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I. Introduction

SincethereleaseofTechnicalReference(TR)
1737-5,RiparianandWetlandClassification
Review,in1990,theuseofclassificationin
riparianandwetlanddisciplineshasbeenrefined.
Someofthepreviouslydescribedclassification
techniqueshavebecomeincreasinglypopular,
andnewsystemshaveemergedtofillthegaps
identifiedbylandmanagers,wetlandregulators,
andwetlandscientists.WhileTR1737-5
focusedonvegetationclassificationmethods,this
TechnicalReferencepresentsageneraldiscussion
ofseveralareasofclassificationrelatedto
riparianandwetlandmanagementandprovides
guidanceonapplyingclassificationtosolveland
managementproblems.

Thereareanumberofstatements,questions,
andtheoriesthatprovideacontextforusing
classification.Understandingtheseitemsis
essentialtothesuccessfulapplicationofany
classificationsystem:

•Classificationshouldpermitcomparisonand
reproducibility,provideanestimateofpotential
successorfailure,andimprovecommunication.

•“...manysalmonrestorationprojectsfail
becausetheyrelyon‘off-the-shelf ’concepts
anddesignsratherthandevelopingsite-specific
understanding…”(Kondolfetal.2003).

•Arewerepeatingtheapplicationoffailed
techniquesbecausewearetoolazytomonitor
theireffectiveness?

•“Whilebothphysicalandbiologicalcriteria
havebeenusedtoclassifyloticsystem,successful

integrationoftheserelatedaspectsintoasingle,
process-basedframeworkthatencompassesarange
ofspatio-temporalscalesremainsaconsiderable
challenge”(Thomsonetal.2004).

•“Classifyingriparianvegetationthereforerequires
afullunderstandingofspeciesdistribution
andsuccession,inrelationtoenvironmental
parametersanddisturbancefactorsoveralarge
area”(Muller1997).

•“Watershedandecoregionframeworksare
complementary.Watershedsprovidethe
frameworkfordeterminingtheland/water
associations,andecoregionsprovidethe
frameworkforextrapolatingandreportingthis
information”(Omernik2003).

•Aswithanyprocedure,misapplicationis
likelytooccuriftheusersrelysolelyonthe
classificationtooloritsproductsandnotonthe
underlyingsciencebehindtheclassification.Users
mustalwaysplacethescienceinfrontofthe
classificationandnottheotherwayaround.

•Riparianandwetlandsystemsaredynamic.
Mappingandclassificationoftenproduceonlya
snapshotthatdoesnotrepresentthedynamicsof
thesystem.

•Conductingriparianandwetlandprojects
withoutexaminingsitehistoryandprocessis
irresponsible.

•Dowewanttherightanswerortheeasyanswer?
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II. Purpose of Classification

Classificationisdefinedasasystematic
arrangementofitemsintogroupsorcategories
accordingtoestablishedcriteria.Thepurposeof
classificationforlandmanagementapplications
oftenhastodowithprovidingareasonablyeasy
waytotalkaboutmanagementareas,establish
prioritiesfordecisionmaking,determinecost-
effectivestrategiesfordealingwithresource
restoration,orsimplyprovideabasisto
summarizeinventorydataintomeaningful
groups.Kondolf(1995)statesthat“classification
allowsscientiststostratifyanotherwiseconfusing
universeintosetsofsimilarobjects,conduct
carefulstudyonrepresentativeobjects,and
applyresultstoothermembersofthatclass.”
Classificationshouldpermitcomparisonand
reproducibility,provideanestimateofpotential
successorfailure,andimprovecommunication.

InTR1737-5,anumberofvegetation
classificationsystemsweredescribedsothat

practitionerscouldchoosethosethat
appearedmostapplicabletotheirneeds.In
the15yearssincethereleaseofTR1737-5,
riparianandwetlandclassificationrequirements
haveexpandedtoencompassavarietyofneeds,
andanumberofapplicationshaveemerged
thatcanbenefitfromclassificationstrategies.
Thoseapplicationsmostimportanttospecialists
intheBureauofLandManagement(BLM)
include:environmentalanalysis,proper
functioningcondition(PFC)analysis,resource
restoration,habitatcreation,andwetland
mitigation.Generallytheseapplicationsrequire
eitherastratificationofdataformanagement
presentationanddiscussionpurposesora
stratificationofdatawithcauseandeffect
analysis.Inrecentyears,causeandeffectanalysis
hasbecometheprincipalreasonforbeginninga
classificationeffort.
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III. Applying Classification

TechnicalReference1737-5presentedanumber
ofvegetationclassificationsystemsandclearly
statedthat:

“ItisthepolicyoftheBureauofLandManagement
(BLM)toapplytheStandardEcologicalSite
DescriptionprocedurepatternedaftertheSoil
ConservationService(SCS)RangeSiteprocedureand
expandedbytheBLM(USDA-SCS1976,USDI-
BLM1990)tograzablewoodland,nativepasture,
andripariansites.However,otherclassification
anddescriptionproceduresexistandoftenmustbe
usedtomakeuseofallavailableinformationorto
coordinatebetweenotheragenciesandinstitutions
duringriparianandwetlandinventory.”

Inthecurrentcentury,specialistsneedtomove
towardsanevenbetterunderstandingofthe
systemstheyareattemptingtomanage.Manyof
thevegetationclassificationsystemspreviously
reviewedembracedtheecologicalconceptsof
vegetationsuccession,andsomerecognized
theneedtoincorporatethehydrogeomorphic
(andother)processesthatinfluenceoftenrapid
andseverechangestovegetationcommunities
(Youngbloodetal.1985,Kovalchik1987,Hansen
etal.1988,Hansen1989,Szaro1989,Kovalchik
andChitwood1990,andHansenetal.1995).

Gurnelletal.(1994)compiledstream
classificationmethodologiesfromliteratureover
thelastcenturyandgroupedthemintermsof
spatialunitsfromsmalltolarge:

• Habitatunits—relativelysmall
• Sections—severalhundredmetersinlength
• Zones—abitlarger,whereariverwouldbe
describedintermsof3or4zones

• Regions—watershedsandsubwatersheds
• River—thewholeriversystem
• Ecoregion—implyingmorethanoneriver
system

• Hierarchical—representingsystemsthathavea
nestedrangeofunits

The“earlyperiod,”from1890through1969,
had34classificationmethodologiesidentifiedin
theopenliterature,andthe“lateperiod,”from

1970through1989,had30.Riverandsection
classificationsystemsaccountedfor74percent
intheearlyperiodand17percentinthelate
period,whilethehierarchicalmethodstotaled
3percentintheearlyperiodand33percent
inthelateperiods.Heritageetal.(2001)state,
“Themajorityofthehierarchiesarestructured
fromthecatchmentscaledownwardonthebasis
thatitisthecatchmentvariablesthatcontrol
thedynamicsand,hence,themorphologyofthe
river(VanDeusen1954).”Theyalsopointout
thatthetop-downhierarchyemployedbymany
classifications,whichassumesthatthewatershed
systemaboveasubsystemformstheenvironment
ofthesubsystem,maynotbeapplicableinall
situationsandcitesMosely(1987)assuggesting
itmaybemoreusefultoclassifyriversbytheir
components,resultinginabottom-uphierarchy.
Thomsonetal.(2004)state“Whilebothphysical
andbiologicalcriteriahavebeenusedtoclassify
loticsystems,successfulintegrationofthese
relatedaspectsintoasingle,process-based
frameworkthatencompassesarangeofspatio-
temporalscalesremainsaconsiderablechallenge.”

