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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://www.epa.gov/ost/standards

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

he invertebrate module gives guidance for
developing an aguatic invertebrate Index of
Biological Integrity (1BI) for assessing the condi-
tion of wetlands. Inthe module, details on each
phaseof developingtheIBl aregiven. Fird, inthe
planning stage, invertebrate attributes are selected,
thewetland study sites are chosen, and decisions
are made about which stratum of the wetland to
sample and what isthe optima sampling period or
periods. Then, field sampling methodsare chosen.
The modul e describes field methods used in sev-
era States, and givesrecommendations. Labora-
tory sampling procedures are reviewed and dis-
cussed, such as whether and how to subsample,
and what taxonomic level to choosefor identifica-
tionsof theinvertebrates. Specific categories of
attributes, such astaxarichness, tolerance, feeding
function, and individua health are discussed, with
examples. Appendicesto theinvertebrate module
givedetallsabout the advantages and disadvantages
of usnginvertebrates, of thedifferent attributes, of
variousfield sampling methods, and of lab process-
ing procedures as used by several State and Fed-
era agencies. Themodule and appendicesgivea
detailed example of one State’ s processfor devel-
oping an invertebrate | BI, with atable of metrics
with scoring ranges, and atable of scores of indi-
vidua metricsfor 27 wetlands. A glossary of terms
isprovided.

PURPOSE

he purpose of theinvertebrate moduleisto
describe the advantages of using aguatic
invertebratesfor assessing the condition of
wetlands, and to present approachesfor devel op-
ing IBlsfor wetlands.

INTRODUCTION

hismodul e describesthe advantages of usng
aquatic invertebratesfor assessing the condi-
tion of wetlands and presents approachesfor de-
veloping an invertebrate 1BI for wetlands. Pro-
cesses, methods, and examplesof invertebrate | Bls
for wetlands are presented, along with summaries
of approachescurrently usedin severd States. The
moduleisbased primarily onwork done on ponded
freshwater wetlands, but the approaches described
can be modified for other typesof wetlands. The
modul e describes devel opment of the I BI, but other
indexes and approachesfor assessing the condition
of wetlands, particularly multivariate techniques
(Davieset a. 1999, Reynoldson et al. 1997), can
beused. A glossary of termsisalso provided.

WHY USE AQUATIC INVERTEBRATES TO
ASSESS WETLANDS CONDITION?

B Because they respond to many kinds of
stressorsto wetlands, asshownin Figure 1.

WHAT ARE THE ADVANTAGES AND
DISADVANTAGES OF USING AQUATIC
INVERTEBRATES?

Several advantages and disadvantages of using
aquaticinvertebratesarereviewed in Appendix A.
Briefly, some of the advantages of using inverte-
bratesfor biologica assessmentsof wetlandsare:

B They arecommonly and widely distributedin
many types of wetlands (Batzer et al. 1999).

B They respond with arange of sensitivitiesto
many kinds of stressors; they are commonly
used for toxicity testing and ecological
assessmentsinwaterbodies (e.g., see Barbour
et al. 1999, Beck 1977, Cairns and
Niederlehner 1995, deFur et al. 1999, Euliss
and Mushet 1998, Hart and Fuller 1974,



Heliovaara and Vaisanen 1993, Helgen and
Gernesin press, Hellawell 1986, Keransand
Karr 1994, Lewis et al. 1999, Morris et al.
1989, Rainbow 1996, Saether 1979, Servos
1999, Stuijfzand et al. 2000, Warwick 1980).

Many aguatic invertebrates completetheir life
cyclesinwetlands; they areexposed directly to
physical, chemical, and biological stressors
withinthewetland (Clarke 1981, Driver 1977,
Hanson and Swanson 1989, Fairchild 2000,
Klemm 1982, Larson 1987, Mackie, in press,
Merritt and Cummins 1996a; Walker 1953,
1958, Walker and Corbet 1975, Westfall and
May 1996, Wiggins 1996, Wigginset a. 1980,
Wrubleski 1987).

Aquatic invertebratesareimportant inwetland
food websof wildlife(Batt et d. 1992, Colburn
1997, Deutschman 1984, Eldridge, J. 1990,
Fredrickson and Reid 1988, King and
Wrubleski 1998, Krapu and Reinecke 1992,

Swanson et a. 1977, Swanson et al. 1985,
Wissinger 1999).

B They have public apped in citizen monitoring
programs (see Module 8, Volunteers and
Wetland Biomonitoring; Helgen and Gernes
1999).

Many wetland invertebratescompletethelifecycle
from egg to adult in awetland, and therefore are
directly exposed to wetland conditions and stres-
sors. Ininfrequently flooded, seasonal, and tem-
porary wetlands, invertebrateswill have shorter life
cyclesof daystoweeks(Schneider and Frost 1996,
Wigginset a. 1980). In moreregularly flooded,
more permanent wetlands, invertebrateswithlonger
life cyclesof weeksto months, such asdragonflies
or crayfish, will be present. Populationsof inverte-
brateswith shorter life cycles, such asfairy shrimp
and mosquitoes, will respond more quickly to hu-
man disturbances, but they may recover more
quickly, either from resting eggs or from
recolonization by adult insects. Invertebrateswith
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longer lifecycles, such asdragonflies, somefinger-
nail clams, and snails, will experiencelonger expo-
sureto wetlands conditions. 1n some cases, recov-
ery from losses of juveniles may take longer, be-
causeof morelimited seasonsof egg laying by adults
and longer development times from egg to adult
(Corbet 1999).

Thedisadvantagesof using aguatic invertebrates
for biologica assessmentsaredetalled in Appendix
A. Thebiggest chdlengeisthe amount of saff time
and expertisethat isneeded for picking the organ-
ismsfrom the samplesand for identifications. Tech-
niquesfor reducing theamount of pickingtime, such
asusing ascreen under vegetation whiledipnetting,
using activity traps, or by subsampling, will bede-
scribed below. Some State agencies or organiza-
tionsmay lack thelaboratory facilitiesto dothework
in-house and will need to contract out thework.

Whenwork is contracted out, it isimportant for
the project managersto providethe contractor with
explicit protocolsand proceduresfor identifications
and andysisinrelaion to the needs of the program.
An advantage of doing thework in-houseisthat
the staff involved can provide activeinput into the
development of the biological indexesand can par-
ticipateinimplementing thefindingsintothe State’' s
programs. Whether or not theidentificationsare
contracted out, itisvital to have scientists on staff
to provideactiveinput into biocriteriadevel opment
and implementation.

Insum, disadvantages of using macroinvertebrates
ae

B Sampleprocessing takesalot of staff timeor
resources.

B Organizationsmay lack facilitiesfor processng
and identifyinginvertebrates.

PROCESS FOR
DEVELOPING AN
INVERTEBRATE IBI FOR
WETLANDS

flow chart for developing an invertebrate

IBI for wetlandsisshowninFigure2. A Smi-
lar flowchart showing an example of the process
for developing aninvertebrate |Bl in Minnesotais
shown in Appendix K. Overal, the processin-
volves sampling invertebrate attributes of severd
wetlands of smilar classand region representing a
range of human disturbance or impairment, from
least to most disturbed. After sampling, theinfor-
mation on the degree of impairment isrelated tothe
measures of variousinvertebrate attributesto see
which of the attributes show predictable responses
toimpairment. Theseattributeswill congtitutethe
metricsfor theIBl. Scoresare assigned to each
metric to indicate the level of responseto human
disturbance (seeModule 6: Developing Metricsand
Indexes of Biologica Integrity). Themetric scores
aresummed for thetotal 1Bl score. Decisionsare
made asto which range of 1Bl scoresindicatesa
poor condition, i.e., not attaining designated use (if
oneexists), or amoderate or excellent condition.
Thismodulewill focus primarily on the stepsinthe
processthat relateto developing invertebrate | Bls.

Additiona detail for thisprocesscanbefoundin
Module4: Study Design, Module7: WetlandsClas-
sfication, Module 6: Developing Metricsand In-
dexesof Biologicd Integrity, and Module 17: Land-
scape Characterization for WetlandsA ssessments.
Additiond information on biologica monitoring of
wetlandsisalso availablein Rader et d. (in press).

It needsto be stated that other approaches are
successful ineva uating the condition of waterbodies
withinvertebrates. Multivariate methodsfor ana-
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STEP 2:
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Decide on wetland class

Select siteswithin wetland classesthat exhibit a
range of disturbances

PLAN INVERTEBRATE
SAMPLING

STEP 3:

Select invertebrate attributes of sensitivity, rich-
ness, tolerance, trophic structure, or other attributes
likely to respond to human disturbance

Gather literature about regional invertebratesfor the
wetland class

Determine which strata of wetland to sample

Select optimal seasonal sampling period for maturity
of invertebrates

FIELD SAMPLING

STEP 4.
SAMPLE PROCESSING

STEP 5:
METRIC ANALYSIS

Select appropriate sampling methods for objectives
of the program

Pretest sampling methodsto determine number of
samples to be taken per site, and to assure the
desired types of invertebrates are collected
Decideif sampleswill be preserved and
processed in the lab, or sorted and identified
inthefield; write Standard Operating Procedures
Sample siteswithin theindex period, at the same
time collect samplesfor chemical analysisand
assess the surrounding landscape

Decideto pick entire sample or subsample

Decide on taxonomic levelsfor identifications
establish database of taxalists and I TIS codes
Develop Standard Operating Procedures and set up
aQuality Assurance plan for repicking and for
independent verifications of identifications
Establish areference collection with several
specimens of each taxon

Plot attribute data against human disturbance
gradient

Select most responsive 8-12 metrics

Score metrics by trisecting data or other method
Sum the metric scoresfor IBI, plot 1Bl against
disturbance gradient

FIGURE 2. FLOWCHART FOR DEVELOPING AN INVERTEBRATE INDEX OF

BIOLOGICAL INTEGRITY.
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lyzing invertebrate dataare used for stream assess-
mentsintheBiologicd Monitoring PrograminMaine
(Daviesand Tsomides 1997, Davies et al. 1995,
1999). Discriminant analysisof invertebrate data
predictsthe degree of impairment by comparison
withknown biologica characteristicsof the state of
Maine sfour water quality management classes.
(SeedsoMarchant et a. 1997, Norris 1995, Wright
1995, Hawkins and Carlisle in press, U.S. EPA
1998, Lake and Reservoir Bioassessment and
BiocriteriaAppendix E). Reynoldson and others
(1997) found estimates of accuracy and precision
to be higher when multivariatetechniqueswereused
for dataanadyss compared with multimetric meth-
ods. If multivariateanaysisisused, itisimportant
to use amethod that allowsinterpretation of pro-
portiond attributesrather than onethat islimitedto
data on the presence or absence of taxa (see
Reynoldson et a. 1997). A disadvantage of mullti-
variate methodsisthe complexity of setting up the
dataandyss.

STEP 1. SELECT STUDY SITES

Toreducenaturd variability, an ecoregion or eco-
logical region and aclass of wetlands are chosen
for developing the 1Bl (seeModule 7 on Classifi-
cation). Itisnecessary to select specific wetland
classes, becauseinvertebrate assemblages may dif-
fer among classesof wetlands (in Batzer et d. 1999;
seeHurynand Gibbs, Ledieeta., Marshdl etd.,
Smock et al., and others; Carlise et al. 1999,
Weisberg et a. 1997). Itisimportant to include
severa leastimpaired or reference wetlandsalong
with arange of wetlandsthat are affected by human
disturbances. Sufficient numbersof |least-impaired
reference wetlands and wetlands experiencing a
range of impairments are needed to detect signifi-
cant dose-response rel ationships between thein-
vertebrate attributes (Y axis) and the measures of
human disturbances (X axis). Seethe Glossary for
definitions of disturbance and human disturbance.

Theimpaired wetlands can be selected to target
themajor types of human-caused stressorsto wet-

lands, those that are most likely to be causing im-
pairment to theinvertebrateswithin theregion and
wetland class. Invertebrates exhibit awiderange
of sengitivitiesto human-induced stressorssuch as
pesticides, metals, siltation, acidification, loss of
vegetation or vegetation diversity, nutrient enrich-
ment, and changesin the oxygen regime (Adamus
1996, Beck 1977, Eyreet d. 1993, Helawell 1986,
Resh and Rosenberg 1984, Saether 1979).
Macroinvertebrates respond to disturbances in
wetland vegetation because invertebrates are de-
pendent on the vegetation as part of their food
source (Wissinger 1999), for attachment Sites, refu-
gia (Corbet 1999, p. 164, Orr and Resh 1989),
and egg laying. Somedragonfliesand damsdiflies
lay eggs on specific types of aquatic vegetation
(Sawchynand Gillott 1974, Corbet 1999, p. 591).

