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NOTICE
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FOREWORD

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

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

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

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

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

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

he ultimate goal of classificationisto reduce

variation within classesto enable detection of
differences between reference and impacted con-
dition within classes as cost-effectively aspossible,
while minimizing the number of classesfor which
reference conditions must be defined. Thereare
two different approachesto classification of agquatic
resources, onethat isgeographicaly based, and one
that isindependent of geography but relieson envi-
ronmental characteristicsthat determine aguatic
ecosystem status and vulnerability at theregion-,
watershed-, or ecosystem-scale. Thegod of geo-
graphically based classification schemesisto re-
ducevariability based on spatial covariancein cli-
mateand geol ogy, and thustopography, climax veg-
etation, hydrology, and soils. Geographicaly inde-
pendent or environmentally based schemesinclude
those derived using watershed characteristicssuch
asland use and/or land cover, hydrogeomorphol-
0gy, Vegetation type, or some combination of these,
It ispossibleto combine geographicaly based with
hydrogeomorphic and/or habitat-based ap-
proaches. If anintegrated assessment of aquatic
resourceswithin awatershed or regionisdesired, it
also may be useful to consider intercomparability
of classification schemesfor wetlands, lakes, and
riverine systlemsto promote cost-effective sampling
and ease of interpretation. In general, very few
definitivetests of dternative classification schemes
for wetlands are available with respect to describ-
ing reference condition for elther nutrient criteriaor
biocriteria. Thereareno known studieswhereref-
erence conditions for both nutrient criteria and
biocriteria have been assessed smultaneoudly.
However, evidencefromtheliterature suggeststhat
in many cases, both geographic factors (e.g., cli-
mate, geologic setting) and landscape setting
(hydrogeomorphictype) are expected to affect both
water quality and biotic communities. Thus, class-
fication should beviewed asan iterative gpproach,
involving theinitial choice of aframework asan
hypothes's, vaidation with univariate and multivari-

atedtatistical techniques, and subsequent modifica-
tion to create new classes or combine existing
classes.

PURPOSE

he purpose of thismoduleisto introducethe

scientific basisfor classifying wetlands,
review some common classification schemes, and
discusstheir implicationsfor establishing biologi-
ca and nutrient criteriafor wetlands.

INTRODUCTION

se of acommon scheme across State bound-

aries should facilitate more efficient collabo-
rative effortsin describing reference condition for
biotaor water quality and in developing indices of
biological integrity (1BIs) or other indicators(U.S.
EPA 1993, http://www.epa.gov/emap/html/
remap.html). Wedescribeaseriesof nationd clas-
sification systemsthat could be used to providea
common framework for implementation, and sug-
gest ways in which these classification schemes
could be combinedin ahierarchical fashion. Some
regional approachesarealso available. Adoption
of any classification scheme must be considered an
iterative processat thispoint, whereby initid results
of biologica or water qudity sampling can beused
totest and refineagiven system.

Classesthat behavesamilarly can be combined and
apparent outliers examined for additional sources
of variability that need to be considered. At the
extreme, new classification schemes can bederived
empiricaly through multivariateandyss. Theulti-
mate goal isto reduce variation within classesto
enable detection of differencesbetween reference
and impacted condition within classes as cost-ef -
fectively aspossible, while minimizing the number
of classesfor which reference conditions must be
defined. For example, theremight bedifferent ex-



pected conditionswith respect to water quality or
biologica community composition for wetland
classesin the absence of human impacts, and thus
different criteria might be established for those
classes. I1n assessing impactsto wetlands and de-
termining whether restored or created wetlands
wereapproaching anatural state, it would be most
appropriate to choose awetland from the same or
targeted classfor comparison.

GOALS OF
CLASSIFICATION

T he overall goal of classification is to
reduce variability within classes caused by dif-
ferencesin natural condition related to factorssuch
as geology, hydrology, and climate. The type of
classification system chosen depends on the par-
ticular scientific, management, or regulatory appli-
cation of interest. For the purposesof criteriade-
velopment, classficationisimportant inrefining ex-
pectationsfor reference condition, or the state of
wetlandsin the absence of anthropogenicimpacts.

DEFINITION OF WETLANDS FOR
CLASSIFICATION PURPOSES

Wetlands have been included in the definition of
“watersof the United States’ since 1975, based on
an interpretation of the Clean Water Act (CWA)
(Natural Resources Defense Council v. Callaway,
524 F.2d 79 (2nd Cir. 1975)). In order to apply
water quaity standardsto wetlands, wetlands must
be legaly included in the scope of States' and
Tribes water qudity Sandardsprograms. TheU.S.
Environmental Protection Agency (EPA) had re-
quested that States' and Tribes water qudity stan-
dardsbe modified to includewetlandsin the defini-
tionof “ Statewaters’ by theend of FY 1993, States
and Tribes could accomplishthisby adopting aregu-
latory definition of “ Statewaters’ at least asinclu-
dveastheFederd definition of “watersof theU.S.”
and adopting an appropriate definition for “wet-

lands’ (U.S. EPA 1990a, http://www.epa.gov/
OWOW/wetlandsregs/qudity.ntml). However, the
CWA does not preclude States and Tribes from
adopting amore expangve definition of “waters of
the State” in order to meet the goals of the Act.
Examples of different State approaches can be
found at: http://mwww.epa.gov/OWOW/wetlands/
partners/linkshtml#State Agencies.

One of the most widely accepted definitions of
wetlands was adopted by the U.S. Fish and Wild-
life Service (U.S. FWS) in 1979 (Cowardinet al.
1979, http:/Mmww.nwi.fws.gov/classman. html):

Wetlands are lands transitional between ter-
restrial and aquatic systems where the water
tableisusually at or near the surface or the
land is covered by shallow water... Wetlands
must have one or more of the following three
attributes: (1) at least periodically, the land
supports predominantly hydrophytes, (2) the
substrate is predominantly undrained hydric
soil, and (3) the substrate is nonsoil and is
saturated with water or covered by shallow
water at some time during the growing sea-
son of each year.

REFERENCE CONCEPT

Under guidancefor biocriteriadevelopment, ref-
erence conditions* describe the characteristics of
waterbody segments|east impaired by human ac-
tivitiesand are used to define attainabl e biol ogical
or habitat conditions’ (U.S. EPA 1990b). Atleast
two genera approaches have been defined to es-
tablish reference condition: the site-specific ap-
proach and the regional approach (U.S. EPA
1990b, http://www.epa.gov/ce swebl/ceishome/
atlas/bioindicators/). Thecurrent approachto de-
veloping water quality criteriafor nutrients also
emphasizesidentification of expected rangesof nu-
trients by waterbody type and ecoregion for |east-
impaired reference conditions (U.S. EPA 1998,
http:/Amww.epa.gov/ost/standards/nutrient.html).



BIOCRITERIA-RELATED ISSUES

Biological criteriaare narrative descriptions or numerical valuesthat are used to describethe
reference condition of aguatic biotainhabiting waters of adesignated aguatic lifeuse. They are
developed by biologists and other natural resource specialiststo directly assessthe overall
condition of an aquatic community in surface waters such asstreams, rivers, lakes, estuaries,
and wetlands. Biocriteriahavetraditionally been devel oped through comparison of commu-
nity-level indicesdescribing biologica integrity for test Steswith index rangesderived for rela-
tively unimpacted referencesites (U.S. EPA 1990b, http://www.epa.gov/cei swebl/ceishome/
alasbioindicators). Referencestesaretypicdly ratified by landscape unitssuch asecoregions
to reducethevariation in expected natura biological condition and to facilitate standardization
of methods. Classification or identification of covariates explaining asignificant fraction of
varidion a thewaterbody scaedso may benecessary. Findly, classification or ranking schemes
may be necessary to describe gradients of disturbance against which biocriteriacan be cali-
brated.

NUTRIENT-RELATED ISSUES

The Office of Water has established a procedure to implement the Clean Water Action Plan
through devel opment of regionally-applicable nutrient criteriafor each aguatic resourcetype
(U.S. EPA 1998b, http:/Mmww.cleanwater.gov/ ) Development of nutrient criteriathrough com-
parison to reference conditionsrequiresthat the Nation first be stratified to reduce variability in
expected condition to areasonablerange. (U.S. EPA 19983, http://www.epa.gov/ost/stan-
dards/nutrient.html) For example, it would not be appropriate to set expectationsfor nutrient
levelsin peatlands receiving primarily precipitation asawater source based on background
nutrient levelsobservedinriverinewetlands. Stratification may be necessary both at theland-
scapeleve, to takeinto account naturd regiona differencesin runoff and fertility of soilsinflu-
encing background levels of nutrient inputs, and at the scale of water-bodies, to take into
account differencesin sourcewater characteristics and retention time rel ated to sensitivity of
response. Aswetlandswater quality criteriaare developed for other constituents(e.g., clean
sediments) regionalization of criteriaand related classificationissueswill beimportant for these
aswell.

An dternative definition of the reference concept
has been devel oped for the hydrogeomorphic as-
sessment (HGM) approach, used to describe ex-
pectations for wetland function by wetland
hydrogeomorphictypeandregion. Under theHGM
gpproach, “ (referencewetlands are actua wetland
gtesthat represent therange of variability exhibited
by aregiona wetland subclassasaresult of natural
processes and anthropogenic disturbance. In es-
tablishing reference standards, the geographic area
fromwhich reference wetlands are selected isthe

referencedomain.” For practical purposes, HGM
practitionersdefinereference sandard as. “condi-
tions exhibited by agroup of reference wetlands
that correspond to the highest level of functioning
(highest, sugtainablelevd of functioning) acrossthe
suite of functions performed by the regiona sub-
class. By definition, the highest level of functional
cgpacity isassgned afunctiond capacity index vaue
of 1.0.” (see Smith et al. 1995, http://
www.wes.army.mil/d/wetlands/pdf Swrpdel.pdf).



EXISTING WETLAND
CLASSIFICATION
SCHEMES

here are two different approaches to
classfication of aquatic resources, onethat is
geographically based and one that isindependent
of geography, but relieson environmental charac-
terigticsthat determineaguiatic ecosystem satusand
vulnerability at theregion, watershed, or ecosys-
tem scale (Detenbeck et al. 2000). Ecoregions(in-
cluding* nutrient ecoregions’) and ecological units
represent geographically based classification
schemesthat have been devel oped and applied na-
tionwide (Omernik 1987, Keyset al. 1995). The
god of geographicaly based classfication schemes
isto reduce variability based on spatial covariance
in climate and geology, aswell asin topography,
climax vegetation, hydrology, and soils. For some
regions of the country, ecoregions have been re-
finedto explanafiner scaeof spatid variation (eg.,
Omernik and Gallant 1988). Geographically inde-
pendent or environmentaly based schemesinclude
those derived through watershed characteristics
such asland-use and/or land-cover (Detenbeck et
al., 2000), hydrogeomorphol ogy (Brinson 1993),
vegetation type (Grossman et al. 1998, http://
consai.tnc.org/library/pubs/class’tocl.html), or some
combination of these (Cowardinet d. 1979). Both
geographically dependent and environmentally
based schemes have been developed for single
scales, and for a nested hierarchy of scales
(Detenbeck et al. 2000).