Whatwecanconcludefromthediscussionabove
isthatnosingleclassificationapproachmaybe
thebestineverysituation.Wecan,however,
makesomeeducatedguessesatwhichsystemor
combinationofsystemsmayprovemostuseful
inaparticularsetting.Chancesarethereisa
classificationprocedureorapproachthatwillfit
yourneeds.Inalllikelihood,acombinationof
elementsfromseveralsystemsmaybeneededto
developtheappropriatetool.Existingdataor
apreviouslycompletedclassificationoftenwill
requireonlyminorchangesorinterpretationto
maketheinformationasusefulaspossible.The
followingstepsaresuggestedtohelpyoudecide
onanapproachtouseforriparian-wetland
classification:

• Defineyourpurpose
• Developadatawarehouse
• Developanunderstandingofprocess
commensuratewithyourpurpose

•Maintaindataintegrity
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Define Your Purpose
Classificationshouldbeatoolthathelpsyou
getsomethingdone.Classificationshould
notbedoneforthepurposeofclassification;
itshouldbebasedonneed.Indefiningyour
purposeforclassification,youshouldwritea
purposestatementthatdescribesexactlywhat
theclassificationistoprovide.Itshouldlist
managementrequirements,assumptions,output
formats,andgoals.

Land Use Planning and Environmental 
Analysis

Environmentalanalysiscomesfromanumber
ofrequirementsrootedintheNational
EnvironmentalPolicyAct.Analysiscanrange
fromproject-andsite-specificapplications,such
asenvironmentalassessments(EAs),tobroader
andprogrammaticapplications,suchasresource
managementplans,toholisticandcumulative
applications,suchasawatershedanalysis.
Classification,ifwelldesigned,canprovidea
powerfultoolforpresenting,describing,and
predictingtheconsequencesofmanagement
actions.

Environmentalanalysisrequiresspecialiststo
describetheriparianandwetlandresourceas
wellastoprovidesomelevelofpredictionof
thepotentialeffectofmanagementdecisions.
Often,theanalysiswillserveasthebasisformore
detailedanalysesbecauseofspecificactions.The
importanceofstructuringtheinitialclassification
efforttoaccommodatefuturerequirements
cannotbeoveremphasized.Classificationthat
simplypresentsmappingunitswithoutsome
frameworkforanticipatingfuturemanagement
actionsmaynotbeveryuseful.

Proper Functioning Condition Analysis

TheBLMhasusedthePFCanalysissince1993
toprovideabarometerofsortsinevaluatingthe
agency’seffortstoimproveriparianhabitat.The
PFCanalysisinvolvesaqualitativeassessment
designedtoevaluateriparianecologicand
hydrogeomorphicfunction.Itisconductedbya
teamofspecialistswhoassess17itemsbasedon
asite’sperceivedpotential.Wardetal.(2003)
recommendedtheuseofhabitatclassification
andgeomorphicclassificationincombination

withPFCtoprovidethemostinformationabout
riparianareaandstreamhealth.

Resource Restoration, Habitat Creation, 
and Wetland Mitigation

Inrecentyears,thenumberofprojectsrelated
toresourcerestoration,habitatcreation,and
wetlandmitigationhasincreased.Classification
canprovideausefultoolforanalyzingconditions
anddeterminingrestoration,creation,and
mitigationgoals,priorities,strategies,anddesign
(Sather-Blairetal.1983,Frisselletal.1986,
Lankaetal.1987,DelongandBrusven1991,
Mooreetal.1991,OlsonandHarris1997,
HarrisandOlson1997,SuzukiandMcComb
1998,WissmarandBeschta1998,Quinnetal.
2001,andMontgomery2004).Montgomery
(2004),citingKondolfetal.(2003),suggests
thatmanysalmonrestorationprojectsfail
becausetheyrelyon“off-the-shelf ”concepts
anddesignsratherthandevelopingsite-specific
understanding.Hegoesontosuggestthat
salmonrecoveryefforts,tobesuccessful,need
toberootedinunderstandinghydrogeomorphic
processesandhistoricalchangestoriversand
streams.Kondolf(1995)recognizedthatstream
channelclassificationiscommonlycarried
outbythosewhoarenotgeomorphologists
andwhomaynotfullyunderstanditsuse.
Kondolfetal.(2003)presentadiscussionon
theusesandlimitationsofsuchclassification
toolsanddocumentthepopularityamongland
managersofthesystemdevelopedbyRosgen
(1985,1994).Kondolf(1985)warns,“Despite
theirrealvalue,classificationschemescanbe
seductive,especiallyfornon-geomorphologists
(whoareunlikelytoappreciatethenatureof
geomorphologicalprocesses),whomayfeelthat
thechanneliscompletelydescribedonceithas
been‘classified.’”Kondolf(1985)alsoprovides
anexampleinwhichadesignerfilledanatural
poolbecauseitdidnotfitwiththedesignated
streamclassification,eventhoughtheproject
wastoincreasepoolsinthereach.Fortunately,
thetrendofclassificationhasbeentowards
developingabetterunderstandingofprocess.
Muller(1997)states,“Classifyingriparian
vegetationthereforerequiresafullunderstanding
ofspeciesdistributionandsuccession,inrelation
toenvironmentalparametersanddisturbance
factorsoveralargearea.”
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Develop a Data Warehouse
Datawarehouseisatermthatreferstoallof
theavailabledata,generallydigital,thatmay
beapplicabletoaproject.Atypicaldataset
includeshistoricalaerialphotographs,oblique
photographs,pastinventories,maps,andstudies.
Thedatamayalsobeusefulindetermining
temporalandspatialchanges,causeandeffect
relationships,andlimitingfactors.

Riparianinventorieshavebeenconducted
throughouttheWestandmaybeapplicableto
yourneed.Lookforpreviousapplicationsof
classificationinyourregionandconsiderusing
themortheircomponentsforyourclassification
project.However,beawarethatpastclassification
effortsmaynotbedesignedtoaccommodate
yourpurpose.

