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Fublisher's Note: This report deviates from the standard report outline established by the
Mational Park Service for thic raport serigs. See Frologue fp. xv) jor more information.

Executive Summary

We compiled existing data and informatiorctaaracterizehe conditionandtrendsin high
priority naturalresourcesn CraterLake NationalPark.This report andthe spatialdatasets
providedwith it, is intendedto inform andsupportparkmanagersandscientistan developing
recommendationfor improving or maintainingnaturalresourceconditionsin the park.It also
canassistparkresourcananagersn meetingthereportingrequirement®f the Government
PerformancdresultsAct andOffice of ManagemenandBudget.

In attemptdo describehe currentconditionandtrendsof thep a r natbiralresourceswe
followed generallythe EnvironmentaProtectionA g e n é ¥ ® s mdowAsse&singnd
Reportingon EcologicalC o n d i (YaurmgandSanzone&002).Specifically,we first identified
sevematuralresourcehemesconsideredy thisp a r rkadagersandscientistdo be most
important.Theyare:

Precipitation,TemperatureSnowpackandLake Levels
SurfaceWaterQuality

AquaticLife

TerrestrialVegetation

Wildlife

Air Quality

NaturalQuality of the ParkExperience

= =42 =4 -8 -8 -9 -9

We identified 24 indicatorsto evaluateghesesevenresourceconcernsFor eachindicatorwe then
attemptedo definereferenceconditionsto which we could comparepresentonditions.Making
thatcomparisonye describedhe conditionof eachindicatorasii G 0,0fdS o me wh a t
Concerningdil Si1 g n Cdncemaoniit! n d e t e® Wedestribéceachi n d i strertdasr 0
Al mpr,oivS cnnge @dneemingdfi Si g n Cdncema@oniitl ndet empeacm at e
instancewvherewe appliedtheseterms,we alsodescribedashigh, moderateor low) the
certaintyassociateavith our estimate\Wherereferenceconditionsthatwerethe basisfor our
comparison$ackedquantitativestandardsye basedhe assessmermn qualitativedescriptions

of leastalteredresourceconditionsderivedfrom historicalaccountsscientificliterature,and
professionabpinion.

Applying the 24 indicators we determinedhatthe conditionof threeindicatorsis of Significant
Concernin this park. Thoseare:the distributionof foreststandagesfire rotations,andextentof
invasivepathogensThereducedrequencyof fire in somepartsof the parkhascreated
conditionsthatareat the extremeendof the naturalagedistributionfor thep a r ferésgypes.
Thiscanrestrictthep a r dagasityto effectivelysupportther e g i waldiifé andplant
diversity.

We assignedratingof i 8mewhatC o n ¢ e rtasevenipdicators:

1 Changesn Productivity andDiversity in Non-calderaWaterBodies
1 Changesn EcologicallyHarmful Aquatic Species

Xiii



Recovery of Disturbed Areas

Diversity of Native TerrestrialWildlife SpeciesRareSpecies
ConnectivityandExtentof ImportantTerrestrialHabitats
Depositionof Airborne Contaminants

Ozonelevels

= =4 =4 -8 4

Park managerfavelimited capacityto influencethe conditionof the last three indicatars
However, NPS has had somsgccess working with policy makers and regulators to enforce
stricter standardeshenpark datandicated air quality problems resulting from local sources.

Theconditionof a plurality of theindicators(11), includingthe conditionof the calderaake
itself, wasratedii G o.0Hbwever,informationwasinsufficientto ratethe presentonditionor
trendsof four importantindicatorsthroughoutall areasof the park

1 AnnualDepth,Volume,andPersistencef Snowpack
1 WaterQuality in Non-calderaWaterBodies

1 RarePlantsandNative PlantDiversity

1 DarkNight Sky

Informationsufficientto estimaterendswaslackingfor 16 of the 24 indicators,andnoneof the
trendscalculationsvereconsideredo havea high degreeof certainty
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Fublisher's Note: This report deviates from the standard report outline established by the
Mational Park Service for thic raport serigs. See Frologue fp. xv) jor more information.

1.0 NRCA Background

Whatis the currentconditionof naturalresourcesn ourn a t i nation@lparks?How hasthat
conditionchangedn recentyearsWhatmight bethe actualandpotentialcause®f currentand
futurechange@ his report,preparedindera NationalParkService(NPS)agreementvith
SouthermOregonUniversity (SOU),attempts to addressesequestionsastheypertainto Crater
Lake NationalPark.

