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FOREWORD

In 1999, the U.S. Environmental Protection Agency (EPA) began work onthisseriesof reportsentitied
Methodsfor Evaluating Wetland Condition. The purpose of these reportsisto help Statesand
Tribesdevel op methodsto evauate (1) theoverall ecologica condition of wetlandsusing biologica
assessmentsand (2) nutrient enrichment of wetlands, whichisoneof the primary stressorsdamaging
wetlandsin many partsof the country. Thisinformationisintended to serve asastarting point for States
and Tribesto eventually establishbiological and nutrient water quality criteriaspecificaly refined for
wetland waterbodies.

This purposewasto be accomplished by providing aseriesof “ state of the science” modules concerning
wetland bioassessment aswell asthe nutrient enrichment of wetlands. Theindividua moduleformat
wasused instead of onelarge publicationto facilitate the addition of other reportsaswetland science
progresses and wetlandsarefurther incorporated into water quality programs. Also, thismodular
approach allows EPA to revisereportswithout having to reprint themall. A list of theinaugural set of 20
modules can befound at theend of thissection.

Thisseriesof reportsisthe product of acollaborative effort between EPA'sHealth and Ecological
CriteriaDivision of the Office of Science and Technology (OST) and theWetlands Division of the
Office of Wetlands, Oceansand Watersheds (OWOW). Thereportswereinitiated with the support
and oversight of Thomas J. Danielson (OWOW), AmandaK. Parker and Susan K. Jackson (OST),
and seen to completion by Douglas G Hoskins (OWOW) and IfeyinwaF. Davis(OST). EPA relied
heavily on theinput, recommendations, and energy of three panel sof experts, which unfortunately have
too many memberstolistindividualy:

[ | Biologica Assessment of Wetlands\Workgroup

[ | New England Biologica Assessment of Wetlands\Workgroup

[ | Wetlands Nutrient Criteria\Workgroup

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

Moreinformation about wetland biol ogical assessmentsisavailableat thefollowing EPA website:
http:/Amww.epa.gov/owow/wetlands’banvwg
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LIST OF “METHODS FOR EVALUATING WETLAND

CONDITION” MODULES

MODULE # MODULE TITLE

T, INTRODUCTION TO WETLAND BIOLOGICAL ASSESSMENT

2 i, INTRODUCTION TO WETLAND NUTRIENT ASSESSMENT

3o, THE STATE OF WETLAND SCIENCE

S STUDY DESIGN FOR MONITORING WETLANDS

B i ADMINISTRATIVE FRAMEWORK FOR THE IMPLEMENTATION OF A
WETLAND BIOASSESSMENT PROGRAM

(G DEVELOPING METRICS AND INDEXES OF BIOLOGICAL INTEGRITY

/2O WETLANDS CLASSIFICATION

(S SN VOLUNTEERS AND WETLAND BIOMONITORING

1S JUUUUUT DEVELOPING AN INVERTEBRATE INDEX OF BIOLOGICAL
INTEGRITY FOR WETLANDS

10, USING VEGETATION TO ASSESS ENVIRONMENTAL CONDITIONS
IN WETLANDS

T e, USING ALGAE TO ASSESS ENVIRONMENTAL CONDITIONS IN
WETLANDS

12 USING AMPHIBIANS IN BIOASSESSMENTS OF WETLANDS

13, BIOLOGICAL ASSESSMENT METHODS FOR BIRDS

14 ... WETLAND BIOASSESSMENT CASE STUDIES

15 e, BIOASSESSMENT METHODS FOR FISH
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ENRICHMENT

17 e, LAND-USE CHARACTERIZATION FOR NUTRIENT AND SEDIMENT
RISK ASSESSMENT

18 i, BIOGEOCHEMICAL INDICATORS

19 NUTRIENT LOAD ESTIMATION

20 i, SUSTAINABLE NUTRIENT LOADING
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FLORIDA: MONITORING ACROSS A NUTRIENT
GRADIENT IN THE EVERGLADES

Contact Russel Frydenborg

Organization FloridaDepartment of Environmental Protection

2600 Blair Stone Road, MS 6511
Tallahassee, FL 32399-2400

(850) 921-9821
russel .frydenborg@dep.statefl.us

Phone
E-mail
PURPOSE

his project wasinitiated to monitor biologi-
cal assemblagesacrossanutrient gradient in
the FloridaEvergladesin support of regulatory ef-
fortsto defineanumeric water quality criterionfor
phosphorus. Thegod isprotection of natural popu-

lationsof aguatic floraand faunainthe Everglades
ProtectionArea

WETLAND TYPE

B Freshwater marshes

ASSEMBLAGES

B Alge
B Meacroinvertebrates

B Vascular plants

STATUS

B Revisngsampling methodsand anayzing data

PROJECT DESCRIPTION

Thehistoric FloridaEverglades consisted of ap-
proximately 4 million acres of shallow sawgrass
marsh, with wet prairiesand aguatic doughsinter-

spersed with treeidands. Today, only 50% of the
origind Evergladesecosysemremains, primarily as
aresult of drainage and conversion of large por-
tionsof the northern and eastern Evergladesto ag-
ricultural or urbanland use. Theremaining portions
of the historic Evergladesarelocated inthe Water
Conservation Areas (WCAS) and EvergladesNa-
tional Park (ENP) (seeFigurel).

FIGURE 1. AREA OF INTEREST WITHIN
EVERGLADES PROTECTION AREA.

The Everglades ecosystem evolved under ex-
tremely low phosphorus concentrationsand iscon-
sidered an oligotrophic ecosystem. A large body
of evidenceindicatesthat phosphorusisthe pri-
mary limiting nutrient throughout the remaining
Everglades. Introduction of excess phosphorusto
the Evergladeshasresulted in ecological changes
over largeareasof themarsh. TheEvergladesFor-



ever Act (EFA; Section 373.4592, Florida Stat-
utes), passed by the Florida L egislaturein 1994,
stated that watersflowing into the part of therem-
nant Everglades known asthe Everglades Protec-
tionArea(defined asWater ConservationAress 1,
2A, 2B, 3A, 3B, and ENP) contain excessivelev-
elsof phosphorusand that areductioninlevelsof
phosphoruswill benefit the ecology of the Ever-
glades Protection Area. The EFA requires the
FloridaDepartment of Environmental Protection
(FDEP) and the South FloridaWater M anagement
Digtrict (SFWMD) to compl ete research necessary
to establish anumeric phosphoruscriterion for the
EvergladesProtectionArea.

The SFWMD Everglades System Research Di-
vison (ESRD) initiated asuccession of studies, be-
ginning in 1993 and continuing to the present, as
part of theresearch and monitoring being conducted
inthe Evergladesfor phosphoruscriterion devel-
opment. Biologica monitoring for theESRD stud-
ieswasinitiatedinearly 1994in WCA 2A. Data
fromthisand other studiesare being used by FDEP
inthe devel opment of anumeric phosphoruscrite-
rionfor the Everglades Protection Area.

STUDY DESIGN

SFWMD ESRD initidly selected 13stesalong 2
transects|ocated downstream of canalsdischarg-
inginto WCA 2A and extending down the phos-
phorusgradient into theleast affected areas of the
marsh. Sampling sitesranged from the canal in-
flows (discharge structures on the northeastern
margin of WCA 2A) to asitenearly 15 km down-
gsreamfromthecand inflows. Threeof the13main
stes(stesU1-U3) werespecifically chosentorep-
resent the least affected areaof WCA 2A withre-
spect to anthropogenic disturbance. A seriesof 15
additional “intermediate” siteswere added to the
study later to obtain better spatial coverage of the
lower portion of thetransects. Thesiteshavebeen
monitored for water, sediment, and biologica qual-
ity. Figure2 showsthe WCA 2A monitoring Sites
located a ong the phosphorusgradient.

2

FIGURE 2: WCA 2A MONITORING
SITES ALONG THE PHOSPHORUS
GRADIENT.

SAMPLING METHODS: ALGAE

Water Bottles: Phytoplankton samplesinitialy
were collected monthly and later collected
quarterly using water bottles. Sampleswere
preserved in the field and sent to the FDEP
Centra Biology Laboratory for taxonomiciden-
tification.

Diatometers. Rackseach containingsix glass
diatometer slideswere deployed quarterly at
each site. It was determined that an 8-week
deployment was necessary for sufficient per-
iphyton growth. Diatometerswere collected
and preserved and sent to the FDEP Central
Biology Laboratory for processing and taxo-
nomicidentification.

Natural Substrate (benthic): Samples of
benthic periphytonwere collected fromsurficia
sediment coresat themain transect Steson sev-
eral occasions. Samples were retained by
SFWMD ESRD for processing and taxonomic
identification.

ANALYTICAL METHODS: ALGAE

B \\ater Bottles. Sampleswere processed and
enumerated by FDEP Central Biology Labo-



ratory staff according to FDEP standard oper-
ating procedures (SOPs) (e.g.,AB-04 and AB-
05; available at http://www8.myflorida.com/
labs/sop/index.htm). Analysisfrom thisstudy
and other studieshasindicated that Everglades
phytoplankton arelargely periphyton that has
doughed off intothewater column. Thus, dgd
dataanalysiswasfocused on the periphyton
data

Diatometers. Samples were processed and
enumerated by FDEP Central Biology Labo-
ratory staff according to FDEP SOPs (e.g.,
AB-02,AB-02.1,AB-02.2, and AB-03; avail-
ableat http://mww8.myflorida.com/labs/sop/
index.htm).

Natural Substrate (benthic): SFWMD pro-
cessed and enumerated natural substrate
samples.

SAMPLING METHODS:
MACROINVERTEBRATES

Dipnet: SFWMD staff conducted quarterly
meacroinvertebrate sampling usngastandard D-
frame dipnet with a 30-mesh bag from Sep-
tember 1994 through November 1995. The
sampling method consi sted of the collection of
200.5m (inlength) discretedipnet swegpsfrom
representative habitatsin the areaof each site
onagivensampling date. The 20 dipnet sweeps
for agiven sitewere combined and sent to the
FDEP Centrd Biology Laboratory for process-
ing and taxonomicidentification.

Quan Net: BeginninginMay 1996, SFWMD
staff conducted quarterly macroinvertebrate
sampling using the Quan Net method. Thesam-
pling method consisted of the deployment of a
1-m?frameat the site and the collection of net
samplesand all vegetation within the area of
the frame. Frames were deployed in each of
severa representative habitats, where present,
inthevicinity of eachsite. Samplesfromeach
site/habitat were kept separate. Representa-

tive habitatswerelabeled ascattail, sawgrass,
or slough, depending on the predominant veg-
etationtype. Thecollected materia fromeach
site/habitat was subsampled, preserved, and
sent tothe FDEP Central Biology Laboratory
for processing and taxonomic identification.

Hester-Dendy: SFWMD staff deployed
Hester-Dendy artificia substrate samplersat
each of the main transect siteson aquarterly
basis. The samplerswere deployed for a 1-
month period, after whichthey were collected,
preserved, and sent to the FDEP Centra Biol-
ogy Laboratory for processing and taxonomic
identification.

ANALYTICAL METHODS:
MACROINVERTEBRATES

Dipnet and Quan Net: FDEP Central Biol-
ogy Laboratory staff subsampled the dipnet
and Quan Net samplesfrom each Steand and-
yzed them according to FDEP SOPs
(e.g., 1Z-02 and 1Z-06; available at
http://www8.myflorida.com/labs/sop/
index.htm).

Hester Dendy: FDEP Central Biology Labo-
ratory staff processed and andyzed the Hester-
Dendy samples from each site according to
FDEP SOPs(e.g., |Z-03 and 1 Z-06; available
at http://lwww8.myflorida.com/labs/sop/
index.htm).

SAMPLING METHODS. MACROPHYTES

B Macrophyte SemDensity and Frequency: In

April 1997, SFWMD staff conducted astudy
of macrophytesat the WCA 2A transect Sites.
A 50-mtapewaslaid out at each transect site.
A 1-msguareframewasused every 2maong
thetapeto delineatethe sampleareafor calcu-
lation of macrophyte stem dengities(stems/m?)
and frequencies (# plotswhere aspecieswas
found/total # of plots) by species.



B Macrophyte Harvesting: On the other side
of the 50-mtape used for establishing stem den-
gtiesand frequencies, SFWMD staff harvested
macrophytesfor biomassmeasurements, using
the 1-m squareframeat five predetermined |o-
cationsto mark the sampleareafor harvesting.

ANALYTICAL METHODS:
MACROPHYTES

B Macrophyte Sem Density and Frequency:
Stem densities (stems/m?) and frequencies (#
plotswhereaspecieswasfound/total #of plots)
by specieswere counted at each Site.

B MacrophyteHarvesting: SFWMD staff con-
ducted biomassanaysisof the harvested mac-
rophytesfor comparison of therelative biom-
ass of several species present at each of the
WCA 2A transect sites (e.g., Eleocharis,
Nymphaea, Typha).

LESSONS LEARNED

Periphyton, macroinvertebrate, and macrophyte
communitiesin WCA 2A changesubgtantially from
reference conditions at approximately 7to 8 km
downstream of cand dischargesinto WCA 2A (see
Figures 3-5). Dataanalysishas shown that bio-
logica populationsat thetwo stations (E5 and F5)
nearest tothethreeinitial referencesites (U1-U3)
arevery similar intermsof biologica community
structure. Thissuggeststhat these areas, despite
dight phosphorusenrichment, till support reference
condition biota. The somewhat higher phosphorus
regimes at the next stations (E4 and F4 and be-
yond) areassociated with greater biologicd changes.

Experimentd fidld dosing studies(microcosms) have
been conducted by SFWMD ESRD and show that
the addition of phosphorus causes changesin per-
Iphyton assemblages cons stent with those observed
inthetransect study.

The WCA 2A transect periphyton datafor each
site/date have been analyzed using the entire taxo-
nomic assemblage encountered and using lists of
pollution-sensitive and -tol erant speciesbased on
availableliterature and experimenta phosphorus
addition studies (the microcosms) in WCA 2A.
Macroinvertebrate datahave been analyzed using
the Foridalndex and the macroinvertebrate com-
ponent of the Lake Condition Index (LCI), mea-
suresof thenumbersof pollution-sengtivetaxaina
sample that are routinely used by FDEP in
bioassessments of streamsand lakes. The use of
thesemethodswith the WCA 2A transect datahas
demongrated aclear sgnd of biologicd disturbance
alongthenutrient gradient in WCA 2A. FDEPIs
using thisinformation aswell asinformation from
other studies conducted in the FloridaEverglades
to develop anumeric phosphoruscriterionfor the
EvergladesProtectionArea

ADDITIONAL COMMENTS

Theinformation provided hereisbased solely on
thetransect study by SFWMD ESRD inWCA 2A.
Research and monitoring of Florida Everglades
water, sediment and biologica quality isbeing con-
ducted by several research groupsin WCA 2A,
WCA 1 (Arthur R. Marsndl Loxahatchee National
WildlifeRefuge), EvergladesNationa Park (ENP),
andWCA 3A, including studiesby SFWMD ESRD
smilar tothe WCA 2A transect study.



FIGURE 3: CHANGE POINT ANALYSES OF ELEOCHARIS FREQUENCY OF
OCCURRENCE AND BIOMASS DATA ALONG THE SFWMD TRANSECTS.
COLLECTED APRIL 1997.

FIGURE 4. RESULTS OF CHANGE POINT ANALYSES PERFORMED ON
MEDIAN TOTAL PERCENTAGE OF POLLUTION-SENSITIVE
(LITERATURE DETERMINED) PERIPHYTON TAXA.
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FIGURE 5: RESULTS OF CHANGE POINT ANALYSES ON
MEDIAN FLORIDA INDEX VALUES.




FLORIDA.: DEVELOPMENT OF A BIOLOGICAL
APPROACH FOR ASSESSING FLORIDA
WETLAND INTEGRITY

Contact Mark Brown

Organization University of Florida, Center for Wetlands
PhelpsLab—PO Box 116350
Gainesville, FL 32611-6350

Phone (352) 392-2309

E-mail mtb@ufl.edu

Website http:/Amww.enveng.ufl.edu/homepp/brown/syseco

PURPOSE

0 develop “bioindicators’ of ecosystem

hedlth for wetlandsin Florida. Toachievethis
goal, the project team has developed wetland
ecoregionsusing Gl Stechnology, aclassification
schemefor Floridawetlands, sampling protocols
for herbaceous and forested wetlands, and aquan-
titativeindex of the human disturbance gradient.

WETLAND TYPE

B Freshwater marshes
B Forested wetlands

ASSEMBLAGES

B Algee
B Meacroinvertebrates

B Vascular plants

STATUS

Devedopedfied protocols, sampled morethan 150
wetlands statewide, developed candidate plant,
macroinvertebrate, and a gae metricsfor marshes.
Currently sampling and devel oping metricsfor for-
ested wetlands.

PROJECT DESCRIPTION

TheUniversity of FloridaCenter for Wetlandsis
involved inamultiyear wetland research project
funded by the Florida Department of Environmen-
tal Protection (FDEP) to devel op anintegrated bio-
logical approach for evaluating Florida swetlands.
Theproject goal isto devel op an assessment ap-
proach that recognizestheutility of both biological
and functiona assessments, andisrapid, reproduc-
ible, and meaningful.

The Center for Wetlands began devel opment of
the assessment approachin 1997. Now initsfifth
year, theproject, titled “ Devel opment of aBiologi-



ca Approach for Assessing Wetland Function and
Integrity,” hasfour maintasks:

Task 1. Review and synthesize all current and
relevant literature.

Task 2. Develop awetland classification system
for wetland typesinthe State of Florida

Task 3. Develop aGl S-driven methodology for
classfying bioregionswithinthe State of Horidathat
identify climatic, geologic, and geophysical prov-
incesthat are sensitiveto wetland classes.

Task 4. Devel op abioassessment methodol ogy,
biocriteria, and metricsfor wetlandsin the State of
Florida

To date, Tasks 1-3 have been completed, and
work continueson Task 4. Nearly completeisa
set of metricsfor herbaceousdepressiond wetlands,
and dataare currently being analyzed to develop
metricsfor forested depressional wetlands.

Thedevelopment of the approach hasincluded a
review of technical and scientificliterature, awet-
land classification and crosswalk, wetland
regiondization of FHorida, and twowetland biologi-
ca surveysinsummer 1998 and summer 1999. The
biologica surveysweredesignedtotest thevdidity
(and necessity) of the proposed wetland regions,
toidentify the ppropriate biologica indicator taxa,
and to quantify the gradient of human disturbance.

STUDY DESIGN

Theapproach hasincluded areview of technical
and scientificliterature, devel opment of awetland
classfication system and crosswak with other clas-
sfications, wetland regiondization of Florida, and
4 yearsof wetland biologica surveysinthegrow-
ing seasonsof 1998, 1999, 2000, and 2001 (afifth
season of field surveysisunder way for 2002). The
biologica surveysweredesignedtotest thevaidity
(and necessity) of the proposed wetland regions,
toidentify the ppropriate biologica indicator taxa,
and to quantify the gradient of human disturbance.

Thewetland classification schemewas organized
withmgor classesdefined fromthreevariables: (1)
dominant vegetation (forested, shrub, herbaceous);
(2) geomorphic position (stream channel [flood-
plain], flat topography, sloped topography, lake
fringe, depressiond); and (3) primary water source
(rainfall, surfacewater, ground water). Subclasses
arediscriminated by modifiers (hydroperiod and
plant community associations). Elevenwetland
classes were identified: forested (river swamp,
dough/strand/seepage swamp, lake swamp, depres-
sion swamp, flatland swamp); shrub dominated
(shrub-scrub swampy); and herbaceous (river marsh,
wet prairie, lake marsh, depressional marsh, seep-
agemarsh). AnHTML dectronic database hasbeen
completed that crosswal ksexisting wetland class-
ficationstothenew smplified classfication scheme
developed for the bioassessment project.

Regionalization of the State was necessary be-
causethereissignificant variationin climaticand
physical featuresof the Horidapeninsulaand it was
believed that theseregiond differenceswould equate
tovariationsinbioindicator “sgnals.” Map cover-
agesof physica and dlimatic varigblesof theHorida
landscape were used to devel op regionsthat had
different characteristic driving energiesand land-
scapestructura characteristics.

Themap coverageswerecombined with GISmap
algebrato createaspatia hydrologic budget equa
tionfor theState. Theequation modeled themove-
ment of water on thelandscape during the ecol ogi-
cally sengitive spring growing season. The output
of themodel provided avaluefor aPotential Soil
MoistureIndex (PSMI). The PSMI was separated
into four regionsbased on both thecritica depth of
saturationand onagatistica clustering of the PSMI
values(seeFigure6). Theclassified regionswere
tested for smilaritiesand differencesto determineif
between-region variationinwetland type and envi-
ronmental variableswasgreater thanwithin-region
varigions.



FIGURE 6. FLORIDA'S WETLAND REGIONS AND FIELD SITE LOCATIONS.

Theimportanceof hydrology in determining wet-
land type and location (the premise behind the
PSMI) wasthentested usng ahierarchical classifi-
cation technique (TWINSPAN) and ordination
(DCA and CCA) with variables of seasona and
annua rainfal, seasona and annud potentid evapo-
transpiration, slope, geology, drainageclass, and
runoff. TWINSPAN, DCA, and CCA tested the
relaionshipsbetween wetland typeand climaticand
physiographiclandscape characteristics. Based on
the geostatistical output, hydrology isindeed ama-
jor determinant of wetland type and location, and
supportsthe use of the spatial hydrol ogic budget
equationin ddineating wetland regions.

Four years of biological surveys of wetlands
throughout the State were designed to test the
regionalization techniquesaswell asthemetricand
bioindicator devel opment. The 1998 pilot field re-
searchinvolved surveying 24 herbaceousand for-
ested depressional wetlandsin north and central

Florida. Mg or taxonomic assemblageswerechar-
acterized and ranked along a gradient of distur-
bances. Siteswerelocated withinmultipleland uses
such asparks, preserves, pastures, farmfields, well
fields, slvicultureplots, and urban areas. Impacts
that were assessed included hydrological modifica:
tions, nutrient loading, and dtered hydroperiod. The
first year of sampling resulted in development of
standardized sampling procedures, design and
implementation of astatewide sampling program,
and identification of community attributesand can-
didatemetrics.

In the second and third field seasons, 77 herba-
ceous, depressional wetlandsweresurveyedin3
regions(south, centra, and north). Approximately
haf of thewetlandswereimpacted (agricultura set-
ting) and half werereferencelocations. Many of
thesteswere paired sites (impacted and reference
at closeproximity).



In the fourth season, 72 forested, depressional
wetlandsweresurveyedinfour regions (18 sitesin
each of four regions. north, central, and southern
peninsular aswell asthe panhandle; seeFigure6).
Approximately ?of thewetlandswereimpacted (?
inagricultura settingsand ?in urban settings) and ?
werereferencelocations. Many of thesiteswere
paired sites (impacted and reference at close prox-

imity).

Quantifying gradientsof human disturbance

A Land Development Intensity (LDI) index isbe-
ing used to quantify gradientsof human disturbance
for wetlandsthroughout the State. TheL DI index
iscdculated using land use/land cover characteris-
tics, fromaeria photographs, of landswithina100-
m buffer surrounding thewetland. Land usesinthe
areasurrounding awetland arefirst characterized
andthenanintengty factor isassgnedto eachland
usetype. TheLDI agorithm multipliesthe percent
areaof eachland use/land cover inthe surrounding
100-m buffer by intensity coefficients. Theinten-
sty coefficientsare scaled from 1to 10 and repre-
sentintengty of environmenta manipulaionasmea:
sured by energy useper unit areaper unittime. The
LDl indexissuchthat lower LDI valuesareindica
tiveof alower disturbancelevel.

SAMPLING METHODS: ALGAE

Materials
B Three100-mL collectionjars

B 1| collectionjar

B Bottomlesscallection cup, knife, large pipette,

bag, brush/scraper
M3 preservative

B 1L of deionized water (for dry Sites)

Methods

1. Methodsvary depending on whether thereis
water present at the site. We are experimen-
tally collecting dry benthic algae sampleswhen
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wetlandsaredry. Atthistime, thereisnoinfor-
mation astotheusefulnessof thissampling tech-
nique. Methods outlined below are for wet
gtes.

Samplesaretaken depending on substrate and
separated as benthic, epiphyton, metaphyton,
and phytoplankton.

For epiphyton, the 10 aiquots are divided
equaly among herbaceousand woody debris:

a. For herbaceousdebris, plant semsarecut
from the soil to the water surface, and
placed in azip-lock bag with some wet-
landwater. The plant matter isshakenand
massaged thoroughly to dislodgetheal-
gee. Udngalargepipette, 10mL of sample
areextractedinto collectionjar.

b. Forwoody debris, abrushisusedtodis-
lodgeadgee. If thedebrisissmall enough,
itisplacedinabag, smilar to the herba-
ceous methods above. If the debrisis
larger, abottomlesscollection cup isused
to confine the sample, and it is brushed
whileunder water.

For benthic a gae, abottomlesscollection cup
isused toisolateaspot onthe sediment. Then
alargepipetteisusedto gently stir the surface
(top 1 cm) of the sediment, and extract a10-
mL aliquot that is placed in a collection jar.
Sampling isrepeated at different | ocationsuntil
atotal of 100 mL iscollected.

For metaphyton, athumbnail sizeportion of the
algal mat iscollected from 10 different loca-
tionsthroughout thewetland.

For phytoplankton, atotal 100 mL of surface
water iscollected at 10 |ocationsthroughout
thewetland.

All samplesarepreserved withM3using 5 mL
per 100 mL of sample.

Samplesare sent for later |aboratory identifica:
tion.



SAMPLING METHODS:
MACROINVERTEBRATES

Materials

Field Physical/Chemical Characterization Data
Shest

Habitat Assessment Sheet
D-Framedipnet with no. 30 mesh
4-1 samplejars

Bufferedformdin

M ethods

1.

2.

Thewetland isvisually examined by walking
throughout the wetland, paying close attention
toitsphysicd and habitat characteristics, anda
Field Physical/Chemical Characterization Data
Sheet and Habitat A ssessment Sheet iscom-
pleted. The percent coverage of substratetype
and each habitat typeisrecorded.

A tota of 20 swegpswithaD-framedipnet are
divided between the habitat typesbased ontheir
percentage of total wetland area. Discrete 0.5
m sweeps are performed with thedipnet. The
avallable substrates are sampled asdetermined
by the above procedures in the following
manner:

a. For areas without flow, an area of sub-
strate that is one dipnet width wide and
approximately 0.5-mlong isdisturbed by
sweeping the net over theareathreetimes
to ensurethe capture of organisms.

b. For heavily vegetated areas, the net is
jabbed into the base of thevegetation, dig-
ging down to (but not into) the substrate,
and dislodging organismsusinga0.5-m
sweeping motion with thenet.

c. Sand, muck, mud, and silt (nonmajor habi-
tats) are sampled by taking 0.5-m sweeps
withthenet whiledigginginto the bottom
approximately 1 cm.
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The number of sweepsfor each habitat isre-
corded on the Field Physical/Chemical Char-
acterization Data Sheet.

4. Thecollected samplesarereduced involume

after each discrete sample by did odging organ-
ismsfrom larger debris (but retaining inverte-
bratesinthe net or sieve) and discarding the
debris. Thefiner debrisand organismsaresaved
insamplejars.

Samplesare preserved with buffered formalin
and shipped to the FDEP L aboratory for iden-
tification.

SAMPLING METHODS: PLANTS

Materials

Field datasheets
Compass
100 mof tape

FDEP s FloridaWetland Plant | dentification
Manual (Tobeet a. 1998)

M ethods

1

Using acompass (or the GPS unit) four line-
transectsarelocated from four cardina point
directions(N, S, E, W) that run parallel tothe
slope of thewetland, beginning at the upland
edge (0O m) and extending into the center of the
wetland.