Develop an Understanding of 
Process Commensurate with 
Your Purpose
Dominantprocesses,limitingfactors,causative
anddisturbancefactors,spatialandtemporal
factors,andreferenceareasareallimportantin
understandinghowriparian-wetlandsystems
function.Aclassificationthatisbasedona
solidunderstandingofprocesscanbeusedto
extrapolatecauseandeffectrelationshipsbetween
similarclassificationunits.Aclassification
thatisnotbasedonprocesswillhavelimited
valueforextrapolationandcanleadtoserious
judgmenterrorswhenusedbeyonditsdesign.
Ifthepurposeoftheclassificationissimplyto
provideavisualrepresentationofsomeriparian-
wetlandcharacteristic,thatfactshouldbeclearly
notedintheclassification.Classificationefforts,
particularlythosefromadecadeormoreago,
oftenwereusedtodisplaymeaningfulgroupings
ofaresourceinventoryandnothingmore.

Inourexperience,themostcommon
misapplicationofclassificationinformation
comesfromusingadatedclassificationthat
representsa“snapshot”ofresourceinformation
wheresomeaspectoftheriparian-wetland
systemhaschanged.Oneexampleisthe
NationalWetlandInventory(NWI).That
inventoryusestheU.S.FishandWildlifeService
(USFWS)classificationtechniquedeveloped
byCowardinetal.(1979),whichdescribes
thedominantvegetation,andtosomedegree,
expectedhydrologicconditionsatthetimeofthe
inventory.Itisanextremelyusefultechnique,
butitisnotdesignednorintendedtogomuch
beyonddescriptionunlesscoupledwithmore
process-basedanalyses.UsingNWIinformation
forrestorationplanning,impactanalysis,
referenceareaselection,andothersimilar
applicationsmaybeinappropriate,especially
wherehydrologicormorphologicconditionsare
complexorvariable.

Maintain Data Integrity
Dataintegrityremainsaseriousconcernwhen
usingclassificationtechniques.Theactual
resourcedatauponwhichaclassificationisbased
shouldalwaysbeprotectedanddocumented.A
classificationanditsdatashouldbepermanently
joined.Also,aclassificationtechniqueshould
helpportraythedataitisbasedonandguard
againstthe“pointandclassify”approach.The
“pointandclassify”approachoccurswhen
anareabecomesclassifiedwithoutusing
data.Sometimesdatabecomessecondary
toclassificationandusersassumethatsite
characteristicsofaclassifiedareareflectactual
data,whichmaynotbethecase.Anexample
ofthiswouldbeusingtheRosgenclassification
descriptorstodescribeariparian-wetlandsystem
withoutactuallygoingthroughthestepsthatthe
classificationproceduredemands.
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IV. Classification Systems and 
Approaches

Thissectionprovidessummariesandpotential
applicationsforselectedclassificationsystems
thatareusefultoriparianandwetland
practitioners.Theyarelistedingeneral
hierarchicalorder:regionalsystems,geomorphic
systems,vegetationsystems,andhabitat
systems.Aswithanyprocedure,misapplication
islikelytooccuriftheusersrelysolelyonthe
classificationtooloritsproductsandnoton
theunderlyingsciencebehindtheclassification.
Usersmustalwaysplacethescienceinfrontof
theclassificationandnottheotherwayaround.

Regional Systems
Regionalsystemsarerepresentationsoflarge
spatialareashavingsimilarcharacteristicsof

broadvariablessuchasclimate,geology,soil,
vegetation,elevation,oracombinationofthese
variables.Threemajorregionalsystemsarein
wideuse:theNaturalResourcesConservation
Service(NRCS)majorlandresourcearea,which
isdefinedintheNationalSoilSurveyHandbook
(USDA-NRCS2003),theU.S.Environmental
ProtectionAgency(EPA)ecoregionmapping
effortfeaturingfournestedlevelsofresolution,
andthewell-knownBaileyecoregionsystem
usedbytheU.S.ForestService(USFS)and
othergroups.Thesesystemsareshownin
Figure1a-c.

Theusefulnessofregionalclassificationswilltie
directlytotheintendeduseoftheclassification

Figure 1a. The major land resource area system is used by the Natural Resources Conservation Service.
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Figure 1b. The ecoregion system used by the Environmental Protection Agency has four levels of resolution.

Figure 1c. The Forest Service uses the Bailey (1995) ecoregion system.
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projectyouareembarkingon.Ataminimum,
regionalclassificationsshouldbeexaminedto:

1. Determinewhatregionalsystemsareavailable
andusedintheprojectarea.

2. Initiallyidentifyvariabilityattheregional
levelwithinawatershed,whichshouldhelpto
identifyimportantprocesses.

3. Locateotherareashavingsimilarregional
classificationattributesthatcanbeused
forfindingpotentialreferencesitesand
comparableprojectsandinextrapolating
results(Omernik1995).

Brewer(1999)listedthefollowingfactorsthat
guidedthedevelopmentoftheEPAecoregion
system:

1. Holistic,broad-basedregionalanalysisand
assessmentofresourcemanagement.

2. Inventoryandassessmentofenvironmental
resources.

3. Establishmentofresourcemanagementgoals.
4. Wetlandclassificationandmanagement.
5. Developmentofbiologicalcriteriaforwater
qualitystandards.

6. Refinementofchemicalwaterquality
standards.

Theabovelistsshouldprovidesuitableideasfor
incorporatingregional-levelclassificationinto
moresite-specificendeavors.

Major Land Resource Areas

“Majorlandresourceareas(MLRA)arebased
uponaggregationsofgeographicallyassociated
landresourceunitsandidentifynearly
homogeneousareasoflanduse,elevation,
topography,climate,waterresources,potential
naturalvegetation,andsoils.Majorland
resourceareaboundariesreflectanappropriate
generalizationoflandresourceunitboundaries
(asderivedfromstatesoilgeographicdatabase
mapunitboundaries).Theapproximate
minimumsizeofamajorlandresourcearea
thatmaybedelineatedis580,644hectares,or
1,434,803acres.Thisminimumdelineationis
representedattheofficialmajorlandresourcearea
mapscaleof1:7,500,000byanareaapproximately
1cmby1cm(0.4inchby0.4inch).Minimum
lineardelineationsareatleast0.3cm
(0.1inch)inwidthand2.5cm(1inch)in

length.ThePacificandCaribbeanIslands,
whichhavelandareaslessthan580,644hectares
(1,434,803acres)insize,areexcludedfrom
theminimumdelineationrule.Largeexisting
majorlandresourceareasmaybesubdivided
tocreatemorehomogeneousareasasneeded,
providedthatcartographiccriteriaregarding
minimumdelineationsaremet.Thedescriptions
ofthemapunitsonmajorlandresourcearea
mapsemphasizelanduseandwaterresource
management.Generally,amajorlandresource
areaoccupiesonecontinuousdelineation;
butitmayoccupyseveralseparateones.
Majorlandresourceareasaremostusefulfor
statewideagriculturalplanningandhavevalue
forinterstate,regional,andnationalplanning”
(USDA-NRCS2003).