Addressinghesequestionss essentiato the missionof the NPS.Thus,the NPSin 2003
initiated overviewassessmentd eachof 270-plus parkswhich NPSdeemedo havesignificant
naturalresourcesindrelatedvalues.Thoseassessmenteermedii N a t ResoarteCondition
A s s e s s (NRGASE) $oouson compilingandinterpretingexistingdata,andareintendedo
complementnventoryandMonitoring (I&M ) programsandothereffortsthatfeaturethe
cadlection of newdata.Both programsomplemenandhelpsupporteachp a r dede®pmenof
aResourceStewardshifstrategy(RSS} and Stateof the ParkReport,which focusinsteadon
managemeniargetsandprovidesguidanceon howto respondo andmanagdahreatsNRCAs
rely significantly on reviewandsynthesesf existingdataandmaps,ascontrastedvith theNPS
Vital SignsProgramwhich mainly featureghe collectionof newfield data.

NRCAsevaluatecurrentconditionsfor a subsebf naturalresourcesndresourcendicators.
NRCAsalsoreportontrendsin resourcecondition(whenpossible)jdentify critical datagaps,
andcharacterize generalevel of confidencefor studyfindings. Theresourcesndindicators
emphasizedh agivenprojectdependnthep a r resbugcesetting,statusof resource
stewardshiplanningandsciencdn identifying high-priority indicators,andavailability of data
andexpertisego assessurrentconditionsfor a variety of potentialstudyresourcesnd
indicators.

NRCAsrepresenarelativelynewapproacho assessingndreportingparkresourceconditions.
Theyaremeantto complement notreplacé traditionalissue andthreatbasedesource
assessmentas distinguishingcharacteristicdNRCAS:

§ aremulti-disciplinaryin scope®
§ employhierarchicindicatorframeworks?

! formerly called a Resource Management Plan (RMP).

% The breadth of natural resources and number/type of indicators evaluated will vary by park.

3Frameworkshelpguideamulti-discipIinary selection of indicators

of data for measures ] conditions for indicators ] condition summaries by broader topics and park areas

anec



1 identify or developreferenceconditions/value$or comparisoragainstcurrent
conditions?

T emphasizspatialevaluationof conditionsandGIS (map)products

 summarizekey findingsby parkareasand

71 follow nationalNRCA guidelinesandstandardg$or studydesignandreportingproducts.

Althoughthe primary objectiveof NRCAsis to reporton currentconditionsrelativeto logical
formsof referenceconditionsandvalues NRCAsalsoreporton trends,whenappropriat€i.e.,
whenthe underlyingdataandmethodssupportsuchreporting),aswell asreportinginfluenceson
resourceconditions.Thesenfluencesmayincludepastactivitiesor conditionsthatprovidea
helpful contextfor understandingurrentconditions,and/orpresemtdaythreatsandstressorshat
arebestinterpretedat park, watershedor landscapecalegthoughNRCAsarenot requiredto
reporton conditionstatusfor landareasandnaturalresource®eyondparkboundaries)lntensive
causeand-effectanalyse®f threatsandstressorsanddevelopmenof detailedireatmenbptions,
areoutsidethe scopeof NRCAs.

Dueto theirmodestunding, relatively quick timeframefor completion,andrelianceon existing
dataandinformation,NRCAsarenotintendedo be exhaustiveTheir methodologytypically
involvesaninformal synthesiof scientificdataandinformationfrom multiple anddiverse
sourceslLevel of rigor andstatisticrepeatabilitywill vary by resourceor indicator,reflecting
differencedn existingdataandknowledgebasesacrosshe variedstudycomponents.

Thecredibility of NRCA resultsis derivedfrom the data,methodsandreferencevaluesusedin
the projectwork; those data, methods, and reference vahresiesignedo be appropriatdor the
statedpurposeof the project,and areadequatelydocumentedNRCAs canyield newinsights
aboutcurrentparkresourceconditionsbut, in manycasestheir greatesvaluemaybethe
developmenbf usefuldocumentatiomegardingknown or suspectedesourceconditionswithin
parks.Reportingproductscanhelp parkmanagersstheythink aboutneartermworkload
priorities, framedataandstudyneeddor importantparkresourcesandcommunicatenessages
aboutcurrentparkresourceconditionsto variousaudiencesA successfuNRCA delivers
sciencebasednformationthatis bothcredibleandhaspracticalusesfor a variety of park
decisionmaking planning,andpartnershigactivities.

* NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and

regulatory standards, and can consider other management-specified condition objectives or targets; each

study indicator can be evaluated against one or more types of logical reference conditions. Reference

values can be expressed in qualitative to quantitative terms, as a single value or range of values; they

represent desirable resource conditions or, alternatively, condition states that we wish to avoid or that

require afollow-on response (e.g., ecological thresholds or man

® As possible and appropriate, NRCAs describe condition gradients or differences across a park for
important natural resources and study indicators through a set of GIS coverages and map products.

® In addition to reporting on indicator-level conditions, NRCAs attempt to take a bigger picture (more
holistic) view and summarize overall findings and provide suggestions to managers on an area-by-area
basis: 1) by park ecosystem/habitat types or watersheds, and 2) for other park areas as requested.



However,it is importantto notethat NRCAs do not establishmanagementargetsfor study
indicators.Thatprocessnustoccurthroughpark planningandmanagemeructivities.Whatan
NRCA candois deliversciencebasednformationthatwill assisipparkmanagersn their
ongoing,long-termeffortsto describeandquantifyap a r desiredresourceconditionsand
managemertargets.n the nearterm, NRCA findings assiststrategicpark resourceplanning
andhelp parksto reporton governmengiccountabilitymeasure& In addition,althoughin-depth
analysisof the effectsof climatechangeon parknaturalresourcess outsidethe scopeof
NRCAs,the conditionanalysesanddatasetsdevelopedor NRCAswill beusefulfor parklevel
climatechangestudiesandplanningefforts. For moreinformationon the NRCA program,visit
http://nature.nps.gov/water/nrca/index.cfm

"An NRCA can be useful during the development of a park
can also be tailored to act as a post-RSS project.

& While accountability reporting measures are subject to change, the spatial and reference-based
condition data provided by NRCAs wil/ be useful for mo
may be required by the NPS, the Department of the Interior, or the Office of Management and Budget.


http://nature.nps.gov/water/nrca/index.cfm




2.0 Introduction and Resource Setting

CraterLake NationalParkis in southwesOregonin the southcentralportionof the Cascade
Range(Figuresl, 2). The parkencompassespproximatelyl82,304acresandis heavily
forested exceptfor scatteredvetlands subalpinemeadowsandextensivepumicecoverediats.
Elevationsrangefrom about3,800feetin thep a r dodthsvestornerto justover8,900feetat
Mount Scott.Generally the vegetatiorreflectsa mosaicof forestedandopennonforestedireas
typical of mainly-unalteredareasof the SouthernCascadesvegetationrangesrom a mixed
coniferforestdominatedoy ponderosaine at the southto mountainhemlockandwhitebarkpine
forestat higher elevatiors (AppendixC).

Nearthe centerof theparkis thep a r rko8tscenicandrenownedesourceCraterLake.With a
depthof 1,943feet, it is thedeepestakein the United StatesThelakeis in a calderawhichwas
formedwhenthetop of a 12,000foot volcanq Mt. Mazamageruptedandcollapsedabout7,700
yearsaga Overthecenturiesthe calderahascollectedwaterfrom rain andsnowto form the
lake.It is about5 milesin diameterandis surroundedy thejagged steepwalledcliffs of the
calderaleft by the climactic eruptionandcollapse Thecliffs surroundinghelakerisefrom 500
to 2,000feetabovethel a ksertace.

CraterLakeholdstheworld recordfor clarity amonglakes.Thelake hasnoinletsor outlets and
evaporationandseepag@reventt from accumulatingvaterandbecomingdeeperCraterLake
is consideredh youthful lakewith a high level of purity, attributableto the lack of inflowing
streamghatotherwisewould introduee mineralsandotherdebris.Thelack of streaminflow
greatlyrestrictsthe growth of aquaticplants andthe absencef sufficientcarbonateshibits the
developmenof largeshelledanimals.Theresultis a high level of light penetrationone that
exceeds the level found in othepinelakes.

Thep a r land dopesgraduallydownwardin all directionsoutward from the caldera rim
Streamsoriginatingon the slopesof the calderaform headwatersf the RogueRiver to thewest
or join the KlamathBasinto the southandeast.Steepwalled canyonscutin pumice,suchasat
Annie, Castle, andSunCreekscontributeto theruggednessf theterrain.