At the beginning of each transect, the approxi-
mate wetland/upland edgeislocated using a
combination of wetland plantsand hydric soils.

Preferably, dl four transectsare set at onetime,
with N, Sand E, W transects meeting perpen-
dicularly inthecenter, and dividing wetlandinto
four equal sections. Each transect is started
with the 0-m point at thewetland—upland edge
and increasing in distancetoward thewetland
interior. A minimum of four detasheetsisnesded
per Site.



4. Twoteam memberswalk along each transect SAMPLING METHODS:

and record speciespresenceof dl plantswithin WATER QUALITY AND SOILS
0.5moneither sdeof each5-minterval (sam-
plingarea=5m?). Water quality samplesare collected, preserved,

and immediately sent to the chemistry laboratory
for analysis. A compositesoil sampleistakenfrom
each vegetation zone and | ater analyzed for nutri-
6. If unknown, thespeciesisgivenauniquecode  ents, organic matter content, and physical proper-
identifying transect locationand number of un-  tjes,
known encountered (N-1, N-2, N-3, E-1, E-
2, etc.). Voucher specimensfor al unknown
speciesare collected, making sureto include
plant inflorescence and roots. Each specimen
istagged with properly labeled masking tape,
and put in collection bag then pressed for |ater
|aboratory identification.

7. Plant nomenclaturefollows FDEP sFlorida
Wetland Plant I dentification Manual (Tobe et
al. 1998).

5. Plant speciesnamesarerecorded on the data
sheetswith full genusand speciesif known.

ANALYTICAL METHODS:. PLANTS

Field dataare entered into an MSAccess data-
basefor analysis. After entry, each datasheetis
checked by asecond technician.

PLATE 1: CYPRESS WETLAND. PHOTO: ELIZABETH SPURRIER
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PLATE 2: MACROINVERTEBRATE SAMPLING. PHOTO:. KELLY CHINNERS REISS
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MAINE. DEVELOPING A STATEWIDE BIOLOGICAL
MONITORING AND ASSESSMENT PROGRAM
FOR FRESHWATER WETLANDS

Contact JeanneDiFranco
Organization MaineDepartment of Environmental Protection
312 Canco Road
Portland, ME 04103
Phone (207) 822-6424
E-mail Jeanne.L .Difranco@state. me.us
Website http:/Aww.state.me.us/dep/blwg/monitoring. htm#programs

PURPOSE
B Examine regional differences in wetland
macroinvertebrateand algal assemblages
B Testandrefinecandidatebiologica metrics

B Diagnosestressorsand identify risksto wet-
landsfrom human activities

B Deveopimpairment thresholdsand biocriteria
for usein Statewater quality standards

WETLAND TYPE

B Freshwater marshes

ASSEMBLAGES

B Macroinvertebrates
B Alge

STATUS

Expanding to Statewide program on a5-year ro-
tating basin schedul e, testing and refining metrics,
analyzing data, and devel oping impairment thresh-
olds.

PROJECT DESCRIPTION

IN 1998, theMaine Department of Environmental
Protection (DEP) began devel opment of abiologi-
cal monitoring and assessment program for fresh-
water wetlands. Between 1998 and 2000, DEP
conducted apilot study in the Casco Bay water-
shed to devel op wetland biomonitoring protocols
and identify candidate metricsrelated to wetland
condition. During 2001 and 2002, DEP expanded
monitoring to the Saco, Piscataqua, and Kennebec
River watersheds using the methods devel opedin
thepilot study. DEP uses aquatic macro-inverte-
bratesasthe primary taxonomic assemblagefor this
program. Algae and distomsareal so collected as
part of acollaborative pilot project undertaken by
Dr. R. Jan Stevenson of Michigan State University
to develop algal indicators of wetland integrity.
Based ontheresultsof Dr. Stevenson’swork, Maine
DEPwill evauatetheusefulnessof dgaetoitswet-
land biomonitoring program. Assessment of algae
hasnot beenformally integrated intotheMainepro-
gramat thistime, however.
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STUDY DESIGN

The Mainewetland biomonitoring initiative has
beenincorporated into DEP sexisting Biologica
Monitoring Program, and will be extended to as-
sessadditional mgor watersheds Statewide. Wet-
land monitoring iscurrently coordinated with the
State' sriver and stream program using thefollow-
ing 5-year rotating basin schedule:

K ennebec, midcoast watersheds 2002
Androscoggin watershed 2003
St. John, Presumpscot watersheds 2004
Saco, southern coastal watersheds 2005
Penobscot, downeast watersheds 2006

Considerationsfor site selection include hydro-
logic regime, geographic distribution of Sites, land-
scape position, human disturbance gradient, man-
agement gnificance, and accessibility. All wetlands
sampled are semipermanently or permanently inun-
dated, and rangefrom minimally disturbed poten-
tial reference sitesto poor-quality wetlands. As of
2002, DEP has conducted wetland biomonitoring
at 88 different sitesencompassing 115 sampling
events. Some sites have been sampled repeatedly
over multipleyears.

SAMPLING METHODS:
MACROINVERTEBRATES

Macroinvertebratesare currently sampled during
Juneand early duly. Threedifferent approacheshave
beentested to devel op both qualitative and quanti-
tativemethods. Inaddition, water samplesareana
lyzed for asuiteof physical and chemical param-
eterstohdpinwetland characterization, andtoiden-
tify potentia sourcesof humanimpact. Habitat in-
formation, dominant plant species, and ascoring of
human disturbancesarerecordediinthefield, dong
with measurements of water temperature, pH, dis-
solved oxygen, and conductivity.

Multihabitat sampling

A qualitative, multihabitat sampling gpproachwas
tested, withthegod of devel oping ascreeningleve
assessment tool. A standard D-framenet wasused
to sampleall inundated microhabitatsat each Site,
including emergent vegetation, aguatic macrophyte
beds, pools, and channels. Sampleswere* picked”
or sorted from detritusinthefield. Oneto severd
organismsrepresenting each different taxon found
wereplacedintoavia of acohol until no different
taxawere observed.

Sovepipesampler

Maine DEP designed its own stovepipe sampler
for quantitative samplesusing as-gallon bucket with
the bottom removed. I1nthismethod, the sampler
was used to enclosethreereplicate plotsto restrict
themovement of organisms. The stovepipe sam-
pler was pressed into the wetland substrate, and
the contents of the sampler were then agitated.
Vegetation and surface sediment were placed into
asieve bucket. The sampler wasthen swept 10
timeswith asmall hand net. Large piecesof veg-
etation werewashed and discarded; however, finer
plant material and detrituswereretained. Samples
were preserved for later sorting and taxonomic
anadysisinthelaboratory.

Dipnet measur ed sweep

A standard D-framenet is currently used to ob-
tain asemiquantitative sample. A sampleiscol-
lected by submersing the net and sweeping through
thewater columnfor adistanceof 1 meter. Thenet
isbumped against the bottom substrate threetimes
(at the beginning, middle, and end of the sweep) to
didodgeand collect organismsfrom the sediment.
All material collectedisplaced in asieve bucket.
Large pieces of vegetation are washed and dis-
carded; however, finer plant material and detritus
areretained. Threereplicate samplesarecollected
inareasof emergent vegetation. Samplesarepre-
served for later sorting and taxonomic analysisin
thelaboratory.
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PLATE 3. MAINE’'S STOVEPIPE
SAMPLER AND SIEVE BUCKET.
PHOTO:. MAINE DEP

PLATE 4. PICKING
MACROINVERTEBRATES FROM
MULTIHABITAT SAMPLE.
PHOTO: MAINE DEP

ANALYTICAL METHODS:
MACROINVERTEBRATES

Andysesperformed to datereved significant re-
|ati onshi psbetween anumber of candidateinverte-
brate metricsand watershed development. Many
invertebrate metricstested al so appear to respond
to changesinwater quality typically associated with
urban nonpoint source pollution, including e evated

conductivity and concentrationsof anions, cations,
and nutrients. Asnew dataare collected, candi-
datemetricswill betested and refined, and regional
differencesand ecologicd linkagesamong wetlands
and other waterswill be examined. DEPisalso
devel oping impairment threshol dsfor wetlands.
Thisisanecessary first step to enable the State to
usebiologica monitoring datain wetland manage-
ment decisions and development of wetland-
specific water quality standards (designated uses
and biologicd criteria), and to assesswetland con-
dition and attainment status.

SAMPLING METHODS: ALGAE

Quantitative and qualitative algae sampleswere
gathered from the same wetland sitesas used for
macroinvertebrate sampling. Four algae sample
typesweretested to determinewhich produced the
best indicators. Sampleswere collected fromthe
water column, plant slems, and sediments. Samples
from multiple sites within each wetland were
composited into one samplefrom each habitat. In
addition, amultihabitat samplewas collected from
eachdte. Sampleswereexamined microscopically
to determine species numbers and rel ative abun-
dancesof different speciesin samples. Chlorophyll
awas quantified from a separate water column
sampleasanindicator of aga biomass.

For sampling, garden shears were used to clip
plant stemsbel ow thewater line. A turkey baster
was used to collect qualitative sediment samples;
however, this method wasrevised in 2002 to ob-
tain amore quantitative sample. Sedimentiscur-
rently collected over aknown surfaceareausinga
petri dish pressed into the substrate and retrieved
with aspatula. Threereplicatesare collected and
composited into asingle sediment sample. Along
handled dipper isused to collect water samples.
For themultihabitat sample, adosefromeachsngle-
habitat samplewas combined into one container.
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ANALYTICAL METHODS: ALGAE

Dr. Jan Sevenson of Michigan StateUniversity is
using threedisturbanceindicators. theland usein-
dicator developed by Maine DEP, trophic status
indicators (total nitrogen, total phosphorus, and
chlorophyll @), and hydrol ogic and sewage chemi-
cals(Ca, Na, Cl). Dr. Stevensoniscomparing a
suiteof agd indicatorsto determinewhichtypesof
indicatorsrespond to thethree disturbanceindica
tors. Theagaeindicatorsincludebiologica integ-
rity measures such as genus-species richness,
Shannon diversity, and number of taxain genera.
Dr. Stevenson is also using European algal
autoecol ogy information to determineenvironmen-
tal characterigticsfor thetaxa. Thisinformationwill
givean autoecol ogical index that showsarelation-
shiptovariablessuch asmoisture, organic N, low
oxygen, pH, sdt, and nutrients. Although dgaewas
collected from al sites sampled between 1998 and
2002, only samplesfrom 1998 and 1999 have been
processed to date because of funding limitations.

LESSONS LEARNED

B Incorporating awetland monitoring component
into Maine sexisting biomonitoring program has
been an efficient way to pool limited resources
and buildonMaine ssuccessful river and stream
biomonitoring experience.

B Toimplement acomprehens vebiomonitoring
program for wetlands, Maine DEP needs to
build the capacity to assessmultiplebiological
assemblages, including algae and vascular
plants. Thiscapability will improvethe State's
ability to eval uate wetland impactsfrom stres-
sorssuch asnutrient enrichment and hydrologic
changes, and will allow for the assessment of
lessfrequently inundated wetland typeswhere
agudticinvertebratesarenot naturally abundant.
Current funding and saff level sprohibit expan-
sion of the program at thistime.
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MARYLAND: DEVELOPING AN IBI ASSESSMENT FOR
RESTORED WETLANDS IN THE MID-ATLANTIC STATES

Contact Peter Lowe

Organization USGSBRD
Patuxent Wildlife Research Center
11510AmericanHally Drive
Laurel, MD 20708-4017

Phone (301) 497-5705

E-mail peter_lowe@usgs.gov

Website http:/AMmww.pwrc.usgs.goviwli/

PURPOSE

B Develop sampling methodsfor different assem-
blages

B Develop ayardstick of biological metricsto
assess the progress and condition of recon-
structed wetlandsin Maryland, Delaware, and
Virginia

B Comparethesuitability of different assemblages
(plants, macroinvertebrates, amphibians) for
ng wetland condition

B Evduatethe sourcesand magnitudeof variance
indatacollected for biologica metrics

B Evauate seasonal and annual biological fluc-
tuationsfor thewetland sites

WETLAND TYPE

B DelmarvaBays (depressional wetlandswith
emergent, scrub/shrub, or forested vegetation)

ASSEMBLAGES

B Amphibians
B Meacroinvertebrates

B Vascular plants

PROJECT HISTORY

The project isajoint effort among the USGS,
Patuxent Wildlife Research Center, the USDA Natu-
ral Resources Conservation Service Wetland Sci-
ence Ingtitute, and EPA. Project development
sarted in 1995 inresponseto alack of information
about the success of wetland mitigation projects,
especially those associated with wetland restora-
tion onfarmlandsunder set-asideprograms. From
1996 to 1998, fieldwork focused on a set of re-
stored and existing wetlands. In 1999, asecond
set of wetlandswas studied to evaluate therobust-
nessof themetricsdevel oped fromthefirst set. All
fieldwork has now been completed and metric

development isunder way.
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STUDY DESIGN

Because one of the objectiveswasto assessthe
sourcesand magnitude of varianceinthedifferent
measurements, weintentionally oversampled our
stescompared withwhat would bedone under typi-
ca regiond or statewide assessments. For 3years,
work wasdone on asingleset of 30 wetlands, in-
cluding 22 restored and 8 natural wetlands or
Demarvabays. All wetlandsinthedatabasewere
depressional, semipermanent, or seasonal.
Macroinvertebrateswere sampled onetofour times
each year, depending on hydrology; macrophytes
during spring and late summer; and amphibiansal-
most continuoudy during the breeding season.

SAMPLING METHODS AND ANALYSIS:
MACROPHYTES

Dataon plant species composition, abundance,
and dominance were collected through the use of
linetransects. Pairs of 50 m transectswere placed
on opposite sides of thewetland at four different
hydrologicd levelsasdetermined at “full pool” lev-
els. Thehydrological levelswere buffer, lessthan
25 cm, 25 to 45 cm, and greater than 45 cm. In
wetlandslarger than 5 acres, thenumber of transect
parswasdoubled. Eachtransect wasdividedinto
five runs of 5 m each, alternating with 5 m of
unsampled transect. Along each run, sampling oc-
curred at specific points(asin point intercept meth-
ods) at 1-mintervals. Thus, each run of 5m con-
tained five samplepoints. Each transect consisted
of fiverunsof five sampling pointseach. Each hy-
drologica depthwassampled by 2 transects, bring-
ing thetotal number of sample points per hydro-
logical zoneto 50. Therewere:

(4 hydrological zones) x (2 transects each zone)
x (5 runs per transect) x (5 points per run)
= (200 points per wetland)

Thiswasdoneinspring andfall for each wetland.
At each point, the species name and number of in-
dividuaswererecorded.

In addition to point data, incidental speciesaong
thelinewererecorded to include the species not
intercepted at any pointsalongtheline. Thesespe-
cieswereincluded in speciesrichnessand attributes
derived from presence or absencedata, but notin
dominancecaculations.

SAMPLING METHODS AND ANALYSIS:
MACROINVERTEBRATES

Aquaticinvertebrateswere sampled at approxi-
mately 6-week intervalsbeginninginlateMay and
continuing until October and were conducted in
association with the sampling of water quality,
aquatic plants, and hydrologicad and wetland dimen-
sions. Invertebrate sampleswere collected along
transectsfoll owing compass coordinates originat-
ing from markers placed in the deepest part of ev-
ery wetland before the sampling seasons began.
Transect coordinates were randomly selected for
each wetland and sampling time. The method of
compass points was adapted to each wetland’s
morphology.

Sampleswere collected from three depth ranges
along thetransectsto determineinvertebraterela-
tive abundance, diversity, and relative biomassin
each wetland. As long as water depths were
adequate, sampleswere collected from aong the
transects at thefollowing water depths: lessthan
15.0 cm, 15.1 to 45.0 cm, and greater than
45.1 cm.

Sampleswerecollected usng amodified Gerking
box sampler, whichisasheet duminumbox witha
dliding screen door (1-mm mesh) at the bottom.
Thesampler hasthe advantage of allowingsmulta-
neous collection of benthic, pelagic, neutonic, and
plant-associated invertebrates. The sampler was
lowered to thefloor of the sampling areawith the
screen door open. The vegetation in the sampler
was then cut at the mud-water interface and put
into prelabeled plastic bags. Then the screen door
was s owly closed asthe sedimentsjust infront of
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the advancing screen were stirred into the water
column. After the screen was closed, soil materials
were seved through the screen by shaking the box.
All invertebrates caught on the screen were then
placedin prelabeled plagtic bags. Thebagsof veg-
etation and invertebrateswere placed onwet iceas
soon as possible and stored in arefrigerator until
thesamplescould be picked. Eachindividual was
keyed to thelowest taxonomiclevel feasible, typi-
cally speciesor genus. Dataon speciescomposi-
tion and abundance were used to generate metrics
inamanner similar to that for plants. Anapproved
quality assurance/quality control processwasfol-
lowed, whichincluded independent validation of
20% of our samples.

SAMPLING METHODS AND ANALYSIS:
AMPHIBIANS

Each stewassampled for amphibianlarvaeonce
every 4 weeks. Sampled areas consisted of the
perimeter of the open-water portion of thewetland
and lightly vegetated areasthat allowed aseineto
pass. We used a6x8-m nylonmesh (1/16") seine
to sample each wetland by wading out 3to 5 m
away fromtheshorelineand then movingintowards
the shorelinein one continuous sweep. Sampling
was time-constrained to 2 hours. If new species
were caught during the last two sweeps, the sam-
pling period wasextended until no additional new
specieswerefound. Amphibianlarvaewereiden-
tified usng published keysand by temporarily hous-
ing tadpolesuntil they metamorphosed and could
beidentified.

Drift fenceswerea so used to supplement seining
data and obtain information on adults and
metamorphs. Weinitialy considered surrounding
eachwetland with adrift fence but redized theim-
practicality of that idea. Therefore, each wetland
was provided with 50-cm-tall and 15-m-long drift
fences. If possible, thefenceswere placed along
drains, travel corridors, and other likely points of
amphibian usein order to maximize captureof indi-

vidudsentering and exiting thewetlands. Five-gd-
lon plastic bucketswereburied in pairsat theends
and midpoint on theinsdeand outside of thefence
to capture adults entering the pondsand juveniles
leaving the ponds. Wet sponges, rocks, and veg-
etation were placed in the bucketsto prevent des-
iccation and provide some cover andrefugiato cap-
turedindividuas. All amphibianswereidentified,
sexed, and returned to theinside of thefenceat the
wetland fromwhichthey were captured. Juveniles
and metamorphsdeparting thewetlandswereiden-
tified, counted, examined for malformations, and
released on the outside of thedrift fence.

GENERAL ANALYTICAL METHODS

A fundamental component of thisstudy isto de-
viseagradient of physical factors(e.g., land usein
drainage area, management techniques, landscape
features, method of restoration) that affect wetland
hedlth. Fromthere, dataon thefrequency of occur-
rence and rel ative abundance of species, guilds, or
trophic classeswill be used to devel op attributes
for anindex of biological integrity (1BI) for each of
theassemblages. An attributewill beconsidered a
valid metricif it relateseither positively or nega-
tively tothe physical gradient. Wewill then com-
parethe|Blsdevel oped and determineif they are
consistent in ranking wetlands. Once acceptable
IBlshave been developed on theinitial wetland
base, wewill apply them to the second set of wet-
landsto validate the model. In addition, the vari-
ancewithin our sampling methodology will beas-
sessed.

LESSONS LEARNED

Overall

B Many of thewetlandsin our baseswereonly a
few years old when we started and may not
have had sufficient timefor ecological and an-
thropogenic factorsto separatethem along a
physical gradient.
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B Asaresult, development of ardiableand eco-

logically meaningful gradient hasbeen one of
themost difficult partsof thisproject.

It would bevery ingructivetorevist thesewet-
lands after 10 or 15 years and see how they
have changed.

M acr ophytes
B Therecanbeconsderabledifferencesbetween

mid- and late summer in the ability to easily
record and identify plants. Thisisespecidly true
for graminoids, which are primarily identified
by fruiting body characteristics. Inaddition,
many legumes, composites, and warm-season
grassesare present in late summer but not ap-
parent in pring.

Theinclusion of incidental speciesadded ap-
preciably tothenumber of speciesidentifiedin
aparticular wetland. Weareeva uating whether
thisinclusion has an effect on the resulting
metrics.

Deep-water areas (greater than 45 cm) have
much lower speciesrichness than shallower
zones and do not need to be sampled at the
samelevd of intensity at thesamesite.

Permanent transectsare preferred if datacol-
lection can continue over several years. This
will alow for theannua and seasonal changes
that occur over timethrough shiftsin hydrol-

ogy.
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M acroinvertebrates
B Picking, sorting, andidentifying aquaticinsects

was one of the most laborious aspects of the
sudy. Investigatorswishingto useinvertebrates
intheir bioassessmentsshould dlocatesufficient
resourcesto accomplish thetask.

Invertebrate species presence, and especialy
abundance, are seasonaly quitevariable. June
to early July beforethedrying of mid- tolate
summer begins seemsto bethebest monthsfor
finding the greatest diversity and abundance of
macroinvertebrates.

AMPHIBIANS

The reduced speciesrichness of amphibians,
compared to macrophytes and macro-
invertebrates, may limit the number and types
of metrics that can be developed from this
assemblage.

Adequate sampling for amphibiansrequires
more trips and techniques than other assem-
blages. Thisisduetotheir mobility, multiplelife
history strategies, and variable breeding peri-
odsamong species. Samplingfor onelifestage
only isprobably not aseffectiveassampling for
adultsand tadpol esin determining amphibian
usageof awetland.



MASSACHUSETTS. USE OF MULTIMETRIC INDICES TO
EXAMINE ECOLOGICAL INTEGRITY OF SALT MARSH
WETLANDS IN CAPE COD

Contact BruceK. Carlide

Organization Massachusetts Coastal Zone Management
251 Causaway Street
Boston, MA 02114

Phone (617) 626-1200

E-malil bruce.carlide@state. ma.us

Website http://mwww.state ma.us/czm/wastart.ntm

PURPOSE

he primary focus of the Cape Cod Salt

Marsh Assessment Project isto advanceand
improvethe salt marsh assessment approach de-
veloped by the M assachusetts Coastal ZoneMan-
agement (MA CZM) team through the application
and review of theexisting protocol intwo different
assessment investigations. Thefirgt investigation,
conducted inthe 1999 field season (May to Octo-
ber index period), examined salt marshindicators
from six sites on the Cape Cod Bay coast; these
steshad varyingtypesandintensitiesof humanland
useor disturbance. Thesecondinvestigationisa
long-term comparison of indicatorsfromthreepairs
of sdt marshes, each pair havingamarsh areawith
restricted tidal hydrology and acorresponding area
withnormad tidal hydrology. Theintent of thiswork
isto document differencesinindicatorsbeforeand
after tidal restoration actions. Throughtheimple-
mentation of thesetwo investigations additional
objectiveswill beredized. Thecollectionand com-
pilation of dataonthe condition of relatively undis-
turbed sitesisof critical importanceto theeval ua-
tion and determination of impaired sites. This
project will serveto expand the salt marsh refer-
encesite database. Another important aspect of
thisproject will beto further examinethe suite of

existing metricsand attributes used for biological
comparison and to explore new metrics, based on
theproject dataand literature/information base. The
long-term tiderestriction study will provideinsght
astothe utility of this assessment approach asa
measure of determining salt marsh restoration
progressand trajectory.

WETLAND TYPE

B SAtmarshes

ASSEMBLAGES

Birds
Fsh
Macroinvertebrates

Vascular Plants

STATUS

The Cape Cod Salt Marsh Assessment Project is
approximately two-thirdscomplete, with theland-
useinvestigation finished and thelonger-termtide
restriction study entering itsthird year (or index sea
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son). Thereport for the 1999 land-useinvestiga-
tionisbeingfinaized and should beavalableinearly
fall 2002 fromthissiteor MA CZM’ssite (http://
www.state. ma.us/czm/wastart.htm). EPA grant
fundswill support two additional yearsof field data
collection, with project completion anticipated in
March2004. Fedinvestigationsfrom2000through
2004 arefocused on the assessment of the effects
of tidal hydrology dterationsand the restoration of
normd hydrology on sdt marsh ecologicd integrity.
Thestudy involved three salt marsh siteswith tidal
hydrologicd restrictions. Of theproject Sites, one
(EOBP) received restoration action in spring 2002,
one (EMC) is predicted for fall 2002, and one
(MSLP) isdill uncertainfor restoration action, with
unforeseen complexities. Inaddition, the project
team expectsto sample one additional reference
site each year to expand the regional reference
dataset.

PROJECT DESCRIPTION

Massachusetts Coastal Zone Management
launched its Wetland Assessment Program withits
first effort in wetland bioassessment in 1996-1998
at the Waguoit Bay National Estuarine Research
Reserve. A subsequent project wasimplemented
on Massachusetts' North Shorein 1997-1999.

The EPA Region | sponsored pilot, Cape Cod
Sat Marsh Assessment Project, beganin 1999 and
will continuethrough 2004. Theinvestigativeteam
for thisproject includes Bruce Carlide, Tony Wilbur,
Jan Peter Smith, and Jay Baker from MA Coastd
Zone Management, and AnnaHicks, an indepen-
dent consultant specializing in aquatic
macroinvertebrates. Partnersfor thisprojectin-
cludethe MassBays Program, UMass Extension,
theM A Department of Environmental Management
(DEM) anditsAreaof Critica Environmenta Con-
cern Program, theWaguoit Bay Nationa Estuarine
Research Reserve, the Cape Cod Commission, and
thetownsof Barnstable, Eastham, Mashpee, Or-
leans, and Sandwich.

The Massachusetts CZM project teamwill apply
standardized sampling and surveying protocol tosdt
marsh study stesto gather biologicd, chemicd, and
physical datafor thetwoinvestigationsreferred to
edlier.

Theproject teamwill analyzeand expressthebio-
logical datathrough aseriesof existing metricsor
attributes, or develop new metricsor attributesas
necessary, based on the project dataand literature
base. Chemicd and physicd datawill beutilized as
supporting information sources.

Theteam will make recommendationsfor revi-
sons, additions, or deletionsto itscurrent wetlands
assessment approach.

STUDY DESIGN

Inthe 1999field season, Six salt marsh siteswith
varying typesand degreesof intensity of surround-
ingland useweresdlected. Two Steswithminimal
human land use (conservation land and notidal hy-
drological alteration) were chosen as reference
Sites, representing the best attainable conditionsin
theimmediateregion.

Thefour other salt marsh study siteshavevaried
land usesincluding residential, commercial, and
transportation. Theimpactsassociated with these
land usesincludedirect ssormwater outfalls, large
Imperviousareas, septic systems, lawn fertilizer/
chemicals, pet waste, automobile emissions/
byproducts, and direct habitat aterations.

For the 2000 fiel d season, three salt marsheswith
tidal hydrologicd restrictionswill bestudied. Mea
surementswill be made both at the salt marsh af -
fected by thetidal restriction (therestricted study
site) and at the salt marsh bel ow therestrictivefea
ture (the reference site). The reference sites or
marshesbelow thetidal restriction receive normal
tidd influenceandinundation. Inaddition, the2000
field season will asoincludetwo additional long-
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term st marshreferencesites. The continued de-
velopment of arobust reference site databaseis
critical to the continuing evolution and application
of wetland bioassessment.

SAMPLING METHODS:
MACROINVERTEBRATES

At each site, ahabitat characterization formwill
be completed that summarizes the ambient salt
marsh habitat conditionsat the study site. Thein-
formation collected includeswater quality param-
eters(temperature, pH, dissolved oxygen, sdinity,
and color) and habitat descriptorson hydrology,
vegetation, substrate, availablefood sourcesfor in-
vertebrates, and degree of humanimpact.