STEP 2. PLAN THE INVERTEBRATE
SAMPLING

Selection of invertebrateattributes

Attributes are measures of theinvertebrate com-
position to betested to seeif they show agraded
response, or dose-response, to human disturbances
such aschemical pollution, siltation, or habitat al-
teration. If aresponseisseen, theattributewill be
selected asametric and scored aspart of the over-
al 1Bl score. SeeModule 6: Developing Metrics
and Indexesof Biologica Integrity. Moredetailed
information onthesdection of invertebrate attributes
isgiven near the end of thismodulein Step 5 on
MetricAnalysis. Appendix Flistsadvantagesand
disadvantages of different kinds of attributes, and
Appendix | shows metricsused by Minnesotafor
large depressional wetlands. Appendix G shows
the attributes used or tested by severa States.

Attributes are selected from major categories of
invertebrate composition (Barbour et d. 1996, Resh
et al. 1995), such asmeasures of taxonomic rich-
ness, measures of tolerance proportionsand intol-
erant taxa, measuresrel ated to trophic structureand
functiona feeding groups (see Merritt et al. 1996,



1999) and other measuresrelated to longevity, in-
troduced or exotic species, and invertebrate health
or condition (see Diggins and Stewart 1998,
Hudson and Ciborowski 1996, Warwick 1980).

Severd invertebrate attributesaretested, and the
datafor the attributes are related to measures of
humaninfluence. Fromtheattributesthat show sg-
nificant relationshipswith human disturbances, aset
of 8to 12 areselected asmetrics. An attributethat
doesnot show asignificant responseto human dis-
turbanceswill likely bediscarded. However, if there
issomereason to think the attribute might show a
responseto different kinds of stressorsthat were
not included inthestudy design, it might beretained
for further testing.

Itisimportant to plan to measurethetypesof in-
vertebrates that would be expected to inhabit the
classof wetland in the ecological region of interest.
Thetaxonomic compaosition of theinvertebrateswill
likely differ in bogs, playalakes, temporary ponds,
prairie potholesor riparian wetlands, for example
(seeBatzer etd. 1999). Information can besought
from regional scientific literatureand frominverte-
bratebiologistsinthearea. Whatever the class of
wetland might be, themajor categoriesof attributes
will berepresented, such astaxarichnessand tol-
erant andintolerant taxa, evenif thetaxonomic com-
postiondiffers. If thereislittle preexiging informa-
tion on species composition for the particular wet-
land class, it may be helpful to do preliminary sam-
plinginreferencewetlandsto develop alist of spe-
ciesand then sdlect the attributesto betested. This
could be done when the sampling methods are be-
ing tested.

Deter minewhich stratum or zone(s) of the
wetland to sample

Onedecisioniswhether to attempt to samplethe
entirewetland and all of itshabitats, or to sample
defined zones or stratawithin thewetland. Wet-
lands have several zonesthat arerelated tothein-

fluence of hydrology and/or plant communities. For
example, freshwater marshes have shalow water,
emergent macrophyte, and floating-leafed and sub-
mersed aquatic plant zones. Bottomland forest
wetlands may have zonesranging from aquatic to
swamp to semipermanently flooded to seasonally
then temporarily flooded (Mitsch and Gosselink
1993). It may not be necessary to sample all the
zonesin awetland to assessits condition. Either
enough of thewetland habitat should besampledto
assessitscondition, or the areamost sensitive to
impairment should be assessed. In asmall wet-
land, sampling al the habitats may be possible, but
inlarger wetlandsthework effort may necessitate
choosing stratafor the sampling and maintaining a
cong stency among wetlands of the habitatsthat are
sampled. The choicecanincdudethefollowing con-
Sderaions
B Sampleinthezoneor stratumthat islikely to
have the greatest variety and production of
macroinvertebrates,

B Sampleinthezoneor stratumthat isconsidered
to bemogt vulnerableor mogt affected by human
disturbances, or

B Select ahabitat typethat is representative of
thewetland, as opposed to unique or minor in
extent; sampleenough of the habitatstointegrate
the conditionsin thewetland.

Seed so Module4: Study Designfor Monitoring
Wetlands. Examples of the zones that were se-
lected by different Statesinvolved inwetland moni-
toring aregivenin Appendix B.

Aquatic macroinvertebrates occur in association
with benthic sediments, emergent vegetation,
submergent vegetation, and open-water habitats.
They colonize hard substrates such astreeroots or
rocks. Somefeed onthemicroflorathat colonize
the surfaces of plants and hard substrates; some
are predators on the smaller herbivorous or
detritivorousinvertebrates. Different invertebrate
assemblages are associated with these different



(MPCA). See AppendixesB and C.

FIGURE 3. ILLUSTRATION OF SAMPLING SITES IN A WETLAND WITH
EMERGENT VEGETATION SHOWN AS SYMBOLS.
Two standardized dipnetting samples are taken from the wetland about 20-30 meters apart (DN1 and DN2).
Each sample consists of three to five sweeps repeated in two efforts (represented by two DN1s and two

DN2s). Ten activity traps (BT) are placed at the edge and in representative areas of the near shore emergent
vegetation zone in water < 1 mdeep. Wetland is not drawn to any scale. Method is used by Minnesota

habitats, even with different kinds of wetland veg-
etation (Burton et al. 1999, Gathman et al. 1999,
King and Brazner 1999). In preliminary studies of
coastal wetlands, someinvertebrate attributesdif-
fered among types of emergent vegetation zones.
Attributeswere sdected that gave cong stent, rather
than contradictory, reponsesto human disturbance
among sites acrossfour defined plant zones (Bur-
tonetal. 1999).

The vegetated areas of wetlands have been ob-
served to have more taxaof chironomids (Driver
1977) and aguatic beetles (Aitkin 1991, Timmsand
Hammer 1988) and other taxa (Dvork 1987).
Emergent vegetation areas had greater richness
when compared with open water areasthat |acked
submersed vegetation (Olson et al. 1995, Voigts
1976). If fish are present, open-water areas may
have more predation by fish on invertebrates

(Hanson and Riggs 1995). Having moretaxain
vegetated areasmay not reflect direct herbivory on
the plants, but the conversion of macrophytesinto
detritusisanimportant sourceof nutrition for inver-
tebrates (Eulisset a. 1999). Also, asstated previ-
oudy, macrophytesproviderefugia, substratesfor
growth of algaeand small organisms, and egg lay-
ingSites.

An example of sampling locationsin a depres-
sona wetlandin Minnesotaisgivenin Figure 3.

Select the optimal seasonal sampling period
The seasond index period isthewindow of time
when the sampling of thewetland isoptima to ob-
tain the most representative, mature invertebrate
community and the maximum number of identifi-
abletaxa. Thedifferent and seasond lifecycledrat-



egiesaof invertebrates present achdlenge asto when
to sample, especidly if the sampling isto be done
just onceinaseason. If thewetland issampled too
early intheyear, theinvertebratesmay belessma-
ture, making theidentificationsmoredifficult. 1f the
wetland is sampled later in the season, there may
be emergences of aguatic insectsfrom thewetland
and immigration of adult insectsthat fly into the
wetland from other waterbodies. If thewetlandis
sampled too |latein aseason, the smaller wetlands
may have dried down or become choked with veg-
etation.

The seasonal index period will differ acrossdif-
ferent regions of the United Statesand it will differ
for different typesof wetlands. Invertebratesare
known to undergo seasond changesin populations
and speciesthat inhabit awaterbody. I1dedlly, the
wetland should be sampled in more than one sea-
son; however, thismay not be practical for State
programs. In selecting anindex period, thefollow-
ing should be consdered:

B The invertebrates should have developed

sufficiently to beidentified by biologists

Theindex period should bracket atimewhen
asmany resident taxaas possible are present.

Theindex period isnot during atimethat the
wetland is likely to dry down or become
choked with vegetation (soitisgtill sampleable).

The index period could attempt to precede
maximum fish predation, if any, while till
encompass ng the season of maximum richness
and development of invertebrates.

Theindex period should be shifted somewhat
to account for unusually late or early seasons
(the main godl is to optimize the number of
invertebrate taxa present and mature).

See Appendix B for the approachestaken by dif-
ferent Statesand A ppendix H for addresses of State
contacts. Mainesamplesin June, to obtain themost
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mature of some of theinvertebrates (Davieset al.
1999), Minnesota (Gernes and Helgen 1999,
Helgen and Gernesin press) samplesduring June
when thereisgreater maturity inthe Odonataand
morewater inthewetlands. Wetlandsin themore
southernlocation of astudy set are sampled earlier
in the index period. Montana (Apfelbeck 1999)
samplesthe PlainsEcoregionin April tomid-June,
theIntermountain Valey and Prairie Ecoregion from
Juneto August, and the Rocky Mountain Ecoregion
frommid-Juneto September. Rapid Bioassessment
Protocolsfor Usein Sreams and Wadeable Riv-
ers(Barbour et al. 1999) contains adiscussion of
the sampling seasonsfor streaminvertebrates.

STEP 3. FIELD SAMPLING METHODS
AND DECISIONS

Beforetheactud sampling for monitoring wetlands
takes place, severa decisions need to be made.
Thesedecisionswill bebased inalarge part onthe
program objectives or information needsthat the
invertebrate Bl isaddressing:

B What strataor zones of thewetland to sample
(seediscussion of selecting sampling stratum

above and see Module 4 on Study Design)

Whether to sample once or more than once
during the season (see discussion on selecting
seasonal index period above)

Whether to sampleadl habitatsin thestratum or
zone (multihabitat approach), or selected
habitats

Whether the approach collects the range of
invertebrates needed for the attributes

What sampling methodswill be used to collect
thedesred invertebratesefficiently

How many samples can be processed in the
lab

Recommendationsfor field methods
Several methodsfor collecting invertebratesin
wetlands are described below and listed with ad-



vantages and disadvantagesin Appendix C. The
following are recommended, but may not be appli-
cable or suitablefor researchersor State agencies
under certain circumstances.

B Sampleastratum of the wetland that contains
most of the macroinvertebrates:. often the
shallow areas have emergent or submerged
vegetation; very smdl wetlands can besampled
all around the edges.

B Sample once during the season, after
determining when the maximum development
of theinvertebratesoccurs, and take morethan
one sample at that time; if resources permit,
sample in two seasons taking more than one
sampleon eachvist date.

B Sampleall habitatswithinthe stratum or zone,
or sample selected habitatsif they are known
to have awide representation of invertebrates.

B Useadipnetting method with astandardized
and repeatable protocol; combine this with
activity trapsto collect themotile predators (see
discussion of these and other methods bel ow).

Deter miningthenumber of samplestotake:
gpeciesrichnessand sampling effort

Once these decisions have been made, the sam-
pling methods should be pretested in thefield to
ensurethey collect theinvertebratesthat are needed
for the attributes and to determine the numbers of
samplesthat will be needed. In practice, States,
Tribes, and researchers often have to balance the
limitationsof resourcesagaing therequirementsfor
validation of data. Itisuseful to test methodsin
referencewetlandsto determine how many samples
areneeded to obtain the desired representation of
theinvertebratefauna

It iswell known in ecological research that the
number of speciesor taxacollected frequently in-
creaseswith the sampling effort (Magurran 1988).
A quantitative sampling method (e.g., cores or
Gerking samplers) will yield dataon the dengity of

taxa or species per unit area sampled. A
semiquantitative sampling method (dipnetting, ac-
tivity traps), as described below, will record the
number of taxaper totd samplecount. Thisiscalled
numerical taxarichness. Inether case, the number
of gpeciesor taxausudly increaseswith samplesze,
i.e., with the number of samplestaken or thearea
sampled. For the purposesof comparing Sites, itis
essentia that the number of samples and area
sampled bethesameat al Sites.

Severad samples should betaken with cons stent
methodsat dl stesto determine how many samples
arenecessary to collect adesired percentage of the
total number of speciescollected. 1dedlly, enough
sampleswill be collected to achievethe plateau level
at which taking more samplesdoesnot increasethe
number of species. However, thismay not be prac-
tical, because a plateau may not be reached even
with many samples (see Mackey et a. 1984).
Sparling et a. (1996) collected multiple samplesat
the same sites and recorded the increases in the
percent of total invertebrate taxawith theincrease
inthe number of samplesanalyzed. In1,2,3,4,5,
and 6 samplestherewere, cumulatively collected,
40%, 56%, 60%, 64%, 68%, and 72% of thein-
vertebratetaxa, respectively. Inaddition to com-
paring the taxa gained by added sampling effort,
the effects on thefinal evaluation of the wetland,
whichlead tothelBI or other index score, should
be gauged for each leve of effort. Toreducevari-
ability, aminimum of three samplesisrecommended,
although each method should betested for itsvari-

ability if possible.