Amongmanyobjectivesdescribedn the CRLA ResourceManagemenPlan(NPS 1999)the
following pertainspecificallyto naturalresourcesindwere usedto helpguidethisNRCA:

1. To know, qualitativelyandquantitatively thep a r natbiralresourceshrough
comprehensivenventories.

2. To understandhnter- andintra-specificrelationshipsecologicalroles,andthe
environmentalphysical andchemicalconditionsof theseresourceshroughresearctand
monitoring.

3. To developour understandingn orderto beableto determinehelimits of natural
variation,predictsystemhealth andfacilitate developmenbf the bestpossible
managemendtrategiesor resourceprotection.



4. To restoreandmaintainthe naturalterrestrial aquatic.andatmospheri@cosystem
conditionsandprocessedo thedegreehatis physicallypossibleandpolitically
practical sothey mayoperateunimpairedfrom humaninfluences.

5. In areagdesignate@s"naturalzones"(GeneraManagemenPlan),to maintainor
restoreindigenoudlora, fauna,andnaturalcommunitiego the extentpossibleto achieve
speciediversityandcommunitystructureequivalento pre-Columbiantimesor post
Columbianconditionswhich would havebeencreatedoy naturaleventsandprocesses.

6. To protectrarespeciedy measuresimedat preservinghabitatandpreventing
extirpation butwhich minimize adversenfluenceson otherindigenousspecies.

7. Within proposedVildernessto provideoutstandingopportunitiesor solitude,with
minimal evidenceof moderncivilization.
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Figure 1. General location of Crater Lake National Park.
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Figure 2. Base map of Crater Lake National Park.



3.0 Study Scoping, Design, and Implementation

3.1 Project Responsibilities

Co-investigatordor this projectwereDr. GregJonesglimatologist,SoutherrOregon
University,andDr. PaulAdamus,ecologist,OregonStateUniversity. Dr. Jonesadministeredhe
agreemenandanalyzedlimatologicdata.Dr. Adamusservedasreporteditor, aswell aswriting
all sectionsexceptsectiond.4, which addressesgegetatiorandfire regime.Thosesectionsvere
preparedy DennisOdion,vegetatiorecologist,SoutherrOregonUniversity. Spatialdatawere
compiledandanalyzedoy RyanReidandLorin GroshongGIS specialistsSoutherrOregon
University) with substantialnput from othermembersof the projectteam.

3.2 Framework, Reporting Areas, and Information Gathering

This assessmem$ oneof threeNRCAs preparedundera singleagreementvith SouthernOregon
University. The otherspertainto LavaBedsNationalMonumentandLasserVolcanic National
Park.Theassessmentsegann October2010with a scopingworkshopthatincludedthe SOU
studyteam,mostmemberf the NPSProjectOversightCommitte€, andotherscientistsrom
thethreeparksbeingassessedeld atthe LavaBedsheadquartersearTulelake,California,the
sessiorbeganwith a backgroundlescriptionof the NRCA procesgpresentedy MarshaDavis
from the NPSPacific WestRegionalOffice, followed by presentationby the projectco-
principalinvestigatoraandothers,anda groupdiscussiorfocusingon projectframeworksand
strategy.Thentheteamtraveledto CraterLake andsoughtinformationfrom severalscientists
there.

Naturalresourcassuesn the parkhadrecentlybeenprioritizedby thep a r $taff, ssinga
structurednput processwhich wasa greathelpin focusingour efforts.In no particularorder,
thel8A f otchad mieasveérerankedhighest(3 onascaleof 0 to 3) from alist of 56 themes
consideregotentiallyapplicableto thethreeKlamathNetwork parksthatarethe subjectof this
SOUagreementvere:

LakesandStreams
WetlandsandRiparianAreas
CleanWater

WaterRights
GroundwateFlow

Loggingor HabitatConversion
Fire Regimes

= =4 -8 -8 -9 -9 -9

° From Crater Lake National Park: Mac Brock (Chief of Resources Management and NRCA Project
Manager), Jeff Runde (Resource Management Specialist and Data Manager), Chris Wayne (GIS
Specialist). From Lava Beds National Monument: David Larson (formerly, Chief of Resource Management
and NRCA Project Manager), Jason Mateljak (Resource Management Specialist), Shane Fryer (Physical
Scientist). From Pacific West Regional Office: Marsha Davis (Geologist). From Lassen Volcanic National
Park: Louise Johnson (formerly, Chief of Resources), Nancy Nordensten (formerly, Resource
Management Specialist; Biologist), Janet Coles (Plant Ecologist).