Thesampling protocol will utilizetreedevicesfor
goplicationindifferent habitats:

Intertidal zone
Plot sampling usingwooden frame (18" x18")

Subtidal (per manently flooded) zone

D-net, plot sampling, and auger

At each sampling site, three sampling stationswill
be selected over adefined linear distance of the
creek channdl, stationswill belocated at 1/3 inter-
vals. At each of thethree stationsarepresentative
compositesampleof macroinvertebrateswill becol-
lected asfollows:

Intertidal bank zone at low tide: 1 plot sample

Subtidal estuarine zone at low tide: 1 plot
sample, 1 D-net sample, and 1 auger sample

Each samplewill beplacedinaziplock bag la-
bel ed with Stenumber, Stename, date of sampling,
samplenumber, sampling method, and nameof sam-
pler. Thesitefield sheetsal so record therelevant
samplenumbers. Sampleswill bepreservedin 70%
isopropenol acohol and placed in acooler ready
to betransported to the laboratory for sorting and
identification.

Invertebrate samplesaretaken oncein May and
aganinAugus.

SAMPLING METHODS: VEGETATION

At each site, the salt marsh wetland vegetation
will be surveyed according to this protocol. Six
transectswill be established based on astratified
random sampling approach. A defined linear dis-
tanceof the salt marsh creek channdl isestablished.

Theevaluation areawill be segmented into three
subunitsalong equa sectionsof the creek channel.
Thefirst third of thislengthissubunit #1, the sec-
ondthirdissubunit#2, and thefinal thirdissubunit
#3. Ineach of the subunits, two randomly selected
transectswill belaid. Thetransect locationswill be
determined by a computer random numbers
dgorithm.

Thetransectswill runroughly perpendicular from
the channel to the upland edge, and each transect
will belaid according to acons stent compass bear-
ing. Along each transect, 1-m? quadrats will be
located every 60 feet, starting at the creek edge
and progressing dong theentirelength of thetransect
until theupland edge. Thelast quadrat will belo-
catedinthesat marshfringecommunity, well within
thewetland and not on the upland.

Using astandard datasheet, in each quadrat along
eachtransect, every plant occurring withinthat quad-
rat will beidentified by genusand species. For
each unique specieswithinthe quadrat, the abun-
danceof that specieswill bedetermined using stan-
dardized coverage charts. Investigatorswill also
definethecommunity typethat thequadrat fallsin:
low marsh, high marsh, or fringe. To beasaccu-
rate aspossible, coverage estimatesinclude duff,
leaves, bare ground, and open water, collectively
designated as“other.” Coverageestimateswill be
adjusted during the analysis stage to account for
thecoverageof this*“other” category.

24



Vegetation surveyswill be conducted onceat each
steduring the peak growing period frommid-July
to mid-September.

SAMPLING METHODS: BIRDS

Point countswill be utilized asthe primary sam-
pling method, using visual and auditory cues. At
|east two expert observers, including the principal
investigator, will sit quietly from avantage point
where all of the evaluation area can be viewed.
Using astandard data sheet, all speciesand indi-
vidualswill be counted and recorded by the ob-
servers, asthey are heard or seen demonstrating
any activity intheeva uation areaor ina100-foot
buffer areasurrounding theevauationarea. Counts
will be conducted for aperiod of 20 minutes, sepa
rated into four 5-minutesampleintervals. All indi-
viduaswill be counted, with aconcerted effort not
toduplicateindividuals. Anadditiona 10 minutes
will beallotted to allow observersto wak slowly
along the perimeter of thewetland in order to de-
tect any speciesnot tallied in the 20-minute count.
Several stesmay bevisited on the sameday, with
census beginning at gpproximately 6 am and ceas-
ing at approximately 8:30 amin order to capture
peak activity. Siteswill besampledinlateAugust
to capturemigrating shorebird usage, assatmarsh
habitats are known to have comparatively fewer
breeding species.

SAMPLING METHODS: FISH

Thesampling strategy will beto capturethe chan-
nel habitat (sub- andintertidal). Asdetailed above,
theevaluation areawill bedivided into three sub-
unitsalong adefined length of creek channel. Sta-
tionswill beestablished for each habitat asfollows.
Inthe creek channdl, fixed stationswill be deter-
mined by acomputer random numbersalgorithm
producing arandom integer between 0 and 100.
Therandominteger will bethedistance of the start-
ing point for the seine haul in feet from the start
point (0") of each subunit.

Seineswill be utilized to samplethe creek chan-
nel. At three stations, asdefined above, the seine
will bedragged through thewater column aongthe
creek bank and substratefor alength of 5 meters.
Seineswill becarefully withdrawn from the creek
andthecollectedfishwill becarefully extracted from
the seineinto aprocessing bucket. Thefishwill
then beremoved by dipnetsand individualswill be
identified and measured. Abundanceandtotd bio-
mass by specieswill beenumerated. All dataare
recorded on astandardized field sheet.

One samplerunwill be conducted each month
fromApril to October.

ANALYTICAL METHODS

Biological datacollected at wetland study sites
are compared to datacollected at the wetland ref-
erencestes. Multimetric dataanaysistechniques
areemployed to examine attributesand variables
of biological data, and these metricsare combined
intoaquantitativefina index. Ametricisaparam-
eter or variablethat represents somefeature, sta
tus, or attribute of biologica assemblage, chemical
state, or physical condition. Inamultimetric ap-
proach, severa different metricsarechoseninor-
der to effectively captureand integrateinformation
fromindividual, population, guild, community, and
ecosystem levelsand processes. Metricsare se-
lected onthebasisof literaturereviews, historical
data, and professional knowledge. The quantita-
tive output from each metric isthen combined to
produce an index. Anindex isthe aggregate of
weighted metric scoresthat servesto summarize
thebiologica condition.

LESSONS LEARNED

Through thethree pilot projects, the MA CZM
project team has been ableto learn from each ap-
plication and asaresult has made several small,
incremental revisionsto many componentsof the
protocols, including adjustmentsto sampling meth-
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odsand shiftsin the attributes and metrics exam-
ined. Each application hasalso generated results
that indicatedecreasing biological integrity within-
creasing land-use stressors.

Results from 6 years of wetland assessment
experience have led the MA CZM team to con-
cludethat thisassessment approach hassignificant
potentia for anumber of management gpplications,
induding:

B |nventory effortssuch asidentifying and pro-
tecting unique and important habitat

B |dentification of degraded salt marsh sitesand
presenceof invasive (nonnative) speciesinor-
der to evaluate restoration potentia and/or re-
port on wetland status (i.e., 305b reports)

B Monitoring and evaluating the effectiveness of
restoration actions

B | ong-termtracking of salt marsh conditionand
documenting the effectsof disturbances(i.e.,
stormwater pollution, eutrophication,
hydromodification)

Many of these applicationshave appeal to water-
shed-based organizationsand agenciesaswell as
volunteer groups. Thetechniquesof theMA CZM
salt marsh assessment gpproach have been success-
fully taught through acomprehengvevolunteer train-
ing program on Massachusetts North Shore. At
thetime of writing, theWetland Heal th A ssessment
Toolbox programisentering itsfourthyear, guiding
and supporting volunteer groups asthey monitor
salt marshrestoration sitesin their region (http://
www.sd emsound.org/wetlands.htm).

Resultsfrom this Cape Cod Salt Marsh Assess-
ment Project are still being analyzed and written
up, but someinitia detallsareavailable: The 1999
land-useinvestigation has confirmed thetrend seen
intheprevioustwo studieswhereincreasing levels
of land use around agiven salt marsh site (wetland)
correspond with decreased ecol ogica condition, in
thiscaseindicated by theaverage of the Plant Com-
munity Index and the Invertebrate Community
Index.
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FIGURE 7. RELATIONSHIPS BETWEEN WETLAND ECOLOGICAL CONDITION AND
LAND USE. THE LAND USE INDEX (LUI) SCORE IS A MEASURE OF HUMAN
DISTURBANCE. WITH INCREASING LAND USE TYPES AND INTENSITIES, THE LUI
SCORE DECLINES. SIMILARLY, THE WETLAND ECOLOGICAL CONDITION
(WECQC) Is A MEASURE OF BIOLOGICAL INTEGRITY. A LOWER WEC SCORE
INDICATES INCREASING BIOLOGICAL IMPAIRMENT.
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FIGURE 8. TWO SETS OF MULTIMETRIC GOALS FOR EVALUATING RESTORATION.
THE RESTORED SITE IS ON THE BOTTOM, ITS PAIRED REFERENCE (DIRECTLY
BELOW./ SEAWARD TIDE RESTRICTION FEATURE) IS THE MIDDLE GRAPH, AND A
REGIONAL REFERENCE MARSH IS DISPLAYED AT TOP.
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PLATE B5: CAPE COD, MA, SALT MARSH PLANT SURVEY:
1 M2 ALONG TRANSECT. PHOTO: B.K. CARLISLE

PLATE 6: CAPE COD, MA, SALT MARSH NEKTON: WATCH YOUR FINGERS!
(BLUE CRAB, CALLINECTES SAPIDUS). PHOTO: B.K. CARLISLE
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MASSACHUSETTS. INVOLVING VOLUNTEERS IN
EXAMINING THE ECOLOGICAL INTEGRITY OF COASTAL
WETLANDS IN CAPE COD, MASSACHUSETTS

Contact BrittaMagnuson

Organization Salem Sound 2000
201-203 Washington ., Suite 9

Sdem, MA 01970
Phone (508) 741-7900
E-malil BritaMagnuson@saemsound.org
PURPOSE

B Traningvolunteerstodobiologica assessments
B Comparing resultsof volunteerstotrained sci-

aentists
WETLAND TYPE

B Sdtmarshes

ASSEMBLAGES

Birds
Fish
Macroinvertebrates

Vascular plants

STATUS

Completed 3yearsof sampling. Analyzing data.

Contact Jan Smith

Organization MassBaysNationa Estuary
Program
251 Causeway Street, Suite 900
Boston, MA 02114

Phone (617) 626-1231

E-mail jan.smith@state ma.us

Website http:/AMww.state. ma.us'czm/
wadtart.htm

PROJECT DESCRIPTION

“Salem Sound 2000 and “ 8 Townsandthe Bay,”
two regional subcommitteesof the Massachusetts
BaysNationa Estuary Program, participatedina
sdt marsh monitoring pilot project involving citizen
volunteersin conjunction with UMass Cooperative
Extension Serviceand Massachusetts Coastd Zone
Management (MCZM).

During thesummersof 1999 and 2000, morethan
40volunteersparticipated intraining workshopsand
field datacollection for avariety of parameters:
water chemistry, land useindex (ahabitat assess-
ment), aquatic macroinvertebrates, birds, tidal in-
fluence, and vegetation. During 1999, professional
scientists did independent assessments, and the
volunteers conducted assessments (using the same
sampling protocol s asthe professionals) with the
guidanceof trained staff members. Datacompari-
sons, aswell asfeedback from volunteer partici-
pants, were used to modify and improvetraining
protocolsfor the2000field season. Field datawere
collected in 2000 at the same sites, whichincluded
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salt marsh sitesthat were affected by tidal restric-
tionsand sitesimpacted by ssormwater discharges.
The project isexpected to beamodel in other ar-
easof New England. A volunteer trainingmanud is
currently being printed and should be available at
thetimeof thisprinting. Funding from aprivate
foundation hasenabl ed the program to continuefor
two additional years, 2001 and 2002, and it is
planned to add fish asan additional parameter for
thevolunteersto measure. The sampling proto-
colsare summarized inthe MCZM project sum-

may.

LESSONS LEARNED

Volunteersmay need ongoingfieldinstructionin
order to ensurequality datacollection. Theinitia
comparison between data collected by volunteers
and datacollected by professional sindicated gaps,
whichimproved field ass stancewasableto reduce.
Also, asking thevolunteersto review and comment
ontrainingworkshopswashe pful inimproving pro-
gramdesign. Althoughthereishighturnoverinvol-
unteersfrom year to year, we arefinding, after 4
yearsinto the program, that some volunteers do
come back after ayear’sbreak, and that the skills
of thereturneesdefinitely improveafter thefirs year.
Offering teacher training creditsimprovestheinter-
est of educatorsin participatingin the program, and
many getinterestingideasfor futureuseintheir class-
rooms.
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MICHIGAN: BIOASSESSMENT PROCEDURES AND
BASELINE REFERENCE DATA FOR GREAT LAKES
COASTAL MARSHES AND INLAND FORESTED
WETLANDS IN MICHIGAN

Contact ThomasM. Burton Contact Donald G Uzarski
Organization Michigan StateUniversity Organization GrandValley StateUniversity
Department of Zoology AnnisWater ResourcesIngtitute
203 Natural Science LakeMichigan Center
Last Lansing, M| 48824-1115 740 West ShorelineDr.
Phone (517) 353-4475 Muskegon, M1 49441
E-mail burtont@msL.edu Phone (616) 895-3989
E-mall uzarskid@gvsu.edu
PURPOSE WETLAND TYPE
Subproject 1. Coastal wetlands B Great Lakescoastal

B Collect basdlinedataonwater quality and ad-
jacent land use, aswell asplant, invertebrate,
and vertebrate communitiesfrom Great Lakes

B |nland, forested depressiond

coastal wetland sitesexperiencing acontinuum ASSEMBLAGES
of disturbance
. . . ® Birds
B Continuedevelopment of invertebrateand fish-
based indicesof biological integrity (IBI's)by ™ Hsh
plant zone, for Great Lakescoastal wetlands  m Macroinvertebrates
B Continuetesting and validation of our IBls B Vascular plants
Subproject 2: Inland, forested depressional STATUS

wetlands

B Collect basdinedataon plant, invertebrate, and ~ Completed 3yearsof sampling. Analyzing data.
vertebrate communities with accompanying
chemical/physical parametersfrom reference
and impacted forested, depressiona wetlands
of southernMichigan

PROJECT DESCRIPTION

Subproject 1. Coastal wetlands
B Developan|BI for forested depressional wet-  \Wedeveloped apreliminary |BI for LakeHuron
lands of southern Michigan based oninverte-  hased on invertebrate datacollected from coastal
brates, plants, fish (if present), and birds wetlandswith funds provided by theMichigan De-
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partment of Environmenta Qudlity, theNature Con-
servancy, U.S. EPA, andthe U.S. Geological Sur-
vey and published it in thejournal Wetlands (Bur-
toneta. 1999). Since publication, we have con-
tinued testing the IBI with data from additional
LakesHuronand Michigan fringing wetland sites.
We al so have continued monitoring aset of initial
sitesused in IBI development aslake levels de-
clinedin order to determine whether and how well
thelBI worksaslakelevelsdecline substantially
bel ow level sthat occurred during 1Bl devel opment.
We have collected extensive dataon invertebrates,
plant, fish, and bird communitieson Lake Huron
wetlandssincetheearly 1990's. Much of our work
hasbeenin collaboration with the Great L akes Sci-
enceLaboratory (BRD-USGS), Michigan Natura
FeaturesInventory (MNFI), and the Ohio Biologi-
ca Survey (OBS).

Our preliminary IBI for LakeHuron fringing wet-
landswas devel oped using macroinvertebrate data
collectedin 1997 from six wetlands. It wastested
using datacollected from 11 L ake Huron wetlands
(6origina and 5 additional) in 1998 at |akelevels
substantialy lower thanin 1997. We continued to
test the 1Bl using data collected from 12 sites (7
origina and 5 additional) at evenlower lakelevels
in 1999 and from 5 additional sitesat extremely
low water levelsin 2000. Eventhough someplant
community zonesused in I Bl development were
not flooded and could not be sampledin 1999 and
2000, thelBI functioned extremely well. In 2001,
we sampled similar fringing wetlands of northern
LakeMichiganadongwithnorthern LakeHuronstes
The|BI appearsto work for fringing wetlands of
northern Lake Michiganaswell.

Whiletesting and validating the Lake Huron I Bl
in 1999, 2000, and 2001, we devel oped modifica
tionsto simplify andimproveit. A detailed expla-
nationfor themodificationswaspresented at “\Wet-
lands 2000” in Quebec City in August 2000, and
additiond modificationstoremovethe” prdiminary”
statuswere presented in Lake Placid, New York,

inJune2002. Themodificationsareasfollows:

1. TheTyphazone should beremoved fromthe
IBI.

2. Thefour diversity and richnessmetricsshould
be cad culated by plant zoneinstead of combin-
ingdatafromall plant zonesbeforecalculations
aremade.

3. Two new metricsshould be added to the Inner
SirpusZone:

— Relative abundance Isopoda (%)—
Decreaseswith disturbance

— Relative abundance Amphipoda (%)—
I ncreaseswith disturbance

4. Use¥2person-hour count to determine num-
ber of individualscounted per replicate. Count
either 50, 100, or 150.

A manuscript noting al of theaboveimprovements
isin preparation and will be submitted to thejour-
nal Aquatic Ecosystem Health and Management
by September 2002 as part of a special issue on
coastal wetlands.

We are optimistic that our Lake Huron 1BI will
work for northern Lake Michigan fringing wetland
stes. Thesestesincludemost wetlandsalong the
southern shore of the Upper Peninsulaof Michigan
from St. Ignaceto theWisconsin border. Most of
these wetlands appear to be comparablein plant
community composition and structureto the Lake
Huron wetlands. Preliminary testing took placein
2001 and we expect to be ableto recommend the
IBI’susefor thesetypes of wetlands.

In 2000, we began devel opment of new fish- and
meacroinvertebrate-based | Blsfor thedrowned river
mouth wetlands of L ake Michigan. Wecollected
datafrom eight sitesrepresenting agradient of an-
thropogenic disturbance. Ten siteswere sampled
in 2001 and severd new siteswill beaddedin 2002.
We expanded our work on drowned river mouth
wetlandsin 2001 to L ake Superior wetlands.
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Subproject 2: Inland, forested depressional
wetlands

We started our forested depressional wetland
projectin1999. Invertebrateswerecollected three
times per year from eight forested depressional
wetlands during 1999 and 2000 using dipnets, ac-
tivity traps, and black lights. Additional samples
were collected from a subset of these and some
additional wetlandsin 2001. Up to 40 additional
siteswill beadded in 2002, with emphasison ob-
taining agreater array of impacted sites and ex-
tending the sitesto isolated depressional wetlands
in the coastal zone of the Great Lakes. Inverte-
bratesareidentified to thelowest taxonomic unit
possible, and preliminary I Bl devel opment hasbe-
gun. Accompanying chemical/physical samples
taken from surfacewater and mini-piezometershave
also been recorded and analyzed for potential
metrics. Comparisonsof theplant and invertebrate
communities have been made using asubset of the
gtes.

A list of potential metrics, asummary of our very
preliminary andyses, and conclusionsthat wedrew
from the 2000 data set are asfollows:

Sgnificantly higher at reference sites (Mann-
Whitney tests):

B |sopoda p < 0.001
B Amphipoda p =0.004
B Diptera

B Cuicidee p =0.004
B Ephemeroptera  p=0.015
B Trichoptera p=0.078

Sgnificantly higher at impacted sites (Mann-
Whitney tests):

B Gastropoda
Lymnaeidae p = 0.004
Planorbidae p < 0.001

B Diptera
Chironomidae p=0.074
Chaoboridae Collected from only one
gte
B Odonata
Libdlulidee p =0.039
B Hemiptera
Lleididee p < 0.001
B Coleoptera
Hdipidae p < 0.001
B Anndida
Hirudinea Collected from only one
gte
SUMMARY

Of themeasured chemica/physicd varigbles, only
depth separated impacted and reference sites.
Canopy cover was not measured in 1999 and 2000
but may have al so separated impacted and refer-
encesites. Estimates of canopy cover arecurrently
being obtained for al sites. Eleven (+2 ?) taxa
showed potential asmetrics, but not during early
inundation (April). During full inundation (May),
the correspondence analysisgrouped thewetlands
usinginvertebrate community compositionintodis-
tinct categories.

B Surfacerunoff-influenced impacted Sites
B  Groundwater-influenced referencesites

B Precipitation-influenced reference sites

CONCLUSIONS

B Increased runoff may increasewater depth and
subsequently kill trees, opening the canopy.
— Some taxasuch as Libellulidae may be

responding to these changesin ambient
conditions.
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B Mo traditiona chemicd/physcd variableswill
not beuseful asindicatorsof anthropogenicdis-
turbanceinthesewetlands. Thesevariablesin-
cludeturbidity, DO, pH, SRP, NH4, conduc-
tivity, dkdinity, temperature.

B Aninvertebrate-based I Bl for (hardwood) for-
ested wetlands of Southern Michigan appears
tobefeasible.

STUDY DESIGN

Subprojectsland 2

Sitesthat experience awiderange of anthropo-
genicdisturbance, or stressors, arechosenfromeach
hydrogeomorphic classor subclassof wetland. The
extent of disturbanceisdetermined using surround-
ing land use/land cover andlimnological data. Ini-
tidly, correspondenceanaysesof invertebrate com-
munity composition were used to determineif ref-
erence sites separated fromimpacted sites. When
they did, individua taxacontainingthemostinertia
responsible for the separation were deemed po-
tential metrics. Mann-Whitney U testswerethen
used to determineif dengitiesof thesetaxaat refer-
encestesweresgnificantly different fromdengties
at impacted Sites.

We use mediansin place of meansinthe|BI be-
cause mediansaremoreres stant to the overwhelm-
ing effectsof outliers. Our god istotypify thewet-
land. If anareaissampled that isdepleted or con-
centrated in the constituents of ametric, thearea
may beisolated from anthropogenic disturbance,
receiving adose of disturbance not typical of the
entirewetland or vegetation zone, or may contain
some*“natura” chemical/physica component that
isunique. Regardlessof the cause, theareaisnot
representative of theentirewetland. Theinfluence
of these outliers can be dampened by using the
median in place of mean asameasure of central
tendency.

After potentia metricsweredeveloped, principa
componentsanalysis (PCA) was used to establish

principal components (PCs) based on chemical/
physica parametersaswell assurrounding (1-km
buffer) land use/cover data. Pearson correlations
weredone between individua metricsand PCsto
establish stressor-ecol ogica responserelationships.
PCs were then decomposed to explore relative
contributionsof individua stressors.

SAMPLING METHODS

Subproject 1. Coastal Wetlands

Macroinvertebrate samples. Macroinvertebrate
samples were collected with standard D-frame,
0.5-mmmeshdipnets. All mgor plant community
zoneswere sampled at each site, including adeep
emergent and ashalow, wet meadow zone. If cer-
tain depths contai ned morethan one dominant plant
community along the shoreline, each plant commu-
nity typewassampled.

Dipnet sampling entailed sweepsthrough the sur-
faceand middleof thewater column and abovethe
sediment surfaceto ensurethat an array of micro-
habitatswereincludedineach sample. Dipnetswere
emptied into whiteenamel pans, and 150 inverte-
brateswere collected by removing al specimens
from small areasof thepan. Special consideration
was madeto ensurethat smaller organismswere
not missed, asthereisabiastoward larger, more
mobileindividualswith thistechnique. Plant detri-
tuswasleft in the pan and sorted through for afew
additiona minutesto ensurethat sesslespecieswere
includedinthesample. 1f 150individualswerenot
obtained after Y2 person-hour of field picking, we
collected tothenext multipleof 50. Thetimed count
was used to semiquantify sampling effort sothat it
could beused asametric. Threereplicatesamples
were collected in each plant zoneto obtainamea-
sureof variance.

Dipnet samples were collected from late July
throughAugust. Samplestakenfromice-out through
mid-July generally contained lessdiversity and a
greater proportion of early ingtarsof aguaticinsects,
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making identification moredifficult. The July—
August time period a so corresponded to thetime
when plant communities, characteristic of these
wetland systems, achieved maximum annual
biomass.

Fish sampling. Six fyke nets (0.5-in mesh) were
setineachwetland for 1 net-night. Netswere set
adjacent to specific plant zoneswith theleads bi-
secting thesamplingarea. Minnow trapswereused
asasecondary method.

Subproject 2: Inland, forested depressional
wetlands

Invertebrate sampling. Macroinvertebrate
samples were collected with standard D-frame
dipnetscontaining a0.5-mm mesh. Threereplicate
sampleswere collected from threelocationsin each
wetland: (1) the deepest portion (usually the cen-
ter), (2) near the upland, and (3) between these
two areas. We attempted to incorporate habitat
heterogeneity by sampling asmany plant zonesas
possibleat eachlocation.

Dipnet sampling entailed sweepsthrough thewa-
ter column at the surface, middle of thewater col-
umn, and abovethe sediment surface. Dipnetswere
emptied into white enamel pansand 150 inverte-
brateswere collected by focusing on small areasof
the pan and removing al specimens. If 150 indi-
vidualswere not obtained after ¥z person-hour of
field picking, we collected to the next multiple of
50. Thetimed count wasused to semiquantify sam-
pling effort sothat it could potentialy beused asa
metric. Invertebrate sampling was conducted dur-
ing early (April), full (May), and lateinundation
(June) at each gite.

Fish sampling. Thetemporary poolsthat domi-
nate most depressional forested wetlandsare un-
likely to containfish. Thus, fish samplingwasonly

conducted for permanent pools in depressional
wetlandswhenthey occurred. Smal fishtrapswere
placed in each of the permanent pools.

Birdssurveys. Bird communitiesweresurveyed
using 10-minute, 50-m radius point counts (Ralph
et al. 1995) by dual observersto samplethebird
communitiesat each count location. The10-minute
counting period began when the observersreached
the perimeter of the 50-m radius so that any birds
flushed or silenced by the observer’s approach
weredetected (Riffell etal. 1996). Thebird com-
munities of 30 forested wetlandsweresampledin
2000 using atotal of 6 count visits. A variety of
habitat measuresfrom each sitewere obtained as
detailed under plant sampling bel ow, and amanu-
script onresultsiscurrently being prepared. No
new sampling has occurred since 2000.

Plant sampling. The plant community and other
habitat variableswere described for each 50-mra
diushird count areaa ong four habitat samplingra
dii radiating fromthe center of each point count sta-
tionfollowing proceduresdetailedin Riffell et al.
(1996). The understory habitat was described us-
ing aWien's pole (Rotenberry and Wiens 1985)
following proceduresof Riffell et d. (2001), modi-
fied as appropriate to adapt them to forested
habitt.

Moretraditional plant sampling, of asubset of
forested wetlands, was done by Mike Kost and
DennisAlbert of the Michigan Natura Featuresin-
ventory during 1999 and 2000 using quadrat sam-
pling a ong transectsrunning through each wetland.
They have submitted areport ontheir resultsto the
Michigan Department of Environmental Qudity in-
cluding recommendations on potential metricsfor
thesewetlands.
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MINNESOTA: DEVELOPING WETLAND BIOCRITERIA

Contact Mark Gernes
Organization MinnesotaPollution Control
Agency (MPCA)
Environmental OutcomesDivison
520 L afayette Road

St. Paul, MN 55155

Phone (651) 297-3363

E-mail mark.gernes@pcastate.mn.us

Website http://www.pca.stat.mn.us
PURPOSE

B Developthetoolsto assesswetland condition
by studying vegetation and invertebratesin wet-
landsacrossarange of human disturbance

B Develop two separate Indexes of Biological
Integrity (IBI) for Minnesotadepressional wet-
lands

WETLAND TYPE

B Depressional wetlands, largeand small; ripar-
ianwetlands

ASSEMBLAGES

B Meacroinvertebrates

B Vascular plants

STATUS

Edtablishedindexesof biologica integrity (1BIs) for
plantsand macroinvertebrates. Report completed
on IBlsfor 44 large depressiona wetlandsinMay
2002. 1n 2002, evaluating dataon statistical anay-
sisof sampling methodsin 9 (invertebrates) and 12
(vegetation) large depressions. Beginning June
2002, testing | Bl sin new ecoregion, comparing 1 BI

Contact Judy Helgen
Organization MinnesotaPollution Control
Agency (MPCA)

Environmental OutcomesDivision
520 L afayette Road
St. Paul, MN 55155

Phone (651) 296-7240

E-mail judy.hel gen@pca.state.mn.us

Website http:/Aww.pcastate. mn.us

assessmentswith rapid assessment method and citi-
zenmonitoring data. Training of many citizen com-
munity teamsin biologica assessment of local wet-
lands continued in 2002; apictorial guidewill be
produced in 2002.