It may not be possibleto do apower analysisat
the beginning of 1Bl development. Power andys's
determines how many samplesneed to betakento
obtain enough statistica power to detect differences
among sitesusing the I Bl scores. Todothis, sev-
eral samples would be taken in each of several
wetlandsthat have arange of human disturbances.
For discussionsof power analysisand the number
of samples to take, see Eckblad (1991), Allan



(1984), and Green (1989). Several papers may
be helpful (Davieset a. 1995, 1999, Daviesand
Tsomides1997, Foreet d. 1994, Rankin and Yoder
1990, Rathbun and Gerritsenin press). Variability
inthebiological datamay increasewith greater im-
pairment, asseenin biologica monitoringin Ohio
streams (Rankin and Yoder 1990, Yoder 1991).

Select theappropriate sampling methods
Themethods gppropriatefor sampling will depend
on the type of wetland and the goals of the sam-
pling. Appendix B describes sampling protocols
used by severd stateswith advantages and disad-
vantages. Theemergent or submerged vegetation
inwetlands presentsachalengefor sampling. Se-
lected methods used in wetlands studies are sum-
marized in Appendix C with advantagesand disad-
vantages. More detail on the methods can be ob-
tained from referencescited in the text to follow.
SeeBatzer et d. (in Rader et al. in press) on sam-
plinginvertebratesin wetlands.

Thereisaneed for comparisonsamong the most
commonly used sampling methodsfor samplingin-
vertebrates, particularly for differencesininverte-
brate composition and attributes. Brinkman and
Duffy compared Gerking samplers, cores, activity
traps, and artificial substrates (1996) and found
Gerking samples collected significantly more taxa
than cores. Hyvonen and Nummi (2000) compared
activity trapswith corers, finding fewer activein-
vertebratesin core samples. Some of the articles
cited below have comparative studies of methods.

| sa quantitative sample necessary?

A quantitative sampling method collectsinverte-
brates by trapping the column of water and/or the
bottom sedimentsfrom aknown dimens on of bot-
tomarea. Thispermits calculating the number of
invertebrates per unit area of wetland bottom.
Quantitative methods may be particularly useful in
asessing the productivity of wetlandsinrelationto
waterfowl production. They are not asnecessary

for developing IBIs (Karr and Chu 1999). Ex-
amples of quantitative sampling methods for
macroinvertebrates are the Gerking box sampler
(Gerking 1957, Anderson and Smith 1996); the
stovepipe sampler (see Wilding sampler in Welch
1948, Turner and Trexler 1997); and various meth-
odsfor collecting (Gateset al. 1987) or coring the
benthic sediments (Hyvonen and Nummi 2000,
Swanson 1978, 1983). Some have used an Ek-
man grab sampler mounted onapole.

The Gerking box sampler—a quantitative
sampler

The Gerking box sampler islowered into thewa
ter until the open bottom of the sampler (0.3 ) is
pushed into the sediments|eaving the open top pro-
jecting abovethewater’ ssurface. Everythingwithin
the sampler iscollected from the sediments, veg-
etation, and water column. A flat 1 mm mesh plate
isdid acrossthe bottom beforethesampler ispulled
up and drained, and thesampleisrinsedintoaseve.
Theadvantages of thisdevice arethe quantitative
estimates of theinvertebrates and the fact that it
captures many of the organismsfrom the benthos,
vegetation, and water column. Gerking samplers
collect greater abundance and greater numbers of
invertebratetaxathan activity trapsor artificial sub-
drates (Brinkman and Duffy 1996). Thechief dis-
advantage of the Gerking box isthelabor involved
inprocessing thelarge samplesthat it collects. In
addition, thedeviceisbulky, requiring two people
tocarry ittothesiteand acrew of threeto four to
operae. Itisnot useful if woody vegetationispresent.
Thismethod hasbeen usedin projectsat the Patuxent
Nationd WildlifeRefuge (see Appendix B).

Coresampler—a quantitative sampler

The advantage of using core samplers is the
guantitation per unit bottom area of wetland and
the shorter collectiontime. A disadvantageisthe
fact that core samples contain fewer invertebrate
taxathan Gerking samplersor sweep nets(Hyvonen
and Nummi 2000, Cheal et al. 1993) and the or-
ganismshaveto beprocessed fromthemud. Cores
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sampleasmaller bottom areathan the Gerking box
and they do not capturethemotiletaxa. Thefre-
quently anaerobic benthic sediments of somewet-
lands would not be expected to have the range of
taxafoundin other habitats. Coresareappropriate
if the goal isto analyzethe benthic invertebrates,
such as oligochaete worms, benthic molluscs, and
chironomids, or if thetype of wetland haslow wa-
ter or saturated conditions (seeHershey et a. 1998).
Only 2 taxa of chironomids were collected from
cores pooled from benthic sedimentsin depressond
wetlands, whereas a mean of 12 taxa were col-
lected by adipnet method (Helgen et a. 1993).

In samplesthat include benthic sediments, such
ascoresor stationary samplers, the organismscan
befloated from the sedimentsin dense (30%) su-
croseor st solutions (Anderson 1959, Ritchieand
Addison 1991). Asmuch sediment aspossibleis
washed out of the samplewith running water ona
No. 30 (600 mm) mesh sieve. After water is
drained from the residua debrisand sediment, the
30% sucrose solution isadded to float out the or-
ganismsfromtheresdud. Thistechniqueismostly
limited to muddy benthic sediment samplesthat are
very difficult to pick.

Semiquantitative sampling methods

Dipnet or sweep net samples. Dipnetting, aso
referred to as sweep netting, is probably the most
common method for sampling invertebratesin sha-
low vegetated wetlands (see Appendix C). With
cong stent, standardized protocols, dipnetting yields
semiquantitative dataon invertebrate abundances
and taxa richness. Without a consistent effort,
dipnetting yieldsonly qualitativeresults. See Ap-
pendix B for methods used by different Statesto
produce semiquantitative datawith dipnetting. Re-
peatability is dependent on the standardi zation of
protocolsand thetraining and kill of thefidd crews.

Waysto assure repeatability in dipnetting proto-
colsinclude:

B Defining the number of sweeps (Minnesota,
Horida)

B Defining the amount of time for sweeps
(Montana, Ohio, Merritt et a. 1996, 1999)

B Defining thedistance of swegpsand the number
(Forida, Maine)

B Doing consstently repested effortsat each site
(Minnesota)

Dipnetting samplesalarge areaand the range of
wetland habitats. Dipnetshave been consdered a
useful method becausethey captureahigh richness
of species, comparableto that obtained with the
Gerking box sampler (Chedl et d. 1993, Kaminski
1981). Dipnetscollect moretaxathan arecollected
by coresor artificid subgrates(Mackey et d. 1984),
and collected more taxaof chironomidsthan cor-
ers, artificid subgtrates, or activity trapsin Minne-
sota (Helgen et a. 1993). An advantage of
dipnetting is that experienced crews can collect
samplesquickly over awiderangeof habitats.

See Appendix C for more details of dipnet pro-
cedures. In Florida, 20 0.5-m sweep net efforts
aredistributed in proportion to the representation
of the habitat type, with emphasison the“produc-
tive habitats’ (Florida DEP 1994, 1996, and FL
SOP). InMinnesota, 3to 5 sweepsaredonetwice
for each sample, i.e., atotal of 6 to 10 sweeps per
sample, and 2 samples are collected per wetland
(Gernesand Helgen 1999, Helgen and Gernesin
press). InOhio, a30-minutemultihabitat dipnetting
isdone and invertebrates are handpicked from sub-
strates that could not be sampled by dipnet
(Fennessey et d. 1998). Montanasamplesal habi-
tatsin thewetland for 1 minute, 3to 4 times, de-
pending on thewetland szeand complexity, or until
at least 300 organisms are collected into one
composited sample (Apfelbeck 1999). Merritt,
Cummins, and others have used 30-second sweeps
with D-frame netsto assessthe status of vegetated
riparian systems (Merritt et al. 1996b, 1999,

11



minutes. Processisdone two timesfor one sample.

FIGURE 4. FRAMED SCREEN FOR SEPARATING VEGETATION FROM

INVERTEBRATES DURING DIPNETTING.
¥" hardware cloth 12" x 16" screen sits on a pan of water contained in a larger tray. \fegetation is
placed on top of the screen and invertebrates are encouraged to drop into water in pan over a period of 10

Cummins and Merritt in press, Cummins et al.
1999). A time-constrained dipnetting protocol may
be difficult when wetlands are particularly mucky
or habitatsarefarther apart.

A disadvantage of dipnetting istheamount of veg-
etation and other debristhat getstrappedinthenet.
Thisaddsgreatly to thepicking timeneeded inthe
lab. Unless debrisis removed in the field, it in-
creases the amount of sample that must be pre-
served. Minnesota reduces the vegetation in
samplesby laying the net contentson aframed %2’
12" x 16" hardware cloth screen that Sitson apan
of water contained in afloatabletray (see Figure4
and Appendix C). Thevegetationisgently teased
apart periodicaly over al0-minute period and the
invertebrates are encouraged to drop into thewa-
ter inthe pan beneath the screen. Thisprocessis
donetwicefor onedipnet sample, then the pan of
water ispoured through 4” cylindrical 200 micron
mesh sieves. Floridareducesthe amount of veg-
etationinitsmultihabitat dipnet samplesby washing

itinthenet and removing thelarger piecesof veg-
etation, asdoes Ohio.

Some habitatsare not amenableto dipnetting, e.g.,
areaswith alot of woody debrisor rootsor very
dense vegetation, or water that is too shallow.
Coring methods may be necessary in very shdlow,
saturated wetlands or during drought cycles
(Hershey etd. 1998). Also, dipnetting tendstomiss
someof thevery motileinvertebrates, eg., thelarge
predatory beetlesand bugs. Thisproblemisover-
come by combining the use of dipnetsand activity

traps.

Multihabitat dipnetting methods. The multi-
habitat dipnetting method takes samplesfrom most
of the habitatswithin the wetland. The sampling
can bedistributed among the habitatsin proportion
to the habitat type or by other consistent protocols
such astime congtraints. Training field crewsto
asessthe habitats and to sample consistently using
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standardized protocolsisimportant. See Appen-
dix Cfor thevariations on the multihabitat method
used by Florida, Montana, and Ohio.

Advantages of the multihabitat method are that
the sampl e represents the complexity of the wet-
land and collects most of theinvertebratetaxa, ex-
cept the very motile taxa. Disadvantages of the
method arethetimeneeded for processing thelarge
composite sample, or, aternatively, the need to
subsample or use aminimum count (e.g., 200 or
300) or organisms(see Appendix C). Multihabitat
samplestend to havealot of vegetation and debris,
unlessitisremoved in thefield. Also, wetlands
may differ in habitat types(Burton et a. 1999).

While it would be preferable to preserve sepa
rately the samplesfrom each habitat, for efficiency,
the sampleisusudly acompogteof collectionsfrom
all thehabitat types. Separate preservationwould
require added effort inthefield. Anadvantage of
keeping the collectionsfrom the habitat types sepa
ratewould beinthe analysis of the datato deter-
minewhich habitats show the most responseto hu-
man disturbance.

Activity traps—a semiquantitative method. An
activity trapisapassve sampler usudly containing
afunnd-shaped opening and an enclosed container
(jar or cylinder) that receives and traps organisms
that svimintothetrgp. Withafunnd openingaround
2.5cm diameter, macro-invertebrates can passinto
thetrap. When placed horizontaly inthewetland,
activity traps(AT) give semiquantitativedataonthe
motilewetland invertebrates, effectively trgpping the
motile predators (e.g., theleeches, aquatic beetles,
and bugs) better than dipnets (Hilsenhoff 1987b,
1991, Turner and Trexler 1997). They arelesssuit-
ablefor collecting the nonmotiletypesof inverte-
brates (Hyvonen and Nummi 2000).