Fire SuppressiorandFuelsManagement
Areasof Pristine or Old-growth Vegetation
Native Plant Restoration
InvasiveSpeciegplants)
InvasiveSpeciesanimals)
Phenologicalycles
SolitudeandSilence

NaturalQuiet

Dark Night Sky

MoistureandClimate Cycles
GlobalWarming

= =420 _-0_49_9_95_42_4_-°._-2-

In addition,indicatorsof naturalresourceconditionhadrecentlybeenidentified throughthe
KlamathN e t w oMitat RignsplanningprocessSomeof thatinformationwasusedto target
indicatorspertinentto our NRCA effort.

Subsequentlyall relevantdocumentgrom the parkswereidentified. This taskwasmadeeasier
by the KlamathNetworkhavingrecentlycompletedafi d anti an i repgrigSmith et al. 206).
Thatreportwasfollowed by a bibliographicdatabasef nearlyall publishedandunpublished
documentandmapsfor theseparks,up to about2007.We augmentedhatdatabasesingonline
searchenginegWeb of ScienceGoogleScholar)to identify newerpublicationsfrom thethree
parks,aswell aslocatingrelevantdocumentpertainingto theregionssurroundingheseparks,
searchingvith phrasesuchasfiSouthernCascades We obtainedcompletedigital copies
(PDFs)of manypublicationsthatreportedrelevantresearchiesultsfrom the parkand
surroundingegion.We thenindexedall digital documentsn anExcelspreadsheetotheycould
be sortedby topic andyear.The databasandall thedigital documentsaswell asspatal data
layers,wereplacedon a servercomputerat SOUthatwasaccessibléo the projectteam
throughouthis project.

We reviewedandconsideredeveraframeworksfor organizingour NRCA effort. We decidedto
follow generallythe EnvironmentaProtectionA g e n é ¥ & & m dowAsseksingnd
Reportingon EcologicalC o n d i (¥aurmyandSanzone&002).Specifically,for eachpriority
resourcene identified multiple indicatorsof resourceconditionanddefinedreferenceconditions
thatcouldbeusedasa basisfor assessinghese An ecologicalindicatoris any measurable
attributethat providesinsightsinto the stateof the environmentindprovidesinformationbeyond
its own measuremer(Noon2003).Indicatorsareusuallysurrogategor propertiesor system
responsethataretoo difficult or costlyto measuralirectly. Indicatorsdiffer from estimatorsn
thatfunctionalrelationshipsetweertheindicatorandthe variousecologicalattributesare
generallyunknown(McKelvey andPearsor2001).Not all indicatorsareequallyinformatived
oneof thekey challenge®f anNRCA is to selectthoseattributeswhosevalues(or trends)
provideinsightsinto ecologicalintegrity at the scaleof the ecosystem.

In developingthelist of indicatorsandspecificmeasuresye consideredomebasiccriteriafor
usefulecologicalindicatorsasprovidedby Harwell etal. (1999):fiUsefulindicatorsneedto be
understandabl® multiple audiencesincludingscientistspolicy makersmanagersandthe
public; theyneedto showstatusand/orconditionovertime; andthereshouldbeaclear,
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transparenscientificbasisfor the assignedonditiono Indicatorsneedto be basedn probability
distributionswheneveipossibleto capturethe naturalrangeof variationin conditions,andwe
haveattemptedo do thatwheneveipossible We evaluatedheindicatorswe choseby assigning
gualitativedescriptorsasfollows:

Condition: Good,SomewhatConcerningSignificantConcernor Indeterminate.
Trends: Improving, SomewhatConcerningSignificantConcernpr Indeterminate.
Certainty : High, Medium,or Low.

We definedthesetermsin the contextof eachspecificresourceor issuewe evaluatedMost
indicatorswereassessedt the park scale althoughconnectiongo regionalconditionswere
notedwheresupportedy previouslypublishedanalysesThe mapspreparedor this assessment
potentiallyrevealdifferencesn resourcesit afiner scale,.e., within the park. Someof the
spatialdatawerealsocompiledin tablesorganizedoy majorwatershedshatthe parkintersects
Thesefl a n a U § sdreshbwnin Figure 3.
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Figure 3. Watershed analysis units intersecting Crater Lake National Park. Numbers are USGS
Hydrologic Unit Codes.
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