PROJECT DESCRIPTIONS

Minnesotahas been devel oping itswetland bio-
logical assessment program since 1992.

1992 — Small depressional refer encewetland
study

Thefirst project wasfunded by the State legida
tureto develop biological reference conditionsfor
small depressiond wetlandsin central Minnesota.
Subsequent fundingisprimarily fromEPA. Theini-
tial research studied the quantity and quality of
meacroinvertebratesprimarily in highest qudity, least
disurbedreferencesitesand rel atively few disturbed
depressiona wetlands.

1995 — Expanded small depr essional wetland
study

A second project funded by EPA wasundertaken
to develop multimetric 1BIsfor depressional wet-
landsin central Minnesota. During the 1995 sam-
pling season, MPCA collected data on macro-
invertebrates and vegetation for a larger set
of depressiona wetlandsthan the 1992 study, rep-
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resenting awiderange of impairment. MPCA'’s
report onthe 1995 1BI devel opment was completed
in 1999 and will be availableon MPCA'sweb site
(Www.pcastate.mn.us).

1999 —L argedepressional wetland study

MPCA sampledlargedepressiona wetlands, in-
cluding duplicatesampling at Sx of thegites, tovdi-
date metricsdevel oped with smaller depressiona
wetlandsin 1995. MPCA a so developed ascor-
ing system for human disturbance (HDS) that in-
corporates estimates of disturbancesinthe buffer
areaand inthe near-wetland landscape, plusranges
of chemica pollutionand dterationswithinthewet-
land. TheHDS scoreswere used asthe x-axisto
calibratethe metricsand the I Bl scores. Boththe
vegetation and theinvertebrate| Bl scoresshow Sig-
nificant relationsto the human disturbance scores
and to various water and sediment chemical fac-
tors. Theinvertebrate|Bl wassignificantly related
to HDS, turbidity, phosphorus, chloride, and other
factors. Thevegetation IBI wassignificantly re-
latedto HDS, phosphorus, and chloridein water;
and to copper; zinc; and nickel insediments. Mi-
nor changeswere madein metricscompared with
those used for the smaller depressions. Thefinal
report for thisproject, Indexesof Biological Integ-
rity (1BI) for Large Depressiona Wetlandsin Min-
nesota, by M.C. Gernesand J.C. Helgen, wascom-
pleted in May 2002. In 1999, 27 wetlands in
riparian areas of small and medium-sized streams
inthe St. Croix River basin were sampled for the
vegetation IBl. There data are currently under
andyss.

2001 — Statistical assessment of wetland
monitoring methods

MPCA sampled ninewetlandsin threelocations
totest themethodsfor theinvertebrate and vegeta-
tion IBlswith statistical procedures. Thesedata
arecurrently under andyss.

2002—Citizentraining
INn2002, MPCA expanded effortsfor training citi-
zensinbiological assessment of wetlands, training

90 citizensintheinvertebrate and vegetation meth-
ods (see Minnesota case study entitled “ Dakota
County Wetlands Health Evaluation Project”). A
find guidefor biological monitoring of wetlandsby
citizenswill be produced by MPCA in2002. This
guideincludespictoria keysto wetlandsinverte-
bratesand plants. MPCA dsotrained school teach-
ersinthe assessment of ephemera wetlandsinthe
spring of 2001 and 2002.

Inthe summer of 2002, MPCA isvalidating the
IBlsfor depressional wetlandsin 40 wetlandsin
southern Minnesotato test regional applicability of
themethods. Inaddition, about 10 wetlandsmoni-
tored by citizenswill be assessed by MPCA using
thetechnica IBls. Thedatafrom the assessments
by citizensusing themodified IBlsand MPCA's
technical IBIswill becompared. ThelBI results
will be compared with resultsfrom aMinnesota
rapid assessment method carried out by consult-
antson the same 10 wetlands.

STUDY DESIGN

In the 1992 project on reference wetlands, 32
least disturbed and 3 known disturbed wetlands
were sampled for macroinvertebrates. 1nthe sec-
ond research phase in 1995, 27 wetlands were
sampled for macroinvertebrates and vegetation.
The 27 wetlands represented the full range of hu-
man disturbancetypical of wetlandsinthispart of
Minnesota, and werelocated in the North Central
Hardwood Forest ecoregion (Figure9). Thesites
included 6 leastimpaired referencesitesand 21 Sites
highly impacted from human disturbancessuch as
stormwater (12 sites) and agricultural influences (9
Stes).

Inthe 1999 large depressiona wetlands project,
44 siteswere sampled, 6 of which were sampled
twiceonthe samedate. Included were 14 high-
quality reference sites, 14 agriculture-influenced
sites, and 16 urban wetlands (Figure 10). These
wetlandswere sl ected to represent thewidest range
of disturbance.
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FIGURE 9: LOCATIONS OF SMALLER DEPRESSIONAL WETLANDS
SAMPLED IN 1995.

FIGURE 10: LOCATIONS OF THE 44
LARGE DEPRESSIONAL WETLANDS
SAMPLED IN 1999.

In the 2001 statistical assessment of wetlands
methods project, three sectors of nine wetlands
were sampled for invertebratesand vegetation.

In 2002, approximately 50 large depressional
wetlandsrepresenting agradient of humaninfluence
arebeing assessed. Approximately 30 wetlandsin
theWestern Cornbelt Plainsand the Northern Gla
ciated Plainsecoregionsare being analyzed to de-
termineif the Bl developed inthe North Central
Hardwood Forest (NCHF) ecoregion can be used
inother regionsof Minnesota. Fiveof thesesites
will have duplicated sampling. Ten wetlandsfrom
previous projectsinthe NCHF ecoregion will be
analyzed. Another 10 wetlands in the NCHF
ecoregion are being sampled by citizensusing the
IBlsand by consultants using arapid assessment
method.

In the projectsin 1995, 1999, 2001, and 2002,
both invertebrate and vegetation sampling were
done. Water chemistry samplesweretakenin June,
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and sedimentswere cored for metal sand other fac-
torsinlater summer.

In addition to invertebrate and vegetation sam-
pling, wetlandswere sampled for water pH, con-
ductance, turbidity, dissolved oxygen, temperature,
calcium (hardness), chloride, total suspended sol-
ids, total phosphorus, and total nitrogen. Sediments
wereandyzedfor 15 heavy metalsusing | CP meth-
ods, aswell asfor total organic content, textural
classes, carbonates, chloride, totd phosphorus, and
totd nitrogen. Low-dtitudeaerid photographswere
taken to support the scoring for the human distur-
bancegradient.

SAMPLING METHODS: GENERAL
CONSIDERATIONS

Stratification of the habitat for each tudy stewas
done so asto minimizethebiological variability
among thedifferent strataof thewetland. For the
depressiona wetland projects, thefollowing habi-
tatswereidentified: nearshoreemergent zone, open
water submergent zone, and floating plant zone.

SAMPLING METHODS:
MACROINVERTEBRATES

Samplingwasdoneinthenearshoreemergent zone
during the seasonal index period of Juneto early
July. Thistimeframe ensured that optimal species
maturity and richnesswere present. Inprevious
fidldwork, MPCA had determined that samplingin
May wastoo early because someinvertebratesare
tooimmaturefor identification. Once collected, in-
vertebrate sampleswere preserved and analyzed
inthelaboratory. Macroinvertebratesweresampled
using both the dipnet and the activity trap method.
Dipnetting captured the greatest richness of inver-
tebrates and the activity trap captured the active
swimmersand night-active predators.

Dipnet

TheD-frameaguatic dipnet with 600-micronmesh
net wasused. Twodipnet samplesweretakenwithin
the emergent vegetation zones. A %2" wire screen
fixed to awooden framewas used to keep the veg-
etation from the sample. After sweeping the net
srongly through thewater columnfour tofivetimes
and downwardsto near the bottom, the contents of
thedipnet areemptied onto theframed wire screen.
Theframeisset over apan containing sieved water
to catchinvertebrates asthey drop down fromthe
vegetation. For gpproximately 10 minutes, theveg-
etation isgently spread and invertebratesareen-
couraged to drop or crawl downtothewater inthe
pan. After separation from the vegetation, thewa
ter isthen poured through a200-micron sieveto
concentrate the sample before preservation. Pres-
ervation of the samplesisdone using 80% ethanal,
final concentration. Usingasquirt bottlewiththe
acohal solution, thesampleisback-flushedintothe
samplejar and labeled for later picking and identi-
fication.

Activity trap

Thebottletrap worksasapassivefunne trap that
collectsorganismsasthey swiminto thefunne and
passthroughtheneck intothebottle. Madefroma
clear 2-L round-bottomed plastic beverage bottle,
thetrapsarenearly invisbleunderwater. Thetraps
aresupported on a4.5" wooden dowel with aflex-
iblehaf sectionthinwal PV C pipethat dlowsrais-
ing and lowering the bottletrap on the dowel.

Ten bottletrapswere placed in the emergent veg-
etation zone and | eft overnight for two consecutive
nights. Placement of the bottletrapswasfromthe
nearest shallow shore edgeto theinner sideof the
deeper emergent vegetation zonein weater no grester
than 1 meter. In the shallowest water, the traps
were placed on the bottom just under the surface
of thewater. Trapswere placed horizontal ly about
15-20 cmunder the surface. Thebottletrapswere
back-filled withwater leaving no air bubblesinsde
to reduce theamount of predation within thetrap.
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ANALYTICAL METHODS:
MACROINVERTEBRATES

After theinvertebrateswere sorted inthelab, the
entiresamplewasidentified and counted. Thedata
were entered into an ACCESS database and
scored for 10 metrics, which represent different
measuresof theinvertebratecommunity. Themetrics
used for small depressionsarein the 1999 report
of the 1995 project. The metrics used for large
depressions are in the 2002 report on the 1999
project (Table 1). For the 1995 data, the metrics
werevalidated by plotting them against aranking of
thestedisturbancebased on professiona judgment
and against selected chemica variables. For 1999,
themetric datawereplotted against thehuman dis-
turbance gradient scores (HDS) and some chemi-
cal factorsto evaluate metric responses. |n addi-
tion, linear regressionswere done on metric data
and|Blsagainst themeasuresof human disturbance.

Chemical (e.g., phosphorus, nitrogen, chloride,
and heavy metal s) and biological datawere ana-
lyzedfor statistically Sgnificant rel ationshipstothe
metricsand IBls. Of the 10 invertebrate metrics,
intolerant taxa, chironomid taxa, and total taxa
showed the strongest responsesto the estimated
disturbance gradient and water chemistry factors,
followed by the Odonataand ETSD metrics. HDS
scores, turbidity, and phosphorusand chloridein
water weremogt significantly related totheinverte-
brate|BI; copper in sedimentswassignificant.

SAMPLING METHODS:. VEGETATION

Vegetation sampling techniquesvary greetly for dif-
ferent wetland habitatsand study designs. MPCA
used arelevemethod for sampling vegetation. The
relevemethod was chosenfor severd reasons. The
primary reasonisthat itiseasly adapted to widely
varying habitatsand vegetation community struc-
ture, whichistypicd for depressond wetlands. This
adaptability in sampling methodology isneeded for

wetlandsthat receive significant quantitiesof water
during storm events. A second reason that MPCA
sdlected rlevesampling over linetransect or quadrat
sampling wasthat the Minnesota Department of
Natural Resources Natural Heritage Program and
County Biological Survey use releves, and
Minnesota' sacademic researchersalso useasimi-
lar relevemethod for collecting vegetation commu-
nity data.

All vegetation sampling wasdonein July, which
representsthetypical period of maturity and the
best timein Minnesotafor determining community
structure. Ineachwetland, a100-m2 plot wases-
tablishedin representative sampling locationswithin
the emergent and open water submergent zones.
After establishing thereleve plot, the vegetation
cover classesweredetermined for each plant spe-
ciesoccurringintheplot. Voucher specimenswere
collected at least once during the project for each
speciesor taxon encountered. All taxathat couldn’t
beidentified reliably tothespeciesleve inthefield
werea so collected.

ANALYTICAL METHODS: VEGETATION

Ten vegetation metricswere developed and vali-
dated, usng methodssimilar to thosefor theinver-
tebrate|Bl. Each promising attribute of the plant
community was plotted against adisturbancegra-
dient. Inthe 1995 small depressional wetlands
project, thedisturbance gradient index wasdevel-
oped from professona judgment ratingsof severd
disturbancefactorsincluding ssormwater input, ag-
ricultural practices, quality of adjacent buffers, hy-
drologicdterations, and historical disturbances. For
the 1999 large depressional wetlands project, the
HDSscoresand chemical factorswereused. Metric
scoring criteriawere then devel oped for the stron-
gest responding metrics (Table2). Metricswere
also plotted against chemical variablesto demon-
stratetheir responseto traditional water chemistry
concerns.
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TABLE 1. SCORING CRITERIA FOR 10 INVERTEBRATE METRICS FOR IBI FOR
LARGE DEPRESSIONAL WETLANDS

The 10 vegetation metricsshowed significant re-
sponsesto water (chloride and phosphorus) and
sediment chemistry (zinc, copper, and nickel). Sen-
sitive specieswerefound to be the strongest and
most reliable vegetation metrics.

SAMPLING METHODS:
WATER AND SEDIMENT

Sampling water and sediment chemistry wascon-
ducted by MPCA staff. Water analysiswasdone
by the Minnesota Department of Health, and sedi-

ment analysis was done under contract with the
University of MinnesotaSoilsAnalytical Labora-
tory. SeeApril 1999 report for sampling methods
for sediment and water chemistry.

LESSONS LEARNED

B \egetation |Blsshow great promisefor future
applicationsinwetlandsbiologica assessment.
Thewetland plant community isbiologically rich
and sendtivetoavariety of human disturbances.
Dataareacquiredinashort time.
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TABLE 2. SCORING CRITERIA FOR 10 VEGETATION METRICS FOR LARGE
DEPRESSIONAL WETLANDS

B Theinvertebratecommunity issengtivetomany

disturbancesinwetlands. Responsesdiffer from
stream invertebrates because wetlandsinver-
tebratesareadapted to daily cycling of dissolved
oxygeninwetlands. What may bea“ pollution
tolerant” invertebratein sreamsmay beaspe-
ciaigt inthewetland habitat.
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Biological metricsrespond to many stressors
and to other disturbance factorsin the land-
scapeand in physical aspectsof thewetlands
that can bereadily measured.

After applying appropriate stratifications, we
find that wetlandsarenot chaotic or highly vari-
able. They show clear patterns and predict-
ableresponsesto human disturbances.



MINNESOTA. DAKOTA COUNTY WETLAND HEALTH
EVALUATION PROJECT

Contact Danid Huff
Environmental Education Coordinator

Organization DakotaCounty Environmental Education Program
4100 220th St. West, Suite 101
Farmington, MN 55024-9539

Phone (651) 480-7734
E-mail danie.huff @co.dakotamn.us
Website http:/Mmww.extens on.umn.edu/county/dakotal Environment wetlands/wetl d.html

PURPOSE STATUS
B Evauatewetland health using biological data Since 1997, the project has operated every sum-

gathered by citizen volunteersusingapproved  mer. 1n 2002, the program consisted of 15 moni-
techniquesdevel oped by theMinnesotaPollu-  toring teamsrepresenting 19 communitiesin Da-

tion Control Agency kotaand Hennepin Counties.

B Increasebiodiversity inwetlandsin urban ar-
easby installing Best Management Practices PROJECT DESCRIPTION
(BMPs)

- . The Dakota County Wetland Health Evaluation

B Conduct a public wetland education effort _ .
through seminars, workshops, field days, and Pr_oj ect (W.H EP) usessampling met_hods andevalu-
media ation metrics devel oped by the Minnesota Pollu-
tion Control Agency (MPCA). Theproject started
in 1997 and was conducted by MPCA and Minne-

WETLAND TYPE sotaAudubon. A total of 30 wetlandswere moni-

tored by 5 citizen teamsrepresenting the Minne-

B Depressiond wetlands sota Zoo, Dakota County, and the cities of
Burnsville, Eagan, and Lakeville. MPCA staff

ASSEMBLAGES trained volunteersin sampling protocols, quality

assurance, and plant and macroinvertebrateidenti-

B Macroinvertebrates fication. Thesampling methods are ascaled-back

version of theMinnesotaPollution Control Agency
Wetland Bioassessment Program (see Minnesota:
Developing Wetland Biocriteria” inthismodule).
Each citizen team worked under thedirection of a
local teacher or nature center staff. Thetimecom-
mitment for volunteerswas approximately between
40-50 hoursper year, including training, field work,
andanalyss.
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In 1998, the project expanded to eight citizen
teams, and atechnical consultant washired to con-
duct MPCA'’sfull sampling methodsto facilitate
comparisons. Resultsof the comparisonindicate
that the volunteer assessments, dthough not asrig-
orousasthe professional assessments, providere-
peatabl e resultsthat are consistent with themore
detailed assessments. However, thevolunteerstend
to scorethe high-quality wetlandstoo low because
they areunabletoidentify asmany organisms(eg.,
speciesof Carex) resulting inlower scoresfor the
richness metrics. A detailed description of this
project isprovided ontheweb sitelisted under the
contact information (http:/Amww.extens on.umn.edu/
county/dakotalEnvironment/wetl ands/wetl d.html).

In 1999, the funding source changed from EPA
grantsto funding fromtheMinnesotaState L egida-
turethrough the MinnesotaEnvironment and Natu-
ral Resources Trust Fund. The Minnesota State
L egislature approved continued funding for this
project for the period of 1999 to June 2002. For
the 1999 season, the project expanded to atotal of
10cities. Anadditiona 11 wetlandswere assessed
for thefirst timeand 24 previously sampled wet-
landswereresampled for trend analysis. Thein-
vertebrate and vegetation | Bl scoreswere gener-
aly consstent for each wetland, athough theinver-
tebrate score was sightly lower on average than
thevegetation scores. Eachteam performed across-
heck on awetland monitored by another team. In
addition, thetechnica consultant field checked 4 of
the 35 wetlands sampled by the volunteer teams.
The volunteer results were compared to MPCA
standard sampling method resultsand wereconss-
tent for most samples.

In 2000, 10 city teams monitored 38 wetlands.
Invertebrate scoresweregenerdly lower than veg-
etation scores, amoresgnificant differencethanthe
previousyear. Below-normal precipitationfor the
previousfal, winter, and spring may account for
the poor showing of invertebrate populations. Vol-
unteers continued to use M PCA protocolsand be
trained by the MPCA scientistswho devel oped the

protocols. Eight of the10teamsperformed across-
check on awetland monitored by another team.
Of these, six of the eight sites showed consi stent
scoresfor theinvertebrate index and seven of the
elght Stesshowed cong stent scoresfor the vegeta
tionindex. Thetechnica consultant field-checked
4 of the 38 wetlandssampled by thevolunteer teams.
In general, the citizen data were consistent with
consultants findings.

In 2001, 10 teamsrepresenting 11 cities moni-
tored 41 wetlands. A wet spring may have contrib-
uted to higher invertebrate scores than the 2000
monitoring season. Vegetation scoreswere con-
Sstent with previousseasons scores. Twenty-eight
of 39 wetlands sampled for both vegetation and
invertebrateswere considered to have consi stent
scores between the 2 indexes. Seven city cross-
checks were performed using the invertebrate
metrics. Of these seven, fiveresulted in similar
scores. Six city cross-checkswere performed us-
ing the vegetation metrics. Of thesesix, four re-
sultedinsimilar scores. Thetechnical consultant
field-checked 3 of the 41 wetlands sampled by the
volunteer teams. The consultant’scheck resulted
inidentical scoresfor two of thethree volunteer
teamsand wasvery smilar for thethird for thein-
vertebrate metricsand thevegetation metrics. This
showed higher condgstency betweenthecitizenteams
and the professional cross-check thanin previous
years. Inadditiontothe 10 Dakota County teams,
3 teams within Hennepin County monitored 14
wetlands with funding from U.S. EPA and the
Minnehaha Creek Watershed Didtrict.

In addition to wetland monitoring, a wetland
remediation project was begunin 2001 at one of
thewetlands previoudy monitored by the project.
Cedar Pond in Eagan, MN, had scored among the
lowest of all county wetlandsfor both vegetation
and invertebrates when sampled by volunteersin
2000. In cooperation with the City of Eagan, a
retaining wall surrounding the pond wasremoved,
thedopewasregarded, and three zones of native
wetland vegetation, emergent, wet meadow, and
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upland buffer, were planted around the wetland.
Three rainwater gardens were constructed and
planted to recaive and filter runoff from an adjacent
city street. WHEP volunteers participated in plant-
ing therainwater gardensand treesa ong the up-
land buffer.

Complete reports of the 1999, 2000, and 2001
monitoring season results can befound on theweb
sitegiven above. Information onthe 2001 moni-
toring season within Hennepin County can befound
at http:/Amnww.hed.hennepin.mn.us'whep.html.

In 2002, communities sponsoring teamsare pro-
viding funding for the project. Nineteamsrepre-
senting 11 citiesin DakotaCounty and 6 teamsrep-
resenting 4 cities and 1 watershed district in
Hennepin County are participating in the Project.
Resultsfrom the 2002 monitoring season for both
countieswill beavailable onthewebin February
2003. Theproject isexpected to continue.
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MINNESOTA: UNIVERSITY OF MINNESOTA'S
Bl DEVELOPMENT

Contact SueGaatowitsch

Organization Universty of Minnesota
Department of Horticultura Science
305AldermanHall, 1970 Folwell Ave.
St. Paul, MN 55108

Phone (612) 624-3242

E-mail galat001@maroon.tc.umn.edu

Website http:/Aww.hort.agri.umn.edw/mnwet/begin.htm

PURPOSE

Devel op assessment methodsto eva uate ecol ogi-
ca condition of wetlands

WETLAND TYPE

B Vaigy
ASSEMBLAGES
Amphibians
Birds
Fish
Macroinvertebrates

Vascular plants

STATUS

B Andyzingdataand writing reports

PROJECT DESCRIPTION

Developing indicesof biologicd integrity (1BIS)
for Minnesotawas pursued by researchersat the
University of Minnesotato enable quality assess-
ments of existing and restored wetlands. Eight

seriesof 15 wetlands (120 sites) were used to de-
velop wetland IBIs. Each series coversamajor
wetland typeinthe Stateand iscomposed of refer-
encestes(undtered wetlandsin anunimpaired set-
ting), sitessurrounded by land usetypical of the
region, and Stesthat arehighly dtered. Plants, birds,
fish, invertebrates, and amphibianswere surveyed
to select thebest IBlsfor each series.

Toidentify possible patternsin biological com-
munitiesthat may reaetoland usedifferences, each
organisma dataset (except amphibians-few organ-
iIsmsencountered during surveys) wasexplored with
TWINSPAN. TWINSPAN organizesdataso that
the most similar sites (asdescribed by their spe-
cies) are grouped together as columnson atable,
and sothat the specieswith Ssmilar habitat affinities
(asdescribed by Steswherethey occur) aregrouped
together asrows. ThisTWINSPAN tablewasused
togeneratealist of potentia indicatorsfor anaysis
with land-use data. Speciesor groups of species
that appeared preferentia to Siteswith smilar land
use characteristicswere deemed to be potentia in-
dicators. Other common ecologica measures, such
asrichness (number of species), wereroutingly in-
cludedinthelist of potential indicators, aswell.
Twenty-eight potentid indicatorsidentified for this
seriesarelisted below. Proportional indicatorsfor
animalsarecalculated asatotal of all organisms
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observed (not aproportion of taxa) unless noted.
Absolute abundancesfor plant species(vegetation)
cannot bereliably estimated from cover classdata.
Importance values, an approximate measure of
abundance, wereca culated by summing cover class
scores(r=0.1, +=0.5, and classes 1-5).

Potential indicators
Amphibians: None

Birds(12): Speciesrichness(BSR); total abun-
danceof dl birds(BABU); number of wetland taxa
(BWR); proportion of wetland birds (PWB); abun-
dance of brown-headed cowbirds (ABHC); pro-
portion of forest-nesting birds (PFB); number of
taxawith largeterritories (BLTR); proportion of
insectivorousbirds (PBIN); abundance of marsh
and sedge wrens (CIS); abundance of yellow
throats, swamp sparrows, and LeConte' ssparrows
(SSYT); number of open ground nesting species
(BOGR); proportion of open ground nesting spe-
cies(PBOG).

Fish: None

Invertebrates(4): Total abundance (IABU), taxa
richness (ISRI), number of snail species(GASR),
proportion of snaills(PGAS).

Vegetation (12): Speciesrichness(VSR), inva
sveperennia speciesimportance (1P1), number of
Carex species (CAR), importance of Carex spe-
cies(CALl), number of native herbaceous perenni-
as(HPNR), importance of native herbaceous pe-
rennials (HPNI), number of native perennial
graminoids (GPNR), importance of native peren-
nia graminoids (GPNI), number of introduced spe-
cies(INR), importanceof introduced species(INI),
ratio of graminoidsto herbaceous species(VGH),
ratio of annuasto perennias(VAP).

Relationship of potential indicator sto land-
use measur es

Valuesfor each potential indicator (Pl) werecal-
culated for each siteinthe series. Pl valueswere
correlated with land use data: Stealteration score,
land use cover at 500 m, 1,000 m, 2,500 m, and
5,000 mradii. For theradii data, six correlations
were calculated, onefor each land cover category
(agriculture, urban, disturbed, forest, grasdand, and
wetland). For thisseriesatotal of 700 relation-
shipsweretested. Relationshipswith Pearson cor-
relation coefficientsgreater than 0.53 (p<0.1) are
worthy of further consideration asindicators of
wetland quality. Each of theserelationshipswere
plotted to detect if the high coefficientswerebased
onoutliers. Thosewith outlierswerenot consid-
ered sgnificant.

Eighteen of the original 28 potential indicators
(64%) werefoundto haveahigh correlationtoland
use. Seven of thebird PIsshow aland-userela
tionship. Birdswithlargeterritories(BLTR) are
morecommonto steswithlessagricultureand dis-
turbance at the regional scale (2,500-5,000 m).
Likewise, regiond patternsof urbanization arenega
tively associated with wetland bird richness (2,500
m). Wetland bird richnessisgreater on siteswith
morewetlandsat thissamescale. Overall birdrich-
nessislower with more surrounding urbanization at
most scales. |ncontrast, most of the seven promis-
ing vegetation Plsshow stronger land-userelation-
shipsat loca scales. Introduced species(INI, INR)
and annuals (VAP) aremore common on sitesthat
areimmediately impacted by agricultureand urban-
ization (Site). Four invertebrate PIswill befurther
considered for indicator development. The
richnessof snail taxa(GASR) ispositively associ-
ated with forest and wetland cover from 1,000 to
5,000 m.
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MONTANA. DEVELOPING WETLAND BIOASSESSMENT
PROTOCOLS TO SUPPORT AQUATIC LIFE BENEFICIAL
USE-SUPPORT DETERMINATIONS

Contact Randall S. Apfelbeck

Organization MontanaDepartment of Environmenta Quality
2209 Phoenix Avenue
P.O. Box 200901
Helena, MT 59620-0901

Phone (406) 444-2709

E-mail rapfelbeck@state.mt.us

Website http://Awww.deg.state. mt.us/ppa/mdm/Wetlands/L akes& Wetlands Index.asp

PURPOSE WETLAND TYPE
Montana swetland research objectivesareto: B Vaiety of wetland types
B Determinethe statusand trendsin wetland wa-
ter quality. ASSEMBLAGES
B Acquirean understanding of how climate, hy- m Al
drologic controls, and geomorphic settingsin- gee
fluencewetland biological communitiesforthe W  Macroinvertebrates
devel opment of successful biocriteria. B Vegetation
B Developbiologica measurementsthatcouldbe Amphibi d 20U i
used in developing biocriteriato definethe ex- mphibiansandaquaticreptiles
tent and degree of anthropogenic impactsto
wetland water quality. STATUS

B Deveop anintegrated assessment of wetland,
streamsand lakeswithin awatershed.

