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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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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,

10



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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4.0 Natural Resource Conditions and Trends

Accordingto parkstaff, the greatestoncerngegardingthe naturalresourcest this parkare in
no particularorder.

1. Changesn precipitation,snowpackandwateravailability

2. Changesn thechemistry transparencyandbiological communitiesof CraterLake
itself (hereinaftercalledil t taklerd a k andodhersurfacewaterbodie® streams,
otherlakes, wetlands, andripariansystems

3. Changesn thediversity, condition,distribution andconnectiviy of vegetation
4. Changesn thediversity,abundanceanddistributionof wildlife within the park
5. Changesn the overallnaturalquality of the parkexperience

Eachof those natural resource concerissnow describedisingthefollowing structure:

Background

RegionalContext

IssueDescription

IndicatorsandCriteriato EvaluateConditionand Trends
Criteria
ConditionandTrends
AssessmentonfidenceandDataGaps

T
T
T
T

Higher priority wasassignedo reviewingdata(a) with indicatorsthatareanticipaedto be most
sensitiveto the priority resourcassuesand/or(b) collectedaccordingo a standardizegbrotocol,
and/or(c) from multiple years(the fartherapartthe better),and/or(d) from manylocations
within the park.

4.1 Changes in Precipitation, Temperature, Snowpack, and Lake Levels

4.1.1 Background

Precipitations essentiafor reducingfire risk, supportingforestsandwildlife, andsustaining
streamflow andwatertablelevelsthat supporponds lakes,andwetlandsLongtermchangesn
air temperaturenfluencethe proportionof precipitationthatfalls andthe proportion thaits
retainedongerin the seasorassnow.Snowdeposition(Figure4) is sensitiveto wintertime
(NovemberMarch)warmingtrends whereasnowmeltis sensitiveto changesn springtime
temperaturegKnowlesetal. 2006).Snowdepthaffectsthe overwintersurvivalandspringtime
germinationof plants,aswell asaffectingwildlife movementsandshelter.Snowmeltwaterhelps
sustainpublic andprivatewatersuppliesn drier low-elevationlands.Whensnowpackmelts
quickly, the periodwhensidechannelandfloodplain habitatsareinundatedoy wateris shorter,
limiting the habitatfor fish andotheraquaticanimals.Decreasedows duringlate spring,
summerandearly fall coupledwith rising air temperaturearelikely to increasevater
temperaturegeducinghabitatsuitability for nativecoldwaterfish (Barr etal. 2010).Under
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normalcircumstanced)ecauseavateris releasedrom meltingsnowmoregraduallythanfrom
rainfall, snowmeltwaterinfiltration into soilsandgroundwateis morecomplete Consequently,
streamflow from snowmelis sustainedongerinto the growing seasonandnaturalprocesses
may havelongerto detoxify any pollutantspresenin precipitationandsnowpackHowever,
warmingtrendsmay causdessnitrateto be exportedrom meltingsnowbecauseoil microbial
andplantuptakeprocessethateffectivelyremovenitratemaybe activatedearlierin the season
(Sickmanetal. 2003).

Crater Lake Park HO Snowfall & Snowdepth Averages
400

Average Showfall: 908"
Avg Max Showdepth: 144"
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Figure 4. Seasonal variation in snowfall and snow depth, 1930-2005, at Crater Lake park headquarters
(Andalkar 2005).

Longtermprecipitationandtemperatur@averagesor Crater Lakeareshownin AppendixA.
Rainfall, snowfll, andtemperaturewvithin thisp a r regiorvary greatlydependingpn
elevationandarestronglymodified by the rain shadowconfigurationof the Cascaderestand
thedistanceof therecordingareafrom it. The mostrapidchangen precipitationamountswithin
the parkoccursdownthe easterrflank, wherethe heavyprecipitationof the High Cascadegives
way to the semiaridhigh plateaucountryof centralOregon. Approximately70 percentof the
annualprecipitationfalls from NovemberthroughMarchin the park,andpracticallyall of it falls
assnow.Snowdepthsof 100to 200incheson the groundarecommonat parkheadquarterand
theannualtotal snowfallthereis nearly600inches.In abouthalf of the winters,thefirst
measurablsnowfalloccursby the endof Septemberandatthe park'slower elevationsy the
endof October.Snowdepthhasbeenmonitoredat parkheadquarter&400ft elevation)since
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1916,with somegapsin coveragealuring 192526, 192829, and194246. Snowdepthhasalso
beenmonitoredat Annie Springs(elevation6000ft), which averagesbouta foot less
accumuldéion at mid-winter than at park headquarteesdatthe calderarim (7100ft), aswell as
northeasof the parkat Chemult(4760ft) andsouthwesbf the parkat Prospect{1500ft).

4.1.2 Regional Context
Climateprojectionsfor the KlamathRegionasawhole (Barr etal. 2010)areshownin Table1.

Table 1. The range of projected changes to the climate (including temperature and precipitation) and
ecology (dominant vegetation types, fire regime) of the Klamath Basin from three global climate models
and a vegetation model. Baseline conditions are based on data from 1961-1990. Snowpack projections
are based on results from supporting studies (Hayhoe et al. 2004; Goodstein and Matson 2004).

Projected Average Annual and Seasonal Temperature Increase from Baseline

Annual
June i August
December i February

Annual
June T August
December - February

Projected Percent Chan

Area Burned

Vegetation Growing
Conditions

Snowpack

+2.1t0 +3.6° F (+1.1 to +2.0° C)
+2.2t0 +4.8° F (+1.21t0 2.7° C)
+1.7 to +3.6° F (+1.0 to 2.0° C)

-0.27 to +0.07 inch (-9 to +2 %)
-0.16 to +0.11 inch (-15 to -23 %)
+0.06 to +0.57 inch (+1 to +10 %)

+13 to 18%

Complete loss of subalpine.
Partial loss of maritime conifer
(Douglas-fir and spruce).
Expansion of oak and madrone.

Projected Change in Snowpack from Baseline

Loss of 37 to 65%

+4.6 10 +7.2° F (+2.5 t0 +4.6° C)
+5.8t0 +11.8° F (+3.2 to +6.6° C)
+3.810 +6.5° F (+2.1 t0 +3.6° C)

Projected Average Annual and Seasonal Change in Precipitation from Baseline

-0.33to +0.74 inch (-11 to +24 %)
-0.25 to +1.00 inch (-37 to -3 %)
-0.28 to +1.59 inch (-5 to +27 %)

ge in Area Burned on Annual Basis Compared to Baseline

+11to 22%

Projected Change in Vegetation Growing Conditions from Baseline

Partial to complete loss of maritime
conifer

Expansion of oak and madrone.
Possible replacement of sagebrush and
juniper with grasslands.

Loss of 73 to 90%

Estimates from Hayhoe et al. (2004) are from the Sierra Nevada range and estimates from Goodstein and
Matson (2004) are for Oregon and Washington, including the Klamath region.
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4.1.3 Issues Description

4.1.3.1Historical ClimateChange

In westernNorth Americagenerally duringthe twentiethcenturythewinter andspring
temperaturesicreasedMote etal. 2005).Therateof changevariedby location,but generallya
warmingof 1°C occurredirom 1916to 2003(Hamletetal. 2007).Therateof temperature
increasdrom 1947to 2003wasroughlydoublethataveragedor the entireperiodfrom 1916to
2003.Thiswaslargelyattributableto thefactthatmuchof the observedvarmingoccurredfrom
1975to 2003.Regionallyaveragedspringandsummertemperaturefor 1987to 2003were
0.87°Chigherthanthosefor 1970to 1986,andspringandsummertemperaturefor 1987to
2003werethewarmestsincethe beginningof therecordin 1895(Westerlingetal. 2006).The
largestwarmingtrendshaveoccurredn JanuaryMarch (HamletandLettenmaie2007).

The snowpackhasdeclinedovermuchof the West(Mote 2003a,2003h Hamletetal. 2005
McCabeandClark 2005, despiteincreasesn winter precipitationin manyplaces.Thelargest
reductionshaveoccurredwherewinter temperaturearemild, especiallyin lower elevationsof
the Cascadé/ountains(Mote etal. 2005,Mote etal. 2008a) A shift in thetiming of springtime
snowmelttowardsearlierin theyearalsohasbeenobservediuring 1948 2000in manywestern
rivers. The shift hasbeenattributedto moreprecipitationfalling asrain ratherthansnowand
earliersnowmelt(Knowlesetal. 2006).In the Pacific Northwest the snowwaterequivalent(i.e.,
the depthof waterequivalento theweightof the snowpackdecreasedverthe period1950
2000,andis relatedto increasesn temperaturéMote 2003).

4.1.3.2FutureClimateChange

ForthewesternU.S.,simulationsof future climateindicatethataveraggemperaturesvill likely
increasen bothwinterandsummen(Giorgi etal. 2001).Theaveragevarmingratein the Pacific
Northwestduringthe next~50yearsis expectedo bein therangeof 0.1-0.6°Cperdecadeyvith
abestestimateof 0.3°CperdecadeFor comparisonpbservedvarmingin the secondhalf of the
centurywasapproximately0.2°CperdecadgMote etal. 2008b).Lesscertaintyis associated
with projectedchangesn regionalprecipitationthanthosefor temperaturef-or the Klamath
Networkregionspecifically,simulationssuggestheremay befuture decreases snow(e.g.,
Leungetal. 2004)andchangesn thetiming of snowmeltrunoff (e.g.,Stewartetal. 2004 20(5).

4.1.3.30therPotentiallmpactson WaterQuantity

Therehavebeenapplicationdor geothermakxplorationleaseson ForestServicelandsadjacent
to theparkandascloseas600feetfrom the parkboundary Exploratorydrilling to 1,675meters
(5,500feet) depthhasoccurredat onedrill site eastof Mt. Scottandat a secondsite adjacento
the eastboundaryof the PanhandleAdditional drill siteshavebeenidentifiedandnumberedin
theareaeastof Mt. ScottandSharpPeak,andmorepermitsfor newdrill locationsmaybe
forthcoming.Numeroudestwells areplannedat elevationsaroundl,830meters6,000feet),
andwith drill depthgto 1,675meters(5,500feet). Developmenbdbf geothermatesourcesearthe
parkhasthe potentialto affectthe amountof groundwatevithin the park,including
hydrothermalentswithin the calderdake (BaconandNathensori996).However this hasnot
beeninvestigateccomprehensivelyif testwells aresuccessfuinda commerciallysignificant
geothermalesourcas developeda powerplantmight be constructeddjacento the park.
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4.1.4 Indicators and Criteria to Evaluate Condition and Trends

Althoughlittle or nothingcanbe donewithin the parkto addresshisissue(changesn
precipitationtemperaturesnowpackandlakelevelg, improvedknowledgeof current
conditionsandanticipatecchangesanhelpresourceplanningefforts. Informative hdicatorsfor
this issuemightincludethe conditionandtrendsof the following:

1. Annualsnowfallanddepth,volume,andpersistencef snowpack
2. Waterlevel elevationgn CraterLake;

3. Dischargevolumeandtiming in streamsandsprings

4. Numberandareaof wetlands ponds,andlakes

Asidefrom thelakelevel elevationsexistingdatafrom the parkareinsufficientto determine
pastor likely futuretrendsin any of theaboveindicators Locationsof varioustypesof weather
instrumentsn or nearthe parkweremappedanddescribedn Daveyetal. (2007)andDaly etal.
(2009).Thelatterreportdescribesesultsof a statisticalanalysisvhosepurposenvasto
investigatepossibldong-termtrendsin air temperatur@andprecipitation No dataareavailable
thatquantify snowpackhorizontalextent(not just depth)or springmelt conditions,nor flow
characteristicin thep a r pe@mialndintermittentstreamseforetheyexit the park. The
areasof mostof thep a r Wweflamds ponds,andlakesareknownbut shouldbe re-measuredvith
updatedaerialimageryatintervalsof onedecadeor less,dependingon apparentatesof climate
change.

4.1.4.1AnnualSnowfallandDepth,Volume, andPersistencef Snowpack

Becausamostof the parkis atthetop of awatershedindreceivesearlyall its precipitationas
snow,theannualsnowpacks of obviousimportanceo thep a r fesdugcesA smaller
snowpackcould meanlongerperiodsof droughtin downstreanareasduringlate summerand
fall, thusstressingaquaticlife andmakingterrestrialvegetatiormoresusceptibléo damagerom
insectsdiseaseandfire. Much of the parkdrainsto the Rogue,Umpqua andKlamathRiver
Basirs. As muchas60-80% of thesummelp o wrstheseriversoriginatein 10-15% of ther
respectivevatershed comingprimarily from the groundwaterdominatedupperparts suchas
wheretheparkis located(MayerandNaman2011).

Criteria

Local andregionaldataon snowamountsareinsufficientto quantifyreferenceconditions
appropriatdor this park,soqualitativestatementsvill definethereferenceconditions A rating
of iGoo would describea conditionwhereannualsnowfallandthe amount(depth,volume
persistenceof snowpacks at or abovethe averagehistoricalconditionin all partsof the park.
fiISomewhatConcerning andfiSignificantConcerm conditions would be definedasanamount
andtiming of snowpackandsnowmelithatarelessthannecessaryo sustainthep ar k 6 s
ecosystemsloseto their presentstate

Conditionand Trends
Condition:Indeterminate
Trends: Somewha€oncernng i MediumCertainty.

Trendsin precipitationandtemperatur@resomewhatoncering. Monthly andannualdatafor
snowdepthat parkheadquarterandat two monitoringstationsnearthe park (Prospect,
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Chemult)showalong termdeclineduringthe period1931i 2007aswell as19472007,but not
during1971 2007 (Daly etal. 2009 or 19832007 (Girdneretal. 2009).Thelong termdecline
in snowdepthmay correspondt leastpartly to anincreasegroportionof theannual
precipitationbeingin theform of rain ratherthansnow(Barnettet al. 2008).Snowmeltfrom the
calderawalls, which contributesa maximumof 4.16 m*/s or 149cfs water,is essentiato offset
lake waterlossesdueto evaporatiorandseepagandthusmaintainthelevel of thelake
(Redmondl99Q Girdneretal. 2009. On averae,eachl0inchdropin April snowwater
equivalentesulsin 7.4 daysearlierarrival of thermalstratificationin thelake,anannualevent
of majorbiologicalimportanceHistorically, particularly severedroughtsarereportedo have
occurredn thisregionfrom 1856to 1865,1870to 1877,and1890to 1896 (Herweijeretal.
2006).

Separatelyye analyzedrendsin temperatur@andprecipitationasmonitoredat park
headquarterfor the period1919through2011 Thefollowing trendswerestatistically
significant:

decreas& maximumobservedninimumtemperaturegmaximumTmin)
increasan minimum observedninimumtemperaturegminimum Tmin)

decreas@ the warmesmighttimetemperature§’ of DaysTmin >90th Percentile)
increasan the numberof dayswith Tmaxbelowfreezing(# of DaysTmax<0°C)
increasan the numberof dayswith Tmin belowfreezing(# of DaysTmin <0°C)
declire in oneday precipitationamountgdmaximumZ1-day precipitation

declinein the SimplePrecipitationintensityIndex

declinein extremerainfall (eventsgreatetthanthe 99" percentilg

=4 =4 =4 -8 -4 _9_95_-4°

In addition,Daly etal. (2009 computedrendsin temperatur@ndprecipitationat park
headquarterfor eachmonth butfor a shortertime period,1971-2007 (AppendixA).

Theycommented:

AiTherehasbeenlittle trendin annualprecipitationduring eithertime period.Thefive-
yearmovingaveragehighlightsa precipitationminimumaround1930,a maximumin
about1950,thena seriesof variationswith a wavelengthof about10years.Therehas
beena significantdrying trendin Septembeprecipitation however thatappearsn both
periodsin theaverageandalsofor thethreestations A sharpprecipitationdecreasn
thelate 1980sis largelyresponsibldor the overalltrend. Thisis consistentvith an
unpublishedanalysisdoneby Daly for the HJ AndrewsExperimentaForesteastof
Eugendn the OregonCascadesandsuggestshatthe summerdroughthasbeen
extendingnto late summerandearlyfall moreoftenthanbefore.

AiTemperatureérendsaresignificantly positivefor severamonthsandfor theannual
averageWhile trendsin maximumtemperatur@areweak,minimumtemperaturdnasseen
significantincreasesverboththe shortandlong time periods.Trendsarenotthe same
amongstations andit is importantnot to concludetoo muchfrom trendstatisticsatone
location.However it is clearthatannualminimumtemperaturehavebeenincreasing
sincethe1970s.Thistrendis relativelyweakat Chemult,however All locationsshow
upwardtrendssignificantatthe 90%level for the period1971 2007in JanuaryApril,
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May, andJulyé Elevationsin the parkaregenerallyhigh enoughto preventtheserecent
temperaturéncrease$rom negativelyaffectingthe snowpacko

Examiningalongerperiodof record(19312008insteadof 19702007 from the park
headquarterszirdneretal. (2009)alsofoundno trendin maximumair temperaturegxceptfor
themonthsof MarchandSeptembefwarmermaximums)andFebruary(coolermaximums) But
like Daly etal. (2009),they notedsignificantwarmingof averageannualtemperaturén more
recentyears,andcommentedhattherateof increasesince1983at parkheadquarterf).23°C
perdecade)s higherthanthe globally-averagedateof atmospheriavarmingof 0.07°Cper
decadgJonesandMoberg2003).Both studiesfounda significantcooling of minimumair
temperatureat leastfor the summemonthswith May andJuly showingthe greatestooling.
Segregatetly period,from the 1930sto the early 1980stemperaturerendedtowardscooling
buttowardswarmingfrom the 1980sto the present.

In the lakeitself, therewasa highly significantwarmingtrendof surfacewatersduringsummer
monthsfrom 1965to 2008.The averageaateof summersurfacewatertemperaturéncreasenvas
0.6°Cperdecadeor approximately?2.6°Csincel965 Theaverageateof summersurfacewater
temperaturéncreaseat CraterLake (0.57 C/decadeor about2.6°Csincel965), is morethan
twice thatof Lake Tahoe(Coatsetal. 2006).Deeperportionsof the lake arewarmedlocally by
geothermal/ents,butair temperatures by far the largerdriver of laketemperatureverall
accountingor 73% of thevariationin surfacewatertemperatureuringthe summer(Girdneret
al. 2009).

Assessmer@@onfidenceand Data Gaps

Low. Despitethep a isrepiutationfor heavysnowfall thedistributionalpatternsof snowfallin
the parkunit areseverelyundersampledDaveyet al. 2007) The snowdatacomefrom only two
locationswithin the parkandcannotbe extrapolatedo otherparts.In addition,it is uncertaino
whatdegreeapparentrendsin snowandprecipitationcanbeattributedto the EI Nifio Southern
Oscillation(ENSO)weathemphenomendTable2). This complicatesattemptdo interpretwhat
degreeof deviationfrom averageconditionsshould be consideredi n o r (RadmondandKoch
1991,Aguedoetal. 1992,BeebeeandManga2004).
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Table 2. Average annual snowfall at Crater Lake associated with ENSO conditions, 1950-2004 (from

Andalkar 2005).
Condition Average Annual Snowfall (inches)

Strong El Nifio 468
Weak EI Nifio 510
Neutral 470
Weak La Nifia 510
Strong La Nifia 615
Average 508
Maximum 836
Minimum 243

4.1.42 WaterLevel Elevationsn CraterLake

CraterLake, the gemof this parkandthe deepestakein North America is in no dangerof
drying up in responseo eventhe mostextremeprojectedclimatechangesHowever its color,
transparencyanduniquegeochemicahndbiologicalenvironmentarepartly influencedby
climate.Abnormalwaterlevel changesould be anindicatorandprecursoiof potentially
significantchangesn its aestheti@andothercharacteristicsA surveyby Rolloff (1998)of over
1000visitorsusedsimulatedmagesof thelake at elevationghatare25, 75,and125feetlower.
Thesurveyindicatedthatpresentake levelsarestronglypreferredoy visitors.

Lake levelsaremeasuredlaily to annually,andarereferencedo SeptembeB0to allow a
standardizedomparisoramongyeatrs.

Thel a klevélsvaryin responséo the changingbalancebetweerprecipitationamount,
evaporationandseepageate.Thel a kveaterbudgetis controlledmoreby precipitationthan
evaporatiorandseepageasconfirmedby measurementsf thesefactorsaswell asa highly
significantcorrelationof lake levelswith air temperaturet parkheadquartersmeasuredrom
19622003(Redmond2007).Thelakerisesl.4cmfor everycm of measuregbrecipitationover
equilibriumvalue(168.6cm) at park headquarter€=vaporations about76 cm/yearandseepage
at0.347cm/dayor 127 cm/yearequivalento anoutletstreamwith discharge2.14m*s. The
residencdime of wateris about225years(Collier etal. 1990) Thelakealmostneverfreezes
completely Evaporations greatestluring the cool seasorbecaus®f thel a kumféozen
conditionandoccurrencef strongemwindsatthattime of year However,despitethel a k4eld s
km radius,the calderarim shelteramuchof it from strongwinds.Largedaily decreases lake
level occuroftenon autumndayswhencool dry air overlaysthe warmwaterleft from summer.

Criteria

20



Historicallakelevelsareusedasthereferencdor assessingurrentconditionsandtrends.
fiGood conditionwould berepresentetly a lakelevel closeto the oneprevailingoverthe past
centuryor slightly greater iSomewhatConcerning would be alakelevel thatis less,but within
5 m of therecenthistoricalmaximumi Si g n ICb n ¢ &ould ke alakelevel outsidethat
range.

