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FOREWORD

In 1999, the U.S. Environmental Protection Agency (EPA) began work onthisseriesof reportsentitled
Methodsfor Evaluating Wetland Condition. The purpose of these reportsisto help Statesand
Tribesdevelop methodsto evaluate (1) the overal ecological condition of wetlandsusing biological
assessmentsand (2) nutrient enrichment of wetlands, whichisoneof the primary stressorsdamaging
wetlandsin many partsof the country. Thisinformation isintended to serve asastarting point for States
and Tribesto eventudly establish biological and nutrient water qudity criteriaspecificaly refined for
wetland waterbodies.

This purpose wasto be accomplished by providing aseriesof “ state of the science” modules concerning
wetland bioassessment aswell asthe nutrient enrichment of wetlands. Theindividua moduleformat
was used instead of onelarge publicationto facilitate the addition of other reports aswetland science
progresses and wetlands are further incorporated into water quality programs. Also, thismodular
approach alowsEPA to revisereportswithout having to reprint themal. A list of theinaugural set of
20 modules can befound at the end of this section.

Thisseriesof reportsisthe product of acollaborative effort between EPA’'s Health and Ecol ogical
CriteriaDivision of the Office of Scienceand Technology (OST) and the Wetlands Division of the
Office of Wetlands, Oceans and Watersheds (OWOW). Thereportswereinitiated with the support
and oversight of Thomas J. Danielson (OWOW), AmandaK. Parker and Susan K. Jackson (OST),
and seen to compl etion by Douglas G. Hoskins (OWOW) and IfeyinwaF. Davis(OST). EPArelied
heavily on theinput, recommendations, and energy of three panel s of experts, which unfortunately have
too many memberstolist individualy:

[ | Biologica Assessment of Wetlands Workgroup
[ | New England Biologica Assessment of Wetlands Workgroup
| Wetlands Nutrient CriteriaWorkgroup

Moreinformation about biologica and nutrient criteriaisavailableat thefollowing EPA website:
http://ww.epa.gov/ost/standards

Moreinformation about wetland biological assessmentsisavailableat thefollowing EPA website:
http://mww.epa.gov/owow/wetlands/bawwg
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SUMMARY

ultimetric indexes, such as|ndexes of

Biologica Integrity (1BIs) are powerful
toolsfor informed management decisionsrelated
to wetlandsand wetland health. A number of
Statesare currently devel oping wetland
bi oassessments by adapting bioassessment
frameworksoriginaly devel oped for streams.
Although many aspects of stream bioassessment
may apply, wetland flord and fauna assemblages
areunique, and specific datafrom those assem-
blagesarerequired to construct an I1BI for
wetlands. Theinformationinthismoduleis
designed to provide aframework for the devel-
opment of IBlsusing specific examplesfrom
wetlands. The module describes a step-by-step
processto propose, evauate, and ultimately
select metricsinto the 1BI that will best reflect the
biologica condition of wetlands.

PURPOSE

he purpose of thismoduleisto providea
framework to help wetland and water quality
professionalsdevel op metricsand IBIsfor
wetlands.

INTRODUCTION

s discussed in Module 1: Introduction to
etland Biological Assessment, biologica as-
sessments (bioassessments) are designed to eva u-
atethe health or biological integrity of wetlands.
Many of the States currently devel oping wetland
bi oassessments are adapting bi oassessment frame-
worksoriginaly developed for streams. Thisreli-
anceon sreaminformationisin part dueto thecom-
paratively abundant body of knowledgeand litera-
ture that has accompanied the development of
stream | Blsover the past two decades. However,
theflord andfauna assemblagesof wetlandsaswell
astheecological processesthat occur withinthem
(Wissinger 1999) areunique. Therefore, although

many aspectsof stream bioassessment may apply
to wetland biocassessment, specificinformationfrom
wetland biological assemblagesisrequired to con-
struct an I Bl for wetlands.

Of the 10 States currently developing
bi oassessment methodsfor wetlands, 9 are attempit-
ingtouseIBIs(Tablel). Maineand Montanause
advanced statistical tests (e.g., canonical corre-
spondenceanaysis) inadditionto IBI (multimetric)
analyses to analyze agal data (Danielson 1998,
Apfelbeck 1999). Multimetric and statistical meth-
odsareboth valid, and theframework provided by
this modul e can benefit the development of both
methods. Thismodule, however, focuseson the
development of IBIs. Consult Chapter 9 of the
Rapid Bioassessment Protocols for Use in
Streams and Wadeable Rivers: Periphyton,
Benthic Macroinvertebrates, and Fish (Barbour
et a. 1999) for adetailed description of statistical
andyss.

Multimetric indexes are numbersthat integrate
severd biologica metricstoindicateasite’ scondi-
tion. They can be designed to be sensitive to a
range of factors (physical, chemical, and biologi-
cd) that sresshiologicd systems, andthey arerda
tively easy to measure and interpret (Karr and Chu
1999). Through amultimetric gpproach, each met-
ricisgiven arating according to whether itsvalue
approximates, deviates somewhat from, or devi-
atesstrongly from vauesmeasuredinleest-disturbed
ecosystems of a particular type within aregion.
Theseratings (e.g., excellent, moderate, fair, and
poor) can be used to make decis ons about whether
thewetland condition indicatesthat aguatic lifeis
being supported.

Becausewetlandsvary sowidely geographically,
hydrologicdly, biologicaly, and by wetland class, it
is unredlistic to expect a single “off-the-shelf”
multimetric index to be applicable everywhere.
Even though techniques may vary, those that ad-
hereto somebasic biologica, sampling, and Satis-
ticd princplesmaintainthestrengthsof amultimetric



TABLE 1: CURRENT PILOT PROJECTS DEVELOPING WETLAND
BIOASSESSMENT METHODS AND ASSEMBLAGES

SPONSORING ORGANIZATION TYPE(S) OF WETLANDS ASSEMBLAGE(S)
Depressional Macroinvertebrates
Minnesota Pollution Control Agency Starting riparian and would like
Plants
to do Vernal Pools next.
Debressional Macroinvertebrates
Ohio EPA Riep rei“‘n ona Plants
para Amphibians
D ional Pl
North Dakota Department of Health cpressiona s
Riparian Macroinvertebrates
Macroi
Montana Department of Environmental . actoinvercebrates
Quali Depressional Algae
v Some plant work
Florlda' Department of Environmental Depressional & Others Macroinvertebrates
Protection Plants
Macroinvertebrates
Massachusetts Coastal Zone Management Coastal Marshes (salt and fresh) Plants
Birds
. . Macroinvertebrates
Maine Department of Environmental Casco Bay Watershed Algac
Protection (depressional, fringe, riparian) (some plant work)
Macroinvertebrates
1 o
Vermont DEC Verr}al Pools Amphibians
White Cedar Swamps
Plants
. . . Macroinvertebrates
Wisconsin DNR Great Lake Fringe Wetlands Fish
N Southeast forested swamps and  Macroinvertebrates
Duke University
Everglades
Michigan State Universi Great Lake Fringe Wetland Fish
ichigan State University €a € ge Wetlands Macroinvertebrates

Restored depressional wetlands ~ Macroinvertebrates
USGS Patuxent Wildlife Research Center on Delmarva Peninsula (MD & Plants Birds

DE) Amphibians
All types focusing first in Macroinvertebrates
Penn State Cooperative Wetlands Center Juniata Watershed and then Plants Amphibians
expanding to whole state. Birds
Plants
Volunteer Project - Mass Bays Salt marshes Macroinvertebrates
Birds
Volunteer Project - King County, WA Depressional Wetlands Amphibians
Volunteer Project - MPCA,Minnesota . Plants
Audubon, and Dakota County, MN Depressional Wetlands Macroinvertebrates

Note: Data compiled from information contained in EPA, Biological Assessment of Wetlands Workgroup
website, www.epa.gov/owow/wetlands/bawwg/.
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assessment approach aswell asreflect theredlity
of regiond variationinbiological condition (Miller
etd. 1988). Thegoal of amultimetricindex isnot
to measureevery biological atribute; indeed, doing
snisimpossble. Rather, thegod is, fird, toidentify
those biological attributesthat respond reliably to
human activities, areminimally affected by natural
variability, and are cost-effective to measure and,
second, to formulate them as“metrics’ and com-
binethem into aregionally appropriateindex (Karr
and Chu 1999).

Figure 1 providesaframework that describeshow
attributesare derived, evaluated, and ultimately in-
corporated into an I Bl asmetrics. However, the
first and most important step isto definethe objec-
tivesfor developing an 1BI, which may influence
severd stepsinthe devel opment process (seeMod-
ule5: Adminigrative Framework for Implementa
tion of aWetland Bioassessment Program). Do
not expect al the stepsin IBI devel opment to fol -
low this sequence exactly. Undoubtedly, each
project will deviate from the path and will require
revisiting stepson the basisof individual circum-
stances. However, thisframework providesause-
ful way to organize actions and ensurethat all ma-
jor stepsin developing an IBI are addressed. In
Figure 1, the upper | eft portion showsthe stepsre-
|ated to the establishment of agradient of human
disturbance (the dose), and the upper right shows
the stepsfor devel oping attributesthat will, at least
predictably, respond to that gradient (the response).
The column of stepsinthelower middle showsthe
process by which the dose-responserdationshipis
analyzed to select and score the best performing
metricsfor thelBIl. Theremainder of thisreport
follows the framework provided in Figure 1 and
includessmall iconsto help track progressthrough
the sequence of activities.

IDENTIFY REGIONAL
WETLAND FLORA
AND FAUNA

The success of multimetric in-
dexes is largely dependent on
choosing metricsthat reflect di-
verseresponsesof biologica sys
temsto human actions (Karr and
Chu 1999). Therefore, the best
multimetric indexescombinemea:
suresof conditioninindividuals,
popul ations, communities, eco-
systems, and landscapes. Work
with stream bioassessmentsindicatesthat valuable
multimetric indexestypically useone or moreas-
semblagesfor evauating stream condition, such as
macroinvertebrates, fish, and/or periphyton
(Barbour et al. 1999). Professiondsimplementing
stream bioassessments have found that monitoring
more than one assemblage greatly increases the
power of their assessment methods. Assemblages
sometimesdiffer intheir senstivity to environmenta
stressors, such as sedimentation and eutrophica
tion. Having morethan one assemblage provides
sengtivity toawider range of stressorsand increases
confidence in management decisions. Although
moreinvestigationsare needed to confirmtherela
tionship, preliminary resultsfrom wetland I Bl de-
velopment indicate that monitoring acombination
of assemblages (e.g., plants and macro-inverte-
brates) may similarly increase the power of
bioassessments in wetlands (Gernes and Helgen
1999).

Current wetland bioassessment projects are ex-
ploring the use of several assemblages, including
algae, amphibians, birds, fish, macroinvertebrates,
and vascular plants (Table 1). Itisnot yet clear
which assemblages will work best in wetland
bicassessments. Itisentirely likely that specific as-



FIGURE 1: SEQUENCE OF ACTIVITIES IN DEVELOPING METRICS AND IBI,
ADAPTED FROM KARR ET AL. 1986.
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semblages may be appropriate in some wetlands
and not in others because of the wide variety of
wetland types (e.g., salt marsh, bog, and forested
swamp). For example, using wetland fish commu-
nitiesin bioassessmentsmay be effectiveinonly a
small number of wetlands, such aswetlandsonthe
fringesof largebodiesof water. 1tisasolikely that
some assemblageswill work in some parts of the
country and not in others. For example, wetland
amphibian communitiesare naturdly lessdiversein
western states, and there smply may be too few
speciesto develop atypical IBI. Oneof thefirst
stepsin developing an IBI, however, iscarefully
consi dering the advantages and di sadvantages of
sampling any particular assemblage (See other mod-
ulesinthisseriesto assst inthe gppropriatechoice.)
After selecting an assemblage, itisvery helpful to
makealist of thetaxa(e.g., species, genera, and
families) in that assemblage that are expected to
occur inthestudy area. Such listssmay bebased on
pre-project sampling or on previousstudiesfroma
particular regiona wetland class (Sparling et al.
1996). Thisligwill hdpwithidentifying organisms
and with the next step of assigning taxato biologi-
cd attributes. Such lists should accommodate new
speciesfindings, which will result from additional

sampling.