B Report on aquatic hedth at thewatershed level
through the devel opment of landscape assess-
ment tools.

B Ongoing, revisnganaytica methods

PROJECT DESCRIPTIONS

1992

B Develop rapid field assessment protocolsto MontanaDepartment of Environmental Quality
evauateaguatic ecological conditionsbyusng  (DEQ) began devel oping wetland biological crite-
indicatorsand best professiona judgement. ria. Atthat time, therewaslittleinformation con-

cerning the status or trends of thewater quality of

Montana's wetlands. Furthermore, Montana's

water quality standardswere devel oped to protect

thebeneficia uses(e.g., aquaticlife) of lakes; river
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and stream wetlands were not considered State
waterswhen Montana swater quality standards
weredeveloped. Since1992, Montanahashad an
ongoing program to devel op bioassessment proto-
colsand water quality standardsthat will more ad-
equately evaluate and protect the aquatic life that
liveinwetlands.

IN 1998, asaresult of aTMDL lawsuit, Montana
DEQ shifted focusfrom devel opment of biological
criteriato the devel opment of guidelinesfor making
beneficia usedecisionsthat apply to all Montana
waterbodies. Montana sguidelinesfor making ben-
eficial use decisions can be found at http://
nris.state.mt.us/wis/tmdlapp/pdf2002/

Appendix_A.pdf .

1998

Inconjunctionwith MontanaDEQ' sresearch pro-
gram, Montana State University (MSU) designed
astudy that focused on devel opment of vegetation
biocriteriafor western Montanadepressional wet-
lands (Borth 1998). The focus on vegetation
biocriteriaiskey in Montanabecause wetland veg-
etationiseas er to assessthan macroinvertebrates
or diatomsfor depressional wetlandsthat are sea-
sonally dry. TheMSU study sampled vegetation
and dso macroinvertebratesand distomsfor 24 de-
pressiond wetlandswithsmilar climate, hydrology,
and water chemistry. Theresearchincluded sam-
pling acrossthreelevelsof human disturbances—
minimally impacted, dightly impacted, and moder-
ately impacted. Thestudy also involved two an-
thropogeni cimpairments—dryland agricultureand

grazing.

2000

Researchersfrom the University of Montanacon-
ducted astudy to determinethe effects of natural
variability on the use of macroinvertebrates as
bioindicatorsof disturbanceinintermontanedepres-
siona wetlandsin northwestern Montana (L udden
2000). Their study design included collection of
meacroinvertebrate samplesand physiochemicd data
from 15 pristineand 6 disturbed intermontane prai-

riepotholes. Their study asoincluded analysisof
macroinvertebrate samplesthat were previously
collected by Borth (1998). Theresearcherscol-
lected macroinvertebrate samplesfrom acrossthree
seasonsand from threewetland zones. They used
multivariate detrended correspondence analysisto
ordinate the raw macroinvertebrate data and
physiochemical variablesas secondary matricesto
establish vectored biplots of correlation. Candi-
date metricswereandyzed using univariateanay-
ss. They determined that no environmental vari-
ables were strongly correlated with the
macroinvertebrate data, and many of the metrics
varied across wetland zones and across seasons.
Nevertheless, 35 candidate metricswere ableto
discriminatebetween minimadly and highly disturbed
gtes. Thesewetlandsweredso sampledintensvely
to develop and test amodel for assessing depres-
siona wetlandsusing the hydrogeomorphic (HGM)
functional assessment approach.

2002

Montana DEQ initiated the development of a
comprehensive watershed monitoring and assess-
ment program. The comprehensive programwill
be devel oped to determinethe causes, effects, and
extent of pollution to aguatic resources (including
wetlands) and for devel oping pollution prevention,
reduction, and eimination strategies.

The comprehensive program has three compo-
nents. landscape, site-specific, and rapid assess-
ment. First, alandscape-level processto evaluate
and rank wetlands and watershedsfor protection
andrestorationiscriticd to maximizetheuseof lim-
ited financial and management resources. Thispro-
cesswill useexiging digitd dataand evaluatearange
of landscapeimpactsusing aGeographic Informa:
tion System. Second, Montanawill continueto
devel op site-specific assessment protocolssuch as
biocriteria(i.e., for assessing amphibians, vegeta
tion, algae, and macroinvertebrate assembl ages).
This information is important for managers of
Montana swater resourcesfor making informed
watershed management decisions. Development
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of site-specific wetland biological, physical, and
chemical assessment toolswill beused to evaluate
aguaticlifebeneficid use support to determineim-
pairment as per section 303(d) of the Clean Water
Act. Third, like most States, Montana has very
limited resourcesfor assessing wetland water qual-
ity and aguatic conditionsfor 305(b) purposes. For
thisreason, Montanawill devel op an assessment
approach that istruly rapid and cost effective. A
rapid assessment component will be devel oped
based upon field data collected, tested and refined
during thisstudy, best professional judgment and
information gathered from aliterature search.

The comprehensive watershed monitoring and
assessment programwill includeaprobabilistic sudy
designto assessthe ecological condition of depres-
sional and riverinewetlandsand streams. Three
pilot subbasins (fourth code HUCs) will besdlected.
The pilot subbasinswill represent Rocky Moun-
tain, Intermountain VValeysand Prairie Foothills, and
Painsecoregions(Figure11).

Within each pilot subbasin, threesixth-codeHUCs
(fifth-code HUCsfor the Middle Milk subbasin)
will berandomly selected from each of threedis-
turbance srata(high, medium, and low) determined
from landscape-sca e assessments. For vegetation,

s0ils, water chemigtry, macroinvertebrates, diatoms,
andland use, atota of six wetlands(threeriverine
and three depressional) will bemonitoredineach
watershed. A total of 27 watersheds (9 in each
subbasin) and 162 wetlands (3 riverineand three
depressiond ineachwatershed) will bestudied. For
the determination of the detection/nondetection of
amphibiansand aguatic reptiles, al standing water
bodiesidentifiedin each watershed will besurveyed.

Note: the remainder of this case study will de-
scribeinmoredetail the study initiated in 1992.

STUDY DESIGN

Theorigina Montana DEQ study was designed
in 1992 and involved sampling 80 wetlands
throughout Montanaduring 1993 and 1994. The
bioassessment project included collection of
macroinvertebrate and diatom samplesfrom wet-
landsin all ecoregions of Montana (Apfelbeck
2001).

Montana DEQ’s approach to developing
biocriteriainvolved severd study designsaimed at
devel oping tool sto help detect human influenceon
wetland water quality. Theorigina study wasde-
signedin 1992 and involved sampling 80 wetlands

FIGURE 11: MONTANA ECOREGIONS AND PILOT WATERSHEDS.
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throughout Montanaduring 1993 and 1994 (Fig-
ure12). Thestudy designincluded collection of
samples that represent the wetland’s
macroinvertebrate (e.g., aquatic insects) and dia-
tom (algae) communities. Sampling methodswere
designed so that 1-2 hourswas sufficient for the

datato be collected in thefield for each wetland.
Samplesof eachwetland swater column, sediment,
and macroinvertebrate and diatorm communities
were collected. Water-column and sediment
sampleswere collected to document impairments
andfor classification purposes.

Ecoregions of Montana

FIGURE 12: ECOREGIONS AND SAMPLING LOCATIONS BY WETLAND CLASS.

Wetland Classes: (referred to by number in the above figure)
Dilute Closed Basins and Headwater Wetlands of the Rocky Mountain Ecoregion

Class1

Class2 Riparian Wetlands of the Rocky Mountain amd Intermountain Valley Ecoregions
Class3  Groundwater Recharge Closed Basin Wetlands

Class4 Riparian Wetlands of the Plains Ecoregion

Class5 Alkaline Closed Basin Wetlands

Class6 Saline Wetlands

Class7  Surface Water Supported Closed Basin Wetlands

Class8 Ephemeral Wetlands

Class9 Open Lake Wetlands of the Plains Ecoregion

Class10 Open Lake Wetlands of the Rocky Mountain and Intermountain Valley Ecoregions
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The siteswere classified using ecoregions and
hydrogeomorphology, and several of thewetland
classeswerefurther delinested using water-column
chemistry variables. A representative number of
wetlandsfrom thefollowing Omernik ecoregions
weresampled: Rocky Mountains, Intermountain
Valeysand Prairie Foothills, Glaciated Plains, and
Unglaciated Plains Ecoregions. To reduce season-
ality, adl wetlandswithin the same ecoregion were
sampled during smilar time periods. Wetlandsin
the Glaciated Plains Ecoregionwere sampled from
early April through mid-June, wetlands of the Inter-
mountainValeysand PrairieFoothillsEcoregionfrom
mid-June until early August, and wetlands of the
Rocky Mountain Ecoregionfromearly July through
September.

Theclassification framework was devel oped by
sampling thefull spectrum of wetland typesinMon-
tana. Thestudy wasdesigned such that approxi-
mately 75% of the siteswere reference and 25%
wereimpaired. Thisapproach wasuseful because
it allowed Montana DEQ to determinetherefer-
ence condition of awidevariety of wetland types.
Also, the design provided the opportunity to test
theability of thebiologica measurementsto detect
water quality impairment.

Anthropogenicimpactssuch asirrigation or log-
gingwereincludedinthe study design. If anthro-
pogenic activitiessuch asdryland agriculture, irri-
gation, feedlots, grazing, Slviculture, road construc-
tion, hydrologic manipulation, urban runoff, waste-
water, mining, and oil and natural gas production
occurred in thewetland’ swatershed, thewetland
wasconsidered impaired. Wetlandsfor sampling
were selected on the basis of many variables, in-
cluding availability of historical data, specid inter-
estshy other entities, cooperation by landowners,
and accessihility.

In order to classify or document impairment, a
hydrogeologist for the MontanaNatural Heritage
Program (MNHP) assisted MontanaDEQ in de-

veloping awetland classification system through
summarizingandinterpreting thephysical and chemi-
cal data. Using topographic maps, field observa
tions, and information gathered from land manage-
ment agencies, geomorphic characteristicswerein-
terpreted and ahydrogeomorphic database devel -
oped. Mapsfor each wetland were completed us-
ing aGeographic Information System (GIS). Map
featuresincluded hydrol ogic ddlinegtions, land man-
agement areas, counties, cities, mgjor transporta-
tion corridors, wetland watershed boundaries, and
sampling locations. Vist MontanaDEQ' swebsite
to get more detail on thetypes of wetland classes
and for photographs of each type: http://
www.deqg.state.mt.us/ppa/mdm/Wetlands/
classfication.asp.

SAMPLING METHODS: DIATOMS

Montana DEQ collected diatoms as composite
grabsamples. Thedgeewereidentifiedtothelowest
taxonomiclevel possible. Sampleswerecollected
usinga250-mL plastic container and then preserved
with Lugol’ssolution. Sampleswerecollected from
alocation determined to best represent the wet-
land. Theselocationswererestricted to areasthat
were easily accessible when wearing hip boots.
Sampling wasdonefromApril through September.
Each sitewas sampled once.

ANALYTICAL METHODS: DIATOMS

Themultivariate approach was used to anayze
wetland diatom communities. Multivariateandyss
isadtatistical approach used by biologiststo deter-
minerel ationshipsamong biotasuch asdiatomsor
macroinvertebrates, and environmental variables
such aswater-column chemistry. Themultivariate
approachtoinvestigate relationshipsbetween Mon-
tanawetland diatom assembl agesand environmen-
tal variables(mostly water-column chemistry) was
detrended canonical correspondence analysis
(DCCA) and two-way indicator analysis
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(TWINSPAN). Clustersof diatomswith similar
composition were graphically displayed using
DCCA. Vectorswere displayed and labeled to
illustrate the rel ationship between diatom assem-
blagesand environmental variables. Longer vec-
torsshow usastronger correlation among diatom
assemblagesand environmental variables(Figure
13). Envelopeswere used to graphically enclose
all reference sitesusing thewetland classddlinea
tions (Figure 14). TheAcademy of Natural Sci-
ences of Philadelphia (ANSP) performed the
subsampling, digestion, and mounting of thedia-
toms(see Charleset al. 1996).

FIGURE 13: DIATOM DATA RELATED
TO ABIOTIC FACTORS USING
DETRENDED CANONICAL
CORRESPONDENCE ANALYSIS.

FIGURE 14: CLUSTERS OF WETLANDS
BASED ON DIATOM DATA.
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SAMPLING METHODS:
MACROINVERTEBRATES

Montana DEQ collected macroinvertebratesus-
ing a 1-mm mesh D-net in a sweeping motion.
Macroinvertebrateswerecollected fromal microen-
vironmentsinasamplinglocation. Theselocations
wererestricted to areasthat wereeasly accessible
when wearing hip boots and that best represented
thewetland. Sampleswere composited with asso-
ciated material s such asvegetation and sediment
and then preserved with ethanol ina1-L plastic
container. An effort was madeto collect 300 or-
ganisms from each location using a consi stent
method of collection. To ensure preservation,
sample bottleswererefreshed with ethanol severa
daysafter collection. Sampling wasdoneonce per
gtefromApril through September.

ANALYTICAL METHODS:
MACROINVERTEBRATES

The multimetric approach was used to evaluate
wetland macroinvertebrate communities. The
multimetric approach incorporates many attributes
into the assessment process and hasthe ability to
integrateinformation from thebiol ogical communi-
tiesto providean overall indication of biological
condition or ecologica hedlth.

Theproject contractor asssted MontanaDEQ in
devel oping wetland macroinvertebrate multimetric
indices. The proposed metricsand associated en-
vironmental datawere evaluated in an attempt to
develop anunderstanding of ecologicd rdaionships,
to test each proposed metric’s ability to predict
variousanthropogenic stressors, and to test redun-
dancy. Table 3 lists some of the proposed metrics
used for macroinvertebratesand Figure 15 shows
macroinvertebrateindex vauesfor severa classes
of wetlands.

Themacroinvertebrate samplesare subsampl ed
and sorted by contractorsusing agridded sorting

pan. A subsampling of 200 organismsisperformed
for andyss. All individudsare counted whenthere
arelessthan 200 organismsinthesample. Organ-
ismsareidentified to thelowest taxonomiclevel (at
least genusif possible). Thetaxonomicleve of iden-
tification isstandardized usng the M ontanaStream
when possible. Amphipodaareidentified by spe-
cies. Common, easly identified midgetaxaareiden-
tified using adissecting microscope equipped with
25x oculars. Midgetaxathat require slide mount-
ing are cleaned with warm water solution of 10%
KOX, rinsed in distilled water followed by 95%
ethanol, and mounted ondidesin Euperd. If fewer
than 30individualsareto bemounted, all individu-
asaremounted. If thereare morethan 30 midge
larvae, at least 10% of each morphotype are
mounted. Mounted midgesareidentifiedusinga
ZeissAxiolab phase contrast compound microscope
or equivaent.

The contractor identified the organismsin the
wetland samples and standardized thetaxonomic
level of identification based on Montana Stream
Protocols. Several taxawerediminated from con-
sideration for metric development, asthey were
determined to be nonbenthic taxaor semiaquatic
surface dwellersand considered uninformativefor
reflecting water quality. These taxa included
Gerridae, Collembola, Dytiscidae, Hydrophilidae,
Ostracoda, Anostraca, Copepoda, Cladocera,
Notonectidae, and Corixidae.

OTHER PARAMETERS. WATER
CHEMISTRY AND SEDIMENT

Water-column and sediment sampleswere col -
lected to document impairmentsand for classifica
tion purposes. Each samplewascollected froma
location determined to best represent the wetland.
Theselocationswererestricted to areasthat were
easily accessible when wearing hip boots. Field
chemica measurements, observations, and photo-
graphswererecorded at eachlocation.
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LESSONS LEARNED

B \Wefound that diatomsand macroinvertebrates

weremost useful for evaluating the biological

integrity of perenniad wetlandswith open-water
environmentsthat had relatively stablewater
levelsand were not excessively dkalineor sa
line

We concluded that multivariate analysiswasa
useful tool for devel oping awetland classifica:
tion system and that hydrogeomorphology and
ecoregionswere practical approachesto clas-
sifying wetlands for the development of
biocriteria
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TABLE 3. PROPOSED METRICS, PROPOSED METRIC CALCULATIONS, AND SCORE
CALCULATIONS USED FOR DEVELOPING WETLAND MACROINVERTEBRATE INDICES

We determined that both the multimetric and
multivariate techniqueswere vauablefor de-
veloping wetland biocriteria.

Inmost cases, themultimetric and multivariate
approaches that we used to assess the
mecroinvertebrateand diatom communitiesboth
identified the samewetlandsasimpaired.

Two wetland typesinthearid west (including
Montana) aredifficult to classfy. Wetlandssuch
aspotholesarehighly complex and difficult to
classify because of both spatia and temporal
variability. For thesewetlands, the hydrology,
water chemistry, and biology can changedra-



FIGURE 15. MACROINVERTEBRATE INDEX SCORES FOR WETLANDS
IN SEVERAL CLASSES.
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matically throughout a season or from year to
year asaresult of climatic change. For example,
the biological community of awetland often
changesthrough anincreasein salinity or ade-
creaseinwater content caused by drought.

Aquatic macroinvertebrate and diatom
biocriteriadid not appear to bevery useful for
detecting impairment in wetlandsthat usually
lack surface water. Vegetation biocriteriaare
likely to bethe most appropriatefor assessing
thebiologica conditionsof thesewetland types.

B A morequantitative approachisneeded for the

measurement of wetland physical disturbances
if we are to link physical disturbances to
changesinbiologica communities.

Note: MontanaDEQ hasdeveloped aset of pro-

posed metrics, proposed metricscal culations, and
score calculations used for devel oping wetland
macroinvertebrateindices. Theseareincludedin
Table3.
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NORTH DAKOTA. WETLAND BIOASSESSMENT
PROTOCOLS FOR MAKING AQUATIC LIFE BENEFICIAL
USE-SUPPORT DETERMINATIONS

Contact MikeEll

Organization
Divisonof Water Quality
1200 Missouri Avenue
PO. Box 5520
Bismarck, ND 04333

(701) 328-5214
mell @state.nd.us

Phone

E-mail

PURPOSE

Theprimary purpose of North Dakota swetland
bi oassessment program isto devel op wetland wa-
ter quality standardsfor North Dakota. Thiscur-
rently involvesdevel oping biological community
metricsand an Index of Biologica Integrity (IBI)
for temporary and seasonal depressional wetlands.
A secondary project goal isto compare the I B
with hydrogeomorphic (HGM) functiona assess-
ments.

WETLAND TYPE

B Depressiond wetlands

ASSEMBLAGES

B Algae
B Meacroinvertebrates

B Vascular plants

STATUS

B Anayzingdata, developing IBls, and expand-
ing project

North Dakota Department of Health

PROJECT DESCRIPTION

North Dakota Department of Health (NDDH)
initiated itswetland bioassessment programin 1993
asacomponent of the State’ s strategy to develop
wetland water qudity sandards. NDDH beganfied
samplingin 1995 andiscurrently analyzing data
collected from 1995 through 1999 to develop as-
semblage metrics, | Blsfor the assembl ages, and
ultimately biocriteria. The NDDH wetland sam-
pling plan includes vascular plants,
macroinvertebrates, and algal assemblages.

Devel opment of aNorth Dakotasampling
protocol for the State’ swetland typesisongoing
through cooperative work agreementswith North
DakotaState University, Departmentsof Animal
and Range Sciencesand Zool ogy.

STUDY DESIGN

North Dakota's study design has continued to
expandin scopesincetheproject wasinitiated. Ini-
tial field sampling beganin 1995 and 1996 with 13
“least disturbed” temporary and seasona wetlands.
In 1997, the number and range of wetlands was
expanded to 20 temporary and seasonal wetlands.
Four of theorigind 13" reference” wetlandssampled
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in 1995 and 1996 weresampledin 1997 dongwith
16 new wetlands. Thesewetlandscaptured alarger
rangeof disturbance categories.

In 1998, the number of wetlandsagain expanded.
Anadditional 16 temporary and seasona wetlands
were added, bringing thetotal number of wetlands
sampled to 36in 1998 and thetotal number of ref-
erencewetlandsto 6. The 16 wetlandsadded in
1998 were part of an HGM classification project.
Thesewetlandswere added to facilitate acompari-
son of thetwo assessment methods. Inadditionto
the 16 HGM wetlands, NRCS personnd conducted
an HGM assessment for the 20 wetlands selected
by the Department.

During the 1999 sampling season, asecond set of
30temporary and seasona depressiona wetlands,
not sampled previoudly, were sampled for vascular
plants. Macroinvertebrates and algae were not
sampledin 1999.

Sincetheinception of the project, temporary and
seasonal wetlands have been thefocusof IBI de-
velopment efforts. Further, al wetland study sites
have been withintheNorthern Glaciated Plainsand
Northwestern Glaciated Plainsecoregions (Figure
16), aregion commonly referred to asthe“ Prairie
PotholeRegion.”

SAMPLING METHODS:
MACROINVERTEBRATES

NDDH currently uses only the *“ sweep” or jab
net method for macroinvertebrate sampling; how-
ever, inthepast, activity trapshave a so been used.
Sampling consstsof two stevidtsin June. During
each sitevisit two samplesare collected with the
emergent vegetative zone.

Sweep net

Themethod employsa“D” framenet (0.6-mm
mesh size). At each site within the wetland, the
substrate (i.e., wetland vegetation and benthos) is

“jabbed” for adistanceof 1 m. Thedisturbed area
isthen swept two moretimesto ensurearepresen-
tative sample of macroinvertebratesis collected.
Each sampl e collected within thewetland will be
placed in ashallow panwhereany excessdebrisor
water can beremoved. The“cleaned” sampleis
placedinajar apreserved with buffered formalin
to aconcentration of 10% by volume.

ANALYTICAL METHODS:
MACROINVERTEBRATES

Inthelaboratory each sampleiswashed through
a0.6-mm sieve to remove the preservative and
cleaned to remove excess debris. The cleaned
sampleisplacedinashalow whitepandividedin
quadrantsof equa size. Becauseeach sampletypi-
cdly containsalargenumber of organisms, itisnec-
essary to subsample. A subsampleisobtained by
randomly sdlecting asamplequadrant and counting
andidentifying the organismsin that quadrant. Ad-
ditional quadrants are selected at random and or-
ganismscounted and identified until asubsampleof
300 organismsiscounted. For sampleswith less
than 300 organisms, every quadrantissampled. All
organismsareidentified to thelowest taxonomic
leve practicd.

SAMPLING METHODS: ALGAE
(PHYTOPLANKTON)

Phytoplankton samplesare collected just bel ow
thewater’ ssurfacein themiddle or deepest areaof
thewetland basin. Each wetland issampled two
timesin June at the sametime macroinvertebrate
samplesarecollected. Thesampleiscollected by
submerging aclean 200-mL samplebottlejust be-
low thewater’ ssurfaceandfillingit. Thesampleis
preserved inthefield with M 3fixativeto aconcen-
tration of 2% by volume.

6O



FIGURE 16: LEVEL IV ECOREGIONS OF NORTH DAKOTA.
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ANALYTICAL METHODS: ALGAE
(PHYTOPLANKTON)

| dentification and enumeration of phytoplankton
ismade using the phase-contrast inverted micro-
scope method (Utermohl 1958). Sampleanadysis
isconducted from asamplealiquot ranging from 2
to 15 mL, depending onturbidity. Phytoplankton
greater than 20 micrometersin diameter are enu-
merated at x125 magnification. (Note: At x125
the entire bottom of the chamber isinview.) Fol-
lowing enumeration at x125 smaller algae are
counted at x1,250. At least 250 cellsof the most
numerous algae are counted using the strip count
method at x1,250 magnification (APHA 1989).
Cdll volumes are estimated for dominant taxa by
measuring cell dimensionsof 50to 100individuas
using the closest geometric formulasof Wetzel and
Likens(1991) and Tikkanen (1986). For raretaxa,
volume estimates are madefrom fewer than 50 cell
measurements. Diatomswill beidentified after
clearing in 30% hydrogen peroxide and mounting
inHyrax Mounting Medium.

SAMPLING METHODS:
VASCULAR PLANTS

Workingin cooperation with NDSU, the Depart-
ment isevaluating three methodsto samplethevas-
cular plant community. Thefirst methodismore
quditativein nature. Itinvolvesasmpleinventory
of plant species present within each wetland zone,
low prairie, wet meadow, and shallow marsh. The
other two methods, termed the point and quadrat
methods, are quantitative. Theinventory iscon-
ducted eachtimethewetlandisvisited. Thepoint
and quadrat methods are done once each, usually
inJuly or August.

Inthe point method, 200 pointsare evenly strati-
fiedin each wetland zoneand the nearest plant spe-

ciesrecorded. Thequadrat method involvesplac-
ing 15 1-m? quadratsevenly throughout each wet-
land zone. Each speciesisrecorded within the
quadrat and aDaubenmire cover classisrecorded.
With both methods, asecondary specieslistismade
for speciesencountered, but not sampled.

Note: For specific details on abiotic sampling
methodsfor nutrients, trace elements, general wa
ter parameters, and sediment chemigtry, directly refer
to North Dakota Department of Health.

LESSONS LEARNED

NDDH hasmadeagreat ded of progresswithin
the past 5 years. Our experience, however, has
not been without problemsand mistakes. Asmen-
tioned previoudly, thefirst 2 yearsof the program
focused solely on“least impaired” or referencecon-
ditionwetlands. Although beneficid intesting sam-
pling methods, thelack of adisturbancegradientin
thestudy designdidalow for thetesting of attributes
and the selection of metrics. Therefore, beginning
in 1997 the NDDH chosewetlands acrossadis-
turbancegradient, including both referencewetlands
and degraded wetlands.

NDDH hasadsofoundit beneficid to stratify wet-
lands based on ecoregion and wetland class. This
minimizestheamount of variationinthebiologica
assemblage and allowsmore sensitivity inthere-
sponse of the metricsto the disturbance gradient.
Current 1Bl development effortsarefocusing on
temporary and seasonal depressional wetlands
within the Northern Glaciated Plainsand North-
western Glaciated Plainsecoregions. |n2000the
NDDH will be cooperating in two projectsto de-
velop wetland | Bl sfor semipermanent depressiona
wetlandsandfor floodplain wetlandsaongtheMis-
souri River.
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OHIO:. DEVELOPING IBI ASSESSMENT METHODS
FOR WATER QUALITY STANDARDS AND
REGULATORY DECISIONS

Contact John J. Mack

Organization Ohio EPA
Division of SurfaceWater
122 South Front Street
P.O. Box 1049
Columbus, OH 43216-1049

Phone (614) 644-3076
E-mail john.mack @epa.state.oh.us

PURPOSE STATUS

B Testanddevelopbiologicd criteriaforwetlands W Refining metricsand developing IBls
using vascular plants, macroinvertebrates, and
amphibiansasindicesof biological integrity
(IBls) for eventua adoption into the State’'s

water quality stancards Theinitial objectiveof thisstudy isto providethe
B UserealltsfromIBlstocdibratetheOhioRapid  reference dataneeded to implement the wetland
Assessment Method for Wetlandsto support  water qudity standardsand wetland antidegradation
regulatory decisionmaking under the State’'s  rule. The pilot metrics devel oped from thisstudy
wetland antidegradationrule, whichrequirestnat ~ should enable Ohio wetlandsto beassigned to one
wetlands be assigned to one of threecatego-  of thethreeregulatory categories. Generally, the
riesbased onthewetland’ squality andfunc-  study objectivesareasfollows:
tiondity.