GEOGRAPHICALLY BASED
CLASSIFICATION SCHEMES

Regional classification systemswerefirst devel-
oped specificdly for the United Statesby land man-
agement agencies. TheU.S. Department of Agri-
culture (USDA) hasdescribed ahierarchical sys-
tem of Land Resource Regions and Major Land
Resource Areasfor agricultura management based

mainly on soil characteristics (USDA SCS1981).
Ecoregionswerethen refined for USDA and the
U.S. Forest Servicebased onahierarchica system
inwhich each of severa environmentd variablessuch
asclimate, landform, and potentia natural vegeta
tionwere gpplied to definedifferent levelsof class-
fication (Baley 1976). Subsequently, Omernik and
colleagues developed a hierarchical nationwide
ecoregion system to classify streams, using envi-
ronmentd featuresthey expected toinfluenceaquetic
resources as opposed to terrestrial resources
(Hughesand Omernik 1981, Omernik et al. 1982).
The new ecoregion system wasbased on an over-
lay of “component maps’ for land use, potential
natura vegetation, land-surfaceform, and soils, and
asubjectiveevauation of the spatial congruence of
these factors as compared to the hierarchical ap-
proach used by Bailey, which relied only on natural
features (not land use). Omernik has produced a
nationa map of 76 ecoregionsdefined at ascale of
1:7,500,000 (Figure 1) (Omernik 1987; http://
water.usgs.gov/Gl S/metadata/usgswrd/
ecoregion.html ). Moredetailed regiona mapshave
been prepared at ascale of 1:2,500,000 inwhich
themost “typical” areaswithin each ecoregion are
defined. Cowardinet d. (1979) have suggested an
amendment to Bailey’s ecoregions to include
coastal and estuarinewaters (Figure 2). In prac-
tice, Omernik’ sscheme hasbeen morewidely used
for classification of aguatic resources such as
streams, but few examplesof gpplicationsareavail-
ablefor wetlands.

Finally, an attempt has been made to integrate
approaches across Federal agencies to produce
regiona boundariestermed ecologica units(Keys
eta. 1995). Information hasbeen combined on
climate, landform, geomorphol ogy, geol ogy, soils,
hydrology, potentia vegetation, and water to pro-
duce anested seriesof boundariesfor the eastern
United States, but different combinations of envi-
ronmental parametersare emphasized at each hier-
archical level of classfication. This scheme was
developedtoexplainvariaionin both terrestrid and
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FIGURE 1. MAP OF OMERNIK AQUATIC ECOREGIONS.




aguatic systemsand iscons stent with amore com-
prehensive strategy to classify lotic systemsdown
totheleve of stream reaches(Maxwell et d. 1995).
The mapped system for the eastern United States
includesclassfication a thefollowing leves.

domain (n=2) > divisions (n=5) > provinces
(n=14) > sections (n=78) > subsections,

where sectionsareroughly equivaent to half of an
ecoregion asdefined by Omernik (Figure 3). For
lotic systemns, additional spatia detail can be added
by defining watersheds (at the level of landtype
associations), subwatersheds (at the level of
landtypes), valley segments, stream reaches, and
findly channd units(Maxwell et d. 1995). Inredlity,
all watersheds are not nested neatly within
subsections, and may cross subsection boundaries.

Some Statesand Tribes have chosento refinethe
gpatia resolution of Omernik’ secoregiona bound-
ariesfor management of aguatic resources (e.g.,
Region 3 and Forida, http://mwww.dep.state.fl.us/
water/d erp/bio/sbecoreg.htm). For example, the
State of Florida has defined subecoregions for
streamsbased on andys sof macroinvertebrate data
from 100 reference sites. Effortsare currently un-
der way to define ecoregionsfor Floridawetlands
basad on variablesinfluencing thewater budget (M.
Brown, persond communication). Potentid source
geographicinformation system (GIS) datalayersto
support such an effort are described below.

ENVIRONMENTALLY BASED
CLASSIFICATION SYSTEMS

Hydr ogeomor phic classification system(s)
Brinson (1993) has defined ahydrogeomorphic
classification system for wetlands, based on geo-
morphic setting, dominant water source (Figure4),
and dominant hydrodynamics (Figure 5; http://
www.wes.army.mil/el/wetlands/regdoc.html ).
Seven classes have been described: riverine, de-
pressond, dope, minerd soil flats, organic soil flats,

tidd fringe, and lacustrinefringe (Smith et d. 1995).
Depressiond systems, asthenameimplies, arelo-
cated in topographic depressions where surface
water can accumulate (Figure6a). Depression wet-
lands can be further classified based on presence
of inlets or outlets and primary water source as
closed, open/groundwater, or operv/surfacewater.
Lacustrinefringe wetlands arelocated along lake
shoreswherethewater el evation of thelake deter-
minesthewater table of the adjacent wetland. Greet
L akes coastal wetlands represent one important
region of lacustrine fringe wetlands (Figure 6b).
These coastal systems are strongly influenced by
coastal forming processes, and, as such, have been
further classfied by geomorphic typethrough vari-
ous schemes (Jaworski and Raphael 1979, and oth-
erssummarized in Michigan Natural Featuresin-
ventory 1997). These geomorphic coastal posi-
tionswill further influencethe predominant source
of water and degree and type of energy regime (riv-
erine vs. seiche and wave activity). Tida fringe
wetlands occupy asimilar position relativeto ma-
rine coasts and estuaries and wherethe water level
isinfluenced by sealevd (Figure6c). Tida fringe
wetlands can be broken down further based on
sdlinity into euhaline vs. mixohaline subclasses.
Slope wetlands occur on dopeswhere groundwa:
ter dischargesto theland surface but typically do
not havethe capacity for surfacewater sorage (Fig-
ure?). Riverinewetlandsarefoundin floodplains
and riparian zones associ ated with stream channels
(Figure6d). Riverinesystemscan bebroken down
based on watershed position (and thus hydrologic
regime) intotidal, lower perennia, upper perennid,
and nonperennial subclasses. Minerd soil flatsare
inareasof low topographicrdief (e.g., interfluves,
relic lake bottoms, and large floodplain terraces)
with precipitation asthe main source of water (Fig-
ure6e). Incontrast, thetopography of organic soil
flats (e.g., peatlands) iscontrolled by the vertical
accretion of organic matter (Figure6f). TheHGM
classfication systemisbeing further refined to the
subclass level for different regions or states and
classes(Coleet d. 1997, http:/Amww.wes.army.mil/
el /wetlands/regdoc.html ). Inadditiontotheclass-



FIGURE 2. MAP OF BAILEY ECOREGIONS WITH COASTAL AND ESTUARII\IE|

PROVINCES, FROM COWARDIN ET AL., 1979.

FIGURE 3. EXAMPLES OF FIRST FOUR HIERARCHICAL LEVELS OF ECOLOGICAL
UNITS: DOMAIN, DIVISION, PROVINCE, AND SECTION, FROM US EPA
ENVIRONMENTAL ATLAS.
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FIGURE 4. DOMINANT WATER SOURCES TO WETLANDS, FROM BRINSON 1993.




FIGURE 5. DOMINANT HYDRODYNAMIC REGIMES FOR WETLANDS BASED ON
FLOW PATTERN, FROM BRINSON 1993.




A) DEPRESSIONAL WETLAND

_— Y

B) LACUSTRINE FRINGE

FIGURE 6. EXAMPLES OF HYDROGEOMORPHIC WETLAND CLASSES:
A) DEPRESSIONAL WETLAND, B) LACUSTRINE FRINGE, C) TIDAL FRINGE, D)
RIVERINE WETLAND, E) MINERAL FLATS WETLAND, AND F) ORGANIC FLATS
WETLAND.
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FIGURE 6 (CONTINUED) (C) TIDAL FRINGE

fication factors described above, the Army Corps
of Engineers(ACE) suggestsusing parameterssuch
asthe degree of connection between thewetland
and other surface waters (depressional wetlands),
sdinity gradients(tidal), degree of dopeor channdl
gradient (dope and riverinewetlands), positionin
thelandscape (riverine, dope), and ascaling factor
(stream order, watershed size or floodplain width
for riverine subclasses). In some cases, existing
regional schemes could be used as the basis for
subclassdefinition (e.g., Stewart and Kantrud 1971,
Golet and Larson 1974, Wharton et al. 1982,
Weakley and Schafde 1991, Keough et al. 1999).
The ACE iscurrently defining regionsfor refine-
ment of HGM classes based on factorssuch ascli-
mate and geol ogy.

TheHGM classification system has been gpplied
primarily for afunctiona assessment Srategy termed
the HGM approach (Smith et al. 1995, http://
www.wes.army.mil/e/wetlands/pdf swrpde.pdf ).
However, the same environmenta parametersthat
influence wetland functions a so determine water
regime and background water qudity, whichinturn
drivewetland habitat structureand community com-
position and thetiming of biotic events. Thus, the
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HGM classfication system can serveasabasisfor
partitioning variahility in referencetrophic satusand
biological condition, aswell asdefining temporal
drategiesfor sampling.

Habitat-based classification systems

Wetland habitat types are described very smply
but coarsaly by the Circular 39 definitions, ranging
fromtemporarily flooded systemsto ponds (Shaw
and Fredine 1956) (see Appendix A-2). A more
refined hierarchicd classfication sygemisavalable
based on vegetation associations; one system de-
veloped by the Nature Conservancy for terrestrial
vegetation (including somewetland types) hasbeen
adopted as a standard for Federal agencies
(Grossmanet d. 1998, http://consci.tnc.org/library/
pubs/class/tocl.html ). Vegetation associationshave
been used to classify Great L akes coastal wetlands
within coasta geomorphictype (Michigan Natura
Features|nventory 1997).

Cowardin classfication system

TheU.S. Fishand Wildlife Service (FWS) class-
fication system (Cowardin et a. 1979) wasdevel -
oped asabadisfor identifying, classifying, and map-
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FIGURE 6 (CONTINUED) (D) RIVERINE WETLAND

ping wetlands, other special aquatic sites, and
deepwater aquatic habitats, and has since been es-
tablished by both Federal and some State agencies
astheofficid sysemfor wetland inventory and clas-
sfication. The Cowardin system combinesanum-
ber of approachesincorporating position, hydro-
logic regimeand habitat (vegetative) type (Figure
8ab; http://www.nwi.fws.gov/classman.html).
Wetlands are categorized first by landscape posi-
tion (tidd, riverine, lacustrine, and paustrine), then
by cover type (e.g., open water, submerged aquetic
bed, pers stent emergent vegetation, shrub wetlands,
and forested wetlands), and then by hydrologic re-

gime(ranging from saturated or temporarily-flooded
to permanently flooded). Modifiers can then be
added for different salinity or acidity classes, soil
type (organic vsminerd), or disturbance activities
(impoundment, beaver activity, etc.). Thus, the
Cowardin system includesamixture of geographi-
caly-based factors, proximd forcing functions (hy-
drologicregime, acidity), anthropogenic disturbance
regimes, and vegetative outcomes. In practice, the
Cowardin system can be aggregated by combina
tionof HGM typeand predominant vegetation cover
if digital coveragesareavailable (Ernst et . 1995).
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FIGURE 6 (CONTINUED) (E) MINERAL FLATS WETLAND

COMPARISON OF ENVIRONMENTALLY
BASED CLASSIFICATION SYSTEMS

The Anderson Level 2 land-cover classification
system, used in classfying cover from satelliteim-
agery or aerial photo interpretation, can be de-
scribed asacombination of Cowardin classes (Ap-
pendix A-1) (Anderson et al. 1976). Anderson’s
land-cover classification system has been merged
withamodification of Cowardin’ssystemfor fresh-
water (Great L akes) and marine coastal systemsas
part of NOAA’'sCoastd Change AndysisProgram
(C-CAP; NOAA 1995, http://www.csc.noaa.
gov). Comparisonsof Cowardin’ sclassficationsys-
tem with other earlier methods can be found in
Cowardin et a. (1979; http://www.nwrc.gov/
diglib.ntml) (seeaso Appendix A-2).