Conditionand Trends
Condition:Goodi High Certainty.
Trends: Somewha€oncerring i High Certainty.

Givenits enormougiepth,thereis no chancehecalderaakewill go completelydry within any
foreseeabléime asaresultof climatefactors.Althoughleveksin thelake overthelastcentury
have variedoverarangeof 5 m (Redmond2007) a statisticallysignificantdeclineoccurred
from 1892to 2008(Girdneretal. 2009) Lakelevelsarehighly correlatedwith precipitation,and
reconstructionsf pastprecipitationusingtreerings supportthis conclusion(Petersoret al.
1999).

Assessmer@@onfidenceand Data Gaps:
MediumCertainty Dataarerelativelycompleteandthoroughlyanalyzed.

4.1.43 Flow in StreamsandSprings

Thep a r nadesstreamsncludeAnnie, WhitehorsgfeedsCastlg, Wheeler(feedsSand),Sun
Bybee Munson Bear, RedBlanket CopelandCrater National TrapperCreek,andLost Creek
Most of thesestreamsriginatein headwatesprings,manyof which havealsobeenmappedand
describedDutton1935).Becausef thelargeextentof permeablesolcanicrock (e.g.,pumice),
largeareasof the parklack well-definedsurfacedrainagesystemsAbove elevation5500ft, the
northernparkhasno springsor streamswith permanentlow. Initiation pointsof perennialflow
havenot beenlocatedon moststreamsut thosecould be determinedy walking the uppermost
partsof the streamgluringtheir driestperiodeachyearandusingGPSto determinghataverage
location,whichis of biologicalinterestaswell asa potentialindicatorof climatechange.

Thep a r stréamslike moststreamsf theyoungerHigh Cascadesolcanicsaregroundwater
dominatecandthushavemuchmoreuniformp o wwth mutedwinter peaks slowerrecession
rates,andhighersummerasep o weaativeto runoff-dominatedstreamsirainingthe older
WesternCascadesolcanics(TagueandGrant2004).This may makethemlesssensitiveto
future climatechangehanrunoff-dominatedstreamgJeffersoretal. 2008, Tagueetal. 2008,
ChangandJung2010).In recentyearstherealsohasbeenanincreasen requestgor diversionof
streamwateroriginatingwithin CraterLake NationalParkandflowing throughUS Forest
Servicelands.Suchdiversionsjntendedfor smallscaleproductionof electricity, could affect
upstreammigrationsof fish into the park.

Groundwateflow from springsis generallywarmerin winter andcoolerin summerthansurface
water.As such,theamountduration,andtiming of flow from springsareextremelyimportantto
aquaticlife in the streamslakes,andwetlandsthatoftenarefed by thosesprings(Brown 2007).
Warmerwaterfrom dischargingspringsin winter canamelioratdce conditionsthatcanstress
fish andotheraquaticlife. Coolersummeiflows areimportantin reducingthermalstress,
especiallyalongnarrowstreamsvhereshadingreecanopiehavebeendecimatedy fire,
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insectsor diseaseSpringflows thatpercolatehroughgravelsprovideexcellentspawning
habitatfor bull trout. And in all locationsandseasonghe naturalchemicalcompositionof
springsdiffers markedlyfrom othersurfacewaters thusinfluencingtheir quality andecological
relationships.

Nineteerreache®f theparkd streamswverecharacterizeth 1947 mainlyin termsof trout
distribution(Wallis 1948) Water temperatureaveragestationwidth anddepth,andvelocity
weremeasuredndstreamhabitatwasdescribedA moreextensivesurveyof parkstreamsand
springswasconductedn 19671968 (FrankandHarris 1969).ThatsurveyrecordedlL06flow
measurement®r 46 streamsand21 springs Habitatconditionsof four streamgSun,Annie,
Bear,andSand)werecharacterizethy Dambacheetal. 1993 who describechow those
conditionschangedunderdifferentflows. Flowsin SunCreekhavebeenmonitoredperiodically
sinceabout1997in connectiorwith the bull trout restoratiorprogramthere.

Criteria

Local andregionaldataon streamflows andlengthsof perenniaktreamareinsufficientto
guantifyreferenceconditionsappropriatdor this park,soqualitativestatementsvill definethe
referenceconditions.fiGood would be a conditionwhereinno springnor sectionof a perennial
streamwithin the parkis ephemeramoreoftenthanit hashistorically, or wherethe numberor
extentof perenniaktreanreachesandspringsis greater iSomewhatConcerning would bea
conditionwhereinshrinkagds notedin no morethanafew suchfeaturesge.g.,lessthan5%
shrinkageAlso of interestarethe frequencyof no-flow or low-flow conditions the annualdaily
meanflow, thetotal annualflow, andthe dateof peakdischargeattributableatleastpartly to
snowmelt.

Conditionand Trends
Condition:Goodi Low Certainty.
Trends: Indeterminate

Flow hasbeenmonitoredconsstently overmanyyearsat only oneUSGSgaugingstationwithin
the park (Annie Spring,11503000)Therearealsotwo stationdocateddownstreanfrom the
parkandwithin afew miles

115029505unCreekat RangerStaion nearFort Klamath(2011dataonly)
14333500RedBlanketCreeknearProspec{discontinuedn 1981)

Monitoring gaugelataat Annie Spring isinlikely to represent surface runoff conditions in the
park generally because it receives little surface runoff, being only about 10 m domrfstnea
its groundwater sourcélonethelesdJSGSstreanflow datawereobtainedfor the Annie Spring
station.For theyears19772004,the mediandateof peakflow wasJunel4 (range= May 13to
July 14). For eachyear,the dateof annualpeakflow wasplottedagainstyear.No evidencenvas
foundthatthe dateof peakflow (of groundwater, primarilyj)s occurringearlierin thespring in
factthereis slight but statisticallyinsignificanttrendtowardspeakflow occurringlater (Figure

5).
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Figure 5. Days after May 12 during which annual peak flow occurred each year at Annie Springs USGS
gauging station. The curved line is the locally weighted regression line (with 40% smoothing). The straight
line is the least squares regression with confidence bands. R*=0.0002, p=0.9458, slope =0.0272, n=25.
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Figure 6. Average daily flow (cfs) by year for Annie Springs USGS gauging station. The curved line is the
locally weighted regression line (with 40% smoothing). The straight line is the least squares regression
with confidence bands. R*=0.0124, p=0.5731, slope =-0.0122, n=28.
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Averagedaily flow wasalsoplottedagainstyear(Figure6). Althoughdaily flows appeato be
lesseningoverall,the downtrends not statisticallysignificant.

Assessmer@@onfidenceand Data Gaps:

Low. Althoughflow ratesof someof thep a r ftréamsandspringswerereportecby USGSin
1923and196Q thoseandotherdataaresporadiqFrankandHarris 1969).The hydrologicand
otherphysicalcharacteristicef mostof thep a r stréamsandspringshavenotbeenquantified
overmultiple seasonsindyears.

4.1.44 Number,Area,andDistribution of Wetlands PondsandLakes

Althoughthe calderaake drawsthe mostattention the parkalsohostsmanymuchsmaller
pondsandwetlands.Thesearelargely groundwaterdriven, often coincidentwith springs,and
lessnumeroughanin landscapswith soilsthatarelessporousthanthosein this park.lIt is
estimatedhatthe park containss to 10 perennialakesandpondsandat least254 wetlands.
Non-perenniapondsareincludedin the wetlandtotal.

Criteria

Local andregionaldataon the number,area,anddistributionpatternof wetlandsjakes,and
pondsareinsufficientto quantifyreferenceconditionsappropriatdor thisp a r padicular
landscapeso qualitativestatementsvill definethereferenceconditions.fiGood conditions
would meanthatwetlandsof all typesarepresentt or neartheir recenthistoricalextent,with no
permanentossof awetlandin any partof the park.iSomewhatConcerning conditionswould
meanshrinkageor disappearancef a limited numberof wetlands consideringhat(a) wetlands
arenaturallydynamicandsomewetlandsfluctuatebetweenyearsfrom beingseasonallyo
persistentifflooded,and(b) thosecyclesarebeneficialto their productivity.ldeally, the criteria
would specifythattherealsobe nolossof wetlandquality (ecologicalcondition)asdetermined
partly by usingthe variablesrecordedy Adamus& Bartlett(2008).

Conditionand Trends
Condition:Goodi MediumCertainty.
Trends: Indeterminate

Thep a r wetlamdsveremappedoy the NationalWetlandsinventory(NWI), andrefinements
andadditionsweremadeby Adamus& Bartlett(2008),who visited 76 wetlandscomprisinga
probability sampleof thep a r wetiasds The samplewetlandswerevisited onceandtheywere
mapped usingPS,with the coordinateseportedn a databas@rovidedto the Klamath
Network Permanenmarkerswereplacedin eachsamplewetlandandplantswereidentifiedto
speciesn 101vegetatiorplots Theseassessmentieterminedhatnearlyall wetlandsarein
goodconditionasdefinedmainly by their plantcommunitiesNo dataareavailableontrendsin
thenumberor areaof wetlands ponds,andlakeswithin the park,nor trendsin their quality
(ecologicalcondition). The mapsprovidea reasonablyompletebaselingor wetlandareaand
distributionin the park,andthe Adamus& Bartlettassessmemtataprovidea partialbaselinefor
comparingfuture wetlandquality.

Assessmer@@onfidenceand Data Gaps
Medium The Adanmus & Bartlett(2008 surveygroundtruthed manyof the NWI- mapped
wetlandsandaddedothers butdid notinvolve walking all likely partsof the parkto
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intentionallysearchfor unmappedvetlands Also, the Adamus& Bartlettsurveydid not
measureontaminantsatmospheridepositionof nitrogenandsulfur, otherwaterquality
variables groundwatetevels,amphibiansunderwateaquaticplants,or severabtherindicators
of wetlandecologicalcondition.
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Figure 7. Example of wetlands map available in Crater Lake spatial data archive (Adamus & Bartlett
2008)
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4.2 Changes in Surface Water Quality

4.2.1 Background

This sectiondiscusseshe quality of surfacewater,meaningwaterthatis abovethelandsurface
in lakes,streamssprings,andwetlands Especiallyin complexterrainssuchasCraterLake
NationalPark,surfacewaterandgroundwaterareoften highly connected.

Severalfactorscanpotentiallyimpair the quality of thep a r Wwatebodies.The morenotableof
the potentialthreatsat CraterLake NationalParkincludethefollowing, which aredescribed
afterfirst describingtheregionalcontext:

Climatechange

Depositionof atmospherimitrogenandsulfur
Depositionof otherairbornecontaminants
Changesesultingfrom fires andfire controlactivities
Visitor-associategbollution
Ecologicallyharmfulaquaticplantsandanimals

= =4 =8 -8 -4 -9

4.2.2 Regional Context

CraterLakeis thedeepestakein theU.S.,the seconddeepesin the WesternHemisphereand
seventhdeepestake (592m) in theworld. In 1985theE P A WesternLake Surveydocumented
the statusof lake waterchemistryacrosgheregion,andresultsindicatedthatlakesof the
OregonCascadebadthe secondnostpristineanddilute lake waterchemistryin the nation.
Accompanyinghis finding wereindicationsof the extremevulnerability of manyof theselakes
to acidificationdueto uniquegeologyandhydrology.Theyareparticularlysensitiveto additions
of atmospherisulfurandnitrogenbecausé¢hdr watershavea low capacityto buffer these
additions(Sullivanetal. 2001,Mutch et al. 2008).Emissionsof sulfur dioxide (SG,) into the
atmospheré&om presumablydistantsourcesesultin the formationof fine (<2.5mm) particulate
sulfatevia anumberof physiochemicaimechanismaViost sensitivearewaterbodiesthatare
small(i.e., pondsandwetlands)Jack surfacewateroutlets,haveprolongedce cover,andarefed
by relatively smallcatchmentsPhytoplankton andpiphyticandbenthicalgaein thesewaters
arelikely to be mostsensitiveto acidificationandnitrogendepositionfor example.
Consequencesf theseandotherwaterquality stressorgor aquaticfood webs arelargely
unknown

In 2009 six lakesfrom the 1985EPA surveywereresampledLogan2010).CraterLake wasnot
sampled ireithersurvey.Statisticallysignificantincreasesverenotedamongthelakesin acid
neutralizingcapacity sodium,andpotassiumbut causesverenot apparent.

4.2.3 Issues Description

Theparkd aquaticsystemsarelessexposedo waterbornepollutantsthanaquaticsystemsn
manyotherareadhecauseheyareatthetop of severawatershedandno surfacewaterenters
from outsidethe park.Nonethelesghefollowing areof concern.
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4.2.3.1Effectsof ClimateChange

Thechangesn temperatureprecipitationandsnowpackhatwill likely occurasaresultof
predictedclimatechanggasdescribedn sectiond4.1) will surelyhaveimplicationsfor the
quality of thep a r durdasewatersandtheaquaticlife thatdependonthem.

4.2.3.2Impactsfrom Air Pollution: Depositionof AtmosphericNitrogenandSulfur
Thepotentialfor harmfulnutrientenrichmenis a significantconcernin all of thep a r Wwaters
bodies,includingthe calderdakeitself. Thisis partly becausenostof thep a r Watersare
nutrientpoorasaresultof beingin a headwateposition.Their aquaticflora andfaunais thus
notaccustomedo significantincreasesn nutrientsor otherchemicalsubstances.

4.2.3.3Impactsfrom Air_Pollution: Depositionof OtherContaminants
Althoughrelativelyfew pollution sourcesarepresentithin the park,long-distanceairborne
transporiof pesticidesotherhydrocarbonsmercury,andothercontaminantposesa potential
threat.Longdistanceransportof airbornepesticideshasbeennotedin the CaliforniaSierras
(ZabikandSeiber1993,McConnelletal. 1998)with possibledamageo aquaticinvertebrates
andamphibianpopulationgDavidson2004).

4.2.3.4Aquaticlmpactsof Fires,Fire Control Activities, andVegetationChange
Thetype,amount,andspatialpatternof vegetatiorstronglyinfluencesaquaticsystemgBall et
al. 2010)andis in turn affectedby fire. Thus,the magnitudeandfrequencyof sometypesof
disturbance# aquaticsystemssuchaschangesn shadingandsedimentoadsfrom erosion,
dependon the severityandfrequencyof fire. Fire alsocanhavelong-term effectson aquatic
systemsy changinghe dominantiand coveralongstreamsandotherwaterbodies.For
example theamountof plantlitter, its decaycharacteristicsandits potentialfor deliveryto and
throughaquaticsystemsanprofoundlyinfluenceaquaticinvertebrateandfish communities.
Thep a r fkedregimeis describedn sectiord.3.

While fires themselvesiremajoragentsf changefire-fighting, especiallyin steepterrain,
potentiallyresultsin additionaldisturbancehataffectsaquaticsystemsy meansof soil
compactionNCASI 2004 andcontaminatiorfrom fire retardantsNPScurrentpolicy is to
avoidtheuseof fire retardanasmuchaspossible Fire retardant mustbe on anapprovedist for
useby the ForestServiceandBureauof Land Managementandmustnot be appliedwithin 200
feetupslopeof anywetland,streamor otherwaterbody. Fire retardantaisedin controllingor
extinguishingfires containabout85% water,10%fertilizer, and5% otheringredientssuchas
corrosioninhibitorsandbactericidesFire suppressarfbamsaremorethan99%water.The
remainingl% containssurfactantsfoamingagentsgcorrosioninhibitors,anddispersant§USGS
2006)

4.2.3.5WaterContaminatiorfrom Visitors andParkManagemen#ctivities

Soilsin manypartsof this parkarehighly proneto erosion.Soil erosionhasbeenaccelerated
locally within afew heavilytraveledareasof the park,dueto compactionyegetatiordamage,
andchangedunoff patternsDamagepotentiallyincludes temporaryor persistentossof
vegetatiorandabnormallyincreasededimentoadsin waterbodies with concomitanteduction

in aquaticproductivity. Hydrocarbons fsm park roads is another potential contaminant source.
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4.2.4 Indicators and Criteria to Evaluate Condition and Trends
Indicatorsthatmight be usedto monitorthisissue(Changesn SurfaceWaterQuality) include
thefollowing:

1. Waterquality conditionsandtrendsin CraterLake
2. Waterquality conditionsandtrendsin otherwaterbodies

To developmeaningfulcriteriafor evaluatingthesejt is importantto understangtachi n di cat or 6 ¢
naturalrangeof variationand/orits potentialfor harmingthep a r resbwscesHowever,few
relevantdataareavailable eitherfrom within the parkor from analogousreasfor estimating

the expectedangeof variationof any of these Therefore criteriaarebasedn published

standardselatedto ecologicalharmor on professionajudgmentof the authors.Theindicators

aredescribedn thefollowing sections.

4.2.4.1WaterQuality in CraterLake

Thecalderalakeis oneof the mostextensivelymonitoredliakesof its sizein theworld, and
measurementsf its waterquality have beenanalyzedor summarizedn severabpublications
(e.g.,Drakeetal. 1990,MastandClough2000,Larsonetal. 2007a, b. Althoughthelake's
watershadbeensampledsinceearlyin the 190G, it wasnot until 1983thata concerteceffort
wasinitiated theLongtermLimnologicalMonitoring Program(LTLMP). Samplinghas
occurredmostlyduringJuly, August,andSeptembernwith occasionatamplingin January,
March, April, May, June andOctober.Sampleshavebeencollectedregularlyat predetermined
depthsfrom Oi 550 m. Physicalandchemicalvariableshataremeasuredhe mostroutinely
include:

Lakelevel, Secchidisk depth,Light transmissiorandpenetrationTemperaturepH, Alkalinity,
SpecificconductanceDissolvedoxygen,Total phosphorusQrthophosphate\itrate-nitrogen,
Total Kjeldahl nitrogen,Ammonianitrogen,Sulfate,Silica, Chloride,Sodium,Calcium,
MagnesiumPotassiumSulfur,and Iron.

Theentiredatabasés housedat Oregoninstitutefor Techrology in KlamathFalls.

Forthis NRCA reporta querywasalsodoneof the EPAG STORETdatabasén April 2012 This
yielded160,550recordsof 128waterquality parametergchemical physical)from 311sample
pointswithin the park,nearlyall in the calderaitself, coveringd 71 datesbetweenjuly 1901and
SeptembeR0M (the mostrecentdataavailableonline).Yearswith the mostsamplesvere1984
and1999.

Criteria

Becausehecalderdakeis essentiallyii o mfe kind,0 thereis no goodreferencdor making
comparisonsWe considerediGood conditionto meanthatthe levelsof all chemicalsubstances

in thecalderdakeareatlevelscloseto (or betterthan)thosefoundin the leastdisturbedof the
largestnaturallakesin theregon. i S 0 me @dmeeming conditionwould meanthereareno
chronicexceedancef legalcriteriafor substancepotentiallyharmfulto thecalderd a k e 6 s
aquaticlife, butlevelsof somesubstancesf potentialconcernareelevatedii Si gni f i cant
C o n ¢ &vaould lie chronicexceedancef awaterquality standardat concentrationshatare
acutelylethalto thecaldera a kagatclife.
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Conditionand Trend
Condition:Goodi High Certainty.
Trends: Somewhat ConcernirigMedium Certainty

Althoughno otherlakesin theregionaregeomorphicallyvery similar to the calderaake, many
reportshighlight the exceptionaktlarity andquality of the calderdaked water.Thisis
recognizedy thelakebeingincludedasjust oneof 50 monitoringstationsnationwidein the
USGSHydrologicBenchmarkNetwork. Thelaked bngtermaverageSecchidepth(anindicator
of waterclarity) is 30.4m with a maximumof 40.6 m in August1994 apparentlymakingthis
theclearestakein theworld. Nutrientconcentrationareextremelylow. Clarity of thelake may
beinhibited moreby dissolvedorganicmatterproducedoy phytoplanktorthanby suspended
inorganicsolids(Bossetal. 2007).

As expectedfrom our reviewof the STORETdataandpublishedreports we identified no
chronicviolationsof waterquality standardsn thelake Brief andminor reductionsn water
clarity occasionallyoccurasaresultof sediment$eingtransportedrom the calderarim during
summerthunderstormsHydrothermalfluids emitting naturallyandsteadilyfrom the lake bottom
helpmaintainthelong-termstability of thelaked waterquality, andalsocontributeto thelake's
saltcontent.

Hydrocarborbasedcompound®f humanorigin havebeenfoundin lakewatersandsediments,
with highestlevelsmeasurecdhearthetwo boatoperatiorfacilities at CleetwoodCoveandon
Wizardlsland,but concentrationsrebarelydetectabléOrosetal. 2007).Concentrationn lake
sedimentsareatleastthreeordersof magnituddessthanreportedasthresholdeffectslevelsfor
anaquaticinvertebratagestorganism(theamphipod Hyalella azteca) The parkandits
concessionaireurrentlyoperatefour tour boats two researctboats andthreeskiffs. Theseare
theonly boatsallowedon thelake,andarelikely the mainsourceof the minuteamountsof
humanoriginatedhydrocarbonsAdditional hydrocarborpollution mayoccurfrom vehicle
exhaustalthoughroadsarehundredsf metersfrom the calderaake) andfrom depositionof
airbornepesticideghathavebeentransporteanainly from outsidethe park (seesection4.6).