Additionalinformationcanbefoundat
http://www.nrcs.usda.gov/technical/land/mlra.

Ecoregions

“Theecoregionconcept,introducedby
Crowley(1967),isbasedonthenotionthat
suchhomogeneousecosystemregionsexistin
natureandcanbedelineatedandclassified.This
conceptisnotnew,butismerelyanewnamefor
oldideasdevelopedinscientificandgeographic
theory.Theecoregionconcept,ortheory,isused
tocreateclassificationsandframeworksthat
depictecoregions”(Brewer1999).Omernikand
Bailey(1997)state,“Inbroadterms,ecological
regions,atanyscale,canbedefinedasareaswith
relativehomogeneityinecosystems.”

Additionalinformationcanbefoundat
http://www.epa.gov/wed/pages/ecoregions.htm.

“Ecoregionsdenoteareasofgeneralsimilarityin
ecosystemsandinthetype,quality,andquantity
ofenvironmentalresources.Theyaredesigned
toserveasaspatialframeworkfortheresearch,
assessment,management,andmonitoringof
ecosystemsandecosystemcomponents.By
recognizingthespatialdifferencesinthecapacities
andpotentialsofecosystems,ecoregionsstratify
theenvironmentbyitsprobableresponseto
disturbance.Thesegeneralpurposeregions
arecriticalforstructuringandimplementing
ecosystemmanagementstrategiesacrossfederal
agencies,stateagencies,andnongovernment
organizationsthatareresponsiblefordifferent
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typesofresourceswithinthesamegeographical
areas”(OmernikandBailey1997).

EPAEcoregions
Omernik(1995)states“Hence,thedifference
betweenthisapproachtodefiningecoregions
andmostprecedingmethodsisthatitisbased
onthehypothesisthatecologicalregionsgain
theiridentitythroughspatialdifferencesina
combinationoflandscapecharacteristics.The

factorsthataremoreorlessimportantvary
fromoneplacetoanotheratallscales.”Omernik
(1995)providesthebasisoftheEPAmethodology
thatisleadinganationwideefforttoprovide
ecoregionclassificationatarelativelymore
detailed,largerscale(levelIV),whichisavailable
innearlyalloftheUnitedStatesthroughthe
cooperationofmanyfederalagencies,including
theNRCSandUSFS(Figure2).Theassimilation

Figure 2. This map of Wyoming illustrates the level IV application of the Environmental Protection 
Agency’s ecoregion system.
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ofNRCSandUSFSregionalclassificationsand
stateandfederalwatersheddelineationefforts
isacredittothoseprofessionalswhocansee
thevalueofcooperationovercompetition.
TheEPAmethod,whilebeingrelatively
qualitative,involveslocalresourceexperts
alongwithnationalexpertstoprovideutility
andconsistency.Thequalitativemethodallows
thedeveloperstoincludefeatureswithinan
ecoregionboundarythatmightbeoverlooked
inasingle-featuredclassification.Atitscore,
theEPAsystem’spurposeistoprovideuseful
informationformanagersofwaterqualityand
aquatichabitat.Assuch,theEPAsystemshould
provideanexcellentinformationsourcefor
riparianandwetlandclassificationefforts.

U.S.ForestServiceEcoregion
TheUSFSecoregioneffortappliesBailey(1995)
andprovidesanexcellentsourceforclassification
attheregionallevel.Thefollowingexcerptfrom
Brewer(1999)providesanoutstandingreviewof
ecoregionhistory:

“RobertG.Baileyrecognizedtheneed
foracomprehensivesystemforclassifying
ecosystemstoaidregionalandnational
long-rangelandmanagementandplanning.
In1976,Bailey,workingfortheUnited
StatesForestService,publishedamaptitled
‘EcoregionsoftheUnitedStates,’(Bailey,
1978).ThismapwaspublishedfortheInterior
Department’sFishandWildlifeServicetoaid
intheNationalWetlandsInventory.In1978,
hepublishedasupplementthatcontained
detaileddescriptionsofthevariousecoregions
depictedontheoriginalmap.
Bailey’smethodologycloselyparalleled

theworkofCrowley.Hedefinedecoregions
asgeographicalzonesthatrepresented
geographicalgroupsorassociationsofsimilarly
functioningecosystems(Bailey,1983).By
analyzingenvironmentalfactorsthatactedas
selectiveforcesforthecreationofecosystems,
Baileyconstructeda1:7,500,000-scalemap
oftheUnitedStates’ecoregions.Adetailed
explanationofthedelineationmethodswas
publishedin1983.
Ecoregions,accordingtoBailey,divided

thelandscapeintovariouslysizedecosystem

unitsthathadsignificancefordevelopmentof
resourcesandconservationoftheenvironment.
Landscapeanalysishelpedidentifyecoregions
whichweredefinedasbroadareaswhereone
wouldexpecttofindsimilarvegetationandsoil
associations(Bailey,1983).
Baileyproposedtwoimportantmanagement

functionsthatcouldbederivedfroman
ecoregionclassification.Themapsuggested
thearealextentofproductivityrelationships
derivedfromexperimentsandallowedusersto
applyindividualexperience.Ecoregionmaps
alsoprovidedageographicalframeworkthat
wouldallowrecognitionandpredictionof
similarresponsesfromcorrespondinglydefined
sites(Bailey,1983).
Climate,inBailey’sdelineationmethodology,

becamethemostimportantreflectionof
zonality.Secondwassurfaceconfiguration,or
landsurfaceform.Vegetationregionsbased
onDasman(1969)1andKüchler(1973)
representedthenextlevelofsubdivision.
Baileyestablishedahierarchicalorderbased
onsub-continentaldomainsthatweredefined
bybroadclimaticsimilarities.Thefairly
heterogeneousdomainscouldbedivided
intodivisions,whichcorrespondtodefinite
vegetationalclassificationssuchasprairiesor
forests.Zonalsoilsweregivenconsideration
atthislevel.Thenextclasswastheprovince
level,basedonclimaxplantformations.Soil
zonesalsowereimportantforprovincelevel
delineation.Thebaselevelofclassification
wasthesectionlevel,basedalmostentirelyon
Küchler’spotentialnaturalvegetationregions
(Bailey,1983).”

Additionalinformationcanbefoundat
http://www.fs.fed.us/institute/ecolink.html.

Geomorphic Systems
Riparianandwetlandworkofteninvolves
describingandanalyzingstreamsystems,
includingthechannel,banks,floodplain,
terraces,surfaceandsubsurfacewater,and
associatedhabitats.Severalgeomorphic
systemsarenowcommonlyusedtoclassify
streamsystems.Theirbasicmethodologiesand
applicationsaredescribedonthefollowingpages.