If anintegrated assessment of aquatic resources
within awatershed or regionisdesired, it also may
be useful to congder intercomparability of classifi-
cation schemes for wetlands, lakes, and riverine
systemsto promote codt-effective sampling and ease

of interpretation. TheHGM approach could inter-
gradereadily with afiner level of classification for
laketype because lentic systems are separated out
aslacustrinefringe or depressonal wetlandsbased
onlakeor pond sizeand influence of water level on
the adjacent wetland. Lacustrine classfication sys-
temsfor water quaity haveincluded geography (cli-
mate+ bedrock characterigtics, Gorham et a. 1983)
or hydrologic setting (Winter 1977, Eilers et al.
1983) as factors for categorization. For Great
Lakescoasta wetlands, McKeeet al. (1992) sug-
gest amodification of Cowardin’s system, incor-
porating landscape position (system), depth zone
(littoral vs. limnetic subsystems), vegetative or sub-
strate cover (classand subclass), and modifiers of
ecoregions, water level regimes, fish community
structure, geomorphic structure, and human modi-
fication. In contrast, the Michigan Natural Fea
tures Inventory (1997) categorizes Great L akes
coadtd wetlandsby Greet Lake, then by nineunique
geomorphic typeswithinlakes, then by vegetative
association.

13



FIGURE 6 (CONTINUED) (F) ORGANIC FLATS WETLAND



FIGURE 7. INTERACTION WITH BREAK IN SLOPE WITH GROUNDWATER INPUTS
TO SLOPE WETLANDS, FROM BRINSON 1993.

15




FIGURE 8: A) COWARDIN HIERARCHY OF HABITAT TYPES FOR
ESTUARINE SYSTEMS.

FIGURE 8: B) PALUSTRINE SYSTEMS, FROM COWARDIN ET AL. 1979.
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For lotic systems, Brinson et d. (1995) describes
an gpproach to further classfy riverine classesinto
subcl asses based on watershed position and stream
size/permanence. Thisstrategy isconsistent with
current monitoring effortsto develop stream I Bl's,
whichtypicaly use stream order asasurrogatefor
watershed sSzein explaining additiona background
variationin Bl scores (U.S. EPA 1996). A more
detailed classfication of stream reach types, based
on hydrogeomorphic character, is described by
Rosgen (1996). Thisclassfication schemehashbeen
predominantly applied to assessments of channel
stability and restoration options, and not to devel -
opment of criteria. The Bureau of Land Manage-
ment has described across-walk between riparian
and wetland classifi cation and description proce-
dures (Gephardt et al. 1990); see http://
www.rwrp.umt.edu/Montana.html for aregional
goplication.

COMBINATIONS OF GEOGRAPHIC AND
ENVIRONMENTALLY BASED
APPROACHES

It isposs bleto combine geographicaly based and
hydrogeomorphic and/or habitat-based ap-
proaches. For example, a scheme could be de-
fined that nests Cowardin (Cowardin et a. 1979)
vegetative cover class within HGM class within
ecoregion. Maxwell et al. (1995) havedefined a
schemefor linking geographicaly based unitsbased
on geoclimatic setting (domains => divisions =>
provinces => sections => subsections) to water-
sheds and subwatersheds (roughly equivalent to
landtype associations), and thustoriverine systems
composed of valley segments, stream reaches, and
channe units, or to lacustrine systems composed of
lakes, |ake depth zones, and lake sites/habitat types.

Maxwell et a. (1995) also defineaseries of fun-
damenta hydrogeomorphic criteriafor classifying
wetlands based on Brinson (1993) and Winter
(1992), including physiography (landscape posi-

tion), water source, hydrodynamics, and climate.
Thefirg threearesmilar totheHGM classfication
system, whereas moistureregimes and soil tempera
tureregimesare generally consistent at the prov-
incelevel (seesummary tablesin Keyset d. 1995).
Finer scalevariationinlandformsiscaptured at the
level of sectionsand below, which inturnwill de-
terminethe dominanceof different hydrogeomorphic
classes of wetlands and associated surface waters
(lakesandrivers).

Characteristicsand relative advantagesand dis-
advantagesof thedifferent classfication sysemsare
summarizedinTable 1.

SOURCES OF
INFORMATION FOR
MAPPING WETLAND
CLASSES

n order to select wetlands for sampling,

whether in a targeted, random, or random-
sratified design, it isnecessary to have arecord of
wetland locations to choose from, preferably
categorized by the classification system of interest.
For some but not all portions of the country,
wetlands have been mapped from aerial
photography through the National Wetlands
Inventory (NWI) system maintained by the U.S.
Fishand WildlifeService. Inother cases, individud
States have devel oped inventories, or researchers
have devel oped lists of restricted types wetlands
within a given region, e.g., Great Lakes coastal
wetlands (Herdendorf et al. 1981).

In order to sample these mapped wetland areas
in a random fashion such that the results are
representative for all wetlands, all wetland areas,
or wetlands of aspecified typewithinaregion, itis
necessary to havealist of thewetland popul ation,
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TABLE 1: COMPARISON OF LANDSCAPE AND WETLAND
CLASSIFICATION SCHEMES

CLASSIFICATION POTENTIAL LINKS WITH OTHER
SCALE HIERARCHICAL? LEVELS OF STRATA ADVANTAGES DISADVANTAGES
SCHEME SCHEMES
Domains . . .
Divisions Only natural attributes Terrestrial basis Could form first strata for any of the
Bailey=s ecoregions Nationwide Yes Lo included Untested for wetlands schemes below ecological units
Provinces Digital maps No hydrolo
Sections & ps 4 &
Combines land use with natural
Ecoresion ombines 3mib‘“f W AW Could form first strata for any of the
E . L coregions . ateributes . .
Omernik ecoregions Nationwide No slo! Digital maps schemes below ecological units
Subecoregions Untested for most wetlands
No hydrology
Could form first strata for any of the
Domain Divisions Greater number of strata and schemes below ecological units
Ecological units Provinces units than for ecoregions
Nationwid Yes . Digital s X .
(Maxwell et al. 1995) auomwide « Sections gital maps Ties to classification schemes already
Subsections Untested for wetlands defined within hydrogeomorphic types
U.S. ACE Nationwide at class Intermediate strata between geographic
. LT o Class . Subclasses not comparable across .
hydrogeomorphic level; regionalized Yes - limited Specific for wetlands i X and habitat-scale
Subclass different regions
Classes at subclass level
. . | More focused on instream channel .
Captures differences in ore focused o mstieam channc Intermediate strata between hydro-
R hannel Nationwid Y Level I hydrologi ime f form than riparian characteristics hi d habitat-scal
sgen channg s ionwi s rologic regime for S rphi n tat-s
osgen channel types ationwide es Level IT ydrologic regime fo Riverine only geomorphic type and habitat-scale
riverine wetlands
Not mapped
Anderson land-cover Lo Level I Common basis for land- . Cross-walk with NWI system possible
) Nationwide Yes Level I Jland . Not functionally based d
ss€s se/land-cover mappin,
classes Level 1T use/land-cover mapping
. . Strata bel raphic but contains
Mixture of criteria used to i :: ar < ;:’ ﬁe()g alf_n ¢ hl; ! 33:1:1
. S . A mixture o rogeomorphic type
Circular 39 classes Nationwide No Class Popular recognition distinguish classes Yerog phic op
habitat type
Not mapped
System . - . .
. . Inconsistencies in mapping water Strata below geographic
Subsystem Digital maps available ity modifier:
. . uality modifiers
National Wetland Lo Class for much of Nation quaticy .
Nationwide Yes Hydrogeomorphic class could be
Inventory Subclass (but smallest wetlands . . . . . .
. . . Limited consideration of improved by link with HGM system
Hydrologic modifier omitted) hydrogeomorphic the
Other modifiers g phic oyp:
System
Formation class
. Formation subclass Consistency across Not functionally based Could be used as lowest level within
Vegetation . . . . L
. International Yes Formation group terrestrial and aquatic No digital maps other schemes
ssociations . .
associations Formation subgroup systems Taxa specific
Formation alliance
Association

preferably with areasattached. A GlSalowsone
to automatically produce a list of al wetland
polygonsor al wetland polygonsby typewithina
specified region. Sourcesof digita information for
mapping and/or classifyingwetlandsinaGlSare
presentedin Appendix B. Inareasfor which digital
NWI mapsdo not yet exist, potentia wetland areas
can be mapped using Gl Stoolsto predict relative
wetness (e.g., Phillips 1990). It should be noted
that where hydrology hasbeen sgnificantly altered,
e.g., through ditching, tiling, or congtruction of urban
gormwater systems, areasof potentid wetlandswill
have been removed already. Similarly, athough
there are no current maps of wetlands by

hydrogeomorphic class, these could be derived
through GI S techniques using a combination of
wetland coverages, hydrography (adjacency tolarge
lakesand rivers), and digital elevation modelsto
derivelandforms(minera and organic soil flats) and/
or landscape position (slope and depressional
wetlands; see http://www.geog.le.ac.uk/jwo/
research/LandSerf/index.html for free terrain
andydssoftware, and examplegpplicationsof terrain
analysis for identifying landforms at: http://
www.undersys.com/caseGW.html , http://
www.ncgia.ucsh.edu/conf/SANTA_FE_CD-
ROM/s_paperdfels john/fels and_matson.html).
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EMPIRICAL
CLASSIFICATION
METHODS

lassification should be viewed as an

iterative approach, involving theinitia choice
of aframework as a hypothesis, validation with
univariateand multivariate Satisticd techniques, and
subsequent modification to create new classesor
combineexisting classes. Best professional judg-
ment can be used to generate ahypothetical set of
classes, using techniques such as the Delphi ap-
proach to gain consensus (Linstone and Turoff
1975). The Delphi approach is a process to ex-
tract the collectiveintelligence of agroup of experts
who may have awide range of backgrounds, ex-
pertise, and opinions. Responsesto the Delphi pro-
cess, ether viainterviews or questionnaires, are
anonymous, and must be summarized by athird
party and redistributed back to the group of ex-
pertsfor reconsderation until aconsensusisreached.
The process can betime-intensive, requiring up to
four roundsof questioning to achieve consensus(or
the closest gpproximation possible). The processis
appropriate when input is needed from arange of
experts, frequent group meetingsare not feasible
because of time or cost, or face-to-face communi-
cationsmay be hindered by the strength of disagree-
mentsand/or by the personditiesof participants.