ASSIGN TAXA INTO
BIOLOGICAL ATTRIBUTES

Attributes, in the context of
bioassessments, are defined as
measurable components of abio-
logical system (Karr and Chu
1999). They includetheecologi-
cal processesor characteristicsof
an individua or assemblage of
speciesthat may or may not pro-
videuseful informationregarding
response to human disturbances.
Attributesfor most IBlsarecom-
monly placed in thefollowing four general catego-
ries: speciesrichness and composition, tolerance

and intoleranceto human disturbances, trophic com-
position, and population characteristics (including
hedlth and condition of individuas). After defining
thelist of taxa, list the attributes within these cat-
egoriesthat will changeinvauedong agradient of
human disturbance from least impaired to severly
damaged wetlands. Also, predict whether each at-
tribute will increase or decrease in value as wet-
lands become more damaged. Thislist of predic-
tionswill betested |ater toidentify metrics, that is,
atributesempiricdly shownto changeinvaduedong
agradient of human disturbance. Examplesinclude
achangein speciesrichnessor achangeintherda
tive abundance of tolerant organisms. (For an ex-
ample, seeModule 9: Developing an Invertebrate
Index of Biological Integrity for Wetlands,) Thelist
of useful attributeswill differ for any wetland type
depending on the assemblage monitored. Consult
other modulesfor more detailed discussionsof po-
tential wetland attributes for algae, birds,
macroinvertebrates, amphibians, and vascular
plants. Theultimategod intheseection processis
to test the many attributesand from theseidentify 8
to 12 metricsthat show strong relationships across
agradient of human disturbance. Through the pro-
cessof evaluation, many of the predi cted attributes
will display limited valuefor detecting human dis-
turbance. Expect only about one-third of theinitia
predictionsto actualy be good metrics.

Each attribute considered for an 1BI should be
based on sound ecological theory. Althoughtheory
can beagood guidefor selecting metrics, it must
be tested with real-world data before ametric is
used. Evenif the underlying theory issound, many
variablescontrol an attribute’ sresponseto human
disturbance, whichinturn affectsitsutility. For ex-
ample, an attribute that worksin onetype of wet-
land may not work in another type because of dif-
ferencesin ecological function and the prevailing
humandigurbance. IndreamfishIBIs for example,
the“anomaliesmetric”’ (percentage of individuas
withlesions, tumors, or eroded fins) may function
inonly extremely degraded conditions. It provides
vauableinformationto aregionif at least some of



the streamsare severely degraded but little infor-
mationif al sreamsareonly moderately degraded
or unimpaired. Theremay even beinherent differ-
encesin how an attribute respondsbiologically to
human disturbances. Inthe case of stream fishes,
the number of speciestypically declineswith added
human disturbance; however, in some col dwater
streams, the effect may be reversed because in-
creased nutrients and temperatures may resultin
increased speciesnumbers. Thus, itisnecessary to
test attributesand their underlying assumptionsnot
only to vaidate the existence of an empirica dose-
response rel ationship, but also to be ableto under-
gtand and predict thenature of that relationship. The
primary underlying assumptionsthat have been used
instream IBlsarepresentedin Table2. Although
not al of those assumptions have been extensively
tested in wetlands, at |east some appear to be ap-
plicableto wetlands.

ATTRIBUTE CATEGORIES

Because devel opment of multimetricindexesfor
wetlandsisrelatively new, no one group of organ-
isms has proven superior to another for
bioassessment. Infact, severa taxaor taxagroups
show promise. Regardlessof thetaxonomic groups
sampled, asprevioudy stated, severa studiessug-
gest that attributes and metrics can be conveniently
grouped into thefollowing categories:

B Speciesrichnessand composition

B Tolerance and intolerance to human

disturbances
B Trophiccompostion

Population characteristics (including health and
condition of individuals)

Because most multimetric studies have been con-
ducted in streams, there may be metric categories
that are yet to be considered in wetlands. There-
fore, thiscategorizationismeant asagenera guide
to the development of attributes and metrics. A

©

properly constructed I1BI, asdefined by Karr and
Chu (1999), will have some metricsfrom each of
these metric categories.

Speciesrichnessand composition

Attributesin this category are usually the most
commonfeeatureof IBIs. Ingenerd, theseattributes
display adeclining responseto added human dis-
turbance (Karr 1981). Normally, apopulation must
beviable at asitefor some period of time before
one can consistently detect a species presence
(Karr and Chu 1999). The absence of aspeciesat
aste (especidly aspecieswith low dispersd abili-
ties) may suggest that viable popul ations are not
being maintained. Over time, speciesassemblages
have evolved that are capabl e of withstanding or
rapidly recovering from most natura perturbations.
For example, invertebrates often adapt to tolerate
thefrequent drying that istypical in many wetland
habitats (Sharitz and Batzer 1999). However,
changesinthechemicd, physcd, and biologicd en-
vironment caused by humans often cannot betol er-
ated; thus one or more species declines in abun-
dance or becomes extirpated (Karr et a. 1986,
Eulissand Mushet 1999, King and Brazner 1999).
Thisobservationistrue particularly for themost in-
tolerant taxa of an assemblage. For example, ina
Minnesotastudy, impairment to wetlandsresulted
inareductioninthenumber of kindsof dragonflies,
damsdflies, mayflies, caddisflies, and chironomids
(midges), with very few intol erant taxabeing ob-
served a themogt impared Stes(Gernesand Helgen
1999).

Attributeswithinthis category generdly include
overal taxarichness aswell asrichness for taxa
that are particularly sensitive to specific kinds of
degradation (e.g., impairmentsto benthic habitats)
(Keransand Karr 1994, Foreet d. 1996). Group-
ings may includetaxon (or taxa) (e.g., number of
dragonfly and damsdlfly genera), speciaized habi-
tat (e.g., submerged aquatic plant species), or a
combination of both. Attributeswithin the category
have often been refined by redtricting thegroupings



TABLE 2. ASSUMED EFFECTS OF ENVIRONMENTAL DEGRADATION ON
BIOLOGICAL ASSEMBLAGES IN STREAMS

Number of native species, and those in speciadized taxaor guilds,
declines*

* Number of sengitive speciesdeclines

* Percent of trophic and habitat speciaistsdeclines

* Tota number of individuasdeclines*

* Percent of largeindividualsand the number of size classesdecrease
* Percent of dien or nonnative speciesor individual sincreases

* Percent of tolerant individual sincreases

* Percent of trophic and habitat generaistsincreases

* Parcentindividualswith anomdiesincreases

* |nsomeingtances, particularly in oligotrophic environments, reverse
relationships may be observed.

Source: Modified from Hughes and Oberdorff 1999.
Note: Effects on wetland biological assemblages may be different.



to native species. However, thetaxonomy and geo-
graphic origin of many wetland organismsispoorly
known, which may limit the use of certain taxain
thisregard.

Toleranceand intoleranceto
human disturbances

Tolerance, asit relatesto 1Bl development, im-
pliesageneral tolerance of aspecies, or group of
species, to several human disturbances, rather than
toleranceto aspecific variable. Therefore, in at-
tribute devel opment, a concept can be appliedin
several waysto any organism, or group, that dis-
playsthese tendencies. Metrics such as percent-
age of exotic species, number of intolerant species,
and percentage of dominant species are ways of
expressing characteristicsthat sometimesarere-
lated to tolerance. Sometaxaare very intolerant
(i.e., are very sensitive) to avariety of perturba
tions, whereas others are adept at exploiting par-
ticular typesof disturbances. For example, inMin-
nesotawetlands, increasing levels of impairment
resulted in fewer intolerant plant species, such as
iris(Irissp.), dender riccia(Ricciafluitans), and
common bladderwort (Utricularia macrorhiza),
and increased coverage of tolerant species, such as
reed canarygrass (Phalaris arundinacea), duck-
weed (Lemna sp.), and cattall (Typhasp.) (Gernes
and Helgen 1999).

Intolerant species may be among thefirst to be
decimated after perturbation and thelast to recolo-
nize after normal conditions havereturned (Karr et
a. 1986). Endangered or threatened speciesshould
not autometicaly be consdered intolerants, because
their low numbersmay be dueto factorsother than
human disturbance. They might, for example, be
glacid relics(Karr et a. 1986). Trends(increases
or decreases) in distribution or dbundancefrom his-
torical datacan beexaminedto help assigntaxato
these attributes. Tolerance rankings may aso be
based on factorsthat indicate the ecological con-
servatism of taxa (those taxa adapted to aspecific
narrow rangeof biotic and abioticfactors) (Wilhelm

and Ladd 1988, Andreasand Lichvar 1995). How-
ever, because of alack of information for many
wetland taxa, empirica, rather than theoretical, ap-
proaches may be necessary or preferred to estab-
lishtolerancerankings. For example, taxathat are
represented in theleast impaired sitesand tend to
disappear in the most impaired sites would be
empiricaly defined asintolerant. Smilarly, taxathat
tendtoincreasein disturbed steswould be defined
astolerant (Gernesand Helgen 1999).

Themere presence of intolerant taxaisastrong
indicator of good biologica condition. Therelative
abundance of thesetaxa, in contrast, isoften diffi-
cult to estimate accurately without extensiveand
costly sampling efforts (Karr and Chu 1999).
Therefore, intolerant taxa should be represented
smply asthe number of intolerant species per unit
sampleeffort. Incontrast tointolerant taxa, the pres-
enceaoneof tolerant taxasayslittle about biologi-
ca condition, becausetolerant groupsinhabit awide
range of placesand conditions. However, notethat
many wetland organisms can tol erate the stressful
levelsproduced by avariety of naturd environmentd
disturbances (Wissinger 1997, Eulisset al. 1999,
Higginsand Merritt 1999), and care should betaken
to base tolerance designations on human distur-
bances and not natural ones.

Tolerance attributes should be expressed asthe
percentageof tolerantindividudsfromether asngle
species or agrouping of highly tolerant species.
Notethat if ahigh number of tolerant or intolerant
gpeciesisincluded inthe composition of attributes,
the usefulness of thoseattributeswill bediminished.
Ingenerd, it isrecommended that only about 10%
(nofewer than 5% or no morethan 15%) of taxain
aregion should be classed asintolerant or tolerant.
The point of these metricsisto highlight thestrong
signa coming from thelowest and highest ends of
the biological integrity continuum, without being
swamped by theweak or intermediate sgnalsfrom
in between (Karr and Chu 1999).



Trophiccompostion

Because the food base is central to the mainte-
nance of acommunity, information about trophic
composition may beimportanttoan1BI. All or-
ganismsrequire areliable source of energy. The
dominance of trophic generalistsoccurs as specific
components of thefood base becomelessreliable,
and the opportuni stic foraging habits of the gener-
alistsmake them more successful than trophic spe-
cdigs(Kareta. 1986). Sometimesentiregroups
of specialized organisms have been reduced or ex-
tirpated from ecosystemsasaresult of humandis-
turbances. For example, top carnivores such as
ospreys and bald eagles have disappeared from
regionsasaresult of eggshell thinning and repro-
ductivefailureassociated with the bicaccumulation
of chlorinated hydrocarbon pesticidesfrom aquatic
food webs (Carson 1962, Rudd 1964, Thomann
1989). Depending onthetype of disturbance, pri-
mary producersand invertebrates of wetlands may
also respond asthe ecosystem beginsto function
improperly. Somewetland invertebrateswill re-
spond to both bottom-up (e.g., enrichment, exotic
plants) and top-down (e.g., heavy metal
biomeagnification, exotic fish) dterationsinthefood
web (Rader 1999). For example, the benthic com-
munities of contaminated L ouisianabayous sup-
ported a* poor trophic mix” of macrobenthicinver-
tebrates, and fewer predatory invertebrates and
suspension feederswerefound at those sitesthan
elsawhere (Gaston 1999). Thus, thetrophic struc-
ture of acommunity can provideinformation on
patternsof consuming and producing organismsthat
areaffected by impairment.

In generadl, attributesin this category can bede-
sgned to assesstrophic balanceand structure. For
example, the biota of stream ecosystemsin good
condition usualy will not be overly dominated by
omnivoresor trophic generaistsand will normally
contain at least sometrophic specidists, including
top carnivoresthat form the apex of many aguatic
food pyramids (Karr et al. 1986). However, ma-
nipulations of top carnivores have been shown to

havelittle effect in some ecosystems, such aswet-
lands (Batzer 1998), whereas such manipulations
have had asignificant effect in others, such aslakes
(Carpenter et a. 1987). Furthermore, surfacewa
ter levelsinmost natura wetlandsfluctuatewiddly.
Such variation also affects water and substrate
chemigtry, nutrient availability, vegetation, primary
production, detritus processing, and the presence
of vertebrate predators (Wissinger 1999). There-
fore, caution should be exercised in developing
trophic attributes for wetlands, and particular at-
tention should be paid to those attributesinvolving
functional feeding groups. Karr and Chu (1999)
observe that despite widely accepted theory,
metrics pertaining to functional feeding groups
among benthic macroinvertebratesmay or may not
be good indicators; their dose-responserelation-
ship to human influences must be carefully tested
and established for multiple data setsand circum-
stancesbeforethey areused inamultimetricindex.

