water quality ischang-
ing over time, and 3) improve understanding
of the primary natural and human factorsthat
affect water-quality conditions (Fitzpatrick et
al. 1998). Investigations are performed on a
staggered time scalein 59 of the largest and
most significant hydrologic systems in the
country (Gilliom et al. 1995). Individual in-
vestigationsare performed in study unitsand
consist of four to five years of intensive as-
sessment, which consists of a retrospective
analysis, occurrence and distribution assess-
ment, assessment of long-term trends and
changes, and case studies of sources, trans-
port, fate, and effects.

The USGS-NAWQA sampling design
ismodified from an approach used by Frissel

et al. (1986) and includesfour spatial scales:
basin, segment, reach, and microhabitat. Ba-
sinsrefer to entire stream systems. Segments
are streams bounded by confluencesor chemi-
cal/ physical discontinuities. Thereach scale
includes individual pools and riffles within
stream segments. Microhabitat data(e.g., ve-
locity, substrate type and depth) are collected
fromthelocationswhereinvertebrate and al -
ga samplesaretaken. Basin and segment data
are collected using Geographic Information
Systems (Gl S), topographic maps, and aerial
photographs but reach and microhabitat sam-
pling requiresitevisits. Proceduresfor the col-
lection of reach dataare described inlater sec-
tions of this document. Procedures for col-
lecting microhabitat dataare described inthe
USGS-NAWQA protocolsfor the collection
of invertebrates (Cuffney et al. 1993a) and
algal samples(Porter et al. 1993).

Sampling sitesare chosen to represent a
set of important environmental variablesinthe
Study Unit. Basic fixed sitesare placed at or
near USGS gaging stations where continu-
ous discharge measurements are available.
Synoptic sites may be nongaged sites where
typically one-time measurementsof alimited
number of characteristics are made with the
objective of answering a specific question.
The purpose of a synoptic site is to answer
guestions regarding source, occurrence, or
gpatia distribution. Only one sampling reach
is generally used to characterize a synoptic
site(Gilliomet al. 1995).

The location of each sampling reach is
usually related to a durable reference point
such as a stream gage or bridge pier that is
used to permanently define its location
(Meador et a. 1993a). Sampling reachesare
located where instream and riparian habitat
conditionsarerepresentative of thelocal area
and support USGS-NAWQA study-unit ob-



jectives. For example, sampling reaches
should berepresentative of aspecificland use,
agricultural practice, or reference condition.
In order to meet these obyjectives, the sampling
reach may belocated upstream, downstream,
or adjacent to the site location aslong asthe
water chemistry and hydrol ogic datacollected
at thesiteaccurately reflect conditionswithin
the sampling reach.

Sampling is conducted during low and
stable-flow periods, usualy mid-Juneto early
October. These conditionsincreasethelikeli-
hood that samples throughout the study unit
can be collected under smilar flow conditions
(Gilliometal. 1995).

The primary determinant for thelength
of the sampling reach isthe presence of rep-
etitions of two geomorphic channel units, such
as a sequence of pool, riffle, pool, riffle
(Meador et a. 1993b). Other determinantsfor
reach length arefish sampling considerations
(Meador et a. 1993a). Only those geomor-
phic channel units(riffle, run, and pool) that
cover more than 50% of the active channel
width are considered when determining the
length of thereach. If repetitions of geomor-
phic channel units are not present or are
present at intervals of greater than 1,000 m
(for example, in large rivers), the length of
the reach is determined to be 20 channel
widths based on the width of the channel at
the boundary of thereach. Theoretically, this
length will represent at least one complete
meander wavelength (L eopold and Wolman
1957). Regardless of the method used to es-
tablish the length of the sampling reach, the
minimum and maximum acceptable reach
lengthsare 500 and 1,000 m, respectively, for
boatable sites; 150 and 300 m, respectively,
for wadeable sites; and 150 and 500 m, re-
spectively, for wadeable sites with stream
widths greater than 30 m. Typically, asingle

sampling reach is established at each site,
however, three sampling reaches are estab-
lished at a subset of sitesin order to assess
variability among sampling reaches.

Ecological indicators included in the
USGS-NAWQA stream sampling program
are water chemistry, tissue contaminants,
stream habitat, benthic and sestonic algal com-
munity samples, benthicinvertebrate commu-
nities, and fish communities. Thisdocument
focuseson thewater chemistry, physical habi-
tat, and community indicatorsonly.

Stream habitat dataare collected at each
samplesitetorelate habitat to other physical,
chemical, and biological factorsto describe
water-quality conditions. Data collected at
each reach include measurements and obser-
vations of channel, bank, and riparian char-
acteristics (Meador et al. 1993D).

Water chemistry data are collected us-
ing three levels of sampling and analytical
intensity. These three levels are basic fixed-
Site assessment, intensive fixed-site assess-
ment, and water column synoptic studies. The
basi c fixed-site assessment assesses asuite of
analytes using continuous monitoring supple-
mented by fixed-interval and extreme-flow
sampling. Intensive fixed-site assessments
utilize a higher-frequency sampling scheme
and add pesticidesto the anal ytes. Water-col -
umn synoptic studies are short-term investi-
gations specifically designed for aparticular
study unit.

Benthic algal communities are charac-
terized by collecting qualitative and quantita-
tive periphyton samplesat each sampling loca
tion. In boatable streams, phytoplankton may
be collected from the water column to char-
acterize the sestonic algal community. Esti-
mates of algal biomass(i.e., chlorophyll con-
tent and ash-free dry mass) are al so optional



measures of water-quality conditions (Porter
et al. 1993).

Benthic invertebrates are characterized
to develop alist of taxawithin the associated
stream reach and to determine the structure
of benthic invertebrate communities within
selected microhabitats of each reach. Benthic
macroinvertebratesare qualitatively collected
with akick net, which may be supplemented
with seines, visual collections, grab samples,
and/or diver operated dome samplers if re-
quired by the stream’s morphology. In addi-
tion, benthic invertebratesare collected semi-
quantitatively from ameasurable area of natu-
ral substrate. When the natural substrate is
unsuitablefor collection, artificial substrates
may be used (Cuffney et al. 19933, b).

Fish communities are characterized in
order to relate fish community characteristics
to physical, chemical, and other biological
factors. A representative sample of the fish
community is collected using electrofishing
and/or seining, depending on the appropriate-
ness of each method for the particular sam-
pling site(Meador et al. 1993a). The USGS-
NAWQA sampling methods are detailed in
later sections.

1.2.3 USEPA-RBP

Methods

The primary purpose of the USEPA-
RBPisto provide state and | ocal water-qual-
ity monitoring agencieswith apractical tech-
nical referencefor conducting cost-effective
biological assessments of lotic systems
(Barbour et al. 1999). The methodsincluded
areasynthesi sof methods employed by vari-
ous state water resource agencies. Therefore,
the protocols do not contain a set sampling
design.

The USEPA-RBP methods state that for
assessment and monitoring, sites can either

be targeted sites, which are relevant to spe-
cia studies focusing on potential problems,
or random sites, which provide information
of theoverall statusor condition of the water-
shed, basin, or region. Inarandom or proba-
bilistic sampling regime, stream characteris-
ticsmay be highly dissmilar among the sites,
but will provide amore accurate assessment
of biological condition throughout the area
than targeted designs. M ost studies conducted
by state water quality agenciesfor identifica
tion of problemsand sensitivewatersare done
with atargeted design. Studiesfor aquaticlife-
use determination can be donewith arandom
or targeted design (Barbour et al. 1999).

The recommended sampling season is
mid to late summer, when stream and river
flows are moderate to low, and less variable
than during other seasons. The USEPA-RBP
suggeststhat stream reach designations based
on afixed or proportional distance method
are acceptable, and that decisions between the
two methods should be based on the results
of pilot studies (Barbour et al. 1999).

Suggested ecological indicatorsincluded
in the USEPA-RBP are measurements of
physicochemical parameters, aswell as per-
iphyton, benthic macroinvertebrate and fish
communities (Barbour et al. 1999).

The habitat assessment protocols sug-
gested by the USEPA-RBP include 13
metrics. Three of themetricsare used only at
high gradient sitesand three metrics are used
only at low gradient sites. Therefore, only ten
metricsare used at any one site. Each metric
is assigned a score that ranges from 0O to 20
points. Each metric is scored by matching
observations made of the entire sample seg-
ment with one of four established ranking
categories. Higher index scoresare associated
with more pristine habitats.



Therecommended water sampling meth-
ods are intended to provide a brief and eas-
ily-obtained analysis of water chemistry that
can be completed inthefield. The suggested
assessment includes four quantitative mea-
surements and four estimated measurements.
The four estimated parameters are each as-
signed to a scoring category.

The objectives of the recommended
RBP for periphyton assessment include as-
sessment of biomass, identification of species
and determination of the periphyton assem-
blages’ biological condition. During periods
of stable stream flow, periphyton are collected
from al available microhabitats in the sam-
pling reach inthe approximate proportion each
microhabitat occurs. Algal matsor other soft-
bodied algal forms can be collected from
depositional areas. For chlorophyll analyses,
periphyton are scraped from fixed areas onto
aglassfiber filter. Periphyton can be sampled
by collecting from artificial substrates
(periphytometers) that are placed in aquatic
habitats and colonized over aperiod of time.
Semi-quantitative assessments of benthic al-
gal biomass and taxonomic composition can
be made rapidly with a viewing bucket
marked with agrid and biomass scoring sys-
tem.

The USEPA-RBP recommend benthic
macroinvertebrates be sampled using either a
single habitat or amultiple habitat approach.
In the single habitat approach, al riffle/run
areaswithin a100-m representativereach are
candidates for sampling macroinvertebrates.
Cobble substrate is sampled where it is the
predominant habitat and alternative habitats
are sampled when cobbleis not the dominant
substrate. Sampling beginsat the downstream
end of the reach and proceeds upstream us-
ing a1-m, 500-pum mesh kick net. The stream
issampled two or three times at locations of

varying velocity intheriffle. Inthe multiple
habitat approach, all habitat typesinal100-m
representative reach are sampled in the ap-
proximate proportion in which they are rep-
resented in the reach. Sampling beginsat the
downstream end of the reach and proceeds
upstream using aD-frame, 500-pum mesh dip
net. A total of 20 jabsor kicks are taken over
the length of the reach.

The methods suggested by the USEPA -
RBP for fish involves careful, standardized
field collection, speciesidentification and enu-
meration, and anal yses using aggregated bio-
logical attributes. The suggested fish collec-
tion procedureisamulti-habitat approach for
wadeable streams, which allowsthe sampling
of habitatsin relative proportionto their local
availability. The USEPA-RBP endorses
€l ectro-fishing asthe most comprehensiveand
effective single method for collecting stream
fishes. Protocol ssuggest that collection efforts
begin at a shallow riffle, or other physical
barrier at the downstream limit of the sample
reach, and terminate at asimilar barrier at the
upstream end of thereach.

1.2.4 Ohio EPA Methods

In order to monitor the state's aquatic
resources, Ohio EPA uses an approach in
which each basin hasthe potential to be stud-
ied for one field season during a five-year
cycle. Each five-year study focuses inten-
sively onthebiological, physical and chemi-
cal conditionsfound within the chosen study
basins. Study segments are identified based
on criteriasuch astheir potential to bethreat-
ened by current or projected local impactsor
their potentia for harboring uniqueor critical
aguatic habitat and biota. The size of the
stream study segment is adjusted based onthe
size of the stream and whether or not the
stream isboatable. In general, monitoring is



based on approximately a 500-m segment if
the stream or river isboatable, a 150 to 200-
m segment if the stream or river iswadeable
or a headwater stream (<20 mi? of drainage
area). Sampling isconducted during summer
low flow months (June 15 to October 15) and
the study areas are visited oneto threetimes
during thefield season. The number of visits
to asingle study site depends on avariety of
factors. Typicaly, headwater sitesor impacted
sites are sampled oncein afield season and
wadeableand boatable sitesare sampled twice
during afield season. The wadeabl e and boat-
ablesitesmay besampled threetimesinafield
season if resources permit (OEPA 1988).

Ecological indicatorsincluded in Ohio
EPA’s stream sampling program include
physical habitat, water chemistry,
macroinvertebrate assemblages and fish as-
semblages.

The characterization of physical habitat
in Ohio streams has been addressed through
Ohio EPA’'s development of the Qualitative
Habitat Evaluation Index (QHEI). Thisindex
was designed to provide an evaluation or es-
timate of habitat attributesthat generally cor-
respond to those physical factors that affect
fish communitiesand other aquatic organisms.
Important attributes of the QHEI include sub-
strate, instream cover, channel morphol ogy,
riparian and bank condition, pool and riffle
quality, and gradient (Rankin 1989).

Water-quality sampling and analysisare
conducted to provide datawhich can be used
to interpret the quality or condition of the
water under investigation. Collected samples
may be discrete or integrated grabs or com-
posites. Composite samples are preferred to
insuretemporally representative samples. Dis-
crete grab samples and integrated grabs are
considered satisfactory under temporally uni-

form conditions (OEPA 1988). An additional
method used to monitor water quality arecon-
tinuous monitors. Themonitorsaresetin ar-
easto be modeled and on an availability ba-
sis. They provide information on ariver or
stream’s temperature, pH, conductivity and
dissolved oxygen (DO) level.

Macroinvertebratesare primarily sampled
using Hester-Dendy artificid substratesamplers.
Samplers (n=5) areidedly placed in runs and
harvested after asix-week colonization period.
In addition, macroinvertebrates are sampled
quditatively by kick-net sampling and/or hand-
picking natural substratesfor aperiod of at least
30 minutes and then until no new taxa are ob-
served.

Fish are sampled in one, two or three
single el ectrofishing passes of each sampling
segment per season (OEPA 1988, 1989).
Each of these sampling methodsisdiscussed
ingreater detail during later sections.

1.2.5 MDNR-MBSS
Methods

The MDNR-MBSS approach is de-
signed to providethreeyearsof full coverage
of the state’s 18 basins that contain headwa-
ter, non-tidal, first, second, and third order
streams. Approximately 300, non-overlap-
ping, 75-m stream segments are sampled each
year. The streamsare defined using 1:250,000
scale base maps and the segments are ran-
domly selected using a lattice sampling ap-
proach in which the segments are stratified
by year and basin. Within astream order, the
number of segments sampled per basinispro-
portional to the number of stream milesinthe
basin. A predetermined number of segments
are selected from each basin and ranked in
order of selection. Extrasegmentsare selected
asacontingency to theloss of sampling seg-



mentsasaresult of field conditions. If abasin
contains a small number of sites, additional
segmentsare selected to increase samplesize
(Roth et al. 19973, b).

In each segment, seven componentsare
monitored. Five components, fish,
herpetofauna, macrophytes, mussels, and
habitat quality, are sampled in the summer
period (June 1 to September 30) and two com-
ponents, benthicinvertebratesand water qual-
ity are sampled in the spring period (March 1
toMay 1). Fish and habitat measurementsare
taken during summer low flow conditionsfor
three reasons: 1) spawning migration of fish
isminimal inthe summer; 2) low flow condi-
tionsare advantageousfor e ectrofishing, and
3) low flow conditions provide an opportu-
nity to assessthe areaand type of habitat avail-
ableto fish communities at atimewhen habi-
tat may belimiting. Benthic samplingiscon-
ducted in the spring when, according to
Plafkin et al. (1989), macroinvertebrate as-
semblages are good indicators of ecosystem
health (Roth et al. 1997b).

The MBSS qudlitative habitat assessment
method consistsof 13 metrics. Eachmetricis
scored by matching observations made of the
sample segment to the one of four possible

ranking categoriesthat describe possible con-
ditions. Each of the four ranking categories
hasarange of possible scores. Themethod is
designed so that higher scoresindicate more
pristine habitats. No total index scoreiscom-
puted for the MDNR-MBSS habitat assess-
ment. In addition to the 13 qualitative habitat
assessment metrics, MDNR-MBSS makesan
additional six quantitative habitat assessment
measurements.

Chemical water samples are analyzed
following U.S. EPA’'sHandbook of Standard
Methods for Acid Deposition Studies (U.S.
EPA 1987). Parametersanalyzed include pH,
acid neutralizing capacity (ANC), conductiv-
ity, sulfate, nitrate, and dissolved organic car-
bon (DOC). These variables are believed to
describe basic water quality conditionswith
an emphasis on changes related to acidic
deposition (Roth et a. 1997b).

Invertebrates are sampled using a“D”
net, sampling one-ft*> areas of all available
habitats, for a total area of 20 ft? per 75-m
stream segment. Fish are sampled in two
electrofishing passes of each 75-m segment
(Roth et al. 1997b). Detailed descriptions of
the sampling methods are givenin later sec-
tions.



Section 2
Habitat Assessment Methods

by

Bradley C. Autrey and Joseph P. Schubauer-Berigan

This section summarizes and eval uates
the habitat assessment protocol s of five agen-
cies, USEPA-EMAP-SW, USGS-NAWQA,
USEPA-RBP, Ohio EPA, and MDNR-
MBSS. It beginswith adescription of the ori-
gin of the habitat indices most widely used
by these agencies. Then the habitat assess-
ment methods of each agency are summa-
rized. Finally, the methods are compared and
contrasted. The USGS-NAWQA and
MDNR-MBSS sectionsdiffer from the other
agencies’ sections because USGS-NAWQA
and MBSS do not compute an index value
from the recorded metrics. Instead, many
metrics are used to determine whether rela-
tionshipsexist among the habitat variablesor
if any relationshipsexist between habitat vari-
ables and dependent variables such as fish,
invertebrate, or periphyton assemblages.
These relationships are then examined to de-
terminewhat they indicate about stream qual-

ity.

2.1 Development of
Habitat Assessment
Methods

The methods used by the USEPA-
EMAP-SW, USGS-NAWQA, USEPA-RBP,
Ohio EPA, and MDNR-MBSS were each
devel oped to meet the objectives of their re-
spective programs. The way in which each
of these protocolswas devel oped reflectsthe
differences and the similarities among these
agencies(e.g., their spatial scalesand objec-
tives). Figure 2-1 showsamember of afield
crew making aphysical habitat measurement.

2.1.1 USEPA-EMAP-SW

The USEPA-EMAP-SW'’s habitat as-
sessment protocols were developed by
Kaufmann (1993) and K aufman and Robison
(1998) for wadeabl e streams and Kaufmann



Figure 2-1.

(Lazorchak et a. 1999 draft version) for boat-
ablerivers. Both sets of protocolsuse aran-
domized, systematic spatial sampling design
which minimizes bias in the placement and
positioning of measurements (L azorchak et
al. 1998, 1999 draft version).

2.1.2 USGS-NAWOQA

The USGS-NAWQA habitat assessment
protocols were developed by Meador et al.
(1993b) and were revised by Fitzpatrick et
al. (1998). The stratification in USGS-
NAWQA'shabitat sampling designisamodi-
fication of Frissell et a. (1986). In addition,
microhabitat assessment protocols were de-
veloped by Cuffney et a. (1993a) in conjunc-
tionwith protocolsfor the collection of inver-
tebrates and by Porter et al. (1993) in con-
junction with protocols for the collection of
algae (Fitzpatrick et al. 1998). These micro-
habitat assessment protocol sare not addressed
inthisdocument.

A field crew member measures canopy density by using a densiometer.

2.1.3 USEPA-RBP

Barbour et al. (1999) state that the
USEPA-RBP methodsfor habitat assessment
arederived from theWisconsin Sream Clas-
sification Guidelines (Ball 1982) and Meth-
ods of Evaluating Stream, Riparian, and Bi-
otic Conditions (Plattset al. 1983).

2.1.4 Ohio EPA

The (QHEI) whichiscurrently used by
Ohio EPA was developed by Rankin (1989,
1991, 1995). The development of the index
was based on six broad metrics: substrate,
instream cover, channel morphology, riparian
and bank condition, pool and riffle quality,
and gradient. These metricsare used because
they have been shown to be correlated with
stream fish communities (Rankin 1989).

2.1.5 MDNR-MBSS

The MDNR-MBSS qualitative habitat
assessment methods were developed by



Kazyak (1995). Initial development was
based on the USEPA-RBP (Barbour and
Stribling 1991) and Ohio EPA’'s QHEI
(OEPA 1988, Rankin 1989). Additional
metrics were included in order to meet the
specific objectives of MDNR-MBSS (Roth
et al. 1997b).

2.2 U.S. EPA-EMAP-SW
Habitat Assessment

Index

The primary habitat assessment tech-
niques used by USEPA-EMAP-SW are the
Rapid Habitat Assessment (RHA) index and

the Physical Habitat (PHab) assessment. In
addition to the RHA and the PHab, supple-
mental habitat parametersare measured which
enable amore compl ete stream characteriza-
tion. These separate sets of metrics are not
combined into a single habitat assessment
score (Kaufmann and Robison 1998).

2.2.1 USEPA-EMAP-SW
RHA Index

The RHA index contains 12 metrics
(Table 2-1) which aredefined in Appendix A
(Kaufmann and Robison 1998). Each metric
is assigned a score that ranges from 0 to 20

Table2-1. TheMetricsand Scoring For The USEPA-EMAP-SW RHA Index.

Metric Description? Score
I nstream cover Amount and diversity of useable fish cover 020
Epifaunal substrate Presence and size of riffles and amount of cobble substrate present  0-20
Vel ocity/depth regimes Variety of velocity/depth regimes 020
Frequency of riffles Frequency of riffles and the variety of habitat 020
Channel alteration Type and amount of channel alteration 020
Bank condition Bank stability and erosion 020
Embeddedness Percentage of gravel, cobble, and bouldersthat are covered

by sediment 020
Channel flow status The degree to which water fills the channel 020
Riparian vegetation zone Width of the riparian zone and the presence of human disturbances 0-20
Sediment deposition Degree of bar devel opment and effect of sedimentation on the

channel 0-20
Bank vegetation protection Percentage of stream bank surfaces covered by vegetation 020
Grazing/disruptivepressure Degree of vegetative disruption by mowing or grazing on the banks 0-20

aComplete descriptions are given in Appendix A.



points. Scoresfor each metric are determined
by matching observations made of theentire
sample segment with one of four established
ranking categories. Theseranking categories
each contain descriptions of the respective
metric and the observer choosesthe category
with the characteristics that most closely
matches the observations. Each of the four
ranking categories has a range of possible
scores(e.g., Optimal 20-16; Sub-Optimal 15-
11; Marginal 10-6; Poor 5-0). The index is
designed so that higher scoresindicateamore
pristine habitat. A maximum index score of
240 pointsispossible.

2.2.2 USEPA-EMAP-
SW-PHab Assessment

The PHab assessment ismade up of four
metrics, each with a number of sub-metrics
(Lazorchak et a. 1998). Many of these sub-
metrics are based on quantitative field mea-
surements while others are based on ranked
categoriesof field measurements (Table 2-2).
All PHab metricsand sub-metricsare defined
inAppendix A. The measurements made from
the PHab assessment are not incorporated into
anoverall score.

2.2.3 Additional
Habitat Parameters

In addition to the RHA index and PHab
assessment metrics, USEPA-EMAP-SW pro-
tocols measurefive supplemental habitat pa-
rameters. Two of the habitat parameters, gen-
eral assessment and |ocal anecdotal informa-
tion, are text descriptions (Table 2-3). The
three remaining parameters are based on
ranked categories of field measurements and
classified listsof field observations (Table 2-
3). No scores are assigned to any of the pa-
rameters. Like the measurements for the
PHab, it isunclear how these measurements

areusedinanalysis. Itispossiblethat theclas-
sified habitat information could be used to
ground truth GIS data layers, but that is not
directed by the protocols.

2.3 USGS-NAWOQA
Habitat Assessment
Protocol

Thegoal of the USGS-NAWQA stream
habitat protocol (Meador et al. 1993b) isto
measure habitat characteristicsthat are essen-
tial in describing and interpreting water chem-
istry and biological conditionsin the differ-
ent types of streams studied by USGS-
NAWQA. A basic overview of thissampling
program is contained in section 1.2 of this
document.

2.3.1 Habitat Sampling
Design

The USGS-NAWQA assesses habitat
conditions in four spatial scales, basin, seg-
ment, reach, and microhabitat (Fitzpatrick et
al. 1998). The basin serves asafundamental
ecosystem unit and an important perspective
from which to understand the characteristics
of streams. A segment is alength of stream
that has relatively homogeneous physical,
chemical, and biological properties. A reach
isasampling unit within the segment. Physi-
ca, chemical, and biological dataare collected
from the reach. The microhabitat scale pro-
videsinformation on patterns of relations be-
tween biotaand habitat with afine-scalereso-
[ution. Proceduresfor collection of microhabi-
tat data (e.g., velocity, substrate type, and
depth) are described in the USGS-NAWQA
protocolsfor the collection of invertebrate and
algal samples(Cuffney et al. 1993a; Porter et
al. 1993) and will not be described in this
document.



Table2-2. Metrics And Scoring Used In The PHab Assessment.

Metric Sub-metric Scoring
Thalweg profile Thalweg depth Meters
Wetted width Meters
Bar width Meters
Soft/Small sediment Present/absent
Side channel presence Present/absent
Channel unit code 11 categories
Pool form code Seven categories
Largewoody debris (LWD) tally Total number of LWD Sum
Class of each LWD 12 categories
Channel/riparian cross-section Slope Meters/kilometer
Bearing 0-360°
Substrate size class 11 categories
Bankangle (0203
Undercut distance Meters
Wetted width Meters
Bankfull channel width Meters
Exposed mid-channel bar width Meters
Incised height Estimated meters
Bankfull flow height Estimated meters
Canopy density Percent
Dominant canopy vegetation Fivecategories

Areal cover classof largetrees
Areal cover classof small trees
Dominant understory vegetation

Fivecategories
Fivecategories
Fivecategories

Area cover of understory Fivecategories

Areal cover of ground cover Fivecategories

Type of instream fish cover Eight categories

Areal cover of fish cover Fivecategories

Presence of human influences Four categories

Discharge Velocity? Meters/
second

aThe vel ocity-areamethod, timed filling method, and neutral buoyant object method are used for large, medium, and

small streams, respectively.

Basin and segment assessmentsfor fixed
or synoptic sites are conducted using GIS,
topographic maps, or aerial photographs
(Tables 2-4, 2-5). Site visits are needed to
collect the data for reach and microhabitat
assessments. At asubset of fixed sites, reach
dataare collected from multiplereachesand
during the base flow stage of different years
(Table 2-6).

2.3.2 Basin
Characterization

Basin characterization consists of geo-
morphic descriptorsderived from USGS 7.5-
minute topographic maps, climate and poten-
tia runoff characteritics, streamflow charac-
teristics, and land-cover data from thematic
maps. Climate descriptors used by USGS-



Table2-3. Additional Parameters Used For The USEPA-EMAP-SW Protocols.

Parameter Sub-parameter Scoring
Watershed activities and disturbances observed Residential Seven categories?
Recreationa Four categories?
Agricultural Six categories?
Industrial Eight categories®
Stream management Eight categories?
Reach characteristics Vegetation cover type Six categories®
Land useltype Four categories®
Water clarity Four categories®
Waterbody character Pristine Fivecategories®
Appealing Five categories®
General assessment Wildlife Text
Vegetation diversity Text
Forest age class Text
Local anecdotal information None Text

aCategories are examples of typical disturbancesand each isrecorded as none, low, moderate, or high.
bEach category isrecorded asrare (<5%), sparse (5-25%), moderate (25-75%), or extensive (>75%).
‘Categoriesareranks, oneto five, with one being the least pristine/appealing and five being the most pristine/appealing.

NAWQA include precipitation, temperature,
evaporation, and runoff. At least three types
of streamflow characteristics of abasin are
useful: estimated peak flow, flood volume,
and seven-day low flow for given recurrence
intervals. Thematic maps of ecoregion, physi-
ographic province, geology, soils, land use,
and vegetation are also used to describe a
basin. The Basinsoft computer program
(Harvey and Eash 1996) has been devel oped
by the USGS to quantify basin characteris-
tics(Table2-4).

2.3.3 Segment

Characterization

The USGS-NAWQA protocolsmeasure
segment characteristics in the categories of
gradient, sinuosity, and water-management
features (Fitzpatrick et al. 1998). The param-

eters measured within these categories are
givenin Table 2-5.

2.3.4 Reach
Characterization

The selection of the sampling reach is
based on four criteria, stream width, stream
depth, geomor phology, and local habitat dis-
turbance. In general, the reach length is de-
termined by multiplying the mean wetted
channel width by 20. For boatable streams,
recommended minimum and maximum
stream lengths are 500 and 1,000 m, respec-
tively. The minimum and maximum reach
lengthsfor wadeabl e streams are 150 and 300
m, respectively. If possible, the reach should
contain at least two examples of two habitat
types from the categories of pools, runs, or
riffles. At the beginning of datacollection, the



Table2-4. TheUSGS-NAWQA ParametersRecorded For Basin Characterization.

Parameter Description Units
Drainagearea Delineated areaenclosed by adrainagedivide km?
Average annual runoff Average amount of water contributed through runoff anm
Averageannual air temperature  Averageambient air temperature °C
Averageannual precipitation  Average precipitation an
Average annual evaporation Average surface evaporation am
Basin length Length of entire basin km
Minimumelevation Minimum elevation within the basin m
Maximumelevation Maximum elevation within the basin m
Basinrelief ratio Thedifferencebetween maximum and minimum

elevation divided by basin length mkm
Drainage shape Drainage area divided by the square of the basin length km?/km?
Stream length The distance from the headwaters to the site km
Cumulativeperennial stream The cumulative length of all perennial streamsand canals
length in the basin km
Drainagedensity The cumulative perennial stream length divided by the

basinarea km?
Drainagetexture The number of crenulations on the most crenul ated contours/

contour line divided by the basin perimeter length km
Entirestream gradient Difference between elevations at 85 and 10% of the

stream length divided by the distance between those

points mkm

Estimated flow characteristics
low flow

genera condition of the reach is noted and
11 equidistant transects are established
throughout the reach. Thetransectsare estab-
lished so that habitat characteristicsare statis-
tically represented within the reach and ob-
server biasiseliminated. The parametersmea-
sured within thereach provideinformation on

Estimated pesk flow, flood volume, and seven-day

channel, bank, and riparian characteristics.
These parameters are given in Table 2-6.

2.4 USEPA-RBP Habitat
Assessment Index

The index suggested by the USEPA-
RBP consists of 13 metrics (Barbour et al.



Table2-5. TheUSGS-NAWQA Parameters M easured For Segment Characterization.

Parameter Description Units
Segment length Straight-line length of the segment km
Curvilinear channel length Length of the main channel through the segment km
Upstream and downstream Elevation at upstream and downstream boundaries m
elevation
Sinuosity Curvilinear channel length divided by segment length kmkm
Segment gradient Upstream el evation minus downstream elevation,

divided by segment length mkm
Water management feature Type(s) of water management feature(s) likely to

influence segment habitat 21 categories®
Strahler stream order Streamorder Numerical
Link Sum of the ordersfor all upstream tributaries Numerica
Downstreamlink Sum of the ordersfor tributaries contributing to

the next downstream segment Numerica
Valley sideslope gradient The average of three representative gradient

calculations based on a cross-sectional profile of

the segment valley. mkm

aThe categories of water management features are bridge, diversion, return flow, stp > 5 (morethan 5 sewage
treatment plants), ips> 5 (morethan 5 industrial point sources), impoundment, low-head dam, natural lake, bank
stabilizer, tile drain, none, channelized, feedlot, sewage treatment, gw inflow, hydropower, industrial, mining, storm

sewer, thermal, and other.

1999) (Table 2-7) (see Appendix A). Three
of the metrics, embeddedness, frequency of
riffles, and vel ocity/depth combinations, are
used only at high gradient sites, and three of
the metrics, pool substrate, pool variability,
and channel sinuosity, are used only at low
gradient sites. Therefore, only ten metricsare
used at any one site. Each metricisassigned
ascoreranging from 0 to 20 points (Table 2-
7). The metrics bank stability, bank vegeta-
tion protection, and riparian vegetation zone
width, are assigned a score ranging from0to

10 pointsfor each bank (0to 20 pointsfor both
banks combined). Each metric is scored by
meatching observationsmadeof theentiresample
segment with one of four established ranking
categories. The chosen categories should con-
tain the characteristicsthat most closaly match
the observations. Each of thefour ranking cat-
egories has a range of possible scores (e.g.,
Optimal 20-16; Sub-Optimd 15-11; Marginal
10-6; Poor 5-0). Higher index scores are asso-
ciatedwithmoreprisinehabitats. Themaximum
index scoreis200.