Activity tragpsarevarioudy styled asfunnel traps
(Swanson 1978, Fennessey et a. 1998, Hanson et
a. 2000, Gernes and Helgen 1999, Helgen and
Gernes in press, Murkin et al. 1983, Swanson
1978). They areleft out at least one night, so the
night-active invertebrates swim or crawl into the
funnel openings. Thestyleof trap that isused by
Minnesotaispictured in Figure5. Trapsused by
Minnesotaand Ohio EPA aredescribedin Appen-
dix C.

FIGURE 5. ACTIVITY
TRAPS USED BY

MINNESOTA.

Ten activity traps are placed
horizontally in near shore area of
wetlands. a. Trap is held to ¥2" 4 ft
dowel by a sliding bracket of 3" thin
wall PVC. A wingnut unites this and
the larger bracket that holds the
bottle; b. funnel is cut from the top
end of a 2 liter beverage bottle. Four
grooves 1/8 x 2" are cut into rim of
funnel to snap into bottle, c. bottleis
held by a 4" PVC open bracket. (see
Wik D. in References)
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Activity traps should be placed in shallow water
(<1 mtoafew cmdeep), becausetheactiveinver-
tebrates, such aspredaceous beetlesand bugs, feed
there. If they are placed too deep, fewer inverte-
bratesare collected. Typicaly, thetrapsare placed
horizontaly, although vertical placement hasbeen
used, primarily for zooplankton with smaller open-
ing sizein the funnel (Whiteside and Lindegarrd
1980). Thetrapsareusualy retrieved after 24to
48 hours, depending on thewater temperature, with
alonger period in colder water.

An advantage of activity trapsisthat they provide
semiquantitativedata. Also, lesstrainingandtime
arerequired to set out and collect several trapsina
repestableway. Activity trapscollect asamplethat
isclean of most vegetation and requiresless pro-
ngtime. Minnesotaaveraged 2.3 hoursof pro-
cessing timefor 10 activity traps per wetland.

A disadvantage of activity trapsistheneedtore-
visit the site to collect the traps after one or two
overnights. Activity trapsdo not collect therange
of macroinvertebrates needed for the IBI. They
must be used in conjunction with another sampling
method, such asdipnetting, if thegoa isto havea
broad representation of theinvertebratesfor the Bl
attributes. Thereisalso aconcern that predation
withinthetrap might ater theinvertebrate compo-
sition. Onestudy (ElImberg et al. 1992) suggests
that fish, but not invertebrate predators, may affect
richness, but not abundance, of theinvertebrates.

Another disadvantage of activity trapsisthe pos-
ghblecollection of large numbersof tadpolesso dense
they seemto exclude macroinvertebrates. Decom-
position was advanced even after 24 hoursin the
water (Peter Lowe, Patuxent Wildlife Research,
personal communication; Sparling et al. 1995).
Dead organisms in the traps might attract some
predatorsto thetraps, athough thishas not been
evauated.

More study isneeded on the effectiveness of the
different designsfor activity traps, particularly the
size of thefunnel opening and how it might affect
the size of organisms, including vertebrate preda-
tors, that can enter thetraps. The effect of trap
volume and whether thetrap isenclosed (plastic or
glass) versus open (screen) should bereviewed for
predation impact that might be reduced by declin-
ing oxygen levelsintheenclosed traps. Minnesota
excludesair bubblesin activity trapsto reduce ac-
tivity of predatorsinddethetraps (Ra ph Gunderson,
. Cloud State U., MN, persona communication).
Finally, more study is needed on the relation be-
tween water temperature and efficiency of funnel
trapsfor active macroinvertebrates. Murkinet al.
(1983) suggest that water temperaturewasnot Sg-
nificantly correlated with the abundance of inverte-
bratesin activity traps, but temperature does affect
invertebrate activity (Henrikson and Oscarson
1978).

Artificial substrates. Artificial substrates are
passive samplersthat are made of hard substrates
(plates, tiles, or objectsthat mimic the natural sub-
drates) that areplaced inthewater for afew weeks
to alow colonization on the substrates by certain
aquaticinvertebrates. The substrates are colonized
by epiphytic faunaand have been used to collect
information on a number of attributes (King and
Richardson, in press; King and Richardson, sub-
mitted). They wereuseful in studieson theimpact
of mosquito control agents on chironomids (Liber
et al. 1998, Ferrington 1994). Moretaxaof chi-
ronomidswerefound on artificid subgsrateson plates
that were placed upin theaguatic macrophytesthan
on plates placed on the bottom (Liber et al. 1998,
Ferrington 1994). A disadvantageof artificial sub-
dratesisthelack of collection of actively swvimming
invertebrates and consequent lower taxathan ob-
tained with dipnets (Turner and Trexler 1997).
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Advantagesof using artificial substratesare:

B They yield a clean sample relatively free of
debris.

B Thedataare semiquantitative (based on area,
Szeand number of plates).

B They areeasy todeploy inthefield.
Disadvantages of artificia substratesare:

B They collect chironomids, oligochaetes, snails,
and other epiphytic taxa, but not Odonataor
other active invertebrates collected by other
methods.

B Theneed to put the samplers out and collect
them severa weekslater, withthepossibility of
lossor disturbance of samplersover time.

STEP 4. SAMPLE PROCESSING
PROCEDURES

Several decisions need to be made concerning
sampleprocessing:

B Whether to preserve samplesin acohol inthe
field or chill and bring back live

B Whether to pick samplesinthelab or do much
of thepickinginthefied

How to conduct the sample picking inthelab

B Whether to pick the entire sample or a
subsample

Appendix D lists some options for the above
choices, d ong with advantages and disadvantages.
If samplesare preserved inacohol or another pre-
servative, there should be adequate ventilation for
sample processng Saff even after the sampleshave
been rinsed and placed inwater. Thefollowing are
recommended, but other options may be needed
depending on the circumstances of theresearchers
or Stateagencies. Whatever the protocolsare, they
must be used consistently.

B Preservation of the sample in the field is
preferable, sothe processng of thesampletakes
placein controlled conditionsin alaboratory.

B Picking the samples should be done in the
laboratory, not under varying field conditions
of dlimateand lighting.

B Staff who pick the samples should have some
training in aquatic invertebrates, but they need
not be the taxonomists who do the
identifications.

B Picking the samplein the lab should be done

ether under amicroscopeor inaglasstray over
alight box with amagnifying lamp.

B Thesample should be picked into partly sorted
categoriesto expediteidentifications.

B |f theentiresampleispicked, itismoreefficient
to collect asamplethat hasreduced vegetation
and debris.

B Preservative should be rinsed off samples
picked inwater; adequate ventilation should be
provided for staff doing the picking and the
identifications.

Subsampling or picking theentiresample?

Itisrecommended the entire sample be picked if
the sampling method and resources permitthis. To
make this more efficient, it is helpful to collect
samplesthat are not overl oaded with vegetation and
debris. When wetlandsare sampled with arepest-
able, consstent sampling effort, picking theentire
sampleimproves proportion metricsof total sample
count, taxa richness, and variability in metrics
(Doberstein et al. 2000, Ohio EPA 1988,
Courtemanch 1996) and allows better compara-
bility among Stes However, with Sationary samples
such asthe Gerking box, sovepipe, or Wilding sam-
plers, or with certain multihabitat dipnetting meth-
ods, theremay bealot of vegetation and debris. In
such cases, asubsampling process may be neces-
sary. See Appendix C for some methods to re-
duce debrisin these samples.
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A sample can be subsampled by using agridded
screen or agrid underlying aglasstray. Random
sgquares or rows are selected to ensure that a de-
fined proportion (at least 20%) of the samplegrid
is picked. There are sample splitters and other
methods, but these need to be tested and their use
may be difficult with debris-laden samples from
wetlands.

Alternatively, picking thesampleuntil aminimum
number of macroinvertebrates, typically 100, 200
or 300, isfound will reducethepicking effort. There
aredisagreementson thevdidity of taking thiskind
of subsample. For issuesof subsampling see Sovell
and Vondracek (1999), Barbour and Gerritsen
(1996), Courtemanch (1996), Vinson and Hawkins
(1996), Somerset d. (1998), and Dobersteinet a.
(2000).

Someinvestigatorsfacilitate the sample picking
by staining theinvertebrateswith RoseBengd stain
(100 mg Rose Bengal in 1,000 mL preservative,
see Lackey and May 1971).

Taxonomicresolution and identifications of
invertebrates

Thelevel of taxonomicidentifications, to order,
family, genus, or species, will depend on the at-
tributes or metricsthat are used, the degree of cer-
tainty needed in the wetland assessments, and the
easeor difficulty of identifying the particular groups
of invertebrates. Moreinformation about the con-
dition of awaterbody is obtained when organisms
areidentified to the genusor specieslevel. Among
generawithinafamily there are often differencesin
sengtivitiesto factorscausing imparment, likewise
among thespecieswithinaparticular genus. A very
rapid assessment gpproach or acitizen monitoring
program might identify tothefamily leve.

B [tisrecommended to identify theinvertebrates
to thelowest possibletaxonomic level, at least
to genusand to specieswhere possible, because

of the different sensitivities within some
taxonomic groups.

B [tisrecommended, wherepossble, to havethe
identifications done by biologistswho areon
staff and trained in taxonomy; these staff can
aso participatein the devel opment of biologica
monitoring toolsand help guidethebiological
monitoring program.

B Itisrecommended that referencecollectionsbe
maintained with several specimens of each
organism that wasidentified, and to have these
identificationsverified by outsdetaxonomigsif
the taxonomist on staff lacks expertise in
particular groups(e.g., chironomids).

B |tisrecommended that adatabase management
staff person be dedicated to the biological
database and participatewith thebiologicd staff
initsdevelopment of the program.

B Itisrecommended that the taxonomic names
be coded in the database with the national
Integrated Taxonomic Information System
(ITIS) codes (www.itisusdagov); uniquecodes
will be needed for the taxa that are not yet
coded by ITIS.

B |tisrecommended that the known functional
feeding groupsfor each taxon be built into the
database so that functiona feeding group
attributes can betested.

|dentifications at least to the genuslevel arerec-
ommended for biological assessmentsto be used
for resource agency decisons. A number of excd-
lent keysand sources are available (for example,
Merritt and Cummins 1996a; Hilsenhoff 1995,
Thorpe and Covich 1991, Walker 1953, 1958,
1975, Needham and Westfal | 1954, Klemm 1982,
Westfal et al. 1996, Clarke 1973, 1981, Mackie
inpress, to nameafew). Sometaxawill beidenti-
fiedtothelowest practicd leve, depending on avail-
abletaxonomic sources, staff expertise, and work
effort for identifications. For some groupsor life
stages, reliable taxonomic keys may not be avail-
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able. For other groups, such asthefingernail clams
and leeches, identificationsare difficult because of
the time needed to processthe shellsto view the
hingeteeth, or to relax certain leeches and dissect
the reproductive sructures. Some snailscan beiden-
tified to species, othersonly to genuslevd.

Oncethe choicesare made, they should be con-
sistently applied in the assessment protocol by all
staff working on theidentification of the samples.
For thetota taxametric, aclear definition of which
taxato beincluded must be determined for the stan-
dard identification proceduresin thelab. The staff
biologists need to keep track of changesin tax-
onomy and maintain literature sourcesused for the
identifications. ThelTIScodesshould beregularly
updated (see Appendix E).

Some agencies contract out theidentifications of
certain specia groups, such aschironomid larvae
togenuslevel. If chironomidsareidentified only to
thefour subfamily/tribe levels, information about
conditionislost compared to identificationsto the
genuslevel, where morethan 12 to 16 generamay
befoundinonewetland (Digginsand Stewart 1998,
Helgen and Gernes 1999, Gernes and Helgenin
press, Beck 1977).

For someof thefunctionad feeding group metrics,
taxonomy iscarried to the level needed to describe
thefunction (Merritt and Cummins 1996a). Inthis
case, dl Odonatawould immediately be classed as
predators, or al members of a family might be
classed in onefunctional feeding group. In other
cases, identificationsto lower taxonomic levelsare
needed to define the functiond feeding groups (see
Mihuc 1997). Thereforeit isprudent to identify the
macroinvertebratesto thel owest possibletaxonomic
level, genusor species, where possible.