PROJECT DESCRIPTION

1. Develop pilot biological metricsthat may be

used to eva uatethefunction and ecological in-

WETLAND TYPE tegrity of awetland. Thesemetricswill bebased

on thevegetation, macroinvertebrate, and am-

B Depressond wetlands phibian data, and will form the basisfor wet-
land biocriteria

ASSEMBLAGES 2. ldentify and describe reference wetlandsin

Ohio’sfour main ecoregions,; Eastern Cornbelt

m Algee Pains, Erie/Ontario Drift and LakePlain, Hu-

. ron-Erie Lake Plain, and Western Allegheny

= Macroinvertebrates Pleteaul. Thesereferencewetlandswill beused

B Vascular plants to develop biocriteriaand also as“goals’ for
wetland mitigation projects.
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3. Continue to assess whether the Ohio Rapid
Assessment Method correlateswell with the
morein-depth measures of wetland quaity, and
to test and refine breakpoints between the wet-
land categories.

4. Begintoassessthesenstivity of different meth-
odsin evaluating therel ationship between wet-
land quality and thedegree of disturbance

The State of Ohio haswell-devel oped biological
criteria(or biocriteria) for streams, such astheln-
vertebrate Community |ndex (macroinvertebrates),
thelndex of Biologica Integrity (fish), andtheModi-

fied Index of Well Being (fish) (Ohio EPA 1988a,b
and 1989). These indices are codified in Ohio
Administrative Code Chapter 3745-1. Until re-
cently, however, surface waters of the State that
arejurisdictional wetlandswereonly generically
protected under Ohio’swater quality standards.

OnMay 1, 1998, the State of Ohio adopted wet-
land water quality standards and a wetland
antidegradationrule. Thesewetland quality stan-
dardsdevel oped narrative criteriafor wetlandsand
created the"wetland designated use.” All jurisdic-
tiona wetlandsareassgnedthe* wetland designated

Ecoregions** of Ohio and Indiana and Neighboring States

FIGURE 17: ECOLOGICAL REGIONS OF OHIO AND INDIANA
(FROM U.S. EPA 1995).
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use.” The State of Ohio did not attempt at this
timetoidentify multiplewetland functionsaswet-
land uses, because of thelack of datato develop
guantitative water quality criteriafor wetlands.
However, the devel opment of such biocriteriaisthe
ultimategoal and the primary thrust of thisproject.

Thekey part of Ohio’s current regulatory pro-
gram for wetlands is found in the wetland
antidegradation rule. Thewetland antidegradation
rule categorizeswetlandsbased on their functions,
sengitivity to disturbance, rarity, and irreplaceabil-
ity, and scal esthe strictness of avoidance, minimi-
zation, and mitigation to a wetland's category.
Three categories were established: Category 1
wetlandswith minima wetland functionand/or in-
tegrity; Category 2 wetlandswith moderate wet-
land function and/or integrity; and Category 3wet-
landswith superior wetland function and/or integ-
rity. Inorder toimplement thewetland standards
and antidegradation policy, wetlands must be as-
sessed onthelr relative quality. Ohio EPA hasde-
veloped adraft Ohio Rapid Assessment Method.
The Ohio Rapid Assessment M ethod has proved
to beafadt, easy-to-use procedurefor distinguish-
ing between wetlands of differing quality. How-
eve, it doesnot and was not intended to substitute
for direct, quantitative measures of wetland func-
tion(i.e, biocriteria).

Ohio began devel opment of sampling methodol o-
gies and began sampling reference wetlandsfor
biocriteriadevelopment in 1996. To date, Ohio
has sampled 56 wetlandslocated primarily inthe
Eastern Cornbelt Plains Ecoregion located in cen-
tral and western Ohio. These wetlands havein-
cluded depressiond emergent, forested, and scrub-
shrub wetlands; floodplain wetlands; fens; kettle
lakes, and seep wetlands. Thewetlandsbeing stud-
ied span therange of condition from “impacted”
(i.e., thosethat havesustained ardatively highleve
of disturbance) to “least-impaired” (i.e., the best
qudity Stesavailadle).

On the basis of resultsto date (see Fennessy et
al. 1998a,b; Mack et al. unpublished data), Ohio’s
research supports the use of vascular plants,
macroinvertebrates and/or amphibiansashbiologi-
cal metricsinwetlands, and a so the continued use
and development of the Ohio Rapid A ssessment
Method asarapid assessment tool.

Thiswork hasbeen funded since 1996 by severa
EPA Region 5 Wetland Program Development
Grants.

STUDY DESIGN

Fifty-seven wetlands were sampled during the
1996, 1997, 1998, and 1999 field seasons. The
first 2 yearsof datalaid the groundwork for stan-
dardizing sampling methodol ogies, classfyingwet-
lands, identifying potentid attributes, and devel op-
Ing metricsusing vascular plants, amphibians, and
macroinvertebrates.

In 1996, Ohio EPA monitored aseriesof riparian
forested acrossagradient of disturbance(i.e., least
impacted to impaired) (Fennessy et al. 1998b).
Estimatesof therelativelevel of disturbancewere
made on ascaleof 1 (most disturbed) to 10 (least
disturbed) based on visud evidenceof disturbances,
review of aeria photographsof thewetland andthe
surrounding area, and interviewswith staff fromthe
Natural Resource Conservation Serviceand/or the
landowner. In 1996 and 1997, Ohio EPA moni-
tored 21 forested and emergent depressional wet-
lands. Relativedisturbancewasevauated usnga
tiered flow chart to assign arelative disturbance
score and a so with the score from the Ohio Rapid
Assessment Method (Fennessy et al. 19983, Fig-
ure2.2).

Ohio EPA found agood correl ation between the
scoresof the Ohio Rapid Assessment Method score
and level of disturbance awetland site has experi-
enced. Higher ORAM scorescorrelatewel with
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PLATE 7. IMPAIRED WETLAND.
PHOTO: MICK MICACCHION

PLATE 8. LEAST-DISTURBED WETLAND.
PHOTO: MICK MICACCHION

lower levelsof disturbance based on our modd, as
dolower ORAM scoreswith disturbed sites. In
1999, the ORAM score of the sitewasused asa
measure of thelevel of disturbance. Sofar, this
gopearstobeahighly effective”x-axis’ disturbance
gradient for the development of IBlsfor wetland
plants.

Reference wetlands are sites or data sets from
sitesthat typify aclassof wetlandswithinarela-
tively homogeneous physiographic region. Refer-
ence sitesshould include wetlandsthat have been
degraded or disturbed. Sitesdlectioninthisstudy
ismade using an ecoregional approach andtore-
flectagradient of disturbance(i.e., least-impacted

toimpaired).

Reference sitesare selected such that relatively
smilar proportionsof low-, medium-, and high-dis-
turbancesitesare sampled. Todate, dmost al the
wetlands studied by Ohio EPA have been located
inthe Eastern Cornbelt Plains (ECBP) ecoregion.
For the years 2000 and 2001 field seasons, Ohio
EPA will be studying reference sitesin the Erie
Ontario Lake Plain (EOL P) ecoregion of northeast-
ern Ohio.

SAMPLING METHODS AND ANALYSIS:
MACROINVERTEBRATES AND
AMPHIBIANS

Below isadetailed description of the sampling
methodol ogy and analysis process used by Ohio
EPA for macroinvertebratesand amphibians. Also
included arethelessonslearned for sampling these
assemblages.

Amphibian and macroinvertebrate taxawere se-
lected as potentia indicators of wetland condition.
On therecommendation of many field profession-
als, experienced in amphibian monitoring, funnel
trapswere used. Thefunnel trapsalso proved to
be extremely effective at sampling wetland
macroinvertebrate communities. Therefore, the
same sampling protocol sare used for both amphib-
iansand macroinvertebratesin Ohio EPA’sstudy.

Funné trap

Thefunnel trapsused in thisproject havecylin-
dersconstructed of a uminum window screenand
funnel ends made from fiberglasswindow screen.
Thefunnel trapsaresimilar in design to commer-
cialy avalableminnow traps. Thecylindersare 18
incheslong and 8inchesin diameter. Thetwo fun-
nel endsare attached to the cylindersand begin 8
inchesin diameter and taper inward 5inchestoa
1%xinch opening. A string handlethat runsfrom
end to end isattached to thetwo seamswherethe
cylinder and funnelsendsjoin.
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To date, Ohio sampling datahave comefrom de-
pressiona wetland systemsintheEastern Corn Belt
Plains (ECBP) ecoregion. The Eastern Corn Belt
Plains ecoregion spansmost of thewestern half of
Ohio and accountsfor about 40% of Ohio’sland
mass. Withinthe ECBP, depressional study wet-
landsthat demonstrated agradient of disturbance
leves, fromleastimpacted to grestly disturbed, were
selected.

Sdlected wetlandsare sampled for amphibiansand
macroinvertebrates three times during the year
(early, middle, and late spring). Anearly spring
sampleiscollectedinthe period fromlate February
tolateMarch. Thisearly spring samplerunalows
sampling of adult Ambystomatid salamandersand
early spring macroinvertebrates(e.g., fairy shrimp)
that areonly present inwetlandsfor alimitedtime.
Adult salamandersenter wetlandsto breedin early
spring following thefirst few warm, rainy nightsof
latewinter and early spring. Theactual timing of
ther arriva in Ohioishighly weather dependent and
varies greatly by year and location. A second
sampleiscollected during themonth of April inor-
der to collect adult frogsentering wetlandsto breed,
aswell asamphibian larvae already present, and to
samplefor macroinvertebrates. Mosquito larvae,
an important prey item for many predators, are
abundantinApril inOhiowetlands. Thefina sam-
pling isconducted between May 15 and June 15.
Salamander larvae and frog tadpol esare collected,
inadditiontotheresdent macroinvertebrates. This
last sampling run occurslateenoughinthebreeding
cycletodlow collection of larvaefromall breeding
amphibians. However, itisstill early enough that
evenindrought yearstemporary wetlandswill not
havedried up.

Generally, 10 funnel trapsareinstalled at each
wetland. Prior toingtaling thefirst funnel trap, the
perimeter of the area where standing water is
present ismeasured using ahip chain or by pacing.
Thetotal perimeter lengthisthen divided by 10,
and 10funnel trapsareinstalled uniformly around
the perimeter of thewetland at intervalsof 10% of

thetota perimeter distance. Eachfunnel traploca
tion ispermanently marked with flagging for use
throughout the sampling season. Thefunnel traps
areingtdled onthebottom at al ocation degp enough
to submergethetrap. Thetrapsareleftinthewet-
land 24 hoursto ensure unbiased sampling for ani-
madswithdiurnd and nocturnd aectivity petterns. The
design of thetrapsallowsthem to collect any am-
phibiansand macroinvertebratesthat svimor crawl
intothefunnd openings.

Uponretrievd, thetrapsare emptied by inverting
one of the funnelsand dumping and shaking the
contentsinto awhite sorting pan. Organismsthat
can bereadily identified inthefield are counted and
recorded in thefield notebook and released. The
remaining organismsaretransferredtoal-L plas-
tic bottle and preserved with 70% ethanol. The
contents of each trap are kept in separate, clearly
marked bottlesfor individual analysisinthelabora
tory. If large numbersof amphibiansarekept for
identificationinthelab, thesamplesaretransferred
toformalinfor long-term storage. All organisms
collected areidentified in thelab using appropriate
keysandtheresultsarerecorded.

Dipnet

Qudlitative collectionsaremade concurrently with
funnel trapping at each wetland onceduring each of
thethree sampling periods. Qualitative sampling
involves the collection of amphibians and
macroinvertebratesfrom all available natural wet-
land habitat features. Thisisachieved by usingtri-
angular ring frame 30-mesh dipnets and manual
picking of substrateswith fieldforceps. Thegod is
to compile a comprehensive species/taxalist of
macroinvertebratesand amphibiansat thesite. A
minimum of 30 minutesisspent collecting thequali-
tativesample. Sampling continuesuntil thefield crew
determinesthat further sampling effort will not pro-
duce new taxa. At least one specimen of all taxa
collected during thequditativesamplingispreserved
inajar of ethanol for positiveidentificationinthe
laboratory.
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Hester-Dendy artificial substrate sampler
FiveHester-Dendy (HD) artificial substrate sam-
plersweretied to thetop of aconcrete block and
placed inwetlandswherethey remained submerged
for 6weeks. Thesamplerswere collected and pre-
servedinformain. All themacroinvertebratescolo-
nizing the samplerswere counted and identified.

ANALYTICAL METHODS:
MACROINVERTEBRATES AND
AMPHIBIANS

Macroinvertebrateswereidentified to genusor
gpecies. Amphibianswereidentified to speciesex-
cept for somesmall sdlamander larvaeidentified to
genus. Eachfunnel trap collection wasanalyzed
individually sothat location-specificinformationwas
not lost by pooling al samplesfromasite.

Thenumber of individualscollectedinthetraps
wasdivided by the number of hourstrappedto give
arelative abundance consisting of number of indi-
viduals per trap hour. Resultsfrom the different
wetland study siteswere examined for faunal dif-
ferencesin digtribution and abundance. Anadysisof
thedatafor potential biological indicatorsof human
disturbanceisunder way.

LESSONS LEARNED FOR
MACROINVERTEBRATES AND
AMPHIBIANS

B Funnd trapsconsstently collected anaverage
of 10 more macroinvertebratetaxathan quali-
tativesampling usng dipnets. Funnd trapswere
muchmoreeffectivein samplingamphibiansand
fishthan sampling with dipnets.

B Quaditativesampling collected somewhat more
Molluscaand Chironomidaetaxathan did fun-

nel traps.
B Funnd trapscollected moreleech taxa, Hemi-

pterataxa, Coleopterataxa, Odonatataxa, and
Crustaceataxathan did qualitative sampling.

B Heder-Dendy atificid subsratesamplerswere
ineffective for sampling most wetland
macroinvertebrates, except oligochaetes,
Chironomidae, and Mollusca.

B A 24-hour sampling period for funnel trapsis
preferred asit allowsfor the collection of noc-
turnal speciesthat areinfrequently collected by
daytime sampling methods.

A single wetland often has several vegetation
classes. Evenif only threemain classesareidenti-
fied (forested, scrub-shrub, and emergent), the
wetlandsincluded for sudy canexhibit multiplecom-
binations. For example, of the20 wetlandsstudied
inFennessy et d. (19984), 6 combinationsof veg-
etation classeswerefound: emergent, emergent/
scrub-shrub, forested, forested/emergent, forested/
emergent/scrub-shrub, and forested/scrub-shrub.
Thus, asampling method should beflexibleenough
to account for horizontal and vertical variationin

vegetation.

After testing atransect-quadrat method, Ohio EPA
has adapted the method used by the North Caro-
linaVegetation Survey asits standard vegetation
sampling method (Peet et a. 1998). Thisisaflex-
ible, multi purpose sampling method that canbeused
to sample such diverse communitiesasgrass- and
forb-dominated savannahs, dense shrub thickets,
forest, and sparsely vegetated rock outcrops, and
has been used at more than 3,000 sites over 10
yearsas part of the North CarolinaVegetation Sur-
vey. Thismethod isappropriatefor most types of
vegetation, flexibleinintengty andtimecommitment,
compatiblewith other datatypesfrom other meth-
ods, and providesinformation on speciescompo-
sition across spatial scales. It also addressesthe
problem that processes affecting vegetation com-
position differ asgpatial scalesincreaseor decrease
and that vegetation typically exhibits strong
autocorrelation (Peet et al. 1998). Peetetd. (1998)
state, “ Our solution to the problems of scaleand
spatial auto-correlation isto adopt amodular ap-
proachto plot layout, wherein al measurementsare
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madein plots comprised of oneor more 10x10-m
quadratsor “modules’ (100 m?=1are=0.01 hect-
are). Themodule size and shapewere chosento
provideaconvenient building block for larger pots,
and because abody of dataaready existsfor plots
of somemultipleof thissize. Thesquare shapeis
efficient tolay out, ensuresthe observationistypi-
ca for speciesinteractionsat that scale of observa-
tion, and avoidsbiasesbuilt into methodswith dis-
tributed quadratsor high perimeter-to-arearatios’
(Peet et al. 1998, p. 264). Basically, the method
employsaset of 10 modulesina20x50-mlayout.
Withinthesteto be surveyed, these 20x50-mgrids
are located such that the long axis of the plot is
oriented to minimizetheenvironmenta heterogene-
ity withintheplot.

Oncetheplotislaidout, al specieswithintheplot
areidentified, an aggregatewood gem countismede,
and cover isestimated at the 0.1-hectarescale. In
addition, four 10x10-m modules areintensively
sampledinaseriesof nested quadrats. Withinthese
“Intensive’” modules, speciescover dlassvauesand
woody stemtalliesarerecorded for each module
separately and for each nested quadrat separately.
In effect then, the method proposed by Peet et al.
incorporates use of reléves found in the Braun-
Blanquet methodol ogy inasmuch as the length,
width, orientation, and location of themodulesare
qualitatively selected by theinvestigator on the ba-
ssof dtecharacteristics, however, withinthemod-
ules, standard quantitativefloristicand forestry in-
formationisrecorded, such asdensity, basal area,
cover, etc.

Oncethelocation of the plot or plots has been
selected, the primary purpose of the vegetation sur-
vey isto obtainacomprehensivelist of dl vascular
plant speciesgrowing at aparticular wetland at the
time of sampling and to characterizetherelative
dominanceof thesepeciesat severd levelsof scale
(basicdly herbaceous, shrub, small tree, and large
treescales, or at 1 m?, 10 m?, 100 m?, and 0.1 ha
(1,000 m? or 1 are).

All vascular specieswithinthemodulesareiden-
tifiedto species. Immature plantsor plantsmissing
structures(e.g., fruiting bodies, etc.) that cannot be
identified to speciesareidentified to genusor fam-
ily or noted asunknown. Withintheintensively
sampled modules, percent cover isrecorded for
each specieswithin modulesand nested quadrats.
Cover classes suggested by Peet et a. (1998) are
used as afaster and more repeatable method for
assgning cover vaues Class1 (solitary/few), Class
2 (0 to 1%), Class 3 (1% to 2%), Class 4 (2%-
5%), Class 5 (5%-10%), Class 6 (10%-25%),
Class 7 (25%-50%), Class 8 (50%-75%), Class9
(75%-95%), Class 10 (95%-99%). Themidpoints
of the cover classesare used to cal cul ate percent
cover, relative cover, etc.

Woody stem data (trees, shrubs, and woody li-
anasreaching breast height or 1.4 m) arecollected
ascountsof individualsin diameter classes. Peet
et al. (1998) suggest thefollowing diameter classes
(incm): 0-1, 1-2.5, 2.5-5, 5-10, 10-15, 15-20,
20-25, 25-30, 30-35, and 35-40, with stems
greater than 40 cm counted individually and mea-
sured tothenearest centimeter. Multiplestemsaris-
ing from acommon root system arerecorded sepa-
rately if they branch below 0.5 m fromtheground.
Peet et al. (1998) recommend that the area sur-
veyed by stem count be adjusted based on condi-
tionsat thesite, e.g., reduced to 20% of the mod-
ulesfor dense shrubland or increased by 200% for
oak savannahs. Thisiseasly implemented by re-
ducing thewidth of themodulesfor woody species
only.

Animportant part of vegetation surveysiscollec-
tion, preparation, and depositing of voucher speci-
mensin maor herbariumsin order to document a
permanent record of that plant at that location. Al-
though staff resourcesmake collecting vouchersof
every vacular plant infeasible, avoucher specimen
of at least 10% of thevascular plant speciesat any
givensiteiscollected; however, inevery ingancein
which theidentity of any species cannot be con-
firmedinthefied, or wherefield personnd disagree
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astotheidentity of aspecies, avoucher specimen
iscollected for identificationintheoffice. In par-
ticular, difficult genuses and families (e.g.,
Cyperaceae, Poaceae, Ranunculaceae, Viola, As-
ter, Potamogeton), aswell asendangered, threat-
ened, rare, or otherwiseunusua plants, areamost
awayscollected for confirmation.

Finally, dataon standing biomassfor emergent
wetlandsarecollected. Thesedatacanbeusedin
severa ways. Biomass production in emergent
wetlands dominated by herbaceousvegetationis
estimated by harvesting 900-cm? quadratsin each
wetland. Thequadratsarelocated withintheinten-
sivemodulesof each plot. The plantswithineach
quadrat are cut at the soil surface and placed into
paper bags. Inthelab, plants are oven dried at
105°Cfor at least 24 hoursand then weighed.

LESSONS LEARNED FOR
VASCULAR PLANTS

Floristic Quality Assessment | ndexes

Ohio EPA has found that the FQAI score and
subscoresof the FQAI, e.g., percent coverage of
plants with coefficients of conservatism of O, 1,
or 2, are very successful attributes and metrics
for detecting disturbancein wetlands. Seethefol-
lowingreferences:

AndreasB, Lichvar R. 1995. A FHoristic Quality
Assessment System for Northern Ohio. Wetlands
Research Program Technica Report WRP-DE-8.
U.S.Army Corpsof Engineers, Waterways Experi-
ment Station.

Herman KD, MagtersLA, Penskar MR, Reznicek
AA, Wilhem GS, Brodowicz WW. 1996. Floris-
tic Quality Assessment With Wetland Categories
and Computer Application Programsfor the State
of Michigan. Michigan Department of Natural Re-
sources, Wildlife Division, Natural Heritage Pro-
gram.

Wilhelm GS, Ladd D. 1988. Natura areaas-
sessment inthe Chicagoregion. Transactions53rd
North American Wildlifeand Natural Resources
Conference, pp. 361- 375.

WilhemGS, MastersLA. 1995. Florigtic Qual-
ity Assessment in the Chicago Regionand Applica
tion Computer Programs. Lide, IL: MortonArbo-
retum.

Semiquantitativedistur bance/integrity scales

Ohio EPA hashad good successindevelopinga
semiquantitativedisturbance/biologicd integrity scde
called the Ohio Rapid Assessment Method for
Wetlandsv. 5.0. Until more quantitative variables
such aspercent impervioussurfacearefound, this
typeof tool isagood candidatefor the problematic
x-axisinwetland biocriteriadevel opment. Seedso
“Plantsand Aquatic Invertebratesas Indicators of
Wetland Biological Integrity in Waquoit Bay We-
tershed, CapeCod,” CarlideBK, HicksAL, Smith
JP, Garcia SR, Largay BG. Environ Cape Cod
1999; 2(2):30-60, whereasimilar sysemwasused
torank levelsof disturbance.

Classification

Classification isdefinitely aniterative process.
Investigators should consider ahydrogeomorphic
(HGM) classification schemeif one hasbeen de-
velopedfor their region of interest, at least asadtart-
ing point. However, the experiencein Ohio sug-
geststhat grosser classes based on dominant veg-
etation (emergent, scrub-shrub, forested, etc.) may
work also. A goal of acost-effective biocriteria
programisto havethefewest classesthat provide
themost cost-effectivefeedback. With vegetation,
datafrom Ohio are suggesting that somewhat di-
versewetland typesmay be* clumpable,” because
eventhough their floraaredifferent at the species
level, thequdity/responsvenessof their uniqueflora
to human disturbanceisequivalent. Thisisalsoa
concernin Stateswith high degreesof wetlandloss
wheretoo few wetlands of aparticular HGM class
remainto analyze asaseparateclass.
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Field and lab methods

After experimenting with both transect/quadrat and
releve-style plot methods, Ohio has adopted aplot-
based method that allowsfor aqualitative stratifi-
cation of wetland by dominant vegetation commu-
nities. Thismethod isflexible and adaptableto
uniquesiteconditions, providesdominancedatafor
all species in al strata, provides data that are
intercomparable with other common methods, is
relatively easy to learn, and isrelatively fast and
cost-effective (up to two to three plots can be com-
pletedinaday).

Whatever sampling method isadopted, itises-
sential that dominance and density information
(cover, basal areaof trees, temsper unit areg, rela
tivecover, relative dendty, importanceva ues, etc.)
becollected. Many of themost successful attributes
Ohio hasfoundin developing avegetation 1Bl are
based on cover dataof the herb and shrub layers
and density dataof the shrub and treelayers.

Definitely consder using cover classesingenera
and aclass schemethat works on adoubling prin-
cipletoadinconggent inter-investigator usage (see
Peet et al. 1998). Then use the midpoints of the
classfor your analysis. Thisseemsto help with
consi stent usage and smoothing out theroughness
incover data.
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Finally, it is recommended that initially the
sampling method should “overstratify” inboththe
vertica and horizontal dimensionsuntil it canbede-
termined which strataand communitiesarerespond-
ing best to human disturbance. Ohio hasfound that
the herb and shrub (subcanopy layers) seem to
respond the best, although someintermediatetree
size classes (e.g. 10- to 25-cm dbh) also appear

responsive.

Overdratifying horizontally may also makesense
at thereference devel opment stage; however, ulti-
mately the decision whether to split or clump com-
munities depends on whether thisisnecessary to
detect thedisturbances. “Homogenizing” commu-
nity types by placing areleve or transect across
them (e.g., aquatic bed to emergent to shrub zone)
can be appropriateif splitting does not matter to
detect the disturbance. The caveat, of course, is
that you cannot separate the data set later if you
detect something of interest in one of the clumped
communities

Vouchersand QAQC

On the basis of Ohio’s experience, voucher as
much asyou canfor later confirmationinthelab
and deposit vouchers in local and regional
herbariums. Definitely collect all Cyperaceae,
Poaceae, and Juncaceae, and also consider col-
lecting shrubs genusesand families (Salix, Vibur-
num, Vaccinium, Rosa, Alder, etc.), Polygonum
spp., Aster spp., Viola spp., and Cryptograms.



OREGON:. SIMULTANEOUS DEVELOPMENT,
CALIBRATION, AND TESTING OF HYDROGEOMORPHIC-
BASED (HGM) ASSESSMENT PROCEDURES AND
BIOLOGICAL ASSESSMENT PROCEDURES

Contact Paul Adamus, Ph.D
Organization AdamusResourceAssessment,
Inc.
6028 NW Burgundy Drive

Corvallis, OR 97330
(541) 745-7092
adamus/@attbi.com

Phone

E-mail

PURPOSE

B Collect and analyzefield dataon wetland and
riparian plant communities and hydrogeo-
morphic (HGM) featuresto definereference
standard conditionsand performancecriteria
for four subclasses of wetlandsin Oregon, two
intheWillamette Valley inwestern Oregon and
two on the Oregon coast

B Usethat informationto devel op quantitative but
rapid, HGM-based assessment models and
procedures for those subclasses, aswell asto
identify new wetland plant community metrics
that have demongtrated rel ationshipswith land-
scape condition and with internal alterationsof
wetlandsinthisregion

B Compareresultsof usng HGM moded sfor func-
tionswith metricsthat describeflorigtic charac-
teridics, toverify theresultsonindependent data
sets, and demonstrate implementation of the
methods for assessing progress of restored
wetlandsand for hel ping recommend compen-
sationratiosin awetland mitigation bank con-
text

Contact DanaFied
Organization Oregon Divisionof State Lands
775 Summer St. NE
Salem, OR 97310
Phone (541) 378-3805, ext. 238
E-mall Dana.Fidd@dd .gtate.or.us

WETLAND TYPE

B Sope flats, and estuarinefringewetlands

ASSEMBLAGES

B Vascular plants

STATUS

Completed reportsfor thetwo Willamette Valley
subclasses, and currently initiating devel opment
of the estuarine fringe project. Information on
purchasing the reports can be found at:
http://statelands.dsl.state.or.us/hgm__
guidebook.htm.