Table2-6. USGS-NAWQA ParametersFor Reach Characterization.

Parameter Description Units
For thereach
Stage Water level at afixed point m
Instantaneous discharge Flow of the stream L/s
Channel modification Any channel modification at the reach is noted Seven
categoriest at
reach
Mean channel width The average of three representative measurements of m
wetted channel width
Curvilinearreachlength  Length of reach measured through channel m
Distance between The reach length divided by ten m
transects
Curvilinear distancefrom Distance a ong the channel from areferencelocation to m
site to reach ends the upstream and reference downstream reach boundaries
Reach water-surface Difference between the water surface elevations at both mm
gradient ends of the reach, divided by the reach length
Geomorphic channel Thelength of all riffles, runs, and poolsthat make up m and type
units morethan 50% of channel width arerecorded
For each of the11 transects
Habitat type Whether the transect islocated in ariffle, run, or pool Three
categories
Wetted channel width Width from the left edge of the water to the right edge of m
the water, excluding bars, shelves, or islands
Bankfull channel width ~ Width from the top edge of the left bank to the top edge m
of the right bank
Channel features Width of channel bars, shelves, or islands m and type
Aspect Compeass heading of downstream flow 0to 360°
Canopy angles Sum of the angles from the middle of the transect to the 0t0180°
visible horizons on the left and right banks, subtracted
from180°
Riparian canopy closure  The portion of the overhead view that includes 0t0100%
vegetation
(continued)

aChoose from 1) natural woody debris pile, 2) overhanging vegetation (terrestrial), 3) undercut banks, 4) boulders,

5) aquatic macrophytes, 6) manmade structure, 7) too turbid to determine, or 8) none.



Table2-6. Continued

Parameter Description Units
Dominant riparian L and use within an approximate 30-m distancefrom
land use the top bank 12 categories®
Bankangle Angle formed by the bank at the stream bottom 0to 9Q°c
Bank height Vertical distance from channel bed to the top of the m
bank
Bank substrate Type of dominant bank substrate Ten categories?
Bank vegetative cover Visual estimation of percentage of bank coveredin
vegetation 0to 100%
Bank erosion Presence or absence of bank erosion at each end of
transect Present/absent
Habitat cover features Presence or absence of any mineral or organic matter Present/absent
that produces shelter for aguatic organisms in eight categories®
Depth Water depth from water surface to stream bed m
Velocity Velocity at 60% depth when depth islessthan 1 m, or
average velocity at 20 and 80% depth when depth is
morethan1m. m/s
Dominant bed substrate  Type of dominant bed substrate Ten categories®
Embeddedness The estimated portion five large substrate particles that
are surrounded or covered by fine-grained sediment 0to 100%
Silt present The presence or absence of significant amounts of silt ~ Present/absent

bChoose from 1) cropland, 2) pasture, 3) farmstead/barnyard, 4) silviculture, 5) urban residential/commercial, 6)
urban industrial, 7) rural residential, 8) right-of-way, 9) grassland, 10) shrubs/woodland, 11) wetlands, or 12)

other.

¢Measurement may be greater than 90°if the bank is undercut.
dChoose from one of 1) smooth bedrock/concrete/hardpan , 2) silt/clay/marl/muck/organic detritus, 3) sand (0.063-2
mm), 4) fine/medium gravel (2-16 mm), 5) coarse gravel (16-32 mm), 6) very coarse gravel (32-64 mm), 7) small

cobble (64-128 mm), 8) large cobble (128-256 mm), 9) small boulder (256-512 mm), or 10) large boulder/irregular
bedrock/irregular hardpan/irregular artificial surface (>512 mm).



Table2-7. The Metrics and Scoring used in the
USEPA-RBP SHabitat Assessment Index.

Metric Scoring
Epifaunal substrate/

availablecover 020

Channel alteration 020

Bank stability 0-10 (per bank)
Channel flow status 020

Riparian vegetative zonewidth ~ 0-10 (per bank)
Sediment deposition 020

Bank vegetative protection 0-10 (per bank)
Vel ocity/Depth combinations -

(high gradient) 0-20
Frequency of riffles-

(high gradient) 020
Embeddedness- (high gradient) 020

Pool substrate - (low gradient) 020

Pool variahility - (low gradient)  0-20

Channel Sinuosity - (low gradient) 0-20

2.5 Ohio EPA’S
Qualitative Habitat

Evaluation Index (QHEI)

The QHEI (Rankin 1989) consists of
seven metrics, six of which are made up of
two to four scored sub-metrics (Table 2-8).
Each sub-metric is further divided into sub-
categories which are used to determine the
sub-metric scores(Tables 2-8, 2-9). To com-
pute afinal scorefor the QHEI, the scores of
the sub-metrics are summed and the scores of
the seven metricsare summed. Themaximum
scorefor the QHEI is100 (Table 2-8). A habi-
tat quality ranking scheme has been produced

by Ohio EPA based on the overall QHEI
score (Table 2-10). According to Rankin
(1989), three metrics, pool quality, channel
quality, and substrate quality, are consistently
correlated with the fish IBI in Ohio. In con-
trast, riparian zonequality isfound to beless
correlated with the fish IBI in Ohio (Rankin
1989). Because the scores among the metric
categoriesaredifferent, theoverdl index score
isweighted to give different metricsvarying
importance. The metrics substrate and
instream cover, by virtue of theway they are
designed, can have amaximum value greater
than 20 points. If, asaresult of thefield mea-
surements they are scored above 20 points,
thefinal scoresmust betruncated to 20. Nine
additional observations that are either not
scored or not used inthefina cumulative scor-
ing, are recorded while performing a QHEI.
These additional observations are given in
Table 2-11.

2.6 MDNR-MBSS
Habitat Assessment
Method

The habitat assessment methods used by
MDNR-MBSS include a habitat assessment
protocol very similar to the USEPA-RBP's
habitat assessment protocol and the USEPA-
EMAP-SW RHA. It alsoincludesagroup of
nine, generally quantitative, additional mea-
surementsthat are similar to anumber of those
performed for the USEPA-EMAP-SW PHab
(Table 2-2). Currently, no method exists for
incorporating these separate measurements
into asingle habitat assessment score.

2.6.1 Qualitative
Habitat Assessment

The MBSS qudlitative habitat assessment
method (Roth et al. 1997b) consists of 13



Table2-8. TheMetrics, Sub-metrics, and Scoring Rangesfor the Ohio EPA’ S QHEI.

Metric Sub-metric Sub-metric scoring Maximummetric
range score

Substrate Type 0to22 20
Quality -7to4

Instream cover Type Oto10 207
Amount 1to11

Channel Morphology Sinuosity 1to4 2
Development 1to7
Channelization 1to6
Stahility 1to3

Riparian zone/bank erosion Flood plainwidth Oto4 10
Flood plainquality 0to3
Bank erosion 1to3

Pool/GlideQuality Pool maximum depth 0to6 12
Current type -4t04
Pool morphology 0to2

Riffle/runquality Depth Oto4 8
Substrate stability Oto2
Embeddedness -1t02

Gradient (scaled by ft/mi) 2t010 10

QHEI Overal 100

af the sum of the sub-metric scores exceeds 20, the metric scoreis truncated to 20.

Table2-9. An Example of the Metric Scoring Method used by the QHEI.

Compositemetric Sub-metric Scoring categories Scores

Rifflequality Riffle/ run depth Generaly,>10cmdeep, >50-cm maximum depth 4
Generdly, >10 cmdeep, <50-cm maximum depth 3
Generally, 5-10cmdeep 2
Generally, <5cmdeep 1

Riffle/run substrate Stable(e.g., cobble, boulder)
Moderately Stable (e.g., peagravel)
Unstable (e.g., gravel, sand)

OFr N

Embeddedness None
Moderate
Low
Extensive

OFr N

1
[EE

AN



Table2-10. Habitat Quality Rankings Developed
by the Ohio EPA for QHEI Score

Evaluation.

Habitat quality ranking

QHEI scorerange

Very Poor
Poor

Far

Good

Very Good
Excellent
Extraordinary

0-40
41-50
51-60
61-70
71-80
81-0
91-100

Table2-11. Observations Recorded in Addition to
the QHEI Parameters.

Observation How recorded
Additional comments/ Text
pollutionimpacts

Sampling gear/ Type of fishing gear
distance sampled used/length of

Water clarity

Water stage

Canopy

Gradient

Length, width, and
maximum depth at
sampling sites

Streamdiagram:
Cross sections

Stream map

sampling reach

Clear, stained, or
turbid

Meters

Percent of sampling
site not shaded or
covered by woody
bank vegetation

Very low, low, low-
moderate, moderate,
moderate-high, high,
or very high

Meters

Two or three
drawings of the
stream cross section

Sketch of the entire
sampling section

metrics (Table 2-12, Appendix A). Each
metric is scored by matching observations
made of the sample segment to one of four
possible ranking categories that best de-
scribes observed conditions. Each of the
four ranking categories has arange of pos-
sible scores. The method isdesigned so that
higher scores indicate more pristine habi-
tats. Nine of the metrics are evaluated in
this fashion and assigned a score ranging
from O to 20 points. However, three of the
metrics, embeddedness, channel flow sta-
tus, and shading are given percentage
scores and one of the metrics, riparian
buffer, is given ascore in meters (Table 2-
12). No total index score is computed for
the MDNR-MBSS habitat assessment. In
addition to the qualitative habitat assess-
ment metrics (Table 2-12), MDNR-MBSS
makes these quantitative habitat assessment
measurements:

» Maximum depth

* Stream gradient

* Wetted width

» Straight-line segment length
* Overbank flood height

* Discharge

2.7 Differences and
Similarities Between
the Habitat Assessment
Methods

Themethods of the variousagenciesdif-
ferinthetype, number, and scoring of metrics.
This section addresses these differences and
the similaritiesamong the five methods.



Table2-12. Metrics used in the MDNR-MBSS Qualitative Habitat Assessment Method.

Metric Description How scored
Instream habitat structure  Perceived value of habitat based on itstype and structure 020
Epifaunal substrate Amount/variety of hard, stable substrates for benthic
invertebrates 020
Velocity/depth diversity Variety of velocity/depth regimes 020
Pool/glide/eddy quality Variety and spatial complexity of slow or still water habitat 020
Rifflequality Complexity and functional importance of riffle/run habitat 020
Channel ateration Degree and type of channel alteration 020
Bank stability Presence of vegetation or other bank stabilizing material 020
Aesthetic rating Visual appeal of site, presence of human refuse, degree of
channelization, and vegetation disturbance 020
Remoteness rating Presence of detectable human activity and accessability of site 020
Embeddedness Percentage of stream gravel, cobble, and boulder surfacearea
not surrounded by fine sediment 0-100%
Channel flow status Percentage of stream channel that haswater 0-100%
Shading Percentage of the site that is shaded 0-100%
Riparian buffer Minimum width of vegetated buffer (50 m maximum) meters
Total 0-180
2.7.1 The USEPA- * epifaunal substrate
EMAP-SW RHA and the  *velocityldepthregimes
USEPA-RBP Habitat - frequency of riffles
Assessment Indices * channel alteration

The USEPA-EMAP-SW RHA andthe ~ *bank condition or stability
USEPA-RBPindicesarevery similar intheir « embeddedness
composition. Ten of the 12 RHA index
metricsareeither very smilar or directly com-
parableto USEPA-RBP metrics. * riparian vegetation zone

« channel flow status

Theseten metricsare: * sediment deposition



* bank vegetation protection

The RHA index has two metrics,
instream cover and grazing/disruptive pres-
sure, that are not included inthe USEPA-RBP
index and the USEPA-RBP index has three
metrics, channel sinuosity, pool variability,
and pool substrate, that are not used by the
RHA index. Thecriteriaused to evaluate the
two metrics, instreamcover and epifaunal sub-
strate, by the RHA index are combined into
one metric, epifaunal substrate, by the
USEPA-RBP index. Whereas al 12 of the
RHA index metrics are scored for every
sample stream segment, only ten of the 13
USEPA-RBP index metrics are scored for a
sample segment. Three of the USEPA-RBP
metrics, embeddedness, frequency of riffles,
and velocity/depth combinations, are used
only at high gradient sites, and three of the
USEPA-RBP metrics, pool substrate, pool
variability, and channel sinuosity, are used
only at low gradient sites. Finally, one major
difference between the USEPA-RBP index
and the overall USEPA-EMAP-SW habitat
assessment methods is that the USEPA-
EMAP-SW habitat assessment method in-
cludestwo additional components, the PHab
and additional assessment parameters(Tables
2-2, 2-3). These additional elementsprovide
quantitative measurements of parameterssuch
as channel sinuosity and discharge that are
gualitatively assessed by the USEPA-RBP
index.

2.7.2 The MDNR-MBSS
Qualitative Habitat
Assessment Protocols
and the Other Programs

Maryland’'s MBSS qualitative habitat
assessment protocols were partially derived

from the USEPA-RBP index and are, there-
fore, similar to both the RHA and USEPA-
RBP indices (Table 2-12). The MDNR-
MBSS qualitative habitat assessment proto-
cols have seven metrics, epifaunal substrate,
vel ocity/depth diversity, channel alteration,
bank stability, embeddedness, channel flow
status, and riparian buffer, with similar or
identical evaluation criteriato USEPA-RBP
metrics. Six metrics, instream cover, pool/
glide/eddy quality, riffle quality, shading, aes-
thetic rating, and remoteness rating, are in-
cluded intheMDNR-MBSS qualitative habi-
tat assessment protocols, but not in the
USEPA-RBP index. Also, the USEPA-RBP
index contains six metrics, pool substrate,
pool variability, frequency of riffles, sediment
deposition, bank vegetation protection, and
channel sinuosity, that are not used in the
MDNR-MBSS qualitative habitat assessment
protocols. As with the RHA index, the
MDNR-MBSS qualitative habitat assessment
separates the evaluation criteria used in
USEPA-RBP epifaunal substrate metricinto
two metrics, instream cover and epifaunal
substrate, and all of the metricsare scored for
every stream segment, regardless of thegra-
dientlevel. Unlikethe RHA and the USEPA -
RBP, which only evaluate the riparian buffer
to 18 m on each bank, the MDNR-MBSS
qudlitative protocolsmeasuretheriparian zone
to a distance of 50 m on each bank. The
MDNR-MBSS protocols, like those of the
USEPA-EMAP-SW, make a number of ad-
ditional quantitative measurements of the
stream segment physical features (Section
2.6.1) aswdll ascategorizing the adjacent land
use. The data from the two components of
the MDNR-MBSS protocols are not incor-
porated into an overall habitat score.

MBSSisuniqueinthatitistheonly pro-
gram that identifies instream submerged
aguatic vegetation (SAV), emergent aguatic



vegetation (EAV), and riparian vegetation
to species (USEPA-EMAP-SW uses veg-
etation categories and the Ohio EPA QHEI
only addresses vegetation in terms of per-
cent cover). Aquatic plants are also not
sampled concomitantly with the standard
Ohio EPA stream habitat and biotic assess-
ment sampling.

2.7.3 Ohio EPA QHEI

and the Other Programs

The Ohio EPA QHEI is the most
unique of theindicesreviewed. Substantial
differences exist between the scoring sys-
tem and metric definitionsin the QHEI and
in the other four indices. The scoring cat-
egories of the QHEI metrics are not
grouped like the other indices, but rather
individual scores are assigned to numerous
scoring categorieswhich are part of metrics
or sub-metrics (Table 2-8). Each metric and
sub-metric is uniquely designed and con-
sists of varying numbers of scoring catego-
ries. Theindividual scoring categoriesrange
in the number of points assigned to each
category and are, therefore, not equally
weighted. Some of the QHEI metrics can
havetotal scoresgreater than the maximum
scores permitted for those metrics. If the
total exceeds the maximum score for the
metric, the score is truncated to the maxi-
mum score value. The QHEI is similar to
the USEPA-RBP, RHA methods, and the
MDNR-MBSS assessment methodsin that
it qualitatively assesses some of the major
features of stream structure related to the
quality of stream habitat. These structural
featuresinclude substrate, instream cover,
physical channel features, and flow regime.
Unlike the other protocols, the QHEI has
established habitat quality ranking stan-
dards based upon index scores.

2.7.4 USGS-NAWQA and
the Other Programs

Oneof the primary differencesbetween
the methods used to characterize habitat for
the USGS-NAWQA and those used by the
other four agenciesis that NAWQA has ex-
tensive characterization of the habitat onfour
gpatial scales, basin, segment, reach, and mi-
crohabitat (Tables 2-4, 2-5, and 2-6). The
protocolsfor USGS-NAWQA areuniquea so
becausethereisno formal index score calcu-
lated. The program instead focuseson the use
of repeatable, quantitative datain order to pro-
duce nationally-consistent stream quality
evauations and the use of additional qualita-
tive datafor the generation of qualitativein-
dices where applicable (Fitzpatrick et al.
1998).

2.7.5 Broad Scale
Differences Among the
Habitat Assessment
Methods Used by the
Five Reviewed
Programs

Contrasting the assessment methods
used by USEPA-RBP and USEPA-EMAP-
SW and those used by Ohio EPA and
MDNR-MBSS reveals a number of differ-
ences between these sampling methods. Dif-
ferencesexist at thebroad scalein dealingwith
study siteidentification and assessment of the
status of the aquatic resources. Also, differ-
ences exist at the local scale in the methods
used to collect data. At the broad scale, iden-
tification of the MDNR-MBSS and USEPA -
EMAP-SW sampling sites is accomplished
using statistically-based sampling designs.
However, no statistical designs are used by
Ohio EPA or USEPA-RBP to identify the



study segments. Initsfirst nine-year cycle,
USGS-NAWQA used acommon sampling
design for 59 of the most environmentally
significant watershedsin the nation. It uses
a design on four spatial scales, but is not
statistically based.

The USEPA-EMAP-SW sampling
framework consists of hexagons placed
over a grid map of the contiguous United
Stateswith 12,500 points. Using statistical
probability methods, approximately 800
lakes and 800 streams are chosen from 25%
of the grid hexagons each year. Therefore,
this method has afour-year sampling cycle
(Overtonet al. 1991). In order to ensure an
adequate characterization of larger lakesand
streams, sites are randomly selected from
established size strata.

MDNR-MBSS usesasimilar approach
whichisdesigned to providefull coverage
of the state’s 18 drainage basins over a pe-
riod of threeyears. Approximately 300 non-
overlapping stream segments are randomly
sel ected using alattice sampling method and
are sampled each year. Within a stream or-
der, the number of segments sampled per
basinisproportional to the number of stream
milesin the basin.

In contrast to the USEPA-EMAP-SW
and MDNR-MBSS methods, Ohio EPA
uses a five-year cycle to monitor Ohio’s
aguatic resources. Each year of thefive-year
cyclefocusesintensively on the biological,
chemical, and physical habitat data found
within achosen basin. Study sitesareiden-
tified based on criteriasuch asthe potential
to be threatened by local impacts or their
potential for harboring unique or critical
aguatic habitat or biota. Unlike the method
used by the Ohio EPA, the methods used
by USEPA-EMAP-SW and MDNR-

MBSS, allow robust population inferences
to be made and ensure that the sites represent
the spatial distribution of lakes and streams
within the study areas.

2.7.6 Local Scale
Differences Among the
Habitat Assessment
Methods used by the
Five Reviewed
Programs

At the local scale, a number of differ-
ences exist between the sampling methods
used by thereviewed programs. The sampling
reach length for the USEPA-EMAP-SW as-
sessment is generally 40 times the stream
channel width and in the USGS-NAWQA
sampling method, the reach length is gener-
aly 20 times the stream channel width. In
contrast, the USEPA-RBP, Ohio EPA and
MDNR-MBSS procedures use fixed sam-
pling reach lengths. USEPA-RBP and
MDNR-MBSS uses a sampling reach of 75
m for wadeabl e streams. The sampling reach
length for Ohio EPA is generally a 500-m
segment if the stream is boatable or a 150 to
200-m segment if it isawadeable stream.

Quantitative thalweg profile measure-
ments are made using the USEPA-EMAP-
SW and MDNR-MBSS protocols. Quantita-
tive measurements of reach average and maxi-
mum depth, and pool/glide/riffle/run length,
width, and depth are made using the Ohio
EPA method. Between 100 and 150 indi-
vidual thalweg profile measurements are
made along the sample reach using the
USEPA-EMAP-SW protocol, as opposed to
3, (oneeach at 0- 25, 50, and 75 m along the
sample segment), for the MBSS index and
11 setsof thalweg measurements per sample



reach using the USGS-NAWQA protocol.
Clearly, the sampling density for quantitative
measurements is much greater for the
USEPA-EMAP-SW index than for the other
programs’ indices. Also, depending on the
index used, the specific habitat and location
sampled, the assessment made by the USEPA-
EMAP-SW may be based on a larger seg-
ment of the stream than the assessments made
by the other programs.

2.7.7 Sampling Season

Sampling season is an important factor
to consider because of the influence it can

have on the scoring of metricsassociated with
all of the assessment methods. For instance,
life history traits such as fish spawning and
insect emergence or changes in stream flow
associated with seasonal or short term patterns
of precipitation, can dramatically influencethe
presence or absence of organisms and affect
other estimates and eval uations based on the
timing of single measurementsof physical and
chemical parameters.



Section 3
Water Chemistry Assessment Methods

by

Bradley C. Autrey and Joseph P. Schubauer-Berigan

This section summarizes and eval uates
the surface water column chemistry assess-
ment methods for USEPA-EMAP-SW,
USGS-NAWQA, USEPA-RBP, Ohio EPA,
and MDNR-MBSS. The basic objective of
surface water column chemistry assessment
is to characterize surface water quality by
measuring asuite of analytes. Water chemis-
try data are measurements of chemical con-
centrations and physical properties of
streamwater. Because each program has a
unique set of objectives, each suite of analytes
is also unique. A summary of the analytes
used by the five reviewed programsis pre-
sented in Table 3-1. Figure 3-1 showsamem-
ber of afield crew filling acubitainer with a
water samplethat will be used inwater chem-
istry analysis.

In addition to surface water column
samples, the USEPA-EMAP-SW and USGS-
NAWQA programs have additional protocols
which are used to analyze the quality of
ground water and use bed sediment and tis-
sue analyses to further assess surface water
quality. These additional analysesareimpor-
tant for the programs’ understanding of water

quality and anintegra part of their water qual -
ity assessment programs. However, only sur-
facewater column sampling and analysesare
addressed in thisdocument.

3.1 USEPA-EMAP-SW
Water Chemistry
Assessment

The objectives of the USEPA-EMAP-
SW water chemistry protocols are to deter-
mine the acidity/alkalinity of the water, to
characterize the trophic condition of the
stream, to ascertain the presence or absence
of chemical stressors, and to classify thewa-
ter chemistry type. At each sampling reach,
water chemistry measurements are made in
situ and water samplesare collected for |abo-
ratory analysis (Table 3-1). One 4-L
cubitainer and two 60 ml syringes arefilled
from aflowing portion of the stream, labeled,
and stored inacooler withice. These samples
are shipped to the analysislaboratory within
24 hoursof collection (Herlihy 1998).

The in situ measurements include spe-
cific conductance, dissolved oxygen, and tem-



Table3-1. Water Chemistry/Water Quality Measurements made by USEPA-EMAP-SW, USGS-NAWQA,
USEPA-RBP, Ohio EPA and MDNR-MBSS in Conjunction with Monitoring and Assessment?

USEPA- USEPA- USGS Ohio  MDNR-
Analytes EMAP-SW RBP NAWQA® EPA° MBSS
Physical analytes
Color L
Conductivity/Specific conductance F F F,L F,L F,L
Dissolved oxygen (DO) F F F F F
Residue(total, filtered, non-filtered) L
Stream type F
Temperature(C) F F F F F
Total dissolved solids (TDS) L
Total suspended solids (TSS) L L
Turbidity L F F
Water odors F
Demand analytes
Biological Oxygen Demand (BOD) L
Chemical oxygen demand (COD) L
Nutrient analytes
Acid neutralizing capacity (ANC) L L
Alkdinity L F,L
Bicarbonate L F
Carbonate L F
Chlorine, residual F
Dissolvedinorganic carbon (DIC) L
Nitrogen asammonia L L L
Nitrogenasnitrate(NO,) L L L L
Nitrogenasnitrite(NO,) L
Nitrogen asnitrate-nitriteNO,-NO, L L
Nitrogen, total L L L
pH L F F,L F,L L,F
Slica L L
Sulfate L L L L
Phosphorus, ortho L
Phosphorus, total L L L
Phosphorus, total dissolved L
Organicanalytes
Dissolved organic carbon (DOC) L L L
Suspended organic carbon (SOC) L
Total organic carbon (TOC) L L

(continued)

2L indicates analysistakes placein the laboratory, and F indicates analysistakes placein thefield.
b These are the analytes used in USGS-NAWQA's basic fixed-site analysis.

¢ These analytes were derived from those taken to assess stream quality in Ohio EPA (1995).

4 These are estimated measurements.



Table3-12. Continued

Analytes

USEPA-
EMAP-SW

USEPA-
RBP

UGS
NAWQA?®

Ohio
EPA°

MDNR-
MBSS

Organicwasteanalytes

Water surface oils
Oil and grease
Phenoalics, tota

M etal analytes

Aluminum, total/dissolved
Aluminum, inorganic monomeric
Aluminum, PCV reactive
Arsenic

Barium

Beryllium

Boron

Cadmium

Cdcium

Chromium

Cobalt

Copper

Hardness

Iron

Lead

Lithium

Magnesium

Manganese

Mercury

Molybdenum

Nickd

Sdlenium

Silver

Strontium

Vanadium

Zinc

Bacteriaanalytes
E. coli

Fecal coliforms
Fecal streptococci

lonicanalytes

Anion Deficit (C-A)
Anions, estimated organic

-

rrrrrrOOrOrOr-rOrbrbrrrrrrrerrr

- rrr

rrrr

|

(continued)

a| indicates analysistakes place in the laboratory, and F indicates analysistakes placein thefield.
b These are the analytes used in USGS-NAWQA's basic fixed-site analysis.
¢ These analytes were derived from those taken to assess stream quality in Ohio EPA 1995.

4 These are estimated measurements.



Table3-12. Continued

USEPA- USEPA- USGS Ohio MDNR-
Analytes EMAP-SW RBP NAWQAP® EPA° MBSS
Anions, sum L
Cations, base sum L
Cations, sum L
Chloride L L L
Fluoride L
lonic strength L
Potassium L L L
Sodium, total L L L
Radio-chemicals
Grossalpha L
Grossbeta L
Radium-226 L
Tritium L
Uranium L

aL indicates analysistakes place in the laboratory, and F indicates analysistakes place in thefield.
b These are the analytes used in USGS-NAWQA's basic fixed-site analysis.
¢ These analytes were derived from those taken to assess stream quality in Ohio EPA 1995.

Figure 3-1. A member field crew member fills a cubitainer with water that will be used in water

chemistry analysis.



perature. The samples from the two 60 ml
syringes are used to measure pH, dissolved
inorganic carbon (DIC), and monomeric alu-
minumspecies. The bulk 4-L sampleisused
to measure the major ions, nutrients, total
iron, total manganese, turbidity, and color
(Herlihy 1998).

3.2 USGS-NAWQA
Water Chemistry
Assessment

The USGS-NAWQA program hasthree
basic levels of water chemistry analyses, ba-
sic fixed-site assessment, intensive fixed-site
assessment, and water column synoptic stud-
ies. Theintensity of sampling and the analytes
measured differ among thesethreelevels.

3.2.1 Basic Fixed-Site
Assessment

Datafrom basic fixed-site sampling are
used for assessing temperature, specific con-
ductance, suspended sediment, mgjor ionsand
metals, nutrients, and organic carbon. The
sampling strategy at each basi c-fixed site con-
sistsof threetypesof sampling activities, con-
tinuous monitoring, fixed-interval sampling,
and extreme-flow sampling, each of whichis
conducted for at |east two years.

Continuous monitoring isconducted by
automated gaging stationsfor the entire sam-
pling period. Fixed-interval sampling isthe
collection of samplesat regular timeintervals
for laboratory analyses. The minimum and
most common sampling frequency ismonthly
during the minimum two-year period of op-
eration. Extreme flow sampling usually con-
sistsof four to eight supplemental samplesper
year. Although fixed-interval sampling pro-
vides data for the most common flows and

concentrations, high and low flows and con-
centrations that occur less often during the
two-year sampling period haveasmall chance
of being sampled. All samples are flow
weighted and cross-sectionally integrated by
standard USGS methods. Compl ete descrip-
tions of sample collection and processing
methods are provided by Shelton (1994).

Each time abasic-fixed siteis sampled,
field measurements (e.g., water temperature,
pH, conductivity, DO) are made, and samples
are submitted to the laboratory for analyses
of anationd target list of suspended sediments,
dissolved solids, major ions and metals, nu-
trients, and dissolved and suspended organic
carbon. Theseanalytes(Table 3-1) are selec-
tively augmented in some study units as re-
quired to meet specific local needs (Gilliom
et al. 1995).

3.2.2 Intensive Fixed-
Site Assessment

| ntensive fixed-site assessmentsare con-
ducted for oneyear and arethe sameasbasic
fixed-site assessments except for more fre-
guent sampling and the addition of dissolved-
pesticide analyses (Table 3-2). The goal of
intensive fixed-site sampling isto accurately
assess the dissolved pesticidesin the stream
through relatively high-frequency sampling at
afew carefully chosen sites during key peri-
ods(Gilliomet al. 1995).

3.2.3 Water-Column
Synoptic Studies

Water-column synoptic studiesare short-
term investigations designed to address wa-
ter-quality issues specific to a study unit or
region (two to three study units). Every wa-
ter-column synoptic study is custom designed
to provide more specific water-quality infor-



Table3-2. Dissolved Pesticides Analyzed by USGS-NAWQA in Addition to Basic Fixed Site Anaytesin
Conducting Intensive Fixed-Site Assessment.

Category? Pesticides
Amides Alachlor, Metolachlor, Napropamide, Pronamide, Propachlor Propanil
Carbamates Aldicarb, Aldicarb sulfone ®, Aldicarb sulfoxide ®, Butylate, Carbaryl,

Chlorophenoxy herbicides

Dinitroanilines
Organochlorides

Carbofuran, 3-Hydroxy °, EPTC, Methiocarb, Methomyl, Molinate, Oxamyl,
Pebulate, Propham, Propoxur, Thiobencarb, Trillate

2,4-D (acid), Dichlorprop (2,4-DP), 2,4-DB, MCPA, MCPB, Silvex (2,4,5-TP),
24,5 T, Triclopyr

Benfluralin, Ethaflurain, Oryzalin, Pendimethalin, Trifluralin
Chlorothalonil, Dacthal (DCPA), p,p’-DDE, Dichlobenil, Dieldrin, al pha-
HCH®, gamma-HCH

Azinphos-methyl, Chlorpyrifos, Diazinon, Disulfoton, Ethoprop, Fonofaos,

Malathion, Methy! parathion, Parathion, Phorate, Terbufos

Organophosphates

Pyrethroids cis-Permethrin
Triazineherbicides

Uracils Bromacil, Terbacil
Ureas

Miscellaneous

Atrazine, desethyl *, Cyanazine, Metribuzin, Prometon, Simazine

Fenuron, Diuron, Fluometuron, Linuron, Neburon, Tebuthiuron
Acifluorfen, Bentazon, Bromoxynil, Chloramben, Clopyralid, Dicamba, 2,6-

Diethylaniline ®, Dinoseb, DNOC, 1-Napthol ®, Norflurazon, Picloram,

Propargite

a Some of the analytes listed may be deleted or qualified depending on method performance for ambient

samples.
b Degradation products

mation than fixed-site data. M ost water-col -
umn synoptic studies are conducted in the
second and third years of the three-year in-
tensive data-collection phase. This is done
after initial resultsfromthefirst year of sam-
pling can be combined with existing datato
guidethe study design (Gilliom et al. 1995).

3.3 USEPA-RBP Water
Chemistry Assessment

The objective of the USEPA-RBPisto
recommend water sampling methods which
will provideabrief and easily-obtained analy-
sisof water chemistry. The protocolsrecom-
mend awater-quality assessment that can be
made entirely inthefield. The suggested as-
sessment includesfour quantitative measure-
ments, temperature, dissolved oxygen, pH,
and conductivity and four estimated measure-
ments, stream type, water odors, water sur-
faceoils, and turbidity (Table 3-1). Thefour

estimated parameters are each assigned to a
category. The categoriesfor these parameters
aregivenin Table 3-3 (Barbour et al. 1999).