In thelake,trendsin mostsubstanceareexpectedo betoo smallto bedetectedThisis because
thelakereceivesonly 15% of its waterfrom land surfacerunoff, the parkis distantfrom major
sourcef airbornecontaminantsandthe watercolumnis well mixed.Nonethelesdyecausé¢he
residencdime of waterin thelakeis around225years(Collier etal. 1990),whatever
contaminantslo enterthelakearelikely to remainlong enoughto potentiallyaffectthat
ecosystem.

In the 1980s,concernsvereexpressedhatthe clarity of thelake might be declining.However,
from a subsequentintensifiedsamplingprogram scientistsconcludedhatthe lake,though
potentiallythreatenedby variouspollutantsourcesyasin goodcondition(Larsonetal. 1996).
Theyalsonotedthatpossibletrendsup to thattime could not be verified becaus@f thelack of
historicaldata Forthe period19671995,Mastand Clow (2000)testedfor trendsin 12 lake
waterquality parametersising91 samplesTheyidentified a credibleandstatisticallysignficant
trendonly for potassiumwhich for unknownreasonslecreaseth thelakeby 17%duringthat
period.Unpublishedanalysesy NPSscientistsat the park (Girdneretal. 2009,J. Rundepers.
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comm) indicatethe following trendsin physicalandchemicalparametere thelakeare
statisticallysignificant

1 Watertransparencyasestimatedy Secchidisk) increasedluringthe period19782008

1 Lightattenuatiordid not changeat any depthfrom 1995to 2008

1 Within the period19662008,the annualonsetof thermalstratificationof the lake (anevent
of critical importanceo its ecology)is now occurringearlier,anaverageof 7 daysearlierper
decadeandaremarkable29 daysearliersincel1966 About 78% of the variationin
stratificationdateis explainedby increasedpringime air temperatur@anddecreased
springtimesnowdepth.

1 Althoughdifficult to determinethereis someevidencehatthelake maynotcool downas
fastin thefall asit usedto.

1 Thedepthofthel a ktkeedmocling(anecologicallyimportantzoneof rapidtemperature
transition)is shallowemow, havingrisenatanaverageateof 1.8 m perdecadesincel983,
with the strongestrendoccurringin September.

1 Watercolumnnutrientconcentrationgrom 1985to 2008did not changewith the exception
of nitrate(declinedat 500 m depth)andphosphatédeclinedat 100m). Thenitratetrendis
relatedto nitrate poorcold surfacewatersintrudingduringmorewintersnow into greater
depthsThe phosphatérendmaybeanartifactof laboratoryanalysisdifficulties.

1 At depthsof greaterthan100m the lake hasbecomeamoreacidic,butonly slightly.

Assessmer@@onfidenceand Data Gaps

High. Waterquality in the calderaake hasbeenmonitoredusingstandardizegrotocolsfor over
20years.Additional monitoringcould includesubstancethatmayinfluencethel a k otaitys
directly (e.g.,sootfrom fires) or indirectly asnutriens thatspurgrowthof thel a k e 6 s
phytoplankton €.g.,solubleiron, dissolvedorganiccarbon nitrate).

4.2.4.2WaterQuality in OtherWaterBodies

Many, if notmost of thep a r dpringsandseasongbondscouldalsobe classifiedaswetlands.
Comparedo CraterLakeitself, thep a r Wweflasdsandstreamsxperiencagreaterphysicaland
chemicalextremesin winter theyarecoveredwith severalfeetof snowandin springthefast
melting snowflushesponds andwetlandsandfills themwith seasonalvater.To a greaterextent
thanis the casewith thewell-bufferedcalderdake, the quality of the pondsandwetlands
dependstronglyon the quality of the precipitationandany discharginggroundwater.

Thewaterquality of thep a r dtréamsaandwetlandshasbeendeterminednly sporadically A
19921993surveyof the Whitehorsegponds,a complexof 15 wetlanddocatedon Whitehorse
Bluff, measuredomeof their physical,chemical,andbiological characteristic§Salinaset al.
1994).Dataon streamtemperatureturbidity, conductivity,pH, andotherwaterquality variables
havebeencollectedperiodicallyfrom SunCreekaspartof the bull trout restoratioreffort there.
Waterchemistryof 21 springswasdescribedy FrankandHarris (1969) Between6 and10
springsfeedingthe calderdake weresampledandchemicallycharacterizedn 1981 1985by
Thompsoretal. (1987)andGregoryetal. (1987,1990).Waterquality of asmanyas41 springs
within the calderavassampledbeginningin 1987, butthis wasreducedo 5 beginningin 1990.
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Becausef the sensitivityof their vegetatiorandwater,campingis prohibitedwithin one-quarter
mile of SphagnunBog, BoundarySprings,ThousandSprings,andwithin 100feetof any
meadow Campingin otherareasoutsideof campgroundsequiresa wildernesgermit.

Criteria

Criteria andstandardgor protectionof aquaticlife conditions,aspublishedby federalandstate
agencieswereusedto definethereferenceconditions.i G o accanditionwould berepresented
by no exceedancegsr increasesn substancelarmfulto aquaticlife duringa multiyearperiodof
assessmengxceptasattributablesolelyto naturalfactors,e.g.,catastrophid¢loods,geothermal
effluent. Thisis consistentvith the antidegradatiopoliciesof stateandfederalregulatory
agenciesii So me @b a t e rconditrormgmMduld bea slightand/oroccasionakexceedancef
awaterquality standardii Si g n ICb n ¢ aveuld lie chronicexceedancef awaterquality
standardht concentrationshatareacutelylethalto aquaticlife.

Conditionand Trends
Condition:Indeterminate
Trends: Indeterminate.

As expectedfrom our reviewof the STORETdataandpublishedreports we identified no
chronicviolationsof waterquality standardsn anyof the park'sotherlakes,ponds,or streams
However recentdataaresparseWaterquality measurementsom thoseparkwatersare
insufficientto calculatetrends; a exceptions thedata for fivespringsthatfeedthe calderaake.
Amongthosesprings,duringthe period19852008,therewaslittle agreementn thedirectionof
trendsin nutrientsor the statisticalsignificanceof otherwaterquality trends(Girdneretal.
2009.

Assessmer@@onfidenceand Data Gaps

Low. Confidenceis limited by the non-systematidemporalandspatialcoverageof pastwater
samplingeffortsoutsideof the calderdake However,datafrom a new,relativelycomprehensive
samplingprogrammeasuringvaterquality in a statisticalsampleof thep a r lekésandstreams
shouldbe availablein afew years.

4.3 Changes in Aquatic Life

4.3.1 Background

As usedherein,ii a q uliged refersto microbesplants,andanimalsthatlive in wateror water
saturatedsoils.Thep a r dgqdastcspecieservevital ecologicalroles,influencingthe clarity of
the calderaake,cycling nutrients,andservingasfood for manyterrestrialwildlife species

4.3.2 Regional Context

The parksupportsanassemblagef speciefoundnowhereelsein theregioni extensivemosses
growing at extremelake depthsunusualmicrobialassemblageassociateavith hydrothermal
vents,a headwatestreamwith a healthybull trout population atleastonelargeundisturbed
peatlandandadiverseassemblagef otherwetlandsthatmostly havenot beeninvadedby non
nativeplants.Also, in contrasto muchof thelandssurroundingt, thep a r fhréstshavenot
beenextensivelyloggedfor nearlya century,andthusits aquaticsystemsavebeensparedsome
of thedetrimentaimpactsof grounddisturbancendshadeaemoval.
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4.3.31ssues Description

4.3.3.1ClimateChangeWater,andSnowpack

Changingiemperatureandprecipitationarea concernbecauseheyarelikely to eventually
affectthe stratificationandmixing of waterswithin the calderalake,andthusaffectits biological
productivity. Theyalsowill affectthe productivityandhabitatquality of wetlands streams,
springs,andpondsthroughouthe park.

4.3.3.2Contaminants

Effectsof contaminant®nthep a r dg@ascspeciehavenot beenmonitored.Contaminants
suchasmercuryandpersistenpesticidesarea potentialconcernbecauseaerialtransportof
contaminantsnto the parkfrom distantareashasbeendocumentedLandersetal. 2008)

4.3.3.3Impactsfrom EcologicallyHarmful Aquatic PlantsandAnimals

In otherpartsof Oregon severakexotic plantsanda few non-nativeanimalshaveextensively
invadedlakes,streamsor wetlands Whenthis happen®n alargescale hativespeciesare
extirpatedandecosystenprocessearealteredin unpredictablevays.Invasionsaremostlikely
to occuratlower-elevationaquaticsitesthatarevisited the most,aswell asthoseexperiencing
unnaturawaterlevel fluctuationsasa resultof humanactivities.

4.3.3.4Fire SuppressiomndNaturalSuccession

To somedegreedecade®f wildland fire suppressiomay haveaffectedthetype,coverdensity,
anddistributionof riparianvegetationThis hasimplicationsbothfor shadgwatertemperature)
andfor thetype,amount,andtiming of nutrientsandsedimentghatreachstreamsponds,and
wetlands As in otherareasf the CascadeandSierras climatechangeandalteredfire regime
canfacilitate invasionof montanemeadowsy conifers.Suchafforestatiorcandiminishwater
levelsin theinvadedpartsof the meadowsreducingor eliminatingwetlandassociateglants.

4.3.4 Indicators and Criteria to Evaluate Condition and Trends
Thefollowing areaddressedsindicatorsof changen thep a r dgdasdlife:

1. Changesn Aquatic ProductivityandBiodiversityin CraterLake
2. Changesn Aquatic ProductivityandBiodiversity of OtherWaterBodies
3. Changesn EcologicallyHarmful Species

Meaningfulcriteriafor evaluatingtheseindicatorswould needto accounfor the naturalrangeof
variationin specie<olonizationandextirpation,andthe expectedannualfluctuationsin
populationlevels.However,datafor estimatingtheseparameterarenot generallyavailablefrom
the parkor from analogousreasearby As well, thereareno legally-basechumericcriteriafor
evaluatinghedegreeofii i nt a oftanyef thhespda r dg@asccommunitiesNo agency,
institution, or scientificresearchehasdefinedminimumviable populationlevels,desired
productivity or speciegichnesdevels,or otherbiological criteriarelevantto any aquaticspecies
in this particularpark. Therefore theassessmemf this indicatoris basedmainly on professional
judgmentof theauthors.
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4.3.4.1Changesn Aquatic ProductivityandBiodiversityin CraterLake

Thecalderdakeis termedan fi u I-dligotar o pldke, meaningts naturalaquaticproductivity
is consideredo beextremelylow. As notedearlier,thisis a consequencef its headwater
positionandthelimited proportionalextentof shallowdepthsln manywaterbodies,increased
aquaticproductivitywould be welcomedbecaus®f the benefitsit providesto humanse.g.,
morefish to catch,morewaterfowlto huntor watch.However the primary attractionof the
calderaakeis aestheticandthatis largelyrelatedto the exceptionaktlarity of its water.That
clarity depend®n maintainingphytoplanktonalgae)populationsat or belowcurrentlevels,
whichin turn depend®n (a) minimizing atmasphericandrunoff-bornenutrientadditionsto the
lake,and(b) maintaininghigh ratesof grazingon the phytoplanktorby zooplanktonvhose
populationsaresometimeseducedy fish within thelake.

Criteria

For purpose®f this assessmenfiGoodd conditionswould be representedly sustaired naturally
occurringturnoverratesand/orcyclesof all aquaticspeciesurrentlyinhabitingthe calderaake.
More detailedgoalsmight beto sustainmultiple representativesf eachfunctionalgroupin
proportionscharacteristiof intactbut dynamicecosystemandwell-functioningcomplexfood
webs.fiSomewhatoncerning conditionsmight bereflectedby slightly-elevatedspecies
turnoverratesand/orslightlossof aquaticbiodiversitythatdoesnot measurablyaffecttherates
of ecosystenfunctionsin thelake.i Si g n ICb n ¢ &anditionwould belossof several
nativeaquaticspeciesistorically presenin excesf naturalturnoverratesand/orin amanner
thatmeasurablyaffectsecosystenfunctionsof thelake.

Conditionand Trends
Condition:Goodi MediumCertainty.
Trends: Indeterminate

Basedon long termlimnological studesof thelake, scientisthaverepeatedlyconcludedhatthe
lakeisin nearlypristineconditionexceptfor theintroductionof nornnativefish, andnoneof the
observedcchangesn thel a kpdatdkson fish, or otherbiologicalcomponentganbeattributedto
humanactivitieswithin the park (Larson et al. 1993, Larson et al. 2@ However,few of the

| a kbéofbgicalcomponenthavebeensystematicallynonitoredoverlong periods.Whatis
knownaboutthe conditionandtrendsof particulartaxonomicgroupsis describedasfollows.

Microbes. Surveysof about2% of the lakefloor from 19871989revealedunusuabacterial
communitiesassociateavith salinefluids dischargingnaturallyfrom hydrothermalents.

Y ellow-orangemats,visible to the unaidedeye,arecomprisedf Gallionella andLeptothrix
bacteria Thelake alsosupportscommunitiesof suspendedjaturally-occurringbacteria
(bacterioplanktonyvhosetaxonomiccompositionis unlike thatin mostotherlakes,andinstead
beingmorelike thatof marinehabitatgUrbachetal. 2001).The contributionsof both
bacterioplanktorandbottomdwelling bacterialmatsto the productivity of the lake havenot
beenquantified.

Plankton. Thel a kphydoplankton(suspendedlgae)andzooplanktonsuspended
invertebratexommunitiesarerelatively sparsediverse andcomplex.During eachspring,
phytoplanktorproductionstartswhenthe watertemperatureeachesbout4°C, which triggers
verticalmixing of nutrients.Thel a kpdhydoplanktorarebelievedto belimited notonly by the
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exceptionalljow amountsof availablenitrogen but alsoby concentrationsf sometracemetal,
mostlikely iron (Groeger2007).Atmosphericdepositioncurrentlyis theimmediateandprimary
sourceof mostof thedissolvedron in thelake (Collier etal. 1990)andsomeof the nitrogen.
However,in the euphoticzonewherephytoplanktordensityis highest,up to 85% of the nitrogen
andmuchof thedissolvedron comesnot from atmospheri@eposition put from upwelling of
deepemwaters(Dymondetal. 1996) which may be greaterduringyearsof heaviersnowfall
Oncein thelake systemtheavailability of iron for spurringphytoplanktorgrowthisincreased
by yet anothersubstancéa chelator)thatmostlikely is dissolvedorganiccarbon(Groeger2007)
butwhich maybein shortsupplydueto netdownwardmovemeni{Fenneletal. 2007). Neither
phosphorusor silica limits phytoplanktonn thelake (Groeger2007).0Of thetwo diatoms
(algae)thatdominateSierrasubalpindakesthatarebeingoverloadedwvith nitrate(Asterionella
formosaandFragilaria crotonensisInterlandiandKilham 1998,Wolfe etal. 2003,Saroset al.
2010), neitheris adominantcomponenbf thecaldera a katgéete.g.,Mclintire et al.2007).

Theabundancesf thelargestspecieof zooplanktorn(suchasDaphnig arecyclic. Whenthe
populationof thel a kimtrodsicedplanktoneatingfish areatthe highestlevels,zooplankton
populationsaresignificantly reduced consequentlyiessphytoplanktoris grazedoy the
zooplanktonandthe subsequent increased phytoplankton populétiastemporarilyimpacs
watertransparency.

Underwater Plants. Unlike mostlakes,CraterLake lacksvegetateghorelinewetlands.
However,a distinctivefeatureof thelakeis its largebiomassof anaquaticmoss,Drepanocladus
aduncuswhich growsbetweera depthof 85 and460feet(Mclintire etal. 1994) The estimated
horizontalextentof themossis shownin Figure8. All togetherthe mosshiomassincluding
epiphytic(attachedplgae hasbeenestimatedo be 100to 1000timeslargerthanthatof all of
the phytoplanktorin thelake,suggestinghatit might be anextremelyinfluential componenbf
thelake system.The mossgrowsslowly, laying downanunderwatematof peatasthick as9 m
andasold as4000yearsin someareasof thelake. The presencef the peatin shallowareasot
currentlyoccupiedby living mosssuggestshatthem o s exténthasshrunk.Specifically,
analyzeccore samplesndicatethe mossstartedgrowingabout4500yearsbeforepresentut for
unknownreasonstoppedgrowingin someof theseshallowareasabout2000yearsago.
(Dartnell 20@®)
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Figure 8. Preliminary determination of underwater moss distribution in Crater Lake (Dartnell 2008).

Benthic Invertebrates. Benthic(bottomdwelling) invertebratesincludingsnailsandvarious
aquaticinsects havenot beensystematicallyguantifiedor monitoredin the lake.However,
incidentalobservationgndicatethatsomeflatworms,nematodesgarthwormsgcopepods,
ostracodsandthe midgefly Heterotrissocladiusrepresenatgreatdepthssomeliving asdeep
as589m (1,932ft). A snail,the CraterLaketightcoil (Pristilomaarcticumcrateris), maybe
limited to the park.

Of particularnoteis the crayfish PacifastacuseniusculusRecentstudieshavefoundthisin two
discontinuougartsof thelaked aroundwWizardlIslandandthe northshorefrom SteelBay to just
eastof Palisade#$oint,includingall of CleetwoodCove.Wherecrayfisharepresentdensitieof
otherbenthicinvertebrate are approximatelyone-eighthasgreatasin the areasof thelake
wherecrayfishareabsentSimilarly, areasoccupiedby crayfishappeato lack newts(Taricha
granulosg which arepresentelsewhereBesidednvertebratesndnewts crayfishfeedon algae
salamanderdrogs,andsmallfish. Thel a koea@ifisharebelievedto betheresultof intentional
introductiongthatoccurredaround1914. The crayfishhavebeenfounddeepei(downto 250m)
thanreportedanywhereelsein theworld. Trendshavenot beenquantified.
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Fish. CraterLakewasoriginally barrenof fish, but betweernl888and1947wasstockedwith
approximatelyl.8 million rainbowtrout (Oncorhynchusnykis$ andkokaneesalmon
(Oncorhynchuserkg. Kokaneearecyclic in abundancdjve bothnearthe shoreandin open
deepwater,andfeedon zooplanktorandsmallbottomdwelling insects Rainbowtrout live
alongthe edgesof thelake andfeedon terrestrialinsects)arge-bodiedbottomfauna,and
kokaneeThesefish speciegpotentiallyalterthefood webswithin openwaterandnearshore
habitatsandthuscouldaffectnutrientcycling within the lake.

Amphibians. Roughskinnednewts(Tarichagranulosg within the CraterLake calderahave
beenproposedhsanendemicsubspecieshefi Ma z a m a(T. granulosamazamag
Preliminary geneticanalyseseemo indicatethatthe populationis distinctbut its taxonomic
statushasnotyet beenresolvedconclusively.

Assessmer@@onfidenceand Data Gaps

Medium Confidencdn the existingdatafrom the calderaakeis goodmainly becausef the
relativelylong periodof record.The mainlimitation is thatnotall biologicalcomponenthave
beenmonitored soanoverallratingof mediumcertaintyis assignedTherole of aquaticmossin
thel a kpeodugtivity,andfactorswhich controlthat,arepoorly known.Continuedmonitoring
of thel a kphydoplanktorandits taxonomiccompositiorwould provideanearly signof
enrichmenthatcouldeventuallyimpactthel a kotaibtys

4.3.4.2Changesn Aguatic ProductivityandBiodiversity of OtherWaterBodies

Indicesof Biotic Integrity (1Bl s) areoftenusedto evaluatethe conditionof aquaticinvertebrate
or fish communitiesTheyareoftena compositeof severalariables suchastaxonomic
richnessrichnessof taxawithin majorgroups total abundanceandproportionalrepresentation
of particularsensitivegroups.Nonehavebeendevelopedr calibratedto conditionspresenin
the park butonewasdevelopedor secondo fourth orderstreamsn nearbyareasof
souhwesterrOregon(Foreetal. 1996)

Criteria

For purpose®f this assessmenfiGoodd conditionswould be sustainedaturally-occurring
turnoverratesand/orcyclesof all aquaticspeciesurrentlyinhabitingthep a r stréamsand

wetlands More detailedgoalsmight beto sustairmultiple representativesf eachfunctional

groupin proportionscharacteristiof intactbut dynamicecosystemandwell-functioning

complexfood webs.fiSomewhatConcerning conditionsmight bereflectedby slightly-elevated
speciegurnoverratesand/orslightlossof aquaticbiodiversitythatdoesnot appeato be

affecing theratesof ecosystenfunctionsin thep a r dtréamsandwetlandsi Si gni f i cant
C o n ¢ eonditionwould belossof severahativeaquaticspeciesistorically presenin excess

of naturalturnoverrates and/orin amannerthatmeasurablyisruptsecosystenfunctions.

Conditionand Trends

Condition:Somewha€oncerning’ Low Certainty

Trends: Indeterminatgbut Improvingi High Certaintyfor bull trout).

A higherratingis not assignedecausdull trout havenotyet beenre-establishedn otherparts
of the parkthattheypresumablynceoccupied andbecausesomeinvasivespeciesavebecome
establishedTheratingis notlower becaus®f thegoodconditionof thep a r Wwetiasds,
numerousCascadefrogs,andimprovedbull trout population.
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Anotherway of evaluatingbiologicalresourcesnight beto considewhichofthep ar k 6 s
individual speciesor speciesassemblagesight be mostsensitiveto predictedclimatechanges.
In generalthe mostsensitivespeciegendto be borealspeciesearthe southernedgeof their
rangethatoccurat higherelevationsandhavelimited mobility andlow reproductiverates.
Severalbof thep a r dg@ascplantsandanimalsmayfit oneor morepartsof this description.To
date,therehavebeenno confirmedextirpationsof parkaquaticflora or fauna,in partowingto
thelack of data.