To produce a more objective framework, it is
possible to sample a suite of reference wetlands
randomly, and then classify Stesbased onphysicd,
chemicd, and/or biologica characterigticsafter the
fact through parametric techniques such ascluster
analysis, discriminant function analys's, detrended
canonicd corrdationandyss(DCCA), and/or non-
parametric techniques such as nonmetric dimen-
siond scaing (NMDYS). Cluster anaysisisan ex-
ploratory techniquethat groupssimilar entities, e.g.,
by community composition, inahierarchica struc-
ture. Discriminant function analysscan beusedto

objectively definethose attributes of groupsrespon-
sible for intergroup differences. Detrended ca
nonical correlation analysisisaparametric multi-
variatetechniquefor relating multiple explanatory
variablessuch assite characteristicsto multiplere-
sponse variables such as species abundances, or
metricswithin anindex of biological integrity. It
correctsfor the“arch” effect of regular canonical
correlation analysis (CCA) that results from the
unimodad digtribution of gpeciesaong environmen-
tal gradients. NMDSisanonparametric technique
(i.e., doesnot rely onthenormal distribution of un-
derlying data) that can be used to order Sitesalong
gradients based on species composition differences,
then independently determinewhich environmenta
variablessgnificantly covary with community gra-
dients. Although thesetechniquescanbeusedin
an exploratory fashion, they can also be applied
with asecond set of datato confirmaninitial class-
fication scheme:

Option 1:

CHOOSE CLASSES=> RANDOMLY
SAMPLE =>TEST DATA TO CONFIRM
GROUPINGS

Option 2

RANDOMLY SAMPLE FULL POPULATION
=>DERIVECLASSESEMPIRICALLY
FROM SUBSET 1=>TEST VALIDITY OF
CLASSESWITH SUBSET 2.

Numerous examples of the application of em-
pirical classfication schemesfor other aguatic eco-
system types can befound in the September 2000
issue of the Journal of the North American
Benthological Society (vol. 19, issue 3). Multi-
vaiaeandydgstechniquesareavailablein common
statistical packages such as SAS (SAS Institute
1979), SPSS(Nieet d. 1975), and BMDP (Dixon
1981). Inaddition, more specialized software ex-
iststhat isspecificaly geared towardstheanalysis
of biologica community data, including CANOCO
(ter Braak and Smilauer 1998), PC-ORD (MJM
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Software Design 2000), TWIN-SPAN (Mohler
1991), and others (see http://www.okstate.edu/
artsci/botany/ordinate/software.htm for partial

lising).

STATE OF THE
SCIENCES

ery few definitive tests of classification

systemsfor wetlands monitoring have been
completed, although anumber of monitoring strat-
egieshave beenimplemented based on preselected
drata. Monitoring effortsto devel op or assesshio-
logical criteriahave generally used acombination
of geographic region and hydrogeomorphic class
or subclass(Appendix C). Theahility of geographic
or hydrogeomorphic classesto discriminateamong
biological community types can betested apriori
through multivariateandyss. Coleand colleagues
(1997) have measured sgnificant differencesin hy-
drologic attributes among riparian wetlands of dif-
ferent HGM subclassesin Pennsylvania, which are
expected to control vegetation type. Subsequent
waork on macroinvertebrate communitiesfound Smi-
larity among siteswithin the sasme HGM subclass.
However, there were important microhabitat dif-
ferenceswithin HGM subclasses, e.g., between soil
and stream habitatsin heedwater floodplains, Habi-
tatsin different HGM subclasses but with similar
hydroperiods (ephemera poolsin riparian depres-
sions and saturated soilsin slope wetlands) were
nearly 50% similar in community composition.
Overdl, soil organic matter and Stewetnessshowed
strong rel ationshipswith invertebrate community
compositionand could probably be used asindices
of amilarity acrossstes(Bennett 1999). Research-
erswith the Michigan Natural Features|nventory
haveexamined vegetation associaionsamong HGM
subclassesof coastd wetlandswithin different Great
Lakesusng TWINSPAN, acluster anaysispack-
age (Michigan Natura Featuresinventory 1997).
Associations were found to differ by climate re-
gime (N vs. S roughly at the provincelevel), soil
pH (related to bedrock type), connectivity to the

lake, and degree of human disturbance. Apfelbeck
(1999) classified Montana wetlands by
hydrogeomorphic subclass within ecoregion for
development of IBIs based on diatoms and
meacroinvertebrate communities. Multivariateandy-
sisof these communities showed good agreement
overall with preselected classes, although some
classeswereindistinguishablefor diatoms (ripar-
ian, open lakes, closed basins), whereas othershad
to befurther subdivided based on extremes of wa-
ter chemistry/source water type (saline, closed ba-
sin-akaline, closed basin-rechargevs. closed ba-
sin-surface water) or water permanence (ephem-
ed).

Analysisof vegetative associ ations has been used
to deriveempirica classificationsbased on factors
such aslandscape position, water source, climate,
bedrock, and sediment hydraulic conductivity
(Weskley and Schafae 1991, Nicholson 1995,
Halsey et d. 1997, Michigan Natural Featuresin-
ventory 1997). Only one case of classification
based on wetland macroinvertebrate composition
wasfound. For Augtrdian wetlands, wetland classes
grouped by macroinvertebrate communitieswere
digtinguished by water chemistry extremes (low pH,
high salinity), degree of nutrient enrichment, and
wetland color (Grownset a. 1992).

In some cases, e.g., northern peatlands, the clas-
gification criteriathat are derived on the basis of
vegetation associationsareless powerful indiscrimi-
nating among nutrient regimes (e.g., Nicholson
1995); thismay be particularly truewherevariaion
invegetation typeisreated to differencesin magor
ion chemistry and pH. However, controlsmay dif-
fer regiondly. For southern pocosins, short and tall
pocosinsdiffer in seasona hydrology but not soil
chemigtry, whereas pocosinsand swamp forest dif-
fer strongly in soil nutrients (Bridgham and
Richardson 1993). For some potential indicators
of nutrient status such asvegetation N:Pratios, in-
dicator thresholdswill be cond stent across species
(Koersaelman and M euleman 1996), whereas oth-
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ers(tissuenutrient concentrations) vary acrossfunc-
tiond plant groupingswith different lifehistory srat-
egies, indicating potentia differencesin sengtivity
to eutrophication (McJannet et al. 1995).

Sengitivity to nutrient loading (as evidenced by
differencesin nutrient removd efficiency) may dso
be related to differences in hydroperiod among
wetlands. Wetland mesocosms exposed to pulse
discharges had higher nutrient removal ratesthan
those exposed to continuous flow regimes
(Busnardoetd. 1992). Minerdization ratesof car-
bon, nitrogen, and phosphorus differ significantly
among soilsfrom northern Minnesotawetlands, re-
lated to an ombrotrophic to minerotrophic gradient
(i.e., degree of groundwater influence) and aera-
tion status. Thephysica degree of decomposition
of organic matter servesasan integrating variable
that can be used to predict carbon, nitrogen, and
phosphorus mineralization rates (Bridghamet al.
1998).

Ingenerd, very few definitivetests of aternative
classfication schemesfor wetlandsareavailablewith
respect to describing reference condition for either
nutrient criteriaor biocriteria. Therearenoknown
studieswherereference conditionsfor both nutri-
ent criteriaand biocriteria have been assessed si-
multaneoudly. However, evidencefromthelitera-
ture suggeststhat in many cases, both geographic
factors(e.g., climate, geologic setting) and land-
scape stting (hydrogeomorphic type) are expected
to affect both water quality and biotic communities.
A hypothetica example of how geographicfactors,
landscape setting, and habitat type could betaken
into account in establishing asampling designispre-
sented bel ow for the Prairie Pothole Region.

HYPOTHETICAL CASE STUDY:
PRAIRIE POTHOLE REGION

Thefollowing exampleillusratessome of the con-
Sderations necessary in designing aclassification
drategy for agivenregion. Theresulting classfica-

tion could be used for avariety of purposes, e.g.,
dratification of populationsfor describing ecologi-
cal condition, choice of reference wetlands against
which to compareimpacted or restored sitesin lo-
cal assessments, or derivation of nutrient or bio-
logical criteriaby wetland class. Asthisexample
illugtrates, the Strategy employed for agivenregion
could easily incorporate el ementsof severd differ-
ent classification schemes. For example, acombi-
nation of ecoregions, hydrogeomorphic wetland
classes, Rosgen channd typesor water permanence
(NWI hydrology modifier), and NWI cover sys-
tem/classisrecommended. Inthiscase, adifferent
set of strata is recommended for different
hydrogeomorphic types. Finaly, behavior of dif-
ferent wetland classes can vary depending on the
period of thewet-dry cycle, so that differencesin
reference condition should be described over time.

In the Prairie Pothole Region, the main
hydrogeomorphic wetland typesvary by ecoregion
because of theinfluence of glacia history onthe
distribution of landforms. For example, the Glaci-
ated Plains ecoregions contain predominantly de-
pressiond wetlandsthat aredifferentiated from one
another by hydroperiod related to positionin the
landscape and inthe groundwater flow path. Wet-
landshighinthelandscapetypicaly arefed by snow-
melt or direct precipitation, are groundwater re-
charge sites, and have hydrology that istemporary
or seasond innature. Temporary wetlandswill typi-
caly have awet meadow and emergent vegetation
zone, whereas seasona wetlands may have some
shdlow standing water aswel | asemergent vegeta
tion and wet meadow zones. Wetlandsfurther down
the landscape gradient will have a longer
hydroperiod and receive more groundwater dis-
charge. Semipermanent wetlandswill havethethree
habitat zones described above, while permanent
wetlandswill be saline dueto groundwater inputs
and high evapotrangpirationratesand havevery little
or no emergent vegetation dong the shore (with very
low diversity).
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Macroinvertebrate community structurewill be
influenced by both hydroperiod and vegetative struc-
ture. Predator taxa(both large-bodied invertebrates
andtiger sdlamander larvae) will bemore dominant
insystemswith longer hydroperiods(e.g., semiper-
manent or permanent wetlands) and should have
aninfluenceonlower trophiclevd structureaswell.
Waterfowl use also differsamong wetland basins
with different hydroperiods, athough many water-
fowl will use avariety of wetland types over the
course of the season.

Nutrientsinthewater column, particularly phos-
phorus, will differ between wet and dry yearsand
between vegetative zones. During thewet cycle
anoxia may develop, but open-water zones will
experience somediurna fluctuationsin dissolved
oxygen, with the net result that phosphorusrel eased
to thewater column istied up withiron that oxi-
dizesasit diffusesfromthesediments. Heavily veg-
etated zonestend to become anoxic throughout the
water column and remain stagnant throughout the
diurnd cycle. Phosphoruscould dso bemoreavail-
ablein shdlower systemswith abundant vegetation
because dissolved organic carbon ishigher and may
serveto keep phosphate-iron-humic complexesin
solution. Thus, wetlandsmay switch from nitrogen
limitation during low to averagerainfall yearsto
phosphoruslimitation during wet years. Thus, ref-
erencetrophic statuswill beacombined function of
water permanence and vegetative cover, both of
whichinfluenceredox conditionsand nutrient cy-

ding.