3.4 Ohio EPA Water
Chemistry Assessment

The objective of the Ohio EPA water
sampling guidelinesisto provide datawhich
can be used to interpret the quality or condi-
tion of the stream being sampled. Theanaytes
measured by the Ohio EPA aregivenin Table
3-1. Becausewater quality characteristicsare
not uniform between sites, the Ohio EPA con-
siders the mixing conditions of the stream
when designing asampling regime. The Ohio
EPA makesaseriesof conductivity and tem-
perature measurements to check the mixing
conditions in the stream and those mixing
conditionsdeterminethetypesof samplesthat
will be taken (OEPA 1988).



Table 3-3. Categories Available for Scoring the
Estimated Parameters of the USEPA-
RBP’ S Recommended Water Quality
Assessment

Parameter Categories

Coldwater
Warmwater

Stream type

Norma

Sewage

Petroleum

Chemicd

None

Other (with notation)

Water odors

Sick
Sheen
Globs
Flecks
None

Water surface oils

Clear

Slightly turbid
Turbid
Opague

Turbidity?

2 |n addition to the given categories, the color of
the water isalso noted for this parameter.

3.4.1 Sample Types

The Ohio EPA uses two primary types
of samples, grabs and composites. Grab
samplesareindividua samplesgathered over
aperiod of time not exceeding 15 minutes. If
astream is evenly mixed, the grab samples
can beintegrated. Integrated grab samplescan
be either horizontally integrated samples or
vertically integrated samples. The horizontally
integrated samples are mixtures of grab
samples gathered from different pointsacross
the width of the stream and vertically inte-
grated samplesare mixtures of grab samples
gathered from different depths of the stream.

Composite samplesare mixturesof dis-
creet samples taken at equal time intervals.
These samples allow variable water quality

characteristics to be averaged over a period
of time. Thelength of timeis determined by
factors such as the intended use of the data
and the specific characteristics of the stream
being sampled (OEPA 1988).

3.4.2 Procedures for
Collecting Grab
Samples

Beforegrab samplesaretaken, the mix-
ing condition of the stream is determined. If
the mixing condition cannot be determined,
samples are taken near the stream sample
where the velocity and turbulence are the
greatest. If the streamisvery wide/deep or if
it is incompletely mixed, integrated grab
samplesmust be taken.

The individual collecting the water
sample should wadeinto the stream or, if col-
lecting from abridge, use abucket and arope.
The collecting bucket should be rinsed with
ambient water. Water is collected while fac-
ing upstream and from the top 40% of the
water column. Enough water is collected to
fill two one-quart cubitainers and aone-gal-
lon cubitainer. Beforethe cubitainersarefilled,
they are expanded and rinsed with a small
amount of the sample. After they arefilled,
they are labeled, excess air is removed, and
they are stored at 4° C until preserved. Samples
are preserved by adding an ampule of sulfu-
ric acid, nitric acid and sodium hydroxide
(OEPA 1988).

3.4.3 Procedures for
Collecting Composite

Samples

Composite samples are taken from a
single point inthe stream and can be col lected



with automatic samplers or manually. Auto-
matic samplersare preferred becausethey can
increase the frequency and regularity of the
samples taken. Samples can either be col-
lected directly into acompositejar or collected
asaliquots. If collected as aliquots, samples
aremixed inacompositor that hasbeenrinsed
with stream water and transferred into
cubitainers. If itisnot possibleto set an auto-
matic sampler, manual samples are taken.
Manual samplesare collected using the same
basic procedure asgrab samples. The samples
are collected in aliquots that are the propor-
tion of thetotal sample needed. For example,
if 1,000 ml are being collected in eight
aliquots, each aliquot should be 125 ml
(OEPA 1988).

3.4.4 Parameters
Requiring Special
Collecting and Handling
Procedures

When sampling water for bacteriaanaly-
sis, asampleis collected in four one-ounce
bottles containing sodium thiosulfatecrystals
and topped with foil-lined screw caps. When
sampling water to test for oil and grease, a
sampleiscollectedinal-L widemouth glass
jar withaTeflon or aluminumfoil lined screw
cap. When sampling near an area that may
exceed limits for acidity/akalinity within a
given time period, measurements should not
comefrom composite samples (OEPA 1988).

3.5 MDNR-MBSS Water
Chemistry Assessment

During the spring, water samples are
collected from each siteand analyzed for pH,
ANC, conductivity, sulfate, nitrate, and DOC.
Ateachdite, agrab sampleiscollectedinal-

L bottle for all analytes except pH. A water
samplefor pH iscollectedinasyringe so that
air bubbles can be expunged. Samples are
stored onice and shipped to the analysislabo-
ratory within 48 hours. Chemical analysesare
conducted as described in the Handbook of
Methods for Acid Deposition (U.S. EPA
1987). The exception is that the sample for
ANC analysis, isreduced in volumeto 40 mi
for easier handling (Roth et al. 1997b).

During the summer, in-situ measure-
mentsare made of DO, pH, temperature, and
conductivity. These additional measurements
aremadein order to further characterizewa-
ter quality conditionsthat may influence bio-
logical communities. These measurementsare
taken at an undisturbed portion of the stream
using calibrated electrode probes (Roth et al..
1997b).

3.6 Comparisons
Between Programs

3.6.1 Sampling
Methods

Of the five programs reviewed, all ex-
cept USEPA-RBP collect water samplesfor
laboratory analyses in addition to making
water-chemistry measurements in the field.
The USEPA-RBP recommends field mea-
surements of eight parameters only and no
laboratory analyses. Thisallowsthe USEPA-
RBPto meet its objective of suggesting meth-
odsfor the rapid assessment of stream qual-
ity. The USGS-NAWQA program uses au-
tomatic samplers at gaging stations. There-
fore, that program isableto takealarge num-
ber of samplesover fixed incrementsof time.
The remaining programs rely heavily on
samples gathered during a small number of
visitsto the field. Based on sampling meth-



ods and including pesticide analysis, the
USGS-NAWQA program conductsthe most
thorough eval uation of water chemistry.

3.6.2 Analytes Sampled

Of the 60 total analytes measured, only
four, conductivity, DO, pH, and temperature,
arecommonto all five programs.

The Ohio EPA and USGS-NAWQA
monitoring programs measure more contami-
nants than the other programs. Ohio EPA

monitors bacteria (i.e., fecal coliforms and
fecal strep) and USGS-NAWQA monitorsfor
the presence of a suite of pesticides. The
USEPA-EMAP-SW measures a large num-
ber of analytes, including several ionic
analytes not measured by other programs. The
MDNR-MBSS and the USEPA-RBP each
measure only eight analytes. Measuring a
small number of analytes allows these pro-
gramsto quickly, if not thoroughly, assessthe
chemical and physical properties of the
streamwater.



Section 4
Comparison Of Periphyton And
Phytoplankton Assessment Methods

by

Joseph Flotemersch, Susanna DeCelles, and Bradley C. Autrey

Theterm periphyton refersto the proto-
zoa, fungi, bacteria, mosses, and algae that
areattachedto or arein close proximity tothe
substrata of an aguatic system. However, pe-
riphyton surveysthat are used to assess stream
quality deal primarily with microscopic algae
(microalgae) assemblages (Rosen 1995). Pe-
riphyton are useful indicators of stream qual-
ity becausethey reproducerapidly, have short
life cycles and their assemblages are there-
forevery responsiveto disturbances. In addi-
tion, most periphyton taxa can be identified
to species by experienced phycologists, and
tolerance or sensitivity to specific changesin
environmental condition are known for many
species (Rott 1991, Dixit et al. 1992).

Phytoplankton are microalgae that are
buoyantly suspended in the water column of
aguatic systems. They are passively trans-
ported by currents and turbulent mixing, and
reflect water quality conditions of the water
mass in which they occur (Clesceri et al.
1989). Phytoplankton are especially valuable

asindicators of water quality when large ar-
eas are assessed, when resources are limited,
or when phytoplankton are an important part
of the ecosystem being studied.

Diatoms are a type of microalgae that
are often the focus of phytoplankton and pe-
riphyton assessments. They are useful indi-
catorsof biological condition becausethey are
foundin all aguatic habitats.

4.1 USEPA-EMAP-SW
Periphyton Assessment
Program

The USEPA-EMAP-SW program de-
fines periphyton asalgae, fungi, bacteria, pro-
tozoa, and associ ated organic matter affiliated
with the channel substrates (Hill 1998). Per-
iphyton are useful indicators of environmen-
tal conditions because they respond rapidly
and are sensitive to a number of anthropo-
genic disturbances, including habitat destruc-
tion and contamination by nutrients, metals,



herbicides, hydrocarbons, and acids. Periphy-
ton indicesof stream condition arebeing de-
veloped based on the composite indices for
biotic integrity, ecological sustainability, and
trophic condition (Hill 1999). The composite
indiceswill be calculated from measured or
derived indicesthat include speciesrichness,
species diversity, cell density, ash free dry
mass (AFDM), chlorophyll content, and en-
zyme activity acid/alkaline phosphatase ac-
tivity (APA), whichindividually indicate eco-
logical conditionin streams. The metricsas-
sociated with the periphyton indicators are
summarized in Table4-1 (Hill 1998).

4.1.1 Sample Collection

At each stream reach, composite index
samples are collected from erosional and
depositional habitats located at each of the
nineinterior transects (transects B through J;
See Section 1.2.1). Samplesare collected from
the sampling point assigned (left, center, or

Table4-1. USEPA-EMAP Proposed
Periphyton Indicators Of Stream Condition And
Associated Parameters

Associated
Parameters

Indicator and
Description

Species composition Species diversity,

evenness, auteco-

logical indices
Cell density (cells’cm?)  Abundance
Chlorophyll (ug./cn?) Standing crop,

productivity, trophic
status, autotrophic

index
Standing stock Productivity,
(mg AFDM/cm?) trophic status
Phosphatase activity Community activity
(mmol/gAFDM) (function)

right; section 1.1) during the layout of the
reach. In erosional habitats, asample of rock
or wood substrateisremoved from the stream.
Attached periphyton are dislodged froma12-
cn? areaon the upper surface of the substrate
with astiff-bristled toothbrush for 30 seconds.
Figure 4-1 shows a member of afield crew
dislodging periphyton using the EM AP tech-
nigue. Didlodged periphyton are then washed
into a 500-ml bottle using stream water. In
depositional habitats, a 12-cm? area of soft
sediment is defined and the top 1 cm from
that areais vacuumed into a 60-ml syringe.
The erosional habitat samplesfrom the nine
transectsare compiled into an erosional habi-
tat composite index sample and the deposi-
tional habitat samplesfrom the ninetransects
arecompiledinto adepositional habitat com-
positeindex sample (Hill 1998).

4.1.2 Sample

Processing and Methods

Four different types of laboratory
samples are prepared from each of the two
compositeindex samples, an ID/enumeration
sample, a chlorophyll sample, a biomass
sample, and an acid/a kaline phosphatase ac-
tivity (APA) sample.

| D/enumeration samples are used to de-
termine taxonomic composition and rel ative
abundances. These samplesare preserved in
10% formalin. Chlorophyll samplesare pre-
pared by filtering a25-ml aiquot of each com-
posite index sample through a0.4 to 0.6-pum
glass fiber filter. Biomass samples are used
for AFDM analysis. The preparation of fil-
ters for biomass samples is the same as for
chlorophyll samplesexcept that thefiltershave
been combusted, desiccated, rehydrated, dried
and weighed. The APA samples are used to
measure enzymatic activity. They are pre-
pared by freezing 50-ml subsamples of each



Figure 4-1. A member of a field crew dislodges attached periphyton using the EMAP-SW method.

compositeindex sample. Analytical method-
ologies are summarized in Table 4-2 (Hill
1998).

4.2 USGS-NAWQA
Algae Assessment
Program

Benthic algae and phytoplankton com-
munities are characterized in the USGS-
NAWQA program as part of an integrated
physical, chemical, and biol ogica assessment
of the Nation’s water quality (Porter et a.
1993).

4.2.1 Sample Collection

Periphyton may be collected from natu-
ral substrates by scraping, brushing, siphon-
ing, or other methods appropriate to each
microhabitat. Porter et al. (1993) describe
methods for collecting periphyton from mi-
crohabitats. The collection of phytoplankton
samples, or theuse of artificial substratesfor

collecting periphyton samples, are listed as
optionsfor collection effortsin large boatable
streams and rivers to meet specific program
objectives. Estimates of algal biomass (chlo-
rophyll content and ash-free dry mass) are
optional measures that may be useful for in-
terpreting water-quality conditions. The char-
acter of periphyton microhabitatsin the sam-
pling reach determinesthe types of sampling
devicesand methods used for collecting rep-
resentative aga samples. Relevant siteinfor-
mation, sampling information, and microhabi-
tat characteristicsarerecorded on datasheets.
Table4-2 list the measurements made during
the USGS-NAWQA periphyton and phy-
toplankton analyses.

4.2.1.1 Natural Substrates

Periphyton samples are collected from
the surfaces of natural substratesin relation
to the presence of microhabitats in the sam-
pling reach and the selection of habitats for
benthic invertebrate sampling (Section 5.3).
Sampling isconducted at |ocations chosen to



Table 4-2. USEPA-EMAP Analytical Methodol ogies used for Periphyton

Sample Type Expected Range
and Measurement and/or Units Summary of Methods References
| D/Enumeration
Species composition, species sample, Quantitative sampl e collected and Weitzel (1979);
Relative density cells/ml, or cells/lcm? preserved; Soft algae analysis by APHA (1991)
Palmer cell counts (200 organisms)
using either strip count or random
field technique; Diatom analysis
using permanent slides mounted in
Naphrax (500 frustules) using astrip
count.
Chlorphyill:
Chlorophyll a 1t0 100 pg/cm? Quantitativefiltration; Extractionof ~ APHA 10200
filter into acetone; Analysis by H-2; APHA
spectrophotometry (monochromatic) (1991)
Biomass
AFDM mg/cm? Quantitativefiltration; Gravimetric ~ APHA (1991)
analysis
APA
Enzymaticactivity mmol/g, AFDM Spectrophotometric determination Sayleretal.
mmol/cm? (1979)

represent combinations of natural and anthro-
pogenic factorsthat areimportant in influenc-
ing the water quality at local, regional, and
national scales (Porter et al. 1993). An over-
view of the sampling design can befoundin
section 1.2. Each sampling reach is charac-
terized using acombination of qualitative and
guantitative periphyton samples.

4.2.1.1.1 Qualitative
Multihabitat Periphyton
Samples

Qualitative periphyton samplesare col-
lected to document taxarichnessin all avail-
able periphyton microhabitats present in the
sampling reach. Thisqualitative multihabitat

(QMH) periphyton sample is prepared by
compositing collections of periphyton from
all instream microhabitat typespresent inthe
sampling reach (Porter et a. 1993). The pos-
sible microhabitats that are targeted by the
QMH sampling arelisted in Table 4-3.

4.2.1.1.2 Quantitative
Targeted-Habitat Periphyton
Samples

The goal of quantitative periphyton
sampl e collectionisto measurerel ative abun-
danceand density of taxonomically-represen-
tative periphytonwithin: (1) arichest-targeted
habitat (RTH), which supportsthe taxonomi-
cally richest assemblage of organismswithin



Table4-3. Microhabitats Used By The USGS-NAWQA Periphyton Collection Protocol And Methods

Used For The Qualitative Survey

Microhabitat Description Collection Methods
Epilithic Submerged rocks, bedrock or Rocks are removed from the water. The attached
other hard surfaces algal material isremoved by hand or scraped into a
sample container. Bedrock may be sampled using a
PV C pipesampler.
Epidendric Submerged treelimbs, roots Woody material isremoved fromthewater. Thealgal
or other wood surfaces material isremoved by hand or scraped into asample
container.

Epiphytic Submerged plantsor macroalgae  The plant or macroalgal material isremoved fromthe
water. Theattached algaeisscraped or brushed into
asample container. Theliquid contentsare
squeezed from algal mats or aquatic vascular plants
into the same sampl e container.

Epipelic Fine streambed sediments Thetop 5-10 mm of pigmented fine sediment is
collected using a disposable pipette and bulb, a
similar suction device, or aspoon or scoop.

Epipsammic Coarse streambed sediments Thetop 5-10 mm of pigmented coarse sedimentsare

(e.g., sand)

asampling reach, and (2) adepositional-tar-
geted habitat (DTH), where organisms are
likely to be exposed to sediment-borne con-
taminantsfor extended periods of time. Typi-
cal RTH areas include riffles in shallow,
coarse-grained, high-gradient streams or
woody snag habitats in sandy-bottomed
coastal streams. For the RTH portion of the
guantitative collection, periphyton are nor-
mally collected from fivelocationswithin the
sampling reach. At each |ocation, periphyton
samples are taken from five representative
substrates (25 total samples). When available,
epilithic (see Table 4-3) samplesaretaken. If
epilithic substrates are not available, then
epidendric samplesaretaken. If thereareno
epilithic or epidendric substrates, then epi-
phytic samples are taken. The SG-92 sam-

collected using a disposabl e pipette and bulb, a
similar suction device, or aspoon or scoop.

pling deviceisused to quantify the size of the
sampled area. The SG-92 isasyringe barrel
fitted with a rubber o-ring on one end. The
end with the rubber o-ring is placed flat on
the substrate surface so that a seal isformed.
A periphyton brushisthen placed through the
syringe barrel and used to dislodge the at-
tached periphyton from the surface of the sub-
strate. The sample areaisthen washed witha
squirt bottle and the dislodged periphyton are
rinsed into the sample collection container.
Figure 4-2 shows a member of afield crew
using a SG-92 and a brush to dislodge per-
iphyton from asubstrate. If the substrate sur-
faceisirregular so that the rubber o-ring can-
not form aseal, the periphyton can be brushed
from the entire substrate and the entire sub-
strate isthen fitted with aluminum foil. The



Figure 4-2. Amember of afield crew dislodges attached periphyton from its substrate using the USGS-

NAWQA method with the SG-92.

substrate isdiscarded and thefoil isreturned
to the laboratory so that the surface area of
the substrate can be determined. If bedrock is
to be sampled, then a PVC pipe sampler is
used. The periphyton from all 25 samplesare
composited into the same sample collection
jar.

Anexampleof aDTH areaisan organi-
cally-rich depositional areasuch asapool. If
epilithic or epidendric (see Table 4-3) sub-
strates are available in the DTH area, then
periphyton should be collected in the same
manner as they are collected from the RTH
areas. However, if these substrates are not
present, then epipelic or epipsammic micro-
habitats should be sampled. In order to sample
epipsammic or epipelic habitats, the top half
of a disposable 47-mm plastic petri dish is
gently pushed into the streambed sediment.
Then, asmall sheet of Plexiglasor spatulais
dipped under the petri dish top so that the sedi-
ment istrapped inside. The contentsare then
rinsed into asamplejar. Because the volume
of the petri dish top can be measured, then

the sample can be quantified. Five sediment
samples are taken for the entire reach. All
DTH samples are composited into a single
samplejar.

The quantitative periphyton samples
should be obtained prior to collecting quali-
tative algae and benthic invertebrate samples
unlessthereare sufficient personnel and space
within the sampling reach to ensure that the
two sampling activitiesdo not interferewith
one another (Porter et al. 1993).

4.2.1.2 UsingArtificial
Substrates to Collect
Periphyton

When natural substrates cannot be
sampled because of inaccessibility of themi-
crohabitats, cost of sample collection, or
safety issuesassociated with the collection of
representative samples, artificia substratescan
be used in sampling reaches Theselimitations
are more likely to occur in large rivers and
should be duly considered when designing a



sampling program for this type of system.
Samples obtained from artificial substrates
may have reduced heterogeneity compared to
those obtained from natural substratesbut can
be used to compare water quality among
streamswith disparate periphyton microhabi-
tats. However, datafrom artificial substrates
cannot be compared with data from natural
substrates. If artificial substratesare used for
one or more stream reachesin abasin, it is
recommended that they be used at all sitesso
that meaningful water-quality interpretations
can be made. The advantagesand limitations
of artificial substratesare discussed in Porter
etal. (1993).

4.2.1.3 Quantitative
Phytoplankton Samples

Phytoplankton are more reflective of
conditionsin the open water column than pe-
riphytonwhich aretruly benthicindicatorsand
represent conditionsat the sediment/substrata-
water interface. Quantitative phytoplankton
samples are obtained by collecting a repre-
sentative whole-water sample. A samplevol-

umeof 1L issufficient for samplescollected
from productive, nutrient-enriched rivers as
indicated by water color, but alarger sasmple
volumeisrequired for samplescollected from
unproductive, low-nutrient riversasindicated
by water transparency. Phytoplankton
samples taken in conjunction with water-
chemistry sampling are taken with a depth-
integrating sampler. Alternatively, quantitative
phytoplankton samples can be collected with
a water-sampling bottle or with a pump. If
chlorophyll isnot to be determined, theentire
sampleis preserved with buffered formalin.
For chlorophyll determinations, an
unpreserved subsampleiswithdrawn fromthe
phytoplankton sample, and the aliquot isfil-
tered onto a glass-fiber filter. The filtered
subsampl e volume should be sufficient to en-
sure that adequate algal biomassis retained
on thefilter. Filters are then wrapped in alu-
minum foil, placed into a sample bottle or
container, and immediately stored ondry ice
(Porter et al. 1993). Figure 4-3 showsamem-
ber of afield crew filtering a phytoplankton
samplefor chlorophyll analysis.

Figure 4-3. A field crew member filters a periphyton sample for chlorophyll analysis.



4.2.2 Sample
Processing and
Methods

Algal samples are labeled in the field.
Optional algal samplesfor the determination
of chlorophyll concentrations or ash-freedry
mass are processed inthefield, placed ondry
ice, and submitted for analyses. Both the pe-
riphyton and phytoplankton samples can be
used for the chromatographic-fluorometric
and spectrophotometric analyses of
chlorophyl aand chlorophyl b. The periphy-
ton samples can additionally be used for the
determination of biomass through both dry
weight and ash weight analyses. Samplesfor
theidentification and enumeration of algal taxa
are preserved with buffered formalin and
shipped to alaboratory for analysis (Porter et
al. 1993).

4.3 USEPA-RBP
Periphyton Assessment

Protocols

The USEPA-RBP recognizes benthic
algae as primary producers that integrate
physical and chemical disturbances to the
stream reach and that are sensitiveindicators
of environmental conditions (Barbour et a.
1999). Theobjectivesof the RBPfor periphy-
ton assessment include, but are not limited to:
1) assessment of biomass, 2) identification of
species, and 3) determination of the periphy-
ton assemblages' biological condition. The
methods endorsed by the RBP are acompos-
ite of the techniques used in Kentucky, Mon-
tana, and Oklahoma (Kentucky DEP 1993,
Bahls 1993, Oklahoma CC 1993). Periphy-
ton assemblages serve asgood biological in-
dicators because they generally exhibit high

species richness and respond rapidly to ex-
posure but also recover quickly whenthein-
sultisremoved. In addition, most periphyton
taxa can be identified to species by experi-
enced biologists, and tolerance valuesto spe-
cificenvironmental conditionsare known for
many species (Rott 1991; Dixit et al. 1992).
Diatomsare particularly useful indicators of
biologica condition because they are found
inall lotic systems.

4.3.1 Sample
Collection

Three basic periphyton collection tech-
niquesfor wadeable streamsarereviewed and

Table4-4. Summary of RBPCollection
Techniquesfor Periphyton from Wadeabl e Streams

Substrate Type Caollection Technique

Hardremovablesubstrate

gravel, pebbles, cobble, Remove representative

and woody debris substrates from water;
brush or scrape
representative areaof
algaefrom surfaceand

rinseinto samplejar.

Soft removablesubstrate
mosses, macroal gae,
vascular plants, root

Placeaportion of plant
into asampl e container

wads with water, shake
vigorously; remove
plant.

L argenon-removable

substrates

boulders, bedrock, Place PV C pipewith a

logs, trees, roots neoprene collar at one
end on the substrate so
that the collar is sealed
against the substrate.

Dislodgeagaeinthe
collar withabrush or
scraper andretrieve
them with a pipette.



summarizedinTable4-4 (Plafkin et al. 1989;
Barbour et a. 1999).

4.3.1.1 Natural Substrates

For an accurate assessment of the assem-
blage, samples should be collected during
periods of stable stream flow. High flowscan
scour the stream bed and flush the periphy-
ton downstream.

Peterson and Stevenson (1990) recom-
mend a three-week delay following high,
bottom-scouring stream flows to allow
recolonization and succession to a mature
periphyton community (Plafkin et al. 1989;
Barbour et a. 1999).

The collection procedures have been
adapted from Kentucky and Montana proto-
cols (Kentucky DEP 1993, Bahls 1993). Pe-
riphyton should be collected from all avail-
able microhabitats in the sampling reach.
Composite qualitative samplesare collected
from microhabitats in the approximate pro-
portion each microhabitat occurs. Bothriffles
and poolsaresampled if available. Algal mats
or other soft-bodied algal forms can be col-
lected from depositional areaswith forceps, a
suction bulb and disposabl e pipette, aspoon
or an eyedropper.

All samples should be placed in water-
tight, unbreakabl e, wide-mouthed containers.
A 4-0z (125-ml) sampleisusualy sufficient
for analysis (Bahls 1993). Lugol’s solution
(potassium iodide), buffered 4% formalin,
ethanol or other preservatives may be used to
preserve samples.

For chlorophyll analyses, periphytonare
scraped from fixed areas onto a glass fiber
filter. Filters are wrapped in foil and frozen
for transportation to thelaboratory (Plafkin et
al. 1989; Barbour et al. 1999).

4.3.1.2 Artificial Substrates

Periphyton can be sampled by collect-
ing fromartificial substratesthat areplacedin
aquatic habitats and colonized over aperiod
of time. Thisprocedureis particularly useful
in boatable streams, rivers with no riffle ar-
eas, wetlands, or the littoral zones of lentic
environments. Both natural and artificial tech-
niguesare useful in monitoring and assessing
waterbody conditions, and have correspond-
ing advantages and disadvantages (Stevenson
and Lowe 1986, Aloi 1990).

The methods summarized here are a
composite of those specified by Kentucky
(Kentucky DEP 1993), Florida(FloridaDEP
1996), and Oklahoma (Oklahoma CC 1993).
The RBP endorsesthe use of periphytometers.
Periphytometersare sampling devicesthat can
either be deployed asfloating or benthic. They
are fitted with glass dides, glass rods, clay
tiles, plexiglassplates, or smilar substratesand
deployed at thesampling locationfor twoto four
weeks. A minimum of threeperiphytometersare
placed at each Site to account for spatia vari-
ability, depending uponthe research design and
hypothesis being tested. Samples can be
composited or analyzed individual ly. After the
incubation period, slides are collected and
subsampled for chlorophyll a and taxonomic
analysis. Storage containers for chlorophyl|
a are filled with deionized water and those
for taxonomic analysis arefilled with ambi-
ent water. Microslides for taxonomic analy-
sis are scraped and samples are preserved.
Samplesshould be stored in adark refrigera-
tor until they are processed. Microslidesfor
chlorophyll analysis should be scraped and
rinsed with deionized water onto a glass-fi-
ber filter. Filterswith captured algal cellsare
wrapped in foil and frozen to await extrac-
tionand analysis(Plafkin et al. 1989; Barbour
et al. 1999).



4.3.2 Methods for
Semi-Quantitative
Assessments of Benthic
Algal Biomass and
Taxonomic
Composition

Semi-quantitative assessments of
benthic algal biomass and taxonomic compo-
sition can be made rapidly with a viewing
bucket marked with agrid and biomass scor-
ing system (Stevenson and Lowe 1986). The
advantage of using this technique is that it
enables rapid assessment of algal biomass
over large areas. Thistechnique is a survey
of the natural substrate that does not require
laboratory processing, and may be an alter-
native screening technique to other RBP
methods (Plafkin et al. 1989; Barbour et al.
1999).

At least three transects across the habi-
tat are established. Riffles or runsin which
benthic algal accumulationisreadily observed
and easily characterized are preferred loca-
tionsfor establishing thetransects. Threelo-
cations are selected objectively on each
transect. Algae in each location are charac-
terized by observing the stream through the
bottom of the viewing bucket and counting
the number of dots covered by macroalgae.
The maximum length of the macroalgae is
measured and recorded. If two types of
macroal gae are present, information for each
type of macroa gaeismeasured and recorded
separately. While viewing the same area, the
number of dots under which substrate occur
that are of a suitable size for microalgae ac-
cumulation is recorded. The type of
microalgae (usually diatoms and blue-green
algae) is determined and the density under

each dot estimated using the scalein Table 4-
5. The density of algae on the substrate is
characterized by calculating the average per-
cent cover of the habitat by each type of
macroal gae, the maximum length of each type
of macroagae, the mean density of each type
of microalgae on suitable substrates, and the
maximum density of each type of microalgae
on suitable substrates (Plafkin et al. 1989;
Barbour et a. 1999).

4.3.3 Periphyton
Metrics

The periphyton metrics summarized in
the RBP manual arein use by several states
(Kentucky DEP 1993, Bahls 1993, Flordia
DEP 1996) (Table4-6). Two metricsare mea-
surements of taxa richness (total taxa and
Shannon diversity); these are estimated from
the count of taxaencountered in atarget num-
ber of cells (500 cells). If thecell countsvary

Table 4-5. Scale Used to Score the Density of
Microalgaein the RBP Semi-quantitative Method

Microalgal Density Score
Substrate rough with no evidence of 0
microalgae

Substrate slimy, but no accumulation of 05
microalgaeisevident

A thin layer of microalgaeisevident 1
Accumulation of microalgal layer 2
from 0.5-1 mmthick isevident

Accumulation of microalgal layer 3
from 1-5 mmthick isevident

Accumulation of microalgal layer 4
from 5-20 mm thick isevident

Accumulation of microalgal layer 5

from>20 mm thick isevident



Table4-6. Diatomand Non-diatom Metrics
SummarizedintheRBPManua

Diatom Metrics Non-diatom Metrics
Total number of diatom Taxarichness of non-
taxa(TNDT) diatoms

Shannon diversity (for Indicator non-diatom
diatoms) taxa

Percent community Relative abundance
similarity (PSc) of of al taxa

diatoms

Number of Divisions
represented all taxa

Pollutiontolerance
index for diatoms

Percent sensitive
diatoms

Chlorophyll a

Percent motilediatoms Ash-free dry-mass

(AFDM)

Percent Achnanthes
minutissima

See Appendix B for detalls.

by more than 20% from 500, then it may be
necessary to adjust thetaxarichnessestimate
with a rarification formula (Barbour and
Gerritsen 1996). Periphyton metrics are de-
scribed in Appendix B.

4.4 Indices

Theamount of pollution present can shift
the structure of the natural community of dia-
toms (Patrick 1963, 1964; Patrick et al. 1954,
Patrick and Hohn 1956; and Hohn 1959). The
methods of water quality assessment using
diatoms can be classified into three main
types. The first method is the saprobic sys-
tem and its derivatives in which diatom as-
semblagesare characterized by their tolerance
to organic pollution (Kolkwitz and Marsson
1908, Liebmann 1962, Sladecek 1973). A

second method is based on the classification
of diatomsaccording to their sensitivity to all
types of pollution (Fjerdingstad 1950, 1960;
Coste 1974). Fjerdingstad (1950, 1960)
classified diatom species according to their
ability to withstand varying amounts of pol-
lution and then described communities in
terms of dominant and associated species. A
third category of methodsisbased onthedi-
versity of diatom communities. These meth-
ods include plotting the number of species
against the number of individual s per species
(Patrick 1964) as well as calculating diver-
sity indices (review by Archibald 1972).

4.4.1 The Pollution
Tolerance Index (PTI)

An example of awater-quality assess-
ment method based on the pollution tolerance
of diatom assemblagesisthe Pollution Toler-
ance Index (PTI), which isused by the Ken-
tucky Department of Environmental Protec-
tion(DEP). ThePTl ismostamilar tothet of Lange-
Bertd ot (1979) and resemblesthe Hilsenhoff Bi-
oticIndex (HBI) for mecroinverteorates(Hil senhoff
1987). Lange-Bertd ot distinguished three catego-
ries of diadoms according to their tolerance to
pollution, withthemod tolerant taxabeing assgned
avdueof 1 (eg., Nitzschia palea, Gomphonema
parvulum) and sengtivetaxabeingassgnedavdue
of 3. For the PTI, Lange-Bertalot’s categories
were expanded to four. Therefore the result-
ing PTI diatom pollution tolerance values
rangefrom 1 (most tolerant) to 4 (most sensi-
tive). Theformulausedto calculate PTI is:

pri =3 Ml
N
Wheren. isthe number of cells counted
for speciesi, t, isthe tolerance value of spe-
ciesi (1-4), and Nisthetotal number of cells
counted. Tolerance values have been gener-
ated from severa sources, including Lowe



(1974), Patrick and Reimer (1966, 1975),
Patrick (1977), Lange-Bertaot (1979), Descy
(1979), Sabater et al. (1988), Bahls et al.
(1992), and Oklahoma Conservation Com-
mission (1993).