Population attributes

Theattributesinthis category assesscharacteris-
tics of populations such asreproduction, growth,
and condition of individual organismswithin the
populations (Fore et al. 1996). Ecosystems can
maintain themselvesonly if the populations of or-
ganismsthat characterize the ecosystemsare able
to compensate for loss of members by reproduc-
ing. Human disturbancesthat negatively affect re-
production are ordinarily indicated by an accom-
panying reduction in the proportion of reproductive
gpecidists. Inaddition, conditions must befavor-
ablefor theyoung of apopulationto survive, dis-
perse, and grow to sexual maturity (Pickett and
White 1985, Wissinger and Gallagher 1999). For
example, the eggs of some species, such asfairy
shrimp, require aerated soil for development; there-
fore, these speciesrely onthedrying up of tempo-
rary pondsfor reproduction. Any dterationsof the
frequency and duration of ponding in wetlandsthat
contain these specieswould greatly influencethe
viability of populations. 1n another example, cer-
taininvertebrates have become extremely special-



izedinther dependenceonthefluid of pitcher plants
(e.g., Sarrecinia purpurea) to reproduce and carry
outtheir lifecycle. Atleast someof theseinquilines
(organisms that live within the abode of another
species) are poor dispersers and may be slow to
colonizeisolated wetland habitatsthat have become
fragmented as a result of human disturbance
(Giberson and Hardwick 1999). Therefore, at-
tributesthat characterize population structure and
patch dynamics can be effective indicators of hu-
man disturbance.

Certain gtructural and functiond attributesof wet-
land vegetation and lgae areasoincluded inthis
category. Many of these attributes have been used
in and out of the context of I1BI to assessawide
variety of human disturbances (e.g., hydrologic
changes, nutrient enrichment, sediment loading, and
accumulation of heavy metals). For example, in-
creased algae biomassis one of the most widely
used indicators of eutrophication in aquatic eco-
systems (see Module 11: Using Algae To Assess
Environmenta ConditionsinWetlands). Likewise,
the percent coverage of submerged aguatic veg-
etation has been auseful indicator of nutrient en-
richment inmany estuarine environments (seeMod-
ule 16: Vegetation-Based Indicators of Nutrient
Enrichment in Freshwater and Estuarine Wetlands).
Minnesota has used increased persistent plant lit-
ter, resulting from human-induced changesinthe
composition of the plant community, asan IBI at-
tributeto indicate reduced detrital energy todrive
wetland ecosystems (Gernesand Helgen 1999).

Individua abundanceisacommon surrogate for
system productivity, and sometypesof highly de-
graded sites are expected to support fewer indi-
viduals than are high-quality sites (Karr 1981).
However, Karr and Chu (1999) suggest that abun-
dance may be apoor candidate for amultimetric
index becauseit variestoo much, even when hu-
man disurbanceisminimd, anditisaso difficult to

measure and score. Recognizing the tendency for
moderatelevel sof nutrient and thermal enrichment
to elevate fish abundance, Oberdorff and Hughes
(1992) scored thismetric so that very high abun-
dancesreceived |ower metric scoresthan moder-
atenumbersdid; only very low abundancesreceived
thelowest score. Thisscoring adaptationisan ex-
ampleof the need to eval uate metric performance
aong disturbance gradientsbefore applying the Bl

in resource assessments (Hughes and Oberdorff
1999).

Steswith especidly severedegradation oftenyield
ahigh number of individuasin poor hedth (Millset
al. 1966, Brownet a. 1973, Baumann et a. 1982,
Sanderset al. 1999). Parasitism has been shown
to reflect both poor environmental condition and
reduction in reproductive capacity (sterility) infish
(Mahon 1976). Indicationsof poor healthinclude
individua swith tumors; limb, mouthpart, or other
sructurd maformations, heavy infestationsof para
sites; and discoloration, excessive mucus, edema,
rash, or hemorrhaging. For example, maformation
inchironomid mouthpartshasbeen used toindicate
imparmentsto water from sedimentation, eutrophi-
cation, and contamination (Warwick 1980). Re-
cently, increasing numbersof amphibian populations
with unusually high frequencies of morphological
abnormalities (>5%) have been reported through-
out North America; however, theecologica signifi-
cance of these observations remain poorly under-
stood (Ouellet 2000, Helgen et . 2000). Leonard
and Orth (1986) found increasesin theincidence
of disease and anomaliesin stream fish only after
Substantial degradation was evident, indicating that
this metric may be sensitive at only the most se-
verdy impaired stes. Incasesinwhichonly low to
moderatelevesof impa rment occur, the metric has
been dropped; however, it should be considered
wherever the possibility existsfor changesin the
incidence of diseased or deformed organisms
(Hughes and Oberdorff 1999).
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LESSONS LEARNED FROM THE
BIOLOGICAL ASSESSMENT OF
WETLANDS WORKING GROUP

Theselessons should betreated asgeneral rules of
thumb and not absolutes. Nature keepsreminding
usthat when dedling with biology and ecol ogy, there
areawaysexceptionsto therules. Thefollowing
lessons on attributes and metrics are based on the
experience of the Biological Assessment of Wet-
landsWorking Group (BAWWG) members.

B Explicitly defineattributes. Toadintesting at-
tributes and to improve communication with
others, it isvery important to explicitly define
atributes. Therearemany waysto examinean
attribute. For example, tolerance can be de-
scribedinthefollowingways:

*  Number of tolerant individuas

» Percentageof tolerant individuals (number
of tolerant individua s'total number of indi-
viduds)

*  Number of tolerant speciesor taxa

» Percentage of tolerant species, or taxa
(number of tolerant taxaltotal number of tol-
erant taxa)

B Becaeful inusng measuresof abundance. Al-
though Karr and Chu (1999) suggest that abun-
dancemay beapoor candidatefor amultimetric
index, BAWWG members have found some
exceptionstothisrule. For example, the abun-
dance, or biomass, of algae may be a useful
attribute, but further testing is needed.

B Avoid combining attributes. Ingenerd, restrict
ratiosto relative abundance or proportionsin
whichthetota number of individuasor taxais
used asthedenominator. Avoid usingattributes
such asthe number of water boatmen taxadi-
vided by the number of midgetaxa. Also be
careful about adding attributestogether, such
asthe number of sedgetaxaplusthe number of
rush taxa plusthe number of grasstaxa. Ratios
and sumsof attributes can hidevaluablesig-
nas, can bedifficult tointerpret, and are often
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morevariablethantheindividud attributes(Karr
and Chu 1999). It may be more effective to
test each attribute independently. However,
BAWWG members have found some excep-
tionstothisrule. For example, Minnesotauses
ametric that combinesthe number of mayfly
and caddisfly generaplusthe presence of drag-
onfliesand fingernail clams(Table 3).

CLASSIFY WETLANDS
INTO REGIONAL CLASSES

Successful biological monitor-
ing beginswithajudiciousclas
dficationof dtes. Classfication
isan essential stepindevelop-
ing bioassessment methods.
Biologicd assemblagesarein-
fluenced by naturd variationsin
wetland types(e.g., landscape
position, source of water) and
by variationsin theamount and
typeof human disturbances. Classficationisaway
to account for the effectsof natural environmental
influences on wetlandsand hel psavoid comparing
wetlandsof unlike classes. Yet, excessve empha
gsonclassfication, or ingppropriate classification,
canimpede development of cogt-effectiveand sen-
siblemonitoring programs. Usingtoo few classes
fallsto recognizeimportant distinctionsamong places
and can produceinsengitive metrics; using too many
adds unnecessary costs to the development of
biocriteria. Thechadlengeisto cresteasystemwith
only as many classes as needed to represent the
range of relevant biologicd variationinaregionand
thelevel appropriatefor detecting and defining the
biologicd effectsof human ectivity inthet place (Karr
and Chu 1999).

It isimportant to remember that for the purpose
of devel oping bioassessment methods, classifica
tionisaway to help minimize“noise’ and makeit
easer toidentify sgnasof humandisurbance. Clas-



TABLE 3: INVERTEBRATE METRICS AND SCORING FOR A WETLANDS INVERTEBRATE
INDEX OF BIOLOGICAL INTEGRITY (IBI)

METRIC ‘| DESCRIPTION RANGE SCORE | REF | AG | SW

Richness metrics

# Genera chironomids, caddis- 28 - 46 5 5 3
flies, mayflies, damselflies,
Total taxa dragonflies, leeches, snails, 20 - 27 3 1 3 6
macrocrustaceans, presence

of Chaoborus and clams 12-19 1 2 4

13 - 520 5 3
Chironomid # of genera of Chironomidae 6-12 3 ) 5 6

larvae
> 70% 1 4 5
4

# Genera of Ephemeroptera, or more > 6
ETSD Trichoptera, plus presence of 2-3 3 3 6
Sphaeriidae and Dragonflies s 0% ) 5 5
4-5 5 4 2 2

# Genera of Hirudinidae found

Leech taxa in BT and DN samples 2-3 3 2 5 8
0-1 1 1 1

4-6 5 5
Odonata # Genera of Dragonfly & 3 3 1 4 3

Damselfly larvae

0-2 1 4 8

5
Snails # Taxa of snails to 3.4 3 1 5 6

SpCCiCS most cases

0-2 1 1 2 4
Tolerance/Intolerance metrics
# Intolerant taxa: 4 or more 5 5
Intolerant Leucorrhinia, 2.3 3 1
Taxa Libellula, Tanytarsus, Pro- )
cladius, Triaenodes, Oecetis 0-1 1 8 11
Proportion metrics
< 30% 5 5 2 1
0 .. .
Corixidae % Corixidae of Hemiptera plus 30 - 70% 3 ] 2 5
Coleoptera from BT samples.
> 70% 1 3 4
-119
% Erpobdella in BT and DN 0 o ° 6 5 6
Erpobdella samples of the total >11 - 22% 3 2 3
abundance in DN samples. s 0% { 3 2
34 - 55% 5 5 1
. % top 3 dominants of total o
3 Dominants abundance in DN samples >55 - 80% 3 6 ?
> 70% 1 1 1 2

Abbreviations: BT, bottletrap; DN, dipnet; number of sites scoring in range is given for Reference sites (Ref),
agricultural (Ag) and stormwater (SW) influenced wetlands (Gernes and Helgen 1999).

12



sfication is not the end product, and thereis no
perfect classfication system. Also, classficationis
aniterativeprocess. Try gpplying anexisting clas-
gficaionsysem (e.g., Cowardinetd. 1979, USDA
1981, Brinson 1993, Omernik 1995, Omernik and
Bailey 1997) and then lump and split asneeded to
producegroupsof biologicadly smilar wetlandsthat
respond inSmilar waysto anthropogenicinfluences.
For further discussion of classificationissuesand
gpproaches, including somewetland bioassessment
examples, seeModule 7: Wetlands Classfication.

TARGET SELECTION OF
SAMPLE SITES

After wetlands are classified,
sample sites should be selected.
Module 4: Study Design for
Monitoring Wetlands describes
the optionsfor devel oping sam-
pling schemes for a wetlands
monitoring program, induding ran-
dom sampling, targeted sampling,
and before/after or control/impact
designs. The members of
BAWWG recommend the use of atargeted sam-
pling design when devel oping bioassessment meth-
odsfor wetlands. They have found that random
sampling often fallsto captureenough least impaired
reference wetlands or enough of the severely de-
graded wetlands. Also, random sampling may not
consider important factors such asaccessibility to
stesand the selection of relatively permanent ref-
erence sites that will not be subjected to a great
dedl of future human disturbance. The process of
testing attributes and sel ecting metrics dependson
plotting dataon agraph with an attribute value on
they-axisand agradient of human disturbanceon
the x-axis. It isvery important to select enough
reference wetlandsand severdly damaged wetlands
to anchor both ends of the disturbancegradient. It
isalso important to select enough wetlands with
varying degrees of human disturbancein order to
reved asgnd intheattributeif thereisone. Based

on the experience of the BAWWG members, tar-
geted sampling is probably the best way to ensure
that thisisaccomplished. The development of hu-
man disturbance gradientsisdiscussed further in
thismodulein the sections*® Collect Land Useand
Habitat Information” and “ Establish Gradient of
Human Disturbance.”