I mmatur e specimensand mor phospecies
Some specimenswill betoo immatureto identify
to genusand will haveto beleft at the higher level

of identification, e.g., family. Othersmay bedam-
aged and not identifiable. In some casesthe expe-
rienced taxonomist may be ableto extrapolate, with
caution, from other specimens in the collection.
Some specimenswill beidentified to genusbut will
bedidtinctly different from othersinthesamegenus
inthesample. These specimensmust berecorded
so that they arerecognized asan additiona species
inthe sample, i.e., asa“ morphospecies’ (Oliver
and Beattie 1996). If speciesare carefully identi-
fied asdistinct morphologies, thislevel of identifi-
cation can produce accurate measures of species
richness, but only when theexperienced biologist is
certainthedifferencesare not smply dueto differ-
ing stages of development.

It isimportant to define standard protocols for
counting the number of different taxawhen theiden-
tificationsof different taxaareat different levelsof
taxonomic resolution. For the counting rulesused
by Maine, see Daviesand Tsomides (1997).

Contracting out theidentifications
of theinvertebrates

Contracting the services of taxonomic expertsis
an option when staffing levelsor limitationsin ex-
pertiseand facilities prevent anadyzing theinverte-
brates“in house,” especidly for particular inverte-
bratesthat require specidiststo identify. Contract-
ing someinvertebrate taxonomy can free the staff
to develop theindexesand analyze and report data.
This can beacost-efficient way to obtainreliable
data, however it entails staff timein forming and
tracking contracts.

It isimportant to give the contractorsclear guid-
ance on the groups of invertebratesto identify, the
taxonomic levels, the protocols, and the attributes
desired, and not to let the contractor make these
decisgons. Itisimportant to havein-house gaff with
expertisein macroinvertebrates give guidancefor
thework of any outside consultants. It isrecom-
mended to haved| of the macroinvertebrate groups
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identified to alow calculation of new or improved
metricsthat may not have been previoudy used.

STEP 5. METRIC ANALYSIS
A. SELECTION OF ATTRIBUTES

Selecting invertebrateattributes

As stated in Step 2, attributes are candidate
metricsthat are measures of theinvertebrate com-
munity. They aretested to seeif they show adose-
responseto increasing levels of impairment, such
aschemicd pollution, unnatura hydrologic or habi-
tat alterations, or siitation. If aresponsetoimpair-
ment isseen, the metric will be scored anditsscore
will contributeto the overall 1Bl scorefor awet-
land.

An|IBIl ismorerobust if itiscomposed of 8to 12
metrics selected from different categories of at-
tributes that represent patterns of responses to
changesin the physical, chemical, and biological
integrity of the wetland and its surrounding land-
scape. Themaor categoriesof attributesand their
expected responsesto increasesinimparment (in
parentheses) are:

B Measuresof taxarichness (decrease)

B Measures of tolerance (increase) and
intolerance (decrease)

B Measuresof trophic structure and functional
feeding groups (varies)

B Measuresof lifecycles, such aslongevity and
reproduction (decrease)

B Measuresof poor condition or poor health of
individuas(increase)

Advantages and disadvantages and expected re-
sponses to human disturbance of these and other
categories of attributes are reviewed in Appendix
F. Attributesin useby several Statesaregivenin
Appendix G. Some of the categoriesof attributes

are discussed below, with arationae for the ex-
pected responses.

Taxarichness

Taxarichnessisthe count of the number of types
of invertebratesthat inhabit an ecosystem. Thetaxa
richness, primarily generaor species, of awetland
isenumerated by counting up al thetypesof inver-
tebrates collected from the sampling effort. Itis
important to use astandard protocol for counting
invertebrate taxawhen thetaxonomic leve for the
identificationsdiffersamong taxa. The number of
taxa commonly declines as human disturbancein-
creases (Barbour et al. 1995, Kerans and Karr
1994, Fore et a. 1996). This attribute shows a
high gatigtica power for detecting differencesamong
sites (Sandin and Johnson 2000). However, there
areexceptions, e.g., when low-nutrient wetlands
receive more nutrients (Rader and Richardson
1994), or forested canopy areas are opened up
over wetlands that were shaded and less produc-
tive beforethe forest clearing (King et a. 2000).
Plotting thetaxarichnessagaing themeasure of dis-
turbance will show theresponsecurve. If thereisa
unimodal response, with apeak of taxarichnessat
theintermediateleve of human disturbance, themet-
ric may not beuseful.

In Figure 6, the number of invertebrate taxade-
creases asthe concentration of chlorideincreases
inthewater inthewetland. Theincreased chloride
may alter the active pumping systems of inverte-
bratesfor maintaining osmotic balancein body flu-
ids. Urban wetlands (Urb) receiving stormwater
runoff areespecialy highinchloride.

Tolerance

Tolerant taxainhabit awiderange of habitatsand
tolerateawiderangeof conditions. The number of
tolerant taxamay not change with impairment, but
therelative abundance of tolerant organismstends
toincrease astheamount of impairment to the site
increases. Thismight be measured by the propor-
tion of known taxa, or by the proportion repre-
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FIGURE 6. TOTAL NUMBER OF INVERTEBRATE TAXA PLOTTED AGAINST
THE LOG OF THE CHLORIDE IN THE WATER (MG/L) FROM LARGE
DEPRESSIONAL WETLANDS IN MINNESOTA.

Total taxa included the number of genera of mayflies, caddisflies, dragonflies, damselflies, chironomids,

beetles, bugs, macrocrustaceans, plus the number of genera or species of snails and leeches and the
presence/absence of fingernail clams and Chaoborus. Chloride range 1-110 mg/L.

sented by the dominant two or three taxato the
sample count.

Toleranceva uesassgned to stream invertebrates
are based largely on organic enrichment from data
setsof sreaminvertebrates (Hilsenhoff 19873). The
Hilsenhoff Biotic Index for streams (HBI, see
Hilsenhoff 1987a, 1995) iscal culated from toler-
ance values assigned to species of various stream
invertebratesin relation to their sengtivitiesto or-
ganic pollution. New England hasalist of family-
level tolerancevauesderived primarily fromEPA’'s
listing (EA Mid-Atlantic Regiond Operations1990)
with someregiona modifications. Hilsenhoff also
has developed afamily-level HBI, the FBI, for a
rapid field assessment or organic pollution
(Hilsenhoff 1988).

Toleranceva uesassgned to Stream invertebrates
may not be applicable to wetlands invertebrates
because many wetlandsinvertebrates are tol erant
of, or adapted to, thefluctuating oxygen conditions
inwetlands. Inaddition, there are many inverte-
bratesin wetlandsthat are “wetland specialists’:
water boatmen; backswimmers; diving beetlesand
marsh beetles; fairy shrimp, clam shrimp, and tad-
poleshrimp; mosguitoes, marshflies; biting midges;
horse and deer flies; the snails in the families
Physidae, Lymnaeidae, and Planorbidag; and fin-
gernail clams(seeWissinger 1999). For theseand
other speciesthat are predominantly wetland spe-
ciadigts, thereislittle or no existing information on
their tolerances to human caused impairments.

Attributes that relate to tolerances of
macroinvertebratesin wetlands need to be derived
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for theinvertebrates of the wetland classand re-
gion. Decigonsabout whichtaxaare“tolerant” need
to bebased on examination of datasetsfromarange
of high-qudity andimpaired wetlands. Tolerant taxa
might be present in the range of wetlands, but they
would show aproportionateincreasein wetlands
with greater human disturbance. The designations
of tolerance then need to betested on another data
set for validation. Karr and Chu (1999) suggest
that about 10% of thetaxa, or 5% to 15%, be de-
fined aseither tolerant or intolerant. One caution
on designations of tolerancevalues, if doneat the
genuslevel, isthe possihility that the specieswithin
agenus may differ intheir tolerances (Hilsenhoff
1998). Itispreferable, but not dwayspossible, to
designate speciesrather than generaastolerant or
intolerant.

Intolerant taxa, by definition, aremorelikely to
disappear under impaired conditions. Their pres-
enceindicatesgood conditions. Preliminary deter-
minations of intolerant specieswould requirethe

examination of the dataset to seewhich taxatend
to disappear from the moreimpaired wetlands but
arefoundinreferencestes. Again, designationsof
intolerant taxa need to be tested with other data
sets. Anexampleof intolerant taxa, originaly de-
rived from dataon depressional wetlandsand ap-
pliedto anew dataset on large depressionsisshown
inFigure?.

Trophicfunction and functional feeding
group attributes

Trophic function attributesrel ate to the type of
food eaten by theinvertebrates: herbivorescon-
sume agae and plant materia, predators consume
animas, omnivoreseet both plant and animd mate-
rial, and detrivores consume decomposed particu-
late material. The proportion of predatorsisex-
pected to decline asimpairment increases (Kerans
and Karr 1994). Many wetlandsarelackinginfish
predatorsand aredominated by invertebrate preda
tors such asleeches, dragonfly and damsdlfly lar-
vae, and juvenile and adult aguatic beetlesand bugs
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FIGURE 7. INTOLERANT TAXA PLOTTED AGAINST THE LOG OF PHOSPHORUS
(MG/L) IN THE WATER OF LARGE DEPRESSIONAL WETLANDS IN MINNESOTA.
The types of intolerant taxa were derived from a previous project on depressional wetlands. Theintolerant taxa
weretwo genera of dragonflies (Leucorrhinia, Libellula), two of caddisflies (Triaenodes, Oecetis), two chironomid

genera (Tanytarsus, Procladius) and fingernail clams (Sphaeriidae). P range 0.015-1.38 mg/L.
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(Fairchild et a. 1999, Wissinger 1999). Inthefish
IBI, the proportion of individua sthat aretop carni-
vores(Simonand Lyons 1995) isexpected to show
adecreasein responseto human disturbance. More
work isneeded in testing of attributes of trophic
function againgt gradients of human disturbancein
wetlands.

Attributes of functional feeding groups (FFGS)
merit further exploration. Such groupsare based
onthemode of food acquisitionrather than thetype
of food eaten (Merritt and Cummins 1996b, Merritt
etd. 1996, 1999). Merritt’ swork in defining func-
tiond feeding groups of many macroinvertebrates
haslaid afoundation for the analysis of FFG at-
tributes. The FFGsof eachtaxon, if defined, should
beincluded in databasesto facilitate the testing of
FFG metrics.

Ingreams, theandyssof functiond feeding groups
has been useful for understanding the changesin
stream ecology from losses of riparian vegetation
or conversion from a shaded, leafy stream to an
open system inwhich algae, rather than leef litter,
become the primary food source for the inverte-
brates(Merritt et al. 1999, see also Rawer-Jost et
al. 2000, Hannaford and Resh 1995, Resh 1995).
Cumminsand Merritt (2001) and Cumminset al.
(1999) have analyzed FFGs in wetland riparian
arees.

Functiond feeding group attributesthat decreased
withincreas ng human disturbancein streamswere
the proportion of grazers and the proportion of
predators (Keransand Karr 1994). An attribute
that tended to increase as human disturbance in-
creased was the relative proportion of filterers
(Kerans and Karr 1994). Much more testing is
needed of functiona feeding group attributesinre-
lationto humandigurbanceinwetlands. SeeMerritt
et a (1996) for criterialevelsfor FFG ratios for
evaluating ecosystem parametersin streams.

Some functional feeding group attributes have
shown gresater variability than taxarichness mea-
sures, partly because some of the FFG attributes
have been expressed asratios(e.g., scrapers/gath-
erers) rather than proportions (Resh 1988, Resh
1994, Stan Szczytko, University of Wisconsin,
Stevens Point, WI, persona communication). Ra-
tiosare susceptibleto variability if both of thevari-
ablesarechanging. Other FFG attributes are ex-
pressed as proportions and these may be morero-
bust when tested in wetland systems. Taxonomic
levelsneeded for FFGsvary widely. Somegroups,
e.g., Odonata, can be entirely classed as preda
tors, whereas others (see Merritt and Cummins
1996a) will requireidentificationsto genusor spe-
cieslevel. Itisrecommended that identifications
bedoneroutindy to thelowest taxonomiclevel.

Other invertebrateattributesto consider

Other attributes can be considered; somearein
Appendix F. Some can befound in theliterature
(Barbour et al. 1996, Resh et al. 1995, Keransand
Karr 1994). A few that might apply to wetlandsin
thefuture arediscussed below.