4.4.2 Percent
Community Similarity
(PS,)

An example of awater-quality assess-
ment method based on the diversity of dia-
tom assemblagesis percent community simi-
larity (PS) by Whittaker (1952). ThePS_was
chosen for usein diatom bi oassessments be-
causeit shows community similarities based
on relative abundances, and in doing o, gives
more weight to dominant taxa than to rare
ones. PS_should only be used when compar-
ing astudy siteto acontrol site, or when con-
ducting multivariate cluster analysis. If the
emphasis is comparing a study site to a re-
gional reference condition (i.e., acomposite
of sites), PS, should not be used. PS, values
rangefrom O (no similarity) to 100%.

Theformulafor calculating percent com-
munity smilarity is:

PS, :100—0.5i a —b,
=1

Where a is the percentage of speciesi
insampleA, and b, isthe percentage of spe-
ciesiinsampleB.

4.4.3 The Autotrophic
Index

Because periphyton are found on or in
close proximity to the substrate, Ash Free Dry
Mass (AFDM) valuesare used astoolsto as-
sess their assemblages. AFDM isused as an
estimate of total organic material accumulated
on the substrate. This organic material in-
cludes al living organisms (periphyton and

macroinvertebrates) aswell asnon-living de-
tritus. AFDM values are used in conjunction
with chlorophyll a asameans of determining
the trophic status of streamsthrough the use
of the Autotrophic Index (Al). The formula
used to calculatetheAl is:

Al =AFDM (mg/m?)/
Chlorophyll a (mg/m?).

HighAl values (>200) indicate the com-
munity isdominated by heterotrophic organ-
isms, and can indicate poor water quality
(Weber 1973, Weitzel 1979, Matthews et al.
1980). This index should be used with dis-
cretion, because non-living organic detritus
can artificially inflatethe AFDM value.

The USEPA-RBP (Barbour et al. 1999)
recommendsthat the Al be modified to:

Al = Chlorophyll a (mg/m?)/
AFDM (mg/m?)

In thisform, the index is positively re-
lated to the autotrophic proportion of the as-
semblageinstead of the heterotrophic propor-
tion. Also, the modified index would have
better statistical propertiesasaproportion or
percent (normally, chlorophyll a/ AFDM val-
ues are approximately 0.1%) than the origi-
nal index.

4.5 Summaries of the
Periphyton Assessment
Programs of the
USEPA-EMAP-SW,
USGS-NAWOQA, and
USEPA-RBP

Because they do not evaluate periphy-
ton/phytoplankton in their assessments of
stream quality, no methodsfor the Ohio EPA



or MDNR-MBSSarereportedin thissection.
Table 4-7 summarizes the assessment meth-
ods used by the USEPA-EMAP-SW, USGS-
NAWQA and USEPA-RBP. The USEPA-
EMAP-SW program assesses algal assem-
blages using aquantitative method to sample
erosional or depositional habitats. They use
the periphyton samples for four types of
anayses. | D/enumeration, chlorophyll, bio-
mass, and APA.

The USGS-NAWQA program uses
both qualitative and quantitative methods to

sample natural substrates. In addition, artifi-
cial substrates and samples from the water
column can be used to further quantify the
conditions of the periphyton and phytoplank-
ton assembl ages.

The USEPA-RBP recommends the
qualitative collection of periphyton from natu-
ral substratesaswell asaquantitative assess-
ment from artificial substrates. In addition, the
USEPA-RBP suggests a rapid semi-quanti-
tative method for ng the macroalgae.

Table4-7. Methods used by the Three Reviewed Programs for the Collection and Assessment of
Periphyton and Phytoplankton Assemblages

Methods USEPA- UGS USEPA-
EMAP-SW NAWQA RBP

Callection methods

Periphyton from natural substrates - quantitative X X

Periphyton from natural substrates- qualitative X X

Periphytonfrom artificial substrates Xt X

Periphyton from natural substrates - semi-quantitative X

Phytoplankton X

Analysismethods

| D/enumeration X X X

Chlorophyll X X X

AFDM X X

APA X

This method is an option for the USGS-NAWQA program, but it is not typically used (Gurtz, persona

communication 1999).



Section 5
Comparison of Benthic Macroinvertebrate
Sampling Methods

by

Bradley C. Autrey

This section compares the benthic
macroinvertebrate sampling methodsfromthe
three federal programs, the USEPA-EMAP-
SW, the USGS-NAWQA program, and the
USEPA-RBP, as well as the two state pro-
grams, the Ohio EPA and MDNR-MBSS.
Thedifferencesamong themethodsfromthese
five programs reflect their regional differ-
ences, the divergent ecological interests in
sampling benthic macroinvertebrates, and the
various habitats sampled.

Most water quality agencies that rou-
tinely collect water quality datastudy benthic
macroinvertebrates (Southerland and Stribling
1995). Several factors contribute to the high
utilization of benthic macroinvertebrates as
indicatorsof stream condition:

* benthicmacroinvertebratesare present
inavariety of habitats,

» samplingisrelatively easy to conduct
andit hasalimited detrimental effecton
theresident biota,

* benthicmacroinvertebratesarerelatively
sedentary,

» benthic macroinvertebratesare sensi-
tivetoawiderangeof chemical stressors,

» assemblages are often made up of spe-
ciesthat haveabroad rangeof pollution
tolerances,

* theresponse of benthic macroinverte-
bratesto physical and chemical stressors
has been widely described and

* many stateshave background benthic
macroinvertebratedata.

Combined, these factors allow for the
cumulative chemical and physical attributes



of aquatic ecosystems to be effectively as-
sessed through the eval uation of their benthic
macroinvertebrate assemblages (BEST 1996).

5.1 USEPA-EMAP-SW
Macroinvertebrate
Assessment

The USEPA-EMAP-SW benthic
macroinvertebrate protocol (Klemm et al.
1998) is used to evaluate the overall condi-
tion of and detect therelative stresslevelsin
wadeabl e and boatable streams. Sampling pro-
tocolsfor wadeable streams are based on the
USEPA-RBPIII - Benthic Macroinvertebrates
(Plafkin et al.1989) with the modification of
a one person kick net procedure devel oped
for the USGS-NAWQA program (Cuffney
et al. 1993a) replacing USEPA-RBP' s origi-

nal two-man kick net procedure. In boatable
streams, benthic macroinvertebrates are
sampled with drift netsin addition to the modi-
fied kick net procedure. Figure 5-1 shows a
modified kick net.

5.1.1 Wadeable Streams:
Riffle/Run and Pool/
Glide Sampling

When sampling riffle/run habitats in
wadeable streams, a 595/600 um modified
kick net is used to collect organisms at the
nineinterior transects, at either theleft, right,
or middle points of each transect as deter-
mined by the role of adie (see section 1.1).
The sampler is held securely on the stream
bottom whilekicking the substrate vigorousy
for 20 seconds in an area of about 0.5 m?in

Figure 5-1. Amodified kick net (left) such asis usedin the USEPA-EMAP-SW protocols and a D-frame
kick net (right) such as is used in the USGS-NAWQA protocols.



front of the net. Heavy organisms (such as
mussels and snails), in the sample area are
hand-picked and placed into the net. At the
end of the 20-second period, with the net still
being held in place, any organismsfound on
rocksin the delimited area are placed in the
net. The net contents are then rinsed into the
riffle bucket that ishalf filled with water. All
riffle samplesare combined into asinglecom-
positeriffle bucket.

When sampling pool/glide habitats in
wadeable streams, a 595/600 pm modified
kick netisusedto collect samplesat theinte-
rior transectswherevery dow water ispresent.
Heavy organisms on the stream bottom are
hand picked and placed into the net. A 0.5 m?
areaof substrateisdisturbed by vigorouskick-
ing. A 20-second sampleiscollected by drag-

ging the net repeatedly through the disturbed
areajust above the bottom while vigorously
kicking. The net is kept moving in order to
prevent collected organisms from escaping.
After 20 seconds, organisms found on loose
rocks in the sample area are placed into the
net. Net contents are placed into the pool
bucket that is half filled with water. All pool
samples are combined into asingle compos-
ite pool bucket. If thereistoo little water to
use the kick net, the substrateis stirred with
gloved handsand aUS Standard #30 sieveis
used to collect the organism from the water
for 20 seconds in the same way the net was
usedin larger pools.

The contents of theriffleand pool buck-
ets are individually poured through a US
Standard #30 sieve (Figure 5-2). The buck-

Figure 5-2. Afieldcrew member processes a benthic macroinvertebrate sample before itis transported

to the laboratory for analysis.



ets are rinsed with stream water in order to
ensurethat al organismsareevacuated. Large
objectsarerinsed with stream water and dis-
carded. Thesieveisthoroughly rinsed andits
contents arewashed into ajar that islabeled
with sampling information and designated as
“riffle” or “pool”. In order to preserve the
sampled organisms, 95% ethanol isadded to
eachjar until afinal concentration of at least
70%isobtained. Eachjar iscapped and sealed
until thesamplesareanalyzed (Klemmet al.
1998).

5.1.2 Boatable Streams

In boatable streams, kick net sampling
is conducted the same way as in wadeable
streams with the exceptions that all 11
transects are sampled, instead of 9, and all
samples are combined into asingle compos-
ite sample, instead of separate composite
samplesfor riffle/run habitats and pool/glide
habitats. Also, in boatable streams, benthic
macroinvertebrates are additionally sampled
using drift nets. Each drift net consists of a
nylon or nylon monofilament bag (595-600
pm) that is 1 min length at the closed end.
The open end is 30.48 cm X 45.72 cm. At
each sampling location, two drift netsare set
at the downstream end of a sample reach
(transect A). If possible, one drift net is set
about 25 cm from the bottom substrate and
onedrift netisset about 10 cm below the sur-
face of the water. In systems with stronger
currents, both nets may be set 10 cm below
the surface of the water. Nets can be set with
stainless steel rods, but are usually deployed
using two floating drift net assembly devices
(Wildco 15-D10), one of which may be out-
fitted with a deep-deep drift attachment
(Wildco 15-D12).

Drift netsare set for three to four hours
and only in streamswith currentsgreater than

0.05 m/s. Once the drift nets are set in the
stream, the water velocity at each net open-
ing is measured and recorded. After the nets
have been set for threeto four hours, thewa-
ter vel ocity isagain measured at each net open-
ing and recorded. The netsare then removed
from the stream and the samplesare combined
and sieved using a sieving bucket (595 pm-
mesh/standard #30). After being cleared of
macroinvertebrates, large debris from the
sample is discarded. The composite sample
isthentransferred to acollection jar and pre-
served with 95% ethanol.

The results of the drift net benthic
macroinvertebrate collection are reported per
unit of timeand flow (Allan and Russek 1985,
Klemm et al. 1998).

5.2 USGS-NAWQA
Macroinvertebrate
Assessment Program

USGS-NAWQA utilizes several types
of sampling equipment and techniquesfor the
collection of benthic macroinvertebrates. The
proper type of sampling equipment and tech-
nique depends on the morphology of the
stream or river being sampled aswell asthe
objectivesof the study (Cuffney et al. 19933,
1993b).

5.2.1 CQualitative
Multihabitat (QMH)
Sampling Methods

The purpose of qualitative multihabitat
sampling isto obtain the most complete list
of invertebrate taxa possible during approxi-
mately one hour of sampling. Thisisaccom-
plished by sampling as many habitat types
within the sampling reach asis possiblewith
approximately equal intensity. The primary



sampling device used in wadeable streamsis
aD-framekick net equipped with a210- um
mesh net. Kicking, dipping, or sweeping
motions, as appropriate, are used to collect
samplesfrom the substrate. Figure 5-1 shows
aD-framekick net.

Visual detection and seines are used to
collect firmly attached and highly-motilein-
vertebrates, respectively. Visual collectionin-
volvesmanually collecting largerocks, coarse
debris, or other substratesand visually locat-
ing and removing any associated organisms.
Thismethodisuseful for collecting sessileor-
ganismsand organismsthat burrow into hard
substrates. Figure 5-3 shows a member of a
field crew brushing attached benthic
macroinvertebrates from arock into asieve.
Seining with a 3.2 um mesh can be used to
collect larger, highly motile organisms, such
as amphipods, decapods and freshwater
prawns.

The choice of collection methods for
QMH samplesfrom boatabl e habitats depends
upon the depth of the water, current velocity,
and bed material. Grab samplersare suitable
for sand or fine gravel substrates in moder-
ate-current conditions and waters of medium
depths. Shipek and Van Veen samplers are
useful in extremely deep and fast riverswith
sand or finegravel bottoms. A diver-operated
dome sampler isusedin deep riverswhen the
bed material is composed of large gravel,
cobble, boulder, or bedrock (Cuffney et al.
1993a).

5.2.2 Semi-Quantitative
Targeted-Habitat
Sampling Methods

The purpose of semi-quantitative tar-
geted-habitat sampling isto obtain represen-
tative samples of benthicinvertebrate commu-

Figure 5-3. A field crew member uses a stiff-bristled brush to remove the attached benthic

macroinvertebrates from arock.



nities from two instream habitat types. 1) a
habitat supporting the most taxonomically
diverse community of benthic invertebrates
(richest-targeted habitat, RTH), usually afast-
flowing, coarse-grained riffle; and 2) afine-
grained, organically rich depositional habitat
(depositional-targeted habitat, DTH), usually
apool. Semi-quantitative sampling methods
usually characterize the structure of inverte-
brate communities in terms of the relative
abundances of each taxon. The type of sam-
pler used to collect asemi-quantitative sample
depends upon the depth, velocity, and sub-
strate within theinstream habitat that isto be
sampled. Artificial substratesare used in situ-
ations where natural substrates cannot be
sampled dueto inaccessibility of the habitat,
cost of sample collection, or safety concerns.
Under certain conditions, such asalarge, deep
river with cobble, boulder, or bedrock sub-
strate, artificial substrates may offer the only
viable means of obtaining benthic
macroinvertebrate samples.

All nets and screens used in the collec-
tion of semi-quantitative sampleshaveamesh
sizeof 425 pm. Samplesare washed, sieved,
and splitinthefield to reducethe bulk of the
compositesampletolessthan 0.75L. Samples
collected and processed in this manner are
preserved in 10% formalin (Cuffney et al.
19934).

5.2.2.1 Wadeable Coar se-
Grained Substrates

Disturbance-removal sampling tech-
niques are the most appropriate method for
sampling wadeabl e coarse-grained substrates
with current velocities greater that 5 cm/s.
These techniquesinvolve defining a specific
area, disturbing the substrate within that area
to dislodge invertebratesinto a sampler, and
then removing the larger substrate elements

to acquire any specimens that are adhering
tightly to the rocks. Hess samplers, Surber
samplers, stovepipe corers, and box samplers
are examples of samplersthat can beusedin
these situations (Cuffney et al. 1993a).

5.2.2.2 Boatable Coarse-
Grained Substrates

Coarse substrates in boatable streams
(water deeper than approximately 0.50-0.75
m) cannot be effectively measured using most
disturbance-removal type samplers. A diver-
operated dome sampler, artificia substrates,
and stovepipe samplers (for water less than
0.75 m deep) can be used in these situations.
Nets with 425- ym mesh are used in each
case, to catch organisms dislodged or sus-
pended inthe sampler (Cuffney et a. 1993a).

5.2.2.3 Wadeable Fine-
Grained Substrates

Grab samplersare appropriate for sam-
plinginshallow, fine-grained rifflesor pools.
All screening on the grab should have mesh
openings of 425 um or smaller (Cuffney et
al. 1993a).

5.2.2.4 Boatable Fine-
Grained Substrates

Grab samplers can be used from boats
to obtain samplesfrom deep riverswith fine-
grained substrates. A hand or power winchis
recommended for sampling in deep watersor
using weighted grab samplers. All screening
on the grab sampler should have mesh open-
ings of 425 pm or smaller (Cuffney et al.
1993a).

5.2.2.5 Woody Snags and
Macrophytes

When snags are used in the semi-quan-
titative RTH portion of the macroinvertebrate



survey, they are sasmpled by removing sec-
tionsof treelimbswith asaw or lopping shears
and collecting the attached invertebrates by
hand picking and brushing the limb’ssurface
and cavities. Thelossof motile or loosely at-
tached organisms can be minimized by plac-
ing anet downstream from the limb to catch
dislodged organisms. Thelengthsand diam-
eters of the sampled snags are recorded in
order to estimate the surface areas.

When macrophyte beds are used in the
semi-quantitative RTH portion of the
macroinvertebrate survey, they can be
sampled with disturbance-removal samplers.
Net samplerscan be used if thereissufficient
current to wash the dislodged plant and ani-
mal material into the net. A knife or trowel
can be used to did odge the plant material from
the substrate. Stovepipe samplers may prove
more effective and should be used when the
macrophytes are too tall to allow use of a
dredge. The macrophytes that are removed
should beinspected carefully for invertebrates
that are attached and for those that burrow
into stems (Cuffney et al. 1993a).

5.3 USEPA-RBP
Macroinvertebrate
Assessment

The current USEPA-RBP methods
(Plafkinet al. 1989; Barbour et al. 1999) em-
phasize the sampling of a single habitat in
wadeable streams, preferably those having
riffles'runs, because macroinvertebrate diver-
sty and abundance areusually highest inthese
habitats. When some streamslack theriffle/
run habitats, amethod suitableto sampling a
variety of habitats is desired. The proposed
multi-habitat sampling approachisdesigned
to sample major habitatsin proportional rep-
resentation within asampling reach.

5.3.1 Single Habitat
Approach

A 100-mreach that is representative of
thestreamisselected. All rifflerunareaswithin
the 100-m reach are candidatesfor sampling
macroinvertebrates because macroinvertebrate
diversity and abundance are usually highest
in cobble substrate. Where cobble substrate
isthe predominant habitat, this sampling ap-
proach provides a representative sample of
the stream reach. In caseswhere cobble sub-
strate represents less than 30% of the sam-
pling reach, aternative habitats (such assnags,
vegetated banks, submerged macrophytes,
and sand) will need to be sampled.

Sampling begins at the downstream end
of the reach and proceeds upstream. Using a
1-m, 500-pum mesh kick net, the stream is
sampled two or three times at locations of
various velocity in the riffle. A kick in the
single habitat approach is a stationary sam-
pling accomplished by positioning the net and
disturbing 1 m? upstream of the net. Large
substrate particles are gathered and the at-
tached organisms are removed. The sample
isthen transferred to sample containers and
preserved in 95% ethanol (Barbour et al.
1999).

5.3.2 Multi-Habitat
Approach

A 100-mreach that is representative of
thestreamisselected. Different typesof habitat
areto be sampled in the approximate propor-
tioninwhichthey arerepresentedin thereach.
Sampling begins at the downstream end of
the reach and proceeds upstream. A total of
20 jabs or kicks are taken over the length of
thereach. A jab consists of forcefully thrust-
ing the net into the habitat for 0.5 m. A kick



in the multi-habitat approach is a stationary
sampling accomplished by positioning the D-
frame, 500 pm mesh dip net and disturbing
the substrate for adistance of 0.5 m upstream
of the net. The jabs or kicks collected from
the multiple habitats are combined to obtain a
single homogeneous sample. The sampleis
transferred to sample containersand preserved
in 95% ethanol (Barbour et a. 1999).

5.4 Ohio EPA
Macroinvertebrate
Assessment

Assessments of the ambient
macroinvertebrate community by the Ohio
EPA (OEPA 1988, 1989) consists of two
types: 1) intensive surveysof streamor river
reaches using multiple sites in upstream to
downstream longitudinal or synoptic sub-ba-
sin configurations, and 2) multiple-year sam-

pling at a specified fixed station on astream
or river. Sampling sites are located based on
the characteristics of the stream or river, and
in accordance with the survey objectives.

5.4.1 Artificial
Substrate

The primary sampling equipment used
for quantitative sampling is the modified
Hester-Dendy artificial substrate sampler. It
is constructed of 0.125-inch tempered hard-
board cut into threein? platesand 1.0 in? spac-
ers. A total of eight platesand twelve spacers
are used for each sampler. Platesand spacers
are placed on a0.25-inch eyebolt so thereare
three single spaces, three double spaces, and
onetriple space between the plates. Thetotal
surface area of the sampler, excluding the
eyebolt, is 145.6 in? (approximately 1.0 ft?).
Figure 5-4 showsaHester-Dendy samplerin
place at asampling location.

Figure 5-4. A Hester-Dendy sampling device placed in a river. Note: This sampler was set in a more
shallow area for photographic purposes. Hester-Dendy samplers are normally set approximately 1 meter

below the water’s surface.



Before the samplers are placed in
streams, they are tied to concrete construc-
tion blocksin order to anchor themin place.
Whenever possible, ssmplers are placed in
runs rather than in pools or riffles, so that a
steady flow of water is running through the
sampler and an attempt is made to place all
samplersin habitatsthat areassimilar to each
other aspossible. At each sampling site, aset
of five artificial substrate samplers are ex-
posed for asix-week period, usually between
June 15 and September 30.

Retrieval of the samplers is accom-
plished by separating them from the concrete
block and placing them in one-quart plastic
containers while still submersed. Enough
formalin is added to each container to ap-
proximate a 10% solution (OEPA 1989).

5.4.2 Natural Substrate

For the purpose of metric development,
qualitative samplesof macroinvertebratesin-
habiting the natural substrates are also col-
lected at the sametimethat the artificial sub-
strate sampler isretrieved. All available habi-
tat typesare sampled and voucher specimens
are retained for laboratory identification. In
shallow waters, forcepsand atriangular ring
frame with a US Standard #30-mesh (595-
600 pum) dip net are used. Grab samplerscan
be used in deep waters. The qualitative sam-
pling continues until, as determined by gross
examination, no new taxaare taken.

When only qualitative samplesare col-
lected, an attempt is made to sample ariffle,
run, margin, and pool habitat at each station.
Stations should be sampled in order, moving
from upstream to downstream, to detect any
changes between sites. Sample areas should
be physicaly smilar among thedifferent Sites.
Collections are made for a minimum of 30

minutes. Once the 30 minute minimum sam-
pling time has been met, sampling is contin-
ued until no new taxaare collected.

In addition, quantitative samples of
macroinvertebratesinhabiting the natural sub-
strates can also be optionally collected. This
isaccomplished by using aSurber square-foot
sampler, with # 30-mesh netting, and ahand
cultivator with two-inch tines. Standing onthe
downstream side of the sampler, the collector
worksthe substrate using the hand cultivator.
For large rocks, a brush can be used. Three
to five Surber samplersaretaken at each site
(OEPA 1989).

5.5 MDNR-MBSS
Macroinvertebrate
Assessment

For this program benthic macroinverte-
brates are collected to provide a qualitative
description of the community composition at
each sampling site (Janicki et al. 1993). Sam-
pling isconducted in the spring index period
(between March 1 and May 1) in wadeable
streams(Roth et al. 1997b).

5.5.1 Sampling
Methods

A 600-um mesh D net isused to collect
organismsfrom habitatswith the highest prob-
abletaxonomic diversity; thus, riffleareasare
preferred, because macroinvertebrate abun-
danceand diversity areusually highestinriffle
areas. Other habitat typesinclude rootwads,
woody debris, leaf packs, macrophytes and
undercut banks. A variety of techniques are
used for collection, such askicking, jabbing,
and gently rubbing hard surfaces by hand to
dislodge organisms. Each jab covers oneft?.
For every 75-m segment, 20 Sitesare sampled.



Combined substratesfrom each segment are
preserved in 70% ethanol (Roth et al. 1997D).

5.6 Origin of Benthic
Macroinvertebrate
Indices

Thefour primary benthic macroinverte-
brate indices used by these programs to de-
termine water quality conditions are the In-
vertebrate Community Index (ICl), the
Hilsenhoff Biotic Index (HBI), the Benthic
Index of Biotic Integrity (B-1BIl), and
Ephemeroptera, Plecoptera, and Trichoptera
(EPT) richness. EPT richnessisasimplein-
dex (Lenat 1987) that incorporates three or-
ders of macroinvertebrates which are gener-
ally intolerant to poor water conditions. Also
reviewed isthe Stream Benthos | ntegrity In-
dex (SBII), which is currently under devel-
opment by the National Exposure Research
Laboratory (NERL) for the USEPA-EMAP-
SW.

5.6.1 The ICI

Development of the ICl was aresult of
the 1983-84 Ohio Stream Regionalization
Project, acooperative pilot venture between
Ohio EPA and USEPA/ERL-Corvallis
(Whittier et al. 1987). It is now the primary
tool used by the Ohio EPA for measuring the
condition of macroinvertebrate communities
(DeShon 1995). Table 5-1 showsthe metrics
included in the Ohio EPA’'sICI and their ex-
pected responses to disturbances. These ten
metrics are scored and summed to obtain an
ICl value.

5.6.2 The HBI

The USEPA-EMAP-SW, USEPA-RBP,
and MDNR-MBSS use the HBI. Hilsenhoff
(1977) refined the index first proposed by

Table5-1. Metricsused inthe Ohio EPA’sICI
and Their Expected Responses to Disturbance

Metric Expected response
to disturbance

Total number of taxa Decrease

Total number of Ephemeroptera  Decrease

taxa

Total number of Trichopterataxa Decrease

Total number of Dipterantaxa Increase

Percent Ephemeroptera Decrease

composition

Percent Trichopteracomposition  Decrease

Percent Tanytarsini midge Increase

composition

Percent other Dipteran and Increase

non-insect composition

Percent tol erant organisms Increase

Total number of qualitativeEPT ~ Decrease

taxa

Chutter (1972) in developing the HBI. Resh
and Jackson (1993) found the HBI to be an
effective measurement discriminating be-
tween impaired and unimpaired sitesin Cali-
fornia. A North Carolinastudy found that both
the EPT and the HBI are good indicators of
stream water quality (Wallace et al. 1996).
The HBI attempts to summarize the overall
pollution tolerance of the benthic
macroinvertebrate community. Its value is
calculated using thefollowing formula:

HBI = Z (n,xa)/N

Wherenisthe number of individualsin
each taxon, aisthetolerance value assigned



to that taxon and N isthe total number of in-
dividualsinthe sample. Tolerance valuesfor
individual taxaarelisted in Hilsenhoff (1988).
Tolerant organisms are those frequently as-
sociated with gross organic contamination and
aregeneraly capable of thriving under anaero-
bic conditions (given ascore of 4 or 5). Fac-
ultative organisms are those having a wide
range of tolerancethat frequently are associ-
ated with moderatelevel sof organic contami-
nation (given a score of 2 or 3). Intolerant
organismsarethosethat areusually not found
associ ated with organic contaminantsand are
generally intolerant of even moderate reduc-
tionsin dissolved oxygen (given ascoreof O
or 1). Organisms not listed in Hilsenhoff
(1988) are given a value of 5, unless avail-
ableinformation suggests otherwise.

5.6.2.1 Scoring of the HBI

An HBI value is calculated using the
pollution tolerance valuesfor the represented
taxa (Hilsenhoff 1988) and the equation given
in section 5.6.2. The resulting value can be
used as an indicator of water quality. The
water quality categoriesindicated by there-
spective HBI scoresare given in Table 5-2.

5.6.3 The B-IBI

The MDNR-MBSS devel oped two ver-
sionsof the Benthic Index of Biotic Integrity
(B-IBI) for the Monitoring and Non-Tidal
Assessment (MANTA) Division of the

Table5-2. Water-Quality Levels Indicated by
Different Ranges of HBI Scores.

Range of HBI Scores Indicated Water Quality

0.00-3.75 Excellent
3.76-4.25 Very Good
425500 Good
501-5.75 Fair
5.76-6.50 Fairly Poor
651-7.25 Poor
7.26-10.00 Very Poor

MDNR. Oneversionisfor the coastal plains
(CP) region of Maryland and the other isfor
the non-coastal plains (NCP) region (Table
5-3). Theseindices were modeled after Karr
et al.’s(1986) Index of Biotic Integrity (1BI).
Whilethe 1Bl was devel oped to estimate the
condition of an aguatic ecosystem based on
itsfish community, the B-IBIswill allow the
MDNR to more accurately assess the condi-
tion of itsstreamsby surveying their benthic
macroinvertebrates (Roth et al. 1997b). Defi-
nitions of metricsusedinthe B-1BI and scor-
ing parameters may befound in Appendix C.

5.6.4 The SBIl

The Stream Benthos Integrity Index
(SBII) was developed by the NERL for

Table5-3. Metricsused for the CP B-IBI and
theNCPB-IBI

Metric CPB-IBI NCPB-IBI
Total Number of Taxa X X
Number of EPT Taxa X X
Number of Ephemeroptera X
Taxa

Number of Dipteran Taxa X
Percent Ephemeroptera X X
Percent Tanytarsini of X

Chironomidae

Percent Tanytarsini X
Number of Intolerant Taxa X
Percent Tolerant Individuals X
Beck’sBioticlndex X

Number of Scraper Taxa X

Percent Collectors X

Percent Clingers X



USEPA-EMAP-SW, specificdly for theMid-
Atlantic Highlands (MAH) region. The SBII

is a multimetric index developed using a
stepwise processto eval uate candidate metrics
and best professional judgement for final se-
lection of metrics. Seven metricswere sdlected
forinclusioninthe SBII (Table5-4), withthe
score of each metricrangingfromOtolona
continuous scale. Scoring of metricsishbased
on the fraction of the “best attainable value”

observed at asite, wherethe* best attainable
value’ is established using the 95" (metrics
that decrease in response to stress) or 5"
(metrics that increase in response to stress)

percentile of the overall distribution of each
metric. Two of the metrics are adjusted for
watershed size prior to scoring. The SBII

ranges from O to 7, with 3 condition catego-
riesand 2 transition ranges (Table 5-5), based
on apower analysis.

5.7 Indices and Metrics
used by the Programs for
Analysis of Benthic
Macroinvertebrate
Communities

This section contai ns the metrics and
indices used by the programs to analyze
benthic macroinvertebrate data. The ana-

Table5-4. Metricsused inthe USEPA’s SBII
and Their Expected Responses to Disturbance

Metric Expected Response
to Stress
Number of taxa Decrease
Number of EPT taxa Decrease
% | ntolerant taxa Decrease
% Plecopterataxa Decrease
Hilsenhoff Biotic Index Increase
% Oligochaetes and leeches Increase
% Chironomidtaxa Increase

Table5-5. TheUSEPA’sSBII Condition
Categories and Associated Score Ranges

Condition Range of Scores
Good 5to7
Good-Fair transition >4.5t0<5
Far 2.5t04.5
Fair-Poor transition >2t0<2.5
Poor Oto2

lytical techniques used by USGS-NAWQA
are not presently available and are, there-
fore, not included in this section.

5.7.1 USEPA-EMAP-SW
Benthic Macroinverte-

brate Analysis

The USEPA-EMAP-SW protocolsutilize
threeindicesto andyzethemetricsgathered from
thesurvey of benthic macroinvertebratesand are
currently developing a fourth index (Table 5-
6). Together, theseindicesallow the USEPA to
thoroughly evauatetherdative hedth of itsriv-
ersand streams(Klemm et al. 1998).

5.7.2 USEPA-RBP
Benthic Macro-
invertebrate Analysis

In addition to the metricsin Table 5-7,
the USEPA-RBP also suggests the calcula
tion of the HBI (section 5.6.4) which weighs
therelative abundances of taxawith their tol-
erancesto pollution (Barbour et al. 1999).