1CompletereferenceinformationwasnotprovidedinBrewer(1999).
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Brinson’s Hydrogeomorphic 
Classification

Thehydrogeomorphic(HGM)classification
system(Brinson1993)hasbeenusedextensively
tobetterunderstandandevaluatewetland
ecosystems.TheHGMprocedureemphasizes
geomorphicandhydrologiccontrols,whichare
mostimportantindefiningmanyriparianand
wetlandsystems.Theprocedurewasdesigned
tobesimpletoenablefastlearningandflexible
toallowforrevisionandcorrection.Itsmajor
purposeistoassessecosystemfunctionin
pre-andpostprojectsituations.HGMcanbe
extremelyusefulinplanning,analysis,and
design,asitembracestheconceptsofprocess
(function)andreferenceareas,aswellas
potential.Theprocedureisnowrecommended
fordevelopingcompensatorymitigationplans
(U.S.ArmyCorpsofEngineers2002),and
itsexpediteddevelopmentwasdirectedby
theWhiteHouseOfficeonEnvironmental
Policyin1993(Clairain2002).Avastamount
ofsupportliteratureisavailableincluding:a
functionalassessmentoftheUpperYellowstone
River(Haueretal.2001),functionalguidance
(Smithetal.1995,Brinsonetal.1995,Wakely
andSmith2001,SmithandWakely2001,and
Clairain2002),atidalapplication(Shaferand
Yozzo1998),referenceareaguidance(Smith
2001),prairiepotholeguidance(Haueretal.
2002a),RockyMountainriverinefloodplains
guidance(Haueretal.2002b),wetland
hydrologyguidance(ColeandWardrop1997),
andimpactandmitigationassessments(Hauer
andSmith1998).Inaddition,theprocedure
hasbeenevaluatedusingtwosupportteamson
44riverinesitesdemonstratingahighdegree
ofagreementformostvariablesandFunctional
CapacityIndexscores(Whighametal.1999)
andtheprocedurealsosupportsstatistical
treatmentofthescoringwithinfunctional
category(Pohlletal.2000).

TheHGMprocedureusesthreecomponents:
landscape(geomorphicsetting),watersource
andtransport,andhydrodynamics.Geomorphic
settingisthewetland’slandscapeposition
andisrelatedtohowthattopographicsetting
processeswater(transportandstorage).Examples
ofgeomorphicsettingsinclude:areaswithno
inletoroutlet,streamsidezones(riparian),and

shorelinesthatareassociatedwithdepressional,
riverine,andfringewetlandclasses,respectively.
Sevenhydrogeomorphicwetlandclassescurrently
exist:riverine,depression,slope,organicsoilflat,
mineralsoilflat,estuarinefringe,andlacustrine
fringe.Thewatersourceforthewetlandis
generallydescribedasprecipitation,groundwater,
orsurfaceornear-surfaceinflow,depending
onitsimportancetothefunctionalityofthe
wetland.Precipitationwouldbeidentifiedas
dominantforbogtypewetlandsexistingina
wetclimate,whichrarelyresultsinunsaturated
conditions.Distinguishingwhetherawetland
systemisfromagroundwaterorsurfacewater
sourceismoredifficultinmanycases,butthe
fundamentaldeterminationwouldbehow
surfacewatercontributestothefunctionality
ofthewetland.Hydrodynamicsreferstothe
frequency,magnitude,anddurationofvertical
fluctuations(groundwaterandprecipitation
watersources),unidirectionalfluctuationsas
influencedbysurfaceriverineflooding,and
bidirectionalfluctuationsasseeninwaveaction
andtidesinthetidalclasses.Thefollowing
assumptionsareinherentintheHGMprocedure
(Rheinhardtetal.1997):

1. Ecologicalprocesses(functions)inrelatively
unalteredwetlandsoccuratlevelsthatare
sustainableandpredictableforanygiven
HGMwetlandtype(barringseverenatural
perturbations).

2. Ecologicalprocessesaresosimilarinform
andmagnitudewithinanynarrowlydefined
regionalsubclassthattheyshapebioticand
abioticcomponentsinwayscharacteristicfor
thesubclass.

3. Someofthesebioticandabioticparameters
canbemeasuredinthefieldusingstandard
andrelativelyrapidtechniques.

4. Variablesderivedfromfieldmeasurementcan
becombinedtocoarselymodelfunctionsof
thesubclass.

OneofthemostusefulpartsoftheHGM
procedureistherequirementtolinkfundamental
wetlandpropertieswithecologicalsignificance,
whichresultsintheidentificationofwetland
function(process).Afirststepinidentifying
functionistodefinereferencewetlands,which
providethestandardforcomparisoninthe
HGMprocedure(Clairain2002).Reference
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subclasswetlandsareassumedtobefully
functionalandareratedas“1.”Otherwetlands
thatarelessthanfullyfunctionalandsharethe
samesubclassareratedbetween“0”and“1.”The
HGMprocedureforriverinesystemsuses
15functionsdistributedamong4functional
areas(Brinsonetal.1995):

Hydrologic
 DynamicSurfaceWaterStorage
 Long-TermSurfaceWaterStorage
 EnergyDissipation
 SubsurfaceStorageofWater
 ModerationofGroundwaterFloworDischarge
Biogeochemical
 NutrientCycling
 RemovalofImportedElementsandCompounds
 RetentionofParticulates
 OrganicCarbonExport
PlantHabitat
 MaintainCharacteristicPlantCommunities
 MaintainCharacteristicDetritalBiomass
AnimalHabitat
 MaintainSpatialStructureofHabitat
 MaintainInterspersionandConnectivity
 MaintainDistributionandAbundanceof
Invertebrates

 MaintainDistributionandAbundanceof
Vertebrates

Theprocedurecallsforanapplicationteam
(A-team)toevaluatefunctionsbyfurther
definingthemwithfunctionalvariables,which
arethephysicalprocesscomponentsthat
enablethefunctiontowork.Forexample,
underthe“DynamicSurfaceWaterStorage”
function,therearevariablessuchas:frequency
ofoverbankflow,averagedepthofinundation,
microtopographiccomplexity,andplantroughness,
whichrepresentthecomponentsimportantto
distributingwateroverthefloodplain.Haueret
al.(2002a)definedasurfacewaterfunctionon
theUpperYellowstoneRiveras“SurfaceWater-
GroundwaterStorageandFlux”withvariables
offrequencyofsurfaceflooding,frequencyof
subsurfaceflooding,macrotopographiccomplexity,
andgeomorphicmodification.

Haueretal.(2002a)providesanexampleofthe
rangeoffunctionaldescriptionsforthevariable
geomorphicmodification:

Description Score
Nogeomorphicmodifications(e.g.,
dikes,levees,riprap,bridgeapproaches,
roadbeds,etc.)madetocontemporary
(Holocene)floodplainsurface.