PROJECT DESCRIPTION

These projectsare being done cooperatively with
EPA Region 10 and the Oregon Division of State
Lands, whichin 1997 identified aneed, inthe con-
text of Section 404 and 401 responsibilities, for a
more quantitative assessment method tail ored spe-
cifically to these wetland subclasses. The proce-
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dures have been designed to be applicable to
nonjurisdictional riparian sitesaswell asto wet-
lands. Theproject beganin 1998 with formation of
aninteragency oversight committee, intensivere-
view of regional literature, and reconnai ssanceand
preliminary selection of 124 referencestesthrough-
out theWillamette Valley ecoregion. 1n 1999, the
list of siteswas narrowed, workshops of local ex-
pertswereheldto devel op function mode sandfield
procedures, 38+ volunteers were recruited and
trained to assist with field work, and 2 assessment
teams(“ A-teams”) of scientistswith helpfromthe
volunteerscollected datafromtheselected Sites. A
three-volumefinal report was published in early
2001 (see above). The report for the estuarine
fringewetlandsisscheduled for completionin 2004.
Under administrativerulesrecently reissued by the
Oregon Division of State Lands, applicantsfor most
State-authorized wetland removal-fill permitsare
now requiredto usetheregionalized HGM classifi-
cation that was devel oped by thisproject, and are
encouraged to use the reference-based function
assessment procedureswhen availablefor apar-
ticular subclassand region of the State.

STUDY DESIGN

For the Willamette Valley project, plant and
hydrogeomorphic datawere collected from 109
wetland andriparian Sites (54 riverineimpounding
subclass, 55 slope/flats subclass). The“riverine
impounding” sitesincludeall wetland andriparian
areaswithina2-year river floodplain, e.g., doughs,
oxbows, cut-off channels, beaver impoundments,
stream-fed ponds with water control structures.
“Slope/Flats’ sitesinclude most ash swales, wet
prairies, springs, and foothill seeps. From visua
inspection alone, most sitesinthe* slope” HGM
classcould not bereliably separated frommogt Sites
inthe“flats’ HGM class, duetotheflat topography
and varied geology of theregion, so thetwo were
combinedintoa“dopefflats’ subclass.

Within the subcl asses, assessment siteswere se-
lected nonrandomly, inamanner intended to span

gradientsof human disturbance, S ze, and plant com-
munity succession. Restored/created Sitesof vari-
ousageswereasoincluded. Nearly all siteswere
on publiclands, and rangedinsizefrom0.1t0 233
acres. Most steswere nominated by local wetland
experts. From the collected data, fiveleast-dis-
turbed riverinesiteswere sdected asreference stan-
dards, aswere six least-disturbed s ope/flat sites.
Useof cluster analysisand other satistical andysis
methodsverified that Stesbelongingtothetwomain
subclassesweresgnificantly different based onland-
scape position and mapped soil characteristicsim-
portant to ecosystem function.

For defining thedisturbancegradient (the“x axis’),
information specific to each candidate Stewascol-
lected during the reconnai ssance phase. Thisinfor-
mation pertained to past management practices,
surrounding land use, and recent physicd dterations.
Physicd dterationswerenoted visually during re-
connaissancevidgts. At each Steeachtypeof dter-
ation was categorized as (a) absent, (b) physicaly
affects<10% of site, (c) affects>10% of site but
not dl, or (d) affectsentireste. The categoriesthat
wereused for aterationswere:

Flow-impounding —berms, dikes, dams
Flow-impounding —excavations, pits
Flow-redirecting

Water subsidy (e.g., stormwater pipes)
Drainage-inducing (ditches; tile)

Soil compacting (e.g., fill, machinery, cows)
Soil mixing (e.g., plowing)

Soil grading (e.g., flattening)

Vegetationremovd (e.g., extremegrazing, log-
gng)

SAMPLING METHODS:. PLANTS
Ateach gte, theA-teamsidentified plantsineach

of potentially three hydrologic zones. permanent
water zone, seasonally inundated zone, saturated-

/3



only zone. For woody plants, theteamwalked the
entiresiteand madean overall estimate of relative
percent of theareaof each zone occupied by each
shrub species (understory and open) and tree spe-
cies. For herbaceous plants, the team assessed
relative cover of each speciesin 1x1-m quadrats.
No morethan nine quadratswere used at any site
(andfewer at smaller sitesand siteswith fewer hy-
drologic zones). Larger numbersof quadratswere
not used because of time and resource constraints.
Within zones, quadratswerelocated so asto maxi-
mizethe cumulative number of speciesfound. This
lessformal approach was used because our goal
wasto devel op metrics based mainly on commu-
nity composition rather than quantitative measures
of abundance or cover. Two teams assessed all
109 sitesin about 50 workdays.

ANALYTICAL METHODS: PLANTS

Fromthecollected data, thefollowing plant metrics
werecompiledfor each site:

B Number of native herb species, relativeto the
intensity of sampling (# of plotsat each site)
(based on analysis using species-areacurves
and regresson)

B Percent of herb speciesthat are native

Percent of the herb speciesthat are” remnant-
dependent” (i.e., reputedly most characteristic
of undtered Sites)

B Percent of thedominant herb speciesinany plot
that arenatives

B Percent of thedominant herb speciesinany plot
that are remnant-dependent

B Percent of thetruewetland species (facultative
or wetter) that are natives

B Percent of shrub speciesthat are natives (when
shrubs present)

B Percent of native shrub speciesthat areat least
moderately dominant

B Percent cover of non-native shrubs

Preliminary andysissuggestsmany of theabove
metricshad agatisticaly sgnificant associationwith
categorical observationsof partia physica degra-
dation of sites (see Study Design, above) and/or
withamount and proximity of surroundingland cover
categories (agriculture, urban, natural) that were
assessed visualy during fieldwork aswell asby a
GlSandysisof existing digital imagery. Analyses
of theHGM and plant data sets, each containing
4,000+ records, were performed on a PC using
Excel, PC-ORD, and NCSS.

LESSONS LEARNED

B Random or systematic sampling, whether within
aregion or withinasite, isnot alwaysappro-
priatefor useinidentifying good biological in-
dicatorsor developing rapid mode sfor assess-
ing wetland condition and function.

B Systematic, repeatable, rapid procedures can
be devel oped for assessing someof thedistur-
bancegradients. Thisisanecessary precursor
tosdecting referencegtesthat will yiddthemost
useful data

B Thebiological metricsinvestigated or used
should be appropriateto the study design and
measurement protocols.

B Datasuitablefor identifying biological indica
torsof wetland condition sometimescan becol-
lected smultaneoudly with data collected for
cdibrationof HGM models. Thisdoesnot nec-
essarily requireagreat ded of additiond train-
ingorfiddtime.

Shared field experiences are agood forum for
sharing wetland knowledge among agencies, and
among agencies and consultants and citizens.
Shared field experiences|ead to participantsfes -
ing morevested in the process of devel oping mod-
elsand multimetricindexes. Thisinformd “buy-in”
canleadto greater willingnessof participantsto use
themethodsthat ultimately result.
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PENNSYLVANIA. ASSESSING WETLAND CONDITION AT
A WATERSHED SCALE USING HYDROGEOMORPHIC
MODELS AND MEASURES OF BIOLOGICAL INTEGRITY

Contact Rob Brooks
Organization PennStateUniversity
Penn State Cooperative Wetlands
Center
301 Forest Resources
L aboratory
University Park, PA 16802
Phone (814) 863-1596
E-mail rpb2@psu.edu
Website http://Mmwww.wetlands.cas.psu.edu/
PURPOSE

B Deveop biological and functional assessment
methodol ogiesfor many wetland typesin Penn-
gylvania

WETLAND TYPE

B Variety of wetland types

ASSEMBLAGES
Amphibians
Birds
Macroinvertebrates

Vascular plants

PROJECT DESCRIPTION

The Penn State Cooperative Wetlands Center
(CWC) hasnumerousongoing projectsthat involve
bi oassessment methodol ogy for assessing the con-
dition of wetlands. Theseprojectsinclude:

Contact Denice Heller-Wardrop
Organization PennStateUnivergty
Penn State Cooperative Wetlands
Center
301 Forest Resources
L aboratory
University Park, PA 16802
Phone (814) 863-1005
E-mall dhw110@psu.edu
Website http://www.wetlands.cas.psu.edu/

B Birdcommunity index of biologicd integrity for
theMid-AtlanticHighlands

B Veified suitability index for theLouisanawa:
terthrush

B Amphibianindicator landscapestudy
B Macroinvertebratesindicator pilot study

B Otter and beaver interactionsinthe Delaware
Water Gap

B Usngbioindicatorstodevelopacdibratedin-
dex of regional ecologicd integrity for forested
headwater systems

Inadditionto these projects, CWCisconducting
az-year pilot study to assesstheecological condi-
tion of wetlandsin the Juniata River watershed of
central Pennsylvania. The JuniataRiver isamagjor
tributary of the SusquehannaRiver and lieswithin
the headwatersregion of the Chesapeake Bay eco-
system. Theobjectiveof the JuniataWetland Moni-
toring Project isto define the ecol ogical health of
wetland resources, thereby providing ascientific
context for resource managersto plan future pro-
tection and restoration activities.
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CWCisusingHGM functional assessment mod-
elsthat incorporate afloristic quality assessment
index (FQAI) similar to the one used by Ohio EPA
(see Ohio EPA's case study). They use athree-
step process. Thefirst stepistodevelop and cali-
brate HGM functiona assessment modelsthat are
senditiveto environmental disturbance. The sec-
ond stepistorandomly samplewetlandswithinthe
watershed that represent arange of HGM classes
anddisturbancelevels. Thefind stepisto apply the
HGM modelsto thedatacollected inthefield to
determinethecondition or hedth of wetlandswithin
the Juniata River watershed.

Preliminary HGM functiona assessment models
have been devel oped by the CWC. Thesemodels
are currently being calibrated using a set of 102
referencewetlandsthat span avariety of HGM sub-
classes(mainstem floodplain, headwater floodplain,
riparian depression, slope, etc.) and disturbance
levels(severe, moderate, or pristine). Disturbance
levelsare assigned based on the surrounding land-
scape, thetypeof buffer present, and potentia stres-
sorsidentified at the site. It isessential to charac-
terize wetlands across a disturbance gradient to
determinenot only theleve of functionagivenwet-
land type may achieve, but also thelevel of func-
tioning that isattainablein animpacted landscape.

The second step of the process, data collection,
isbeing undertaken by the CWC and trained in-
ternsfrom Penn State University, the University of
Pittsburgh at Johnstown, and the Department of
Environmental Protection. Two typesof dataare
collected for each wetland sampled: |andscape-
level dataand Site-level data. Landscape-leved data
are obtained at the CWC by characterizing land
useswithinal-kmradiuscircle surrounding the

wetland using aerial photographs. Thisgivesanin-
dication of thetypeand magnitude of potential wet-
land stressors. For example, activitiessuch asland
clearing in the surrounding watershed may stress
wetland systemsby increasing sediment loads.

In addition toland uses, the buffer typeand width
isalsodetermined for each Site. Itisimportant to
look at bufferswhen studying disturbance because
bufferscanamdiorateor magnify theaffectsof nega
tivelandscape activities. A wetland surrounded by
aforested buffer may not be as stressed by activi-
tiesin thelandscape as one surrounded by an ur-
ban or agriculturd buffer.

Site-specific dataare collected at each wetland
steinthefied. Site-level responsesof wetlandsto
stressors are many and may involve both abiotic
andbioticindicators. At eech wetland sampled, data
aregathered on microtopography, soils, plants, and
animals. Although not all plant speciesarehighly
sengtiveto disturbance, theimmobility of the plant
community, its amenity to remote sensing tech-
niques, and easily recognized signsof stressmake
itagood indicator of wetland condition. Previous
studiesby the CWC haveinvestigated the potential
utility of plant community measuresasindicatorsof
wetland hedth. Plant community measuresthat may
proveto begood indicatorsof disturbanceinclude
the FQAI score, the number or dominance of in-
troduced or aggressive native species, and thenum-
ber of different speciesof Carex present. TheCWC
method containsacomprehensive plant sampling
methodology that has been used in a variety of
project types. Three sizes of plots are used to
record various measures of the plant community
including percent cover and richnessof herbaceous
species, shrub volume, and tree dbh.
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VERMONT: CLASSIFICATION, BIOLOGICAL
CHARACTERIZATION, AND BIOMETRIC DEVELOPMENT
FOR NORTHERN WHITE CEDAR SWAMPS
AND VERNAL POOLS

Contact Doug Burnham

Organization
WQD
103 S. Main St. — 10N
Waterbury, VT 05676

(802) 241-3784 or 244-4520
DOUGB @dec.anr.state.vt.us

Phone

E-mail

PURPOSE

TheVermont Wetlands Bioassessment Project is
acollaboration between the Vermont Department
of Environmental Conservation and the Vermont
Nongameand Natura Heritage Program, witha3-
year timeframe. Theprimary objectivesof thefirst
phase of the Vermont Wetlands Bioassessment Pro-
gramare:

B Gather chemical, physical, and biological data
from seasonal poolsthat will facilitate an eco-
logically based classfication of minimaly dis-
turbed (reference) seasona poolsin Vermont

B Useboth previoudy and newly collected Non-
game and Natural Heritage Program datato
try toidentify specific biological attributesthat
can serveasindicatorsof ecologicd integrity in
northern white cedar swamps.

WETLAND TYPE

B Vernd pools
B Whitecedar swamps

Vermont Department of Environmental Conservation

ASSEMBLAGES

Algee

Amphibians

Birds
Macroinvertebrates

Vascular plants

STATUS

Analyzing dataand writing final report. A fina
report isexpected inthe near future.

PROJECT DESCRIPTION

TheVermont Wetlands Bioassessment project cur-
rently focuseson two typesof wetlands: (1) verna
(seasona/ephemeral) poolsand (2) Atlantic north-
ern white cedar swamps.

Vernal pools

We sampled atotal of 28 verna poolsfor breed-
ingamphibians, macroinvertebrates, dgae (diatoms),
s0ils, vegetation, and water chemistry inApril, May,
and June of 1999 and 2000. A variety of other
physica and riparian observationswere a so made.
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Poolsweredistributed throughout Vermont across
seven biophysical regions. A range of condition,
from“reference’ or least disturbed, to highly dis-
turbed, wasrepresented in the selection of pools.
Upon completion of thefield phase of the project
and assessment of relative hydroperiod, itislikely
that 5 of the 28 poolsmay beless* seasonal” than
originaly thought. Dataarebeing andyzedfor bio-
logical signalsthat may identify pool swith more-
or-less permanent standing water. Each pool was
visited twice, thetwo visits approximately 4to 6
weeks apart, for aquatic macroinvertebrate and
water chemistry sampling. Algaesampleswerecol-
lected onthe second poal visit. Amphibian surveys
either preceded or coincided with the first
macroinvertebrate sampling visit. Five of the 28
poolsweredry onthe second sampling visit.

Aquatic macroinvertebrates. Macroinverte-
brateswere sampled using threedifferent methods:
funnel trapsto sampletheactively svimminginver-
tebrates (i.e., beetles, bugs, mosguitoes, crusta-
ceans), aD-net to sample benthicinvertebratesin
theleaf litter and muck (i.e., snails, bivalves, chi-
ronomids, oligochaetes, caddisflies), and aqualita-
tive search for any taxawe might have missed with
the previoustwo methods. Funnel trgpsweremade
of window screenand designedtofunction likemin-
now traps. Thetrapswere placed approximately
10m gpart and wereleft in placefor gpproximately
24 hours. Whenthetrapswere emptied, any am-
phibians were returned to the pool and the
macroinvertebrateswere collected and preserved.
The contents of each trap were stored separately.
The D-net scoop and quaitative sampleswere pre-
servedinthefield, and later picked and sorted into
taxonomic orders according to standard protocol.
Except for zooplankton, al taxawereidentifiedto
thelowest practicableleve. Scoop samplingaong
transects often created more of adisturbanceinthe
pool than wascomfortablefor those conducting the
sampling. The presence of egg massesand/or large
concentrationsof larva amphibiansgrestly redtricted
theefficiency of the scoop sampling a many pools.
Trap sampling waslessdisruptive, but carehad to

betakento not completely submergethetrapswhen
adult amphibianswere present so that entrapped
adultswould haveair spaceto breathe. High con-
centrations of mosquito larvaetended to affect the
efficiency of thetraps. Qualitative samplingwas
lessdisruptive (although excessivewading inthe
poolsoften created an uncomfortableleve of dis-
turbance) but provided anincons stent sampling ef-
fort. Themgjority (70%) of macroinvertebratetaxa
collected were represented in trap samples. Two
ordersrepresented alarge proportion of all taxa
collected: Diptera(35%) and Coleoptera (23%).

Water. Water temperature, pH, and apparent
color wererecorded inthefield. Theremainder of
thewater samplewas preserved and | ater analyzed
for dkalinity, conductivity, anions, cations, and a u-
minum, and againfor pH. Field pH vauesranged
from aminimum of 4.41 to amaximum of 7.75,
akalinity valuesranged fromOmg/L to 173.0mg/
L, conductivity readingsranged from 14.9 umhos/
cm to 335 umhos/cm, and apparent color ranged
from 4.5t0 489 over the sampling season. Appar-
ent color, akainity, and cation concentrationsshow
ageneral increasing trend within each siteover the
sampling season, whereas pH and aluminum and
anion concentrationsexhibited no consistent trend.

Algae. Algae were collected and analyzed for
diatomsfrom 18 poolssampledin 1999. Algaesam-
pling primarily targeted diatoms; however, filamen-
tous algae were collected when present. \We at-
tempted to collect both benthic samples (scraping
algae from leaves, sticks, and rocks) and plank-
tonic diatom samplesfrom each pool. Unfortu-
nately, five of the poolswereaready dry in May,
sowewereonly ableto collect planktonic samples
intheremaining 13 pools. Benthic sampleswere
collected from 17 of the 18 pools. We froze all
samplesupon return to thelab, and sampleswere
sent to Dr. Jan Stephenson for identification.

Amphibians. We observed amphibiansinitially
during the amphibian survey, and continued to ob-
serveand collect specimensduring both rounds of
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macroinvertebrate sampling. At the beginning of
thefield season, wevisudly surveyed each pool for
egg massesand spermatophores, identified each egg
meass, recorded an gpproximate number of eggsper
mass, counted and i dentified breeding adults, and
described physical parametersof the habitat. The
timing of thisfirst visit did not necessarily coincide
withamphibianemergence; however, thefunnd traps
used duringinvertebrate sampling effectively caught
activeamphibians. Breeding adultsweretypicaly
captured during thefirst round of sampling, whereas
tadpoles and larvae were present in the traps on
thesecond vigit. All amphibianscaught by thefun-
nd traps, including adults, larvae, and egg masses,
wereidentifiedinthefield, counted, and returned
tothepool. We continued to survey egg masses
and record physica parametersthroughout thefield
season. All 28 poolssampled showed signsof use
by breeding amphibians. Amphibian speciescom-
monly observed included wood frogs (27/28 Sites),
yellow-gpotted sdlamanders (27/28 Sites), Jefferson
(hybrid) sdlamanders(7/28 Sites), red-spotted newts
(18/28 sites), and green frogs 15/28 sites).

Ongoing and upcoming work. Data are cur-
rently being evaluated usng avariety of procedures
inorder toidentify and describe efficient and least
disruptive sampling methods, and eva uate biologi-
cd, chemicd, and physicd indicatorsof naturd vari-
ability and disturbance. Methodsof dataanalysis
include two-way indicator species analysis
(TWINSPAN) and detrended correspondence
anayss(DCA) aswell asstandard descriptiveand
comparative statistical methods. A detailed sitere-
port isbeing developed for each verna pool site.

Northern whitecedar swamps

Seven northern white cedar swvampswere sur-
veyed in Junefor breeding birds and vegetation.
Two of these cedar svampswere considered to be
of referencequdity, whereasthe other fivehad some
degree of impairment associated with them. Dis-
turbances at theimpaired sitesincluded logging,
roads, and stormwater and agricultura discharge.
We visited three of the sites early in summer to

assess the feasibility of sampling aquatic
macroinvertebratesfor bioassessment and monitor-
INg pUrposes.

Breeding birds/vegetation. Vegetation and bio-
physical datawere collected at each siteand spe-
cieslistsarebeing constructed. Listening stations
were established and abird censuswastaken twice
during thebreeding season. Thedatacollectedfrom
thevegetative, biophysical, and bird sampling will
be compiled and compared to theexisting datafrom
the statewide inventory of northern white cedar
swvamps.

Aquatic macroinvertebrates. Sampling for
aguatic macroinvertebrateshad been scheduled for
May, but because of abusy vernal pool sampling
season, wewere unableto visit the cedar swamps
until June. Unfortunately, avery dry spring may
have caused the cedar svampsto bedrier than usua
thisyear. Wevisited two impaired sitesand one
reference site during the month of June. Wewere
unabletofind any standing or flowing water at el -
ther thereferencesteor at oneof theimpaired Sites,
sowe could not effectively sample. However, we
found evidencethat suggested the swvampshad con-
tained water earlier inthe season. Thesecondim-
paired site contained many braided, dow-flowing
channelsand somestanding water. Wequditatively
sampled three of thechannelsand asmall hollow at
the base of the boulder. The sampleswere pre-
servedinthefield, picked, and sorted, and will be
identified according to standard protocal. 1tispos-
siblethat aguatic microhabitatsin cedar swamps
arenot available cons stently enough to samplefor
aguatic macroinvertebrates; however, our limited
sampling effortsdid not conclusively elucidate the
feasibility of using aquatic macroinvertebratesas
biological indicatorsin cedar swamps.

Ongoing and upcoming work. Using the data
wehavecollected, wewill work toidentify attributes
associated with vegetation and bird assemblages
that can serveasindicatorsof ecological integrity
and anthropogenic disturbance.
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WASHINGTON: KING COUNTY WETLAND-BREEDING
AMPHIBIAN MONITORING PROGRAM

Contact KlausO. Richter

Organization King County Department of Natural
Resources & Parks
Water and Land ResourcesDivision
201 S Jackson Street, Suite 600
Seattle, WA 98104-3855

Phone (206) 205-5622

E-mail klaus.richter@metrokc.gov

PURPOSE

Provideyearly dataregarding wetland condition
and the health of breeding amphibiansfor environ-
mental review, to identify threatsto wetlandsand
amphibians, to eva uate current wetland protection
measures, and toimprovelocal-land use decisions.
Specificaly, to stemamphibian extinctionsin urban
landscapesby first identifying cause-and-effect re-
|ationships among amphibian distribution, abun-
dance, and health and anthropogenic impactsto
wetlandsand uplands, and second, using thisinfor-
mation to provide amphibian conservation recom-
mendations.

WETLAND TYPE

B Depressiond wetlands

ASSEMBLAGES
B Amphibians
STATUS

B Implementing methods

Organization Viewpoint Services
11040 104" Ave. NE
Kirkland, WA 98033-4423

Phone 425-822-4016

E-mail korichter @msn.com

PROJECT DESCRIPTION

TheKing County Wetland-Breeding Amphibian
Monitoring Programwasoriginaly designedto pro-
videthe county withlong-termwetland, amphibian,
andlandscapeinformation for planning and regula-
tory purposes. From 1993 to the present, amini-
mum of 150 volunteersweretrained to censusam-
phibian eggs, juveniles, and adultsin 90 freshwater
wetlandsof 26 watershedsin King County. Analy-
sisof amphibian distribution and hedlth for al wet-
landswas completed. A targeted subsampleof 21
wetlandsin 3rapidly urbanizingwatershedsinwhich
amphibianswere declining was additionally moni-
tored for wetland hydrology, predators, and wa-
tershed condition to determinethe causes of popu-
lation dedlines, inhopeof semming declinesthrough
better wetland conservation practices.

Today, askeleton program totally run by volun-
teerscontinuesto monitor afew of theinitialy sur-
veyed wetlandswithout county support. A more
intensvemonitoring program targeting amphibians
asbioindicatorsof wetland condition hasbeeniniti-
ated with the cooperation and partnership of the
University of Washington's Certificate Programin
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Wetland Science and Management, in which sev-
eral studentsresearch and monitor an important
wetland and amphibianissue.

The project’s monitoring goals include the
fallowing:

| dentify the occurrence of the State-endangered
Oregon spotted frog

Determineland uses compatiblewith wetland
and amphibian conservation objectives

Provide datato help devel op and implement
regulationsfor the protection of amphibiansand
their habitats

| dentify population distribution status of other
county declining species

Obtain standardized basdineinventory dataon
thedistribution, abundance, and health of am-
phibiansin King County wetlands

Provideinformation to King County, Washing-
ton State Department of Fish and Wildlife,
Washington State Department of Ecology, and

81

Federal resource agenciesfor developing re-
gional wetland and wildlife management pro-
grams

Devel op an effective public outreach and edu-
cation programto train citizensto monitor am-
phibiansand wetland conditionsto foster wet-
land stewardship

Educate potential wetland scientiststo thedi-
versity of wetland issuesand traintheminde-
veloping monitoring programs, assessing wet-
land condition, and crafting management plans
for better wetland conservation

Investigateloca urban amphibian declineand
extinctionissues

Develop methodsfor utilizing amphibiansas
bioindicatorsof wetland condition by establish-
ing cause-and-effect relationships between
amphibian declines and wetland hydrology,
water quality, predators and pathogens, and
watershed land use.



WISCONSIN: DEVELOPING BIOLOGICAL INDEXES FOR
WISCONSIN'S PALUSTRINE WETLANDS

Contact Jennifer Hauxwell

Organization Wisconsin Department of Natural Resources
Bureau of Integrated Science Services

1350 Femrite Drive
Monona, WI 53716

(608) 221-6338

hauxw@dnr.state.wi.us

Phone

E-mail

PURPOSE
B Develop abiological index for Wisconsin's
paustrinewetlands

B Compare performance of one plant and two
meacroinvertebrate multimetricindices

B Deveopbiological integrity rating systemfor
classfyingwetlands

WETLAND TYPE

B Pdudrinewetlands

ASSEMBLAGES

B Meacroinvertebrates
B Vascular plants

STATUS

Findingsrepresenting preliminary investigationsare
presented in Final Report to EPA Region V, Wet-
land Grant #CD985491-01-0 prepared by Wis-
consin DNR (January 2000).

PROJECT DESCRIPTION

Field studiesfor thisproject were conducted dur-
ing thespring and summer of 1998, with |aboratory
andyssand datasynthesscompleted thefollowing
year. Funding wasprovided by agrant from EPA
Region 5. Thefindingsformed thebasisfor asec-
ond EPA-funded grant to refineand further evalu-
atethe preliminary indices and expand communi-
tiescoveredtoincludeamphibians, smal mammals,
diatoms, and zooplankton.

STUDY DESIGN

We sampled 104 pal ustrine depression wetlands
disgtributed acrossthemg or ecoregionsof Wisconan
during early spring and summer of 1998. Study
stesincluded amixtureof least-disturbed reference
basins and degraded or restored wetlands, repre-
senting arange in vegetative cover types, water
chemistries, and water duration.

SAMPLING METHODS:
MACROINVERTEBRATES

Wesampled macroinvertebratesearly inthespring
tominimizeinfluencesof immigration-emigration.
Threedifferent field collection procedureswere
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evaluated and two laboratory approaches were
used. Onall 104 wetlands, we collected two sets
of three standard D-frame net sweeps of approxi-
mately 1-mlength each. Sampling stations (< 60
cm deep) were established at equa ly spaced points
around thewetland perimeter that approximately
trisected the basin (and ensured coverage of the
major plant communities present). Thefirst set of
net sweepswas concentrated (large coarse materi-
alswererinsed, examined, and removed) intoa 1-
quart container; the second set of net sweepswas
not field-concentrated, but rather was placed di-
rectly intoal-gallon plastic bag. Both setswere
preserved in ethanol and returned to thelaboratory
for processing. TheA third set (used on asubset of
17 wetlands) of D-frame net sweep sampleswas
placed on acoarse wire screen over acollection
basin for aperiod of approximately 10 minutes.
Organismsfalling (or crawling) through the screen
and entering the collection contai ner were collected
and preserved asabove. Thislast set represented
a“clean” samplethat wasmuch easier to sort and
processthan the standard samples.