5.7.3 Ohio EPA Benthic
Macroinvertebrate
Analysis

Ohio EPA eval uates benthic community
fitnessusing the Invertebrate Community In-



Table5-6. Indices used by the USEPA-EMAP-SW Protocols

Index Definition Expected Response
to Perturbation

Percent EPT Number of individual sineach order of Ephemeroptera(mayflies), Decrease
Plecoptera(stoneflies), and Trichoptera(caddisflies) in each
sample divided by the total number of individualsin the sample

Shannon Incorporates both richness and evenness in a measure of general Decrease
Diversity Index diversity and composition; H' =© (N log—nlog n))/N, wherenis

the total number of individuals of i species, N isthe total number

of individuals, and © is 3.321928 which converts base 10 log to

base2log. H’ rangesfrom0t03.321928og N

Hilsenhoff Uses relative abundance weighted by pollution tolerances to Increase
BioticIndex evaluatewater quality. HBI = (( nx a)/N), where nisthetotal number

of individualsin theit" taxon, ais the tolerance value assigned to

that taxon, and N isthe total number of individualsin the sample.
Stream Benthos Integrates 10 macroinvertebrate popul ation or community metricsinto Increase
Integrity Index” asingle biological integrity index score using specimens that have

been identified to genera and/or species levels of identification.

“Currently under development by USEPA-EMAP-SW.

Table5-7. Metrics Recommended by the USEPA-RBP

Expected Response

Metric Definition to Perturbation

Total number of taxa Measuresthe overall variety of the macroinvertebrate Decrease
assemblage

Number of EPT taxa Sum of the number of taxain the insect orders Decrease

Ephemeroptera, Plecoptera, and Trichoptera

Percent dominant taxon M easures the dominance of the single most abundant Increase
taxon
Ratio of Hydropsychidae/ Number of individualsin Hydropsychidae family Increase
Trichoptera divided by the number of individualsin class
Trichoptera
Ratio scrapers/ Number of individual scrapers divided by the sum Decrease
(scrapers+filterers) of the number of individual scrapersandfilterers
% shredders Relative abundance of the shredder functional feeding Decrease

group



dex (ICl). The ICI consists of 10 structural
community metrics, each with four scoring
categoriesof 6, 4, 2, and 0. The point system
evaluates asample against adatabase of 247
relatively undisturbed reference sitesthrough-
out Ohio. Each metric wasvisually examined
to determineif any relationship existed with
drainage area. When it was decided if a di-
rect, inverse, or no relationship existed, the
appropriate 95% line was estimated and the
area beneath quadrisected as determined by
thedistribution of the reference points. Some
percent abundance and taxarichness catego-
ries were not quadrisected, since the data
points showed atendency to clump at or near
zero. In these situations, a quadripartite
method was used in which one of the four
scoring categoriesincluded zero valuesonly,
and the remaining scoring categories were
delineated by an equal division of the refer-
ence datapoints.

Six pointsaregivenif ametrichasavaue
comparable to those of exceptional stream
communities; 4 points, if comparableto typi-
cal good communities; 2 points, if dightly de-
viating from the expected range of good val -
ues, and 0 points for metric values strongly
deviating from the expected range of good
values. The summation of theindividual met-
ric scores results in the ICl value (OEPA
1989). Definitionsof metricsand justification
for inclusion in the ICI can be found in Ap-
pendix D.

574 MDNR-MBSS
Benthic
Macroinvertebrate
Analysis

The MDNR-MBSS calculates the EPT
(section 5.1), the HBI (section 5.1.4), and the

B-1BI (section 5.1.3) to characterize the
benthic community status. The B-1BI consists
of seven metricsfor the CP region, and nine
metrics for the NCP region. The point sys-
tem eval uates asampl e against a database of
37 referencesitesin Maryland. For each sam-
pling location, metrics are developed and
scores (1, 3, or 5) assigned according to the
thresholds (10, 50", or 90" percentiles, re-
spectively) established during the indicator
development process. Raw index scores for
the CPand NCPindicesranged from 7 to 35
and 9 to 45, respectively. These scores were
adjusted to a common scale ranging from 1
to 5, to be consistent withthe MDNR-MBSS
fish IBI. On this scale, a score of 4-5 indi-
catesgood stream quality, 3-3.9indicatesfair
stream quality, 2-2.9 indicates poor stream
quality, and 1-1.9 indicates very poor stream
quality (Roth et al. 1997b; Stribling et al.
1998).

5.8 Comparison of
Benthic
Macroinvertebrate

Indices

Primarily, programsthat conduct benthic
macroinvertebrate surveys have the objective
to assess the overall quality of the studied
stream based on itsbenthic macroinvertebrate
community. Also, most programs have simi-
laritiesintheir preferred methodsfor conduct-
ing the surveys. For example, all programs
samplewithin adefined length of stream, all
programsuse multimetricindicesintheanaly-
sesof macroinvertebrate data, and all programs
compare the index values from individual
sites to reference conditions. However, be-
cause each program has its own subset of
objectives which reflect the needs of the re-
gionit serves, each program hasits own sub-



set of methodsto meet those objectives(Table
5-8).

5.8.1 Indices

The USEPA-EMAP-SW uses threein-
dices, EPT, Shannon Diversity (H'), and HBI,
and is currently developing a fourth index,
the SBII. USEPA-RBP suggests using two
indices, EPT and HBI. MDNR uses EPT,
HBI, and B-IBI. Ohio EPA uses the ICI.
USGS-NAWQA does not provide methods
onthecalculation of indicesfromitsfield data.

5.8.2 Sampling

Locations

The method used to select sampling lo-
cations varies between programs. Programs
frequently choose sites in order to assess a
specific area such as previously studied tar-
get areas or point sources. However, the
EMAP protocols use randomly chosen sites
in order to make a regional assessment of
stream quality. Also, there are differencesin
the habitat typein which benthic samplesare

Table5-8. Comparison of Benthic Macroinvertebrate | ndices, Sampling M ethods, Preferred Sampling

Habitats, and Preferred Sampling Seasons

USEPA-
EMAP-SW

UGS
NAWQA

Ohio
EPA

MDNR
MBSS

USEPA-
RBP

Indices
EPT
HBI
Bl
B-IBI
ICl
Shannon Diversity (H") X

X X X

SamplingM ethods

D-Net

Dip Net

Kick Net

Modified Kick Net X
Drift Net X
Hester-Dendy

Slack Sampler

Habitat Types

Riffle Areas X
Pool Areas X
Run Areas

Seasons
Spring Sampling
Summer Sampling X

X X
X X



taken. MDNR samples only in riffle areas,
Ohio EPA samplesprimarily inruns, USGS-
NAWQA samples in riffles and pools,
USEPA-RBP suggestssamplinginriffleand
run areas, and USEPA-EMAP-SW samples
inriffles, runs, and pools.

5.8.3 Sampling
Equipment

The USEPA-EMAP-SW usesa595-um
modified kick net sampler and 595-pum drift
nets, USEPA-RBP suggests using a 500-um
kick net and 500-pum dip net, USGS-NAWQA
usesa210-umdip net for qualitative sampling
and a425-um sievefor semi-quantitative sam-
pling, MDNR usesa600-pm mesh D net, and
Ohio EPA usesaHester-Dendy for quantita-
tive sampling and 600-um dip netsfor quali-
tative sampling. The mesh size used for sam-
pling isnot consistent between programsand

thismay influence sample content. Thevari-
ous methods used to sample benthic
macroinvertebrates from substrate result in
characteristic sampling differencesamong the
five programs. Ohio EPA uses both natural
and artificial substrate samplers, whileUSGS-
NAWQA, MDNR, USEPA-EMAP-SW,
and USEPA-RBP useanatural substrate sam-
pler. Using an artificial substrate samplerisa
quantitative method that alows objective sam-
plingtotake placein areasthat aredifficult to
reach. However, sampling with artificial sub-
strate takes more time and personnel than
does natural substrate sampling. Also, an ar-
tificial substrate sampler may selectively
sampl e certain taxaand misrepresent therela-
tive abundance of taxa in the natural sub-
strates. Natural substrate sampling takesless
time and personnel than does artificial sub-
strate sampling, but it islessquantitative.



Section 6
Fish Assessment Methods

by

Joseph E. Flotemersch

The principal methods used by thefive
reviewed assessment programsto survey fish
communities are electro-fishing or electro-
fishing in conjunction with seinesor nets. The
differences between the programsliein how
sites are selected, the length of the sample
reach, the amount of time spent sampling,
how the seines or nets are implemented, and
how the data are analyzed. The dissimilari-
ties among the programs methods are are-
sult of the differences between the programs’
regionsaswell asthedifferencesbetween the
programs’ objectives.

6.1 USEPA-EMAP-SW
Fish Data Collection
Methods

Data collection occurs at randomly se-
lected sites within a designated region (see
section 1.1). Fish are sampled during asum-
mer index period (July to September), which
coincideswiththelow flow period of streams
in the research areas. The elementary sam-
pling unit used by USEPA-EMAP-SW pro-

gram for assessment isthe sampling reach. It
has a length of 40 times the channel width
with aminimum length of 150 m. No maxi-
mum length has been specified.

Currently, both wadeable and boatable
streams are being sampled. However, the only
methods that have been fully documented are
those addressing wadeabl e systems (L azorchak
et a. 1998). Methodsfor boatable systemsare
currently being piloted. These methodswill be
discussed in thisdocument, but they should be
viewed aspilot methods.

6.1.1 Wadeable Streams

The USEPA-EMAP-SW design utilizes
asingle-pass el ectro-fishing method covering
the determined reach length. In wadeable
streams, block nets are placed at the down-
stream and upstream limits of the sampling
reach when the sample reach is alarge con-
tinuous pool. An attempt is made to thor-
oughly fish the entire segment, sampling all
available cover and habitat structureswhilea
consistent effort isapplied over theentire pass.
Sampling iscontinued for at least 45 minutes



and should not exceed three hours. Seining
may be used in conjunction with electro-fish-
ing to ensure sampling of those specieswhich
may otherwise be under represented by an
electro-fishing survey alone (e.g., darters,
scul pins, benthic cyprinids). Seinesmay aso
be used as block or kick nets to selectively
isolate sections of the stream being electro-
fished (e.g., snags, riffles, cut-banks), insites
where streams are too deep for electro-fish-
ing to be conducted safdly, or inturbid, simple,
soft-bottomed streamswhere seiningismore
effective. Figure 6-1 shows a member of a
field crew using backpack shocker to electro-
fish awadeable stream.

6.1.2 Boatable Streams

In boatable systems, the streamreachis
fished with aboat-based el ectro-fishing unit
(Figure 6-2). Electro-fishing beginsat thefur-
thest upstream section and proceeds down-
stream until the entire stream reach hasbeen
covered. If thewidth of astream requiresthat
samplereachesexceed 5 km, membersof the

pilot field crews have suggested that electro-
fishing theentirereach may not belogistically
wise. Inthese situations, optionsincludetrun-
cating the reach or sampling every other
transect.

6.1.3 Data Recorded

Captured fish areidentified inthefield,
if possible, and counted. Sport fish and very
large specimensareidentified, measured and
released (Figure 6-3). For other species, the
maximum and minimum lengths arerecorded.
A voucher sub-sampleof 25individuasfrom
each species is identified and preserved in
approximately 20% formalin. Additional
specimens (abovethe 25 voucher) are counted
and released (M cCormick and Hughes 1998).

6.2 USGS-NAWQA Fish

Data Collection Methods

The objective of the USGS-NAWQA
characterization of fish community structure

Figure 6-1. Afield crew member uses a backpack electro-shocker to sample fish in a wadeable stream.



Figure 6-2. Amember of afield crew samples fish using the boat-based electroshocking technique for
boatable rivers.

Figure 6-3. Before being released, the fish are identified, measured and weighed and these data are
recorded.



isto relate fish community traitsto physical,
chemical, and other biological factorsaspart
of an integrated assessment of the nation’s
water-quality conditions. Protocolshave been
published for wadeable and boatable streams
and both will be discussed in this document
(Meador et al. 1993a).

Sampling sites (either fixed or synoptic)
are chosen to represent the set of environmen-
tal conditions considered important for con-
trolling water quality inthe study unit. Fixed
sitesarelocated at or near USGS gaging sta-
tions where continuous discharge measure-
mentsare available. Three sampling reaches
are used to represent environmental conditions
associated with each fixed site. Synoptic sites
are non-gaged siteswhere one-time samples
of alimited number of physical and chemical
characteristics are measured. Only one sam-
pling reachisgenerally used to characterizea
synoptic site. The purpose of a synoptic site
isto answer questions regarding source, oc-
currence, or spatial distribution.

Sampling is conducted during low and
stable-flow periods (usualy mid-Juneto early
October). These conditionsincreasethelike-
lihood that samplesthroughout the study unit
can becollected under similar flow conditions.

The primary determinant of sampling
reach length is geomorphology. An attempt
ismadeto include at |east two types of geo-
morphic channel unitsin the sampling reach.
Where thisis not possible, reaches are cho-
sen that include one meander wavelength,
based on 20 timesthe distance of the channel
width. The minimum and maximum lengths
of sampling reaches in boatable streams are
500 m and 1,000 m, respectively. The mini-
mum and maximum lengths of sampling
reachesfor fish sampling in wadeable streams
is 150 m and 300 m, respectively. These pa-

rameterswere set to ensure the efficient col -
lection of representative fish samples.

6.2.1 Wadeable Streams

Wadeable streams are sampled with
backpack (Figure 6-1) or towed electro-fish-
ing gear and, in contrast to other programs,
use adouble-pass approach to sampling rather
than a single-pass approach. Backpack
electro-fishingisusedinreatively small, shal-
low headwater streams, whereas towed
electro-fishingisemployedinrelatively wide,
wadeabl e streamswith deep pools. Sampling
is conducted in an upstream direction. All
captured fish areplacedimmediately ineither
aholding box or livewell for future process-
ing. After thefirst passis completed and all
fish are processed, asecond passis conducted
in the same manner, and usually in the same
area, asthefirst pass. In order to avoid sam-
pling the same individualstwice, no fish are
released until the second passiscompl eted.

Following electro-fishing, seining is
used to collect small-sized individuals,
thereby allowing for a more representative
sample to be taken. The seine configuration
and method employed are dependent on the
geomorphic channel units present and the
degree of complexity of the habitat features
within a sampling reach (Meador et. al.
1993a).

6.2.2 Boatable Streams

Boatable streams are sampled using
el ectro-fishing boats (Figure 6-2). Sampling
isconducted downstream, from the upstream
boundary of the sampling reach along the
shoreline. Thisis to allow the fish to swim
into the approaching electrical field. The boat
IS operated at a speed equal to or dlightly
greater than water velocity. Sampling iscon-
ducted in two passes, onefor each shoreline.



Boatable streams can aso be sampled
using the beach seine in wadeable shoreline
areas. Three samples should be taken from
accessible parts of the upper, lower, and
middle sections of the boatable sampling
reach. Thefishfromthethree seinehaulsare
combined and processed before rel ease.

6.2.3 Other Sampling
Methods

Other sampling methods are used to ob-
tain arepresentative sample of thefish com-
munity when electro-fishing and seiningisnot
effective (e.g., in water with extremely-low
conductivity). In situationswhere seining may
beineffective because asampling reach con-
tainsalarge number of woody snags, debris,
or other obstructions, gill netsand hoop nets
may be used to collect arepresentative sample
of fish. Gill nets capture fish by entangling
them in a fabric mesh that is not actively
moved by man or machine. They requireone
trip for deployment, one trip for collection,
and have the potential to be vandalized. Gill
netting can kill fish, therefore, it must not be
conducted in areas where endangered or
threatened species may be present. The net
should be set inthelate afternoon and remain
in the water for severa hours, but no longer
than 24 hours. The number of fish collected
inthegill netisnot linearly related to the du-
ration of the set (Hubert 1983), so the exact
duration of the set should depend on flow
conditionsand the presence of drifting debris.

Hoop nets capturefish by trapping them
inan enclosed meshtrap. Unlikegill nets, fish
caught by hoop netting can be released with
littleor no harm. Theduration of theset should
depend on the flow conditions and the pres-
ence of drifting debris. To harvest, the hoop
net is raised at the cod end and the fish are
removed. Two hoop nets are set within the
sampling reach.

6.2.4 Data Recorded

Regardless of the sampling method, a
representative sampleistaken to providein-
formation on the presence and rel ative abun-
dance of the specieswhich represent thefish
community inhabiting the sampled stream. An
attempt ismadetoidentify all fishinthefield
tothespecieslevel. If thereisuncertainty re-
garding theidentification of specimens, rep-
resentative samplesare preserved in formal-
dehydefor later identification in the labora-
tory (Meador et a. 1993a).

6.3 USEPA-RBP Fish
Data Collection

Methods

The USEPA-RBP methods were de-
signed to provide guidance on cost-effective
approachesto problem identification and trend
assessment of our nation’s resources. The
methods suggested by the USEPA-RBP for
fish involves careful, standardized field col-
lection, species identification and enumera-
tion, and analyses using aggregated biol ogi-
cal attributes. Data provided by the fish
USEPA-RBP can serve to assess use attain-
ment, develop biological criteria, prioritize
sitesfor further evaluation, and assess status
and trends of fish assemblage. The suggested
fish collection procedure is a multi-habitat
approach for wadeabl e streams, which allows
the sampling of habitatsin relative proportion
totheir local availability (Barbour et a. 1999).

The USEPA-RBP statesthat for assess-
ment and monitoring, sites can either betar-
geted, i.e., relevant to specia studiesthat fo-
cuson potential problems, or random, which
providesinformation of the overall statusor
condition of the watershed, basin, or region.
Inarandom or probabilistic sampling regime,



stream characteristicsmay be highly dissimi-
lar among the sites, but will provide a more
accurate assessment of biological condition
throughout the areathan targeted design. Most
studiesconducted by statewater quality agen-
ciesfor identification of problemsand sensi-
tive waters are done with atargeted design.

The recommended sampling season is
mid to late summer, when stream and river
flows are moderate to low, and less variable
than during other seasons. The USEPA-RBP
suggest that the stream length to be sampled
can be either afixed or a proportional dis-
tance, with the selection based on the results
of pilot studies.

The USEPA-RBP endorses el ectro-fish-
ing asthe most comprehensive and effective
single method for collecting stream fishes.
Protocols suggest that collection efforts be-
gin at ashallow riffle, or other physical bar-
rier at the downstream limit of the sample
reach, and terminate at asimilar barrier at the
upstream end of the reach. Each sample
should contain riffle, run, and pool habitats,
when available. Itisfurther suggested that if
areach contains abridge or aroad crossing,
sufficient sampling be conducted upstream of
the structureto minimizethe hydrological ef-
fectsontheoverall quality of the habitat.

6.3.1 Wadeable
Streams

The suggested sampling scheme for
wadeabl e streams usesatwo-person crew that
electro-fishesin an upstream direction using
abank-to-bank sweeping techniquethat maxi-
mizes coverage area. All wadeable habitats
withinthereach should be sampledinasingle
passwhich terminates at an upstream barrier.
Fish areheld in bucketsfor subsequent iden-
tification.

6.3.2 Boatable Streams

The USEPA-RBP state that a propor-
tional -distance designation may bedesirable
inorder to allow for variation in reach length
based on stream width (e.g., 40 timeswetted
width). If aproportional distance approachis
used in large streams, el ectro-fishing should
be limited to a maximum distance of 500 m
or amaximum time of three hours per sam-
pling site (Klemm et al. 1993).

6.3.3 Data Recorded

Fieldidentifications of collected fishare
acceptable; however, voucher specimenspre-
served in aformalin solution must beretained
for laboratory verification, particularly if there
isany doubt about the correct identity of the
specimens. Because the collection methods
used are not consistently effectivefor young-
of-the-year fish and because their inclusion
may seasonally skew bio-assessment results,
it is suggested that fish less than 20 mm in
total length not be identified or included in
standard samples (Barbour et al. 1999).

6.4 Ohio EPA Fish Data
Collection Methods

The selection of fish sampling sitesis
based upon several factorsincluding, but not
limitedto: 1) location of point sourcedischarg-
ers, 2) stream use designation evaluation is-
sues; 3) location of physical habitat features,
4) location of non-point sourcesof pollution;
5) variations in macro-habitat; and 6) prox-
imity to ecoregion boundaries. Ohio EPA
methods for boatabl e and wadeabl e streams
have been published (OEPA 1988) and both
will bediscussed in this document.

Fish sampling generally takes place be-
tween mid-June and mid-October. The total



time asite isfished varies depending on the
current, number of fish being collected, and
amount and type of cover withinazone. How-
ever, an Ohio EPA review of electro-fishing
samples suggest at least 1300-1500 seconds
should be spent boat electro-fishing a0.5 km
stream segment (Ohio EPA 1989).

Theprincipa method used by Ohio EPA
to obtain fish relative abundance and distri-
bution data is pulsed direct current electro-
fishing. Boatable sites are el ectro-fished for
500 m and wadeabl e sites are el ectro-fished
for 150-200 m. Each siteis el ectro-fished two
or three times during the sampling season
(Ohio EPA 1988).

6.4.1 Wadeable Streams

Wadeable streams are sampled with
backpack (Figure 6-1), sportyak or longline
€l ectro-fishing methods developed by Ohio
EPA.

6.4.2 Boatable Streams

Boatable sitesare sampled using el ectro-
fishing methods based on the work of
Gammon (1973, 1976) and the experience of
the Ohio EPA.

6.4.3 Data Recorded

Captured fish areidentified in thefield
with laboratory vouchersrequired for any new
locality records, new species, and those speci-
mensthat cannot befield identified. The col-
lection technigques used are not consistently
effectivefor fishlessthan 15-20 mminlength,
therefore, identification and inclusion in the
sampl e are not recommended.

6.5 MDNR-MBSS Fish
Data Collection Methods

TheMaryland Biologica Stream Survey
(MBSS) is astatewide monitoring survey to

assess the status of biological resources in
Maryland’snon-tidal streamsand determine
the extent to which acidic deposition has af -
fected or may be affecting critical biological
resources in the state. The MDNR-MBSS
targets streams of 3 order and less. The In-
dex of Biological Integrity (1BI) for fish that
wasderived and utilized by the state of Mary-
land comparesthe condition of biological as-
semblagesto that of aregional referencerep-
resenting conditions minimally influenced by
anthropogenic disturbance.

Sample siteswere selected in aprobabi-
listic manner using amulti-stratification de-
sign. Thisgeographic stratification facilitated
the effective use of alimited number of crews.
Two basinswererandomly selected, without
replacement, from each region for each sam-
pling year. One randomly selected basin in
each region was to be visited twice to quan-
tify between-year variability in the response
variables.

6.5.1 Wading Methods

The MDNR-MBSS samples a fixed
stream length of 75 m during the summer in-
dex period. Sitesare sampled using adouble-
pass el ectro-fishing methodol ogy. In general,
asingleelectro-fishing unit isused when the
segment width islessthan ten metersand two
or more units are used for greater widths.
Block nets are placed at each end of the seg-
ment and direct current backpack electro-fish-
ing units (Figure 6-1) are used to samplethe
entire segment. An attempt is made to
throughly fish each segment, sampling all
available cover and habitat structuresthrough-
out the segment. A consistent effort isapplied
over the two passes.

For each pass, all non-game speciesare
weighed together for an aggregate biomass



measurement and all game species are
weighed in aggregateto the nearest 10 g. For
each pass, up to 50 individuals of each
gamefish species (i.e., trout, bass, walleye,
pike, chain pickerel, or striped bass) are mea-
sured for total length (Figure 6-3). For both
passes, up to 100 fish of each speciesare ex-
amined for visible external pathology or
anomalies. Thissampling approach alowsfor
the computation of several metricsuseful in
calculating abiological index and in produc-
ing estimates of fish species abundance.

Also, supplemental electro-fishing is
conducted at non-random sitesin which only
the presence of each fish speciesisrecorded.
Thisprovides auxiliary qualitative informa
tion on fish distributions. For the supplemen-
tal samples, the sampling effort isbased ona
minimum of 600 seconds or double the
€elapsed time since the last new species was
recorded.

6.5.2 Boating Methods

Because boatable streams do not fall
within the framework of the program’s ob-
jectives, the MDNR-MBSS does not provide
methodsfor boatable streams.

6.5.3 Data Collected

Captured fish are identified to species,
if possible, and counted. Any individuals
which cannot beidentified to speciesarere-
tained for laboratory confirmation.

After the processing of the fish collec-
tioniscompleted in thefield, voucher speci-
mensare retained for each species not previ-
oudly collected in the drainage basin and the
remaining fish arereleased. All voucher speci-
mensand fish retained for positiveidentifica-
tioninthelaboratory are examined and veri-
fied (Roth et a. 1997b).

6.6 Origin and
Development of the IBI
and Modified IWB

The IBI was first developed by Karr
(1981) for use in small warm water streams
incentral Illinoisand Indiana, and further re-
fined by Karr et al. (1986). The original ver-
sion had 12 metricsthat reflected fish species
richness and composition, number and abun-
dance of indicator species, trophic organiza-
tion and function, reproductive behavior, fish
abundance, and condition of individual fish.
Each metric received ascore of five pointsif
it had a value similar to that expected for a
fishcommunity characteristic of asystemwith
little human influence, ascore of onepoint if
it had avalue similar to that expected for a
fish community that departssignificantly from
the reference condition, and a score of three
pointsif it had an intermediate value.

The original version of the IBI quickly
became popular. As it became more widely
used, different versions were developed for
different regions and different ecosystems.
These new versions also had multi-metric
structures, but differed from the origina ver-
sion in the number, identity, and scoring of
metrics (Simon and Lyons 1995). Some ver-
sionsdeveloped for streamsand riversretain
many of theoriginal IBI metrics, with metrics
usually being modified as a part of an effort
to compensate for insensitivities to environ-
mental degradation in aparticular geographic
areaor type of stream. Similarly, the metrics
used inversionsof thelBI devel oped for other
types of ecosystems, such as estuaries, im-
poundments, and natural lakes, usually bear
alimited resemblanceto those of theoriginal
versionyet retainitsoverall structure (Simon
and Lyons 1995).



Themulti-metricindices currently used
by USEPA-EMAP-SW, Ohio EPA, and
MDNR-MBSS have al followed this same
chain of development; al contain somemetrics
withoriginsin Karr et al.'s1986 IBI. In gen-
eral, selection of which metrics to drop,
modify or add have been determined by first
developing alist of candidate metrics (vari-
ousttributes of thefish assemblages) and then
statistically determining which formulations
were effectivein discriminating between ref-
erence sitesand sites known to be degraded.

The Index of Well-Being (Iwb), or com-
posite index, was developed by Gammon
(1976) to evd uatetheresponse of riverinefish
communities to environmental stress. This
index wastested using datafrom the Wabash
River in Indiana (Gammon 1976; Gammon
et al. 1981) and subsequently from other riv-
ers in Indiana, Ohio (Yoder et al. 1981;
Gammon 1980), and Oregon (Hughes and
Gammon 1987). Some investigators have
modified the original Iwb for specific appli-
cations.

The Iwb incorporates four measures of
fish communitiesthat havetraditionally been
used separately; numbersof individuals, bio-
mass, the Shannon diversity index (H’) based
on numbers of fish, and the Shannon diver-
sity index (H’') based on weights of fish
(OEPA 1989). The computational formulas
for the lwb and Shannon index are provided
in Appendix E.

6.7 Indices used by the
Programs to Interpret
Fish Data

There are two primary indices utilized
by these assessment programs to interpret
collected fish data. The USEPA-EMAP-SW,

USEPA-RBP, Ohio EPA, and MDNR-
MBSS programs endorse or have devel oped
versonsof thelBI (Karr 1981) for useintheir
respective waters. The IBI includes discrete
measurements of assemblage attributes, or
metrics based on speciescomposition, trophic
composition, abundance, and condition
(Davis 1995). In addition to the IBI, Ohio
EPA subjects data to a modified version of
the Index of Well-Being (Iwb). The Iwb is
based on structural attributes of thefish com-
munity whereasthe Bl additionally incorpo-
rates functional characteristics. Their usein
combination is suggested by Ohio EPA
(1988) to provide a rigorous evauation of
overall fish community condition. The
USGS-NAWQA program does collect infor-
mation on aquatic vertebrates, but specific
methodsused tointerpret datawere not avail-
able as of the completion of this document.
The USGS-NAWQA program does not rely
on a single index approach such as the IBI;
rather, a combination of multivariate and
multimetric approaches to data analysis are
used to examine factors affecting biological
water-quaity characterigtics. Indicesthat have
been locally or regionally calibrated to refer-
ence conditionsare used at the study-unit level
whererequired dataare available.

6.7.1 USEPA-EMAP-SW
Fish Data Interpretation

The goal of the USEPA-EMAP-SW
program is to monitor the condition of the
Nation’secological resources, to evaluatethe
successof current policiesand programs, and
to identify emerging problems before they
becomewidespread or irreversible (Gurtz and
Muir 1994).

The USEPA-EMAP-SW programisin
the process of developing an IBI for wade-
ablestreamsinthe MAH region of the United



States. The USEPA-EMAP-SW MAH ver-
sion of the IBI is being developed by exam-
ining the responses of fish community metrics
to physical, chemical, habitat and |andscape
indicators of catchment disturbance.
Univariate and multivariate analyses of rela-
tionships among fish community metrics,
habitat integrity and anthropogenic distur-
bance are being used to develop this index.
Table 6-1 liststhe metrics proposed for inclu-
sionintheindex.

USEPA scientistsdevel oped their 1Bl by
randomly selecting sampling sitesin the des-
ignated study area, collecting field measure-
ments, and then analyzing the resulting data,
with respect to candidate metrics, in order to
establish expectationsfor minimally degraded
streams. Reference valueswere derived from
sites scoring in the upper 15% of al sites
sampled. Individual siteswerethereforecom-
pared to this reference condition rather than
upstream, or similar stream, individual “ref-
erencesites’ selected asbeing minimally im-
pacted, asiscommonly practiced, by best pro-
fessional judgement. ThisIBI isbeing devel-
oped for wadeable systemsand itsmetricsare
not adjusted for watershed size. Thisisprob-
ably areflection of the size of the watersheds
of thestudy area(most arelessthan 500 km?),
thefact that these were predominantly upland
systems, and the historical biogeography of
thefishfauna.

The 16 metrics of the MAH IBI will be
scored continuously from 0-10 and the result-
ing IBI scores converted from arange of O-
160 to arange of 0-100%. Noinformationis
currently available concerning the develop-
ment of an IBI for boatable systems
(McCormick and Hughes 1998).

Theinitial stepsin deriving an IBI score
for a wadeable location involves the collec-
tion and identification of samplesand enter-

Table6-1. Metricsinthe Index of Biotic
Integrity for the USEPA-EMAP-SW Program.

Expected response

Metric to stress
Native species richness Decrease
Nativefamily richness Decrease
Sensitive species richness Decrease
Tolerantindividuals Increase
Benthic species richness Decrease
Water column species richness Decrease
Alienindividuas Increase
Number of trophic guilds Decrease
Percent top carnivores Decrease
Percentinvertivoreindividuals Decrease
Percent herbivores Decrease
Percent omnivoreindividuals Increase
I\_lumber of _speci alizedreproduc-  Decrease
tive strategies

Prop_ortion of gravel spawning Decrease
species

Proportion tolerant substrate Increase
spawners

Total abundance Decrease

ing collected information into a database.
Once this process is complete, species-spe-
cific information relevant to the metrics is
determined. Thisinformationisobtained from
alist that contains the taxa occurring in the
waters of the study area as well as designa
tions for use in IBI metrics (Appendix F).
Parameters assigned to individual speciesin-
cludetolerance, trophic status, habitat prefer-
ence, reproductive strategy, and watersheds



to which the speciesis native. Totals are de-
rived and metrics are scored and summed.
Streams with an I Bl value of >85% are used
asthereference condition, scoresbetween 70-
85% are acceptable, streamswith IBI values
between 50-70% are marginally impaired,
and 1Bl scores below 50% are highly im-
paired.

Protocols for the interpretation of fish
data collected from boatable siteshave yet to
be developed (McCormick and Hughes
1998).

6.7.2 USGS-NAWQA
Fish Data Interpretation

The methods used by the USGS-
NAWQA program to interpret information
collected on aguatic vertebrates programisnot
available as of the completion of this docu-
ment (Meador et al. 1993a). The USGS-
NAWQA program does not rely on asingle
index approach such asthelBI; rather, acom-
bination of multivariate and multimetric ap-
proachesto dataanalysisare used to examine
factorsaffecting biologica water-qudity char-
acteristics. Indices that have been locally or
regionally calibrated to reference conditions
areused at the study-unit level whererequired
dataareavailable.

6.7.3 USEPA-RBP Fish
Data Interpretation

The USEPA-RBP endorses the techni-
cal framework of the multi-metric Index of
IBI devel oped by Karr (1981) for the assess-
ment of fish assemblages. The 12 metricsin-
cluded in Karr’'s (1981) origina 1Bl are in
Table 6-2.