Condition or health of individual
invertebrates

Inthefish IBI, thereisametric that recordsthe
number of deformities, eroson, lesions, and tumors
inindividud fishinthesample (Sanderset d. 1999).
Thismetricismost responsivein highly contami-
nated areas, aswasfound in Ohio. To date, mal-
formations have been recorded in some aguaticin-
vertebrates, i.e., chironomidsand dragonflies. In
chironomids, maformationshavebeen shownto be
more nuMmerousin responseto contaminants (Pamer
1997, Hudson and Ciborowski 1996a,b; Warwick
1980 1990). Minnesota has data on malforma-
tions in chironomids from 43 wetlands (done by
Leonard C. Ferrington), but has not yet devel oped
ametric. Maformationswere found in the cast
exaoskeletons (exuviae) of dragonfliesin Minnesota,
first in a report from rivers and bog/fen areas
(Steffensand Smith 1999) and thenfrom somelarge
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depressiond wetlands (Smith 2000). Thereislittle
monitoring dataon malformationsin most inverte-
brates. Therefore, it isunknown whether malfor-
mationsareincreasngininvertebratestheway they
appear to haveincreased in frogsin the 1990sin
northern North America(Helgenet d. 2000, Hoppe
2000, Ouellet et a. 1997, Northeast Natural Re-
source Center 2000).

A possible attribute to indicate the health of in-
vertebratesisthe proportion of coverage of aquatic
insects by bacteriaas an indicator of nutrient en-
richment in wetlands, based on recent work by
Lemly and King (2000).

Introduced or exotic species

Thereare numerousexatic or introduced species
infreshwatersof the United States (see Cox 1999,
Mack et a. 2000). Some of these invade wet-
lands. Asan attribute, the number of exotic taxaor
the proportion would be expected to increase as
human disturbancesincrease. Introduced fish will
ater the invertebrate composition (Hanson and
Riggs 1995). In Minnesota, the huge oriental mys-
tery snail, Cipangopal udina chinensis, has been
found in urban wetlands, probably after being dis-
carded from aguaria. It consumes submersed
aquatic plants and creates open areasin the veg-
etation. Therusty crayfish, Orconectesrusticus,
has been expanding itsrange and introduced into
|akes and wetlands (Helgen 1990), whereit con-
sumesthe macrophytes.

Generalistsand specialists

Attributesthat addressthe proportion or richness
of generdistsand specidistscould beexplored (see
Wissinger 1999, Mihuc 1997). A community with
ahigh proportion of wetland specidistsisthought
to reflect more competition and evol ution of spe-
cidists, whereas onewith ahigh proportion of gen-
erdlistsmay indicatelesscompetition and moreuse
of the same resources. The number of specialist
taxa, or theproportion of gpecidig individuads, might
be expected to decrease as the human disturbance

increasesinwetlands. IntheFloristic Quality As-
sessment method (Fennessy 1998) for using plant
communitiesto assesswetlands, plant taxathat have
ahigher fiddity for particular typesof habitats, i.e.,
ahigher coefficient of conservatism, will givethe
Horistic Quality Assessment Index ahigher score
(seeModule 10, Using Vegetationto AssessEnvi-
ronmenta Conditionsin Wetlands).

B. FORMING THE IBI

To formtheinvertebrate IBl, the attributes are
plotted asascatter plot against stressorsor human
disturbance gradients (e.g., Figure 1, see Fore et
al. 1996, Karr and Chu 1999). Eight to 12 at-
tributes that show a response are selected and
scored. Another method of visudizing metricsisto
plot the attribute data using box-and-whisker plots
to show the spread of values of an attributein ref-
erencestescompared withtherangeintheimpaired
sites (Barbour et al. 1995, Barbour et al. 1992).
Attributesthat show very little overlap between ref-
erencestesandimpaired Stesare chosen asmetrics
and scored.

Therearevariouswaysto scorethemetrics. The
examplesgiven below arefor assgning scoreswith
al, 3,5 systemfor metric datathat are showing a
linear or regular response to disturbance. Other
scoring ranges can be used. For metrics whose
dataindicate anonlinear responseto the gradient
of human disturbance, other methods, such asas-
signing scores on either side of inflection points,
need to beused (Karr and Chu 1999). Itisimpor-
tant that the study sites used to assign scores to
metricsincludethefull rangeof impairment and the
fullest range of biological responsevauesfor the
metrics.

B Therange of the datavaluesfor the metric can
divided evenly into three partsfrom the lowest
datavalueto the highest datavalue. Thelow
sector isassigned ascore of one, themiddleis
given athree, thetop thirdisgivenafive. This
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method assumesthe datarangesincludearange
of vauesfrom themost impaired totheleastim-
paired wetlands, and the data values respond
evenly to the human disturbances (Karr and Chu
1999, Helgen and Gernesin press, Gernesand
Helgen 1999).

B Thedatafor ametric are plotted in rank order
for thedtes. Thenthedtesaredividedintothirds
and the associated datava uesare assgned scores
of 1, 3, or 5for thelow, middle, and top third of
ranked Sites.

B Themetric valuesfor thereferencesitesarear-
ranged inquartiles. Thevauesfor thetopthree
quartiles (top 75th percentile) are assigned a
scoreof 5. Therange of valuesfrom the upper
range of thelowest quartileto thelowest data

valueisdivided intwo and assigneda3 or 1
(Barbour et d. 1996). Thismethod assumesthere
isan adequate number of reference sitesinclud-
ing somewith theleast amount of human distur-
bance or no disturbance. See Module 6: Devel-
oping Metricsand Indexes of Biologica Integ-
rity. Once the metrics are scored, amatrix of
scoresismadein atablefor al thesitessuch as
thetablein Appendix J. The scoresare added
tothetotal 1Bl scoreand the Bl scoresaredi-
vided to indicate three or more categories of
condition. Appendix | showsthe scoring criteria
for the 10 metrics used by Minnesotafor large
depressons. Itindicateshow many wetlandsthat
were designated as reference, agricultura or
stormwater-influenced received the scores of 5,
3,0r 1.

CONCLUSIONS AND
RECOMMENDATIONS

Biological assessment of wetlands by

invertebrate metrics should be increased

ecause the invertebrate metrics are sensi-

tiveto abroad range of impairmentsto the physi-

ca, chemicd, and biologica integrity of wetlands.
Thiswill require:

B Morework onthe devel opment of
invertebrate | Blsfor different classes of
wetlands

B Moreinformation on thetolerancesand
sengtivities of invertebratesin wetlands

B Congstent funding dedicated to staff towork
oninvertebrate biologica assessments

2 Biological assessment of wetlands using
macroinvertebrateswill providescientifically
und datafor States, Tribes, and organiza-
tions to gauge the degree of impairment to wet-

lands from a mix of stressors. This will enable
themto:

Deveopinvertebratebiocriteriafor determining
aquaticlifeuse support

Report on condition of wetlands in 305(b)
reportsandin303(d) (TMDL) ligsand facilitate
prioritizetion

Understand the condition of watershedsusing
carefully designed studies

Comparetheresultsfrom biological condition
assessments with assessments from other
“rgpid” physcd assessment methodstovaidate
thelatter

Provide a solid foundation for citizen
biomonitoring programsusing protocol sderived
from those used by States, Tribes, and
organizations

Provide a sound method to determine the
effectiveness and suitability of permitting
decisons

Provide a sound method to assessthe results
of restorations and mitigations in wetland
replacements
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Appendix Jshowsan exampleof the metric scores
for aset of depressional wetlandsin Minnesota.
The sitesare sorted by the I Bl scores, and tenta-
tivelineswere drawn to indicate which of the sites
might be considered to bein excellent, moderate,
or poor condition. Thiswasdoneby trisecting the
range of 1Bl scores (10 to 50 total pointsfor 10
metrics). Although most of thesitesthat were con-

Sdered to bereference, or least impaired, wetlands
had I1BI scoresin the excellent range, afew candi-
date reference sites scored asmoderate. Itisex-
pected that some sites chosento bereference sites
may not beinthe highest condition, but will them-
selveshavearangeof conditions. Other gpproaches
may be used for determining thecriterialines.
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APPENDIX A. ADVANTAGES AND DISADVANTAGES OF USING INVERTEBRATES FOR

BIOLOGICAL ANALYSIS OF WETLANDS

Advantages

Invertebrates can be expected to respond to a wide array of stresses to
wetlands, such as pollutants in water and bottom sediments, nutrient
enrichment, increased turbidity, loss or simplification of vegetation,
siltation, rearing of bait or game fish, input of stormwater or wastewater
runoff, introductions of exotic species, or alterations of the landscape
around the wetland.

Disadvantages/Comments

Because it is likely that multiple stressors are present, it may not be
possible to pinpoint the precise cause of a negative change in the
composition of invertebrates. However, data from major sources of
human disturbance, e.g., water and sediment chemistry, the nearby
wetland landscape features, sources of hydrologic alteration, and other
disturbance factors cam be assessed in relation to the invertebrate data
to see which factors have the greatest effects.

Life cycles of weeks to months allow integrated responses to both
chronic and episodic pollution, whereas algae recover rapidly from acute
sources, and vertebrates and macrophytes may take longer to respond to
chronic pollution

Toxicological/laboratory based information is extensive. Invertebrates are
used for a large variety of experimental approaches.

Information on short-term, pulse impairments (using algae,
zooplankton) or more long-term impairments (using macrophytes,
vertebrates) or more landscape-level (using birds, amphibians)
impairment may be desired.

Toxicological response data may not be available for all invertebrates;
data for some wetlands species are less extensive than for stream species.

There is an extensive history of analysis of aquatic invertebrates in
biological monitoring approaches for streams.

Invertebrates are used for testing bioaccumulation of contaminants to
analyze effects of pollutants in food webs.

Invertebrates are important in food webs of fish, salamanders, birds,
waterfowl, and predatory invertebrates.

Many invertebrates are ubiquitous in standing water habitats.

Many invertebrates are tightly linked to wetland conditions, completing
their life cycles within the wetlands. They are exposed to site-specific
conditions.

Many invertebrates depend on diverse wetland vegetation, some depend
on particular types of vegetation for reproduction.

Invertebrates have short and long life cycles and they integrate stresses to
wetlands often within a 1-year time frame.

Invertebrates can be easily sampled with standardized methods.

Invertebrates can be sampled once during the year, if the best index
period is selected for optimal development of invertebrates.

Invertebrates can be identified using available taxonomic keys within labs
of the entities doing the monitoring. Staff help develop biomonitoring
programs.

High numbers of taxa and individual counts permits the use of statistical
ordination techniques that might be more diffucult with just a few
species, e.g. with amphibians.

Citizens can be trained to identify wetlands invertebrates and become
interested and involved in wetlands assessment. Citizens are excited to
see the richness of wetland invertebrates.

Using invertebrates to assess the condition of wetlands is now under
development in several States and organizations.

Tissue contaminant analyses are always costly. This is true for tissue
analysis of any group of organisms: vertebrate, invertebrate, or plant.

Aquatic invertebrates tend not to be valued by the public as much as
fish, amphibians, turtles, or birds. However, citizens do respond to
invertebrates.

Invertebrate composition will differ in different wetland classes, as will
other groups of organisms (plants, birds) that might be used to assess
wetlands.

Some invertebrates migrate in from other waterbodies, these taxa are not
as tightly linked to the conditions in the specific wetland.

Loss of invertebrates may be a secondary effect from the loss of wetland
vegetation, e.g., from herbicide treatments. Vegetation loss is an
impairment.

Many complete their life cycle within a year, they are not as "long-lived"
as birds, amphibians or perennial vegetation.

Picking invertebrate samples is labor-intensive.

Invertebrate composition of wetlands often varies within the seasons of
the yearly cycle. Invertebrates mature at different times. This necessitates
selecting an "index period" for sampling once, or alternatively, sampling
more than once in the season.

Expertise is required to perform identifications of invertebrates. Some
may choose to contract out some or all the identifications. There is a
cost involved.

Large numbers of taxa and individual counts make the sample
processing more labor intensive than other groups. Adequate training
and staff time are required. More lab time is needed than for some
other groups of organisms.

Citizen monitoring requires training to learn many invertebrates in a
short time, a structured program, and a commitment by volunteers and
local governments; citizens may tend to underrate high quality wetlands.
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APPENDIX E. ISSUES RELATED TO QUALITY ASSURANCE FOR INVERTEBRATE
BIOASSESSMENT WORK

Any biological monitoring program should have its own written Standard Operating Procedures
(SOF s) for each assemblagethat isused, and for al field and |aboratory protocolsand dataanaysis
methods. Detailed guidancefor developing aQuality Assurance Project Planisavailablefromthe
U.S. Environmental Protection Agency, Guidancefor the Data Quality Objectives Process (EPA
QA/G-4, EPA/600/R-96/055, ORD) and EPA’'s Content Requirementsfor Quality Assurance Project
Plansfor Water Divison Programs (EPA Region V, Environmenta SciencesDivision, August 1994).
For examples of SOPs see Florida DEP SOP Draft 2000, North Carolina DWQ 1997 SOP.