Onechalengetothecharacterization of reference
conditionsisthat therearefew, if any, places|eft
that have not been influenced by humanactions. In
many regions, what are described asleast impaired
wetlands may in fact be very degraded, because
accessible less-degraded sites cannot be found.
Thismay complicatethe development of anI1BI but
doesnot prohibitit. A common pitfal isthefailure
to canvassawide enough areafor Sitesthat may be
lessimpaired. It may be advantageousto survey
neighboring areas and expand the geographic range
to find similar wetlands in better condition. An-
other failureisto not include an adequate number
of mogt impaired stes. Sampling only fromtheleast
impaired end of the gradient creates problemsbe-
causeit doesnot represent thefull range of Stedeg-
radation and it prohibitsandysisof therdationship
between biological attributesand highly negative
human influences

Biologica communitiesin wetlandswith ahigh
proportion of degrading land uses (e.g., commer-
cid, resdentid, agriculturd) inther vicinity or wa-
tersheds can sometimes be assumed, for purposes
of developing an IBI, to be potentially stressed.
However, forested wetlands, and in particular, for-
ested wetlands with dense canopies, should not
automatically beconsderedtheleastimpaired. This
isbecausein someregions, somewetlandsare nor-
mally dominated by herbaceous vegetation dueto
persstently highwater tableleve sand/or other natu-
ral influences. Some of these herbaceousvegeta
tion sStesmay infact bein better conditionthanare
forested wetlands. However, if herbaceous wet-
landshigtoricaly prevalledinan areg, their invason
by woody vegetation could beasign of stress, not
anindication of good heslth.
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Asmentioned previoudy, it isimportant to select
gtesthat areminimaly impaired reference Stesand
severely damaged sitesaswell assomein between
to represent thefull gradient of human disturbance.
The number of sitesthat are needed depends on
the number of wetland typeswithin agiven class,
theecological variability of thewetland types, the
kinds and amount of human disturbances, and the
size of theregion. The number of sitesshould be
sufficient to show agradient of human disturbance
for each wetland classintheregion. SeeModule
7: Wetlands Classification for more detail on class-
fying wetland types. Sampling an adequate num-
ber of steswill provide confidenceinthe senstivity
of the metrics showing aresponse.

COLLECT LAND-USE AND
HABITAT INFORMATION

Beforegtarting thefield sampling,
gather information about thestudy
sites through published sources
and field reconnaissance. The
overal god of thisstepisto col-
lect information to help verify that
wetlandsare classified correctly,
provide datafor constructing hu-
man disturbance gradients, and
provideingghtsinto why biologi-
cd communitiesaredamaged dur-
ingthelBI interpretation phase. A wedth of infor-
mation can be collected about siteswithout even
leaving the office. Information sourcesincludethe
fallowing;

B U.S Geologicd Survey quadrangletopographic
maps. Thesemapscan providebasdineinfor-
mation on slope, elevation, land use, and the
hydrological network inthevicinity of thestudy
wetland.

B Nationa Resource Conservation Service soil
urveys. Thesesurveysareaninvauable source
of information on wetland soilsand their char-
acteristics. Hydric soils are mapped and de-

scriptionsof soil characteristicsand how they
vary by soil horizonsare provided.

B Nationd Wetland Inventory maps. Thesemaps
areuseful for identifying the presence of wet-
lands and estimating wetland size. They also
includethe Cowardinet d. (1979) classifica-
tion.

B U.S Department of Agricultureaerial photos.
If available, these photos are very useful for
gatheringinformeation on thelandscape surround-
ing wetlands. They can also be used to recon-
struct historical changesinland useby anayz-
ing aseriesof photostaken over past years.

B Geographic Information System (GIS) data-
bases. Many state and local units of govern-
ment have digital land-use and other informa:
tion available on GIS databases. Often, this
information can belinked to other availabledata
(e.g., percent impervious surface and point
source discharges) to locate and display geo-
graphically referenced sources of impairment.
Suchinformationisasoincreasingly available
from many onlinewebsites. Thelayering and
interactive features of GIS databases greatly
enhance landscape-level assessments (see
Module 17: Land-Use Characterization for
Nutrient and Sediment Risk Assessment).
However, the scale and quality of GISinfor-
mation should be closaly examined in view of
theintended use. Other information, such as
low-altitude photographs, may be needed to
supplement Gl Sinformationin order to derive
ameaningful estimate of thegradient of human
disturbance.

In addition to landscape features, onsite wetland
characteristicsareimportant in establishing gradi-
entsof human disturbance. Onsiteinvestigations
should provide general information on landscape
setting, hydrologic features, and vegetative cover
of thewetland. Such observationscangenerdly be
made from visua assessmentsfrom thewetland's
edge. Obviousstressors, such ashydrologic ater-
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ations (e.g., ditches and dikes), should beidenti-
fied. Theextent of vegetation cover and the char-
acteristicsof buffer areas should be noted. Buffer
areas should also be clearly defined (e.g., the 100
m of land surrounding the wetland boundary at full
pool), and land useswithin those buffersshould be
described. Examplesof other datathat should be
recorded at each Siteincludethefollowing:

B Topography and landscape featuresthat sur-
round thedte. Many characteristics should be
recorded, including the shape of the wetland;
adjacent land use; the general distribution of
wetland vegetation and open water; theinter-
gpersonof plant communities; thetypeof buffer;
hydrological features, including surfacewater
inflowsand outflows; and human-made water
control structures. Thisinformation should be
included on asite sketch map.

B Patternsinthevegetation community, such as
the number of community typesand their loca:
tion in relation to each other, the vegetation
strata present, the dominant species, and pres-
enceof nonnativeor invasive species.

B Evidenceof human disturbance (if any). One
way to approach thisquestionisto preparea
stressor checklist that can be used to survey
each site (see “Establish Gradient of Human
Disturbance” below for potential stressors).

B Anegimateof theszeof thewetland.
B Photographsof thesite.

ESTABLISH
GRADIENT OF
HUMAN
DISTURBANCE

Once siteshave been classified by
naturd factors, itisessentid to cat-
egorizethe samesitesaccording to
degrees of human disturbance.
Thisstepisimportant to ensurethat

metricsaresenstive. Human disturbance servesas
the gradient dong the x-axisto which biologicdl at-
tribute dataaong the y-axisare compared. Deter-
mining the human factor and thelikely range of the
gradient must be done before sampling begins, not
asan afterthought, because post hoc categorization
may reved that thefull range of human disturbance
was not captured, thus requiring additional sam-
plingto develop auseful I1BI.

To help establish sampling Sitesthat reflect thefull
range of human disturbance, it can be useful tofirst
identify and perhapsprioritizethemain typesof dis-
turbancesin aregion, such ashydrologic modifica-
tion, eutrophication, sedimentation, and chemical
contamination. U.S. Environmental Protection
Agency (EPA) and State reports (305b, 303d) can
be used with other sources, particularly interviews
with local conservation groups and resource agen-
cies, to obtain aninitial indication of watersheds
whose wetlands might be candidates for designa-
tionasleast or most impaired Stes. Inrareingtances,
detailed descriptionsmay exist of awetland’ sbio-
logica communitiesbeforeitsateration and devel -
opment of the surrounding watershed. Insuchin-
stances, the historic condition can be used to define
theleast impaired reference condition.

In some cases, human disturbance may comprise
asingleimpairment, such asvegetation remova by
grazing. For example, Montanaused asmpledis-
crete disturbance gradient based on grazing and
farming for wetlandsinarurd landscape (Apfelbeck
1999). Threeclasseswereidentified: wetlandsthat
arecurrently grazed or farmed, wetlandsthat were
grazed or farmed but not within the recent past,
and wetlandsthat have either never been grazed or
never been farmed or at least not within recent his-
tory. In most circumstances, diverse and often
subtle human activitiesinteract to affect conditions
inwatersheds, bodies of water, or wetlands. Asa
result, it may be advantageousto develop agradi-
ent that integrates severa human disturbancesto
account for multiplestressors.
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Wherethereisadequateinformation, the devel-
opment and use of an index may greatly enhance
the establishment of the gradient of human distur-
bance. Such anindex incorporatesvaluesthat rep-
resent the various degrees and combinations of pre-
vailing human disturbancesfor al sites, not just the
least and most impaired, asillustrated inthe Minne-
sotaWetland Disturbance Andysis(Figure2). Al-
though thereisno standard protocol for construct-
ing such anindex, human disturbance should not be
represented smply by asingle scorefromasingle
source of disturbance. Instead, it should bedevel-
oped by combining scoresfrom several prevailing
disturbancesfrom both the landscape and the wet-
land. Possiblelandscape-leve disturbancesinan
index includethefallowing:

B Percentageof thewatershed withinimpairing
land uses (e.g., cropland, pastureland, and ur-
ban land)

B Presence, condition, and width of wetland
buffer

B Proximity of wetland to other natural habitats
(e.g., wetlands, natural grasdands, and forest)

B Percentage of other natural habitatsin close
proximity (e.g., al-kmradius) of thewetland

B Impoundment of runoff or flow by dams or
bermslocated upstream or upsope

Possibleloca human disturbancefactorsinanin-
dex includethefollowing:

B Impoundment of runoff or flow by excavations
(pits) withinwetlands

Redirection of runoff or flow within wetlands
Extraction of water from thewetland (e.g., for
irrigation)

B Remova of vegetation (e.g., through logging,
grazing, mowing, and controlled burning)

B Hattening of wetland microtopography

B Steepening of wetland topography (especialy
shordines)

B Persistent disturbance of wetland soils or
vegetation through compaction, tillage, or
trampling

Drainage of wetlandsthrough ditching or tiling
Water or atmospheric deposition
Simplification of shorelinecomplexity
Pollution (e.g., therma and chemical)

Thetypeof land cover that surroundsawetland
isgenerdly oneof themost dominant influenceson
wetland condition (see Module 17: Land-Use
Characterization for Nutrient and Sediment Risk
Assessment). GIS information can be useful in
mapping and analyzing land-use patternsand other
gpatial relationshipsthat broadly affect wetlands.
For example, severd recent GISstudieshavefound
ggnificant negetive correl ationsbetween watershed-
wideagriculturd or urbanland usesand stream IBls
(Lenat and Crawford 1994, Richardset a. 1996,
Rothet a. 1996, Wang et a. 1997). When consid-
ering theinfluence of particular land uses, itisim-
portant to consider their distance from awetland,
theintervening dope, and thetime period (current
or recent or distant past) at which they occurred.
Land use of the surrounding landscape should be
assessad within ameaningful radiusaround thewet-
land (e.g., 300 m), with greater weight giventoland
usein areasupstream or upslope of asite, that is,
the* contributing watershed.” Although GISinfor-
mation can be apowerful tool for defining adistur-
bance gradient, it isnot areplacement, or agood
surrogate, for the Bl itsalf or for biological moni-
toring (Karr and Chu 1999). To supplement GIS
mapping data, onstevisitsaregeneraly required to
improve the assessment of human disturbances.
Severa states (i.e., Ohio, Oregon, Florida, and
Maryland) have prepared dataformsto assist in
the assessment of onsite conditionsfor rapid field
assessment of environmenta risksor disturbances
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FIGURE 2: MINNESOTA WETLAND DISTURBANCE ANALYSIS

PRELIMINARY DRAFT RATING FORM (2/08/01)

The forms shown below are presented to show the concepts and framework under devel opment
in Minnesota for rating the degree of human disturbance to wetlands and their immediate land-
scape. These forms are to be completed while referencing various, current digitized spatial
information, such asland use, wetland border, aerial photos, digital raster graphs, hydrologic data
themes and field notes from site visits. These forms and the corresponding evaluation method are
likely to be considerably revised and changed as the scores and method are further tested against
additional data sets (Helgen and Gernes in press).

Site: Study: Raters: Date:

Factor 1. Buffer landscapedisturbance

oints
P Extent and Intensity

Best—-as expected for reference site, no evidence of disturbance

Mod.--predominately undisturbed, some human use disturbance

Fair--significant human disturbance, buffer area nearly filled with human use

Poor--nearly all or all of the buffer human use, intensive land use surrounding wetland

BEST MOD.

Mature (>20 yr.) woodlot,
forested

Old field, CRP or rangeland,
Mature prairie Restored prairie (<10 yr.)
Other long recovered area Young (<20 yr.) second growth woodlot

Other wetlands Shrubland

FAIR POOR

Residential with unmowed areas Urban development

Active pasture Industrial development
Less intensive agriculture Intensive residential/mowed
Turf park, Golf course Intensive agriculture

Newly fallowed fields Mining in or adjacent to wetland

High road density in buffer area

< . Active construction activity
or impervious surfaces

Remarks or comments:




Factor 2. Landscape (immediate) Disturbance

Extent and Intensity

Best--landscape natural, as expected for reference site, no evidence of disturbance

Mod.--predominately undisturbed, some human use disturbance

Fair--significant human disturbance, landscape area nearly filled with human use

Poor--nearly all or all of the landscape in human use, isolating the wetland

BEST MOD.

Mature (>20 yr.) woodlot,
forested

Old field, CRP or rangeland,

Mature prairie Restored prairie (<10 yr.)