Although the USEPA-RBP recom-
mends the framework of Karr's (1981) IBI,

Table6-2. MetricsRecommended for Calculation
by the USEPA-RBP

Expected Response

Metric to stress
Total number of fish species Decrease
Number and identity of darter Decrease
species

Number and identity of sunfish Decrease
species

Number and identity of sucker Decrease
species

Number and identity of intolerant ~ Decrease
species

Proportion of individualsasgreen  Increase
sunfish

Proportion of individualsas Increase
omnivores

Proportion of individualsas Decrease
insectivorous cyprinids

Proportion of individuals astop Decrease
carnivores

Number of individualsin sample Decrease
Proportion of individualsas Increase
hybrids

Proportion of individualswith Increase

disease, tumors, fin damage, and
skeletal anomalies

they also recommend that some modifications
may be needed to adjust for theregional dif-
ferencesbetween surveys. The protocolsfur-
ther statethat the IBI “ servesasan integrated
analysisbecauseindividua metricsmay dif-
ferintheir relative sensitivity to variouslev-
els of biological condition” (Barbour et al.
1999). Calculation and interpretation of the
IBI involves a sequence of activitiesinclud-
ing, fish sample collection, data tabulation,



regional modification and calibration of
metrics, and determination of expected val-
ues (Barbour et a. 1999). Once this process
iscompl ete, species-specificinformationrel-
evant to the metrics can be assigned.

For each sampling location, metricsare
developed and scores(1, 3, or 5) areassigned
according to the threshol ds established dur-
ing the indicator development process. The
final 1BI scoreisthe sum of al metric scores
(Barbour et al. 1999).

6.7.4 Ohio EPA Fish
Data Interpretation

The Ohio EPA assessment program was
designed to support all state agency surface
water programs. Ohio EPA has used measur-
able characteristics of instream fish since
1980. The principal measures of overall fish
community health used by the Ohio EPA are
the Iwb, developed by Gammon (1976) and
modified by Ohio EPA, and the IBI devel-
oped by Karr (1981).

TheIBI utilized by Ohio EPA contains
12 metrics specifically tailored to Ohio sur-
face waters and Ohio EPA sampling meth-
ods. The IBI metrics used by the Ohio EPA
to evaluate wading sites (Table 6-3; Appen-
dix F) closely approximate those proposed by
Karr (1981) and refined by Fausch et al.
(1984) and Karr et a. (1986). Substantial
modifications were necessary for the 1BI
metrics used for the boat sites and headwater
sites. These changes were made in recogni-
tion of the different sampling efficiency and
selectivity of the boat methods and the differ-
ent faunal charactersof larger streamsand riv-
ers and headwater areas. However, these
modificationswere madein keeping with the
guidance given by Karr et a. (1986). Three
basic divisions are made; wading sites, boat

Table6-3. Metrics Employed by the Ohio EPA
with Expected Response to Stress.

Expected response

Metric to stress
Total number of species! (a,b,c) Decrease
Number of darter species Decrease
(&,b)/Percent round-bodied

suckers® (c)

Number of headwater species(a)/  Decrease
Number of sunfish species (b,c)

Number of minnow species (a)/ Decrease
Number of sucker species (b,c)

Number of sensitive species (a)/ Decrease
Number of intolerant species (b,c)

Percent tol erant species(a,b,c) Increase
Percent omnivores(a,b,c) Increase
Percent insectivorous species Decrease
(ab,c)

Percent pioneering species (a)/ Decrease
Percent top carnivores (b,c)

Number of individuals* (a,b,c) Decrease
Number of simplelithophilic Decrease
species(a)/Percent simplelithophils

(bc)

Percent DEL T anomalies® (a,b,c) Increase

3Headwater sites, drainage areas less than 20 mi?.,
sampled with wadeable methods.

P(Wading sites, sites sampled with wadeable
methods.

‘Boat sites, these sites are sampled with boat
methods.

1Excludes exatic species.

?Includes sculpins.

SIncludes suckers in the genera Hypentelium,
Moxostoma, Minytrema, and Erimyzon; excludes
white sucker (Catostomus commersoni).

“Excludes species designated as tolerant, hybrids,
and exotics.

®Includes deformities, eroded fins, lesions, and
external tumors(DELT).



sites, and headwater sites. Generally, wading
sites are those having adrainage area of less
than 300 mi? but greater than 20 mi%. Boat
sites include streams and rivers that are too
deep and large to sample effectively with
wading methods. Boat sitesgenerally exceed
100-300 mi? in drainage area. Headwaters
sites are defined as sampling locations with
drainage areas|essthan 20 mi?.

Thevalue of each metriciscompared to
the value expected at areference sitelocated
inasimilar geographic region where human
influence has been minimal. Ratings of 5, 3,
or 1 areassigned to each metric according to
whether itsval ue approximates (5), somewhat
deviates from (3), or strongly deviates from
(1) thevalue expected at areferencesite. The
maximum |IBI score possible is 60 and the
minimum is 12. Reference site scores are
grouped by ecoregion (Omernik 1987) and
used to statistically generate region specific
use attainment criteria (OEPA 1988).

The Iwb used by the Ohio EPA is a
modified version of that developed by
Gammon (1976). Thelwb is based on struc-
tural attributes of the fish community. Four
measures of fish communitiesthat tradition-
aly have been used separately are: numbers
of individuals, biomass, and the Shannon di-
versity index (H’) based on numbers and
weightsof fish.

Themodified Iwb retainsthe same com-
putational formula as the conventional Iwb
developed by Gammon (1976). The differ-
enceisthat highly tolerant species, exotic spe-
cies, and hybridsarediminated fromthe num-
bers and biomass components of the Iwb.
However, tolerant and exotic species arein-
cluded in thetwo Shannonindex calculations.
This modification eliminates the undesired
effect caused by the high abundance of toler-

ant species, but retainstheir desired influence
on the Shannon indices. Computational for-
mulas for the index of well being and the
Shannon diversity index arein Appendix E.

6.7.5 MDNR-MBSS Fish
Data Interpretation

Maryland scientistsbegan their devel op-
ment of an IBI by first establishing expecta-
tionsfor minimally degraded streamsand then
comparing the ability of candidate metricsto
discriminate between thesereference sitesand
sitesknownto be degraded. Theresulting I BI
consists of eight metrics (Table 6-4), each of
which quantitatively describe attributes of the
biologica community. Each of the metrics
used has an expected direction of change in
response to anthropogenic stress. For each
sampling location, metrics are devel oped and
scores (1, 3, or 5) assigned according to the
thresholds established during the indicator
development process. Thefina IBI scoreis
the mean the metric scores. No IBI scoreis
assigned to sites having watershed arealess
than 300 acres (Roth et al. 1997b).

Theinitial stepsin deriving an I Bl score
for alocation involves collecting, identifying,
and entering collected informationinto ada-
tabase. Once this process is complete, spe-
cies specific information relevant to the
metrics can be assigned. Thisinformationis
obtained from aMaryland fish specieslist that
contains designations for use in IBI metrics
(Appendix F). Parameters assigned to indi-
vidua speciesincluded tolerance, trophic sta-
tus, native or non-native status by watershed,
if the specieswas considered benthic, and if
the specieswas alithophilic spawner. Totals
are derived and metrics scored asin Appen-
dix E. Themetricsused by theMDNR-MBSS
for their IBI are given in Table 6-4 (Roth et
a. 1997c; Stribling et al. 1998).



Table6-4. Metrics Employed by MDNR-MBSS
and Expected Response to Stress.

Expected response

Metric to stress
Number of native species Decrease
Number of benthic species Decrease
Percent of tolerant individuals Increase
Percent abundance of dominant  Increase
species

Percent generalist, omnivores, Increase
and invertivores

Number of individuals per m? Decrease
Biomass (g per m?) Decrease
Percent lithophilic spawners Decrease
Percent insectivores Decrease

6.8 Comparison of the
Fish Assessment
Programs of the
USEPA-EMAP-SW,
USGS-NAWQA, USEPA-
RBP, Ohio EPA, and
MDNR-MBSS

Ste selection - The method used to de-
terminethelocation of the sampling sitesvar-
iesamong thefive programsdiscussed inthis
document. For the USEPA-EMAP-SW and
MDNR-MBSS, sampling sitesarerandomly
selected. The USGS-NAWQA usualy uti-
lizes fixed sampling sites. Ohio EPA selects
itssitesbased on site-specificand regional is-
sues. The USEPA-RBP statesthat for assess-
ment and monitoring, sites can either be“tar-
geted”, i.e., relevant to special studies that

focus on potential problems, or “random”,
which providesinformation of theoverall sta-
tus or condition of the watershed, basin, or
region.

Sampling season/Index period - All five
programsreviewed either use or endorsethe
use of a summer index period. The general
consensusfor thisisthat thisperiod coincides
with the low and stable flow period; these
conditions increasing the likelihood that
samplesthroughout the study will be collected
under similar flow conditions.

Stream distance sampled/sampling
reach - The method used to determine the
stream length to be sampled at a chosen site
varies among the selected programs. The
USEPA-EMAP-SW program uses a stream
length that is 40 times the wetted width or
150 m, whichever isgreater. Thereach length
sampled by the USGS-NAWQA program
includes two types of geomorphic channel
unitsor 20 timesthe channel width if repeti-
tive geomorphic channel unitsare not present.
Acceptable ranges for wadeable streams is
150 to 300 m where the acceptable range for
boatabl e stream is 500 to 1000 m. Ohio EPA
samples 150 to 200 m in wadeable streams
and 500 m in boatable streams. MDNR-
MBSS uses a fixed stream length of 75 m.
The USEPA-RBP manual suggests that ei-
ther afixed-distance method or aproportional -
distance method of determining reach length
would be acceptable, but final decisions
should be based on the goals of the study as
well as results of pilot studies conducted in
the study area.

Sampling method - All of the programs
reviewed in this document use e ectro-fish-
ing, either alone or in conjunction with other
sampling gear, to assess fish populations.
Ohio EPA useseélectro-fishing exclusively in



both wadeable and boatable streams. Each
stream lengthissampled in either 2 or 3 passes
per sampling seasonwith thed ectro-fishing gear.
The USEPA-EMAP-SW and USGS-
NAWQA usedectro-fishing methodswith the
assistance of additional gear, principally seines.
The two programs differ, however, in that the
USEPA-EMAP-SW program el ectro-fishesone
bank of the designated stream lengthin onepass
whereas the USGS-NAWQA program uses a
double-pass sampling scheme to sample both
banks on the same day. The MDNR-MBSS
al so usesadoubl e-pass € ectro-fishing method
to sample both banks on the same day in addi-
tion to incorporating the use of block nets to
delimitthereachif necessary. Theuseof seines
to delimit a stream reach is also occasiondly
employed by the USEPA-EMAP-SW program.
The USEPA-RBP endorses a single pass
€lectro-fishing method supplemented with sein-
ing and further suggeststhe use of block netsto
delimit thereach if necessary.

Measure of fish community health - Many
of themetricsusedintheregionally-devel oped
| Blsoverlap between the programs. Among the
three programs that have published IBIs, the
number of metrics employed varies. The
USEPA-EMAP-SW IBI contains 16 metrics,
the Ohio EPA 1BI contains 12 metrics, and the
MDNR-MBSSIBI contains 8 metrics. Within
programs, some metrics vary depending upon
the size of the stream sampled (Ohio EPA) or
uponitslocation (MDNR-MBSS).

In addition to its own I BI, the Ohio EPA
also uses a modified version of Gammon’s
(1976) lwb. Thisindex incorporates measure-
mentsconcerning the structure of thefish com-
munity.

All sampled Stesarescored against anes-
tablished set of criteria The USEPA-EMAP-
SW program compares sampled Sitesto expec-
tationsfor minimally degraded streams. Mini-

mally impacted valueswerederived from sites
scoring inthe upper 15% of all sites sampled.
Individual sites are therefore compared to a
reference condition rather than valuesderived
fromminimally impacted reference sites. The
USGS-NAWQA, USEPA-RBP, Ohio EPA,
and MDNR-MBSS programs either use or
suggest the use of reference sites. This in-
volves comparing sampled sitesto the value
expected at areference sitelocated inasimi-
lar geographic region where human influence
hasbeen minimal.

6.9 Conclusions
Regarding Potential
Comparisons Of Fish
Data

Different researchers and programs may
have different reasons for conducting
bioassessments and these differences do not
necessarily requirethesameleve or typeof ef-
fortinsamplecollection, taxonomicidentifica:
tion, or data analysis (Gurtz and Muir 1994).
However, different methods of sampling and
analysismay yield comparabledatafor certain
objectivesdespitedifferencesin effort (Barbour
et d. 1999). As an example, we can compare
the conclusions drawn by different programs
conducting research in the same areas. A pilot
field study comparing some of the methods of
three of the reviewed programs (USEPA-
EMAP-SW, USGS-NAWQA, Ohio EPA) con-
currently inlargeriver systemswas conducted
inthe summer of 1999. Such studieswill yield
useful information about methods employed,
especially in reference to the effectiveness of
compared methods in detecting differences
when they exist and not detecting differences
when they do not exist. Such comparisons
would aso be beneficia to cost and benefit
anaysesof methodologies.
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Appendix A
Descriptions Of The Habitat
Assessment Parameters

A.l1 Description of
USEPA-EMAP-SW
Habitat Assessment
Parameters

The habitat assessment index being de-
veloped by USEPA-EMAP-SW currently
contains three distinct indices: 1) the Rapid
Habitat Assessment (RHA) index; 2) the
Physical Habitat Assessment (PHab) index;
and 3) the Streams/RiversA ssessment (SRA)
index. Short descriptions of the individual
assessment metric comprising these indices
are given below (Kaufmann and Robison
1998).

A.1.1. USEPA-EMAP-SW
Rapid Habitat
Assessment Index
(RHA)

The USEPA-EMAP-SW RHA index is
very similar to both the MDNR-MBSS and
USEPA-RBP indices. The 12 metrics used
inthe RHA index are described below. Each

ranking category has a range of possible
scores associated with it (i.e., Optimal 20 to
16, Sub-Optimal 15to 11, Marginal 10to 5,
Poor 5 to 0) based on an assessment of the
entire sample segment. A total maximumin-
dex scoreof 240ispossible. Unlikethe QHEI,
no negative metric scores are used and no
habitat-ranking scheme has been produced.

1) Instream Cover (Fish) - Scores are
based on the amount and diversity of useable
fish cover types observed across the entire
sampling segment. The highest scores are
given to areas having more than a 50% mix
of boulders, cobble submerged logs, under-
cut banks, or other stable habitat and judged
to have adequate amount of habitat. Thelow-
est scores are given to areas with less than
10% of these cover types and that obviously
lack an adequate amount of habitat. Scored O
to 20.

2) Epifaunal Substrate - Scores are
based on assessing the entire sampling seg-
ment for the presence and size of riffles and
the amount of cobble substrate present. The
highest scores are given to areas that have
well-devel oped riffles and runs and streams



with an abundance of cobble. The lowest
scoresare givento areasin which rifflesand
runs are amost non-existent and that lack
cobble substrate. Scored 0 to 20.

3) Vel ocity/Depth Regimes - Scoring of
thismetric isbased on the variety and veloc-
ity of vel ocity/depth regimesfound withinthe
stream sampl e segment. Streamswith thefour
velocity regimes, slow-deep, slow-shallow,
fast-deep, and fast-shallow, are scored the
highest and those that are dominated by one
vel ocity/depth regime (usually dow-deep) are
scored the lowest. Scored 0 to 20.

4) Frequency of Riffles- Scoresfor this
metric are based on the frequency and occur-
renceof rifflesand thevariety of habitat found
within the stream sample segment. Streams
with frequent riffles and diverse habitat are
scored the highest. Streamswith poor habitat
and low frequency of well-developed riffles
are scored the lowest. Scored 0 to 20.

5) Channel Alteration - Scoring of this
metric is based on the type and amount of
channel ateration and disruption found within
the stream sample segment. Streamswith no
channelization or dredging present are scored
the highest and those that are dominated (more
than 80% of thereach) by channelization and
disruption are scored the lowest. Scored 0 to
20.

6) Bank Condition (Bank Erosion) -
Scoresfor this metric are based on evidence
of bank stability and erosion. Streams with
stable banks and showing little evidence of
erosion or bank failure are scored the high-
est. Streamsthat have unstable banks, banks
with many eroded areas, and banks showing
60 to 100% evidence of erosional scarring are
scored the lowest. Scored 0 to 20.

7) Embeddedness- Scoring for thismet-
ricisbased on the percentage of stream gravel,

cobble, and boulder particle surface areathat
issurrounded by fine sediment or flocculent
materias. High scoresaregivenfor areaswith
low embeddedness (0 to 25% surrounded) and
low scores are given to areas with high
embeddedness (more than 75% surrounded).
Scored 0 to 20.

8) Channel Flow Satus- Scoresfor this
metric are based on the degree to which wa-
ter fillsthe channel and theamount of exposed
substrate that occurs within the channel.
Streamsin which the water reaches the base
of both banksand avery small proportion of
the channel substrate is exposed are scored
the highest. Streamsthat havelittle water in
the channel, most of which is in standing
pools, are scored the lowest. Scored 0 to 20.

9) Riparian \lgetation ZoneWdth (Least
Buffered Sde) - Scoresfor thismetricarebased
on thewidth of theriparian zone and the pres-
ence or absence of human disturbances.
Streams with a riparian zone width of more
than 18 m and no evidence of impacts from
human activities are scored the highest.
Streams with a riparian zone width of less
than 6 m and evidence of human activities
are scored the lowest. Scored 0 to 20.

10) Sediment Deposition - Scoresfor this
metric are based on the degree of bar devel-
opment and the extent that the stream chan-
nel is affected by sedimentation within the
stream sample segment. Streamswith littleor
no bar enlargement and those wherelessthan
5% of the stream bottom is affected by sedi-
ment deposition are scored the highest.
Streamswith heavy depositsof fine sediment,
increased bar development, and more than
50% of the bottom changing frequently due
to sedimentation are scored thelowest. Scored
0to 20.

11) Bank Viegetative Protection - Scores
for thismetric are based on the percentage of



the stream bank surfacesthat are covered by
vegetation. Streamsthat have morethan 90%
of their bank surfaces covered by vegetation
are scored the highest. Streamsthat haveless
than 50% of their bank surfaces covered by
vegetation are scored the lowest. Scored 0to
20.

12) Grazing or Other Disruptive Pres-
sure - Scoresfor thismetric are based on the
degree of vegetative disruption by mowing
or grazing on the banks of the stream. Stream
banksthat are minimally disturbed are scored
the highest. Streamswith banksthat have very
disturbed vegetation (vegetation removed to
an average of < 2") are scored the lowest.
Scored 0 to 20.

A.1.2 USEPA-EMAP-SW
Physical Habitat
Assessment Index
(PHab)

ThePHab hasfour primary metrics, each
of whichis made up of avarying number of
sub-metrics. Many of these sub-metrics are
based on direct numerical measurementsmade
inthefield and aretherefore quantitativerather
than qualitative. Some of the PHab metrics
are based on ranked categories of field mea-
surements. The goa of the PHab sampling
design is to assess habitat and other stream
conditionsover the sampling reach. No over-
all composite scoreisproduced by thisindex.

1a-g) Thalweg Profile- Thethalweg pro-
fileisalongitudinal survey of the sub-metrics:
Maximum Depth, Wetted Width, Bar Width,
Soft/Small Sediment Presence, Channel or
Pool Type, Pool Forming Element, and Sde
Channel Presence. The thalweg measure-
ments (except wetted width) are generally
taken at 100 to 150 equally spaced points (10

to 15 intervals between each of 11 channel
cross-section sampling stations) along the
centerline of the stream between thetwo ends
of the sample reach. Thalweg wetted width
ismeasured at 21 equally spaced intervals (at
each of 11 channel cross-section sampling
stationsand a station mid-way between cross-
section sampling stations). Spacing of thethal-
weg measurements is based on the channel
width. Thesamplesaretakenat 1 m, 1.5mor
0.01 times reach length, for channel widths
of less than 2.5 m, 2.5 to 3.5 m, and more
than 3.5m, respectively. Samplingisdesigned
to resolve deep areas and habitat units that
range from 1/3 to %2 the channel width. Sam-
pling proceeds upstream along the middle of
thechannel. Datafrom thethalweg profileis
intended to allow the calculation of indices
of residual pool volume, stream size, channel
complexity, and the relative proportions of
habitat types such asrifflesand pools.

1a) Thalweg Profile, Maximum Depth -
Thegreatest depthin the channel ismeasured
to the nearest cm, at each of the 100 incre-
mentsof length upstream along the mid-chan-
nel line. The thalweg maximum depth is not
necessarily the mid-channel line.

1b) Thalweg Profile, Wetted Width - The
thalweg wetted width is the width between
theleft and right wetted boundaries (the point
at which substrate particlesareno longer sur-
rounded by freewater). It ismeasured across
and over bars. Widths are measured to the
nearest 0.1 mfor widthsup to 3m and to the
nearest 5% of thewidthif thewidthisgreater
than 3m. They are usually only measured at
21 sample stations. However, if ahigher reso-
lution is needed, thalweg wetted widths can
betaken at all 100 to 150 sample stations.

1c) Thalweg Profile, Bar Width - Bars
are defined by PHab as channel features be-



low the bankfull mark that are dry during
baseflow conditions. ISlands arefeaturesthat
aredry even during bankfull conditions. If a
mid-channel featureisashigh asthe surround-
ingflood plain, itistreated asanidand. When
present, bar widths are determined at each
thalweg.

1d) Thalweg Profile, Soft/Small Sediment
Presence - When the rod or staff is used to
make the thalweg depth measurement, it is
also used to determinethe presence or absence
of small, loose, soft sediments at each of the
thalweg sampling stations. Small/soft sedi-
ments are defined by PHab as fine gravel,
sand, silt, clay, or muck.

le) Thalweg Profile, Channel or Pool
Type- A channel unit scale habitat classifica-
tionisusedtovisually determineand classify
channel or pool featuresinto one of 12 pos-
sible categories at each of the thalweg sam-
pling stations. These categoriesinclude: glide,
riffle, rapid, cascade, falls, dry channel, or
one of fivepool types. Thefeature should be
at least aslong asthe channel iswideif itisto
beincluded.

1f) Thalweg Profile, Pool Forming Ele-
ment - When present, poolsare classified us-
ing seven categories, based on the element
from which the pool isformed (e.g., boulder,
large woody debris, etc.).

19) Thalweg Profile, Sde Channel Pres-
ence- The presence of side channelsisnoted
at each of the thalweg sampling stations.
Notes about their point of convergence and
divergence with the main channel are taken.

2) Woody Déebris- The large woody de-
bris (LWD) measurement used by PHab isa
simplified version of Robison and Beschta's
(1990) method. It provides quantitative esti-
mates of the number, size, total volume and

distribution of wood in the stream reach.
LWD isdefined by PHab aswoody material
with asmall end diameter of at least 10 cm
and alength of at least 1.5 m. All pieces of
LWD in (partially or fully) or spanning the
active channel (flood channel up to bankfull)
aretallied for the area between each sampling
crosssection. Thetalliesare assigned to sepa-
rate categories based on: 1) location in the
channel (aboveorin), 2) length(1.5to5m, 5
to 15m, or morethan 15m) and 3) largeend
diameter (morethan 0.8 m, 0.8t0 0.6 m, 0.6
t00.3m, 0.3tolessthan 0.1 m). When length
is evaluated, only the part with a diameter
more than 10 cm is included. Each piece of
LWD is counted as one tally entry and the
whole pieceisincluded even if part of it is
outside the bankfull channel. The LWD is
assigned to the sampling cross section con-
taining thelarge end.

3a-¢) Channel and Riparian Cross-Sec-
tions- Threeprimary classes of measurements
areperformed at the 11 channel crosssection
stations: 1) quantitative measurements of
channel cross-section dimensions, bank char-
acteristicsand stream channel gradient, sinu-
osity, and riparian cover; 2) visual estimates
of substrate size class and embeddedness, ar-
eal cover class and type of riparian vegeta-
tion in canopy, mid-layer and ground cover,
areal cover classof fish concealment features,
aguatic macrophytes, and filamentous algae;
and 3) recorded observations of human dis-
turbances and their proximity to the channel.

3a) Channel and Riparian Cross-Sec-
tions, Quantitative Measurements- Thecross-
sectional dimensions, bankfull width, wetted
width and bar width are measured asdescribed
above for the thalweg profile stations. The
channel bankfull height is estimated as the
height of the bankfull flow above the water
level. The channel incised height isestimated



as the height from the water surface to the
first terrace of the flood plain (the areaat or
abovethe bankfull height). The slopeor gra-
dient, determined using aclinometer, and the
bearing, determined using a compass, are
measured between the cross section stations.
Supplementa measurementsaretaken in Situ-
ationswherethedirect line of sight between
stationsisobscured. Estimatesof residual pool
depth and volumes may be made possible, by
applying methods described by Stack (1989)
and Robison and Kaufmann (1994), to the
slope and the thalweg depth and width mea-
surements. Channel sinuosity can be com-
puted using the bearing and distance measure-
ments. Riparian canopy cover over the stream
is quantified using a Convex Spherical
Densiometer (Lemmon 1957). Four readings
(one in each direction while standing in the
center of the stream) are taken at each of the
11 cross section stations. Two bank sideread-
ings (one on each bank) are also taken at each
site. These measurements are made with the
observer’sback to the stream.

3b) Channel and Riparian Cross-Sec-
tions, Visual Estimates - Substrate size class
and embeddedness are evaluated at five
equally spaced points centered between the
wetted channel width boundaries, at each of
the 11 channel cross section stations. Water
depth and distance from the left bank isalso
determined at each sampling point. The sub-
strate at each point isvisually inspected and
classified into one of 11 categories based on
sizeor origin. For particleslarger than sand,
the average embeddednessin a 10 cmcircle
is estimated. Observations are made to esti-
mate areal cover class and type of riparian
vegetation in canopy (more than 5 m high),
mid-layer or understory (0.5to 5mhigh), and
ground cover (lessthan 5 m high). A portion
of the riparian zone from the shoreline to a
distance of 10 m on either side of the bank

and 5 m up and down stream (10 m X 10 m
areaon each bank) is assessed at each of the
11 channel cross-section stations. For each 10
m X 10 m area, and for the canopy and un-
derstory cover categories, the percent total
cover (expressed asone of four possible cat-
egories. 1 = Sparse, <1%; 2 = moderate, 10
to 40%; 3 = heavy, 40 to 75%, or 4 = very
heavy, >75%) comprised by each of five
broad vegetation typesis noted. The percent
total cover isaso estimated for each bank area,
using the sameclassification for big and small
trees in the canopy, woody and non-woody
vegetation in the understory; and woody, non-
woody, and barren categories in the ground
cover layer. Using the classification scheme
outlined above, the percent total areal cover
of seven kinds of fish conceal ment features
(e.g., aquatic macrophytes, filamentousal gae,
woody debris, etc) isestimated for thearea5
m up and down stream at each of the 11 chan-
nel cross section stations.

3c) Channel and Riparian Cross-Sec-
tions, Recorded Observations- The presence
and proximity of 11 categories of human in-
fluencein theriparian and stream areas 5 m
up and down stream at each of the 11 chan-
nel cross section stations, is noted.

4) Discharge - Dischargeismeasured at
one location in each sample segment by one
of four methods: 1) velocity-area(Linsley et
al. 1982), 2) portable weir, 3) calibrated
bucket, or 4) time of movement of aneutrally
buoyant object. The velocity-areamethod is
preferred in streams large enough to use a
water velocity meter. Using thisapproach, the
water velocity at a depth of 0.6 of the total
depth, at each of 15 to 20 points, equally
spaced acrossthe stream width, ismeasured.
In smaller streams one of the other methods
may need to be used. Dischargeis measured
at the point, where the water chemistry
samplesaretaken.



A.1.3 USEPA-EMAP-SW
Streams/Rivers

Assessment Index (SRA)

The USEPA-EMAP-SW SRA index is
based on approximately 5 metrics (or com-
ponents), depending on how they are
grouped. Two of the components, General
Assessment and Local Anecdotal Information
arewritten descriptions. Theremaining SRA
metricsare based on ranked categoriesof field
measurements and classified lists of field ob-
servations. NoO scores are assigned to any of
the metrics. Like the measurements for the
PHab, it isunclear how these measurements
will be utilized in an analysis scheme and no
overall index scorefor the SRA isavailable.

1) Watershed Activities and Distur-
bances - Watershed activitiesare brokeninto
five major types: residential, recreational,
agricultural, industrial, and stream manage-
ment. Listed under each of these activity cat-
egoriesisareexamplesof typica disturbances
associated with each activity. The presence
or absence of each disturbance is noted and
theintensity of each disturbanceranked into
one of three categories, low, moderate, or
high.

2a-c) Reach Characteristics - Three
major categories: vegetation cover type, land
use, and water clarity are used to describe and
classify the character of the stream sampling
reach.

2a) Reach Characteristics, Vegetation
Cover - Thevegetative cover observed at the
samplereach isnoted and classified into one
of five possible categories: forest, shrub, wet-
land, bare ground, or macrophytes. During
this process, each vegetation cover type is
ranked, based on the percent of the reach it
comprises (i.e., rare <5%, sparse 5 to 25%,
moderate 25 to 75%, and extensive >75%).

2b) Reach Characteristics, Land Use/
Type - The land use/type observed at the
samplereachisnoted and classified into one
of four possible categories: agriculture row
crop, agriculture grazing, logging, or devel-
opment. During thisprocess, land use/typeis
ranked, based on the percent of the reach it
comprises (i.e., rare <5%, sparse 5 to 25%,
moderate 25 to 75%, and extensive >75%).

2¢) Reach Characteristics, Water Clar-
ity - Thetype of water clarity observed at the
steisranked into one of four categories: clear,
murky, highly turbid, or storminfluenced.

3a-b) Waterbody Character - Two cat-
egories, disturbance impact and aesthetic
quality, are used to assessthe waterbody char-
acter at each samplereach.

3a) Waterbody Character, Disturbance
Impact - The waterbody character at each
samplereachisassessed for thedegree of dis-
turbance impact observed. This metric is
ranked from 1 (highly disturbed) to 5 (pris-
tine).

3b) Waterbody Character, Aesthetic
Quality - The waterbody character at each
samplereachisassessed for it saesthetic qual-
ity. Thismetric isranked from 1 (unappeal-

ing) to 5 (appealing).

4) General Assessment - A general as-
sessment is conducted for stream reach by
taking notesonthewildlife, vegetation diver-
sity, and forest age class (0 to 25, 25 to 75,
>75yrs) observed at the site.

5) Local Anecdotal Information - Local
anecdotal information for the study reach is
described.

A.2 USEPA-RBP

The USEPA-RBP index isvery similar
to both MDNR-MBSS and USEPA-EMAP-



SW RHA indices. A short description of each
of the 13 metrics that comprise the USEPA-
RBP habitat assessment index are listed be-
low (Barbour et al. 1999). Three of the
metrics, embeddedness, frequency of riffles,
and velocity/depth combinations, are only
used at high gradient sites, and three of the
metrics, pool substrate, pool variability, and
channel sinuosity, areonly used at low gradi-
ent sites. Asaresult, only ten metricstotal are
used at any one site. Each ranking category
hasarange of possible scores associated with
it (i.e., Optimal 20 to 16, Sub-Optimal 15 to
11, Margina 10 to 5, Poor 5 to 0) based on
an assessment of the entire sample segment.
All of the metrics have a maximum score of
20 points. The metrics bank stability, bank
vegetation protection, and riparian vegetation
zone width, have maximum scores of 10
pointsfor each bank (maximum 20 pointsto-
tal). A total maximum index score of 200
pointsispossible.

1) Epifaunal Substrate and Available
Cover - Used to assesstherelative quality of
natura structuresinthe stream assitesfor use
asrefugia, feeding, and reproduction. Scores
are based on the amount and diversity of sub-
stratefor epifaunal colonization and fish cover
observed acrossthe entire sampling segment.
The highest scores are given to areas having
more than a 70% (in high gradient streams)
or more than 50% (in low gradient streams)
mix of favorable, stable, substratesand cover
types such as submerged logs/snags, under-
cut banks, cobble, or other stable habitat and
at astageto allow full colonization. Thelow-
est scores are given to areas with less than
20% (in high gradient streams) or less than
10% (in low gradient streams) of these cover
types and that obviously lack an adequate or
stable habitat. Scored 0 to 20.