The following text describes some considerations specific to biological assessment using
macroinvertebrates.

1. Atleast 10% of the samples should be checked and verified for the accuracy of taxonomic
identifications by asecond taxonomist and/or by comparison to the reference collection. Changesin
taxonomy must be tracked and continuoudly updated, using current taxonomic referencesand re-
gional experts. At least 10% of the picked residuals of samples should be checked by the experi-
enced taxonomist to assure all the macroinvertebrateswere picked out.

2. Samplesshould be stored carefully for adefined period of time, if not indefinitely, for later verifi-
cationsor quality assurance, especialy if the assessmentsare part of aregulatory decision. They
should not be disposed of right after theidentifications are completed. Taxonomistsarerevising
certain groups of invertebratesasnew information isgathered. Archived samplescan bereanayzed
for thegroup in question if necessary.

3. Thelab should have defined rulesfor counting of taxaof eachinvertebrate group to beidentified
at different levels of taxonomic resolution, for identifying immature specimens, and for whenitis
acceptableto identify “morphospecies.”

4. Taxonomic coding. Inaddition to having alab list of taxaidentified with unique codes, the
wetland invertebrates are coded in the database using the nationd Integrated Taxonomic Information
System (ITIS) codes (www.itis.usda.gov/). Thisisapartnership of Federal agenciesinthe United
States and Canadato improve and standardize biological nomenclature nationwide. ThelTISdata
base includestaxonomicinformation with authority, synonyms, common names, aunique taxonomic
serid number (thecode), publications, experts, and dataqudlity indicators. There should bearoutine
procedurefor checking the I TIS database to update and change any codesin theinvertebrate data-
base.

Oneproblemisthat not al wetland invertebrates have received the codes or serial numbersinthe
ITISsystem. Sotheagency must, temporarily, createitsown codesfor uncoded taxa. Minnesotais
coding taxanot found in the I TIS database with unique negative numbers. These can be easily
flagged and have no possibility of interfering with ITIScodes. 1TISisrequesting input from biolo-
gists, so states can notify them of uncoded taxa. The I TIS database should be searched periodically
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APPENDIX E. (CONTINUED)

to seeif uncoded taxa have received codes so the in-house, temporary codes can be replaced with
ITIScodes.

5. Database and records management. It isimportant to have a database management staff
person assigned to ongoing work with the biological dataand the associated physical and chemical
wetlandsdata. Thisisespecidly true during thetime of development of the biologica database and
the selection of metricsand indexes. But thework isnever static; changes occur and new directions
arise asthe biological assessments are made and applied to reports and decisions. Taxonomy is
updated, and new needsarisein linking the biological datato other data setsand in making assess-
ments accessi bleto the public through agency web pages. Data should be backed up routingly.

6. Fidddataforms Standardized field forms should be devel oped to ensure that methodsand site
conditionsarethoroughly recorded and all procedures are cons stently documented. Backup photo-
copiesshould be stored separately from origina dataformsand field notebooksin casedataarelost
or destroyed. Itisimportant to reconcileissuesof datacomparability between old and new methods.
Inadditionto thestandard locationa, wetland habitat, and physica samplinginformation, theinverte-
brate sampling method, numbers of samplescollected, and the depth and | ocations of sampling should
beincluded on afield sketch. GPS (Global Positioning System) locations of |atitude and longitude of
sampling locations should be recorded.

7. Samplelabeling and tracking. All sample containers should be clearly labeled with pencil or
Indiaink on labels of 100% cotton or acohol-proof paper placed inside the jar and include the
following information: sampling method, sample number, station ID, date, collector, Stenameand
location (township, county), and samplejar number (e.g., jar 1 of 2, etc.) if morethan onejar isused
for asinglesample. Standard proceduresfor sampletracking and chain of custody should be estab-
lished as part the monitoring program’ squality assurance plan.

8. Laboratory Procedures.

a. Coding and recordkeeping. Inthelaboratory, auniqueidentification code should be assigned to
each sample. Thiscode should beincluded inal subsequent records associated with the sample (via
or jar labels, tally sheets, databases, etc.). All laboratory dataforms should be standardized and
should includetheinformation described above (see Sample Labeling and Tracking) in additionto the
sampleidentification code and laboratory staff name(s). Aswith field dataforms, backup photo-
copies should be made of all |aboratory records.

b. Sample sorting. Macroinvertebrates should be sorted from detritus (picked) by trained personnel
working under the supervision of aprofessional biologist. Picking procedures should beincludedin
Standard Operating Procedures. It isrecommended that a 10% random subset of all samplesbe
repicked by different experienced laboratory personnel working under the supervision of aprofes-
siona biologist to determine sorting completeness. Inall cases, initial sample sorting and quality
control repicking should be completed by different individuals.

c. TheSandard Operating Proceduresshould clearly definewhich groups of macroinvertebrates
are to be picked, what if any methods can be used to subsample, and what level of taxonomic
resol ution should be used for theidentificationsfor each group of invertebrates.
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APPENDIX G. EXAMPLES OF INVERTEBRATE ATTRIBUTES USED AS METRICS IN
DIFFERENT STATES FOR BIOLOGICAL ANALYSIS OF WETLANDS. ATTRIBUTES BEING
TESTED ARE STARRED.

Metrics Maine Minnesota Montana Ohio Panuxent
Richness Total ger cra Total taxa Total taxa Total taxa* Toral oy
richness
H *
EOT genera* Chironomid genera Chironomidae taxa Chironomid taxa* # Snail genera
X
Odonata genera*  Leech taxa Leech, sponge and clam taxa Mollusca taxa* # Odonata genera
# Ephemeroptera and Trichoptera
Ephenieroptera Odonata genera POET tsa # Intolerant taxa* gen.+ pr'ese*noe of Sphaeriidae and
genera dragonflies
TnChOE rer Snail taxa Mollusca+Crustacea taxa — —
genera
Chm)riomld — Odonata + Trichoptera taxa® — —
genera
Composition — — 9%Chironomidae* — —
— — 9%Mollusca+Crustacean taxa* — —
o o %Orthocladiinae to total - o
Chironomidae*
— — %Diptera® — —
— — % Tanytarsini* — —
— — Y% Trichoptera® — _
— — %Odonata* — —
o o Ratio POET to POET and . o
Chironomidae*
— — Y%oPelycypoda* — —
9
Tolermce/ %6 of total count ETSD metric %1, 2, 5 dominant taxa % dominant 3 taxa of total count
intolerance for :

Trophic structure

Individual health

Other metrics

EOT*

Odonata*
Ephemeroptera*

Trichoptera®

Gastropoda*
Isopoda*

Oligochaeta®
Amphipoda*

# of intolerant taxa

Tolerants % of total

count

Erpobdella % of total

count

Dominant 3 % of total
count

Corixidae % beetles +
bugs

Chironomid

malformations*

% shredders

41

Physella snail abundance

% Tanypodinae and Tanytarsini of
Chironomidae

Corixidae % beetles + bugs*

% Total indiv as scrapers*

% total indiv as shredders*

% total abundance of 3 most
abundant taxa*

Ratio Ephemeroptera +
Odonata+Trichoptera abundance to

chironomids*

Shannon-Weaver Index*
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APPENDIX [. INVERTEBRATE INDEX OF BIOLOGICAL INTEGRITY FOR DEPRESSIONAL
WETLANDS IN MINNESOTA.

Ten metrics with scoring criteria and data ranges for large depressions. The numbers of reference sites (ref) and

agriculture- (ag) and urban stormwater-influenced (urb) sites scoring in each range are given. nis# of sites

scoring intheranges. Codes are given for each metric. These codes are used in Appendix J.

Metric Metric datarange| Ranges | Score | Ref | Ag | Urb n

1. Total invertebrate taxa 23-29 taxa >59-79 5 9 5 0 14

Code: TaxaTotal >41-59 3 5 8 8 21

<23-41 1 0 3 6 9

2. Odonata 1-7 generd 5-6 5 8 6 3 17

Code: Odonata 3-4 3 6 7 4 17

0-2 1 0 3 7 10

3. Chironomid taxa 0-21 general 14->20 5 11 4 3 18

Code: ChirTaxa 7-13 3 3 9 5 17

0-6 1 0 3 6 9

4. L eech taxa 0-9 taxa 6-9 5 6 2 0 8

Code: LeechTaxa 3-5 3 3 8 6 17

0-2 1 5 6 8 19

5. Snail taxa 1-9 taxa 7-9 5 6 3 2 11

Code: SnailTaxa 4-6 3 8 8 5 21

0-3 1 0 5 7 12

6. ETSD* 1-10 7-10 5 8 2 1 11

0-3 1 3 5 4 12

7. Number of intolerant taxa 0-7 taxa 5-7 5 7 1 0 8

Code: IntolTaxa 3-4 3 4 5 7 16

0-2 1 3 1 7 20

8. Tolerant taxa proportion of 13-92% 13-39% 5 6 2 2 10

sample count >39-65%| 3 5 | 5 6 16

Code: Toler%

>65% 1 7 5 6 18

9. Leech erpobdella 0-14% 0-<1% 5 13 7 9 29

Code: Erpo% 1-5% 3 1 5 3 3

>5% 1 0 4 2 6

10. Corixidae proportion of beetles |14-87% <33% 5 9 8 8 25

and bUgS in activity traps 33-67% 3 4 4 3 11

Code: Corix%

>67% | 1 | 1| 4| 3 | 8

*ETSD metric istotal of number of genera of mayflies (Ephemeroptera), caddisflies (Trichoptera) plus the
presence of fingernail clams (Sphaeriida€e) and dragonflies.
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APPENDIX K

CASE STUDY FLOW CHART FOR DEVELOPING INVERTEBRATE IBIl IN MINNESOTA FOR LARGE DEPRESSIONAL
WETLANDS (SEE TEXT, HELGEN AND GERNES IN PRESS, GERNES AND HELGEN 1999).

EMER |-
SELECT STUDY
SITES

STEP 2:
PLAN INVERTEBRATE ——
SAMPLING

STEP 3:
FIELD SAMPLING

STEP 4.
LABORATORY
PROCESSING

STEP 5.
METRIC ANALYSIS

e Ecoregion: North Central Hardwood Forest (has abundant wetlands, is

e Wetland class: large depressions

central to the state, includes Twin Cities metro area)

Range of disturbances: 15 least impaired , 15 agriculture-affected, 16
urban-affected wetlands

Attribute selection: 10 attributes tested based on previous work,
additiona attributes were tested (see Appendix J)

Sampling strata: sampling to take place in near shore emergent vegeta-
tion zone from edge to less than 1 m deep (vegetated zone contains
greatest richness of invertebrates; nearshore area may be more exposed
to disturbances from the near wetland landscape)

Sampling methods:  two standardized dip netting procedures plus 10
activity traps; al samples taken within approx. 40-50 m distance aong
shoreline

Seasonal index period in June for optimal invertebrate development

Sampling methods had been pretested in previous projects

Samples were preserved in field and processed in lab; vegetation from
dip netting procedure was left at the site

Weater and sediment chemistry samples were collected (for total N, total
P, conductivity, chloride, chlorophyll a metals)

Entire sample was picked for macroinvertebrates (not for Ostracoda or
zooplankton); Neopleia was counted on a grid over lightbox and not
picked; chironomid identifications were contracted out, al others
identified &t MPCA lab

Most taxa were identified to genus with exceptions: snails to species
where possible; fingernail clams at family level

SOP is written and reference collections made for verifcation

Data were entered into ACCESS database using ITIS coding and MPCA

coding where necessary.

Sites were analyzed for a human disturbance gradient composed of
estimates of disturbance in 50 m buffer and in near wetland landscape,
estimates of hydrologic alteration and rankings of water and sediment
chemistry data as compared to reference condition; each disturbance
was scored and summed to one score for human disturbances

Attribute data was plotted against scores for human disturbance
gradient for al the sites, and against water and sediment chemistry data
(see Figure 6 and 7) for all sites

Attribute data that showed a response to the human disturbance
gradient or to the chemistry data was trisected for a 1, 3 5 scoring as
metrics (see Appendix 1)

10 metric scores were summed to IBI score and 1Bl scores were plotted
against the human disturbance gradient and chemistry data (see Figure 1)
IBI scoring range (10 — 50) was trisected for a hypothetical ranking of
best, moderate and poor condition (see Appendix J)
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GLOSSARY

Abundance Thenumber or count of dl individu-
alsof onetaxon or adl taxain asample. When ex-
pressed per unit area or unit volume, it iscalled
dengity.