1.0

Fewchangestothefloodplainsurface
withlittleimpactonflooding.Changes
restrictedto<1minelevationandonly
forfarmroadsorbridgeswithculverts
maintained.Geomorphicmodifications
do,however,resultinminorchangein
cut-and-fillalluviation.

0.75

Modificationtothefloodplainsurface<1
minelevation.Riverbankwithcontrol
structures(e.g.,riprap)<10%ofriver
lengthalongLAA[landscapeassessment
area].Geomorphicmodificationsresult
inmeasurablechangeincut-and-fill
alluviation.

0.5

Multiplegeomorphicmodificationstothe
floodplainsurfacetocontrolfloodenergy,
oftenwithbankcontrolstructures,but
stillpermittingflowaccessviaculvertsto
backwaterandsidechannels.Geomorphic
modificationsresultinsignificant
reductionincut-and-fillalluviation.

0.25

Completegeomorphicmodificationalong
theriverchannelofthefloodplainsurface
tocontrolfloodenergy.Bankcontrol
structuresintheformofdikesandriprap
inacontinuousstructureorconstructed
topreventchannelavulsion,butstill
permittingflowaccessviaculvertsto
backwaterandsidechannels.Geomorphic
modificationsresultinterminationofcut-
and-fillalluviation.

0.1

Completegeomorphicmodificationalong
theriverchannelofthefloodplainsurface
tocontrolfloodenergy.Bankcontrol
structuresintheformofdikesandriprap
inacontinuousstructurepreventing
channelavulsionandalsopreventingflow
accessviaculvertstobackwaterandside
channels

0
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Thesetypesofdescriptionsprovideexcellent
documentationthatisusefulinanalyzing
impacts,developingdesigngoalsforrestoration
activities,andestablishingactionlevelsfor
monitoringplans.

TheHGMprocedureresultsinthe
developmentofregionalstandardsforwetland
functions,particularlyinassessingmitigation,
enhancement,andcreationofwetlandina
regulatorysetting,whichwasaprimarypurpose
foritsdevelopment.Thefullapplicationand
accountingofwetlandfunctionscanbearduous
tothosedevelopingthestandards(akintothe
habitatevaluationprocedure),butcanbewell
worththeinvestmentinprovidingarapid
comparisontechniquethatisprocessbasedand
well-documented.TheHGMproceduralconcept
alsocanbeusedinalessintensivemannerto
fitmanyBLMneeds,suchasinenvironmental
analysisandplanning,ecosystemanalysis,and
watershedanalysis,andasacompanionin
conductingtheproperfunctioningcondition
assessments.Thethoughtprocessusedinthe
HGMprocedureservesasatechnicalframework
thatcanleadtoprocess-basedanalysis.

TheHGMproceduredoesnotdetermine
value,isnotintendedforcomparingdifferent
subclasses,andisnotintendedforanalyzing
cumulativeimpacts(Clairain2002).Valueis
definedas“therulesthatdeterminewhatpeople
considerimportant”(Brinson1993).Inthe
processofidentifyingwetlandandriparianunits,
theirfunctionalimportancemayprovidean
opportunitytoassignordescribetheirvalueasit
relatestotheecosystem.Certainlydetermining
theirmonetaryvalueisanotherexercise.Hauer
etal.(2001)demonstratedtheuseoftheHGM
procedureinacumulativeimpactanalysisofthe
UpperYellowstoneRiver.UsingHGMandother
impactassessmentprocedures,theyproduceda
suitableimpactanalysisforthewetlandecosystem.

Aswithanyprocedure,misapplicationislikelyto
occuriftheusersrelysolelyontheclassification
tooloritsproducts,suchasonHGMmodels,
andnotontheunderlyingsciencebehindthe
classification.Usersmustalwaysplacethescience
infrontoftheclassificationandnottheother
wayaround.

Rosgen’s Classification of Natural Rivers

Rosgen’s(1994,1996)classificationofnatural
riversisdesignedto:

• Predictariver’sbehaviorfromitsappearance
• Developspecifichydraulicandsediment
relationsforagivenmorphologicalchannel
typeandstate

• Provideamechanismtoextrapolatesite-
specificdatacollectedonagivenstreamreach
tothoseofsimilarcharacter

• Provideaconsistentandreproducibleframeof
referenceofcommunicationforthoseworking
withriversystemsinavarietyofprofessional
disciplines.

Rosgen(1994)acknowledgesthecomplexity
ofnaturalriversandstates,“Obviously,a
classificationschemerisksover-simplification
ofaverycomplexsystem.”Withthisinmind,
Rosgen(1996)suggeststhat“streammorphology
displaysacontinuumofform”anddevelopsa
streamclassificationsystemprogressingthrough
fourhierarchicallevels:abroadgeomorphic
assessment(levelI);amoredetaileddescription
basedonreferencereachinformation(levelII);a
descriptionofexistingcondition(levelIII);and,
finally,verificationwheremeasurementsaremade
todeterminethestrengthofprocessassumptions
usedinthepreviouslevels(levelIV).

LevelIbeginswithcharacterizingthebasin’s
landformandvalleytypesandintegratingthis
informationwithobservedstreammorphology
basedonformandpattern.Acharacteristic
“streamtype”isdeterminedfromparametersof
entrenchment,pattern,slope,andchannelshape
tobeoneofninetypes(Aa+,A,B,C,D,DA,
E,F,andG).ThelevelIclassificationstrives
toprovideaconsistentinitialframeworkfor
organizinginformationandcommunication.In
addition,thislevelhelpstodevelopprioritiesand
considerotherresourceinventoriesthatsharethe
streamsystem.

LevelIIstreamtypesdevelopmorerefinement
usingfieldmeasurementstohelpresolve
questionsregardingsedimentsupply,sensitivity
todisturbance,resiliency,channelresponse,and
habitatpotential.ThelevelIIstepassumes,as
doestheremainderofthehierarchy,thatthe
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streamsystembehavesasacontinuum.Atthe
levelIIstep,becauseofitsrelationshipwith
widthandchannelpatterns,bankfulldischarge
becomesthemostimportantcharacteristicinthe
classificationsystemandisrequiredinestimating
twoofthefivelevelIIcriteria.Theapplicationof
thelevelIIstreamtyperesultsintherefinement
ofthelevelIdetermination,forexample,froma
“C”typeto“C3”and“C4”types.Unfortunately,
inourexperience,manyusersoftheRosgen
systemstopatthelevelIIstep.

ThelevelIIIstepprovidessomeofthemost
usefulinformationaboutstreambehaviorand
managementandrequirestheusertofigure
outwhatthestreamisdoingandwhatithas
done.LevelIIIinvolvescollectingandanalyzing
dataaboutvegetation,streamflow,streamsize
andorder,debrisandblockages,depositional
patterns,meanderpatterns,streambankerosion
potential,aggradationordegradationpotential,
channelstability,andalteredchannelmaterials
anddimensions.Atthislevel,theuserisasked
todevelopadescriptionofthe“fulloperating
potential”foraparticularreach,alongwithits
departure.Thisstepisdemandingandrequiresa
highdegreeofexperiencenotgenerallyavailable
tothosewhoarenotgeomorphologists,butit
canprovidevaluableinformationforresource
management.