2) Velocity/Depth Combinations (High
Gradient) - Thismetricisonly used for high-

gradient streams. Scoring of this metric is
based on the variety of velocity of velocity/
depth regimesfound within the stream sample
segment. Streams with the four velocity re-
gimes, slow-deep, slow-shallow, fast-deep,
and fast-shallow, are scored the highest and
those that are dominated by one velocity/
depth regime (usually slow-deep) are scored
the lowest. Scored 0 to 20.

3) Pool Substrate Characterization
(Low Gradient) - Thismetricisonly used for
low-gradient streams. It isused to assessthe
type and condition of substrates found in
pools. Scoring for thismetric isbased onthe
presence of particular substrate types, root
mats, and submerged aquatic vegetation
(SAV). Generaly, an area with diverse sub-
strates support amorediverse array of organ-
ismsas compared to areaswith uniform sub-
strates. Scores are high for areas exhibiting
the presence of mixed substrates, gravel and
firm sand, root mats, and SAV. Scoresarelow
for areas with hard-pan clay or bedrock and
no SAV. Scored 0 to 20.

4) Pool Variability (Low Gradient) - This
metricisonly used for low-gradient streams.
It ratesthe overall mixture of pool typesfound
in streams by size and depth. Scoring of this
metric is based on the variety of basic pool
types found within the stream sample seg-
ment. Streams that have all four pool types,
large-deep, large-shallow, small-deep, and
small-shallow, are scored the highest and
those that are dominated by one pool type
(usually small-shallow) or that lack pools, are
scored the lowest. Scored 0 to 20.

5) Frequency of Riffles or Bends (High
gradient) - Thismetricisonly used for high-
gradient streams. Scores for this metric are
based onthefrequency or occurrence of riffles
and the variety of habitat found within the



stream sample segment. Streamswith frequent
rifflesand diverse habitat are scored the high-
est. Streamswith poor habitat and alow fre-
guency of well-developed riffles are scored
the lowest. Scored 0 to 20.

6) Channel Alteration - Isused to assess
theimpact of large scal e changes on the shape
of the stream channel. Scoring of thismetric
is based on the type and amount of channel
ateration and disruption found within the
stream sample segment. Streams with no
channelization or dredging present are scored
the highest and those that are dominated
(>80% of the reach) by channelization and
disruption are scored the lowest. Scored 0 to
20.

7) Bank Sability (Condition of Banks) -
Scoresfor this metric are based on evidence
of bank stability and erosion. Eroded banks
indicate aproblem of sediment movement and
deposition, and suggest ascarcity of cover and
increased organic input to streams. Streams
with stable banksand showing little evidence
of erosion or bank failure (<5% affected) are
scored the highest. Streamsthat have unstable
banks, banks with many eroded areas, and
banks showing 60 to 100% evidence of ero-
sional scarring, are scored thelowest. Scored
0to 10 for each bank, O to 20 total.

8) Embeddedness (High Gradient) -
This metric is only used for high-gradient
streams. It isused to assessthe extent towhich
stream substrates are buried by silt, sand or
mud. Scoring for thismetric is based on the
percentage of stream gravel, cobble, and boul -
der particle surface areathat is surrounded by
finesediment. Scoresarehigh for areasof low
embeddedness (0 to 25% surrounded) and
low for areaswith high embeddedness (>75).
Scored 0 to 20.

9) Channel Flow Status- Scoresfor this
metric are based on the degree to which wa-

ter fillsthe channel and theamount of exposed
substrate that occurs within the channel.
Streams in which the water reaches the base
of both banksand avery small proportion of
the channel substrate is exposed are scored
the highest. Streams that have little water in
the channel, most of which are standing pools,
are scored the lowest. Scored 0 to 20.

10) Riparian Vegetation Zone Width
(Least Buffered Sde) - Scoresfor thismetric
are based on the width of the riparian zone
and the presence or absence of human distur-
bances. Streams with a riparian zone width
of more than18 m and no evidence impacts
from human activities are scored the highest.
Streams with a riparian zone width of less
than 6 m and evidence of human activities
are scored thelowest. Scored 0to 10 for each
bank, O to 20 total.

11) Sediment Deposition - Isused to as-
sesstheimpact of sedimentation on the stream
bottom and pools. Scores for this metric are
based on the degree of bar development and
the extent that the stream channel is affected
by sedimentation within the stream sample
segment. Streamswith littleor no bar enlarge-
ment and those where lessthan 5% (for high-
gradient streams) or less than 20% (for low-
gradient streams) of the stream bottom is af -
fected by sediment deposition are scored the
highest. Streamswith heavy deposits of fine
sediment, increased bar development, and
morethan 50% (for high-gradient streams) or
more than 80% (for low gradient streams) of
the stream bottom changing frequently due
to sedimentation, are scored the lowest.
Scored 0 to 20.

12) Bank Vegetative Protection - This
metric suppliesinformation on the ability of
the bank to resist erosion aswell as some ad-
ditional information on the potential for nu-



trient uptake by plants, the control of instream
scouring, and stream shading. Scoresfor this
metric are based on the percentage of the
stream bank surfacesthat are covered by veg-
etation. Streamsthat have more than 90% of
the bank surfaces covered by vegetation, par-
ticularly native vegetation, with littleevidence
of grazing or mowing are scored the highest.
Streamsthat have lessthan 50% of their bank
surfaces covered by vegetation, disruption of
streamside vegetation isvery high, and veg-
etation has been removed to an average height
of less than 5 cm, are scored the lowest.
Scored 0 to 10 for each bank, 0 to 20 total.

13) Channel Snuosity (Low Gradient)
- This metric is only used for low-gradient
streams. Scores for this metric are based on
degree of meandering or sinuosity that occurs
over the channel length. Itisused for streams
in which distinct riffles are uncommon.
Streams in which the bends in the channel
increasesitslength by threeto four timesare
scored the highest. Streams with straight
channelsare scored thelowest. Channel braid-
ingisconsidered normal in coastal plainsand
low-lying areas so thisparameter isnot easily
ranked in these areas. Scored 0 to 20.

A.3 Descriptions of
Ohio EPA’s (QHEI)
Parameters

Listed below is a short description of
each of the seven metrics that comprise the
QHEI (Rankin, 1989). Six of the metricsare
based on two or four scored sub-metrics. Each
sub-metricisfurther divided into scored cat-
egories which are matched with field obser-
vationsto produce the scores. The Gradient
metricistheonly metric that doesnot contain
asub-metric. To compute afinal overal score
for the QHEI, the scores of the sub-metrics

are summed and then the scores of the com-
posite metrics are summed. The maximum
scorefor the composite metricsrangefrom 8
to 20. The maximum total score of the QHEI
index is 100.

la-b) Substrate (Type and Quality) -
Scores are based on evaluation of two
submetrics, substrate type and substrate qual-
ity. The submetric substrate type includes
identification and diversity of the substrate
types present. The submetric substrate qual-
ity includes determining the origin of the
benthic material (parent material), the extent
of silt cover, and embeddedness at the sample
site. Scored amaximum of 20.

1a) Substrate, Type - The type of sub-
strate observed in the sample segment is se-
lected from alist of ten scored categories. The
scoresrangefrom O for artificial substrateto
10 for boulder/d abs. The two most common
substrates at the sample siteareidentified from
thelist. A single category is selected twiceif
it predominates (more than 75-80% of the
bottom area or clearly is the most function-
ally dominant type). Thetotal number of sub-
strate types (morethan four = 2 points, or four
or fewer = 0 points) is used to evaluate sub-
stratediversity. Substratetypes must comprise
more than 5% of the sampling areato bein-
cluded. Any substrate types observed but not
includedinthe scored categoriesarerecorded.
Scored 0to 21.

1b) Substrate, Quality - Thetype of par-
ent material observed in the sample segment
isselected from alist of seven scored catego-
ries. The scores range from -2 for coal fines
to 1 for limestoneor tills. All of the categories
of parent materialsobserved at the samplesite
areidentified from thelist. The extent of silt
cover observed at the sample segment is
evaluated using four scored categories that



rangefromsilt heavy, (nearly al of the stream
bottom covered with a deep layer of silt; -2
points) to silt free; (substrates exceptionally
clean; 1 point). Silt cover isdefined asasub-
strate being covered by more than one inch
of silt. The extent of embeddedness observed
at the sample segment isevaluated using four
scored categoriesthat range from extensive,
morethan 75% of the sample area (-2 points)
to none (1 point). Substrates are considered
embedded if more than 50% of the surface of
the substrateisembedded in finematerial and
the substrate cannot beeasily did odged. Natu-
rally sandy streams are not included, but
streams embedded by sand as aresult of hu-
man activitiesareincluded. Scored -5t0 3.

2a-b) Instream Cover (Type and
Amount) - Scores are based on evaluation of
two submetrics, cover type and cover amount.
Scoring the submetric instream cover type
entails identifying the cover types present.
Scoring the submetric instreamcover amount
entail s estimating the amount or extent of the
useable cover at thesamplesite. (Limitedtoa
maximum 20 points)

2a) Instream Cover, Type - All the cover
types observed in the sample segment are se-
lected from alist of nine scored categories.
All of the categories are scored 1 point each
except the deep pool category, whichisscored
2 points. Cover types must comprise more
than 5% of the sampling areato beincluded.
Cover typesin areas of the stream with insuf-
ficient depth (usually <25 cm) to make them
useful are not scored. The undercut banksand
rootwad categories are not selected unless
undercut banks occur without rootwadsarea
major category. Scored 0 to 10.

2b) Instream Cover, Amount - The ex-
tent of the instream cover at the sample seg-
ment is estimated using four scored catego-

riesthat rangefrom extensive (morethan 75%
of the sample area, 11 points) to nearly ab-
sent (Iessthan 5% of the sample areaor when
no large patch of cover exists any wherein
the sampling area, 1 point). If the estimated
amount of cover falls between two catego-
ries, then both categories are chosen and the
scores averaged. Scored 1to 11.

3a-d) Channel Morphology - Scores are
based ontheeva uation of four submetrics, chan-
nel snuosity, devel opment, channelization, and
stability. These submetricswere chosento em-
phasize facets of the stream channel that are
related to the creation and stability of stream
habitat. Scoring channel sinuosity entailses-
timating the degreeto which the channel me-
anders. Scoring channel development entails
evaluating the presence and quality of riffle/
pool habitat at the samplesite. Scoring chan-
nel channelization entailseval uating the pres-
ence and status of man-made channel modi-
fications at the sample site. Scoring channel
stability entail s estimating the degree channel
bank stability. Scored a maximum of 20
points.

3a) Channel Morphology, Snuosity -
The degree of the channel sinuosity of the
sample segment isestimated using four scored
categories. Scoring of the categoriesisbased
on the number of outside bends, how well
these bendsare defined, and the devel opment
of deep outside areas and shallow inside ar-
eas. Scores for this submetric range from 4
points for two or three well-defined outside
bends with deep outside areas and shallow
insideareas, to 1 point for astraight channel.
Scored 1to 4.

3b) Channel Morphology, Devel opment
- The presence and quality of riffle/pool habi-
tat at the sample siteis evaluated using four
categories, rangingin scorefrom excellent (7



points) to poor (1 point), based on the defini-
tion and development of quality riffle/pool
habitat. Higher scores are associated with ar-
easthat have distinct examples of deep pools
that vary in depth, deep rifflesand runs, and
riffleswith larger substrate (gravel, rubble or
boulders). Lower scoresaregivento areasthat
are predominantly glides; that lack riffles, ar-
eas that have shallow riffles and pools, and
that haveriffleswith sand and finegravel sub-
strates. Scored 1to 7.

3c) Channd Morphology, Channelization
- Evduation of the presence and status of man-
made channel modifications at the sample site
isbased onthepresenceand recovery status of
man-made channel modifications. Sites are
classified into four possible categories: none
(6 points), recovered (4 points), recovering
(3 points), or recent/no recovery (1 point). The
specific modificationisaso classfiedintoone
of nine un-scored categories. Scored 1 to 6.

3d) Channel Morphology, Sability - The
degree channel bank stability isclassifiedinto
one of three categories, high (3 points), me-
dium (2 points) or low (1 point), based onthe
quantity of bedload; signs bank erosion or
effectsof widewater level fluctuations; or the
presence of false banks. Artificialy stable
(e.g., concrete) stream channelsreceiveahigh
score, eventhough they generally haveanega
tiveimpact on fish for reasons other than sta-
bility. More stable channel stend to have stable
rifflesand pools, little bedload, and bankswith
little or no erosion. Scored 1to 3.

4a-c) Riparian Zone - Scores are based
on evaluation of three submetrics, (riparian
zonewidth, quality and bank erosion). These
submetrics were chosen to emphasize the
qudity of theriparian zonebuffer and theflood
plain vegetation. Scoring for all three
submetrics is accomplished by scoring both
banks of the stream and then averaging the

scoresto get an overal scorefor the each sub-
metric. For each sub-metric, only one category
(for each bank) should be selected unless con-
ditions are considered intermediate between
two categories. Intheseinstancesthetwo cat-
egoriesareidentified and the scoresaveraged.
Scoring riparian zone width entails estimat-
ing the width of the stream side vegetation.
Scoring riparian zone quality entailsidenti-
fying the predominant type of floodplainland
useor habitat along the banks of thesite. Scor-
ing riparian zone bank erosion entailsevalu-
ating the degree of bank alteration at the site.
Scored amaximum of 10 points.

43) Riparian Zone, Width - This sub-
metric is defined as the width of theriparian
vegetation. Width estimates are only madefor
forest, shrub, swamp and old field vegetation.
Weedy urban and industrial lots are not in-
cluded. Estimates are classified into five
scored categories. wide (more than 50 m, 4
points), moderate (10-50 m, 3 points), nar-
row (5-10 m, 2 points), very narrow (5-10 m,
2 points), and none (0 points). Scoresfor both
theleft and right banks are averaged. Scored
Oto4.

4b) Riparian Zone, Quality - The pre-
dominant type of land use or habitat observed
along each bank of the site floodplain is se-
lected is assigned to one of eight scored cat-
egories. Thefloodplain isthe either the area
immediately outside the riparian zone or
greater than 100 ft from the stream (which-
ever iswider). Scores associated with the cat-
egoriesrangefrom O pointsfor open pasture/
row crop, urban/industrial, and mining/con-
struction, to 3 points for forest/swamp. The
scorefor both banks are averaged to provide
an overall estimate of riparian zone quality
for the site. Scored 0 to 3.

4c) Riparian Zone, Bank Erosion - Ri-
parian zone bank erosion is assessed using



the Stream Bank Soil Alteration Ratingsfrom
Plattset al. (1983). Bank erosionisclassified
into one of three scored categories, none/little
(3 points), moderate (2 points), or heavy/se-
vere (1 point). The ranking categories are
based on the percentage of the stream bank
that isunstable, eroding, broken down or false
(Platts et al. 1983). Both the left and right
banks are scored and the scores averaged.
Scored 1t0 3.

5a-c) Pool/Glide Quality - Scores are
based on eval uation of three submetrics, maxi-
mum depth, current type, and morphology.
These submetrics were chosen because they
arerelated to the quality of pool/glide habi-
tats. Scoring maximumdepth entails estimat-
ing the maximum depth of the pool. Scoring
current type entails eval uating the types and
diversity of water current velocitiesfound at
the site. Scoring morphology entails assess-
ing theratio of pool width to riffle width ob-
served at the sample site. Scored amaximum
of 12 points.

5a) Pool/Glide Quality: MaximumDepth
- The observed pool habitatsare classified by
maximum depth into five scored categories
(>1m, 6 points; 0.7-1 m, 4 points; 0.4-0.7 m,
2 points; <0.4 m, 1 points; and <0.2 m, 0
points). Pools and glides with maximum
depthslessthan 20 cm are considered to have
lost their function. Scored 0 to 6.

5b) Pool/Glide Quality: Current Type -
Based on observed water flow patterns and
other characteristics such aswavesand water
borne objects, the Pool/glide current types
present at the site are classified into seven
scored categories (Fast, Moderate, Slow and
Eddies all are scored 1 point; Torrential and
Interstitial, -1 point; and Intermittent, -2
points). All of the categoriesobserved at asite
are scored and then summed to provide an
overall sub-metric score. Scored -2to 4.

5¢) Pool/Glide Quality: Morphology -
Based ontheratio of pool widthtorifflewidth
observed at the sample site, the pool/glide
morphology is classified into one of three
scored categories. Wide, pool width>riffle
width (2 points); Equal, pool width=riffle
width (1 point); and Narrow, pool width<riffle
width (0 points). If theentirearea(including
the areas outside the sampling zone) is pool
then the pool =riffle category isused. Scored
Oto 2.

6a-c) Riffle/Run Quality (Depth, Sub-
strate Sability and Substrate Embeddedness)
- Scores are based on evaluation of three
submetrics, (depth, substrate stability and
substrate embeddedness). These submetrics
were chosen because they are related to the
quality of riffle/run habitats. Scoring the sub-
metric depth entails estimating the depth of
theriffle. Scoring the sub-metric substrate sta-
bility entailsevaluating the type and stability
of riffle habitats at the site. Scoring the sub-
metric substrate embeddedness entail sassess-
ing the degree to which cobble, gravel and
boulder substrates are surrounded or covered
by fine material (sand, silt). Scored a maxi-
mum of 8 points.

6a) Riffle/Run Quality, Depth - The ob-
served riffle habitats are classified by depth
into one of four scored categories: generally
deeper than 10 cm with a maximum depth
morethan 50 cm (4 points); generally deeper
than10 cm with a maximum depth less than
50 cm (3 points), generally 5-10 cm (1 point),
or generally lessthan 5 cm (0 points). Scored
Oto4.

6b) Riffle/Run Quality, Substrate Sta-
bility - Based on substrate type and stabil-
ity, rifflesare classified into three scored cat-
egories, stable (cobble, boulder, 2 points),
moder ately stable (peagravel, 1 point), and



unstable (gravel or sand, O points). Scored
Oto 2

6¢) Riffle/Run Quality, Embeddedness -
The extent of embeddedness of the sample
segment is evaluated using four scored cat-
egoriesthat range from extensive (more than
75% of the samplearea, -1 points) to none (2
points). Substrates are considered embedded
if more than 50% of the surface of the sub-
strate is embedded in fine material and the
substrate can not be easily dislodged. Scored
-1to 2.

7) Gradient - Scoresareassignedto the
sites based on the local stream gradient cal-
culated using a7.5 topographic map. Thegra-
dient is calculated by measuring the stream
length between first contour lines up and
down stream of the sample site and dividing
the distance by the contour interval. If the
contour lines are too close together, amini-
mum distance of one mile should be used.
Judgement may need to beexercisedin areas
containing features such as waterfals and
impoundments. Scoresincrease asthe gradi-
ent increasesto amaximum of 10 pointsfor a
gradient of 9.9to 13.1 feet per mile, after which
the scores decline with increasing gradient.
The lowest score is assigned sites that have
gradients in excess of 65.6 ft per mile (2
points). Scored amaximum of 10 points.

A.3.1 Ohio EPA QHEI
Additional
Miscellaneous Habitat
Measurements

Miscellaneous Measurements Made -
Other measurements made in the course of
completing an Ohio EPA QHEI include: 1)
classification of channel morphology/modi-
fications, 2) percent composition of poal, riffle

and run features in the stream reach; 3) the
gear distance, water clarity and water stage,
during each of three el ectroshocking passes,
4) an aesthetic rating of the stream reach; 5)
the percentage of canopy opening above the
stream reach; 6) aranking of the stream gra-
dient (high, low, or moderate); 7) quantita-
tive measurements of stream reach average
width and average and maximum depth; 8)
quantitative measurementsof pool/glide/riffle/
run length, width and depth; and 9) notes on
the representativeness of the reach with re-
gard to the stream and pol lution impacts over-
all. These measurements/observationsare not
scored or used in the final QHEI scoring.

A.4 Descriptions Of
Maryland (MDNR-MBSS)
Qualitative Habitat
Assessment

Listed below is a short description of
each of the 13 metrics that comprise the
MDNR-MBSS QHA index (Roth et al.
1997b). Only 9 of the 13 metrics are scored.
Each scored metric has amaximum score of
20 points. The index is still under develop-
ment and no total index score been devised.

1) Instream Habitat - Scoring of this
metric is based on the perceived value of the
habitat to the fish community. Sitesthat dis-
play avariety of habitat types, particle sizes,
and hypsographic complexity are assigned
higher scoresonly whereflowsare sufficient
for fishto utilizethese habitats. Siteslacking
these qualities are assigned low scores. The
presence of ferric hydroxide doesnot causea
lower score unless precipitates have changed
thegrossphysical nature of the substrate. Zero
scores are assigned to segments where none
of the habitat is usable by fish. Scored 0 to
20.



2) Epifaunal Substrate - The rating of
this metric is based on the amount and vari-
ety of hard, stable substratesavailablefor use
by benthicinvertebrates. The presence of fea-
turesthat inhibit colonization such asfloccu-
lent materials, fine sediments, and unstable
substrates will reduce the scores assigned to
segments. Scored 0 to 20.

3) el ocity/Depth Diversity - Scoring of
thismetricisbased onthevariety of velocity/
depth regimes found within the stream seg-
ment. Low gradient streamsare usually scored
lower. Scored 0 to 20.

4) Pool/Glide/Eddy/Quality - Scoring of
thismetricisbased on the variety and spatial
complexity of dow or still water habitat within
the sample segment. These habitats may in-
cludelarger eddiesin high gradient streams.
Higher scores are assigned to segments that
provide cover for fish (e.g., undercut banks
or woody debris). Scored 0 to 20.

5) Riffle/Run Quality - Scores for this
metric are based on the complexity and func-
tional importance of riffle/run habitat. Higher
scores are assigned to segmentsdominated by
deep rifflefrun areas, stable substrates and a
variety of current velocities. Scored 0to 20.

6) Channel Alteration - Scoresfor this
metric are based on the degree and type of
alteration of the stream channel. Some of the
typesalterationsincluded are: concrete chan-
nels, artificial embankments, obviousstraight-
ening of the natural channel, rip-rap, or re-
cent bar development. The type, placement
and extent of bar development isused as an
indicator of the degree of flow fluctuation and
substrate stability. Greater bar development
or ahigher percentage of artificial armoring
(e.g., rip-rap or concrete) of the steam bank
resultsin lower scoring. Scored 0 to 20.

7) Bank Sability - Scoring of thismetric
is based on the presence of riparian vegeta-
tion or other bank stabilizing material. The
scoringisexplicitly based on aranking of the
bank stability, the degree of erosional scar-
ring, the potential for erosion caused by flood
conditions and the degree of bank sloping.
The presence of steep slopes alone, does not
result inthe segment being scored low. Scored
0to 20.

8) Embeddedness - Scoring for thismet-
ricisthe percentage of stream gravel, cobble,
and boulder particle surface areathat is sur-
rounded by fine sediment or flocculent mate-
rias.

9) Channel Flow Status- Scoring for this
metric is the percentage of stream channel,
minus exposed substrates and landforms, that
haswater.

10) Riparian Buffer - Scored asthemini-
mum width of vegetated buffer (50 m maxi-
mum). Cultivated fields containing any bare
soil are not considered riparian buffers. For
segments which have variable buffer widths
or receive direct delivery of storm runoff or
sediments, the narrowest buffer in the segment
isscored (e.g., 0 mif parking-lot runoff en-
ters the stream directly), even though a por-
tion of the segment may have a well devel-
oped buffer. If the riparian zone on one side
slopes away from the stream and there isno
direct runoff delivery point, the score should
be based on the opposite bank. The dominant
buffer zoneis classified into one of five cat-
egories, forest, old field, emergent vegetation,
mowed lawn, tall grass, or logged area, and
the dominant adjacent land cover into one of
10 categories, baresoil, railroad, paved road,
parking-lot/industrial/commercial, gravel
road, dirt road, pasture, orchard, cropland,
or housing.



11) Shading - Scoring for thismetricis
the percentage of segment that isshaded. Both
the extent (total area) and the duration (day
length) of shading is considered in scoring
shading (e.g., full and dense shading al day
insummer is 100% and full exposure all day
inthe summer is0%).

12) Aesthetic Rating - Scoreishbased on
the visual appeal of the site, the presence of
human refuse, and the degree of
channelization and riparian vegetation distur-
bance. Segmentsin essentially anatural state,
with no human refuse and that have a visu-
ally outstanding character are scored the high-
est. Scored 0 to 20.

13) Remoteness - Scoring is based on
presence of detectable human activity and the
difficulty in accessing the segment. The high-
est scores are given to streamsthat are diffi-
cult to access, are morethan 0.25 milesfrom
the nearest road, and that show little or no
evidence of human activity. Segmentswhich

areimmediately adjacent to roadside access
or have an unnatural and/or unpleasant view,
smell, or sound are noted, are scored the low-
est. Scored 0 to 20.

A.4.1 Additional
Miscellaneous Habitat
Measurements used by
MDNR-MBSS

Miscellaneous Measurements Made -
Other miscellaneous measurements madein
the course of completing an MDNR-MBSS
habitat assessment include: 1a, b) thaweg
depth and velocity at 0, 25, 50 and 75 malong
the sample segment; 2) wetted width; 3) maxi-
mum stream depth; 4) overbank flood height;
5) categorization of adjacent land use (11 cat-
egories); 6) categorization of stream charac-
ter (26 categories); 7) number of woody de-
bris; 8) number of rootwads; and 9) flow (L at
Loc, depth, velocity).



Appendix B
Periphyton Metrics Listed in the
USEPA-RBP (1998).

B.1 Diatom Metrics

B.1.1 Total Number of
Diatom Taxa (TNDT)

TNDT isan estimate of diatom species
richness. High speciesrichnessisassumed for
unimpacted sites and speciesrichnessis ex-
pected to decrease with increasing pollution.
Slight level sof nutrient enrichment, however,
may increase species richness in headwater
or naturally unproductive, nutrient-poor
streams(Bahlset a. 1992).

B.1.2 Shannon

Diversity for Diatoms.

The Shannon Index is affected by both
the number of speciesinasampleandthedis-
tribution of individualsamong those species
(Klemm et al. 1990). Because species rich-
ness and evenness may vary independently,
under certain conditions, Shannon diversity
values can be misleading (e.g., when the to-
tal number of taxais less than 10). Assess-
ments for low-richness samples can be im-
proved by comparing the assemblage Shan-

non Diversity value to the Maximum Shan-
non Diversity value (David Beeson; S.M.
Stoller Corporation, personal communica-
tion). Species diversity, despite the contro-
versy surroundingit, hashistoricaly been used
with success as an indicator of organic (sew-
age) pollution (Wilhm and Dorris 1968, We-
ber 1973, Cooper and Wilhm 1975). Bahls et
al. (1992) uses Shannon diversity because of
its sensitivity to water quality changes, and
Stevenson (1984) suggests that changes in
species diversity, rather than the diversity
value, may be useful indicatorsof changesin
water quality.

B.1.3 Percent
Community Similarity
(PS,) of Diatoms.

The PS, index, discussed by Whittaker
(1952), was used by Whittaker and Fairbanks
(1958) to compare planktonic copepod com-
munities. It was chosen for use in diatom
bi oassessments because it shows community
smilaritiesbased on relative abundances, and
therefore givesmoreweight to dominant taxa
than to rare ones. PS, only applies to com-



parison to a control site, or to multivariate
cluster analysis. If emphasisiscomparisonto
regional reference condition (i.e., acompos-
iteof sites), PS_will not beuseful. PS_values
rangefrom O (no similarity) to 100% (identi-
ca).

Theformulafor calculating PS_is:

PS,=100-05Y & -b,
1=1

where a = the percentage of species /in
sample A and b, = the percentage of spe-
cies i in sample B.

B.1.4 Pollution
Tolerance Index for
Diatoms.

Thepollution toleranceindex (PTI1) used
by Kentucky DEP is most similar to that of
Lange-Bertalot (1979) and resembles the
Hilsenhoff bioticindex for macroinvertebrates
(Hilsenhoff 1987). Lange-Bertalot distin-
guished three categories of diatoms accord-
ing to their tolerance to increased pollution,
with species assigned a value of 1 for most
tolerant taxa (e.g., Nitzschia palea or
Gomphonema parvulum) to 3 for relatively
sensitive species. For the PTI, Lange-
Bertalot’s list has been adapted to four cat-
egoriesto differentiate alarge moderately tol-
erant group of species(similar to hissplitting
of category 2 diatoms into 2a and 2b); the
Kentucky DEP diatom pollution tolerance
valuesrangefrom one (most tolerant) to four
(most sensitive). Tolerance values have been
generated from several sources, including
Lowe (1974), Patrick and Reimer (1966,
1975), Patrick (1977), Lange-Bertalot (1979),
Descy (1979), Sabater et al. (1988), Bahlset
al. (1992), and Oklahoma Conservation Com-
mission (1993).

Theformulaused to calculate PTl is:

pri=3 b
N

where n. = number of cells counted for
species i, t = tolerance value of species
i(1,2,0r 3), and N = total number of cells
counted.

B.1.5 Percent Sensitive
Diatoms.

The percent sensitive diatomsmetricis
the sum of the relative abundances of al in-
tolerant species. Thismetricisespecially im-
portant in smaller-order streams where pri-
mary productivity may benaturally low, caus-
ing the other metrics to underestimate water

quality.

B.1.6 Percent Motile
Diatoms.

Thepercent motilediatomsisasiltation
index, astherelative abundance of Navicula
+ Nitzschia + Surriella. Thismetricis espe-
cially important in smaller-order streams
where primary productivity may be naturally
low, causing the other metrics to underesti-
mate water quality.

B.1.7 Percent
Achnanthes
minutissima.

This speciesis a cosmopolitan diatom
that hasavery broad ecological amplitude. It
isan attached diatom and often the first spe-
ciesto pioneer arecently scoured site, some-
times to the exclusion of al other algae. A.
minutissima is also frequently dominant in
streams subjected to acid minedrainage (e.g.,



Silver Bow Creek, Montana) and to other
chemical insults. The percent abundance of
A. minutissuma has been found to be directly
proportional to thetimethat haselapsed since
thelast scouring flow or episode of toxic pol-
[ution. For usein bioassessment, the quartiles
of this metric from a population of sites has
been used to establish judgement criteria(e.g.,
0-25% = no disturbance, 25-50% = minor
disturbance, 50-75% = moderate disturbance,
and 75-100% = severe disturbance). L east-
impaired streamsin Montanamay contain up
to 50% A. minutissima (Loren Bahls, retired
phycologist and Chief of Nonpoint Section
of the Montana Department of Environmen-
tal Quality, personal communication).

B.2 Non-diatom Metrics

B.2.1 Taxa Richness of
Non-diatoms

Ingeneral, aninverserelationship exists
between the number of soft algae present and
impairment. Extremely low taxarichness of
non-diatomsindicatesthe possible occurrence
of atoxicity problem (e.g., acid mine drain-
age), while high taxarichness suggestsclean
water. However, extremely high taxarichness
in low-order streams may indicate a minor
degree of nutrient enrichment, whilelow taxa
richnessmay be natural inlow-order streams
with low nutrient inputs.

B.2.2 Indicator Non-
diatom Taxa

Certain taxaare good indicators of pol-
lution. Autecological information on these
indicator taxaisavailablein published refer-
ences (Palmer 1969, 1977; Prescott 1969;
Lowe 1974; and Patrick and Reimer 1966,
1975). Indicator categories are provided in
Table B-1. Presence and rel ative abundance

TableB-1. Indicator Taxa(Taken From Kentucky
DEP1993).

Taxa Indicator Condition
Acidophilictaxa Occur at apH of 7 or below.
Alkdiphilictaxa Occur at apH of 7 or above.

Heterotrophictaxa  Haveagrowth requirement
for organic nitrogen; often
associated with wastewater

treatment plant effluents.

Tolerateelevated chloride
concentrations (including
brackishwater forms).

Halophilictaxa

Characteristic of water with
high nutrient concentra-
tions.

Eutrophictaxa

Aberrant diatoms Morphol ogical changesare
an indication of physio-
logical stressoften foundin
association with toxic

materials(e.g., metals).

All taxathat cause water to
taste and/or smell noxious;
taxawill beidentifiedin
streams used for domestic
water supplies.

Taste and odor taxa

of indicator taxaisrecorded and used in con-
junction with other data to determine water
quality impairment.