Wetland Plants. As notedearlier,during2006 Adamus& Bartlett(2008)visited 76 wetlands
comprisinga probability sampleof anestimated54 wetlandsin the park The samplewetlands
werevisitedonce permanentmarkerswvereplacedin eachandreferencedisinga handheldGPS,
andplantswereidentifiedto speciesn atotal of 101 vegetatiorplots Theseassessments
determinedhatnearlyall wetlandsare in goodconditionasdefinedmainly by their plant
communitiesThesurveydetectedwo thirdsof thep a r kn@vewetlandflora. In most
wetlandsmorethan45 plantspeciesand21 families werefound,andmostof the 100m? plots
thatweresurveyedhadmorethan24 speciesand15 families,with a maximumof 51 species.

Theparkcontainsalargewetlandi calledSphagnunBog1i thatis recognizedy the Oregon
NaturalHeritageProgramasa ResearctiNaturalArea(RNA). Theflora of this areahasbeen
surveyedseveratimes,beginningwith Seyer(1979. Partsof the Bog (technicallya fen) were
surveyedor plantsduringthe parkwidewetlandsassessmenmtescribecabove andsubsequent
onedayinventoriesby volunteershaveaddedseveraimossesandlichensto thelist of plants
knownto occurthere Key component®f this RNA arefew-floweredspikerushandbrown
moss,intermixedwith Engelmanrspruceandlodgepolepine.Also, awetlandcomplexknownas
the WhitehorsePondswassurveyedothby Salinasetal. (1994)in 1993andby Adamusand
Bartlett(2008)in 2006 Becausadifferentmethodswvereused resultsarenotcomparable.

Aquatic Invertebrates. Aquaticinvertebratefiavenot beensurveyedsystematicallyn the
p a r sréamspondswetlandsor springs.Fromwhatlittle dataexist,theinvertebrate
communitiesof someof the streamsappeato bein goodcondition,buttrendsareindeterminate.

Datafrom limited surveysof i f ifoedo r g a ninthepsad dréamsverereportedby
Wallis (1948. A moretaxonomicallyprecisesurveywasdonein 19851986 by Gregoryetal.
(1987)but coveredpartsof just four streamgMunson Sun,Dutton andGoodbyeCreels).
Althoughthatstudyfounddifferencesn the primary productivityandinvertebrateichness,
abundanceandcompositionof thosestreamsthe authorsfoundno evidencethe differences
weredueto recentor ongoinghumanactivities andnotedthatconditionswerefi n abhormalfor
high elevationstreamsn theCascadéMo unt ai ns. O

We reviewedthe Gregoryetal. datain light of anewerpublication(Foreetal. 1996)from this
regionthatprovidescriteriafor interpretingstreaminvertebratedatain termsof humanimpacts.
Despitemodestifferencesn protocolsusedby thetwo studiese.g.,seasorandmethodof
collection,level of taxonomicidentification) applicationof the criteriain the newerpublication
supporttheinterpretatiorof Gregoryetal. thatthe partsof thosestreamghatweresampledvere
in excellentcondition,i.e., deviatelittle or not at allfrom conditionsexpectedor unaltered
streamsof their sizein southwesOregon.
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Fish. Bull trout (Salvelinusconfluentuy arethe only nativefish knownto inhabitthe park
currently. Regionally theyrepresena remnantpopulation Theywerefirst listedasThreatened
underthe Endangere®peciesAct, by theU.S.FishandWildlife Servicein Junel998.They
oncewerepresenthroughoutSunCreekstartingbelow SunFalls,a naturalwaterfall 3 km below
the headwaterswith their distributioncontinuingdownstreanacrosshe parkboundary(Wallis
1948).But by 1989, hybridizationandcompetitionwith non-nativebrooktrout threatenedhe

p a r Bulbt®ut population Abundancealeclinedto about100-300adultfish, andtheir
distributionbecamdimited to a 1.9 km streanmreachin SunCreek.Brook troutinhabitedthe
entirecreek,andhybridswith bull troutwerealsofound.Bull troutareprotectedrom public
fishingin SunCreekandLost Creek.

From1991to 2005,a bull troutrestoratiorprojectwasconductedo removethe alienbrooktrout
from 14.6km of SunCreek.Someof the bull trout weretransplantedo Lost Creekin 1996,
increasingheir distributionin the parkfrom oneto two streamsTheestimatedull trout
populationincreasedrom approximately200in 1992to nearly2000in 2005,anddistribution
increasedo 11.2km of SunCreek.An exclusionbarrierprecludese-invasionby brooktrout,
andno brooktrout havebeenfoundin SunCreeksince2005.0therentitiesrecentlyhave
initiated effortsto similarly removebrooktrout populationdrom connectedvatersoutsideof the
park,with the hopeof eventuallyextendingthelocal distributionof bull trout.

Aquatic Amphibians. Noteworthyreportsof aquaticamphibiansn the parkincludeVincent
(1947),Farnerand Kezer(1953, Bergmann(1997, Bury etal. (2002),andBury & Wegner
(2005).Also, amphibianswerenotedincidentaly in thewetlandsurveyby Adamus& Bartlett
(2008). Thep a r Wwetlamdsappeato bea strongholdfior Cascadefrog (Ranacascadag a
specievhosenumbershavedroppedsharplyin muchof therestof its limited range to the point
whereit hasnow beenextirpatedfrom about9%% of its rangein the northernSierrasof
California The OregonNaturalHeritageProgramlistsit asii V u | n eandit s liseedasa
Candidatespeciedor FederaldesignationVincent(1947)describedt asii o wfehe most
commonanimalsin thep a r koéndin abundancalongall streamsandwaterc o u r Bugy®t. 0
al. (2002)foundthis speciesn 12 of 14 (86%) of areagheysurveyedwithin the parkin 2002.
TheAdamus& Bartlettsurveyconfirmedthis speciesn 12%of the 76 wetlandstheyvisited
(andreportedthoselocations) but theywerenot intentionallysearchingor amphibiansThey
reportedhi f rspegiess n d e t e rfrom anaglditional41% of thewetlandsandin mostcases
thosewerelikely this speciesThe specisis seldomif evernotedin the calderaakeitself,
apparentlypreferringsmallerponds wetlands andoccasionallystreams.

Thewestern(boreal)toad(Anaxyrusboreag occursin severalareasof the park,includingthe
calderdake buthasbecomesparsean severabtherpartsof the Pacific Northwestandis listed
by OregonDepartmenbf FishandWildlife asii v u | n estatawideThenorthwestern
salamandefAmbystomaracile) wasreportedrom Whitehorse Pondsy Bergmann(1997),but
therehavebeenfew if anysightingssincethen,perhapsiueto limited searcheffort. Datafrom
theadjoiningUmpquaNationalForestsuggesthatduring theterrestrialphaseof its life cycle,
this speciegavorsuncutforest(McDade2001). Apparentlymorewidespreads thelong-toed
salamandefAmbystomanacrodactylurjy which occursin the calderadake aswell aselsewhere
in the park. Steepheadwatersf manyof thep a r fréamsareknownto supportcoastaltailed
frogs (Ascaphusruei), e.g.,Bury andWegner(2005) which arelistedasfi v u | n estatawdde e o
by the OregonDepartmenbf FishandWildlife . PacifictreefroggPseudacrigegilla) are
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widespreadbeingdetectedn atleast14%of the 76 wetlandssurveyedduringthe Adamus&
Bartlettsurveyin 2006(2008) Perhapst onetime spottedirogs (Ranapretiosg, redlegged
frogs(Ranaaurora), andPacificgiantsalamander@Dicamptodortenebrosuswerepresentput
therehavebeenno recentrecords.The sameis true of thefoothill yellow-leggedfrog (Rana
boylii), alsoconsidered/ulnerablein Oregonanddecliningthroughoutmuchof thewestern
United StatesOnewascollectedanddescribedy Vincent(1947)from a pondnearRedBlanket
Creek butapparentlynonehavebeenfoundsince.

Assessment Confidence and Data Gaps

Outsideof the calderdake, confidencein the conditionof thep a r dga@asclife is Lowbecause
therehavebeenno comprehensiveurveys Exceptionsarewetlandplantsandbull trout
populationswhich havebeenwell-characterized.

4.3.4.3 Changesn EcologicallyHarmful Aquatic Species

Criteria

For purpose®f this assessmenfiGoodd conditionswould berepresentetly the complete

absenceof aquaticplantor aquaticanimalspecieghatthreaterthelong-termpersistencef
nativespeciesurrentlyexistingwithin the park.iSomewhatConcerningandii Si gni f i cant
C o n ¢ eonditions would reflectincreasingdegreeandextentto which nativespeciesarebeing
impactedby invasiveaquaticspecies.

Condition and Tends
Condition:Somewha€oncerningi MediumConfidence
Trends:Indeterminate.

Insidethe calderdake,alienaquaticorganismghataresuspecteaf causingecological
disruptionsarethetwo introducedfish (kokaneeandrainbowtrout) andthe crayfish.Elsewhere,
easterrbrooktrout for manyyearsthreatenedhe survival of the smallbull trout populationin
SunCreek,andbrowntrout (Salmotrutta) arealsopresentlnfestationf non-nativeplantshave
beenverylimited in thep a r porddsandwetlards. To date thereareno parkrecordsof the
New Zealandmudsnail (Potamopyrgusntipodarum)or otherecologicallyharmful
invertebrate&knownto occurin Oregon.However,no surveysargetingsuchspeciesavebeen
conductedThe Adamus& Bartlett(2008)surveyfoundnomativeplantspeciesn only 14
(18%) of the 76 wetlandsvisitedin 2006.Fromzeroto four suchspeciesverefound per
wetland,andthey neverdominatedhevegetatiorcover.No individualsof the American
bullfrog (Ranacatesbianahavebeenrecordedrom the park,thoughit is presenmanymiles
awayin valleysto the eastandwestof the park. Thatnon-nativespeciess knownto prey
extensivelyon nativeamphibians.

Assessmer@onfidenceand Data Gaps

Medium Trendsin thep a r thréealienfish arefairly well known,but dataarenot sufficientto
determinaf therearelong termtrendsin crayfishin the calderaake. Althoughsignificant
occurrencesf invasiveplantshavemostly beensurveyedn a sampleof wetlandsnotall
wetlandsweresurveyedAlso, no surveyshavebeenconductedo determingf invasive
underwateplantsor invertebratesrepresenin anyof thep a r poiids,streamspr wetlands.

40



4.4 Changes in Terrestrial Vegetation

4.4.1 Background

Vegetationis afoundationfor terrestrialecosystentomposition structure andfunction.
Vegetatiorankedasa key vital signfor monitoringof ecologicalintegrity in the Klamath
NetworkInventoryandMonitoring ProgramVegetationcompositionincludesanarrayof
ecosystentomponentsuchasspeciespopulationsgeneticcompositionandspecialhabitats.
Vegetationstructurerefersto the verticalandhorizontalarrangemenvf componentssuchas
caropy structureandcorridorsfor speciesnovementVegetatiorfunctionrefersto ecosystem
processesuchascycling of nutrients,carbon,andwate® which interactwith disturbance
processeandbiological componentsuchasinterspecificcompetitionanddemographi@and
reproductiveprocessesVegetationdominatedbiomassandenergypathwaysanddefinesthe
habitatfor mostotherformsof life. Indicatorsfor vegetatiorcomposition structure andfunction
arethereforeessentiafor definingthe ecologicalintegrity of parkterrestrialecosystems.

Vegetationstructure function,andcompositioncanbe alteredby manyparkactivities(e.g, fire
management)r from extrinsicfactors(e.g.,off-site pollution, climatechang, invasivespecies)
(Figure9). Theseaffectthe structureof the habitat,particularlythe disturbanceegimesaswell
asthelandscapgatternghatcreatehabitatfor awide variety of species.
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Figure 9. Human influences on the structure, function, and composition of ecosystems.

4.4.1.1Vegetation

The park'svegetatiorhasbeenstudiedsincethe late nineteenticentury, whenFrederickCoville
first exploredthe areaanddiscoveredseverakpecief rare,endemicvasculamplants.Esther
ApplegatecompletedheP a r firsb comprehensivéotanicalsurveyin 1939.Inthel 9 4 0 6 s ,
HenryHansercompleteda studyof forestsuccessiomandclimate,andLyle Wynd observedhe
botanicalfeaturesof thelife zonesfoundwithin the Park.A thoroughvegetatiorsurveywas
undertakenn 1936by the Civilian ConservatiorCorps,which resultedn the mostdetailed
informationaboutvegetatiortypes,andareportanddetailedmap(Anonymousl936).This map
wasdonewith substantiagroundsampling which noneof the subsequentegetatiomrmapping
effortshasinvolved (samplingfor a newmapis ongoing).The 1936samplingandmap
representghe bestavailablevegetationnventoryfor descriptivepurposesslong asthe changes
sincel936arerecognizedln addition,a smallportion of the currentparkarea(~12%)wasnot
includedin the 1936mapping.This areais on the eastandwestsidesandincludesmainly mixed
coniferforestandlodgepolepine. Consequentlythe mapanddescriptionslightly underrepesent
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thesevegetatiortypes.The 1936vegetatiommapidentifiedthe broadvegetationtypesshownin
Table3, and151 subtypes.

Table 3. Vegetation or landcover types enumerated and mapped in the 1936 vegetation survey of Crater
Lake National Park (Anonymous 1936).

Vegetation or Land Cover Area (hectares) ‘

Lake 4,511.7
Barren 693.1
Herb-grass and semi-barren herb-grass 2,370.9
Residential 11.6
Chaparral 617.0
Woodland (aspen) 4.8
Douglas-fir belt 406.9
Ponderosa pine belt 2,434.8
Pine-fir belt 16,651.0
Lodgepole pine-hemlock 29,736.8
Fir belt 7,241.7
White bark pine 2255
Spruce 5.8
Total 64,911.7

Thevegetatiorof the parkhasbeenmorerecentlymappedoy the OregonGapAnalysisproject,
a statewidevegetatioamappingeffort. This map(AppendixC, FigureC1) wasnot donewith the
highlevel of detailandfield work of the 1936effort, butit is usefulfor assessingomechanges
in generalvegetatiorsincel936.Thereis alsoa vegetatiormapthatwascreatedusingLandsat
datawith a coarseresolution A newvegetatiormapthatwill be moredetailedis currently
beingpreparedy the KlamathNetwork. Thiswill enabledirectcomparisorwith the 1936
vegetatiormapandallow for morerobustestimate®f vegetatiorchangeThis would involve a
complicatedprocedurdo registerthetwo maps,which couldnot be doneaspartof the condition
assessmerterein.To the extentpossible changesn vegetativeconditionsaresummarizedn
thefollowing descriptionWe do not considetrthis aformal conditionassessmentecausét is
not sufficiently systematicA brief discussiorof thevegetatiortypesdescribedn the 1936effort
is providedhere.
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Ponderosa Pine BeltForestan which ponderosaineis adominanttreeprincipally occurupto
1,675meterg(5,500feet) elevation.This broadvegetatiortype occursprimarily in the southern
pankandle,southeastorneranda narrowbandon the eastsideof the park Thelowestelevations
in the parkoccurin the southwestcornerof the parkin RedBlanketcanyon butthis areais
dominatedoy Douglasfir andvery little ponderosaine occursthere.Ponderosaineforests
containof mixture of ponderosaine (Pinusponderosa white fir (Abiesconcolo, and
scatteregugarpine (Pinuslambertiang andDouglasfir (Pseudotsugamenzies). Ponderosa
pine may sharedominancan manycasesandtheseforestscould be calledmixed conifer.Here,
theaestheticallyappealingponderosgineis visualdominant Onthe eastsideof the park
lodgepolepine (Pinuscontortavar. murrayang is a commonassociatevith ponderosaine, and
understoryspeciesnayincludethe GreatBasinshrub,antelopebitterbrush(Purshiatridentatg),
themontanechaparrakhrub,greenleaimanzanita Arctostaphylogatuld), anda greater
abundancef nativegrass.The 1936mapidentified 1998hectare®f forestdominatedoy
ponderosaine,definedashaving20 percentor moreof the stemdominancen a stand.

It is not possibleto discernhow muchof this areamayhavebeenmoreopenforestor woodland.
Nor is it possibleto concludehow muchponderosgine forestmayhaveshiftedto morefir
dominancesince1936.Currentvegetatiommappingby the GapAnalysisProjectandthe Landfire
projectshowsonly 852 hectare®f ponderosagineforestsivoodlandsmainly on the eastsideof
the park.Othervegetatiomow dominatedby ponderosgine wasmappedasmixedconifer.

Thereis concernthatanabsenc®f fire hasled to increasesn shadeolerantspeciessuchas
white fir. Thesemaygrow into the canopyin a periodof just 30 years(Agee2002. Many
ponderosaineshaveperishedn prescribedurnareagSwezyandAgee1991, Perrakisetal.
2011), likely leadingto morefir-dominatedorestsin the Panhandlarea.The 1936surveyreport
(Anonymousl936)describedhe ponderosginetypeaslargely of evernragedmaturetreeswith
adiameterof 1 m or slightly more.Evenagedimpliesthattheyregeneratedsa cohort,most
likely afterstandreplacingfire. Thewoodlandsveredescribedasopen(theyhadmostlybeen
selectivelylogged[McNeill andZobel198Q) with localizedaccumulation®f woodydebris.

Lodgepole Pine BeltLodgepolepine (Pinuscontortavar. murrayg is nearlyubiquitousin the
parkexceptin the higherelevationsLodgepolepinesarecommonlyassociateavith several
othertrees suchasmountainhemlock(Tsugamertensiang westernwhite pine (Pinus
monticolg, noblefir (Abiesprocerg, andsubalpinefir (Abieslasiocarpg. Shrubsforbs and
grassesregenerallysparsen lodgepoledominatedstandswhich oftenoccuron coarsedry
pumicesoils howeverlodgepolepinesalsooccuron meadowmarginswherethereis alushand
diverseherbaceousnderstoryLodgepolepineaveragesbout20 min heightandtreesare
generallyl2-25cmin diameter.Theymaygrowin very densestands.

Lodgepolepinewasthe mostabundantreemappedn the 1936surveysdominatingover29,000
hectaregTable3). Therelativelyflat-bottomedvalleysthatradiateon all sidesfrom therim of
the cratersupporta heavygrowth In 1936theyoccurredn pureor almostpurestands
(Anonymousl936).However forestsdominatedoy lodgepolepine arefour timeslesscommon
in thecurrentvegetatiormap.A reductionin lodgepolepineis anexpectectonsequencef the
reductionin fire (i.e., partialor completestandreplacingfires) dueto fire suppressionn the
absencef fire or otherdisturbancessuccessiom lodgepolestandsmayleadto greater
dominanceby noble(red)fir (Abiesprocerg andothermoreshadeolerantspeciesCoopsand
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Waring (2011)suggestshatlodgepolepinetreemay be substantiallyreducedn amountby
climatechange.

As notedin the 1936surveysandvariousliterature,aswell asreadily observednearlyall
lodgepolestandshavemuchdownanddeadmaterial As of 1936,bark beetlesveresaidto have
left manystandswith about50 % deadtrees(Anonymousl936).Suchbeetledisturbance
presumabljhasbeenarecurringpatternandis commontodayat maximallevels Recent
researchhasfoundthatadecreasén foliar fuelswill tendto decreasére intensityfor several
decadesifterbeetleattack(aftera brief increasevhile deadfoliageis still clingingto trees)
(Simardetal. 2011). Fuelloadingincreasessdying treesfall, butthisincreasas not fuel that
contributesdemonstrablyo fire behaviorwhichis influencedmainly by fuelsin very smallsize
classesThe numerousstandinganddown polescausedy beetlesarelargely (~90%)
unconsumedh wildfires (Turneretal. 2003)andoftenburnby smolderingwhentheyare
consumedBecausédeetledisturbanceseadto only ashorttermincreasan forestflammability,
andalong-termdecreasghe changexausedy lack of fire disturbancen lodgepolestandsare
notlikely to beself-correcting(i.e., the probability of a mixedseverityfire arestill low).
Continuedack of fire anddisturbancéy beetlesnsteadmayfavor morenoble(red)fir and
mountainhemlock.

Pine-Fir Belt. The1936surveysmappednuchof the parkaspinefir forest(16,651ha, Table
3). Theseforestsarea mixture of anyof thefollowing treesin orderof rankabundancewvhereno
singlespecieexceed®0% coverandatleastonepineandonefir arebothcommon:white fir,
noble(red)fir, Douglasfir, ponderosaine,lodgepolepine,westerrnwhite pine,western
hemlock,andsometimesnountainhemlockandsubalpin€fir. The Pinefir forestbeltmaybe
generallycomparabléo whataretypically calledmixed coniferforess today,andit maybe
morefir-dominatedIn fact, mixed coniferforestsin the currentLandfireandOregonGap
Projectvegetatiormapscovera similar sizedareaasthe Pinefir beltin 1936 In generakhese
mixed coniferforestsoccupysteepeslopesandshallowersoilsadjacento morelodgepole
dominatedstand=on flatter terrain(which now may be dominatedoy white andnoble(red)fir).