LevelIVrequiresastreaminventorytovalidate
thepredictionsmadeinlevelIII.Theinventory
techniquesareselectedtocompareareachof
interesttosomereferenceorbaseline.Techniques
mayincludesuchthingsasverticalstability,
lateralstability,andbedmaterial.Theinherent
variabilityamongthesetypesofparametersmay
requireexceptionalsamplingdesignorlong
periodsoftimeforvalidation.

Somegeomorphologists(JuracekandFitzpatrick
2003,Kondolfetal.2003,andMillerandRitter
1996)advisecautiontothoseconsideringusing
theRosgensystemforotherthandescriptive
purposes,suchasforstreamrehabilitation,
restoration,orcreation.Usersshouldbeawareof
thedatarequiredbythemethodologyandavoid
overextensionormisapplication.Anumberof
authorshavefoundRosgen’ssystemusefulfor
descriptiveandhabitatapplicationpurposes(Tsao
etal.1996,Saveryetal.2001,FISRWG1998).

Montgomery and Buffington’s Stream 
Classification

MontgomeryandBuffington(1993)proposeda
classificationprimarilyforstreamsinthePacific
Northwest.Thehierarchyofclassificationis
basedonarangeofriversthataresediment
limitedtotransportlimitedandplaced
intobedrock,alluvial,andcolluvialgroups,
respectively.Streamgroupsincludecolluvial,
bedrock,cascade,step-pool,plane-bed,pool-
riffle,regime,andbraided.Rivercharacteristics
suchasbedmaterial,pattern,transport/
depositionalreach,dominantroughness
features,dominantsedimentsources,dominant
sedimentstoragefeatures,slope,confinement,
andpoolspacingareusedintheclassification.
Thestrengthofthissystemisinitssimplicity
anddescriptivenames.Asystemofthistype
isconducivetohabitatmanagementand
hierarchicalintegrationwithotherclassifications
suchashabitattypesforfish.

Other Geomorphic Classification 
Systems

Manyotherriverandstreamclassificationsare
available.Kondolfetal.(2003)providesan
excellentreviewofriverclassification,which
includesthehistory,application,evolution,anda
briefdescriptionofseveraldozensystems.

Vegetation Systems

Wetland Classification

ClassificationofWetlandsandDeepwater
HabitatsoftheUnitedStates(Cowardinetal.
1979)isthebasisfortheUSFWSNational
WetlandsInventoryandisamajorreferencefor
manywetlandregulatoryguidancedocuments.
Theclassificationisdesignedfornewinventories
ofwetlandsanddeepwaterhabitatsandis
intendedtodescribeecologicaltaxa,arrange
theminasystemusefultoresourcemanagers,
furnishunitsformapping,andprovide
uniformityofconceptsandterms.Theprincipal
usersforthisclassificationsystemareland
managersandbiologists.Thesystemprovides
hierarchicallevelsfromthebroadfunctional
level(marine,estuarine,riverine,lacustrine,
palustrine)toahabitat-leveldominancetype,
whichisnamedforthedominantplantoranimal
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formofthearea.Thehierarchicalstructureis
providedbelow:

Classification
Units

Description

System Basicwatersource/feature
(marine,estuarine,riverine,etc.).

Subsystem Basicwaterpersistenceattributes
(subtidal,intertidal,lower
perennial,upperperennial,etc.).

Class Grosssubstrate/vegetationform
(rockbottom,aquaticbed,
emergentwetland,rockyshore,
forestedwetland,etc.).

Subclass Specificsubstrate/vegetationtype
(bedrock,sand,mud,needle-
leavedevergreen,broad-leaved
deciduous,etc.).

Dominance
Type

Dominantplant/animalspecies
(horsetail,blackcottonwood,
willow,caddisfly,crayfish,etc.).

Modifiers Site-specificattributesofsoil,
regime,waterchemistry,andland
alteration(salinity,pH,flooding
condition,mineralororganic,
farmed,diked,etc.).

Thissystemiscurrentlyusedbymanyagencies,
organizations,andindividualsforthegeneral
inventoryandclassificationofhabitats.Ithas
beenusedinsmallandlargeapplications.
Productsfromtheclassificationcangive
managersagoodoverviewoftheresource.The
systemiseasytoapplyandparticularlyuseful
withaerialphotos.However,itbecomesmore
complexasmodifiers,suchasspecifichydrology
andwaterchemistrymodifiers,areaddedtothe
description.Theadditionofmodifierschanges
thisprocedurefromawetlandandriparian
vegetationclassificationproceduretoonethat
ismoreprocess-based,sincedeterminingwater
regime,chemistry,alteration,andcertainother
characteristicsrequiressomethoughtonhowthe
wetlandfunctions.Thisprocedurecanbeused
todescribethestateofaripariansystem,butnot
thecauseandeffectrelationshipsthatwouldbe
usefulindeterminingpotentialstatechangesina
ripariansystem.

TheUSFWSisopentoincorporatingmore
detailedmodifiers,suchassoilsinformation.
Standardsoiltaxonomicclassificationcan

beplacedintotheprocedureatthemodifier
level.Thedominancelevelisfairlystandardas
vegetationdescriptionsgo.Somedifferences
betweenotherprocedurescanbeexpectedin
thedelineationbetweenoverstory,dominance
density,etc.Theprocedurealsoappearstofit
intoothervegetationclassificationschemes,such
asthoseusedonaregionalorprovinciallevel.
Overall,theprocedurerecognizesthedifference
betweenfluvialsurfacesandmajorvegetation
formsatalevelthatmakesitreasonablyeasyto
mergewithclassificationproceduresforother
considerations,suchasgeology,climate,
andlandforms.

Becauseofitsrelativesimplicity,theUSFWS
procedurehasbecomeanidealtoolfortheinitial
inventoryofthenation’swetlands.Mostwetlands
intheUnitedStatesarecurrentlymapped
andavailableindigitalformat.Theprocedure
wasnotdesignedtoreflectpotentialnatural
communitiesorcommunityecology.However,
additionalclassificationusingsomeofthe
successionalproceduresdiscussedcouldprovide
suchinformationwithinthemappingboundaries
oftheexistingwetlandareas.