A reasonable sampling design for wetlandsin the
Prairie Pothole Region for both water quality and
biological communitieswould betofirst sratify by
ecoregion into Northwestern Glaciated Plains,
Northern Glaciated Plains, and Red River Vdley to
takeinto account differencesin landform (and thus
wetland density) and the east-to-west gradient in
precipitation:evapotranspirationratio. Itispossble
that reference conditionwould besmilar acrossthe

two glaciated plains ecoregions and that the great-
est amount of variation would beexplained by dif-
ferencesin hydroperiod among wetlands; thiscould
be assessed after sampling was complete. Within
the Prairie Pothole Region, there are two predomi-
nant hydrogeomorphic wetland classes, depres-
sond wetlandsand riverinewetlands. Withinthe
HGM classof depressional wetlands, wetland ba
sinscould be stratified according to hydroperiod
(based on NWI hydrologic modifier), eg., tempo-
rary vs. seasond vs. semipermanent vs. permanent.
Thiscould be donein an automated fashion using
NWI maps by selecting basinsbased on the poly-
gon within the basin, with ahydrologic modifier
denoting thelongest hydroperiod. Itispossiblethat
reference condition might be smilar enough between
temporary and seasonal wetlands, or between sea-
sonal and semipermanent wetlands, so that these
hydrologic types could be combined, but itisalso
likely that the degree of difference would depend
on the status of the wet-dry cycle, so thesediffer-
ences should be examined empiricaly over awet-
dry cyclebefore combining types. For depressiond
basins, itislikely that variancein reference condi-
tion would be minimized if sampling werefurther
stratified (or restricted) by cover system/class
(pdudtrine open water vs. pdustrineemergent), and
within the palustrine emergent class by the pres-
enceor absence of standing water (shallow emer-
gent vegetation zonevs. wet meadow zone). The
|atter strategy would alow potentialy useful com-
parisonsto be made across hydrol ogic typeswithin
vegetative class/zone.

Withinriverinesystemsof the Prairie Pothole Re-
gion, wetlands can bedivided into three NWI sub-
systems: Lower Perennia (with aguatic bed, emer-
gent vegetation, and unconsolidated shore sub-
classes), Upper Perennid (aguatic bed and uncon-
solidated shore), and I ntermittent (streambed only).
Reference condition and responses of vegetationin
Lower and Upper Perennial subclassesto hydro-
logicimpacts such asdamsand withdrawasfor ir-
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rigation can be expected to differ among channel
types. For example, braided and meandering sys-
temsrespond differently to climate change and hy-
drologic disturbance (Johnson 1998); thus main
Rosgen channd type could be used asan interme-
diate strata between NWI system and NWI sub-
class.

SUGGESTED
READINGS

Brinson MM. 1993. A Hydrogeomorphic Classification
for Wetlands. U.S. Army Corpsof Engineers, Wash-
ington, D.C. Wetlands Research Program Technical
Report WRP-DE-4.

CowardinLM, Carter V, Golet FC, LaRoeET. 1979.
Classification of wetlands and deepwater habitats of
the United States. U.S. Fish & Wildlife Service Pub.
FWSOBS-79/31, Washington, DC.

Maxwell JR, Edwards CJ, Jensen ME, Paustian SJ, Parott
H, Hill DM. 1995. A hierarchical framework of aquatic
ecological unitsin North America(Nearctic Zone).
USDA, Forest Service, Technical Report NC-176.

Mitsch WJ, Gosselink JG 1993. Wetlands, Second
Edition. Van Nostrand Reinhold Co., New York.

Omernik M, Shirazi MA, HughesRM. 1982. A synoptic
approach for regionalizing aquatic ecosystems. In: In-
place resource inventories. principlesand practices,
proceedings of anational workshop. August 9-14,
1981. Univ. of Maine, Orono, ME. Society of American
Foresters. pp. 199-218.

23



REFERENCES

Anderson JR, Hardy EE, Roach JT, Witman RE. 1976. A
land use and land cover classification scheme for use
with remote sensor data. U.S. Geological Survey
Professional Paper 964.

Apfelbeck RS. 1999. Development of biocriteriafor
wetlandsin Montana. Montana Dept. of Environmen-
tal Quality, Helena, MT.

Bailey RG. 1976. Ecoregions of the United States (map).
Ogden, UT: U.S. Department of Agriculture, Forest
Service. Intermountain Region. Scale 1:7,500,000.

Bennett RJ. 1999. Examination of macroinvertebrate
communities and development of aninvertebrate
community index (ICl) for central Pennsylvania
wetlands. (M.S. thesis, Pennsylvania State Univer-

sity).

Bridgham SD, Richardson CJ. 1993. Hydrology and
nutrient gradientsin North Carolina peatlands.
Wetlands 13:207-218.

Bridgham SD, Updegraff K, Pastor J. 1998. Carbon,
nitrogen, and phosphorus mineralization in northern
wetlands. Ecology 79:1545-1561.

Brinson MM. 1993. A Hydrogeomorphic classification
for wetlands. U.S. Army Corps of Engineers, Washing-
ton, DC. Wetlands Research Program Technical Report
WRP-DE-4.

Brinson MM, Rheinhardt RD, Hauer FR, Lee LC, Nutter
WL, Smith RD, Whigham D. 1995. A guidebook for
application of hydrogeomorphic assessments to
riverinewetlands. U.S. Army Corps of Engineers,
Washington, DC. Wetlands Research Program
Technica Report WRP-DE-11.

Brown M. University of Florida, Center for Wetlands,
personal communication.

Busnardo MJ, Gersherg RM, LangisR, Sinicrope TL,
Zedler JB. 1992. Nitrogen and phosphorus removal by
wetland mesocosms subjected to different
hydroperiods. Ecological Engineering 1:287-307.

Cole AC, Brooks RP, Wardrop DH. 1997. Wetland
hydrology as afunction of hydrogeomorphic (HGM)
subclass. Wetlands 17:456-467.

CowardinLM, Carter V, Golet FC, LaRoeET. 1979.
Classification of wetlands and deepwater habitats of
the United States. U.S. Fish & Wildlife Service Pub.
FWSOBS-79/31, Washington, DC.

Detenbeck. 1994. Effects of physical disturbance on
water quality status and water quality improvement
function of urban wetlands. Section 4. In: areview of
ecological risk assessment case studiesfrom arisk
assessment perspective. Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC,
USA. EPA/630/R-94/003.

Detenbeck NE, Batterman SL, Brady V J, Brazner JC,
Snarski VM, Taylor DL, Thompson JA, Arthur JW.
2000. A test of watershed classification systems for
ecological risk assessment. Environ Toxicol Chem
19(4):1174-81.

Dixon, W J(ed). 1981. BMDP Statistical Software 1981
Manual. Berkeley, CA: University of CaliforniaPress.

Dobson JE, Bright EA, Ferguson RL, Field DW, Wood
LL, Haddad KD, IredaleH 111, Jensen JR, Klemas V'V,
Orth RJ, Thomas JP. 1995. NOAA Coastal Change
Analysis Program (C-cap): guidance for regional
implementation. NOAA Technical Report NMFS 123,
Department of Commerce, Washington, DC.

EilersIM, Glass GE, Webster KE, RogallaJA. 1983.
Hydrologic control of lake susceptibility to acidifica
tion. Can JFisheries Aquat Sci 40:1896-1904.

Ernst TL, Leibowitz NC, Roose D, Stehman S, Urquhart
NS. 1995. Evaluation of U.S. EPA Environmental
Monitoring and Assessment Program=s (EMAP)-
Wetlands sampling design and classification. Environ
Manage19:99-113.

FerrenWR, Jr., Fiedler PL, Leidy RA, Lafferty KD,
MertesLAK. 1996. Wetlands of California, Part 2:
Classification and description of wetlands of the
central and southern California coast and coastal
watersheds. Madrono 43 (1, suppl):125-182.

Galatowitsch S, Tester J, Whited D, Moe S. 2000.
Assessing wetland integrity with ecological indica-
tors: areport on the development of indices of biotic
integrity for Minnesota wetlands. http://
www.hort.agri.umn.edw/mnwet/

24



Gephardt K, Leonard S, Staidl G, Prichard D. 1990.
Riparian land management: riparian and wetland
classification review. Bureau of Land Management,
Lakewood, CO. Tech. Paper TR-1737-5.

GernesM. 1999. Establish reference condition for
riparian wetland protection in Minnesota. Minnesota
Pollution Control Agency, St. Paul, MN. Final report to
U.S. EPA Mid-Continent Ecology Division, Duluth,
MN.

Golet FC, Larson JS. 1974. Classification of freshwater
wetlandsin the glaciated Northeast. U.S. Fish and
Wildlife Service Resources Publ. 116, Washington, DC.

Gorham E, Dean WE, Sager JE. 1983. Thechemica
composition of lakesin the north-central United
States. Limnology and Oceanography 28:287-301.

Grossman DH, Faber-Langendoen D, Weakley AS,
Anderson M, Bourgeron P, Crawford R, Goodin K,
Landaal S, Metzler K, Patterson K, PyneM, Reid M,
Sneddon L. 1998. International Classification of
Ecological Communities: terrestrial vegetation of the
United States. Volumel. TheNational Vegetation
Classification System: Devel opment, Status, and
Applications. The Nature Conservancy, Arlington,
VA.

Growns JE, DavisJA, Chea F, Schmidt LG RosichRS.
1992. Multivariate pattern analysis of wetland inverte-
brate communitiesand environmental variablesin
western Australia. Australian JEcol 17:275-288.

Hasey L, Vitt D, Zoltai S. 1997. Climatic and physi-
ographic controls on wetland type and distribution in
Manitoba, Canada. Wetlands17:243-262.

Herdendorf CE, Hartley SM, BarnesMD. 1981. Fish and
wildliferesources of the Great L akes coastal wetlands.
Vol 1. Overview. U.S. Fishand Wildlife Service FWS
0OBS-81/02-V 1. 469 pp.

HughesRM, Omernik JM. 1981. A proposed approach
to determine regional patternsin aquatic ecosystems.
In: Acquisition and utilization of aquatic habitat
inventory information. Proceedings of asymposium.
October 28-30, 1981. pp. 92-102. Portland, OR:
Western Division, American Fisheries Society.

Jaworski E, Raphael CN. 1979. Impact of Great Lakes
water level changes on coastal wetlands. Institute of
Water Research, Michigan State University, East
Lansing, MI.

Johnson WC. 1998. Adjustment of riparian vegetation to
river regulation in the Great Plains, USA. Wetlands
18:608-18.

Keough, JR, Thompson TA, Guntenspergen GR, Wilcox
DA. 1999. Hydrogeomorphic factors and ecosystem
responses in coastal wetlands of the Great L akes.
Wetlands 19:821-834.