Fir Belt. Fir forestsareabundanandmostly dominatedoy noblefir (Abiesproceraor A.
procerax magnificavar. shastensis with lesseramountsof white fir (A. concolol) and
subalpindir (A.lasiocarpg. Thisforesttypetypically occurson shadierslopesin themid to
upperelevationsThe 1936report(Anonymousl936)noteshow therewerevery few areasof
purefir, which alsoappearso bethe casetoday.Typically, theredandsubalpin€firs are
associateavith mountainhemlockin moisterareas|odgepolepinewhereconditionsareharsher,
andwesternwhite pinein awide variety of conditions.The1936maphasonly 7,241hectareof
fir forests.In contrastthe currentOregonGapmaphas19,175hectare®f redfir forestand
another333hectare®f white fir forest.Theincreasenasoccurredargelyatthe expensef
lodgepoledominatedorests the mainforesttypeto shrinkin extentsincel936andfoundatthe
sameelevationsasthefirs.

Herb Grass Types.Sparséherbaceousegetation20% or morecover)dominatesheslopes
aroundthe CraterLake calderarim andthe surroundingpumiceflats. Thedominantherbsare

D a v knetweedPolygonundavisiag, ovalleavederiogonum(Eriogonumovalifolium),

G e y eevedasting Antennariageyer), andsilvery ragwort(Senecicanug alongwith grasses
suchassquirreltail(Elymuselymoides
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Chaparral. The1936vegetatiorsuivey mapped17 hectare®of chaparradominatedoy tobacco
brush(Ceanothuwelutinug andgreenleaf manzanitaArctostaphylogatula). Thecurrentmap
shows431 hectare®f chaparralAnonymousl1936) As with lodgepolepineforeststhelossis
attributableto areductionin fire thatcreateearly successionategetationBaker(2012)
summarizesiumerouglescriptionf chaparrabccurringabundantlyin the ponderosgineand
mixed coniferzonesn the CraterLakeregion.Theirabundancéadbeendueto fire
disturbancegpartialor completestandreplacementjprior to settlementit appearshat
chaparrallike lodgepolepine,hasdeclineddramaticallydueto fire suppression.

Wetlands. Wetlandvegetatioroccurslocally wheresoilsandsnowmeltconditionsprovide
suitableconditions Wetlandswerenot mappeddy the 1936effort. Theyincluderiparianforests,
mountainmeadowsandthe distinctive SphagnunBog.

4.4.2 Regional Context

Thepark'sterrestrialvegetatiornis mostly arelatively pristineexampleof theregionalvegetation
onyoungpumiceandothervolcanicsubstratan the centralCascadedmportantly,the park
straddleghe Cascade&rest,encompassingiuchof the rangeof variationin vegetatioroverthe
west(moister)to east(colderanddrier) gradient.The parkalsoliesin alatitudinaltransition
zone.To thenorthin the Cascadegarticularlythe westside,low to mid-montaneforests
becomedominatedby westerrhemlock,whichis atits southerrextentandnotascommonin the
parkasnorthwardsA similar patternoccurswith silver fir (Abiesamabilig andsubalpinefir
(Abieslasiocarpg in uppermontanezones Occurringslightly to the northandnot within the
parkarealsotheimportantforesttreeswesternred cedar(Thujaplicata) andwesternarch
(Larix occidentalis)FranklinandDyrness1988).Converselythe parklacksa dominantforest
treefrom the southernCascadedhe Jeffreypine (Pinusjeffreyi), whichis commonat Lassen
Volcanic NationalPark,for example.

A numberof otheruppermontaneandsubalpineareasof the centralandsouthernCascadebave
vegetatioron youngvolcanicsubstratde.g.,Mt. LassenMt. ShastaNewberryCaldera) putthe
vegetatiorof eachis markedlydifferentin compositionfrom the park's.The park'slargeareasof
herb-grassvegetatioron pumiceareregionallyunique.

4.4.3 Issues Description

Issuegpertinentto vegetatiorcomposition structure andfunctionthatweregiventhe highest
priority by parkmanagergor considerationn this conditionassessmeimclude:1) Fire regimes
andtheir function,2) Fuelsmanagemerin relationto fire regimeandecosystentmealth,3)
Extentandimpactof invasiveplants,and4) Conditionof subalpinecommunitiesTheseare
discussedbelow.

4.4.3.1Fire RegimesFire SuppressiorandFuelsManagement

With two of four top-rankedvegetatiorissuesnvolving fire managemenparkmanagerslearly
recognizethe potentialfor fire managemenb impactparkecosystemsAs notedby Keaneetal.
(2008):1 M a pajiticians,memberof the public,andgovernmentgencyland managerfiave
cometo believethatlargewildfires (fires >10 000 ha)areanecologicaldisastelbecaus¢heyare
perceivedo burnvastareaswith highfire intenstiesandburnseveritiegBrown 1985; Mutch et
al. 1993;GAO 2002;Danieletal. 2007).However thesesamefires canreturnfire to
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deterioratingecosystemsvherefires havebeenexcludedfor over70 years therebyrestoring
ratesof naturalprocesses 0

Nonethelesshyecausdire is athreatto humanassetandhumansafetyandinterfereswith
visitationor visitor enjoymentin otherways(e.g.,smokeinterferingwith theview of Crater
Lake), fire controleffortsmaynecessarilyakeprecedenceverotherparkgoals.Managenent
policiesof adjacenpublic landsmay alsoaffectotherwisenaturalcrossborderintroductionsof
fire ontoparklandsfrom outsidethe parkor vice versa.Theresultis thatf i rraednshaping
vegetatiorpatternshasbeenconsiderablyestrictedn andaroundCraterLake, despitesome
firesthatwereallowedto burnin the park,andthe optionsfor restoratiorof morenaturalfire
regimesarelimited.

Within CraterLake NationalPark,evaluatinghow fire managemengndfire suppressioim
particular,hasalteredvegetatioris difficult becausehe effectsmaydiffer atlower elevations,
wherefires werehistoricallymorefrequentthanat higherelevationsWherea low-severity
regimeoperatedforestswith moreopenandparklike structuremayhaveexistedin a steady
statewith continuougegeneratiorf trees(Agee1993).1n thisregime fires werefrequent(<20
yearrecurrencenterval)andthis limited fuelsandfire severity.Fire suppressiomasgreatly
reducedhelikelinood of fire, butthereareconcernghatthe probability of high severityfire has
increasedvherelow-severityfire regimesoccurredhistorically. Thisis shownin Figure10.

m higher severity fire lower severity fire

Amount of fire

Prior to fire suppression After fire suppression

Figure 10. Hypothetical changes in the amount of higher and lower severity fire with fire suppression
where a low-severity fire regime and steady-state conditions historically occurred.

In mixedseverityfire regimegBakeret al. 2009 Tablel, Perryetal. 2011) fire operatedn a
patchwise andirregularfashionto causanstability of forestpopulationghroughdisturbance,
causingsignificantturnoverin standspr newstandinitiation (Whittaker1960. The effectof fire
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suppressiots to generallyreduceamountsof all fire: low-, moderate, andhigh-severity(Figure
11).

m higher severity fire lower severity fire

Amount of fire

Prior to fire suppression After fire suppression

Figure 11. Changes in the amount of higher and lower severity fire with fire suppression under a
historical model of mixed severity fire.

4.4.3.2Fire andClimateChange

Changedo fire regimesthatmaybe ongoingor occurin thefutureareparticularlyhardto
predictdueto ongoingclimate changeFire frequencyin the Pacific Northwesthasbeenfound to
trackthe PacificDecadalOscillation(PDO) sincefire suppressiobecameeffective(Heyerdalet
al. 2008,Morganetal. 2008).PDO oscillateson a frequencyof about30 years.Fromthe 1970s
until recently,PDO hasbeenin thewarmphasebut hasshiftedto a cool phasgMantua2000)
particularlyin thelast4-5 years(http://cses.washington.edu/cig/pnwc/aboutpdo.ghthhlus,in
theabsencef otherclimatefactors,fire in the Pacific Northwestshouldoccuratlower amounts
for thenextcoupleof decadeshanit did in recentdecadesHowever thefuture behaviorof
PDOmaybealteredby climatechange.

A recentanalysighatdoesnotincorporatepossiblePDO effectspredictsa neardoublingby the
2080sof the meanareaburnedin Washington(Littell etal. 2010).A similar predictionmight be
madefor the centralCascades/hereCraterLakeoccurs.This predictionassumeslecreased
summerprecipitation asa maindriver of morefire. Futureprecipitationtrendsareanareaof
particularuncertainty Somedataindicatea patternof increasingnot decreasingsummer
precipitationin the Pacific Northwest(Mote 2003, Hamletetal. 2007) which couldwork to
offsettemperaturencreasesModelingis neededhatconsiderghesechangesn precipitation,
and,to thedegregoossible PDO,to betterunderstanduturefire trends

48


http://cses.washington.edu/cig/pnwc/aboutpdo.shtml

In termsof actualpatterndn fire occurrencainderchangingclimate,it is somewhasurprisingin
the contextof currentconcernsaboutexcessivdire severity thatthereis no ongoingtrendthat
hasbeendetectedn the proportionor amountof fire thatis highin severityin thedrier portions
of the CascadegHansonretal. 2009)or Pacific Northwest(Schwindet al. 2008Dillon etal.
2017). Thus,theremay befactorsthataremitigating the effectsof warmertemperaturesn fire
behavior.In dry fuels,wind speeds the mostimportantfactorin determiningfire behavior(Cruz
etal. 2004;CruzandAlexander2010).Recentresearchndicatesthatwith climatechangethe
wind speedorobability distributionmay be shifting towardsslowerwinds, particularlyin mid-
latitudes(PryorandBarthelmie2010;PryorandLedolter2010).Pryorandhercolleaguesound
thatwind speedsippeato be waningin mostof the USA, in manylocationsby morethanl
percentperyear.But, this hasnot beendirectly linked to anychangesn fire activity. Lastly, the
wateruseefficiency of plantsincreasesvith increasingatmosphericCO, (Huangetal. 2007),
suchthatthe ongoing increasesn atmosphericCO, could partially mitigatetemperatureffects
on live fuel moisture Mappingof fire severityexistsonly since1984,soit mayrequiremore
time beforepatterngn fire severitythatmaybe occurringbecomeapparentThe point hereis
thatimpactsof fire suppressiomay continueeventhoughwarmingtemperaturearemore
conduciveto fire.

In addition,fire managersrecurrentlyimplementingfuel treatmentgo improvefire suppression
capabilitiesandreducefire behavior It is unclearthe extentto which treatment®on federallands
may helpsuppresgires or their behaviorin the future. It is alsounclearwhetherfire suppression
capabilitieswill improvedueto technologicahdvance®r changesn funding. Thesefactorsadd
to climateuncertaintyto makepredictionsaboutfuture fire moredifficult.

4.4.3.3Extentandimpactof InvasivePlants
Non-nativeinvasivespeciesareasignificantthreatto nativeplantcommunitiesn virtually all
naturalareasNot surprisingly invasiveplantsrankedasthetop vital signfor monitoringwithin
the KlamathNetwork InventoryandMonitoring Programof the ParkService In manyregions,
invasivespeciesaresecondnly to habitatlossasathreatto nativebiodiversity(Wilcove etal.
1998).While manyinvasivespeciesarerelativelybenign,impactsfrom selectinvasivespecies
may includethereplacementf nativevegetationTilman 1999),thelossof rarespeciegKing
1985),changesn ecosystenstructure(MackandD 6 A n t 1898),alterationof nutrientcycles
andsoil chemistry(Ehrenfeld2003),shiftsin communityproductivity (Vitousek1990),changes
in wateravailability( D 6 A n andNtahatl 1991),andalterationof disturbanceegimesMack
andD 6 An t1898). o

Acrossthe Klamathnetwork,the numberof non-nativespeciesieclines sharplyfrom low
elevationsof Whiskeytownto the higherelevationsat Lassen(Figure12). This patternhasbeen
well-establishedn thewesternU.S. (Mooneyetal. 1986,RejmanekandRandall1994,Schwartz
etal. 1996,Keeleyetal. 2011).

We reviewedthe physiologicaltolerance®f invasiveplantsthatarepresenor expectedn all
KlamathNetworkParks(see Odion et al. 20100dionandSarrin pres$. We foundthatCrater
Lake maybe morevulnerableto invasiveplantsthatareecosystentransformershanthe current
low levelsof invasionmay suggestTheanalysisappeard$o supportconcernsaboutinvasive
plantsat CraterLake andthe useof invasiveplantsasanindicatorof ecosystentonditionin this
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park.Theinvasivespecie®f greatestoncernthatarestill controllable definedasecosystem
trarsformersareshownin Table4.
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Figure 12. Non-native plant species richness as a function of park area and elevation in the Klamath
Network. A logarithmic line illustrates the expected species/area relationship across park sizes, and oval
size is proportional to mean park elevation. The lower elevation parks have more nonnative species than
expected for their size, whereas higher elevation parks have fewer recorded species.
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Table 4. Invasive plants of greatest concern at Crater Lake National Park as determined by the
prioritization process used by the Klamath Network and involving park resource staff.

The ranking is a semi-quantitative 0-1 score. The species in this list are invaders that are considered
capable of transforming ecosystems that are still not yet well-established. Species in the colonization
phase may have been recorded, but are not yet established in the park. Species in the establishment
phase have one to a few relatively small, localized populations within Crater Lake.

Scientific Name Common Name Invasion Phase Ranking Score
Cytisus scoparius Scotch Broom Colonization 0.875
Centaurea solstitialis Yellow Starthistle Colonization 0.873
Centaurea maculata Spotted Knapweed Colonization 0.854
Bromus tectorum Cheatgrass Establishment 0.827
Holcus lanatus Velvet Grass Colonization 0.769
Centaurea diffusa Diffuse Knapweed Colonization 0.750
Linaria genistifolia ssp. dalmatica  Yellow Toad Flax Colonization 0.744
Leucanthemum vulgare Ox-eye Daisy Colonization 0.740
Cirsium arvense Canada Thistle Establishment 0.642
Brassica rapa Mustard Colonization 0.610
Melilotus albus White sweet clover Colonization 0.591
Hypochaeris radicata Rough C a t Ears Establishment 0.564
Poa bulbosa Bulbous Bluegrass Colonization 0.556
Festuca arundinacea Tall Fescue Establishment 0.538
Melilotus officinalis Sweet Clover Colonization 0.532
Bromus inermis Smooth Brome Establishment 0.507
Dactylis glomerata Orchard grass Establishment 0.499
Lactuca serriola Wild Lettuce Establishment 0.477
Tragopogon dubius Go a Béasl Establishment 0.401
Agrostis gigantea Bentgrass Establishment 0.393
Senecio sylvaticus Ragweed Colonization 0.322

SpeciesuchasKlamathweedthatarewell-establishe@reconsideredo bein the equilibrium
phasgTable5), andmanyof thesearemonitoredin the CraterLake backcountry.
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Table 5. Equilibrium species in Crater Lake National Park and status of species which will or will not be
monitored in the backcountry by the Klamath Network Inventory and Monitoring Program.

Scientific Name Common Name Ranking Score Monitor in Backcountry?
Hypericum perforatum Klamath Weed 0.673 Yes

Cirsium vulgare Bull Thistle 0.667 Yes

Verbascum thapsus Common Mullein 0.657 Yes

Rumex acetosella Sheep Sorrel 0.545 No (control infeasible)
Poa pratensis Kentucky Bluegrass 0.532 No (control infeasible)
Taraxacum officinale Dandelion 0.517 No (control infeasible)

InvasivePathogensandthe Conditionof Subalpinévegetation

Theoutstandinghon-nativespeciesandplant pathogerof concernat CraterLake NationalPark
is theblisterrustfungus(Cronartiumrubicola). It is the mainfactorimpactingthe conditionof
thep a r duldalpinevegetationparticularlywhitebarkpine,which wasatop management
concermraisedby parkstaff. The KlamathNetworkidentifiedwhitebarkpine asa vital signof
ecosystenmealthto monitorandhasinitial monitoringresults(Smithetal. 2011, Julesetal.
2012).

Blister rustformsrustylooking lesions,or cankerspf deadtissuethatgirdle treebolesor stems.
Therug affects5-needlewhite pines.At CraterLake NationalPark,theseincludenotonly
whitebarkpine, but sugamine (Pinuslambertiang andwesternwhite pine (P. monticolg.
Presentoncernsaremainly theimpactsto whitebarkpine impactsto the otherspeciehave
alreadyoccurredandareno longernoticeableIn contrastthe pine mortality at manyareasalong
the CraterLake calderarim, wherevisitationis high, is quite conspicuous.

To completeits life cycle,therustfungusmustdispersdrom the pinesto analternatehost,a
shrubin thegenusRibes(currantandgooseberrypr the herbsCastilleja(Indian paintbrushand
Pedicularis(lousewort)(Geils et al. 2010)Removalof alternativehostsis oneapproachhathas
beentakenin anattemptto managehediseasewith generallylittle succesandwith potentially
adverseeffectsonimportantwildlife speciesBlister ruston whitebarkpine hasbeenfoundto be
morecommonin the westernportionsof the park,andwheretreedensityis higher(Smithetal.
2011).Ontheeastsideof the park,it is positivelyassociatedvith the alternatenostshrubsRibes

SpPpP.

Therusthasbeenin the parkfor manydecadeshut hasbecomea greaterconcernn recentyears
asthepicturesquevhitebarkpineson the calderarim havebegunto die in greatemumbersPark
staff beganformal monitoringof theblisterrustin 1999(Murray andRasmusse@003,Murray
2010).At monitoringplots,Murray (2010)estimatedhat pinesweredying atarateof 1 percent
peryear,andSmithetal. (2011)reportedthatabout25 percentf treesin 20 monitoringplots
hadblisterrustcankersMuch higherratesof infectionoccurfarthernorthin the Cascades
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(Rochefort et al. 2008and,to date lower ratesoccursouthwardMcKinney etal. 2012).
However preliminaryassessmentsf 2012monitoringdatasuggesthatblisterrustinfections
may be morecommonthanpreviouslybelieved bothat CraterLakeandat LassenJulesetal.
(2012)foundthatwhite pineblisterrustinfected69% of whitebarkpinein tenplotsat Crater
Lake.Futuremonitoringby Dr. Julesandcolleaguesin collaborationwith the KlamathNetwork
InventoryandMonitoring Program shouldclarify the statusandtrendsin blisterrustin
whitebarkpine.

Fromthe 2009distributionof blisterrust, Smithetal. (2011)discusgossiblemplicationsof
climatechangédor futurelevelsof blisterrust. They suggesthatsuchimplicationscould be quite
complexbecause¢hey mayoperateghroughbothdirectandindirectmechanismsTherearealso
complicatingfactors.In particular,warmertemperatures recentyearshaveallowedmountain
pinebeetlegDendroctonuponderosagto shift to andpersistin higherelevationforests(Logan
2010).Murray (2010)reportecthatmountainpine beetleis now the primary causeof whitebark
pinemortality in the park.

Whetherthe beetleaffectsthe susceptibilityof whitebarkpinesto blisterrust,or vice versa,s
notknown.BockinoandTinker (2012 foundthatwhitebarkpinetreeswhich wereselectedas
hostsby mountainpine beetlesexhibitedsignificantly greatetblisterrustseveritythantreesthat
werenot selectedOtherindirecteffectscould occurif climateincreasinglyfavorsor inhibits
blisterrust. For examplethe rustfavorsmoisterconditions,andincreasegreapitation in winter
is apossibletrendunderclimatechangen the Pacific Northwest Direct effectsof climatecould
favor the pines,asmanyhigh-elevationtreesaregrowing morerapidly today(Bunnetal. 2005).
However,morerapid growth of otherhigh-elevationtreespeciesouldactasanindirecteffect
thatplacesthe pine at a competitivedisadvantagegspeciallyif whitebarkpine cannotmigrate
quickly enoughto avoidbeingdisplacedoy superiorcompetitorsvith morerapid growth
potential,suchasmountainhemlock(Tsugamertensiang andnoblefir (Abiesprocerg. These
treesarequitedensen manywhitebarkpine stands.

4.4.4 Indicators and Criteria to Evaluate Condition and Trends in Vegetation
Thefollowing indicatorsof vegetatiorstructure functionandcompositionwerechoserfor use
in this NRCA to evaluateconditionandtrendsin thep a r JegettionTable6):

Table 6. Vegetation indicators and the ecological conditions for which they are indicators.

Stand Age Distributions Fire regimes, disturbance processes
Fire Rotations Fire regime

Invasive Plants Vegetation/ecosystem transformation
Invasive Pathogens Vegetation/ecosystem transformation
Rare Plants and Diversity of Native Plants Climate change, natural succession
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4.4.4.1StandAge Distributions

Criteria

For purpose®f thisassessmenfi G o acahditionswould be currentstandagesthatappeato be
similar to historicalstandageswith effectsof fire suppressiomot apparentiiSomewhat
Concerning would be standagesmoderatelyalteredby fire suppressiomiSignificantConcero
would be standagessubstantiallyalteredby fire suppressionTo assessvhich conditionapplies,
it is necessaryo definereferenceconditionsfor standages.

Thetransitionbetweeriow- andmixedseverityfire regimesmayoccurat particularelevations
within the park, butthis hasnot beensystematicallynvestigatedWe thereforeevaluatethe best
evidenceavailableto determinewhich historicalfire regimeoccurredn differentportionsof the
parkin orderto assesshetypesof changeghathaveoccurredwith fire suppressioriWherelow
severityfire regimesoccurredwe expectanincreasen all fire exceptlow-severityfire leading
to forestinstability (Figure13). Wheremixed-severityregimesoccurred we expecta decreasén
all fire, leadingto areductionin early successionategetatiorandageclassdiversity createdoy
fire (Figure 14).