B.3 All Taxa (Diatoms
and Non-diatoms)

B.3.1 Relative
Abundances of All Taxa

Therelative abundances of al taxacan
be cal culated from counting apre-determined
number of cellsor, relative abundance of each
taxon (diatomsare combined under the head-
ing Bacillariophyceae) can be estimated as
follows:



Present in <25% of the exam-
ined fieldsand only 1 unit per
fidd

Present in 25-75% of the
examinedfiddsand 2-10
unitsper field

Rare

Common

Present in >75% of the exam-
ined fiedldsand > 10 units per
fidd.

B.3.2 Number of
Divisions Represented
All Taxa

Representatives from several phyla of
algae are common from sites with good wa-
ter quality. The number of phylarepresented
isreported asan indicator of diversity.

B.3.3 Chlorophyll a

Benthic chlorophyll a values are used
asan estimate of algal biomass. Chlorophyl|
a values can be extremely variable because
of the patchiness of periphyton distribution.
Therefore, assessments are based on amean
of three or morereplicate samples. Theseval-
ues are used to compare biomass accrual at
the same station over timeor between stations
during the same sampling period. High chlo-
rophyll avalues may indicate nutrient enrich-
ment, while low values may either indicate
low nutrient availability, toxicity, or low-light
availability because of shading, sedimenta-
tion, or high turbidity. Chlorophyll a values
are used only in support of other analyses.

Abundant

B.3.4 Ash-free Dry-
mass (AFDM)

Benthic AFDM values are used as an
estimate of total organic material accumulated
ontheartificial substrate. Thisorganic mate-
rial includesall living organisms (algae, bac-
teria, fungi, protozoa, and macroinvertebrates)
aswell as non-living detritus. Ash-free dry-
mass values have been used in conjunction
with chlorophyll a asameans of determining
the trophic status (autotrophic vs. het-
erotrophic) of streams. The Autotrophic In-
dex (Al) iscalculated asfollows:

Al = AFDM (mg/m?)/Chlorophyll a
(mg/m?).

HighAl values(>200) indicate the com-
munity isdominated by heterotrophic organ-
isms, and extremely high valuesindicate poor
water quality (Weber 1973; Weitzel 1979;
Matthews et a. 1980). Thisindex should be
used with discretion, as non-living organic
detritus can artificialy inflate the AFDW
value.

The USEPA RBP (Barbour et al. 1999)
recommends that the Al be modified as chl/
AFDM. Theindex isthen positively related
to the autotrophic proportion of the assem-
blage and not the heterotrophic component.
Also, the index will have better statistical
properties as a proportion or percent (chl/
AFDM isusually about 0.1% of the assem-
blage by mass) than in the original form as
AFDM/chl.



Appendix C
Benthic-IBI Metrics

Scoring Schemefor theB-1BI

MetricsUsedintheCoastal Plain B-1BI
Total number of taxa

Number of EPT taxa

Percent Ephemeroptera

Percent Tanytarsini of Chironomidae
Beck’ sBiotic Index

Number of scraper taxa

Percent clingers

MetricsUsed intheNon-Coastal Plain B-1BI
Total number of taxa

Number of EPT taxa

Number of Ephemeropterataxa

Number of Dipterataxa

Percent Ephemeroptera

Percent Tanytarsini

Number of intolerant taxa

Percent tol erant

Percent collectors

Coastal Plain

1. Total number of taxa - Measuresthe
overall variety of the macroinvertebrate as-
semblage. Expected to decrease with increas-
ing perturbation.

2. Number of EPT taxa - Number of
taxain theinsect orders Ephemeroptera(may-
flies), Plecoptera(stoneflies), and Trichoptera
(caddisflies). Expected to decrease with in-
creasing perturbation.

5 3 1
>24 11-24 <11
>6 36 <3
>114 20114 <20
>13.0 >0.0-13.0 00
>12 412 <4
>4 14 <1
>62.1 38.7-62.1 <387
5 3 1
>2 16-22 <16
>12 512 5
>4 24 <2
>9 69 <6
>20.3 5.7-20.3 <57
>4.8 >0.0-4.8 00
>8 38 <3
<118 11.8-48 >48
>31 135-31.0 <135

3. Percent Ephemeroptera - Percent
mayfly nymphs in the sample. Expected to
decreasewith increasing perturbation.

4. Per cent Tanytar gni of Chironomidae-
Percent of chironomids in the tribe Tanytarsini.
Bxpected todecreasewithincreasing pertur bation.

5. Beck’sBiotic I ndex - Weighted sum
of intolerant taxa (= 2 x number of Class 1
taxa+ number of Class 2 taxa; where Class 1
taxahavetolerancevaluesof Oand 1, Class 2



taxa have vauesfrom 2 to 4). Expected to de-
creasewithincreasing perturbation.

6. Number of scraper taxa- Number of
taxathat scrape food from substrate. Expected
to decreasewithincreasing perturbation.

7. Percent clingers - Percent of sample
primarily adapted for inhabiting flowing water,
asinriffles. Expected to decreasewithincreas-
ing perturbation.

Non-Coastal Plain

1. Total number of taxa - Measuresthe
overdl variety of themacroinvertebrate assem-
blage. Expected to decrease with increasing
perturbation.

2.Number of EPT taxa- Number of taxa
intheinsect orders Ephemeroptera(mayflies),
Plecoptera (stoneflies), and Trichoptera
(caddisflies). Expected to decreasewithincreas-
ing perturbation.

3. Number of Ephemeroptera taxa -
Number of mayfly taxa. Expected to decrease
withincreasing perturbation.

4. Number of Diptera taxa - Number
of “true” fly taxa(includesmidges). Expected
to decrease with increasing perturbation.

5. Percent Ephemeroptera - Percent
mayfly nymphs in the sample. Expected to
decreasewith increasing perturbation.

6. Percent Tanytarsini - Percent of
Tanytarsini midges to total fauna. Expected
to decrease with increasing perturbation.

7. Number of intolerant taxa - Num-
ber of taxa considered to be sensitive to per-
turbation (Hilsenhoff values 0-3). Expected
to decrease with increasing perturbation.

8. Percent tolerant individuals - Per-
cent of sample considered tolerant of pertur-
bation (Hilsenhoff values 7-10). Expected to
increasewith increasing perturbation.

9. Per cent collector s- Percent of sample
that feeds on detrital depositsor loose surface
films. Expected to decrease with increasing
perturbation.



Appexdix D
ICl Metrics

1. Total Number of Taxa - Taxarich-
ness has historically been a key component
in most all evaluations of macroinvertebrate
integrity. Healthy, stable biological commu-
nities have high species richness and diver-
sity. Expected to decrease with increasing
perturbation.

2. Total Number of Mayfly Taxa- May-
fliesare an important component of an undis-
turbed sream mecroinvertebratefauna They are
pollution sensitive and are often the first to
disappear with the onset of perturbation. Ex-
pected to decrease with increasing perturba-
tion.

3. Total Number of Caddisfly Taxa -
Caddisfliesare often apredominant component
of the macroinvertebrate faunain larger, rela-
tively unimpacted Ohio streams and rivers.
Though tending to be dightly more pollution
tolerant than mayflies, they display a wide
range of tolerances among types. Few can
tolerate heavy pollution stress, and arethere-
fore good indicators of environmental condi-
tions. Expected to decrease with increasing
perturbation.

4. Total Number of Dipteran Taxa - Of
al mgjor aguaticinvertebrategroups, dipterans,

especially midges of the family
Chironomidae, havethe greatest faunal diver-
sity and display the greatest range of pollu-
tiontolerances. Under heavy pollution stress,
they can often be the only insect collected.
Larval taxonomy hasimproved greetly for the
group and clear patterns of organism assem-
blages have become distinct under water qual -
ity conditionsranging fromthe pristineto the
heavily organic and toxic. Expected to de-
creasewith increasing perturbation.

5. Per cent M ayflies- The percent abun-
dance of mayflies in a sample can react
strongly and rapidly to often minor environ-
mental disturbances. Mayfly abundance is
reduced considerably under dight impact and
is essentially non-existent under severe im-
pact. Expected to decrease with increasing
perturbation.

6. Per cent Caddisflies- Percent abun-
dance of caddisflies is strongly related to
stream size. Optimal habitat and availability
of appropriate food type seemto bethemain
considerations for large populations of
caddisflies. Because of their general position
asan intermediately pollution-tolerant group
between mayfliesand dipterans, and because
they disappear rapidly under environmental



stress, zero scores are restricted to those sites
draining areas|essthan 600 square mileswhere
no caddisflies are collected. At sites draining
areasgreater than 600 square miles, gppropriate
habitat conditions are much morelikely to ex-
ist, and caddisflies should be presentin at least
minimal numbers. Expectedtodecreasewithin-
creasing perturbation.

7. Percent Tribe Tanytarsini Midges -
Tanytarsini midges are a tribe of the chirono-
mid subfamily Chironomidae. The larvae are
generdly burrowersor clingers, and many spe-
ciesbuild casesout of sand, slt, and/or detritus.
Many speciesfeed on microorganismsand de-
tritus through filtering and gathering though a
few are scrapers. Eleven generaand up to 140
gpeciesoccur in North America, thoughonly 8
generaand 21 distinct taxahave been collected
inOhio. They appear to berdatively pollution
sendtive and often disappear or decline under
evenminor pollution stress. Expected todecrease
with increasing perturbation.

8. Percent Other Dipterans and Non-
insects - Community percentage of al dipter-
ans(excluding themidgetribe Tanytarsini) and
other non-insect invertebrates, such asaguatic
worms, flatworms, scuds, aguatic sow bugs,
freshwater hydras, and snails. Thismetricisone
of two negativemetricsof thelCl. Taxaarethose
that generally tend to become predominant un-
der adversewater quality conditions. Expected
toincreasewithincreasing perturbation.

9. Percent Tolerant Organisms- Those
organismsthat appear to beextremdy pollution
tolerant and tend to predominate in casesof se-
vereperturbation. Thisisanegativemetric. List
of pollution-tolerant organisms used:

» Aguaticsegmentedworms: Oligochaeta

* Midges Psectrotanypusdyari, Cricotopus
bicinctus, Cricotopussylvestris,
Nanocladius

 didinctus, Chironomus, Dicrotendipes

Impsoni, Glyptotendi pesbarbipes,
Parachironomus

 hirtalus, Polypedilumfallax,
Polypedilumillinoense

* LimpesFerissa
* PondSnails Physdla

Expected toincreasewith increasing per-
turbation.

10. Total Number of Qualitative
Ephemeropter a, Plecoptera, and Trichoptera
Taxa - Generated by the quditative sampletaken
inconjunctionwiththeartificial substrate sam-
pling. Affected by the kinds of natural sub-
stances available in the sampling area, the
metric is a measurement of habitat quality.
Expected to decrease with increasing pertur-
bation.



Appendix E
Modified Index Of Well-being (IWB)

Iwb=05InN+05InB +H (no.) + H (wt.)

where:

N = relative numbers of all speciesex-
cluding speciesdesignated highly tol-
erant

B =relativeweights of all speciesex-
cluding species designated highly tol-
erant

H (no.) = Shannon diversity index based
on numbers.

H (wt.) = Shannon diversity index based
onweight.

Shannon Diversity Index
H=-(n)/Nlog, (n)/N

where:

n = relative numbers or weight of thei™
species
N =total number or weight of thesample

Rel ative abundance (number and weight)
dataarederived frompulsed D.C. eectro-fish-
ing catcheswhere sampling effort isbased on
aper kilometer basisfor boat methodsand on
a 0.3 kilometer basis for wading methods
(OEPA 1988).



Appendix F
Fish IBI Scoring

Justification of Selected
USEPA-EMAP-SW IBI
Metrics

1. Native species richness - Modified
from Karr's(1981) Species Richness. Native
species richness is a classic measure of
biodiversity with focus on natives. This is
important whereintroductions are common.

2. Native family richness - Replaces
Karr's (1981) Darter, Sunfish, and Sucker
Richness. A measure of biodiversity at the
family level of organization. Useful for as-
sessing the degree to which the reach sup-
portsfamiliestypically represented by only a
single species, and therefore whose losses
mean the loss of entire familiesfrom the as-
semblage.

3. Sengtive speciesrichness- Modified
from Karr's (1981) Intolerant Species Rich-
ness. Species likely to be the first to disap-
pear following anthropogenic disturbance and
thelast to recover following restoration. Most
useful at discriminating among reacheswith
higher quality assemblages.

4. Percent tolerant individuals- Modi-
fiedfromKarr's(1981) percent Green Sunfish.

Evaluatesthetendency of one or more weedy
speciesto dominatethe assemblage. Typically
highly disturbed sitesare numerically domi-
nated by tolerant species. IntheAppaachians,
the blacknose dace and creek chub are prime
examples. However, thesetaxamay naturally
dominatevery small streams. Calculated as.

1-(proportion of tolerant individualsin
excess of 10%).

5. Benthic speciesrichness- Modified
from Karr’'s(1981) Darter Species Richness.
Measures quality of habitat (substrate) for
small bottom dwelling species; includesdart-
ers, sculpins, benthic minnows (e.g., dace,
lamprey).

6. Water column species richness -
Modified from Karr’s(1981) Sunfish Species
Richness. Measures quality of water column
(especialy pools) for stronger swimming spe-
ciesthat feed largely on drifting prey; includes
sunfish, many minnows, salmonids.

7. Percent alien individuals- Thisisa
measure of the degreetowhichthesteiscon-
taminated by biological pollution. Also, they
represent adirect disturbancethemselvesasa
result of predation and competition with spe-



cies that are not adapted to coexisting with
them; includes common carp, brown trout,
rainbow trout, many sunfishes, and bass.

8. Number of trophic guilds - Mea
suresnichediversity in streams.

9. Percent top carnivore(invertivore-
piscivore) individuals- ModifiedfromKarr's
(1981) percent Carnivore; includes species
that are piscivoresor invertivore-piscivoresas
adults (bass, pike, severa sunfishes, edl). Es-
timates the ability of the food chain to sup-
port fish that prey largely on other fish, verte-
brates, or large macrobenthos. Calculated as:

proportion of top carnivores/expected
value of 10%.

10. Invertivoreindividuals- Measures
the capacity of the food base to support the
major trophic group of fishesin most streams.
Prey includes both insects and other inverte-
brates. Calculated as:

proportion of invertivores'expected value
of 50%.

11. Percent herbivores - This metric
includes herbivorous scrapers and
phytoplanktivores. These species disappear
when sediment decreases food quality. Cal-
culated as.

1 - (proportion of herbivoresin excess
of 10%).

12. Percent omnivoreindividuals- A
measure of the dominance of trophic guilds
by individualsthat can eat either plant or ani-
mal materials. These are trophic generalists
with at least 25% of itsdiet asanimalsand at
least 25% is plants. Ecomorphology (mouth
gape, dentition, pharyngeal teeth, gut length)
also suggest dietary niche. Calculated as:

1 - (proportion of omnivoresin excess
of 20%).

13. Number of specialized reproduc-
tivestrategies- ReplacesKarr’'s(1981) per-
cent hybrids. The number of different repro-
ductive strategies represented in the assem-
blage not to include generalist or broadcast
spawners. A measure of niche diversity in
streams, it evaluates the degree to which the
reach supportsavariety of reproductive strat-

egies.

14. Proportion of gravel spawning
species- Replaces percent Simple Lithophils
metric of some authors. Comprised of some
representatives of Balon's(1975) Lithophilic
A.1,A.2,.1and B.2 species.

15. Proportion of tolerant substrate
spawners - They may spawn over gravel,
vegetation, detritus, sand or silt or construct a
nest, guard it against predation and maintain
it, fanning or otherwise manipul ating the eggs
to removesilt or increase flow over the nest.
Eggs are demersal and/or adhesive. Calcu-
lated as:

1 - (proportion of tolerant reproductive
individualsin excess of 10%.

16. Total abundance - The number of
individuals collected at the site. Low abun-
dancemay result fromtoxic or extremely oli-
gotrophic waters. Calculated as:

number of individual s/expected val ue of
500.

Justification of Selected

Ohio EPA IBI Metrics

1. Total Number of Indigenous Fish
Species - This metric is used with all three
versionsof the I Bl. Exotic speciesarenot in-



cluded. Thismetricisbased on thewell-docu-
mented observation that the number of indig-
enous fish species in a given size stream or
river will declinewith increasing environmen-
tal disturbance. (Karr 1981; Karr et al. 1986).
Thus, the number of fish species metric is
expected to give anindication of environmen-
tal quality throughout the range from excep-
tional to poor. Exotic (i.e., introduced) spe-
cies present in asystem through stocking or
inadvertent releases do not provide an accu-
rate assessment of overall integrity and their
abundance may evenindicate aloss of integ-
rity (Karr et al. 1986).

2. Number of Darter Species (Wad-
ing, Headwaters), Proportion of Round-
bodied Catostomidae (Boat Method) - The
darter speciesmetricisreflective of good water
quality conditions (Karr et a. 1986). None of
the speciesin this group have been found to
thrivein degraded stream conditions. Eleven
of the 22 Ohio specieshave been found to be
highly intolerant of degraded conditionsbased
on the Ohio EPA intolerance criteria. Life
history dataon thisgroup show dartersto be
insectivorous, habitat specialists, and sensi-
tiveto physical and chemical environmental
disturbances (Kuehne and Barbour 1983).
Thesefactorsmake darter speciesreliablein-
dicators of good water quality and habitat
conditions.

3. Number of Sunfish Species (Wad-
ing, Boat), Proportion of Headwater s Spe-
cies(Headwater s) - ThismetricfollowsKarr
(1981) and Karr et al. (1986) by including
the number of sunfish species(Centrachidae)
collected at asite, excluding the black basses
(Micropterus spp.). The redear sunfish
(Lepomis microlophus) is not included be-
cause, in Ohio, it isintroduced and only lo-
cally distributed. Hybrid sunfish are also ex-
cluded from thismetric.

4. Number of Sucker Species (Wad-
ing, Boat), Number of Minnow Species
(Headwaters) - All species in the family
Catostomidae are included in this metric.
Suckersrepresent amajor component of the
Ohio fish fauna with their total biomass in
many samplessurpassing that of al other spe-
cies combined. The general intolerance of
most sucker speciesto habitat and water qual -
ity degradation (Karr 1981; Trautman 1981;
Becker 1983; Karr et al. 1986) resultsin a
metric with a sensitivity at the high end of
environmental quality. In addition the rela-
tively long life spans of many sucker species
(10-20 years) (Becker 1983) providesalong-
term assessment of past and prevailing envi-
ronmental conditions. Of the 19 species till
present in Ohio (one is extinct), seven are
widely distributed throughout the state.

5. Number of Intolerant Species
(Wading, Boat), Number of Sensitive Spe-
cies (Headwaters) - The number of intoler-
ant species metric is designed to distinguish
streamsof the highest quality. Asaresult, the
sensitivity of thismetric isat the highest end
of biotic integrity. Designation of too many
species asintolerant will prevent thismetric
from discrimination among the highest qual-
ity streams. Only species that are highly in-
tolerant to avariety of disturbanceswerein-
cludedinthismetric so that it will respond to
diversetypesof perturbations; speciesintol-
erant to one type of disturbance, but not an-
other were not included.

6. Percent Abundance of Tolerant
Species (Replacing Karr’s % Green Sun-
fish) - Thismetricisamodification of one of
Karr's (1981) origina 1Bl metrics, the per-
centage of the fish community comprised by
green sunfish (Lepomiscyanellus). Thismet-
ric wasdesigned to detect adeclinein stream
quality fromfair to poor. Thegreen sunfishis



a species that is often present in moderate
numbers in many Midwest streams and can
become a predominant component of the com-
munity in areaswith degraded habitat and/or
water quality. This ability to survive and re-
producein disturbed environments makesthis
species sensitive to changesin environmental
quality in severely impacted areas. Although
green sunfish are one of themost widely dis-
tributed and numerically abundant fish spe-
cies found in the Midwest, they show a de-
cided preference towards smaller sized and
low gradient streams. Thislimitstheir utility
in ng impactsinlarger streamsand riv-
ers. Karr et al. (1986) suggested that other
species could be substituted for the green sun-
fishif they respond in asimilar manner. Sev-
eral species meeting this criterion were in-
cluded to givethismetric animproved sensi-
tivity for the range of stream and river sizes
encountered in Ohio. Becauseindividual spe-
cieshave habitat requirementsthat are keyed
to stream size, composition of the tolerant
species metric shifts with drainage area and
thismetric remainsuseful among small, me-
dium, and large streamsand rivers.

7. Percent Omnivores- The Ohio EPA
definition of an omnivorous speciesfollows
Karr (1981) and Karr et al. (1986) with two
important distinctionsadded. Specializedfil-
ter-feeding species which technically are
omnivorousare not included. Specialist filter
feedersarerepresented in Ohio by the paddie-
fish (Polyodon spathula) and brook lamprey
ammocoetes. These speciesaregeneraly sen-
sitiveto environmental degradation. Sincethe
omnivore metric is designed to measure in-
creasing levelsof environmental degradation
due to adisruption of the food baseiit is not
appropriate to include these sensitive, filter
feeding speciesinthismetric. Thismetricwas
further restricted to those speciesthat did not

show feeding specialization and were re-
ported primarily as omnivoresin al studies
reviewed. Thisremoves such speciesaschan-
nel catfish (Ictalurus punctatus) which may
or may not feed asan omnivore under differ-
ent environmental conditions.

8. Proportion of Insectivores (All) -
This metric is designed to be sensitive over
the middle range of biotic integrity. A low
abundance of insectivorous speciescanreflect
a degradation to the insect food base of a
stream (Karr et a. 1986). As disturbancein-
creases, the diversity of benthic insects de-
creases, production becomes more variable,
and the community often becomes predomi-
nated by afew taxa(Joneset a. 1981). Thus,
specialist feeders such as specialist insecti-
voreswill decrease and be replaced by gen-
eralist feeders such asomnivores. Thisrepre-
sents amodification from Karr et al. (1986)
using insectivorous Cyprinidsaone.

9. Top Carnivores (Wading, Boat),
Proportion of Pioneering Species (Head-
waters) - Karr (1981) devel oped thetop car-
nivore metric to measure community integ-
rity in the upper functional levels of thefish
community. And Karr (1981) and Karr et al.
(1986) were followed in designating a spe-
cies as a top carnivore. Species which feed
primarily on other vertebratesor crayfish are
included inthismetric. Aswith the omnivore
metric, species which display feeding plas-
ticity areexcluded (e.g., channel catfish).

10. Number of Individualsin a Sample
(All) - Thismetric assesses popul ation abun-
dance as the number of individuals per unit
of sampling effort. Thismetricismost sensi-
tive at the low to middle end of biotic integ-
rity when polluted sitesyield fewer individu-
as(Karr eta. 1986). In such cases, the nor-
mal trophic relationshipsare disturbed enough



to either have severe effects on fish produc-
tion or directly reducefish abundancethrough
toxic effects. Asintegrity increases, total abun-
dance increases and becomes more variable
with natural factors such asionic concentra-
tion, temperature, and amount of energy
reaching the stream surface. However, cer-
tain perturbations, such aschanndization with
canopy removal, can lead to increasesin the
abundance of fishes, especially tolerant spe-
cies, (e.g., bluntnose minnow). Thus, inclu-
sion of these species may obscure negative
environmental change. To decreasethe vari-
ability inthe scoring of thismetric, it excludes
speciesdesignated astolerant.

11. Proportion of Individuals as
SimpleLithophilic Spawners- Thismetric
was designed asareplacement metric for the
proportion of individualsashybrids. In Ohio
streams, the hybrid metric was not aconsis-
tent indication of water quality. Hybridshave
been observed to occur in high quality Ohio
streams(e.g., minnow hybrids), can arisefrom
sengtive parent species(e.g., longear sunfish),
are often times absent from headwaters
streams and severely impacted streams, and
they can bedifficult toidentify. Although the
frequency of hybridization has often been
associated with habitat degradation this did
not appear consistently enough in the Ohio
EPA databaseto distinguish thistype of im-
pact.

12. Proportion of Individuals with
Deformities, Eroded Fins, Lesions, and
Tumors (DELT) (replaces Karr’'s % dis-
eased individuals) - This metric keysin on
the health of individual fish withinacommu-
nity using the percent occurrence of external
anomaliesand correspondsto the percentage
of diseasedfishinKarr’'s(1981) original IBI.
Studiesof wild fish populationshaverevea ed
that these and other anomalies are either ab-

sent or occur at very low rates at reference
Sites, but reach higher percentagesat impacted
sites (Mills et a. 1966; Berraand Au 1981,
Baumann et al. 1987). Common causes of
DELT anomalies are described in Allison et
al. (1977), Post (1983) and Ohio EPA (1988)
and includethe effectsof bacterial, viral, fun-
gal, and parasitic infections, neoplastic dis-
eases, and chemicals. Anincreaseinthefre-
guency of occurrence of these anomaliesis
generaly anindication of stressand environ-
mental degradation which may be caused by
chemical pollutants, overcrowding, improper
diet, excessive siltation, and other distur-
bances. Blackspot isnot included becausethe
presence and varying degrees of infection may
be natural and not related to environmental
degradation (Allison et al. 1977; Berraand
Au 1981). Also, analysis of Ohio data has
shown no clear relationship between black
gpot and stream degradation (Wittier et a.
1987). Other parasites are al so excluded due
to the lack of a consistent relationship with
environmental degradation although their ef-
fects can resemble and |ead to tumors, defor-
mities, and lesions. Prior to using thismetric,
Ohio EPA (1987a) should bereferred for con-
sistent data-recording proceduresand asaref-
erencefor specificanomaiesincludedineach
category.

Justification of Selected
MDNR-MBSS IBI Metrics

The metrics used in the 1Bl represent
various attributes of the fish assemblage in-
dicative of ecological quality, so that differ-
ences in metric values reflect important dif-
ferencesin stream conditions.

1. Number of native species- The con-
cept of speciesrichness has been used exten-
sively to assessthe quality of ecological sys-



tems. In most cases, the number of fish spe-
ciessupported by streamsof agivensizeina
given region decreases with environmental
degradation (Karr et a. 1986). Thereduction
in number of species may be as a result of
reduced diversity of habitats, theloss of spe-
ciesthat are sensitive to pollutants, or other
human-induced impacts. Introduced species
are not included in this metric because the
presence of these species may result in a
higher species number than would naturally
be found in a given stream. In addition, the
speciesrichnessvaluefor asitein which spe-
cies have been introduced would not reflect
the lowered richness that may result from
human disturbance at the site. Leidy and
Fiedler (1985) found that speciesrichnessin-
creased at siteswith moderate human distur-
bance mostly dueto the addition of introduced
species. There are some potential exceptions
tothisrule. For example, minimally disturbed
coldwater systems, dominated by salmonids
and sculpin, tend to have low number of spe-
cies.

2. Number of benthic species- Benthic
fish gpeciesare sengtiveto degradation of sream
benthic habitats because of thetheir specificre-
quirementsfor reproducing and feeding onthe
stream bottom (Page 1983). Benthic habitatsare
degraded by channdlization, sltation, and reduc-
tion of dissolved oxygen and are often degraded
instreamswith watershedsthat contain agreat
deal of impervious surface. Berkman and
Rabeni (1987) documented reduced abundance
of benthicinsectivoresin sreamswithincreased
amountsof sltinriffles. Benthic specidistsin-
cludedinthismetric aredarter, sculpin, madtom,

and lamprey species.

3. Per cent tolerant individuals- Intol-
erant speciesareamong thefirst to be affected
by perturbations (Jenkinsand Burkhead 1993,
Pflieger 1975, Smith 1979, Trautman 1981).

As specific habitats required by habitat spe-
cialistsare degraded, the relative abundance
of tolerant, habitat generalists becomes
greater.

4. Per cent abundance of thedominant
species - The contribution of the dominant
(tolerant) taxato the fish community islikely
to increase as the amount and extent of deg-
radation increases. Asintolerant species be-
comeless abundant, tol erant speciesincrease
inrelative abundancein degraded streamsand
may become the dominant taxa (Karr et al.
1986). Thismetric was cal cul ated asthe per-
cent contribution of the single dominant fish
speciesto thetotal number of individualsat a
gte.

5. Percent of individuals as general-
ists, omnivores, or invertivores- Thedomi-
nance of generalist feedersincreases as spe-
cific food sources become lessreliable, i.e.,
when degraded conditions reduce the abun-
dance of particular prey items. An opportu-
nistic foraging strategy makes generalists
more successful than specialized foragersbe-
causethey are better suited to ashifting food
base in the presence of degraded conditions
than are more specialized feeders (Karr et al.
1986).

6. Percent of individuals as insecti-
vor es- Thismetric takesinto account there-
sponse of fishesto impacts on lower trophic
levels. Fewer insectivorous fishes are col-
lected in degraded streams probably due to
decreasesin the supply of preferred insects,
reflecting degraded chemical or habitat qual-
ity (Karr et al. 1986).

7. Abundance (number of individu-
als) per square meter - Degraded streams
aregeneraly expected toyield fewer individu-
als than less severely impacted streams.
Streamsof similar sizewith greater heteroge-



neity of habitat generally containlarger num-
bers of individual sthan streams with homo-
geneous habitat as aresult of anthropogenic
impact on the stream. In addition, streamswith
degraded chemical or habitat tend to support
only tolerant species of fishes are likely to
have depressed overal numbersof fishes. One
notable exception is elevated abundance in
the presence of excess nutrients, particularly
of tolerant species.

8. Biomassper squaremeter - Thebio-
massthat astream can accommodateisafunc-
tion of the quantity and quality of available
stream habitat. Aswith abundance, the biom-
assinastreamisexpected to belower in de-
graded streams compared to higher quality

streams. Ingeneral, moreand larger fishesare
expected in higher quality streams. Larger
individual s of aspecies may beindicative of
longevity of theindividuals. Long lived indi-
vidualsindicate that the streams may havea
history of good stream quality.

9. Per cent of individualsaslithophilic
spawners - Lithophilic spawners (Balon
1975) utilizerocks, rubble, or gravel substrates
for egg deposition. Becausethey requireclean
spawning substrates and may useinterstitial
spaces, lithophilsare particularly susceptible
tosiltation. Sincesiltislikely the most com-
mon stream pollutant in the state of Maryland,
thismetric may beuseful inidentifying streams
that are degraded with substantial silt loads.



MDNR-MBSSM ethod for Deriving 1Bl Scoresfor theStateData Sets

Coastal Plain Metrics 1 3 5
Number of native species Criteriavary with

stream size*
Number of benthic species Criteriavary with

streamsize*
Percent tolerant individuals Morethan 80 80to31 Lessthan 31
Percent abundance of dominant species Morethan 78 78to31 Lessthan 31
Percent generalists, omnivores, and Morethan 99 99t088 L essthan 88
invertivores
Number of individuals per square meter Lessthan 0.47 0.47t00.62 Morethan 0.62
Biomass (g per m?) Lessthan 5.1 5.1t09.6 Morethan 9.6
Percent lithophilic spawners 0 0to0.6 Morethan 0.6
Non-Coastal Plain Metrics
Number of native species Criteriavary with

streamsize*
Number of benthic species Criteriavary with

stream size*
Percent tolerant individuals Morethan 82 82t050 Lessthan 50
Percent abundance of dominant species Morethan 78 78to51 Lessthan 51
Percent generalists, omnivores, and Morethan 95 95t059 L ess than59
invertivores
Number insectivores Lessthan 5 5t033 Morethan 33
Number of individuals per m? Lessthan 0.22 0.22t00.63 Morethan0.63
Percent lithophilic spawners Lessthan 6 6t032 Morethan 32

*Metrics were adjusted for watershed area as follows: adjusted value = observed value/expected value,
where expected value= m x |og (watershed areain acres)+b. VValuesof mand b are:

Coastal Plain Non-Coastal Plain
Slope(m) Intercept (b) Slope(m) Intercept (b)
Number of native species 5.2142 -7.7258 6.3258 -12.7351

Number of benthic species 1.4478 -25532 0.9016 -1.2345



ScoringCriteriaFor Adjusted Metrics

Coagtal Plain
Number of native species-adjusted value
Number of benthic species-adjusted value

Non-Coastal Plain
Number of native species-adjusted value
Number of benthic species-adjusted value

1
Morethan 0.74
Lessthan 0.70

Lessthan 0.47
Lessthan 0.44

3
0.74t01.05
0.70t00.99

0.47t00.77
0.44t00.82

5
Morethan 1.05
Lessthan 0.70

Morethan0.77
Morethan 0.82



Appendix G
Fish IBI Metrics used by USEPA-EMAP-SW,
Ohio EPA and the MDNR-MBSS
Programs. Metrics Are Grouped By
Association Or Similarity
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