Other long recovered area Young (<20 yr.) second growth woodlot

Other wetlands

FAIR

Residential with unmowed areas

Active pasture

Less intensive agriculture

Turf park, Golf course

Newly fallowed fields

High road density or impervious
surfaces in immediate landscape

Shrubland

POOR

Urban development

Industrial development

Intensive residential/mowed

Intensive agriculture

Mining in or adjacent to wetland

Active construction activity

Factor 3. Habitat alteration—immediatelandscape
(within and beyond buffer)

Severity and extent of alteration

Best—-as expected for reference, no evidence of disturbance

Mod.--low-intensity alteration or past alteration that is not currently affecting wetland

Fair--highly altered, but some recovery if previously altered

Poor--almost no natural habitat present, highly altered habitat




Vegetation removal disturbances

Mowed, Grazed

Shrub removal

Tree plantations

Course woody debris removal

Tree removal

Removal of emergent vegetation

Substrate/soil disturbances and sedimentation

Grading/bulldozing Vehicle use

Sediments input (from inflow or

Filling erosional)

Dredging Livestock hooves

Other

Fish stocking or rearing

Remarks or comments:

Factor 4. Hydrologic alteration

Severity and degree of alteration

Best—-as expected for reference, no evidence of disturbance
Mod.--low-intensity alteration or past alteration that is not currently affecting wetland
Fair--less intense than "poor,” but current or active alteration

Poor--currently active and major disturbance to natural hydrology

Ditch inlet Berm or dam

Tile inlet Road bed or RR bed

Point source input Levee

Installed outlet, weir Unnaturally connected to other waters
Dredged Dewatering in or near wetland
Graded or fill Source water changes

Other Drainage

Remarks or comments:




Factor 5. Chemical pollution

Severity and degree of pollution

Best--chemical data as expected for reference and no evidence of chemical input
Mod.--selected chemical data in low range, little or no evidence of chemical input
Fair--selected chemical date in mid range, high potential for chemical input

Poor--chemical input is recognized as high, with a high potential for biological harm

Checklist:

High C1 conc. (water) Known MMCD treatment

High P conc. (water) Evidence of altered DO regime

High N conc. (water) Other treatment

High Cu conc. (sediment) High input potential

High Zn conc. (sediment) Other

Remarks or comments:

Additional factors and concerns

Used in exceptional cases as described below

Maximum of (4) additional points added to the cumulative disturbance
total for reasons described below. Apply on factors 4 and 5.

Factor 1 - Buffer and landscape

Factor 2 - Landscape (immediate disturbance)

Factor 3 - Habitat alteration

Totd final disturbance score

Factor 4 - Hydrologic alteration

Site

Factor 5 - Chemical pollution

Additional factors




to wetlands (e.g., the Ohio Rapid Assessment for
Method for Wetlands) (Ohio EPA 2001). Inde-
pendent observers should be ableto repeat theas
sessmentsof disturbancesand obtain the samere-
aults, that is, the assessments should be highly pre-
cise. Nonethdess, ardatively high degree of judg-
ment usualy isrequired to assess, apriori, therela
tiveleve of human disturbanceasiteislikely tobe
enduring. Many impairmentsarenct clearly visble
or assumable (e.g., subsurface drainage tile and
chemical contamination).

SAMPLE WITHIN THE
WETLAND

After wetlands have been prop-
erly classfied and selected, sam-
pling within awetland may begin.
One approach for samplingisto
collect datafromdl habitat zones.
Another approach is to find a
single zonal transition area that
may be indicative of the entire
wetland (awetland equivaent to
the riffle zone used in streams).
Thegoa isnot to measure every attribute of awet-
land, but rather to find efficient indicators of hedlth
that areexpressed adequatdly withaminima amount
of sampling. For example, aMinnesotastudy col-
lected datafrom the nearshore shallow emergent
zoneand based dl comparisonsonthat area. That
approach led to accurate assessments without the
need for the more time-consuming sampling from
each zone. Inaddition, human accessto someparts
of wetlands may be difficult or impossible, which
would preclude sampling from every zone.

Although sampling from asinglezonemay, in cer-
tain instances, provide enough information to accu-
rately assess wetland health, there are instances
whenitwill not. For example, in streams, itisoften
necessary to survey severa habitats(e.g., riffles,
pools, runs, and backwater areas) to collect the

21

variety of taxaneeded for IBlsto be sensitiveto
thearray of possbleimpairments. If thedecisionis
made to sample severa zones, the number of
samplesthat need to be collected will increase as
the area of the wetland and its heterogeneity in-
crease. Ataminimum, samplesshould be collected
from thefollowing zonesif they are present: per-
manently inundated areas, seasonally inundated ar-
eas, and areas saturated but seldom inundated. For
purposes of |BI development, within thesethree
zones, samples should be collected inamanner that
will yield unbiased datafrom thewidest variety of
disturbance conditionsand sera stages. For quan-
titative metrics (such asrelative abundance and per-
cent cover) to be used in multimetric indexes, ran-
dom or systematic (grid- or transect-based) loca-
tion of sampling or observation pointswithin zones
may be justified, and a much larger number of
sampleswill benecessary. The sampling strategy
must beclearly described and thenumber of samples
must be adequate to capture the variablity of the
attribute being measured. For moredetail onsam-
pling, seeModule 4: Study Designfor Monitoring
Wetlands.

In general, the number of samples or observa-
tions per zone should be roughly proportional to
theareaof thezoneif thegod isto characterizethe
wetland asthe assessment unit. (However, afixed
number of samples should betaken to avoid prob-
lemswith increasing speciesrichnesswithincreas-
ing sample numbers.) One approach to address
sampleadequacy isto construct species/areacurves
to determine the number of samples required to
produce diminishing returns (an asymptotic curve)
in the cumulative number of speciesof thetarget
taxa (De Vos and Mosby 1969) (Figure 3). An-
other gpproachisto plot the cumulative coefficient
of variation (in, e.g., thediametersof treesthat were
measured) against the number of samples(e.g., the
number of treesmeasured). Other approachesfor
estimating sampling adequacy may be preferred,
depending on assessment objectives (see Elliott
1970). Also, the boundaries of the unit to which



the collected datawill be extrapolated need to be
clearly defined and stated. For example, will afew
samples collected on thefringe of alargeroadside
wetland be claimed to represent the entire wetland
or only theroadsidefringe?

A basic premiseof IBI isthat the biotahave been
sampledinther truerelaive abundancewithout bias
toward taxa or size (Karr et al. 1986). Asthis
assumptionisrelaxed, therdliability of inferences
based on the IBI isreduced. However, with any
singlemethod, there areinherent biasesthat affect
thetendency to capture or notice particular organ-
isms. Therefore, method limitations should bewell
undergtood. Standard sampling protocolsshould be
adhered to, and the resulting metrics should betai-
lored to theknown limitations of the methods, pro-
tocols, and sampling equipment. Inaddition, data
collected by one sampling method should not be
mixed or compared with data collected by another
method.

Tempora variationsmay aso affect thequality of
the sample or limit its comparison with other data.
Thismay betrue particularly intemporary or sea-
sonal wetlands that support organisms that are
equally asperiodicin nature. Therefore, itisim-
portant to know the best time of the year for the
collection of certain taxaand to specificaly relate
that information to the protocol sthat govern sam-
pling. When sampling assemblagesor habitatswith
specific sampling periodstied to weether conditions,
such asamphibiansin vernal pools, it may beim-
portant to maintain flexibility in sampling periodsto
be ableto adjust to the time of emergence. Other
sectionsof thisdocument discussthisingregter detall.
Severa methods may be appropriatefor sampling
the biotaof wetlands, andit isimportant to beable
to duplicate these methodsfrom siteto siteand to
be as consistent as possible. Sampling should al-
ways be conducted in away that maintains both
precision and accuracy (see Module4: Study De-
sgnfor Monitoring Wetlands).

Cumulative Number of Species
'_\
ol

O 1 1

—e— Site 1
—— Site 2

0 3 6

Number of Samples

12 15

FIGURE 3: SPECIES/AREA CURVES FOR WETLAND

INVERTEBRATE SAMPLES.
Demonstratesthe asymptotic relationship (leveling of the curve) that should be considered for the determining
the level of sampling effort (preliminary data from Sparling et al.).
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In addition to sampling the biota, most projects
involving the devel opment of bioassessment meth-
ods also sample some physical and chemical at-
tributes of the study sites (Sparling et . 1996;
Fennessy et al. 1998; Gernes and Helgen 1999).
Thisinformationisparticularly useful for verifying
that wetlands are classified properly and for inves-
tigating how awetland isdamaged. Dataor meth-
odsfrom existing functional assessments may be
useful for helping to characterizethe structurd char-
acteristics of wetlands. For example, the
hydrogeomorphic approach (Brinson 1993) or state
rapid assessments can provide valuableinforma-
tion to support the development of 1BlIsfor wet-
lands. Ohio EPA (2001), for example, usesinfor-
mation fromits Ohio Rapid Assessment Survey to
gather information on structural characteristics of
wetlands. Ohio EPA a so collectsadditional infor-
mation fromwater quality tests. Collecting phys-
ca and chemical information for wetlandsthat can
beuseful for developing I1Blsshould include hydro-
logical indicatorsand soil characterigtics.

Hydrologicd indicatorsinclude thefollowing:

B Presenceof conducted stormwater or agricul-
turd drainage

B Water marks, stained leaves, sediment depos-
its, or soil saturationinthetop 30cm (seeU.S.
Army Corpsof Engineers 1987)

B Water chemistry parameters (If thesystemis
seasonally flooded and water chemistry data
arerequired, thisinformation must betakeninto
account when devel oping the sampling design.
It may be necessary to samplewater chemistry
at different timesthan vegetation sampling. Pa
rametersto andyze might include pH, dissolved
oxygen, conductivity, total phosphorus, nitro-
gen, total suspended solids, chloride, metas(in
someinstances), and total organic carbon)

B Percent sdinity and conductivity
B HGM class, for dataon site hydrology

B Tempord and spatid patternsof water areaand
depth

Soilscan beeasly characterized usng astan-
dard soil probe. Thefollowing soil datashould
be recorded in each vegetation community type:

B Thicknessof theorganiclayer
B Soil texture

B Color asdetermined by aMunsdll Color (1975)
s0il chart

B Presenceof mottlesand their szeand color as
well asthe presence of oxidized root channels

Depending on the study goals, it may be neces-
sary to collect soil samplesfor analysis. Standard
anayssincludespH, percent organic matter, nutri-
ents, and perhapsmetas. Tota phosphoruscanbe
agood indicator of disturbance and the deposition
of heavy sediment loads. Also, calcium levelsin
the soil may beagood index of stress severity.

SUMMARIZE SAMPLE
DATA BY BIOLOGICAL
ATTRIBUTES

A spreadsheet or databaseisuse-
ful at this point to summarize
sampledata. Many spreadsheet
applications (e.g., Lotus 1-2-3
and Microsoft Excel) areeasy to
learn, but they can be cumber-
some and difficult to usefor ex-
ploratory anadysis. Database ap-
plications are more difficult to
learn, but they offer morefeatures
and flexibility for conducting exploratory anaysis
and congtructing listsbased on certain parameters.
Some states use acombination of spreadsheets, da
tabases, and gtatistica software. Regardlessof the
typeof computer software used, thedatafromfield
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data sheets must be entered into a computer and
summarized onthebassof theligt of atributes. Feld
data sheets often include alist of species or taxa
with anumber next to thosefound at asite. The
number depends on the assemblages monitored
(e.g., thenumber of individua sor the percent cover
of aspecies). After the dataare entered into the
computer, they must be summarized based onthe
attributes.

EVALUATE ATTRIBUTE
PERFORMANCE ACROSS A
GRADIENT OF HUMAN
DISTURBANCE

Theneedtotest and vaidate bio-
logica responsesof attributesand
metrics across degrees of human
disturbanceisacore assumption
of theIBI (Karr and Chu 1999).
|dedlly, metricsthat areincorpo-
rated into a multimetric index
should berelatively easy to mea-
sureand interpret. They should
changein apredictable fashion.

The metric should be sensitive to arange of bio-
logical disturbancesand not narrowly focused on
one particular aspect of the community (e.g., Spe-
ciesrichness). Most importantly, metrics must be
ableto discriminate between human disturbances
and the background “noise” of natural variability.
Human impact should be the focus of biological
monitoring (Karr and Chu 1999).