LABORATORY METHODS:
MACROINVERTEBRATES

Macroinvertebrateswere processed usng atwo-
tiered gpproach. Thefirst stage consisted of afixed
100-count (sensu Hilsenhoff Biotic Index proce-
dures) using agrid-marked tray with 24 cells. Or-
ganismswere picked and sorted at a coarsetaxo-
nomiclevel, usudly order or family only. Following
compl etion of the 100-count sample, we processed
the balance of thesampleinitsentirety (except for
subsampling dominant taxa). Theunconcentrated
“bag” samplesprovedto betoo largeto processin
an economica fashion, so only the complete set of
104 “field-concentrated” sampleswere processed.
The 17" screened’” samplesgenerdly containedless
than 100 total organismsand were processed com-

pletely.

ANALYTICAL METHODS:
MACROINVERTEBRATES

We used SY STAT to perform all statistical and
graphical analyses. Percentage dataweretrans-
formed using the arc-sine square-root transforma-
tion, and abundance data were either log-trans-
formed or power-transformed asapplicable. Met-
ric development was based on a series of visual
comparisonsof community attribute responsesto
suspected measuresof disturbanceusing box plots
and jittered dot density plots. Thoseattributesthat
exhibited evidence of separation betweenreference
wetland conditions and wetlands suspected to be
impacted by human disturbance were selected as
potential metrics. Attributesthat exhibitedincon-
Sistent or overlapping responses betweenimpacted
and reference systemswerediminated from further
consderation.

SAMPLING METHODS: PLANTS

We conducted smplified plant surveysduring July
1998 using acombination of techniques. Thisin-
cluded asubjective estimate of cover and an ob-
jectivesurvey of percent cover and frequency of
occurrencewithin six equidistantly spaced 20 by
50 cmrectangular quadrats positioned a ong each
of threetransectsthat trisected thewetland basin
(total of 18 quadrats per wetland).

LABORATORY METHODS: PLANTS

No biomass or stem counts were performed.
Voucher specimenswere pressed and identified to
specieswhen possible, but most plant metricswere
based on acoarser taxonomic level.
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ANALYTICAL METHODS: PLANTS

Wedeveloped theplant biologica index usingthe
same procedures described for the two
macroinvertebrate-based indices. Because we
wanted to develop apractical tool for managers
with limited botanical expertise, welumped taxaat
varioustaxonomic levels(e.g., family, genus) or
structural groups (e.g., grass-like, emergent) for
analysis. Importance values (average of percent
cover and frequency of occurrence) were used as
theattribute of concern for family-genus-species
levels, and percent cover was used for emergent,
submergent, floating-leafed, and open-water
attributes.

OTHER DATA COLLECTED

Wed o collected associated physical and chemi-
cal dataon eachwetland, including pH, akalinity,
conductivity, color, temperature, clarity, and depth.
Riparian cover typewithin a100-foot buffer area
surrounding eechwetland wassubjectively etimeated
and recorded, aswas shade canopy cover.

PRELIMINARY FINDINGS

Threemultimetricindices(two macroinvertebrate
and one plant index) were developed. TheWis-
consinWetland Macroinvertebrate | ndex (WWMI)
isamultimetricindex based on 15 metricsderived
fromatota count of organismsinthreecomposited
net sveeps. Atotal of 69 community attributeswere
evaluated. The WWMI iscomposed of 12 abun-
dance metrics, two richness metrics, and one per-
centage metric. Abundance metricsinclude mol-
lusks, annelids, fairy shrimp, damselflies, pigmy
backswimmers, water boatmen, limnephild
caddisflies, totd caddisflies, phantom midges, mos-
quitoes, soldier flies, and total invertebrates. Rich-
ness metrics are noninsects and total taxa. The
percent caddisfliesisthe only percentage metric.
Apparent redundancies (e.g., caddisflies) inthe
metric may or may not be anissue; differencesin

taxonomic rate of development in wetlandsdueto
therma dynamicsmay requireacertain amount of
redundancy to ensure that important taxonomic
groupsare accounted for. TheWWMI isusedto
rate, rank, or compare wetland biological condi-
tion.

The second macroinvertebrateindex, termed the
100-count macroinvertebrate biotic index (100-
count MBI), isbased on 10 metricsderived froma
random pick of 100 organismsfound inthethree
composited net sweeps. The 100-count MBI is
composed of 9 percentage metricsand 1 richness
metric (noninsect taxa). Percentagemetricsinclude
pigmy backswimmers, water boatmen, tota “bugs,”
limnephilid caddiflies, tota caddisflies, chironomids,
soldier flies, and the sum of Ephemeroptera-
Odonata-Trichoptera(EOT) taxa. Noninsectsrep-
resent theonly richnessmetricinthe 100-count MBI.
Theninth percentage metric, mollusks, may beonly
useful inprairie-typewetlands. The 100-count MBI
isintended to be applied inthefield by experienced
staff asameansof rapid bioassessment.

Thethird index isthe Wisconsin Wetland Plant
Biotic Index (WWPBI) isbased on eight (or nine)
plant metricsderived from transect data (represent-
ing 18 quadrats) and isintended to serveasasupple-
mentary index to the WWMBI torate, rank, and
comparewetland biologica condition. Of 24 plant
community attributes tested, only one richness
(count) metric, one percent metric, and sevenim-
portance val ue-based metrics demonstrated con-
sistent and predictableresponse. Thesinglerich-
nessmetric, total taxa, may requirefurther modifi-
cation after reaching some consistency regarding
taxonomicresolution (currently mixed family-genus-
species). Importanceva ue-based metricsincluded
Carex, reed canary grass, cattail, duckweed,
blugjoint grass, and “good” plants (the sum of a
group of plantsincluding all Carex, Utricularia,
Potamogeton, Calamogrostis, Sagittaria,
Polygonum, and Equisetum). Anadditiona impor-
tanceva ue-based metric, “ pondweeds,” would only
be applied to wetlandswith water duration exceed-
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ing 7 monthsper year. Theonly percentage-based
metric, floating-leafed plants, would likewiseonly
be applied to wetlands with water durations ex-
ceeding 7 months.

LESSONS LEARNED

Macroinvertebrates

B \Water durationisanimportant factor shaping
macroinvertebrate community compostionand
derived metricsthat must be accounted for in
metric scoring.

B A coarselevel of taxonomic resolution (order
and family) appearsto be satisfactory in devel-
oping wetland macroinvertebrate metrics.

B |ssuesrdating to redundancy among metrics,
influencesof water chemidry, differencesamong
ecoregions, and seasond variationsneed to be
addressed inmoredetail. Undoubtedly, these
factorsneed to be accounted for in establishing
rating scoresand/or inrefining metricsfor use
indifferent areasor habitats.

B Basicdifferencesexist in macroinvertebrate
communities between wetlands representing
wooded kettle depressions and open-prairie
typedepressionsinWisconsin.

B Our greatest difficulty wasin selecting and as-
sgning somemeasureof “humanimpact” tothe
study sitewetlands. Further researchwill be
required to quantify the degree of humanim-
pact in order to refine biological response
metricsandindices.

B TheWWMBI wasnot stable acrossdates (and
not designed to be); consequently, itsuseisre-
stricted to early spring.

B Each macroinvertebrateindex hasitsown set
of advantages and disadvantages; further re-
finement isrequired to enabletheir successful
applicationinthefield.

Plants

B Somebiaseswereapparentinthe WWPBI, as
referencekettlesscored consistently higher than
prariewetlands.

B WWHPBI scoresin restored prairie wetlands
werebetter than in many natura wetlands, sug-
gesting that wetland restorationsin Wisconsin
may be adequate in terms of “restoring” the
vegetative community (not true for
macroinvertebrate response).

B TheWWPBI showssome promiseinitsper-
formance and, because of itstaxonomic sim-
plicity, it could be applied by nonbotanists.

FOoLLOWUP: CONTINUING WORK

Withtheass stanceof asecond EPA wetland grant,
we haverefined the macroinvertebrate and plant
multimetricindicesand explored expanding thecom-
munity componentstoincludezooplankton (inco-
operation with Dr. Stanley Dodson, University of
Wiscons n-Madison), diatoms (Paul Garrison, Wis-
consin DNR), amphibians, and small mammals.
Findings associated with the second grant arere-
ported in the second Wisconsin case study below.
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WISCONSIN. REFINEMENT AND EXPANSION OF THE
WISCONSIN WETLAND BIOLOGICAL INDEX
FOR ASSESSMENT OF DEPRESSIONAL

PALUSTRINE WETLANDS
Contact Jennifer Hauxwell
Organization Wisconsin Department of Natural Resources
Bureau of Integrated Science Services
1350 FemriteDrive
Monona, WI 53716
Phone (608)-221-6373
E-mail jennifer.hauxwell @dnr.statewi.us
PURPOSE STATUS
B TestandrefineaBiotic Index for Wisconsin's Findings presented in Final Report to EPA Re-
pal ustrinewetlands gionV prepared by Wisconsin DNR dated April
B Expand list of assemblages to include 2002.
macroinvertebrates, zooplankton, diatoms,
amphibians, plants, and smal mammals PROJECT DESCRIPTION
B Egablishabiologicd integrity rating sysemfor . . ,
classifying wetlands based on the response of .Th' SE = ec]E repreﬂ?'ntsthe evalhuatl on a;ngdaparr]]
selected biological attributes (metrics) of the %17 Phesect an savlier S‘“}E'y\jv?‘ e i
above communitiesto surrogate measures of preiiminary dev opment of a Wisconsin Wetlan
human disturbance Biological Index based on plant and
macroinvertebrate metrics (please seefina report
to EPA -Wetland Grant #CD985491-01-0). Data
WETLAND TYPE from thissecond study were used to refineand fur-
' ther evaluate the preliminary indices and expand
B Pdustrinewetlands communitiescovered toinclude zooplankton, dia-
toms, amphibians, and small mammals. Field stud-
ASSEMBLAGES iesfor thisproject were conducted during thespring
and summer of 2000, with |aboratory analysisand
B Macroinvertebrates data synthesis completed in 2001. Funding was
. provided by agrant from EPA Region 5.
B Aquaticplants
B Zooplankton We sampled 75 pa ustrine depresson wetlandsin
B Digoms southeast Wisconsin during early spring and sum-
mer of 2000. Study sitesincluded amixtureof least-
B Amphibians disturbed reference basins (17 prairie and 19
B Smdl mammds
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wooded kettles) and impacted wetlands (18 urban
and 20 agriculture), representing arangein vegeta-
tive cover typesand water chemistries. A severe
drought, which beganthe previousyear, caused most
of the smaller wetlandswith short hydroperiods
(seasonal and temporary) to dry out, and conse-
quently only long-duration wetlands (semiperma-
nent and permanent) were sampled.

Wesampled macroinvertebratesearly inthespring
to minimizeinfluencesof immigration-emigration.
On each wetland, we collected three standard D-
framenet swegpsof gpproximatdy 1-mlengtheach.
Sampling stations (lessthan 60 cm deep) werees-
tablished at equally spaced pointsaround the wet-
land perimeter that approximately trisected theba-
sin and assured coverage of the major plant com-
munities present. The contents of the three net
sweepswere concentrated (large coarse materials
wererinsed, examined, and removed) intoal-quart
container, preserved in ethanol, and returned to the
laboratory for processing. Sevenfield replicates
werecollected.

LABORATORY METHODS:
MACROINVERTEBRATES

Each macroinvertebrate sample was processed
entirely, using a two-phase approach with
subsampling employed only for extremely abundant
organisms. Thefirst stageinvolved usingagrid-
marked tray with 24 cells. Cellsweresdected ran-
domly, and organismswere picked and sorted at a
coarsetaxonomiclevel, usualy to order or family
level. Theabundance of organismspresentinthe
first two or threerandomly selected cellswasused
to project the abundance of the most commontaxa
inthe sample. Taxawhose abundance was esti-
mated to exceed 300 in thetotal samplewerethen
overlooked while the balance of the samplewas
processed (the second phase of processing). All
gpecimenswerevouchered (preserved in 70% etha
nol) for possiblefurther evaluation.

SAMPLING METHODS: PLANTS

We conducted smplified plant surveysduring July
2000 using acombination of techniques. Thisin-
cluded asubjective estimate of cover and an ob-
jectivesurvey of percent cover and frequency of
occurrencewithin six equidistantly spaced 20x50-
cm rectangular quadrats positioned along each of
threetransectsthat trisected the wetland basin (to-
tal of 18 quadrats per wetland).

LABORATORY METHODS: PLANTS

No biomass or stem counts were performed.
Voucher specimenswere pressed and identified to
specieswhen possible, but most plant metricsare
based on acoarser taxonomic level.

SAMPLING METHODS: ZOOPLANKTON

Note: zooplankton studieswere conducted by Dr.
Stanley Dodson, University of Wisconsin-Madison,
Zoology Department, Madison, Wisconsin. E-mail:
Sdodson@facstaff.wis.edu.

We collected one zooplankton samplefromacen-
tra basinlocationin each wetland during June 2000
using a5-L plastic bucket. We filtered aknown
volumeof water throughaNo. 10 (60-micron mesh)
net to capture zooplankton within. Sevenfiedrep-
licateswere collected. Sampleswerepreservedin
70% ethanol until processed.

LABORATORY METHODS:
ZOOPLANKTON

Each samplewas scanned at moderate magnifi-
cation for speciesof cladocera, copepods, ostra-
cods, and aguaticinsects. Slidesand dissections
weremadewhere necessary; for example, toadin
theidentification of copepod species. Total num-
ber of male and female Daphniawas counted in
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each sample. Morethan 200 dideswere prepared,
and identification of organismsisin progress. Or-
ganismswill beidentifiedto oecieswherepossible.

SAMPLING METHODS: DIATOMS

Diatom studieswere conducted under the direc-
tion of Paul Garrison, WDNR, Bureau of Integrated
Science Services, Environmental Contaminants
Section, 1350 Femrite Drive, Monona, WI 53716.
E-mall: garrip@dnr.state.wi.us

Using a1-dramvial asasample collection de-
vice, wecollected and composited surficia (upper
0-1cm) sedimentsfromfivesitesin each wetland.
Sevenfiddreplicateswerecollected. Sampleswere
kept oniceor refrigerated until processed.

LABORATORY METHODS:. DIATOMS

Eachdiatom samplewill bethoroughly mixed, and
asmall amount will be placed into atall beaker.
Hydrogen peroxidewill be added and the sample
will be alowed to steep for about 5 minutes. Po-
tassium dichromate will be added (under aventi-
lated hood and handled with safety gloves) tofa-
cilitatereduction of organic matter. Thesamplewill
bewashed at |east four timeswith deionized water
by centrifuging for 10 minutes. Two portionsof the
cleaned sample will be dried on separate No. 1
cover-dipsand mounted with Naphraxa, and la-
beled accordingly. Specimensfrom both cover dips
will beidentified and counted under oil immersion
objective (1,400X) until atotal of 250 frustulesare
counted. Identification of difficult taxawill bemade
using ascanning electron microscope. Undeter-
mined specimensrepresenting asignificant portion
of asamplewill besent to Dr. Rex Loweat Bowl-
ing Green University, Dr. Jan Stevenson at Louis-
ville University, and/or Dr. Gene Stormer at the
Univerdty of Michigan.

SAMPLING METHODS: AMPHIBIANS

Because amphibiansare extremely sensitiveto
weather and temperature, we assessed amphibian
communitiesduring two separate sampling periods.
We conducted standardized frog-toad calling sur-
veys(using WDNR protocols) during thefirst two
phenologies (early spring and late spring) between
the hours of 8 and 10:30 pm for 10-15 minutes
when water temperatureswere above 50°F during
thefirst phenology or above 60°F during the sec-
ond phenology. Werecorded dl calling to permit
verification of questionableidentifications. Inaddi-
tionto calling, we added to the database any per-
sona observationsof amphibiansmade during any
of thedaylight visitsand any specimens captured
during themacroinvertebrate surveys.

LABORATORY METHODS:. AMPHIBIANS

No laboratory methodswere used.

SAMPLING METHODS:
SMALL MAMMALS

Small mammal studies were conducted by R.
Bautz, WDNR, Bureau of Integrated Science Ser-
vices, Ecological Inventory & Monitoring Section,
1350 Femrite Drive, Monona, W1 53716. E-mail:
bautzr@dnr.state.wi.us.

Weassessed smal mammal communitiesby trap-
ping during August-September 2000. On each
wetland, we set 46 baited traps (mixture of 40 mu-
seum specia grade and 6 larger tomahawk traps)
along transects (zigzag scattered routes) intheri-
parian zone (variable dimensions, depending on
setting) for one night. A one-day/night trapping
period was used to minimize disturbance by rac-
coonsand other predators. Bait consisted of amix-
ture of peanut butter and rolled oats. Trapswere
cleaned and rebaited each morning. Specimens
were placedinlabeled freezer bagsand returned to
thelaboratory for identification.
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LABORATORY METHODS:
SMALL MAMMALS

| dentifications of rare taxaand speciesof specia
concern were verified by local expertsfrom the
University of Wiscongn.

OTHER DATA COLLECTED

Wed o collected associated physical and chemi-
cal dataon each wetland. The water chemistry
measuresincluded pH, dkalinity, conductivity, color,
chloride, cacium, sllica, nitrate-nitrite, organic-ni-
trogen, and total phosphorus. Chemical analyses
were performed at the Wisconsin State L aboratory
of Hygienefollowing standard EPA-gpproved pro-
cedures. Physical datacollected included water
depth, apparent color, temperature, and size. Ri-
parian cover typewithin a100-foot buffer areasur-
rounding each wetland was subj ectively estimated
and recorded, aswell as shade canopy cover.

ANALYTICAL METHODS: DATA
ANALYSIS AND DEVELOPMENT OF
BIOLOGICAL INDICES

Datawere entered into Excel spreadsheet and
Access databases and examined for entry errors
(univariate checks) and anomalies(e.g., bivariate
plots) prior toanaysis. Variouscommunity or spe-
ciesdtributes(e.g., taxaor speciesrichness, diver-
gty, presenceor absenceof sdlected functiona feed-
ing guilds, trophic structure, percentages) were
evaluated and scored aspotential metricsbased on
their responsi venessto measures of human distur-
bance. Community attributeswereexamined using
acombination of procedures (outlined below) to
select promising metricsfor index devel opment.
Attributesthat exhibited strong positive or negative
correlationwith selected human responsevariables
were selected asmetrics. We compared the sensi-
tivity and correspondence among the sel ected com-
munity metrics, and developed asinglemultimetric
index of ecosystem integrity that related to overall
wetland condition.

Because different forms of human disturbance
elicit different responses among the various wet-
land biological communities, itisdifficultif notim-
possi bleto choose one measurethat represents™ the’
singlebest measure of human disturbance. For ex-
ample, theamphibian community may respond more
directly to woodland impacts (distance to nearest
woodland, patch size, corridor dimensions, etc.)
thanto nutrient or pesticideinputs, whereas zoop-
lankton and diatorm communitiesmay be morere-
sponsive to percent row cropsin the watershed.
Consequently, we evaluated biotic responsesto a
combination of apriori dassesof humandisturbance
and acomposite chemical index that incorporated
nitrogen, phosphorus, and chloride concentrations.
Theapriori classesrepresented agricultural and
urban impacts aswell as subclasses of each, in-
cludingthreeintensity level sof agricultural impact
and two formsof urban impact. Biotic responses
occurring within these classes were measured
against theresponsesinleast disturbed kettlesand
prairiedepressonwetlands. Statistical procedures
and approachesused intheanaysisvaried among
the communities assessed because of inherent dif-
ferencesinresponsesand thetype of datacollected.
Canonical correspondence analysiswas used to
exploreunimodal distributionsof thediatomsaong
the various environmental gradients. We used
SY STAT and acombination of other available sta-
tistica softwareprogramsto perform statistical and
graphicd analyses. Metric development wasbased
onaseriesof visua comparisonsof community at-
tribute responsesto measures of disturbance (com-
bination of selected water chemistry and land use
characteristicsasdiscussed above) using box plots
and jittered dot density plots. Attributesthat ex-
hibited evidence of separation between reference
and impacted wetlands were sel ected as metrics
(or incorporated into the existing list of metrics).
Attributesthat exhibited incons stent or overlgpping
responses between impacted and reference systems
wereeiminated from further consideration.
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LESSONS LEARNED

B Findingwilling and cooperative private prop-

erty landownersfor accessto potentially im-
pacted wetlandsisdifficult!

Determining what attribute or attributes(e.g.,
land use, chemica contaminant concentration,
distance to nearest road) to use as surrogate
measuresof human disturbanceiscritica tothe
successful development of reliablemultimetric
biologicd indices.
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B Drought (or floods) can serioudy hamper sam-

pling plansand interferewith the best of plang!

Thelist of suitable metricsamong macroinver-
tebrate communitiesof permanent wetlandsis
different and much shorter thanthelist of metrics
suitablefor wetlandswith shorter water dura-
tion periods.
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GLOSSARY

Aquaticlifeuse Atypeof designated use pertain-
ing to the support and mai ntenance of healthy bio-
logica communities.

Assemblage An association of interacting popu-
lations of organismsthat bel ong to the samemajor
taxonomic groups. Examplesof assemblagesused
for biocassessmentsindude: agae, amphibians, birds,
fish, amphibians, macroinvertebrates (insects, cray-
fish, clams, snalls, etc.), and vascular plants.

Attribute A measurable component of abiologi-
cal system. Inthe context of bioassessments, at-
tributesinclude the ecol ogical processesor char-
acterigticsof anindividua or assemblageof pecies
that are expected, but not empirically shown, to
respond to agradient of human disturbance.

Benthos Thebottom faunaof waterbodies.

Biological assessment (bioassessment) Using
biomonitoring dataof samplesof living organisms
to evaluatethe condition or health of aplace(e.g.,
astream, wetland, or woodlot).

Biological integrity “theability of an agquatic eco-
system to support and maintain abalanced, adap-
tivecommunity of organismshaving aspeciescom-
position, diversity, and functiona organization com-
parableto that of natural habitatswithinaregion”
(Karr and Dudley 1981).

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

Biota All theplantsand animasinhabiting an area.

Composdition (structure) Thecomposition of the
taxonomic grouping such as fish, algae, or
macroinvertebratesrel ating primarily tothekinds
and number of organismsinthegroup.

Community All thegroupsof organismslivingto-
gether inthe samearea, usually interacting or de-
pending on each other for existence.

Competition Utilization by different speciesof lim-
ited resources of food or nutrients, refugia, space,
ovipositioning sites, or other resources necessary
for reproduction, growth, and survival.

Criteria A part of water quaity standards. Crite-
riaarethe narrative and numeric definitions condi-
tionsthat must be protected and maintained to sup-
port adesignated use.

Continuum A gradient of change.

Designated use A part of water quality standards.
A designated use is the ecological goal that
policymakers set for awaterbody, such asaquatic
lifeuse support, fishing, swimming, or drinking wa-
ter.

Disturbance “Any discreteevent intimethat dis-
ruptsecosystems, communities, or population struc-
tureand changesresources, substrate availability
or the physical environment” (Picket and White
1985). Examplesof natural disturbancesarefire,
drought, and floods. Human-caused disturbances
arereferred to as* human disturbance” and tend to
be more persistent over time, e.g., plowing,
clearcutting of forests, conducting urban sormweter
into wetlands.

Diversity A combination of the number of taxa
(seetaxarichness) and therel ative abundance of
thosetaxa. A variety of diversity indexeshavebeen
devel oped to calculatediversity.

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

Ecological risk assessment Anevaluation of the
potential adverse effectsthat human activitieshave
onthe plantsand animal sthat make up ecosystems.

Ecosystem Any unit that includesall the organ-
ismsthat function together inagiven areainteract-
ingwith the physical environment so that aflow of
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energy leadsto clearly defined biotic structureand
cycling of material sbetween living and nonliving
parts (Odum 1983).

Ecoregion A region defined by similarity of cli-
mate, landform, soil, potential natural vegetation,
hydrology, and other ecologically rdlevant variables.

Gradient of human disturbance Therelative
ranking of samplesiteswithin aregional wetland
classbased on degrees of human disturbance (e.g.,
pollution, physical alteration of habitats, etc.)

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

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

Impact A changeinthechemicd, physica (includ-
ing habitat), or biological quality or condition of a
waterbody caused by external forces.

I mpairment Adversechangesoccurringto aneco-
system or habitat. Animpaired wetland has some
degree of human disturbanceaffectingit.

Index of biologicintegrity (IBI) Anintegrative
expression of thebiological conditionthat iscom-
posed of multiplemetrics. Similar to economicin-
dexes used for expressing the condition of the
€conomy.

Intolerant taxa Taxathat tend to decreasein wet-
lands or other habitatsthat have higher levels of
human disturbances, such aschemical pollution or
gltation.

M acroinvertebr ates Animalswithout backbones
(insects, crayfish, clams, snals, etc.) that are caught
with a 500-800 micron mesh net.
M acroinvertebrates do not include zoopl ankton or
ostracods, which aregenerdly smdler than 200 mi-
cronsinsize.

Metric Anattributewithempirica changeinvaue
along agradient of human disturbance.

Minimally impaired site Samplesiteswithina
regiona wetland classthat exhibit theleast degree
of detrimental effect. Such siteshelpanchor gradi-
entsof human disturbance and are commonly re-
ferredto asreferencesites.

M ost-impair ed Ste Samplesiteswithinaregiona
wetland class that exhibit the greatest degree of
detrimental effect. Such siteshelp anchor gradients
of human disturbance and serve asimportant refer-
ences, although they arenot typically referredto as
referencesites.

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

Referencesite (asused with an index of bio-
logical integrity) A minimally impaired sitethat is
representative of theexpected ecological conditions
and integrity of other sites of the sametype and
region.

Sressor Any physical, chemicd, or biological en-
tity that can induce an adverse response.

Taxa A grouping of organismsgivenaformal taxo-
nomic namesuch asspecies, genus, family, etc. The
sngular formistaxon.

Taxarichness Thenumber of distinct speciesor
taxathat arefound in an assemblage, community,
or sample.

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

Trophic Feeding, thus pertaining to energy
trandfers.

Wetland(s) (1) Thoseareasthat areinundated or
saturated by surface or groundwater at afrequency
and duration sufficient to support, and that under
normal circumstancesdo support, apreval ence of
vegetation typicaly adapted for lifein saturated soil
conditions[EPA, 40 C.F.R.§230.3(t) / USACE,
33 C.FR. §328.3 (b)]. (2) Wetlands are lands
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trangtiond between terrestrid and aguatic systems
wherethewater tableisusually at or near the sur-
face or theland iscovered by shallow water. For
the purposes of thisclassification, wetlands must
have one or more of thefollowing threeattributes:
(a) at least periodically, theland supports predomi-
nantly hydrophytes, (b) the substrateis predomi-
nantly undrained hydric soil, and () thesubstrateis
nonsoil andissaturated with water or covered by
ghallow water at sometimeduring thegrowing see-
son of eachyear (Cowardineta. 1979). (3) The
term “wetland” except when such termispart of
theterm“ converted wetland,” meanslandthat (a)

hasapredominanceof hydric sails, (b) isinundated
or saturated by surface or ground water at afre-
quency 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 purposes of thisAct and
any other Act, thisterm shall notincludelandsin
Alaskaidentified ashaving ahigh potentid for agri-
cultural development which have apredominance
of permafrost soils[Food Security Act, 16 U.S.C.
801(a)(16)].
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