KeysJE, Jr., Carpenter CA, Hooks SL, Koenig F, McNab
WH, Russell WE, Smith ML. 1995. Ecological unitsof
the eastern United States: first approximation. U.S.
Department of Agriculture, Forest Service.

Koerselman W, Meuleman AFM. 1996. The vegetation
N:Pratio: anew tool to detect the nature of nutrient
limitation. JAppl Ecol 33:1441-1450.

LinstoneHA, Turoff M, eds. 1975. The Del phi method.
Addison-Wesley, Reading, M S. 620 pp.

Maxwell JR, Edwards CJ, Jensen ME, Paustian SJ, Parott
H, Hill DM. 1995. A hierarchical framework of aquatic
ecological unitsin North America(Nearctic Zone).
USDA, Forest Service, Technical Report NC-176.

McKeePM, Batterson TR, Dahl TE, Glooschenko V,
Jaworski E, Pearce JB, Raphael CN, WhillansTH,
LaRoeET. 1992. Great L akes agquatic habitat classfica
tion based on wetland classification systems. Ch. 4. In:
Dieter W, Busch N, Sly PG (eds.) The Development of
an Aquatic Habitat Classification System for Lakes.
CRC Press, Ann Arbor, MI.

McJannet CL, Keddy PA, Pick FR. 1995. Nitrogen and
phosphorus tissue concentrations in 41 wetland
plants: a comparison across habitats and functional
groups. Funct Ecol 9:231-238.

Michigan Natural Features Inventory. 1997. Great L akes
coastal wetlands: an overview of controlling abiotic
factors, regional distribution, and species composi-
tion. Michigan Natural Features Inventory, Lansing,
MI. (U.S.EPA Grant GL9 95810-02).

MJM Software Design. 2000. PC-ORD for Windows 95,
98,00 and NT Version4. Multivariate Analysis of
Ecological Data. MJIM Software Design, Gleneden
Beach, OR.

Mohler CL. 1991. Cornell Ecology SeriesPrograms. MS-
DOSMicrocomputer Package. Avail. from Microcom-
puter Power, Ithaca, NY.

295



Nicholson BJ. 1995. Thewetlands of Elk Island National
Park: vegetation classification, water chemistry, and
hydrotopographic relationships. Wetlands 15: 119-133.

NieNH, Hull CH, Jenkins JG, Steinbrenner K, Bent DH.
1975. SPSS: Statistical Packagefor the Social Sci-
ences. 2nd edition. New York: McGraw-Hill.

Omernik JM. 1987. Ecoregions of the conterminous
United States. Ann Assoc Am Geogr 77:118-125.

Omernik M, Gallant AL . 1988. Ecoregionsof the upper
Midwest states. U.S. Environmental Protection
Agency. Environmental Research Laboratory,
Corvdllis, OR. EPA/600/3-88/037.

Omernik M, Shirazi MA, HughesRM. 1982. A synoptic
approach for regionalizing aquatic ecosystems. In: In-
place resource inventories. principlesand practices,
proceedings of anational workshop. August 9-14,
1981. Univ. of Maine, Orono, ME. Society of American
Foresters. pp. 199-218.

PhillipsJD. 1990. Saturation-based model of relative
wetnessfor wetland identification. Water Res Bull
26.333-342.

Rosgen DL. 1996. Applied river morphology. Wildland
Hydrology, Pargosa Springs, CO.

SASIndtitute, Inc. 1979. SAS User’ sGuide, 1979 Edition.
Raleigh, NC: SASIngtitute.

Shaw SP, Fredine CG 1956. Wetlands of the United
States. U.S. Fish and Wildlife Service, Circ. 39.

SmithRD, Ammann A, Bartoldus C, Brinson MM. 1995,
An approach for assessing wetland functions using
hydrogeomorphic classification, reference wetlands,
and functional indices. U.S. Army Corpsof Engineers,
Waterways Experiment Station. Wetlands Research
Program Technica Report WRP-DE-9.

Stewart RE, Kantrud HA. 1971. Classification of natural
pondsand lakesintheglaciated prairieregion. U.S.
Fish and Wildlife Service Research Pub. 92.

ter Braak CJF, Smilauer, P 1998. CANOCO Reference
Manual and User’s Guide to Canoco for Windows.
Softwarefor Canonical Community Ordination
(version 4). Centrefor Biometry, Wageningen
(Wageningen, Netherlands) and Microcomputer Power
(Ithaca, NYY), 352 pp.

U.S. ACE. 1987. Corpsof Engineerswetlands delineation
manual. Waterways Experiment Station, U.S. Army
Corpsof Engineers. Wetlands Research Program
Technical Report Y-87-1.

USDA SCS. 1981. Land resource regionsand major land
resource areas of the United States. Agricultural
Handbook 296. U.S. Government Printing Office.
Washington, D.C. Map (scale 1:7,500,000) 156 pp.

U.S. EPA. 1990a. Nationa guidance: water quality
standardsfor wetlands. Appendix B to Chapter 2 -
Genera Program Guidance of the Water Quality
Standards Handbook, December 1983. U.S. Environ-
mental Protection Agency, Office of Water Regula-
tions and Standards, Office of Wetlands Protection,
Washington, DC.

U.S. EPA. 1990b. Biological criteria: national program
guidancefor surfacewaters. EPA-440/5-90-004. U.S.
Environmental Protection Agency, Washington, DC.

U.S. EPA. 1993. Regional environmental monitoring and
assessment program. EPA/625/R-93/012. September
1993. U.S. Environmental Protection Agency, Office of
Research and Devel opment, Washington, DC.

U.S.EPA. 1996. Biologicdl criteria: technica guidance
for streamsand small rivers, revised edition. U.S.
Environmental Protection Agency, Washington, D.C.
EPA/822/B-96/001.

U.S. EPA. 1998a. National strategy for the devel opment
of regional nutrient criteria. U.S. Environmental
Protection Agency, Office of Water, Washington, DC.
EPA 822-R-93-002.

U.S. EPA. 1998b. Clean Water Action Plan: restoring and
protecting America swaters. U.S. Environmental
Protection Agency, Washington, DC. EPA-840-R-98-
00L.

Wesakley AS, Schafale MP. 1991. Classification of
pocosins of the Carolina coastal plain. Wetlands
11:355-375.

Wharton CH, KitchensWM, Pendleton EC, Sipe TW.
1982. The ecology of bottomland hardwood swamps
of the Southeast: acommunity profile. U.S. Fish and
Wildlife Service, Biologica ServicesProgram, Wash-
ington, DC. FWS/OBS-81/37.

206



Wilcox DA, Meeker JE, Hudson PL, Armitage BJ, Black
MG, Uzarski DG. 2000. A test of the applicability of
Index of Biotic Integrity metricsto wetlands. Final
report to U.S. EPA, Mid-Continent Ecology Division,
Duluth, MN.

Winter TC. 1977. Classification of the hydrogeol ogic
settings of lakesin the north-central United States.
Water Res13:753-767.

Winter TC. 1992. A physiographic and climatic frame-

27

work for hydrologic studies of wetlands. In: Roberts
RD, Bothwell ML, eds. Aquatic ecosystemsin semi-
arid regions: implicationsfor resource management.
NHRI Symp. Ser. 7. Saskatoon, Canada: Environment
Canada: 127-148.



APPENDIX A-1. CROSS'WALK BETWEEN ANDERSON AND COWARDIN
CLASSIFICATION SCHEMES PER ROBERT BROOKS (PENNSYLVANIA STATE
UNIVERSITY). CODING CONSISTENT WITH ANDERSON ET AL. 1976, AND
COWARDIN ET AL. 1979.

TYPE ANDERSON COWARDIN
ET AL. 1976 | ET AL. 1979
2. Aquatic Cover
1. Palustrine 61x P
1. Open water (< 8ha) POW
2. Aquatic bed 613 PAB
3. Emergent 616 PEM
4. Scrub/Shrub 617 PSS
1. Mainly Evergreen 6182 PFO2,3,4,7
2. Mainly Deciduous 6181 PFO1,6
3. Mixed - PFO#/#
5. Forested 618 PFO
1. Mainly Evergreen 6182 PFO2,3,4,7
2. Mainly Deciduous 6181 PFO1,6
3. Mixed - PFO#/#
2. Lacustrine (> 8ha) 6xx L
1. Open water LOW
1. Limnetic 62x L1
1. Aquatic bed 623 L1AB
2. Unconsol=d bottom 622 L1UB
2. Littoral 63x 12
1. Aquatic bed 633 L2AB
2. Emergent 636 L2EM
3. Unconsolidated bottom/shore 632/635 L2UB/US
3. Riverine* 65x, 66x, 67x R
1. Open water 650/660 ROW
2. Aquatic bed 6x3 RxAB
3. Emergent 6x6 RxEM
4. Unconsolidated bottom 6x2 RxUB/US

* Riverine includes all headwater streams and mainstem rivers, with an associated narrow band of wetland.

4. Estuarine 68x, 69x E
1. Open water 68x, 69x EOW
1. Subtidal 68x El
2. Intertidal 69x E2
2. Aquatic bed 683, 691 ExAB
3. Emergent 696 ExEM
4. Scrub/shrub 697 ExSS
5. Unconsolidated bottom 682, 695 ExUB/US
5. Marine 70x M
1. Open water MOW
1. Subtidal M1
2. Intertidal M2
2. Aquatic bed MxAB
3. Rocky shore M2RS
4. Unconsolidated bottom/shore MxUB/US
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COWARDIN ET AL. 1979

APPENDIX A-2: CROSS-WALK BETWEEN CIRCULAR 39 WETLAND TYPES (SHAW
AND FREDINE 1959) AND COWARDIN CLASSIFICATION SYSTEM, ADAPTED FROM

CIRCULAR 39

COWARDIN CLASSIFICATION SYSTEM

WETLAND CLASS CLASSES WATER REGIMES VATER
CHEMISTRY
Type I-Seasonally flooded basins = Emergent Wetland Temporarily Flooded Fresh
or flats Forested Wetland Intermittently Flooded Mixosaline
Type 2-Inland fresh meadows  Emergent Wedland Saurated Fresh
ype ~-1nlan resh meadows mergent etland aturate Mixosa_line
Type 3-Inland shallow fresh Semipermanently Flooded Fresh
marshes Emergent Wedand Seasonally Flooded Mixosaline
Type 4-Inland deep fresh Emergent Wetland Permal?ently Flooded Fresh
i Intermittently Exposed T
marshes Aquatic Bed . Mixosaline
Semipermanently Flooded
Type 5 - Inland open fresh Aquatic Bed Permanently Flooded Fresh
water Unconsolidated Bottom Intermittently exposed Mixosaline
All Nontidal Regimes except
Type 6 - Shrub swamps Scrub-shrub Wetdand Permanently Flooded Fresh
Type 7- Wooded swamps Forested Wetland All Nontidal Regimes excepe Fresh