The process for selecting metrics for use in a
multimetricindex involvestesting alarge set of bio-
logicd attributes (candidate metrics) and then se-
lecting the onesthat are most sensitiveto various
agpectsof human disturbance. Although largenum-
bers of attributes may need to be explored while
deveoping amultimetricindex, itisinevitablethat
therewill be spuriousrel ationshipswhen consider-
ing largenumbersof disturbance-attribute pairings.
A good metricwill show astrong signd (response)
to increased disturbance and does not give mixed
signals. Attributesthat show large variation (ex-
tremely widerangesin responsewhen datafroma
variety of Stesareplotted) will havelessutility. For
example, thefollowing smplified graphsshow some
acceptablerdationship for metrics:

L

The simplified graphs below show relationships that have limited acceptability. Exceptions are noted with
the two middle two panels, which indicate peak attribute responses with intermediate levels of disturbance.
Attributes with such responses may make appropriate metrics with proper adjustmentsin metric scoring.

N

0 0
0 oo

0o 0 0
0 0

X-Axis = Increasing Human Disturbance
Y-Axis = Attribute Value

~

N

X-Axis = Increasing Human Disturbance
Y-Axis = Attribute Value
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SELECT METRICS FROM
BEST PERFORMING
ATTRIBUTES

For most taxa, at least 5 metrics
(but preferably 8-12) should be
defined and selected to construct
amultimetric index. Each metric
should reflect the quality of adif-
ferent aspect of biota that re-
sponds in adifferent manner to
disturbances to wetlands
(Margalev 1963, Fausch et al.
1990, Hughes and Noss 1992).
Therefore, whenever possible,
care should betaken to select metricsfrom severa
different metric categories (e.g., Species composi-
tion and richness, tolerance and intolerance, trophic
composition, and population characteritics) toen-
surethat responseisderived from arange of influ-
encesand that redundanciesareminimized. Ingen-
erd, thewider therange of environmenta influences
represented by the metricsthebetter (Table 2). For
example, if long-lived taxarequiring yearsto ma-
ture are present, one can infer that the spatial and
temporal componentsthey requirearea so present.
Excessive production of herbivorous species may
beindicative of excessvenutrients. High levelsof
toxic substances may beinferred from the frequent
occurrence of individuals with disease or other
anomalies (Karr and Chu 1999).

Theperformanceof each attribute should beevau-
ated by assessing how well it doesthefollowing:
(2) increases or decreases along agradient of hu-
man disturbance, (2) separatestheleast from the
most impaired sites, (3) providessmilar vauesfor
similarly impaired sites, and (4) providesaunique
(nonredundant) discriminatory response (Karr et d.
1997). Several graphical approachesand statisti-

cal testsmay be used to evaluate attribute perfor-
mance. Each may beused either individualy or in
concert with another to screen out attributes that
do not perform acceptably and retain thosethat do.
Onefrequently used gpproachisto creste bar graphs
or box plots showing meansor mediansand vari-
ancesof aparticular attribute at stesbelieved to be
least and most impaired (Mundahl and Simon
1999). Severa commercid software programscan
dothis. Thedegree of separation between theleast
and most impaired sites can then form the basisfor
retaining or discarding the attribute for subsequent
analyses (Figure4). The datistica significance of
the separation can be confirmed using standard sta-
tistical tests such ast tests.

Another frequently used approach isto compare
attribute datanot just from the extreme sites, but
from al stesacrossthe spectrum of human distur-
bance. For that comparison, the disturbance gra-
dient can bebased on asinglevariable representing
one or more human disturbances or several vari-
ables or an index representing multiple human
disturbances (Figures5 and 6). Therelationship
can be expressed either graphically (scatter plot)
or by acomparison of correlation coefficients, such
as Pearson’s correlation coefficient (Figure 5).
Based onthedegreeof correlation, certain attributes
may be retained and others may be eliminated

(Figure?).

Attributesthat contain many of the sametaxamay
be considered redundant, and although somere-
dundancy is acceptable, seek to reduce double
counting or using the sametaxaover and over. Re-
dundancy can betested statistically, for example,
through factor analyses (Hatcher 1994) or by Ssm-
ply examining Smilaritiesin thetaxagroupingsthat
form each attribute. Simple tables can be con-
structed to compare metric performance over the
varioustests.
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FIGURE 4: EVALUATION OF

METRIC PERFORMANCE.
Examplesof bar graphsillustrating the
degree to which attributes separate
least- from most-disturbed sites
(expressed in mean percentages).
Based on degree of separation two of
the attributes may be retained for
further evaluation (% Odonates and
% Exotic Plants) while the other may
be eliminated (% Trophic Generalists)
(hypothetical).
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FIGURE 5: SCATTER PLOT ILLUSTRATING METRIC (GRASSLIKE TAXA
RICHNESS) RESPONSE TO A SINGLE VARIABLE (ZINC CONCENTRATIONS)

REPRESENTING THE GRADIENT OF HUMAN DISTURBANCE.
R?= Pearson’s correlation coefficient; Ref = reference wetlands; Ag = wetlands with agricultural
impairments; Urb = wetlands with urban impairments (Helgen and Gernesin press).
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FIGURE 6. EVALUATION
OF ATTRIBUTE
PERFORMANCE OVER A
COMBINED SET OF

DISTURBANCES.

Ref = reference wetlands, AgLo =
wetlands with low levels of
agricultural impairment; SwvMo =
wetlands with moderate levels of
stormwater impairment; AgHi =
wetlands with high levels of
agricultural impairment; and SwHi
= wetlands with high levels of
stormwater impairment. Based on
the relationship, one attribute
(number of Odonate genera) may be
retained, while the other (number of
leech genera) may be eliminated
(Gernes and Helgen 1999).

FIGURE 7. SCATTER
PLOT DEMONSTRATING
CLOSE CORRELATION
BETWEEN A WETLAND
MACROINVERTEBRATE IBI
AND A DISTURBANCE
GRADIENT DERIVED FROM
A COMBINATION OF

HUMAN DISTURBANCES.

Ref = reference wetlands;, Ag =
wetlands with  agricultural
impairments; Urb = wetlands with
urban impairments (Helgen and
Gernesin press).
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SCORE EACH INDIVIDUAL
METRIC

Themetric eva uation process
should cull attributes, even
thosethat may show somere-
lationshiptothegradient of hu-
man disturbance, to select
those few metrics that are
highly sengtivetoimparments
yet not redundant, to form the
IBI. Thesdlected metricsthen
can bescored by assgning val-
ues, suchasb, 3, or 1, depend-
ing on whether the datathey represent are compa:
rableto, deviate somewhat from, or deviate greetly
from values exhibited by the least impaired wet-
lands (Karr et al. 1986). Some metrics will de-
crease with added human disturbance (positive
metrics) and otherswill increase (negative metrics);
each should be scored accordingly. Several tech-
niques have been used to score metrics, each with
the objective of assigning relative valuesto reflect
the degreeto which each metric departsfrom ex-
pected conditions. Scoring may be accomplished
by determining the rangein values (minimum and
maximum) for each metric and then dividing those
datainto equal thirds. Metric valuesfalinginthe
higher third of therange are assigned ascoreof 5,
those in the middle third scored a 3, and thosein
thelower third scored al; if thedataare negatively
corrdated, the scoringisreversed (Table 3).

Another scoring alternative has been used in
streams, inwhich avariable, such assize of stream
drainage, isknowntoinfluenceametric’ sresponse.
In such cases, atrisection techniqueisused to di-
videand scorescetter plot data(3zeof streamdrain-
agevs. metric value) to account for theinfluence of
thevariable(Lyons1992). Although yet to bedocu-
mented for wetlands, itispossblethat smilar influ-
encesexist and should betakeninto consideration
whenindividud metricsarescored. Maximum spe-

ciesrichnesslinesor linesthat represent the upper
limit of scoring for other metrics can be calculated
though regression analys's;, peciesd/areacurve plot-
ting; or by best-fit lines, using professional judg-
ment. Care should be taken to avoid outliersin
datathat may skew thescoring. Thisprocessshould
be as objective as possible; rules should be de-
signed for the scoring procedure. Notethat scor-
ing should apply only to wetlandsin the sameclass.
For example, take care to avoid having the best
bog receive ascore of 25 out of 50 and the best
marsh a49 out of 50, whichwould incorrectly im-
ply that bogsare not ashealthy asmarshes. A pris-
tine bog should receive a50 compared with other
bogs, and apristine marsh should receivea50 com-
pared with other marshes.

CALCULATE TOTAL IBI
SCORE FOR ALL SITES

An IBI is composed of the
summed response signatures of
theindividua metricsthat col-
lectively provideard ativemea
sureof biologica conditionand
individually point to likely
causesof degradation at differ-
ent sites (Karr et al. 1986,
Yoder and Rankin 1995). An
IBI scorecan becalculated for
each steby applying the scoring criteriato the data
fromeach gte(Table4). If themetricsselected are
closdly corrdated to the gradient of human distur-
bance, then the I BI that is derived from the com-
positeof thosemetricswill beadso (Figure7). Once
metric scores have been totaled, variousinterpre-
tations can bemade. For example, the same appli-
cation can be used for other wetlandsintheregion
and before and after studies can be performed to
assesstherelative effect of various conservation
practices on wetlands. Biological criteriacan be
established to hel p support water quaity objectives.
Or, anayses can be performed to determinewhich
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TABLE 4. INDIVIDUAL METRIC SCORES FOR INVERTEBRATE METRICS

SITE | CHIRO| ODON | CORIX% | LEECH | ETSD | ERP% | TAXTOT | INTOL | 3DOM% | SNAILTX | TYPE | IBI | CONDITION
! 5 5 5 5 5 5 5 5 5 5 Ref | 50 Exe
Exc
2 5 5 5 5 5 5 3 5 5 5 Ref | 48
Exc
3 3 3 5 5 5 5 5 5 3 5 Ref | 44
Exc
4 3 5 3 5 5 5 5 3 5 5 Ref | 44
Exc
5 5 5 5 3 5 5 3 5 5 1 Ref | 42
Exc
6 1 5 5 3 5 5 3 5 3 3 Ref | 38
7 3 3 5 5 3 3 1 1 5 5 Ag | 34 Mod
8 1 3 5 5 3 5 5 1 3 1 Ag | 32 Mod
9 3 3 5 3 1 3 3 1 3 3 Ag | 28 Mod
10 3 1 3 3 3 1 5 1 3 3 Ag | 26 Mod
11 3 1 1 3 3 3 3 1 3 5 sw | 26 Mod
12 3 3 3 1 3 5 3 1 3 1 sw | 26 Mod
13 3 1 1 3 3 5 3 1 3 3 sw | 26 Mod
14 1 3 5 5 1 5 3 1 1 1 sw | 26 Mod
15 3 1 3 3 3 5 1 1 3 3 sw | 26 Mod
16 3 1 1 5 1 5 3 1 1 3 SW | 24 Mod
17 3 1 3 3 1 5 3 1 1 3 Ag | 24 Mod
Poor
18 3 1 3 3 1 3 5 1 1 1 SwW 22
Poor
19 1 1 3 3 3 5 3 1 1 1 sw | 22
20 1 3 3 3 3 3 1 1 1 3 sw | 22 Poor
Poor
21 3 1 1 3 1 5 1 1 1 3 Ag 20
Poor
22 1 3 1 1 1 1 3 1 3 3 Ag 18
Poor
23 1 1 1 3 1 1 3 1 1 3 SW 16
Poor
24 1 1 1 3 1 1 1 1 3 3 SW 16
Poor
25 1 1 1 3 1 1 1 1 3 1 Ag 14

Chiro, Chironomid genera; Odon, Odonata genera; Corix%, Corixidae proportion; Leech, leech genera; ETSD, ; Erp%, Erpobdella proportion; TaxTot,
total taxa; Intol, # of intolerant taxa; 3Dom%, proportion of dominant 3 taxa; Snail Tx, snail taxa. Type Ref, reference wetland; Ag, agricultural-
influenced wetland; SW, stormwater-influenced wetland. Exc, excellent; Mod, moderate

Note: Condition classification = 37-50 asexcellent, 24-36 asmoderate, and 10-23 as poor (Gernesand Helgen
1999).
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metricsare contributing most heavily to siteswith
low scores, thus hel ping to diagnose causes of im-
parmentsfor particular Stes(Figure 8).

INTERPRET IBI AND
REPORT DATA

Perhapsthe greatest benefit of
an|Bl isthat it summarizesand
presentscomplex biologicd in-
formationinaformat thet isees-
ily communicated to managers
and the public. Most people
can understand plant and ani-
mal IBlsmoreeasily thanthey
can understand complex Statis-
tical calculations or abstract
chemicd and physica wetland

functions. To helpwiththeinterpretations, integrity
classes can be developed to classify sites, dong
with narrative descriptionsof relaivebiologica con-
dition (Table5). AlthoughanIBI scoreishelpful
for quickly communicating the overal condition of
awetland, most of thevaluableinformation liesin
theindividua metrics. When bioassessment results
are reported, the I1BI score should be accompa-
nied by (1) anarrative description of overal biotic
condition in comparison to reference wetlands of
the sameregion and wetland type, (2) numericval-
uesof each metric, and (3) narrative descriptions
of each metricin comparison to reference condi-
tionsof the sameregion and wetland type. For more
information about how IBIscan beusedtoimprove
wetland management, refer to Module 5: Adminis-
trative Framework for Implementation of Wetland
Bioassessment Program.