Successional Classification

Currently,themostfrequentlyusedprocedure
forclassifyingcommunityecologyfollowsthe
conceptsintroducedbyDaubenmire(1959).
Manyinvestigatorshaveusedtheseconceptsin
theirworkwithriparianandwetlandenvironments
(Youngbloodetal.1985,Kovalchik1987,
Hansenetal.1988,Hansen1989,Szaro
1989,andHansenetal.1995).Theseauthors
demonstratethattheconceptsofsuccessionused
inuplandenvironmentsareequallyapplicable
toripariansystems,althoughripariansitesare
generallymuchmoredynamic.Areviewand
comparisonofsomeofthebasicterminologyand
conceptsappliedinthesedocumentsfollows:

•Association—Innormalusage,anassociation
isaclimaxcommunitytypeorpotentialplant
community.Inripariansystems,because
oftheirdynamicnature,atrueclimax
communitymaynothaveanopportunityto
occur(Youngbloodetal.1985).Anassociation
forariparianenvironmentisthereforea
plantcommunitytyperepresentingthelatest
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successionalstageattainableonaspecific
hydrologicallyinfluencedsurface(Kovalchik
1987,Hansen1989).Hansen(1989)usesthe
term“riparianassociation,”whileYoungblood
etal.(1985)chosetheterm“potential
stablecommunitytype”thatapproachesan
association.

•CommunityType—Thisisdefinedasan
aggregationofallplantcommunitiesinsome
proceduresorasexistingordominantplant
communitiesinothers.Communitytypes
aredistinguishedbyfloristicandstructural
similaritiesinbothoverstoryandundergrowth
layers.Communitytypesareconsideredto
representseralstages.

• SiteType—Thisistheareaoflandoccupied
orpotentiallyoccupiedbyaspecific
association.Sitetypesthatarethesamewould
havesimilarenvironmentsthatcoulddevelop
thesamepotentialplantcommunity.Hansen
(1989)usestheterm“ripariansitetype”
whendescribingasitecapableofproducinga
“riparianassociation.”

Standard Ecological Site Description 
Classification

TheNRCSNationalRangeHandbook
(USDA-SCS1976),assupplementedbythe
BLMNationalRangeHandbook(H-4410-1)
(USDI-BLM1990),includesproceduresfor
preparingstandardizedecologicalsite(rangesite)
descriptions.TheNRCShandbookprovides
forrangesitedescriptionsthatincludeaunique
name,physiographicfeatures,climaticfeatures,
vegetationecologyandproduction,soils,and
managementinterpretations(whichcanbeused
inmakingmanagementrecommendations).
Earlyin1988,BLMdeterminedthatthe
standardsitedescriptionproceduresasapplied
touplandswouldaccommodatelandfeatures
associatedwithriparianandwetlandsitesas
well.TheBLMhandbookfurtherappliesthe
proceduretograzablewoodlands,forests,and
riparianandwetlandsites.

Thestandardecologicalsitedescription
procedureisforalllevelsoflandusersandis
applicabletorangeland,woodland,andnative

pasture.Thesystemishierarchical,using
classificationunitsofphysiographicregions,
climaticfeatures,vegetationecology,soils,
associatedwaterfeatures,andtheprimary
unit,site.Anidentifierisalsoused,whichisa
referencetoamajorlandresourcearea,similar
toaregionalecologicalsetting.Amajorpurpose
oftheprocedureistodefinecommunity
responseandthereasonswhyaparticular
responseoccurs.Theprocedureiswellsuited
foridentifyingchangesofstateandthereasons
forsiteprogression(aggradation/degradation).
Useofthisprocedureislimitedbytheextentof
knowledgeofsimilarsitesandbytheexpertiseof
theusers.Experiencedpersonnelarerequiredto
correctlyidentifysitepotential.Theendproduct
oftheprocedureisaveryusefuldocument
formanagement.Theproceduremakesuseof
othernationallyorinternationallyrecognized
procedures,suchasthoseintheNationalSoil
SurveyHandbook(USDA-NRCS2003).Itis
conceptuallysimilartoothersinrecognizing
apotentialorclimaxplantcommunityand
successionalstagesorcommunities.The
procedureintheNationalRangeHandbook
(USDA-SCS1976)isusedworldwidetoprepare
sitedescriptionsforrangelands.Theseprocedures
havebeenmodified,tested,andvalidatedfor
useinpreparingsitedescriptionsforriparian
areas.Proceduresforsitecorrelationexistand
arecompatiblewiththeNationalSoilSurvey
Handbook(USDA-NRCS2003).

Theeaseoftheapplicationofthisprocedure
dependsontheabilityandexperienceofthe
users.Ateamofspecialists,consistingofa
biologist,botanistorecologist,soilscientist,and
hydrologist,isrequiredtousetheseprocedures
onriparianandwetlandsites.Theprocedures
formapping,delineating,describing,and
interpretingsiteshavebeenusedbyseveral
agenciesforseveralyears.Sufficienttraining,
review,andcorrelationarekeytothesuccessof
theprocedure.

Habitat Systems
Habitatlevelclassificationsareusedtoprovide
informationfordiscreteandsmallfeatures
withinaripariansystematalargescale.These
classificationsareoftenspecialized,lookingfor
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particularhabitatstructuresandcharacteristics
thatareimportanttospecificspecies.Examples
wouldincludeclassificationforbeaverhabitat
(SuzukiandMcComb1998),vegetationusedby
particularsongbirds,andfishhabitat.Probably

thebestknownhabitatclassificationsystem
involvesthechannelgeomorphicunit(American
FisheriesSociety1999),basedonBissonet
al.(1982)andlaterrefinedbyHawkinsetal.
(1993).
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V. Conclusion

Riparian-wetlandresourcedataspansanumber
ofdisciplines,asillustratedintheprevious
descriptionsofclassificationtools.Riparian-
wetlandmanagementhasbecomemuchmore
complexinrecentyears,concernedwith
notonlyvegetation,fisheries,waterquality,
geomorphology,orwildlifebutwithallofthese
characteristics.Theassessmentoftheriparian-
wetlandresourceistypicallyateameffortnow,
withseveraldisciplinesworkingtogetherto
designinventoriesandcollect,analyze,interpret,
andpresentdatatodevelopaproductthatis
mostusefulforresourcemanagement.

Theclassificationsystemspresentedinthis
documentcanbecombinedtoproducevery
powerfulpresentationandassessmentproducts.

Coupledwithadvancedinventorydesignand
geographicinformationsystems,theappropriate
classificationsystemscanbeintegratedtosolve
manyproblems.Approachesthatintegrate
process-basedhydrogeomorphological
classificationasabasicstructurewillbenefitfrom
anincreasedabilitytoextrapolateinformation
andmakebetterresourcedecisions.

Riparian-wetlandsystemsaredynamic,forthe
mostpart,andthereforerequiretheinformation
baseusedtomanagethemtobedynamicaswell.
Classificationtechniquesandthedatatheyare
builtuponshouldberoutinelyandsystematically
updatedtokeeppacewithchangesnotonlyin
theriparian-wetlandsystems,butalsoinour
understandingofthesciencepertainingtothem.
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