Type 8 - Bogs

Type 9 - Inland saline flats

Type 10 - Inland saline marshes

Type 11 - Inland open saline

water

Type 12 - Coastal shallow fresh

marshes

Type 13 - Coastal deep fresh

marshes

Type 14 -Coastal open fresh

water

Type 15 - Coastal salt flats

Type 16 - Coastal salt meadows

Type 17 - Irregularly flooded
salt marshes

Type 18 - Regularly flooded salt
marshes

Type 19 - Sounds and bays

Type 20 - Mangrove swamps

Scrub-shrub
WetlandForested
WetlandMoss-lichen
Wetland

Unconsolidated Shore

Emergent Wetland

Unconsolidated Bottom

Emergent Wetland

Emergent Wetland

Aquatic Bed
Unconsolidated Bottom

Unconsolidated Shore

Emergent Wetland

Emergent Wetland

Emergent Wetland

Unconsolidated
BottomAquatic
BedUnconsolidated Shore

Scrub-shrub
WetlandForested Wetland

Permanently Flooded

Saturated

Seasonally flooded
Temporarily flooded
Intermittently Flooded

Semipermanently Flooded

Seasonally Flooded

Permanently Flooded
Intermittently Exposed

Regularly Flooded
Irregularly Flooded
Semipermanently Flooded - tidal

Regularly Flooded
Semipermanently Flooded - tidal

Subtidal
Permanently flooded tidal

Regularly Flooded
Irregularly Flooded

Irregularly Flooded

Irregularly Flooded

Regularly Flooded

Subtidal
Irregularly Exposed
Regularly Flooded
Irregularly Flooded

Irregularly Exposed
Regularly Flooded
Irregularly Flooded
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Fresh (acid only)

Eusaline
Hypersaline

Eusaline

Eusaline

Mixosaline
Fresh

Mixosaline
Fresh

Mixosaline
Fresh

Hyperhaline
Euhaline

Euhaline
Mixohaline

Euhaline
Mixohaline

Euhaline
Mixohaline

Euhaline
Mixohaline

Hyperhaline
Euhaline
MixohalineFresh



APPENDIX B. SOURCES OF GIS COVERAG

ES AND IMAGERY FOR MAPPING

AND CLASSIFYING WETLANDS

CATEGORY SOURCE

WEB SITE

WETLAND AND HYDROGRAPHY COVERAGES

Cowardin et al. (1979)

o National Wetland Inventory
classification

hetp:/'www.nwi.fws.gov/

Wisconsin Wetland Inventory

hetp://www.dnr.state.wi.us/org/at/et/geo/guide_2e
/app_g/custodia/wwi_1.htm

Minnesota modified NWI

(contains Circ. 39 classes)

hetp://lucy.lmic.state.mn.us/metadata/nwi.html

Ohio Wetland Inventory

http://www.dnr.state.oh.us/odnr/relm/resanalysis/
owidoc.html

S. California Coastal Wetlands

hetp://ceres.ca.gov/wetlands/geo_info/so_cal.html
Ferren et al., 1996

Inventory
Great Lakes coastal wetlands Herdendorf et al., 1981 N/A
USGS - National Hydrography heep://nhd.usgs.gov/

Hydrography (1:100,000) Dataset (NHD)

GENERAL LAND-COVER (INCL

UDING WETLANDS)

Aerial photos SCS county offices

USGS digital orthophotoquads
(DOQy)

MultiResolution Landscape
Characterization (MRLC)

Aerial photos

Satellite imagery
GAP habitat cover types
Individual States
USGS

Natural Heritage programs
Unclassified satellite imagery
Geographic regions

EPA (Omernik 1987)

Ecoregions

USES (Keys et al 1995)
USGS HUCs

Ecological Units
Hydrologic Units

Watershed boundaries Individual States/NRCS

HISTORIC OR POTENTIAL W

Soils STATSGO
County soil surveys -
SSURGO
Surficial geology USGSState geological surveys
Climate NOAA

Digital elevation models USGS National Elevation

WWww.terraserver.com

http://edcwww.cr.usgs.gov/programs/lecp/
natllandcover.html

hetp://www.gap.uidaho.edu/gap/
hetp://earthexplorer.usgs.gov

http://water.usgs.gov/GIS/metadata/usgswrd/
ecoregion.html

http://water.usgs.gov/GIS/huc.html

hetp://www.frw.nres.usda.gov/HUC/huc_
download.html

ETLAND COVERAGE
http://water.usgs.gov/lookup/getspatial?muidhttp:/
/water.usgs.gov/lookup/getspatial?ussoils
hetp://www.ftw.nres.usda.gov/ssur_data.heml
hetp://water.usgs.gov/lookup/getspatial?ofr99-77
_geol75m
hetp://water.usgs.gov/lookup/getspatial?climate_

divhetp://www.ocs.orst.edu/prism/prism_new.html

hetp://edents12.cr.usgs.gov/ned

(DEMs) Database (NED)
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APPENDIX C. CASE STUDIES APPLYING WETLAND CLASSIFICATION SCHEMES FOR
INDICATOR DEVELOPMENT OR STATUS ASSESSMENT

STUDY (LOCATION) WETLAND TYPE

CLASSIFICATION
CRITERIA

SUCCESS

Cole et al., 1997 (PA)  Riparian wetlands in PA

HGM subclasses

Sign. differences in hydrological attributes
among subclasses

Gernes, 1999 (MN) Riparian wetlands in St.

HGM subclasses

Not yet validated

Croix R. Basin
Michigan Natural Great Lakes coastal
Features Inventory 1997 wetland
(Great Lakes) criands

Great LakeHGM subclasses

Veg. associations distinguished through
TWINSPAN by climate regime (N v. S), soil
pH, connectivity to lake, and human
disturbance

All wetland types w
standing water in at least
one season

Apfelbeck, 1999 (MT)

Fennessey et al.
(OH)htp://www.epa.go-
v/owow/wetlands/baww-

g/case/oh1.html

Riparian wetlands

Ecoregion
a

Hydrogeomorphic subclass

Ecoregions
Hydrogeomorphic classes
Watersheds

['WINSPAN, DCCA on diatoms and
macroinvertebrates showed good agreement
overall®

No definitive comparisons

Depressional, riparian,

Galatowitsch et al., littoral. and wet
oral, and we

2000 (MN)

meadows
Wilcox et al., 2000 (W1, Great Lakes coastal
MI) wetlands
Detenbeck, 1994 (MN) All wetland types

Ecoregion sections®
Geomorphic classd

Great Lake
Hydrogeomorphic subclass

Hydrogeomorphic subclass

#Headwater wetlands, riparian wetlands, open lake wetlands, closed basin wetlands.

No comparisons made across ecoregions or
classes

No test of alternate classification schemes

Sign. differences in nutrient levels
demonstrated by water depth, closed vs.
open basins, confirmed by change following
disturbance

bDiactom assemblages indistinguishable for riparian, open lakes, and closed basin systems; New classes identified based on water
chemistry and water permanence- ephemeral, saline, closed basin-recharge, closed basin-surface water, closed basin-alkaline.

‘mwcep 1997, Ecological Classification System for Minnesota.

dDefined by combination of landscape position (depression, floodplain, littoral zone, sedge meadows + wet prairies), associated river
size, and associated lake water chemistry (calcareous vs. noncal careous).
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GLOSSARY

Anderson’sclassification system A hierarchi-
cal classification system for land-use/land-cover
derived from remote sensing imagery devel oped by
theU.S. Geologicd Survey (Andersonetd. 1976).

Channel gradient Thedope of themain channel
of astream, typicdly expressedinchangeindeva
tion (feet) per mile.

Channel units “Subdivisionsof astream reach
that represent specific habitat and micro-habitat units
that arequite uniformintheir morphologic and hy-
draulic properties’ (Maxwell et a. 1995)

Classification The processof assigning unitsto
categoriesby smilarity of attributes, generdly with
apurpose of reducing variation within classes.

Clugter analysis Anexploratory multivariate sta
tistical techniquethat groupssimilar entitiesinan
hierarchical structure.

Delphi approach A meansto record best pro-
fessonal judgmentsthrough aconsensus-building
approach.

Depressonal wetland A hydrogeomorphic wet-
land typelocated in topographic depress onswhere
surface water can accumulate.

Detrended canonical correlation analysis A
multivariatetechniquefor relating multipleexplana
tory variablesto multipleresponse variables (e.g.
speci es abundances).

Digital elevation models A grid-based geo-ref-
erenced representation of relative elevation across
alandscapein éectronic form.

Discriminant function analysis A multivariate
statistical techniquethat allows oneto determine
what combination of explanatory variablesbest pre-
dictsthe separation among classes of observations.

Ecological units Mapped units that are delin-
eated based on Smilarity inclimate, landform, geo-

morphology, geology, soils, hydrology, potentia veg-
etation, and water.

Ecoregion A geographic unit derived through
comparison of climate, climax vegetation, land-use,
and soils maps. Severa different classification
schemes have been devel oped, including those by
Omernik 1997 and Bailey 1976.

Emergent vegetation “Erect, rooted herbaceous
angiogpermstha may betemporarily to permanently
flooded at the base but do not tolerate prolonged
inundation of the entire plant; e.g., bulrushes
(Scirpusspp.), sdltmarsh cordgrass’ (Cowardin et
al. 1979).

Environmentally based classification Inthis
chapter, an environmentally based classification
scheme doesnot rely on geographicaly based smi-
larities, but classifiesunitsbased ontheir attributes
(e.g., watershed land-cover classes) independent
of geographic adjacency.

Estuarine System “Deepwater tida habitatsand
adjacent tidd wetlandsthat areusualy semienclosed
by land but have open, partly obstructed, or spo-
radic accessto the open ocean, and inwhich ocean
water isat least occasionaly diluted by freshwater
runoff fromtheland.” (Cowardinetd. 1979) The
Coastal Zone Management Act of 1972 includes
estuarine-type coastal wetlandsinthe Great Lakes
inthisdefinition, but Cowardin’ ssystem of classfi-
cation doesnot.

Euhaline Systemswith salinity of 30.0-40 ppt,
derived primarily from ocean sdts.

Floodplain “Thelowland that bordersastream
or river, usually dry but subject to flooding.”
(NDWP Water Words Dictionary, http://
www.state.nv.us/'cnr/ndwip/dict-1/waterwds.htm)

Fringe wetlands Wetlands that occur along or
near the edge of alarge body of water (oceanic or
largelake) such that the water surface elevation of
thewetland isinfluenced by tidesand seiche activ-
ity of the adjacent water body.
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Functional assessment A processfor estimat-
ing the functions or processes occurring in awet-
land such as nutrient cycling, food chain support,
and water retention.

Geogr aphicinformation system (GIS) A com-
puterized information system that caninput, store,
manipulate, andyze, and display geographically ref-
erenced datato support decis on-making processes.
(NDWPWater Words Dictionary)

Geographically based classification An ap-
proach for delineating units of land based on smi-
larity of adjacent landswith respect to attributes
such asclimate, natural potential vegetation, soils,
and landforms.