Activity trap (AT) A passivesampler, usualy
containing afunnd-shaped opening and acontai ner
that isenclosed, either asabottleor jar, or witha
mesh screen. The organismsswim into thefunnel
and are trapped in the container. The size of the
funnd opening determinesthe Sze of organismsthat
can swiminto thetrap.

Aquatic life use support  The ability of a
waterbody to support the native aguatic lifethat it
iscapable of supporting when thereislittleor no
human disturbance, or the ability of thewaterbody
to support aquatic lifeasdesignated for that type of
water in Water Quality Rules.

Assemblage Anassociation of interacting popu-
lations of organismsin awetland or other habitat.
Examples of assemblages used for biologica as-
sessmentsinclude agae, amphibians, birds, fish,
macroinvertebrates (insects, crayfish, clams, snals,
etc.), and vascular plants

Attribute A measurable component of abiologi-
cd system. Inthecontext of biologica assessments,
attributesincludethe ecological processesor char-
acterigticsof anindividua or assemblage of species
that are expected, but not empirically shown, to
respond to agradient of human influence.

Benthicinvertebrates Invertebratesthat inhabit
the bottom or benthic areaof awaterbody.

Benthos All the organismsthat inhabit the bot-
tom (benthic) areaof awaterbody.

Biological assessment  Using biomonitoring data
of samples of living organisms to evauate the

condition or health of aplace (e.g., astream, wet-
land, or woodlot).

Biological integrity “Theability of an aguatic
ecosystem to support and maintain a balanced,
adaptive community of organismshaving aspecies
composition, diversity, and functiona organization
comparableto that of natural habitatswithinare-
gion” (Karr and Dudley 1981).

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

Biota All the plants and animalsinhabiting an
area

Bottletraps A kind of activity trap that is con-
structed from abottlewith afunnel opening.

Box-and-whisker plots Plots of data values
medefor individud attributeswith percentile” boxes’
aroundthemedian value, eg., 25% and 75% boxes.
The*whiskers’” arelinesextending beyond the per-
centile boxesfor datava uerangesthat extend out-
sdethe percentile. Theseare used to comparethe
amount of overlap inthedatarangefor an attribute
between reference and impaired Sites.

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

Detritivores Organismsthat consume decom-
posed organic particulate matter.

Dipnet A sturdy, long-handled aquatic net for
sampling aquatic habitats, also called sweep net.
Mesh sizesrange from 500 to 1000 microns.

Disturbance “Any discrete event in timethat
disrupts ecosystems, communities, or population
structure and changes resources, substrate avail-
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ability or the physica environment” (Picket and
White1985). Examplesof natura disturbancesare
fire, drought, and floods. Human-caused distur-
bances can bereferred to as*human influence” and
tend to be more persistent over time, e.g., plowing,
clearcutting of forests, conducting urban sormwater
into wetlands.

Dominance Therdativeincreaseintheabundance
of one or more speciesin relation to the abundance
of other speciesin samplesfrom ahabitat.

Doseresponse  Intoxicology, agraded response
by test organismstoincreasing concentrationsof a
toxicant. Inbiological assessment, doseresponse
indicates a graded response (up or down) of an
attributeto agradient of human disturbance.

Ecosystem Thecommunity plusitshabitat; 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.

Epiphytic A layer of periphyton located on or
attached to the surfaces of stems of macrophytes.
See periphyton.

Family A taxonomic category comprising oneor
moregeneraor tribesof common evolutionary ori-
gin, and often clearly separated from other families.
Family isbetween the categories of order andtribe
(or genus).

Functional feeding groups(FFGs) Groupings
of different invertebrates based upon the mode of
food acquisition rather than the category of food
eaten. Thegroupingsrelateto the morphol ogical
structures, behaviorsand life history attributesthat
determine the mode of feeding by invertebrates.
Examplesof invertebrate FFGsare 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).

Funnel trap SeeActivity trap.

Genus(plural genera) A taxonomic category
of organisms composed of one or more speciesthat
arerelated morphologicaly and evolutionarily, the
principal category between family and species.

Gradient A regularly increasing or decreasing
changeinafactor (e.g., asinglechemica) or com-
bination of factors (asin the Human disturbance
gradient).

Gradient of human influence Therdativerank-
ing of sample siteswithin aregiona wetland class
based on the estimation of degree of human influ-
ence(e.g., pollution and physicd dteration of habi-
tats).

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

Herbivore Anorganismthat consumesplant or
dgd maerid.

Human disturbancegradient A gradient or
range of perturbations or impairments (or human-
caused disturbances) that alter the physical, chemi-
cal, or biological integrity of ecosystems or habi-
tats. Theeffectsmay persist over periodsof time.
Examples pertaining to wetlands are dterationsin
thenatura hydrology, inthenear wetland landscape,
or inthewetland buffer; or chemical pollution, silt-
ation, removal of aquatic vegetation, exotic Species
introductions, cettle, fish-rearing, conducting of ur-
ban stormwater, or agricultural runoff. Compare
human disturbanceswith discrete events of natural
disturbances.

Impairment  Adverse changesoccurring to an
ecosystem or habitat. Animpaired wetland has
somedegree of human influenceaffectingit.
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Index of biologicintegrity (IBl) Anintegrative
expression of the biologica condition that iscom-
posed of multiplemetrics. Similar to economicin-
dexes used for expressing the condition of the
economy.

Index period A defined interval of the season
that serves as the sampling period for biological
assessments. For invertebrates the index period
would betheinterva of timewhen therewould be
optimal devel opment of invertebratesand optimal
presence of resident taxa that developed in the
waterbody.

I ntoler ant taxa Taxathat tend to decreasein wet-
lands or other habitats that have higher levels of
human disturbances, such as chemical pollution
or gltation.

ITIS Thenationa Integrated Taxonomic Infor-
mation System (I T1S) coding systemfor organisms
in the United States and Canada. The database
includesinformation on each organismwith author-
ity, Synonyms, common names, and auniquetaxo-
nomic serial number (the I TIS code) for all taxo-
nomicleves. Itlistspublications, experts, and data
qudity indicators. ITISacceptsinput frominvesti-
gators regarding uncoded taxa. The databaseis
updateperiodicaly. Web site: www.itis.usda.gov/

M acr oinver tebrates Animaswithout backbones
that are caught with a500-800 micron mesh net.
Macroinvertebrates do not include zooplankton or
ostracods, which are generally smaller than 200
micronsingze.

Macrophytes Thevisbleaquatic plantsthat are
emergent, floating, or submersed under weter. They
may beattached to the bottom or not. Distinguished
from agae, most of which aremicroscopic.

Metric Anattributewith empirica changeinthe
vauedong agradient of human influence. SeeAt-
tribute. Metricsare scored individually, and each
score composesthetotal scorefor thelBl.

Morphology Thestructureand form of an or-
ganism, both externd andinterna. Taxonomiciden-
tificationsare mostly derived from theexamination
of external morphologies, with exceptions.

Morphospecies A taxon that hasdistinct mor-
phologiesfrom other similar taxaand isidentified
asadigtinct taxon based solely on the morphol ogi-
ca differences(see Oliver and Begttie 1996). The
biologist must determinethat the differencesarenot
from developmental stagesor changein features
within the same taxon before the taxon can be
counted inthe overal taxarichness.

Multihabitat method A sampling method in
which the sampling effort attemptsto sample most
of the habitatswith the zone of sudy. Theeffortis
varioudly distributed among the habitats; in some
methodsit isdistributed in proportionto therepre-
sentation of the habitat in thezone of study, in other
methodsit isdistributed by giving greater effort to
habitats morelikely to have the desired organisms.

Multivariateanalysis Mathematical analysis
that examines numerous variables s multaneoudly.
Datafrom communitiesof organismsaremultivari-
atebecausethereare several specieswith differing
abundances responding to numerous environmen-
tal factors. Various statistical methods are used,
e.g., ordinaion or discriminant andyss, to andyze
severa variablesat once.

Omnivores Areorganismsthat consume both
plant and anima materid.

Periphyton Thelayer of algaethat coats sub-
dratesin aguatic systemssuch asplant stems, rocks,
logs, and benthic muds. Thislayer of dgae coating
isoften aso colonized by bacteria, protozoans, and
rotifersand other microorganisms.

Population A group of individua organismsof
the same specieslivinginthe samearea.
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Predators Organismsthat consumeanimals.

Proportion The mathematical relation of one
part to thewhole, expressed as magnitude or de-
gree, e.g., percent. Anexampleof proportion at-
tributesarethe percent of tolerant individual sof the
whole sample count or the proportion of the abun-
dance of thetop two dominant taxato the sample
abundance.

QA or QAPP Thewritten planfor quality assur-
ance, or the quality assurance program plan, that
provideswritten detail for quality assurance plans
for quality assurance checksfor all aspectsof field
and laboratory procedures.

Ratio Thenumerical quotient of two variablesor
quantities. Anexampleof anattributethat isaratio
istheratio of scrapers/collector-filterers (seepro-
portion).

Referencesite A minimally impaired Sitethat is
representative of theexpected ecological conditions
and integrity of other sites of the same type and
region.

Relativeabundance Isthe abundance of one
group or taxon of organismsin relationto the total
abundance of thesample.

Replicate A termusually reserved for therep-
etition of an experiment to obtain information for
estimating experimentd error. Itissometimesused
informally to describe repeated cons stent samples
taken at asite with the same method, in the same
strataand habitat, and on the same date.

Sample A representative part of alarger unit
used to study the properties of thewhole.

SOP Acronym for Standard Operating Proce-
dure. Thisisthedetailed, written description of dl
themethodsto be used for field and laboratory pro-
cedures.

Species A taxonomic category below genus, the
fundamental biologica unit, apopulation of organ-
ismsthat share agene pool and are ableto repro-
duce successfully and produceyoung thet are able
to reproduce.

Stress(or stressor)  Any environmental factor
that impedes normal growth, reproduction, or sur-
vivorship of organisms, or causes adverse changes
in populations of organismsor in ecosystems.

Sweep net  Another term for Dipnet.

Taxon (singular, taxaplural) A distinct taxo-
nomic group of any leve (e.g., family, genusor spe-
cies); includesall subordinategroups. Taxonisany
group of organismsthat isdistinct enough from other
groupsto betreated as a separate unit.

Taxonomicsystem Thehierarchy of classfica-
tion of organisms.

Taxonomist A biologist who speciaizesinthe
identification of organisms.

Taxonomy The practice of describing, naming,
and classfying organisms.

Tolerance Thebiological ability of different spe-
ciesor populationsto survive successfully withina
certainrange of environmenta conditions.

Tolerant taxa Taxathat tend to increasein wet-
lands or other habitats that have higher levels of
human disturbances, such as chemical pollution
or sltation.

Trisecting  The division into three parts of a
range of datafor scoring ametric.

Trophic Feeding, thuspertaining to energy trans-
fers.
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Wetland(s) (1) Thoseareasthat areinundated or
saturated by surface or groundwater at afrequency
and duration sufficient to support, and that under
normal circumstances do support, aprevaence of
vegetation typically adapted for lifein saturated soil
conditions[EPA, 40 CFR.8230.3(t) / USACE,
33 C.ER. §328.3 (b)]. (2) Wetlands are lands
trangtional between terrestrial and aguatic systems
wherethewater tableisusually at or near the sur-
face or theland iscovered by shallow water. For
the purposes of this classification, wetlands must
have one or moreof thefollowing three attributes:
(a) a least periodicdly, theland supports predomi-
nantly hydrophytes, (b) the substrateis predomi-
nantly undrained hydric soil, and () thesubgtrateis
nonsoil and is saturated with water or covered by

shallow water at sometimeduring thegrowing sea-
son of each year (Cowardinet al. 1979). (3) The
term “wetland,” except when such termispart of
theterm*“ converted wetland,” meansland that (a)
hasapredominanceof hydric sails, (b) isinundated
or saturated by surface or ground water at afre-
guency and duration sufficient to support apreva-
lence of hydrophytic vegetation typically adapted
for lifein saturated soil conditions, and (c) under
normal circumstances does support aprevalence
of such vegetation. For purposesof thisAct and
any other Act, thisterm shall not includelandsin
Alaskaidentified ashaving ahigh potentia for agri-
cultural development which haveapredominance
of permafrost soils[Food Security Act, 16 U.S.C.
801(a)(16)].
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