O# Snail Taxa

? m# Odonata Taxa
O# Leech Taxa
E# Intolerant Taxa
O# ETSD

m# Midge Taxa

0% 3 Dominants
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FIGURE 8: EXAMPLE OF WETLAND INDEX OF BIOLOGICAL

INTEGRITY SCORES.
From a Minnesota study for wetlands showing the range in scores and contribution of each metric
(Gernes and Helgen 1999). Reno and Crow are reference sites, Orchard receives urban stormwater,

Winter has heavy influences from agriculture.
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TABLE 5: TOTAL IBl SCORES, INTEGRITY CLASSES, AND THEIR ATTRIBUTES
FOR STREAMS IN A REGIONAL REFERENCE

TOTAL IBl SCORE
(SUM FOR 12

CLASS ATTRIBUTES
INTEGRITYMETRIC
RATINGS)
Comparable to the best situations in the regional subclass without human
50-60 Excellent disturbance; contains all species expected for the region, including the most
intolerant forms; exhibits balanced trophic structure and reproductive success.
Species richness somewhat below expectation, especially due to the loss of themost
40-49 Good intolerant forms; some species are present with less than optimal abundances; trophic
structure and reproduction shows some sign of stress. Presence of some invasive or
non-native species.
Signs of additional deterioration include loss of intolerant forms, fewer species, highly
30-39 Fair skewed trophic structure (e.g., increasing frequency of omnivores or tolerant species);
older age classes or top predators may be rare.
Dominated by omnivores, tolerant forms, and habitat generalists; few top carnivores;
20-29 Poor reproductive and condition factors commonly depressed; hybrids or diseased
individuals often present. Invasive or non-native species abundant.
Dominated by highly tolerant forms or invasive species; hybrids may be common;
10-20 Very Poor disease, lesions, parasites, and other anomalies may be regular. Complete absence of

Source: Modified from Karr et al. 1986.

less tolerant forms.

Note: Narrative description of integrity classes may differ substantially for wetlands.

31




REFERENCES

AndreasBK, Lichvar RW. 1995. Horistic Index for
Assessment Standards: A Case Study for Northern
Ohio. U.S. Army Corpsof Engineers Waterways
Experiment Station. Wetlands Research Program
Technica Report WRP-DE-8. Vicksburg, MS.

Apfelbeck RS. 1999. Development of Biocriteriafor
Wetlandsin Montana. Montana Department of
Environmental Quality, Helena, MT.

Barbour MT, Gerritsen J, Snyder BD, Stribling JB. 1999.
Rapid Bioassessment Protocolsfor Usein Streams and
Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates and Fish; 2nd ed. U.S. Environ-
mental Protection Agency; Office of Water; Washing-
ton, DC. EPA 841-B-99-002.

Batze DP. 1998. Trophic interactions among detritus,
benthic midges, and predatory fish in afreshwater
marsh. Ecology 79:1688-1698.

Baumann PC, Smith WD, Ribick M. 1982. Hepatic Tumor
Rates and Poly-nuclear Aromatic Hydrocarbon Levels
in Two Populations of Brown Bullhead (Ictalurus
nebulosus). In: Cooke MW, DennisAJ, Fisher GL
(eds). Polynuclear Aromatic Hydrocarbons: Sixtieth
International Symposium of Physical and Biological
Chemistry. Columbus, OH: Batelle Press, pp. 93-102

Brown RE, Hazdra JJ, Keith L, Greenspan |, Kwapinski
JBG. 1973. Frequency of fishtumorsin apolluted
watershed as compared to non-polluted Canadian
waters. Cancer Res 33:189-198.

Brinson MM. 1993. A Hydrogeomorphic Classification
for Wetlands. U.S. Army Corps of Engineers Water-
ways Experiment Station. Wetland Research Program
Technical Report WRP-DE-4. Vicksburg, MS.

Carpenter SR, Kitchell JF, Hodgson JR, Cochran PA,
Elser JJ, Elser MM, Lodge DM, Kretchmer D, He X,
von Ende CN. 1987. Regulation of l1ake primary
productivity by food web structure. Ecology 68:1863-
1876.

Carson R. 1962. Silent Spring. Boston, MA: Houghton
Mifflin.

CowardinL, Carter V, Golet F, Laroe E. 1979. Classifica
tion of Wetlands and Deepwater Habitats of the
United States. FWS/OBS-79/31. U.S. Fishand Wildlife
Service, Washington, DC.

Danielson TJ. 1998. Indicatorsfor Monitoring and
Assessing Biological Integrity of Inland, Freshwater
Wetlands: A Review of the Technical Literature (1989
1996). EPA 43-R-98-002. U.S. Environmenta Protection
Agency, Washington, DC.

DeVos A, Mosby H. 1969. Habitat Analysisand
Evaluation. In: Mosby H S, (ed.). Wildlife Management
Techniques. Washington, DC: The Wildlife Society,
pp. 135-172.

Elliott IM. 1970. Methodsfor the statistical analysis of
samples of benthicinvertebrates. Freshwater Biologi-
cal Association Publication, Ableside; 4:1-61.

EulissNH, Mushet DM. 1999. Influence of agriculture
on aquatic invertebrates communities of temporary
wetlandsin the prairie pothole region of North Dakota,
USA. Wetlands19(3):578-583.

EulissNH, Wrubleski DA, Mushet DM. 1999. Wetlands
of the Prairie Pothole Region: Invertegrate Species
Compoasition, Ecology, and Management. In: Batzer
DP, Rader RB, Wissinger SA. (eds). Invertebratesin
Freshwater Wetlands of North America: Ecology and
Management. New Y ork: John Wiley, pp. 471-514.

FauschKD, LyonsJ, Karr JR, Angermeier PL. 1990. Fish
communities asindicators of environmental degrada-
tion. Am Fish Soc Symp 8:123-144.

Fennessy MS, Gray MA, Lopez RD. 1998. An Ecological
Assessment of Wetland Using Reference Sites Volume
1: Final report. Ohio EPA fina report to U.S. EPA. Ohio
Environmental Protection Agency, Columbus, OH.

ForeLS, Karr JR, Wisseman RW. 1996. Assessing
invertebrate responses to human activities: evaluating
alternative approaches. JNorth Am Benthol Soc
15(2):212-231.

Gaston GR. 1999. Bayous of the Northern Gulf of
Mexico: Distribution and Trophic Ecology of Inverte-
brates. In: Batzer DP, Rader RB, Wissinger SA (eds).
Invertebratesin Freshwater Wetlands of North
America: Ecology and Management. New York: John
Wiley, pp. 919-947.

32



GernesMC, Helgen JC. 1999. Indexes of Biatic Integrity
(IBI) for Wetlands. Vegetation and Invertebrate IBI’s.
Final Reportto U.S. EPA. Assistance #CD995515-01.
Minnesota Pollution Control Agency, Environmental
OutcomesDivision.

Giberson D, Hardwick ML. 1999. Pitcher Plants (Sarrace-
niapurpurea) in Eastern Canadian Peatlands: Ecology
and Conservation of the Invertebrate Inquilines. In:
Batzer DP, Rader RB, Wissinger SA (eds). Inverte-
bratesin Freshwater Wetlands of North America:
Ecology and Management. New York: John Wiley, pp.
401-446.

Hatcher L. 1994. A Step-by-Step Approach to Using the
SAS System for Factor Analysisand Structural
Equation Modeling. SAS Institute, Inc., Cary, NC.

Helgen JC, GernesMC. In press. Monitoring the
condition of wetlands: indexes of biotic integrity
using invertebrates and vegetation. In: Rader RB,
Batzer DP, Wissinger SA (eds). Bioassessment and
Management of North American Freshwater Wetlands.
New York: John Wiley.

Helgen JC, GernesMC, Kersten SM, Chirhart JW,
Canfield JT, Bowers D, Haferman J, McKinndll RG
Hoppe DM. 2000. Field investigations of malformed
frogsin Minnesota1993 1997. JlowaAcad Sci
107(3):96-112.

HigginsMJ, Merritt RW. 1999. Temporary Woodland
Pondsin Michigan: Invertebrate Seasonal Patterns
and Trophic Relationships. In: Batzer DP, Rader RB,
Wissinger SA (eds). Invertebratesin Freshwater
Wetlands of North America: Ecology and Manage-
ment. New Y ork: John Wiley, 279-297.

HughesRM, Noss RF. 1992. Biological diversity and
biological integrity: current concernsfor lakesand
streams. Fisheries 17(3):11-19.

HughesRM, Oberdorff T. 1999. Applicationsof 1B
Concepts and Metrics to Waters Outside the United
States and Canada. In: Simon TP (ed). Assessing the
Sustainability and Biological Integrity of Water
Resources Using Fish Communities. Boca Raton, FL:
CRC Press, pp. 79-93.

Karr JR. 1981. Assessment of biotic integrity using fish
communities. Fisheries6(6):21-27.

Karr JR, Chu EW. 1999. Restoring Lifein Running
Waters: Better Biological Monitoring. Washington,
DC: Island Press.

Karr JR, Fausch KD, Angermeier PL, Yant PR, Schlosser
1J. 1986. Assessment of biological integrity inrunning
waters. A method and itsrationale. Illinois Nat Hist
Surv Spec Publ 5.

Karr JR, Kimberling DN, Hawke MA. 1997. Measuring
Ecologica Health, Assessing Ecological Risks: Using
thelndex of Biological Integrity at Hanford. Ecologi-
cal Health Task Group, Consortium for Risk Evaluation
with Statkeholder Partcipation. University of Wash-
ington, Seattle, WA.

KeransBL, Karr JR. 1994. A benthicindex of biotic
integrity (B-1BI) for rivers of the Tennessee River
Valley. Ecol Appl 4:768-785.

King RS, Brazner JC. 1999. Coastal wetland insect
communitiesalong atrophic gradient in Green Bay,
Lake Michigan. Wetlands 19:426-437.

Lenat DR, Crawford JK. 1994. Effectsof land useon
water quality and aquatic biotaof three North Carolina
Piedmont streams. Hydrobiologia294:185-199.

Leonard PM, Orth DJ. 1986. Application and testing of
anindex of bioticintegrity in small, coolwater streams.
TransAm Fish Soc 115:401-415.

LyonsJ. 1992. Using the Indexes of Biotic Integrity (1BI)
to Measure Environmental Quality in Warmwater
Streams of Wisconsin. U.S. Department of Agricul-
ture, Forest Service, North Central Forest Experiment
Station, St. Paul, MN. Genera Technical Report, NC-
149,

Mahon R. 1976. Effect of the cestode Ligulaintestinalis
on spottail shiners, Notropis hudsonius. Can J Zool
54:2227-2229,

Margaev R. 1963. On certain unifying principlesin
ecology. Am Naturalist 97:357-374.

Miller KL, et a. 1988. Regiona applicationsof anindex
of biotic integrity for usein water resource manage-
ment. Fisheries 13(5):12-20.

MillsHB, Starrett WC, Bellrose FC. 1966. Man’ seffect
onthefish and wildlifeof thelllinoisRiver. Il Natura
Hist Surv Biol Notes57:1-24.

33



Mundahl ND, Simon TR, 1999. Devel opment and
Application of an Index of Biotic Integrity for
Coldwater Streams of the Upper Midwestern United
States. In: Simon TP (ed). Assessing the Sustainability
and Biological Integrity of Water Resources Using
Fish Communities,BocaRaton, FL: CRC Press, pp. 383-
415.

Munsell Color. 1975. Munsdll Soil Color Charts.
Kollmorgen Corporation. Batimore, MD.

Oberdorff T, HughesRM. 1992. Modification of anindex
of biotic integrity based on fish assemblages to
characterizeriversof the Seine-Normandie basin,
France. Hydrobiologia228:117-130.

Ohio Environmental Protection Agency. 2001. Ohio
Rapid Assessment Method for Wetlands: Users
Manual and Scoring Forms, V 5.0. Ohio Environmental
Protection Agency, Columbus, OH.

Omernik JM. 1995. Ecoregions: A Spatial Framework for
Environmental Management. In: DavisWS, Simon TP
(eds). Biological Assessment and Criteria: Toolsfor
Water Resource Planning and Decision Making. Boca
Raton, FL: Lewis, pp. 49-62.