Thedistributionof standages in alandscapeanillustratewhetherlow- or mixed-severityfire
regimesoccurredhistorically. Usingthe standagedistributiors, asaffectedby historicalfire, is
alsoconsistentvith recommendation®r usinga statisticaldistributionto describereference
conditionsfor anindicatorratherthanmeanor medianvalues(Stoddarcdet al. 2006).A
comparisoron the currentdistributionof standageswith a distributionunaffectedy fire
suppressiomprovidesanexplicit illustration of how standageshavechangedvith fire
suppressionWhencoupledwith anunderstandin@f vegetatiorsuccessiorthe changesn
vegetatiorageprovidea modelof landscape&hange.

Figure13 showsthe standagedistributionsthatwould existwherea low-severityregime
historicallyoccurredln this distribution,moststandagesaredeterminedy the lifespanof trees
becausetandinitiation by fire hasnot occurred.Thereforestandsaremostly severakenturies
old. However,anincreasen fire severitydueto fire suppressiomvould leadto someyoung
standseingcreatedn recentdecadesgreatinga bimodaldistribution. ConverselyFigure14
showsthe standagedistributionthatwould existwheremixed-severityfire regimesoccurred
historically.Prior to fire suppressionstandinitiation would haveoccurredcontinuously creating
mostly standswvhoseinitiation occurredn the decaderior to fire suppressionThe effectof
youngerstanddn erasingolderstandscauses long statisticaltail, with relativelyfew standsas
old asfoundin alow-severityregime.
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Figure 13. Theoretical stand age distribution in forests affected by a low-severity fire regime and an
increase in susceptibility to more severe fire in recent decades due to fire suppression.
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Figure 14. Hypothetical stand age distribution for forests affected by a mixed-severity fire regime and 70-
90 years of reduced fire due to fire suppression.

55



Conditionand Trends
Conditiont SignificantConcern-Medium Certainty
Trends:SignificantConcern-Medium Certainty

The conditiorandtrendfor the standageindicatorareratedStandageanalysesndicatethatboth
low-mid-elevationandmid-to upperelevationforestsin the centralandeasterrCascadesvere
shapedy mixedseverityfire becausestandswvereinitiated continuouslyprior to fire suppression
(Figure15 and16). The substantiateductionin standinitiation with the onsetof fire suppression
in theearly 1900sis consistentvith fire beinga dominantprocesscausingstandinitiation;
otherwisewe would expectittle impactof fire suppressiomn standages.Theoccurrencef a
mixed-severityfire regimeis alsosupportedy literaturereviewedin the nextsection(Beatyand
Taylor 2001,BekkerandTaylor 2001,2010,Hessburgetal. 2007, Baker2012).

After the onsetof fire suppressionandscapeegetatiorpatternshavebeenshamdfar lessby
fire. Figuresl5and16 clearly showthatthe probability of standinitiation by fire is muchlower
with fire suppressiothanit washistorically. As a consequencetandsyoungerthan80 yearsare
underrepresenteztbmparedo a scenaridn which fire suppressiomeveroccurredwhile stands
80~200yearsareoverrepresentedVith no fire suppressionnanyof theseintermediateaged
standsvould havebeenerasedy morerecentstandinitiation fires. Standsover200yearsare
aboutthe sameasoccurredhistorically.

ThemeanandmedianForestServicelnventoryandAnalysis(FIA) standageof nevermanaged
forestshasincreaseatonsiderablysince1930,reflectingalack of standinitiating disturbance
(Table7). Thescarcityof fire disturbances thelast70-90 yearsis a patternconsistentvith the
recenthistory of fire in the park. Therehasbeenvery little fire sincerecordkeepindpegan
around1930.We quantifythis underthe nextindicator,fire rotations.The substantiateduction
in lodgepolepineforestssincethe 1936vegetatiorsurveysat CraterLakeis alsoconsistentvith
asimilarreductionin mixed-severityfire. Lodgepoleis oftenanearly successiondbresttype.

Certaintyis ratedasmediumbecausave relied on regionaldataratherthandataspecificto the
park.To obtainalargeenoughsamplesizeof standagedata,we useddatafrom U.S. Forest
ServicelnventoryandAnalysis(FIA) plotsfrom landsthathaveneverbeenmanagedor timber
productionthroughoti the centralandeasterrCascadeOnly plotsfrom the sameforesttypes
wereselectedandtheseoccurredn similar proportionsasthe foresttypesthatoccurpresentlyin
CraterLake (AppendixA). Fire regimesn areagrotectedrom timbermanagemenh this
region,like thosein this park,havebeenaffectedby similar disturbanceegimesaswell asby
fire suppressiomanagementiowever,it shouldbe notedthatfire suppressiomaslikely been
moreeffectivein CraterLake NationalParkthansurroundingareas.
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Figure 15. Never-managed forest stand age distribution in the low- to mid- montane zones of the eastern
Cascades (black bars), compared with the theoretical distribution that would be present had pre-
suppression fire disturbances not been interrupted by fire suppression (gray bars).
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Figure 16. Never-managed forest stand age distribution in the upper montane zones of the eastern
Cascades (black bars), compared with the theoretical distribution that would be present had pre-
suppression fire disturbances not been interrupted by fire suppression (gray bars).
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Table 7. Mean and median stand ages for mid-montane forests of the eastern Cascades low-to mid-
elevation forests, and upper montane forests of the central and eastern Cascades in Oregon.

Stand age in 1930 (yrs) Current stand age (yrs)

Mean Median Mean Median
Low- to mid-montane forests 83 57 128 106
Upper montane forests 95 70 157 137

Thereareavariety of ecologicaleffectscausedy the suppressionf mixed-severityfire. Lack
of mixed-severityfire leadsnot only towardsolderthe ageclassdistributions butalsogreater
homogeneityasyoungerageclassesrediminishedandolderstandsbecomeoverrepresented
comparedo historicalstandagestructure Suppressionf mixed-severty fire alsoleadsto a lack
of complexearly successionalegetatiorcreatedoy fire (e.g.,Swansoretal. 2011).Thus,
chaparralaspenforests,andyoungconiferforestshavebeenlost.

For standageconditionsto reversehemselvesndthe formerpatternto returnwould requirean
orderof magnitudemorewildfire thanpresentlyoccurs(seenextsectiononfire rotations)over a
periodof about80 years.About half of all forestsin the park,andmostof thelodgepolepine,
would haveto burnwith standinitiating fire overthattime. However plannedprescribedurns
arevery constrainedn areaandaremostl limited to surfacefires. Wildland fire use(allowing
unplannediresto burn)is alsoconstrainedor pragmatiaceasongseediscussiorabovein
section4.4.3. Thus,the patternof greatlyreducedmixedseverityfire will likely continue

However the effectsof fire suppressiotn reducingfire might bereversedatleastin part,by the
effectsof climatechangeln fact, in low- to mid-elevationforests,mixed-severityfire in recent
decadesnaybesimilarto historicrates(Figurel5), thus,lack of fire maybelessof aconcernin
theseforests. However,asdiscusseearlier(seediscussiorabovein sectiond.4.3, thefutureis
difficult to predictwith anydegreeof precision

Assessmer@onfidenceand Data Gaps

Medium As mentionedabove mostof the availableinformationaboutpastrangeof variationin
standagescomesfrom anareathatis muchbroaderthanthe park.In addition,aswith nearlyall
ecologicalchangestherearebothdetrimentalandbeneficialeffects.Suppressionf fire is
unnaturalput doesleadto moreareaof denselate-successiondbrest,which benefitsspecies
like northernspottedowls. Onthe otherhand,at leastsomeof thesespeciesnay benefitmost
from heterogeneousndscapeshapedy mixed-severityfire (Franklin2000).

As discussedh the nextsection,it appearshatfire suppressiommasbeenmoreof aninfluencein
the parkthanoverthe broaderegionsfrom which the standagedataoriginate with the
exceptionof the Panhandlevhereprescribedire hasbeenfrequentHowever this maymean
thatour assessmers conservativeThe assessmeriitasedon this indicatoris alsolimited by the
factthatstandagesareapproximationsSomeolder standsmay not havebeeninitiated by fire
disturbancesndestimate®f theiragesmay havebeenbasedn treesthatgerminatedvithout
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disturbanceNonethelesghe shift in ageclasseslueto fire suppressiois quite substantiabnd
not afunctionof ageuncertaintyof old standsThe generalkeffectsof fire suppressioimdicated
by standageanalysisareconsistentvith expectationgrom literatureon historicalfire regimesn
the easterrCascadeandsouthernCascadefBeatyandTaylor 2001,BekkerandTaylor 2001,
2010,Hessburg et al. 200Baker2012) Thesegenerakffectscanthereforebeacceptedvith a
relatively high degreeof confidence.

Futureamountof standinitiating fire will be monitoredundertheland-use,land coverprotocol
of the KlamathNetworkInventoryandMonitoring program.Monitoring statusandtrendsin the
amountsf early successionalegetations difficult with plot databecause largenumberof
plotsrandomlylocatedthroughouthe parkwould berequired thereis no plot monitoring
programin the parkthataccomplisheshis. Ongoinganalysisof LIDAR imageryfrom the park
andotherareasof the easterrCascadeby Van Kane,ForestStructureandDynamicsLab,
University of Washingtonwill yield abetterunderstandingf thep a r Jegetiorstructure
generallyandwill placeit in the contextof theregiongenerally.

4.4.4.2 Fire Rotations

Thefire rotationis theamountof time during which fires occunaturally with sufficient
frequency and/or extent to completely burn ageéned area of interest one tinfdhese
propertieanakethefire rotationthe bestmeasurdor comparingratesof fire acrosdandscapes
or time periods(Baker2009,Miller etal. 2012).Thefire rotationfor alandscap@ftendiffers
from the meanfire interval, or frequencyof fire, estimatedrom fire scarssomewheravithin that
samelandscapé?

Therotationis estimatedy summingthe areasof fires observedverthe specifiedareaand
periodof time, thendividing the periodof time by the fractionof the specifiedareathatburned.
Forexamplejf 1000hectare®f a 3000hectareareaburnsin 20 years thefire rotationis
calculatedas:20 years/(1000/3000)or 60.6years.Typically, someof the areaghatburnedwill
haveburnedmore thanonceandotherareasotatall. Thefire rotationcanbe calculatedor
particularkindsof fire, suchaslow or high severityfire (Odion and Hanson 2008hdcanalso
be estimatedrom standagedata(JohnsorandGutsell1994).

Criteria

For purpose®f thisassessmenfi G o acahditionswould be currentfire rotationsthatappearto
besimilarto historicalfire rotations.Therewould belittle effectof fire suppressiomapparenbn
thelengthof fire rotations.fiSomewhatConcerning would be rotationsmoderatelyalteredby
fire suppressiomSignificantConcerm would be rotationssubstantiallyalteredby fire

'% This can occur because the fire scars are not probabilistic samples (i.e., the target population they
provide inference for is not the landscape) (Johnson and Gutsell 1994), and scars are usually sampled
from small areas. In addition, the frequency of fire measured from fire scars is a composite of fires that
each differ in the amount of area burned and the area is often unknown. In such a composite measure of
fire frequency, the frequency increases by increasing the area studied. For example, in studies of Jeffrey
pine in Baja California, Minnich et al. (2000), found a fire rotation or mean fire interval for the landscape of
52 years. A fire scar study in the same landscape found a fire frequency of <16 years over the same time
period (Stephens et al. 2003). Therefore we use fire rotation here as a standard that allows comparison of
the specific amount of fire affecting a landscape over time.
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suppressionTo assessvhich conditionapplies,it is necessaryo definereferenceconditionsfor
standages.

Conditionand Trends
Condition: SignificantConcerni MediumCertainty.
Trends: SignificantConcern-Medium Certainty

As detailedbelow,only alimited areawithin the park hasburnedsincethe onsetof fire
suppressioneadingto rotationsfor fire with fire suppressiomanagemerthatareanorderof
magnituddongerthanthosefrom prior to fire suppressionThe currentprobability of all fire,
including standinitiating fire is muchlower thanit washistoriclly, asillustratedby thenear
cessatiorof standinitiation (Figuresl5 and16).

Theoverallfire rotationsince1930,overthe approximately63,693hectareof burnable
vegetationjs about744years.Therehasbeenmorefire sincel1984,andtherotationfrom 1984
to thepresentis 287years.Thisis a parkwideestimatejgnoringvariationsin differentareaslt is
importantto notethatthe forestsin the panhandlgartof the parkhaveburnedfrequentlyin
recentdecadessa resultof prescribedurningandthusthoseforestshavehada very short
rotationintervalsince1984.However thetotal acreagdurnedby theseprescribediresis
relativelysmallat the scaleof thewhole park,andthereforehaslittle effectonthe parkwide
rotation.Therehasalsonot beenmixed-severityfire in the panhandle.

Theparkwiderotationsarefar longerthanpre-suppressioffire rotationsin comparable
vegetationn the southerrandcentralCascadesassummarizedn Table 8 Thesedata,described
next,arethe bestavailablefor definingreferenceconditionsfor thisindicatoreventhoughthey
do notincorporatethe full rangeof variationthathasoccurredwith fire overlongertime scales
appropriatdor definingreferenceconditions(Whitlock etal. 2010)

Informationon historicalfire rotationsfrom within the parkis lacking.Fire scarstudieshave
beendone(e.g.McNeil andZobel 1980),butthesedid not mapthe areaburned,arequiremento
calculaterotations.Onesuchstudythatdid determingpastareaburnedovertime wasdoneby
Bork (1984)in ponderosineforestsin the easterrOregonCascadeat the PringleFalls
Researclf\rea (40 km sout of Bend).Fromareaburneddatapresentedn Figurel-22 of her
study(Bork 1984),thefire rotationfor threeseparatstudyareasvas29, 78,and71 yearswhile
the compositdire scarfrequencyfor thesameareasvasl11,15,and24 yearsrespectively
(Baker2012).This compositefire scarfrequencyis similar to thatobtainedoy McNeil andZobel
(1980),suggestinghatthe ponderosaine forestsstudiedby Bork, andthosein the CraterLake
Panhandldy McNeil andZobel (1980) burnedat similar frequenciesistorically. The study
Pringlefalls studyareahada mixedseverityregime.Therotationfor only low severityfire was
estimatedy Baker(2012)as47-142years.

Fire rotationshavebeencalculatedn the southernCascades forestssimilar to thosein the
park.Table 8showsthefindingsfrom ProspecPeakin LassernvolcanicNationalPark,257km
(160miles) to the south(Taylor 2000),aswell asthe Thousand_akesWildernesgust northwest
of LassenBekkerandTaylor 2001,2010),andthe Cub CreekResearciAreaonthelLassen
NationalForest(BeatyandTaylor 2001).Theseareall protectecareasn the southernCascades
which havepastlandusehistory generallysimilar to thatof CraterLake NationalPark.
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Historicalrotations like thosefrom Bork (1984),areanorderof magnitudeshorterthancurrent
rotations,ndicatingthe widespreackffectof fire suppressionTable 8alsoshowsthefire
frequenciestindividual pointswherefire scarsamplesverecollected”. This showsthatcertain
areasburnedmuchmorefrequentlythanthelandscapaveragevhile othersburnedess
frequently(compareherangesanddifferencesn pointintervalsfire rotations).Again, this
suggestshatconditionsweresovariablethatthe occurrencef long fire intervalslike thoseof
todayarenot necessarilyunprecedenteid theyoccurin someportionsof alandscapgbutthe
widespreadccurrencef suchlong rotationsoveralandscapenaybe

' As discussed earlier, these are not probabilistic samples of the whole landscape because not every
tree/location has an equal probability of being sampled: They are representative of the particular sites
sampled.
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Table 8. Mean fire frequency prior to fire suppression from studies in the central and southern Cascades.
The current fire rotation is calculated from Crater Lake National Park fire history data for the time period
beginning in the parenthesized calendar years.

Historical
Historical Fire Point Fire
Rotation from Return Current Fire
Forested Mapped Fires Interval Rotation since
zone Location Forest types  (yrs) (yrs) (yr) Source
744 (1930) ]
Upper and CRLA fire
mid- CRLA (all) All n.a. n.a. history
montane data
287 (1984)
Ponderosa (currently very .
CRLA pine, mixed short due to McNeil and
i . n.a. 12-48(55) . Zobel
panhandle conifer, white prescribed
- (1980)
fir burns)
Central, east P'onderpsa
pine, mixed Bork
Cascades, : : 31-79 n.a. n.a.
Oregon qonlfer, white (1984)
Mid- fir
montane
Southern white-fir, o Bekker and
Cascades, ; No fire since
sugar pine, 22-50 7-55 Taylor
Northern . 1942
California Jeffrey pine (2001)
Southern white fir, . Beaty and
Cascades, No fire since
ponderosa 17-43 5-108 Taylor
Northern ; i 1926
California pine, red fir (2001)
ggggfjrgs white-fir, No fire since Bekker and
' Jeffrey pine, |46-147 4-91 Taylor
Northern : 1942
California red-fir (2001)
Mid-upper
montane Jeffrey pine,
gggg%rgs white fir, red Dramatic Tavlor
' fir (Prospect |17.1-75.9 9.5-109 decline in fire y
Northern . 2000
California Peak, Lassen since 1906

NF)

Lower montanedrier forestsin the Cascadege.g.,ponderosgine andmixed conifer) havebeen
assumedby manyto havebeenparklike (meaningsemiopencanopywith little understory),
maintainedoy low-severityfires, andto havebecomeadensesincethe eraof fire suppression
beganAnd in fact, the 1936 vegetatiorsurveysdescribeponderosgine forestsat CraterLake as
parklike (Anonymousl936).However, thesesurveysandmostotherdescriptionsarefrom after
settlemenainddo not considenimpactsof loggingandburningby settlers A recentanalysisof
vegetatiorover400,000hectare®f the easterrCascadedry forestsfrom Government.and
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Office Surveys(Baker2012)analyzedhe pre-settlementondition.The methodsusedallowed
accurataeconstructiorof detailedforeststructure Theywerecalibratedoy collectingthe same
datain currentvegetatiorandseeinghow accuratelythe datacouldreconstructurrent
vegetation (Williams andBaker2012. Thereconstructionshowthatonly about13.5%o0f these
forestshadlow treedensityof parklike forests.Hessburgetal. (2007) in anextensiveanalysis
of the historicalconditionsof thedrier forestsof the Cascadesoncludedhatparklike forests
wererare.Both studiesfoundthatforestsweregenerallydensepothin their understoryand
overstory but densityvariedby afactorof 2i 4 acrossabout25,000haareasGiventhelikely
historicalfire rotation,therewaslikely ampletime betweerfires for treeslike white fir to
regeneratandevengrow into the canopy,a procesghatmaytakeonly 30 yearsin the park
(Agee20®). This may helpexplainthewidespreadccurrencef mixed coniferforestswhere
shadeolerantfirs arecommonoverstorytrees.Thesestudiesalsocorroboratehe standage
analysispresente@boveandthe conclusionthatforestswerenot maintainedn a steadystateby
low-severityfire (Figure 10), butwerecharacteredby nonequilibrium(Figure1l). In termsof
historic conditions this meanghatcomplexearly successionalegetatiorcredaed by fire would
havebeencommon.

Within the park,the currentrotationsfor fire of differentseveritiegnotincludingprescribed
burns)canbeinferredfrom fire severitydata.Fire severitydataareavailablefrom MTBS.gov
for 19842009.We usedthesedataandincludeda 2 km buffer areasurroundinghe parkin our
calculationsWe intersectedurnseverityby vegetatiortype.Most fire hasoccurredn mountain
hemlock,redfir, andmixedconiferforests. Applying the samepercenturnseveritywherethese
fires with mappedseverityoccurredo additionalarea burnedin the parksince1984where
severitywasnot mappedasmalladditionalarea) we foundvery long rotationsfor low,
moderateandhigh severityfire since1984(Table 9. An estimateof the currentrotationof
standinitiating fire canalsobe madefrom the standagedatapresentedhn the precedingsection.
Theserotationsarealsopresentedn Table 9 Both of theseestimate®f the currentrotationsof
low, moderateandhigh severityfire aremuchlonger(fire is lessfrequent)thanhistorical
estimategliscussechext.

Studiesthatmaphistoricalfires from old air photoscanbe usedto calculatefire rotationsthat
occurredprior to fire suppressionThis wasdonein manyof the abovecitedstudiesin the
southernCascadeby Taylor andcolleaguesandby Hessburgetal. (2007)overalargeareaof
the easterrOregonandWashingtonCascadedistoricalfire rotationsfor moderateandhigh
severityfire havealsobeenestimatedrom the presettlemenGovernment.and Office (GLO)
datafor the easterrCascadesf Oregon(Baker2012).In addition,therotationfor pre-
suppressiostandinitiating fire (similarto moderateo high severity)canbe calculatedrom the
standagedatapresentedhn the precedingsectionon standages.The methoddor calculating
rotationsfrom all of thesedatasourcesarethe same.Thetime periodof interest(years)is
dividedby the proportionof the areaburnedby atype of fire (e.g.,low or high severity)overthat
time period.

Resultsof calculationdor differentfire severitiesareshownin Table 9 Therehasbeena
dramaticdeclinein all formsof fire (increasen rotationlength),consistentvith Figure1l and
with the standageanalysis Thelengthof historical rotationsfor high-severityfire comparedo
therotationsfor low-severityfire indicatethathistorically,about25 percentof all fire in the park
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andupto 2 km outsidethe parkwashighin severity.Thisis comparabldo currentpercentages
asestimatedrom the MTBS.govdatafor firesin the parksince1984(22% washigh severity).