Geomorphology Theoriginsand changing struc-
tureand form of the earth’ sland surfaces

Hydraulic conductivity Therateat which water
can move through an aguifer or other permeable
medium (NDWP Water Words Dictionary)

Hydrodynamics Branch of sciencethat dealswith
thedynamicsof fluids, especidly incompressibleflu-
ids, inmotion (NDWP Water Words Dictionary)

Hydrogeomor phic Land form characterized by
aspecific origin, geomorphic setting, water source,
and hydrodynamic (NDWP Water Words Dictio-
nary)

Hydrogeomor phic Assessment Approach A
process of evaluating wetland functions by com-
paring Ste profileswith those of referencewetlands
inasmilar hydrogeomorphic class.

Hydrography Descriptionand mapping of oceans,
lakes, and rivers. (NDWP Water Words Dictio-

nary)

Interfluve Anareaof relatively unchannelized
upland between adjacent streams flowing in ap-
proximately the samedirection.

Lacustrine “Includeswetlands and deepwater
habitatswith al of thefollowing characteristics: (1)
situated in atopographic depression or adammed
river channd; (2) lacking trees, pers stent emergents,

emergent mossesor lichenswith greater than 30%
areal coverage; and (3) total areaexceeds8 ha (20
acres). Similar wetland and deepwater habitats
totding lessthan 8 haaredsoincludedinthe Lacus-
trine System if an active wave-formed or bedrock
shorelinefeaturemakesup dl or part of the bound-
ary, or if thewater depth in the deepest part of the
basin exceeds2 m (6.6 feet) at low water...may be
tidal or nontidal, but ocean-derived salinity isal-
wayslessthan 0.5%" (Cowardin et al. 1979).

Landform A discernible natural landscapethat
exigsasaresult of wind, water or geological activ-
ity, such asaplateau, plain, basin, mountain, etc.
(NDWPWater Words Dictionary)

Lentic Characterized by standing water, e.g.,
pondsand lakes.

Limnetic Theopenwater of abody of freshwa
ter.

Littoral Regionaong theshoreof anon-flowing
body of water.

Lotic Characterized by flowingwater, eg., Sreams
andrivers.

Mesosaline Waters with salinity of 5 to 18%,
dueto land-derived sdlts.

Mineral soil flats Leve wetland landform with
predominantly minerd soils

Mineralization The processof breaking down
organic matter toitsinorganic constituents

Minerotrophic Recelving water inputs from
groundwater, and thus higher in sat content (major
ions) and pH than ombrotrophic systems.

Mixohaline Water with salinity of 0.5 to 30%,
dueto ocean sdlts.

Multivariate Typeof statisticsthat relatesoneor
moreindependent (explanatory) variableswith mul-
tiple dependent (response) variables.

Nonmetric dimensional scaling A nonparamet-
ric satistical techniquefor indirect ordination, e.g.,
ordering aseries of observationsaong agradient
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based on g milarity/differencesin community com-
position independent of any potential explanatory
variables. Vectorsrelated to potential explanatory
variables can be overlaid on NMDS plotsto as-
certain potential environmental relationshipswith
community gradients.

Nonparametric Referringto atypeof statistical
approach that does not rely on the assumption that
dataare distributed according to anormal distribu-
tion.

Nutrient ecoregions Level Il ecoregionsdefined
by Omernik according to expected smilarity in at-
tributes affecting nutrient supply ( http://
www.epa.gov/OST/standards/ecomap.html )

Ombrotrophic Receivingwater inputs predomi-
nantly from preci pitation rather than groundwaeter.

Organic soil flats Wetland landforms that are
level, expansive, and comprised of predominantly
organic soil.

Palugtrine “Nontida wetlandsdominated by trees,
shrubs, persistent emergents, emergent mosses or
lichens, and al such wetlandsthat occur intidal ar-
easwhere sdinity dueto ocean-derived saltsisbe-
low 0.5%. It alsoincludeswetlandslacking such
vegetation, but with dl of thefollowing four charac-
teristics: (1) arealessthan 8 ha (20 acres); (2) ac-
tive wave-formed or bedrock shoreline features
lacking; (3) water depth in the deepest part of ba-
sinlessthan2 mat low water; and (4) sdinity due
to ocean-derived saltslessthan 0.5%" (Cowardin
eta. 1979).

Peatlands *“A type of wetland in which organic
matter is produced faster than it is decomposed,
resulting in the accumulation of partially decom-
posed vegetativemateria called Pegt. Insomemires
peat never accumulatesto the point where plants
lose contact with water moving through minerd soil.
Such mires, dominated by grasslike sedges, are
called Fens. In other mires peat becomes so thick
that the surface vegetation isinsulated from minera
soil. These plants depend on precipitation for both

water and nutrients. Such mires, dominated by acid-
forming sphagnum moss, arecdled Bogs.” (NDWP
Water Words Dictionary)

Persistent emer gent vegetation Emergent hy-
drophytes (water-loving plants) that generally re-
main standing until the beginning of the next grow-
ing season, such ascattailsor bulrushes.

Physiography Physical geography

Pocosin Evergreen shrub bog, found on Atlantic
coadtd plain.

Random-stratified A typeof samplinginwhich
the population isfirst subdivided into predefined
classes(dtrata) based on perceived smilarities, and
then subsamples are selected randomly (each with
anequd chance of sdection) fromwithineach class.

Reference wetlands Under the Hydrogeo-
morphic Assessment approach, “ (r)eference wet-
landsare actud wetland Stesthat represent therange
of variability exhibited by aregional wetland sub-
classasaresult of natural processesand anthropo-
genicdisturbance.” (Smith et a. 1995)

Referencecondition Under the ERPA'sBiocriteria
program, wetland reference conditionisdefined as
the status of wetland siteseither unaltered or least-
impaired by anthropogenic disturbance.

Referencedomain Under the Hydrogeomorphic
Assessment approach, the geographic areafrom
which referencewetlandsare selected (Smith et d.
1995)

Riparian “Pertainingtothebanksof ariver, sream,
waterway, or other, typically, flowing body of wa-
ter aswell asto plant and anima communitiesalong
such bodies of water. Thistermisalso commonly
used for other bodies of water, e.g., ponds, lakes,
etc., athough Littoral isthemore preciseterm for
such stationary bodies of water.” (NDWP Water
WordsDictionary)

Riverine System “Includes al wetlands and
deepwater habitats contained withinachanne, with
two exceptions:. (1) wetlands dominated by trees,
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shrubs, pers stent emergents, emergent mosses, or
lichens, and (2) habitats with water containing
ocean-derived saltsin excessof 0.5%.” (Cowardin
eta.1979)

Riverinewetland A hydrogeomorphic classof
wetlandsfound in floodplains and riparian zones
associated with stream or river channels.

Sitepotential “Thehighest sustainablefunctiona
capacity that can be achieved in areasonable pe-
riod of time by awetland, given disturbance his-
tory, land use, or other ecosystem and landscape
scalefactorsthat influencefunction.” (Seehttp://
www.wes.army.mil/el/wetlands/pdfsiwrpded.pdf )

Slopewetland A wetland typically formed at a
break in dope where groundwater dischargesto
thesurface. Typicaly thereisno standing water.

Stratification Theprocessof separating apopu-
lation into classesprior to sampling.

Stream reaches A length of channel which is
uniform in its discharge depth, area, and slope
(NDWPWater Words Dictionary)

Stream order A measure of stream size. First
order streams have no tributaries, while second-
order streams can only beformed by the union of
two firgt order streamsand so on.

Submerged aquaticbed “TheClassAquatic Bed
includes wetlands and deepwater habitats domi-
nated by plantsthat grow principally on or below
the surface of the water for most of the growing
seasoninmost years.” (Cowardinet a. 1979)

Terrace “Anolddluvid plain, ordinarily flat or
undul&ting, bordering ariver, lake, or thesea Stream
terraces arefrequently called second bottoms, as
contrasted to flood plains, and are seldom subject
to overflow... Also, aBerm or discontinuous seg-
mentsof aberm, inavalley at some height above
the Flood Plain, representing aformer abandoned
flood plain of thestream.” (NDWP Water Words
Dictionary)

Trophic status Degree of nutrient enrichment of
awater body.

Univariate Typeof gatisticd andyssinvolvinga
single dependent (response) variable.

Valley segments “Valley segments stratify the
stream network into major functional components
that define broad similaritiesin fluvia processes,
sediment transport regimes, and riparian interac-
tions” (Maxwell et a. 1995)

Water sof theUnited States Watersof theUnited
Statesinclude:

a All watersthat are currently used, wereusedin
the past, or may be susceptibleto useininterstate
or foreign commerce, including al watersthat are
subject to the ebb and flow of thetide;

b. All interstate waters, including interstate wet-
lands

c. All other waterssuch asinterstate lakes, rivers,
streams (including intermittent streams), mudflats,
sandflats, wetlands, doughs, prairie potholes, wet
meadows, playa lakes, or natural pondsthe use,
degradation, or destruction of which would affect
or could affect interstate or foreign commercein-
cluding any suchwaters.

1 That areor could be used by interstate or
foreign travelersfor recreationa or other
PUrposes,

2 Fromwhichfishor shellfishareor could be
taken and sold in interstate or foreign com-
merce; or

3 That areused or could be used for industrial
purposes by industriesin interstate commerce,

d. All impoundments of waters otherwise defined
aswaters of the United States under thisdefinition;

e. Tributariesof watersidentified in paragraphs(a)
through (d) of thisdefinition;

f. Theterritoria sea; and

0. Wetlands adjacent to waters (other than waters
that arethemsdveswetlands) identified in paragraphs
(8 through (f) of thisdefinition.
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Wetland(s) (1) Those areasthat areinundated or
saturated by surface or groundwater at afrequency
and duration sufficient to support, and that under
normal circumstances do support, aprevaence of
vegetation typically adapted for lifein saturated soil
conditions[EPA, 40 CFR.8230.3(t) / USACE,
33 C.FR. 8 328.3 (b)]. (2) Wetlands are lands
trangtional between terrestrial and aguatic systems
wherethewater tableisusually at or near the sur-
face or theland iscovered by shallow water. For
the purposes of this classification, wetlands must
have one or moreof thefollowing three attributes:
(a) a least periodicadly, theland supports predomi-
nantly hydrophytes, (b) the substrateis predomi-
nantly undrained hydric soil, and (c) thesubgtrateis
nonsoil and is saturated with water or covered by
shalow water at sometime during thegrowing sea-
son of eachyear (Cowardineta. 1979). (3) The
term “wetland,” except when such termispart of

theterm“converted wetland,” meansland that (a)
hasapredominanceof hydric sails, (b) isinundated
or saturated by surface or ground water at afre-
guency and duration sufficient to support apreva-
lence of hydrophytic vegetation typically adapted
for lifein saturated soil conditions, and (c) under
normal circumstances does support aprevalence
of such vegetation. For purposesof thisAct and
any other Act, thisterm shall not includelandsin
Alaskaidentified ashaving ahigh potentia for agri-
cultural devel opment which haveapredominance
of permafrost soils[Food Security Act, 16 U.S.C.
801(a)(16)].

Wetland functions Physica, chemicd, or biologi-
ca processesinherent to wetlands. Functionsmay
or may not berelated to wetland “ services’ or ben-
efitsto society.
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