Omernik M, Bailey RG. 1997. Distinguishing between
watersheds and ecoregions. J Am Wat Res Assoc
33:935-949.

Ouellet M. 2000. Amphibian Deformities: Current State
of the Knowledge. In: Sparling DW, Linder G Bishop
C (eds). Ecotoxicology of Amphibiansand Reptiles.
Pensacola, FL: Society of Environmental Toxicology
and Chemistry (SEATAC) Technical Publication, pp.
617-661.

Pickett STA, White PS. 1985. The Ecology of Natural
Disturbance and Patch Dynamics. Orlando, FL:
Academic Press.

Rader RB. 1999. The FloridaEverglades: Natural
Variability, Invertebrate Diversity, and Foodweb
Stability. In: Batzer D P, Rader R B, Wissinger SA
(eds). Invertebratesin Freshwater Wetlands of North
America: Ecology and Management. New York: John
Wiley, pp. 25-54.

Richards C, Johnson LB, Host GE. 1996. L andscape-
scale influences on stream habitats and biota. Can J
Fish Aquat Sci 53:295-311.

Roth NR, David JD, Erickson DL . 1996. L andscape
influences on stream biotic integrity assessed at
multiple spatial scales. Landscape Ecol 11:141-156.

Rudd RL. 1964. Pesticidesin the Living Landscape.
Madison, WI: University of Wisconsin Press.

SandersRE, Miltner RJ, Yoder CO, Rankin ET. 1999. The
Use of External Deformities, Erosion, Lesions, and
Tumors(DELT anomalies) for Characterizing Aquatic
Resources: A Case Study of Seven Ohio Streams. In:
Simon TP (ed). Assessing the Sustainability and
Biological Integrity of Water Resources Using Fish
Communities. BocaRaton, FL: CRC Press, pp. 225-
246.

Sharitz RR, Batzer DP. 1999. An Introduction to Fresh-
water Wetlandsin North Americaand Their Inverte-
brates. In: Batzer DP, Rader RB, Wissinger SA (eds).
Invertebrates in Freshwater Wetlands of North
America: Ecology and Management. New York: John
Wiley, pp. 1-22.

Sparling D, TeelsB, Lowe P. 1996. Assessing Recon-
structed Depressional Wetlandsin the Mid-Atlantic
States. Study Plan, May, 1996. USGS Patuxent Wildlife
Refuge and Research Center and NRCS Wetland
ScienceIngtitute, Laurel, MD.

Thomann RV. 1989. Bioaccumul ation model of organic
chemical distribution in aquatic food chains. Environ
Sci Technol 23:699-707.

U.S. Army Corpsof Engineers, Environmental L abora-
tory. 1987. Corps of Engineers Wetlands Delineation
Manual. Technical Report Y-87-1. US Army Engineer
Waterways Experiment Station, Vicksburg, MS.

U.S. Department of Agriculture. 1981. Land Resource
Regions and Major Land Resource Areas of the
United States. Agriculture Handbook 296. USDA, Soil
Conservation Service, Washington, DC.

WangL, LyonsJ, Kanehl B, Gatti R. 1997. Influences of
watershed land use on habitat quality and biotic
integrity in Wisconsin streams. Fisheries 22(6):6-12.

Warwick WF. 1980. Chironomidae (Diptera) responsesto
2800 yearsof cultural influence: apaleolimnol ogical
study with special reference to sedimentation,
eutrophication and contamination processes. Can
Entomol 112:1193.

34



Wilhem G, Ladd D. 1988. Natural areaassessment inthe

Chicagoregion. Trans53rd North American Wildl and
Nat Res Conf, pp. 361-375.

Wissinger SA. 1997. Cyclic colonization and predictable
disturbance. A templatefor biological control in
ephemeral crop systems. Biolog Control 10:4-15.

Wissinger SA. 1999. Ecology of Wetland Invertebrates:
Synthesis and Applications for Conservation and
Management. In: Batzer DP, Rader RB, Wissinger SA
(eds). Invertebratesin Freshwater Wetlands of North

Wissinger SA, Gallagher LJ. 1999. Beaver Pond Wet-

lands in Northwestern Pennsylvania: Modes of
Colonization and Succession After Drought. In: Batzer
D P, Rader R B, Wissinger SA (eds). Invertebratesin
Freshwater Wetlands of North America: Ecology and
Management. New Y ork: John Wiley, pp. 333-362.

Yoder CO, Rankin ET. 1995. Biologicd CriteriaDevelop-

ment and | mplementation in Ohio. In: DavisWS,
Simon TP (eds). Biological Assessment and Criteria:
Toolsfor Water Resource Planning and Decision
Making Pages. BocaRaton, FL: Lewis, pp. 109-144.

America: Ecology and Management. New Y ork: John
Wiley, pp. 1043-1086.

35



GLOSSARY

Assemblage An association of interacting popu-
lations of organismsin awetland or other habitat.
Examples of assemblages used for biologica as-
sessments include algae, amphibians, birds, fish,
macroinvertebrates (e.g., insects, crayfish, clams,
snails), and vascular plants.

Attribute A measurable component of abiologi-
cal assemblage. In the context of biological as-
sessments, attributesinclude the ecological pro-
cessesor characteristicsof anindividua or assem-
blage of speciesthat are expected, but not empiri-
caly shown, to respond to agradient of human dis-
turbance.

Benthos The bottom faunaof bodies of water.

Biological assessment Using biomonitoring data
of samplesof living organismsto eva uate the con-
ditionor health of aplace (e.g., astream, wetland,
or woodlot).

Biological integrity “theability of anaquatic eco-
system to support and maintain abalanced, adap-
tive community of organismshaving aspeciescom-
position, diversty, and functiona organization com-
parableto that of natural habitatswithin aregion”
(Karr and Dudley, 1981).

Biological magnification Theincreasein con-
centration of somematerid inorganismscompared
with its concentrationin the environment.

Biological monitoring Sampling the biotaof a
place (e.g., astream, awoodlot, or awetland).

Biota Theplantsand animaslivinginahabitat.

Community All thegroupsof organismsliving
together inthesamearea, usudly interacting or de-
pending on each other for existence.

Competition Utilization by different speciesof
limited resourcesof food or nutrients, refugia, space,
ovipositioning sites, or other resources necessary
for reproduction, growth, and survival.

Composition (structure) Thecomposition of the
taxonomic grouping, such as fish, algae, or
macroinvertebrates, relating primarily to thekinds
and number of organismsin the group.

Continuum A gradient of change.

Disturbance “Any discreteevent intimethat dis-
rupts ecosystems, communities, or population
structure and changes resources, substrate avail-
ability or the physica environment” (Picket and
White 1985). Examplesof natural disturbancesare
fire, drought, and floods. Human-caused distur-
bances are referred to as *“ human influence” and
tend to be more persistent over time, e.g., plowing,
clearcutting of forests, conducting urban sormwater
into wetlands.

Diversity A combination of the number of taxa
(seetaxarichness) and the relative abundance of
thosetaxa. A variety of divergty indexeshavebeen
developedto calculatediversity.

Dominance Therédativeincreasein abundance
of oneor morespeciesinrelation totheabun-
danceof other speciesin samplesfrom ahabi-
tat.

Ecosystem The community plusits habitat; the
connotation isof aninteracting system.

Ecoregion A region defined by smilarity of cli-
mate, landform, soil, potential natural vegetation,
hydrology, and other ecologicdly rdevant variaoles.

Functional feeding groups (FFGs) Groupings
of different invertebrates based on themode of food
acquisition rather than the category of food eaten.
The groupingsrelate to the morphological struc-
tures, behaviors, and life history attributesthat de-
terminethe mode of feeding by invertebrates. Ex-
amplesof invertebrate FFGs are shredders, which
chew live plant tissue or plant litter, and scrapers,
which scrape periphyton and associated matter from
substrates (see Merritt and Cummins 1996a,b).

36



Functional groups A meansof dividing organ-
ismsinto groups, often based on their method of
feeding (e.g., shredder, scraper, filterer, predator),
typeof food (e.g., fruit, seeds, nectar, insects), or
habits (e.g., burrower, climber, clinger).

Gradient of human influence Thereativerank-
ing of sample siteswithin aregiona wetland class
based on the estimation of degree of human distur-
bance (e.g., pollution and physical alteration of
habitats).

Habitat The sum of the physical, chemical, and
biologica environment occupied by individudsof a
particular species, population, or community.

Hydrology Thescienceof dealingwith the prop-
erties, distribution, and circul ation of water both on
the surface and under the earth.

Impact A changein the chemical, physical (in-
cluding habitat), or biologica quality or condition
of abody of water caused by external forces.

Impairment Adversechangesoccurringtoaneco-
system or habitat. Animpaired wetland has some
degree of human influence affectingit.

Index of Biologic Integrity (I1Bl) Anintegrative
expression of thebiologica condition that iscom-
posed of multiplemetrics. Itissimilar to economic
indexes used for expressing the condition of the
economy.

Intolerant taxa Taxathat tend to decreasein
wetlandsor other habitatsthat have higher levelsof
human disturbances, such aschemical pollution or
gltation.

Least impaired site Sample siteswithin are-
giona wetland classthat exhibit theleast degree of
detrimentd effect. Such steshelp anchor gradients
of human disturbance and are commonly referred
to asreferencesites.

Macroinvertebrates Animalswithout back-
bonesthat are caught with a 500-800 micron
mesh net. Macroinvertebratesdo not include

zooplankton or ostracods, which aregenerally
smaller than 200 micronsin size.

Metric Andtributewithempirica changeinvaue
along agradient of human disturbance.

Most impaired site  Sample sites within are-
giond wetland classthat exhibit thegreatest degree
of detrimental effect. Such steshelp anchor gradi-
ents of human disturbance and serve asimportant
references, dthough they arenot typicaly referred
to asreferencesites. Such Stesmay bereferred to
asimpaired or disturbed sites.

Munsell color The color of soil based on its
chroma and hue as determined by a chart in the
book Munsell Soil Color Charts(Munsell Color
1975).

Mottles Spotsor blotches of different color or
shades of color interspersed within the dominant
colorinasoil layer, usualy resulting fromthe pres-
enceof periodic reducing soil conditions.

Omnivor es Organismsthat consume both plant
and anima materid.

Population A set of organismsbelonging to the
same speciesand occupying aparticular areadt the
sametime.

Predator Ananimal that feedson other animals.

Referencesite  Asused with an Index of Bio-
logica Integrity, aminimally impaired site that
isrepresentative of the expected ecological condi-
tionsand integrity of other sites of the sametype
andregion.

Taxa A groupingof organismsgivenaformd taxo-
nomic name, such as species, genus, and family.
Thesngular formistaxon.

Taxarichness Thenumber of distinct speciesor
taxathat are found in an assemblage, community,
or sample.
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Tolerance Thebiologica ability of different
speciesor populationsto survive successfully
within acertain range of environmental conditions.

Tolerance(rangeof) Theset of conditionswithin
whichan organism, taxa, or population can survive.

Tolerant taxa Taxathat tendtoincreasein wet-
lands or other habitats that have higher levels of
human disturbances, such aschemical pollution or
gltation.

Trophic Feeding; thus, pertaining to energy trans-
fers.

Wetland(s) (1) Thoseareasthat areinundated
or saturated by surface or groundwater at a
frequency and duration sufficient to support, and
that under normal circumstancesdo support, a
prevaence of vegetation typically adapted for life
insaturated soil conditions[EPA,40C.F.R.8
230.3(t) / USACE, 33 C.F.R. §328.3 (b)]. (2
Wetlandsarelandstrangitional betweenterrestria
and aguatic systemswherethe water tableis
usually at or near thesurfaceor thelandis

covered by shallow water. For the purposes of
thisclassification, wetlands must have oneor
more of thefollowing threeattributes: (a) at least
periodicaly, theland supports predominantly
hydrophytes, (b) the substrateis predominantly
undrained hydric soil, and (c) the substrateis
nonsoil and is saturated with water or covered by
shallow water at sometimeduring thegrowing
season of each year (Cowardin et al. 1979). (3)
Theterm “wetland” except when such termispart
of theterm* converted wetland,” meansland that
(8) hasapredominance of hydric soils, (b) is
inundated or saturated by surface or ground
water at afrequency and duration sufficient to
support aprevaence of hydrophytic vegetation
typicaly adapted for lifein saturated soil
conditions, and (c) under normal circumstances
does support aprevaence of such vegetation.
For purposesof thisAct and any other Act, this
term shall not includelandsin Alaskaidentified as
having ahigh potentia for agricultura develop-
ment which have apredominance of permafrost
soils[Food Security Act, 16 U.S.C. 801(a)(16)].
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