As discussedh the previoussection the suppressiomf low, moderateandhigh severityfire
causes lossof earliersuccessinalvegetatiorandageclassdiversity.In addition,olderstands
becomancreasinglydominatedby shadeolerantfirs, andlodgepolepine maybereplacedoy fir.
Thesechangesreevidentfrom the comparisorof the 1936vegetatiormapandmorecurrent
mapping(seesectiond.4.1,Backgroundyvegetation) The deadtreescreatedy high severityfire
areimportantdisturbancdegaciedor biodiversitythatalsoreducethe environmentabtressand
magnitudeof a disturbanc€OdionandSarr2007).In particular,the standingdeadtreesleft by
fire arecritical for speciesuchasblack-backedvoodpecker.
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Table 9. Rotations for different severities of fire from MTBS.gov fire severity data for Crater Lake, or published studies that used Government Land
Office presettlement surveys or early aerial photos for different landscapes in the Cascades.

Study Location and Rotation
size (kmz) Time period Type of fire Forest types
Unburned and low severity | 585
MTBS.gov fire severity Mountain hemlock, noble fir, and
CRLA data and park fire 1984-2010 Moderate severity 987 mixed conifer (white fir, Douglas
history data fir, ponderosa pine)
High severity 1308
732 Upper montane forests
Dry Cascades’ FIA stand age data 1930-present Stand- initiating
419 Mid montane forests
151 Upper montane forests
Dry Cascades’ FIA stand age data 1750-1875 Stand-initiating
156 Mid montane forests
High severity (>70% tree 435
1850s and 1860s mortality)
East Cascades, Baker (2012) _(prlor to most ) Ponderosa pine and mixed conifer
Oregon impacts of Low severity 47-147
settlement)
All fire 29-78
i I 0,
High severity (>70% tree 379-505 Ponderosa pine and mixed conifer
mortality)
East Cascades,
Oregon and Hessburg et al. (2007) | 1830-1930
Washington Moderate and high severity | . ;50

(30-100 % tree mortality)
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Table 9 (continued). Rotations for different severities of fire from MTBS.gov fire severity data for Crater Lake, or published studies that used
Government Land Office presettlement surveys or early aerial photos for different landscapes in the Cascades.

Study Location and Rotation

size (kmz) Time period Type of fire Forest types

High severity** 165-210 Jeffrey pine, white and red fir

High/moderates e v e r i |111-225
Bekker and Taylor

S. Cascades (2001)? 1864-1939
Lowseverityy 24-91
All fire 22-50
iah severy
High/moderates e v e r i |83-114
S. Cascades '(32%3831’)§”d Taylor 1883-1926 Low severity 19-89
All fire 17-43
Low severity 31-79

! Upper montane forests are from the central and eastern Cascades of Oregon. Lower montane forests are from the eastern Cascades of
Washington and Oregon. Stand-initiating fire is fire that creates a new cohort of trees that is dominant.

* High severity was consistent with a definition of >70% basal area mortality (Hessburg et al. 2007) was identified by forested areas having a
percentage of small trees >50% and a percentage of large trees <20% in early air photos. Mixed severity included all areas not meeting the
definition of high severity or a definition of low severity in which the maximum percentage of small trees was 48.6% and the minimum percentage
of large trees was 28.8% in a given area, as interpreted from early air photos.

* *Higlis e v e ddfinted ad <10 emergent trees/ha remaining after fire.
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AfHi gdndii mo d e sevdrity defined as <20 emergent trees/ha remaining after fire. This may be considered high severity fire according to
many definitions.

y Low severity rotation obtained by subtraction of the high and moderate severity rotations from the rotation for all fire (the percentage of the

landscape affected by low severity fire does not include any low severity fire that may have occurred in areas that burned at moderate and high
severity).

The 75 year time period from 1864-1939 started and ended with large fires. This time period was therefore bracketed by %2 of an average rotation
interval for all fire (33 years) to produce a 109 year time period/fraction of an area burned to calculate fire rotation. The range in fire rotations
reflects the minimum and maximum rotations from different forest types (Table 2 of Bekker and Taylor [2001]).

*The 43 year time period from 1883-1926 started and ended with large fires. This time period was bracketed by % of an average rotation interval
for all fire (28.2 years) to produce a 71 year time period/fraction of area burned to calculate rotation. The range in fire rotations reflects the
minimum and maximum based on different slope/aspect categories (Table 8 in Beaty and Taylor [2001]).




Forfire rotationsto returnto morehistoricallevels,anorderof magnitudemorewildfire than
presentlytake placevould needto occur(plannedorescribedurnsarevery constrainedn area
andarelimited to mainly surfacefire effects).In arelativelysmalllandscapgsuchasin this
park,alargeportioncouldburnin asinglefire andsubstantiallyshorterrotations.Thisis avery
low probalility in anyoneyear,buteventuallywill likely occur.

In sum,it is likely thatfire suppressiomvill continueto overridethe effectsof climatechange
andotherfactorsthatmightfavor morefire. Lack of fire couldbe somewhamitigatedin alarge
nationalparkdueto the greaterpossibility of managedire use andeventually alargewildfire is
likely to occurthatwill helprestorefire asanecologicalprocess

Assessmer@@onfidenceand Data Gaps

Medium Thereareimportantlimits to the data.Unfortunately,mostexistingdatafor
reconstructindire regimescaptureonly a portionof the variability in afire regime(Whitlock et
al. 2010).Therewould be greatewvariationdetectedn fire frequencyandbehaviorf we could
assess longerrecord.In addition,publishedfire rotationsarefor mid-montandorestsin the
easterrCascadegHessburgetal. 2007) and th€©regonCascadeéBaker2012),andoften
consideronly smalllandscapegBork 1984,Beatyand Taylor 2001,BekkerandTaylor 2001,
2010, Taylor 2000) However,it appearshat, if anything,the effectsof fire suppressiomaybe
underestimateah the park (with the exceptionof the Panhandlewhereprescribedire hasbeen
frequent).

Futureamountof standinitiating fire will be monitoredunderthelanduse,land coverprotocol
of the KlamathNetworkInventoryandMonitoring program.Monitoring statusandtrendsin the
amountsf early successionalegetations difficult with plot databecause largenumberof
plotsrandomlylocatedthroughouthe parkwould berequired.Thereis no plot monitoring
programin the parkthataccomplisheshis.

4.4.4.3Extentof InvasivePlants

Locationsandextentof invasionsby non-nativeplantsin the parkhavenot been documented
comprehensivelyRecordgo existwhetre effortsto controlinvasiveshavebeenundertakerand
whereprescribedurningandfuel reductiontreatmentfiavebeendone(FMH plots).Invasive
plantswerealsosurveyedy the KlamathNetworkalonga subsebf roadsandtrails. Noneof
thesedatawerecollectedfrom a probability sampleof the entirepark, or evencollected from
areamecessarihat highestrisk of invasionby non-nativeplants.Thereare,however data
coveringnortnativeplantsfrom probabilisticsamplingdonefor the 2005parkwide wetlands
assessmerfAdamusandBartlett2008).In addition,vegetatiorsamplingfor anongoing
vegetatiormappingprojectuseda relevéapproacho subjectivelylocateplotsacrossherange
of variationin vegetatiortypes.In concertthewetlandandvegetatiormappingdatabases
comprise275plots.

Criteria

For purpose®f thisassessmenfi G o ccahditionswould bealow level of invasionby exotic
specieandii So me @b a t e randii 89 g n ICD n ¢ aveull @presenincreasingly
greatemproblemswith invasiveexotic speciedasedn their extentwithin the parkandtheir
observeceffectson nativeplantpopulations
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Conditionand Trends
Condition:Goodi MediumCertainty.
Trends:Goodi MediumCertainty.

A few infestationsby thekind of invasivespecieshatareecosystentransformersiavebeen
documentedbut thesearerareconsideringhe sizeof the park. The apparenpaucityof invasive
speciesattestdo managemereffortsby the park,andto a generalack of fire andother
disturbancesvhich areoftena catalystfor plantinvasions.

In fact, themostseriousknowninvasivespeciesnfestationsarefoundin the Middlefork burn
area.Thisburnoccurredn 2008in the extremesouthwestornerof the park. Speciewith
relatively high potentialto be ecosystentransformersincluding bull thistle (Cirsiumvulgare
andCanadahistle (Cirsiumarvensi$, subsequentlynvaded.Theinfestationsveredescribedn
aparkreport(Beck2011)andnotedby the crewsamplingplotsfor the vegetatiormapping
project.Beck(2011)points outthattheinfestationsn theburnarelikely theworstinvasive
speciesnfestationgn the history of the park. This highlightsa resourcananagement
conundrumLack of fire is oneof the biggestcontributorsto uncharacteristipark conditions but
restoringhistoricalfire regimeswould likely worsenconditionsrelatedto non-nativeplant
invasions.

Figurel17 showsthelocationswhereinvasiveplantshavebeenencounteedin the park,aswell
astheirabundancen thewetlandplots,the vegetatiormappingplots,andparksurveysin the
wetlandssampling(100total plotsacrossall wetlandtypes),therewerenineinvasivespecies
occurrencef sevemplots. Theseweremainly mountaindandelion(Taraxacunofficinale), a
naturalizedspecieghatis notanecosystentransformerHowever therewasoneoccurrencef a
speciewith relatively high potentialto be anecosystentransformerpull thistle (Cirsium
vulgarg. This speciesvasalsofoundin two of the vegetatiormappingplots.In all thesecases
its coverwasfi t r é<0.E4)or .3%.Virtually all of theserecordsarefrom locationsneararoad
or in thedevelopedareaaroundthe visitor center The exceptionsarefive infestationson the
westsideof the park.

Threeinfestationsverefoundamongthefire monitoringplots (Farris,pers.comm.).Oneis a
specief everlasting Gnaphalium, whoseidentificationasa non-nativespeciesnaybe
incorrect.The othertwo infestationsverebull thistle (Cirsiumvulgare.

Invasivespeciesveresurveyeddy the KlamathNetwork InventoryandMonitoring Program
duringthe summersf 2009and2011.The Network surveyedarandomsampleof roadandtrail
segmentgomprisingatotal of 71.3km in 2009,and68.4km in 2011.Thesesurveysarget
ecosystentransformingnvasivespecieghatarejust becomingestablishegdexceptin
backcountryareaswhereadditionalspeciesarealsomonitored.Somesegmentsnonitoredby
Network staff hadalreadybeensubjectto invasiveplantcontrol effortsby park staff, sosome
infestationscould havebeenmissed.The segmentsurveyedandtheinfestationsdetectegdand
their sizein 2011, areshownin Figure18. In 2009,0nly oneinfestationwasfound, ox-eyedaisy
(Leucanthemunaulgare), alongHighway 62.

Thetrendin invasivespeciess uncertain.Thereareno specificdataoninvasiveplants peci e s 6
trendsin CraterLake NationalPark.In generalthereareeverincreasinghumbersof potential
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invaders Climatechangemayincreasehe susceptibilityof higherelevationgo invasivespecies.
An increasen fire or fire severityor mechanicatreatmentwill leadto moreplantinvasions.

Crater Lake National Park Non-Native Species 0o 1 2 4

I
Non-native Species Locations Vegetation Mapping ; Miles
o Park Records ® s 2011 = Highway 62 N
Non-native Species Locations D Park Boundary Unpaved Road
. Wetlands Assessment Plots 2008 . Paved Road
and Vegetation Mapping Plots 2011 - Trails

Figure 17. Locationsof non-nativeplantsdocumentect CraterLake NationalParkin
vegetatiormappingplotsandwetlandplots.
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Species Locations and Infestation Size
Hypericum perforatum, < 1m2
Hypericum perforatum, 1-25m2

o

O

O Hypericum perforatum, >25m?2
& Rumexacetosella, € Tm2

O Rumexacetosella, 1-25m2

& Taraxacum officinale, < 1m2
(O Taraxacum officinale, 1-25m2
@ Tragopogon dubius, 1-25m2
gments Surveyed

Figure 18. Road and trail segments surveyed for prioritized invasive species in 2011 by the Klamath
Network Inventory and Monitoring Program. The locations of infestations, the species, and the infestation
size are shown as colored circles.
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Assessmer@@onfidenceand Data Gaps

Medium More remoteareasof the parkthatarenottraversedy trails arepoorly samplecdby
mostpreviousvegetatiorsurveys However theseareasarealsolesslikely to beinvaded An
earlydetectionprogramimplementecdoincidentwith fire managementould addressheissue
of muchhigherlevelsof invasiondueto fire andfire managementreatmentsSucha program
couldbedesignedo feedinto rapidrespons&ontrol programsandadaptivemanagemenas
shownin Figure19.

Rapid Response — Monitoring Results
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Figure 19. Conceptual model of an invasive species early detection program and the feedbacks with
management (Odion et al. 2010).

4.4.4.4Extentof InvasivePathogens

Concernmaboutblisterrustin whitebarkpinestemsfrom thet r er@e@sbothafoundationand
keystonespeciesn high-elevationforestcommunitiesvhereit dominatesparticularlyin the
Rockies It canregulateecosystenprocesses;ommunitycompositionranddynamicsandcan
influenceregionalbiodiversity(TombackandKendall2001,Ellison et al. 2005).Whitebarkpine
playsarolein initiating communitydevelopmenafterfire, influencingsnowmeltandstream
flow, andpreventingsadl erosionathigh elevationgFarnesl990,Tombacketal. 2001).Perhaps
mostimportantly,thelarge,winglessseed=f whitebarkpinearehighin fat, carbohydratesand
lipids andprovideanimportantfood sourcefor manygranivorousirdsandmammalgTomback
andKendall2001).In particular,C | a mtctaskerNucifragacolumbiand hasdeveloped
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mutualisticrelationshipwith the pine (Tombacketal. 2001) andit is knownthatnutcrackers
decreasén whitebarkstandsastreemortality increasegMcKinney etal. 2009).Whitebarkpine
alsoprovidesimportanthabitatstructurefor high-elevationvertebrates.

Theinteractionsetweerthe currentmountainpine beetleepidemicandblisterrustin whitebark
pinearenotclear.Becauséhe pinesarealreadydecliningunnaturallydueto a non-native
pathogerthroughmostof their range,any mortality of white pine,evenif it is demonstratetb
beindependenof blisterrust,shouldbe causdor concern.

Criteria

For purpose®f thisassessmenfi G o acahditionswould bea completeack of blisterrustand
otherexoticpathogenspr perhapsa very low amountandpoor prospectgor it to spread.

i Some @b a t e rwvouldibesa Moderateamountof blisterrustthatwould reduce
whitebarkpine populationsandfi Si g n ICD n ¢ aould lge greateramountssignificantly
reducingthe extentof whitebarkpine.

Conditionand Trends
Condition:SignificantConcerni High Certainty.
Trends: SignificantConcerni High Certainty.

Whitebarkpineinfectionratesareabout25% (Smithetal. 2011) andthetreesaredying atarate
of about1% peryear(Murray 2010).More recentinformationsuggestshatblisterrustmaybe
morecommonthanpreviouslybelieved(Julesetal. 2012).

Available dataareinsufficientto assessrendsin blisterrustor otherplantpathogenslt is
possiblethatinfectionrateswill remainat 25% andaboutonepercentof treeswill continueto
die until the populationbecomeslepletedlt is alsopossiblethatsomediseaseaesistancexists
andtheratesof infectionandmortality will decreas@sthe populationbecomesnoredominated
by resistantindividuals.It is furtherpossiblethatthe diseasevill getworsewith climatechange,
particularlyif annualprecipitationincreases.

TheKlamathNetworkwill be monitoringwhitebarkpine at CraterLake Fromthedata,a better
assessmerdf whitebarkpine conditionwill beforthcoming.Additionalnon-nativepathogens
may arrivein the future Theselike blisterrust,may causeexceptionallyhigh mortality dueto
hostspeciesdavinglittle or no evolvedresistance.

Assessmer@onfidenceand Data Gaps

Good Monitoring for blisterrusthasnot beenspatiallyor temporallyintensive.Only arough
ideaof pastandpresendiseasdevelsexists nonethelesshe generaleffectsof blisterrust
describechereinarelikely to bereasonablyccurate.

4.4.4.5RarePlantsandDiversity of Native PlantSpecies
TheKlamathNetworkInventoryandMonitoring program ike manyothernetworkl&M
programsanalyzedhe potentialfor usingrarespeciesasvital signs(reviewedin Sarretal.
2007).Analysesof statisticalpowerandotherissueshaveshownthatrareplantsareimpractical
to useasecologicalindicators(Manley2000). Thus,the policy of the KlamathNetworkhasbeen
to avoidfocusingon justrarespeciesandinsteado sampleall vegetationDiversity patterns
within vegetationcomposition)area key componenbf this vital sign.
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Criteria

For purpose®f this assessmenfiGoodd conditionswould berepresentetly sustainedaturally
occurringturnoverratesof all nativeplantspeciesurrentlyinhabitingthe park. This might
includeintentionallyre-establishinghosewhich wereextirpatedout havethe potentialto
becomeae-establishedMore detailedgoalsmight beto sustainmultiple representativesf each
functionalgroupof plantsin proportionscharacteristiof intactbut dynamicecosystemsaswell
assustainingmetapopulationandgenepool diversity.

Conditionand Trends
Condition:Indeterminate
Trends:Indeterminate

Althoughnoneof thep a r adtsarefederallylistedasthreatenear endangeredhreehave
beenfederallynotedasSpecieof SpecialConcernpumicegrapefernBotrychiumpumicolg,
Mt. Mazamacollomia(Collomiamazamg andCraterLakerock cress(Bocherasuffrutescens
var. horizontalig. Efforts havebeenmadeto monitorandrestorepopulationsof the collomia
impactedby trail maintenanceln addition,thefollowing plantspeciehavebeendocumentedn
the parkandareconsideredy the OregonNaturalHeritageProgranmto bevulnerableor
imperiledthroughoutheir Oregonrangeor globally:

Arnicaviscosal sticky arnica
Botrychiumlanceolatuni trianglemoonwort
Carexabruptai abruptbeakedsedge
Carexcrawfordii T Crawford'ssedge
Carexintegrai smoothbeakedsedge
Torreyochloaerectai few-floweredmannagrass
Utricularia minori lesserbladderwort

Theparkcontainsfour ResearctiNaturalAreas(RNAs) designatedby the OregonNatural
HeritageProgram.The DesertCreekRNA wasdesignatediueto its excellentrepresentatioof
unloggedandungrazedgonderosdodgepolepineforestwith antelopebitterbrushsteppeThe
SphagnunBog RNA is the mostdistinctivewetlandcomplexin the parkandsupportsan
uncommorassemblagef herbaceouplants.Llao RockRNA is locatedabovethe northwest
shoreof CraterLakealongtherim of the calderaandis oneof the majorpeaksontherim.
Vegetativecoverof Llao Rockis sparseandconsistanainly of herbaceouspeciesn theopen
pumice,includingtwo rarespecieslts lower partscontainarelatively undisturbedvhitebark
pinecommunity.The PumiceDesertRNA is a 3055 acreflat, mostlybarrenareain the northern
partof the park.It representshelodgeole pine/Brewer'sedgecommunity.

Trendsin thep a r pladtspeciedliversityandrarespeciesn particularareunknown.Whether
thereareplantspecieghathavebeenextirpatedirom the parkis impossibleto say,partly
becausehe exactlocationsof manyhistorically-reportedspeciesverenot describedat leastnot
with the precisioncurrentlyavailablewith GPS.Thereis no particularreasorto assumehatany
plantspeciedasbeenextirpatedirom the parksinceits establishmenfrhe sensitivitiesof
variousplantsto fire suppressiomndtreeremovalassociateavith fuel reductionprogramsare
unknown.
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Assessmer@@onfidenceand Data Gaps

Althoughthep a r flor& lsasbeenrelativelywell inventoried,no permanenplotsor transects
representing probabilisticsampleof plantcommunitiesn the parkhavebeenmonitored.Even
thelocationsof knownrareplantsarenot checkedegularlyto determinef thoseindividualsare
extant.

4.5 Changes in Wildlife

4.5.1 Background

As usedherein,i wi | deferstb tertestrialvertebratesndinvertebratesThe opportunityto
observewildlife in naturalsettingss animportantreasormanypeoplevisit parks.Moreover,
wildlife specieservevital ecologicalroles,suchaspollinators,nutrientcyclers,andseed
transporters.

4.5.2 Regional Context

In aregionwherecommerciakimberharvestoperationsarewidespreadthe parkpreserves
naturallywide rangeof vegetatiorassociationsndsuccessionatagesandthuspreserves
diverseforestwildlife community.

4.5.3 Issues Description

4.5.3.1Fire SuppressiomndNaturalSuccession

To varyingdegres dependingpn speciesthe decade®f wildland fire suppressiomaveaffected
thetypesof habitatavailableto wildlife. Reducedire frequencyas well as postire salvage
logging canresultin lessshrubcoverandfewersnas, which arenecessaryjor manybats,
woodpeckersandotherwildlife (Hanson and North 2008, Cahall and Hayes 2089)n other
areasf the CascadeandSierrastherealsois potentialfor montanemeadowsdo be gradually
invadedby conifersasaresultof climatechangeandalteredfire regime.Thiswill reduceor
eliminatedistinctiveplantandanimalcommunitiesassociateavith thatimportanthabitat
Reducedire frequencywill furtherdegradgponderosaineforestin the northeasterand
southeasternornersof the park.Ponderosgineis the historicalclimax treespeciesn areas
frequentlyburnedbecausdt is morefire resistanthanotherassociatedreespeciegseesection
4 4 for furtherdiscussion)Reducedextentof ponderosalsoincreass thelikelihood that
landscapdevely r wik degradéhabitatusedby both spottedowls (associateavith closed
canopyforest)anda numberof pine-dependenfopencanopy)speciesuchaswhite-headed
woodpeckefBuchanar2009).

Figure20 showsthatthe amountof matureforestis almostmaximizedat the currentrotationfor
higherseverityfire (i.e., very low rates).Not all of this matureforestwould be habitatfor all
matureforestspeciesFor example spottedowls do not occurat higherelevationsn the park,

nor in forestswith lessthan27nt basalarea(Pidgeon1995 Buchanan and Irwin 1998).
Nonethelessnatureforesthabitatis availablein amountghatmaybe nearhistoricalhighsdue

to lack of fire. With decreasindire rotation(morefire), maturehabitatwould declinevery little

until rotationsbecomefar shorterthantheypresentlyare.Thisis becaus®f theregrowthrateof
matureforests which takesonly 94 years Thus,therotationwould haveto getcloseto 94 years
beforematureforestswould beginto decreassubstantiallyFor example, while increasing fire

by a factor of thee, from a rotation of 1150 to 350 years, would have almost no effect on mature
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forest amounts, this increase would quadruple habitat for some sdmestore the best
balancebetweerthe habitatneedof fire-dependenandmatureforestspeciesvould be at rates
of fire considerabljhigherthanthoseoccurringtodayandcloserto thosethatoccurredn recent
history,beforefire suppression.

Becausdire-dependenandmatureforestdependenspeciesareat oppositeendsof the habitat
spectrum,andmostbiodiversitylies betweenpalancingthe habitatneedsof thesespecieswill
likely balanceheneeddor biodiversityin general Currentmanagemenrfavorsmatureforest
speciesanddisfavorsfire-dependenspeciesHowever,outsidethe parkmatureforestsaremuch
lessfavoredbecausé¢heforestsaremoresubjectto logging.
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Figure 20. Changes in mature forest created by fire in the study area as a function of fire rotation.
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Severalwildlife speciesarealsoaffectedby prescribedournsandthinning (Pilliod etal. 2003)
practicesareimplementedy the parkfor the purposeof reducingunderstoryfuels. A studyin
theadjoiningUmpquaNationalForest(McDade2001)determinedhatrichnessof small
mammalandamphibiancommunitiesaswell ascapturesof northwesterrsalamander
(Ambystomaracile), weresignificantly higherin uncutstandghanin eitherthinnedforess or
clearcutsTrowbridgeshrewsHaplotremasnails,andcricketswerealsosensitiveto tree
removal.

4.5.3.2ClimateChangeWater,andSnowpack

Thep a r bor@aspeciefthosewhosegeographicangeis predominantlyin statesand
provincesnorthof Oregor) areexpectedo declinethe mostasa resultof warmingclimate and
somecouldpossiblybelostentirelyas breeders ithe park. Amongthe morevulnerablenorthern
bird speciesareS w a i n thrash(alreadyextirpatedirom nearlyall of the SierraNevada)
variedthrush,B a r r goWléneyeblackbackedvoodpeckerAmericanthreetoedwoodpecker,
northerngoshawk plive-sidedflycatcher,hermitwarbler,eveninggrosbeakgray-crownedrosy
finch,L i n c sparmwandfox sparrow

4.5.3.3Contaminants

Effectsof contaminant®nthep a r Wildlie speciehavenotbeenmonitored.Contaminants
suchasmercuryandpersistenpesticidesarea potentialconcernbecauseaerialtransportof
contaminantsnto the parkfrom distantareashasbeendocumentedLandersetal. 2008) Bats,
swallows,andotheraerialforagersarelikely to beat greatestisk.

4.5.3.4HumanDisturbance

Somewildlife speciesincludingmanyaviannestpredatorcommonraven,St e | jhygpared s
attractedo congregationsf peoplesuchasat campgroundsscenicpullouts,andpicnic areas.
Resultingincreasesn nestpredationcanhavedetrimentaleffectson songbirdpopulationsOther
speciessuchasbadgerappeato avoidinhabitedareasSnowmobilesa significant disturbance,
areallowedonly onthe North EntranceRoadbetweerthe northernparkboundaryandRim

Drive, andon designatedoutesdetouringfrom thatarea.Partlyto protectvegetationmportant
aswildlife habitat,campfiresandwoodgatheringareprohibitedabove6900feetelevationin this
park.Unleashed getsareprohibitedfrom all trails andareasnorethan50 feetfrom roads but
pets on leash amuhckanimalsareallowedwith restrictionson certaintrails. No privateboats
areallowedon anyparkwaters,otherthanthoseof the permittedconcessionairesn the caldera
lake.Wildlife populationscanalsobe affectedby collisionswith vehiclesandexcessivanoise
(seesectiord.7.4.

4.5.3.5HabitatFragmentation

Habitat fragmentation frequently occurs whibahomerangesof someforestdwelling species
areinterruptedby roadsandotherclearedareasin such situationsndividualsareoften
subjectedo greatempredation and edingandreproductiveattributes(e.g.,geneticisolation)
canbeinterrupted Roadsandtraffic resultin moreroadkilled animals,andin extremecases,
noiseassociateavith roadsdegrade reproductivesucces®f somespeciesTo somedegree,
wildlife corridors(usually,unalterecbandsof naturalvegetatiorthatconnectargerpatchesand
socreatefi ¢ 0 n n e ccaniesserftagnientationmpactson wildlife, ascanmanagemen
practiceghatleaverelicts of the original vegetatiorstructurewithin the clearedareas.
Connectivityandfragmentatiorareperceivedifferently by differentspeciesFunctional
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connectivityof habitatfor onespeciege.g.,deer,cougar)is not necessarilyecognizedy other
speciegsalamanderglants).Connectivitycanalsobe providedby sometypesof broadhabitat
mosaicoverlarge,relatively naturalareasor assteppingstonescomprisedof suitablehabitat
patches.

4.5.4 Indicators and Criteria to Evaluate Condition and Trends
Two indicatorsthatmight be usedto monitorthisissue(Changesn Wildlife) are:

1. Diversity of native terrestrialwildlife speciesjncludingrarespecies
2. Extentandconnectivityof importantterrestrialhabitats

45.4.1Diversity of Native TerrestrialWildlife SpeciesRareSpecies

Criteria

Meaningfulcriteriafor evaluatingtheseindicatorswould needto accounfor the naturalrangeof
variationin specieolonizationandextirpation,andfor the expectedcannualfluctuationsin
populationlevels.However,datafor estimatingthesearenot generallyavailablefrom the park or
from analogousreasmearby Further thereareno legally-basedhumericcriteriafor evaluating
thedegreeofii i nt a oftanyef hespda r wildlie communitiesNo agencyjnstitution,or
scientificresearchehasdefinedminimumviable populationlevels,desiredproductivity or
speciegichnesdevels,or otherbiologicalcriteriarelevantto anywildlife speciesn this
particularpark. Thereforethereferencebasisfor this indicatoris mainly the professional
judgmentof theauthor.

For purpose®f this assessmenfiGoodd conditionswould be representedly sustainedaturally
occurringturnoverratesof all nativeterrestrialspeciesurrentlyinhabitinga park. This could
includeintentionallyre-establishinghosespeciesvhich wereextirpatedbut havethe potentialto
becomeae-establishedMore detailedgoalsmight beto sustainmultiple representativesf each
functionalgroupin proportionscharacteristiof intactbut dynamicecosystemandwell-
functioningcomplexfood webs,aswell assustainingnetapopulationandgenepool diversity.
fiISomewhatConcerningandii Si g n ICb n ¢ aatingswould beassignediependingnthe
degreeo which speciedurnoverratesand/orterrestrialbiodiversityarelikely to affectadversely
theratesof importantecosystenfunctions.

Conditionand Trends
Condition:Somewha€oncerningi Low Certainty.
Trends: Indeterminate

A lower ratingis notassignedo conditiondueto thelack of anyevidenceof recentextirpations

of wildlife speciedrom the park.A higherratingis not assignedecauseseverakpecieghat
historicallywerepresenhavebeenextirpated mostlikely becausef changingconditions
outsideof the park.No systematidong termdataareavailableontrendsof anyofthep ar k 6 s
wildlife species.

Mammals. The mostfrequently seenargemammalsn the parkareblackbearandmuledeer.
(Black bearwerecensuseth 2009usingremotehair samplingstations) Fewernumbersof elk
andpronghornarepresentalthough o populationor trendestimatesreavailablefor theseor
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othermammalswithin the park. Poachinghasbeennotedwithin the parkbutits prevalences
difficult to determine Althoughrangelandhabitatis not extensiven the park,it provideshigh-
guality habitatfor grazingungulatesespeciallywherecloseto wetlands{meadowsandfens.
Americanpika (Ochotonaprinceps is foundin about30 locationswithin thep a r duldakpine
areasthisrabbitrelativeis believedto be disappearingn manyareasof the West(Beeveretal.
2003) perhapglueto climatechange Americanmartenis relativelycommonin the park,though
consideredi vl un e r stdiewidddy the OregonDepartmendf FishandWildlife.

Nine specie®f batsweredocumentedn the parkin a20042006 surveythatusedmultiple
detectionrmethodgDuff 2006). Thatinvestigatorconsideredhebatfaunatobefir el at i vel y
speciep o o probablyduetothep a r reldtigely harshclimate.Fourof thefoundspecied
long-leggedmyotis, Californiamyotis, silver-hairedbat,andhoaryba® arelistedas

i v ul n etatavhdebgtive OregonDepartmenof FishandWildlife. Batsin generalarea
concerndueto their low resilienceto manyenvironmentadisturbanceswhichis partly because

of theirlow reproductivepotential.Vidae Falls Picnic Area, BoundarySprings,andAnnie

Springhadthe greatesabundancef bats.

Bighornsheepgraywolf, wolverine,grizzly bear Pacificfisher,andCanaddynx aresuspected
to haveoccurredn the parkhistorically. However,thereareno well-documentedecords
presently andin somecasesthere aralsono historicalrecords

Birds. Thenorthernspottedowl, listed by the USFWSasa threatenegpeciesnestsn older
standof conifersin 15-18locationswithin the park.Overall,both fecundityandannualsurvival
of spottedowls appeardo bedecliningin the southerrOregonCascadeghis declineaccelerated
betweer2003and2008(Dugger2012) Theowld eegionaldeclineis dueto habitatlossand
fragmentatiorfrom timber harvess overthelasthalf of the twentiethcentury.

Sincel992thep a r dpdttedowl pairshavebeensurveyedannuallyusingthe established
USFWSprotocol. The numberof adultsvariesconsiderablyfrom yearto year;since1991this
hasrangedfrom 6 to about24. Productivityin the nearbyRogueRiver-SiskiyouandFremont
WinemaNationalForestshasfollowed a strongbiannualpatternof alternatinghigh andlow
yearsdisruptedby low productivityin both20052006andrelatively high reproductionn both
20092010.In thatarea(andincluding datafrom the park), fecundity(numberof female
fledglingsperfemaleperyear)fluctuatedwithin therangeof 0 to 0.7 betweenl990and2011
(Dugger2012) Fecundityin the parkhasaveragedower thantheregionalaverageperhapsiue
partlytothep a r deépsnowpackvhich maylimit preyavailability morethanatlower
elevationdMurphy andHolm 2011) The parkrepresentshe uppermoselevationlimits and
easterredgeof theo w | r@ngein Oregon.
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Spotted Owl Detections 1992 - 2011
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Figure 21. Number of adult and juvenile spotted owls detected in the park, 1992 to 2011 (from Murphy
and Holm 2011).

Anotherspeciegshathasnestedor manyyearsin the park, peregrindalcon wasalsolistedfor
manyyearsby the USFWSasthreatenedbut hassincebeendelisteddueto nationwide
populationrecovery Althoughnotlegally listed,severakpecieghatnest(or thatmayhave
nestedhistorically)in theparkareconsideredi V u | n ehy the®OregooNaturalHeritage
Programdueto declinesin their statewidepopulationor rangeextent.Thesearenorthern
goshawkplack-backedwvoodpeckerwhite-headedvoodpeckerandolive-sidedflycatcher.
Additional bird specieghatnestin the parkandaredesignatecsifi V u | n ehy theOregon
Departmenbf FishandWildlife arecommonnighthawk,pileatedwoodpeckerandAmerican
threetoedwoodpeckerFinally, gray-crownedrosyfinch, a subalpinenestingspecieghatnests
regularlyin smallnumberswithin the park would be expectedo be highly sensitiveto regional
climatewarming.Surveysargetingthesespeciesavenot beenconductedFortunately the park
doesnot supportany ecologicallyharmfulnon-nativebird speciesBrown-headedcowbird,a
nativespecieghatparasitizeghe nestsof manysongbirdshasbeensightedonly rarely.

We investigatedhe possibilitythatsomebird speciesnay havedisappearedsbreedersn the
parkby comparingF a r n(&962)asnotateahecklistfrom the 1940sandearly 1950swith
recordsfrom surveysdoneby volunteersduringthe 19951999breedingseason$or the Oregon
BreedingBird Atlas project(BBA) (Adamusetal. 2001). Althoughneithersurveyset were
comprehensiver quantitativejt is apparenthatatleasttwo specieoncereportedo befairly
commonbreedersn thepark ruby-crownedkingletandS w a i n thrash ldagedisappeareds
breedersThisis apotentialconcernlt couldbeasignof climatechangebecausehesenorthern
speciehavesimultaneoushnearlydisappeareffom the SierraNevadarangeto the south.
Additional speciegeportedo befairly commonbreedersn the parkby Farner(1952 butnat
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detectedby theBBA areMac Gi | | warblegfgx&parrowgreentailedtowhee andlazuli
bunting.All areassociatedavith relatively openscrublandsotheir declineor possible
disappearancmight be dueto accelerateduccessionf scrublando forestin theabsencef
extensivewildfire. Otherspeciesotfoundby the BBA butnotedby Farner(1952)asbreeding
duringtheearlierperiodarekilldeer, mountainquail, northernroughwingedswallow,evening
grosbeakandWi | | i asasuckemdlksexcepthelastspeciesveredescribecasuncommon
or sporadidoreederssoit is possiblethatthe B B A taiture to detectthemduringthelatter
periodis attributableto their erraticnestingpatternsor low numberswithin the park.

No long termquantitativetrendsdataareavailablefrom within the parkfor anybird species,
with the possibleexceptionof spottedow! which hasbeenmonitoredusinga standardized
protocolonly sincethe 199Gs. The KlamathBird Observatorjhasdonemistnetsurveysof
migrantbirdsandcomparison®f nestingbird abundanceacrossseverabf thep a r Jegetation

types.

Reptiles. Apparentlyonly threelizard speciesandonesnakespeciehavebeenconfirmedto be
presenin the park. Surveyeffortshavebeenlimited sothereptile speciedotalis likely greater
One of those lizard speciebgmnorthernsagebrustizard (Sceloporugraciosus, hasbeen
designatedsfi V u | n esta@widdwy the OregonDepartmentf FishandWildlife.

Terrestrial Invertebrates. No systematicparkwide inventoriesof terrestrialinvertebratesave
beenconductedPartof thep a r Butbedly faunawasdescribedy Tilden andHuntzinger
(1977),andadditionalrecordsmight befoundin Hinchcliff (1994).

Assessmer@@onfidenceand Data Gaps

Low. Althoughthe parkmaintainsawildlife observationslatabasethosedataarenot systematic
sonoinferencexanyetbe madeaboutrelativeabundancer shiftsin elevationalor geographic
rangesor speciegproductivity.

4.5.4.2ExtentandConnectivityof ImportantTerrestrialHabitats

Whatconstitutedi h a bf irtaagtme rdépandsnthaspeciesandthe structuralcharacteristics
of thelandusesthatarepurportedo do the fragmenting Whenassessinfragmentation,
conservatiorbiologistsoftenconsideffirst the need<of specieghathavethelargesthome
rangesSomebiologists(e.g.,Harrison1992)haveproposedhatthewidth of atypicalhome
rangeof thefocal speciede consideredhe minimumfor assessinthe sufficiencyof a habitat

c o r r iwidtb. At@ kmndscapecale animportantecologicalgoalis to sustaincorridorsor
steppingstonesf relatively unalterechabitat Thisis especiallyymportantalongelevational
gradientssoasto facilitateupwardii mi g r afplantsandspecieswith limited mobility in
responseo globalwarming.

Criteria

For purpose®f this assessmenfiGoodd conditionswould berepresentetdy unbroken
connectivityof naturalvegetatioron all sidesof the park.ASomewhatoncerning would
represenameasurabléossof corridorsof habitatsuitablefor locally rareor sensitivewildlife
speciesasaresultof temporarysetback®f successiolie.g.,fires, clearcuts)and/ordeclining
populationsof threatenedpeciesknownto beareasensitiveil Si g n ICb n ¢ aanditions
would representvidespreadndirreversiblelossesof thosecorridorsasaresultof roads,
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buildings,andothernewly unvegetatedurfacs. Thereferenceconditionis imaginedto bethe
landscapevithin andaroundthe parkasit mayhaveexistedin the early 1800s prior to
settlement

Conditionand Trends
Condition:Somewha€oncernng i MediumCertainty.
Trends:Somewha€oncerring i MediumCertainty,

Conditionis ratedSomewhatConcerningecausef threatsto spottedowls from barredowls as
probablyrelatedto logging-causedragmentatiorof matureforests The certaintyof this linkage
andotheradverseeffectsof fragmentatiorunderlocally prevailingconditionsis Medium
Althoughtrendshavenot beenquantified,anincreasan timberoperationsearthe parkborder
duringatleastthe pasttwo decadess apparentThis includesareasof the RogueRiver,
Umpqua andWinemaFremontNationalForestsit hasbeenreportedthatuntil the 1970sone
couldnotdistinguishfrom aerialphotographsvherethe park'slegislativeboundarywaslocated
in relationto the neighboringnationalforests,dueto the structuralhomogeneityf connected
forest.Sincethe 1980s howe\er, significantportionsof thelandscapealongthe parkboundary
havebeencutandarenow easilydistinguishabldrom uncutforestwithin the park.Large
patchef matureforestwhich havehistoricallybeenusedby manyspeciesashabitathave
probablybeenremoved potentiallyimpactingthe specieghatspenda portion of theirday or
yearforagingbetweersuchhabitatsnsideandoutsideof the park. Thisis a particularconcern
becausehep a r high elevationandconsiderablesnowdepthsmeanthatthe winter ranges of
manyof thepar k €paciesareatlower elevationsoutsidethe park. Consequentlychangesn
thoselow elevationhabitatsoutsidethe parkwill likely affectthep a r faulasNonetheless,
relativeto 30 yearsagq timberharvestdhavebeencurtailedslightly in thisregionasawhole

Onespecieknownto be highly sensitiveto habitatfragmentations the spottedowl. A high
percentagef thep a r dwbngstsarenearits boundary thisis a concernbecausesomeof the
mostrecentandextensiveimber harvesin the WinemaFremontNationalForestarealsonear
thep a r Bodndarylt is plausiblethat off-site clearcuttingcould threaterthe geneticintegrity
of thep a r dpdttedowl! population.Thatis becausdorestsdisturbedby timberharvestsare
toleratedbetterby barredow! (Strix varia varia), a specieativeto easterrNorth America
which competesexcludesandsometimesnterbreed with spottedowl (Gutierrez2006).
(Barredowls havesmallerhomeranges Clearcuttingalsoincreaseshefi s h @ d @ between
matureforestandnon-forestwhich spottedowls avoid (Schilling 2009.

Barredowls werefirst documentedhn the parkin 1993 andatleastsevenwerefoundin 2011
(Murphy & Holm 2011).Spottedow! fecundityin the parkwassubstantiallyhigherduringthe
early1990sbeforethe barredow! arrived Barredowl detectiondhaverisenfrom 10% of
monitoredareashefore2000,to over45%sincethen.Many of thep a r dpditedowl! pairshave
beendisplacedy barredowls, but therearestill someparklocationswherebarredowls havenot
yetbeendetectedMurphy & Holm 2011).

Only about5% of the off-site land alongthe parkboundaryis protectedoy the NorthernSpotted

Owl RecoveryPlan whichspecifiesa DesignatedConservatiomrea(DCA) 13 miles southof
thepark This designatiorhasthe potentialto shift additionaltimberharvestactivitieson the
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NationalForestto landsadjacento the park thuspossiblyincreasinghe expansiorof barred
owlsinto thepark

Barred Owls Detected 1994 - 2011
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Figure 22. Number of barred owls detected in the park, 1994 1 2011 (Murphy and Holm 2011).

Assessmer@@onfidenceand Data Gaps

Low. Landcoverchangemapsfor the period19922001thatweregeneratedby the NPScape
projectdo not portraymostforestfragmentatiorthatis knownto haveoccurrednearthe park
becauseheymainly addresgonversiongo agricultureor urbancover Biological thresholddor
metricsrelevantto fragmentatior(e.g.,minimum patchsize,corridorwidth, permeabilityof
disturbedandsto speciesnovementsarespeciesspecifi and hesethresholdsareunknownfor
mostof thep a r dpéciesVariousfragmentatiormetricshavenotbeenmeasuredn the parkor
in landssurroundinghe park.

Assessmer@onidenceand Data Gaps
Low for conditionandtrendsdueto lack of actualmonitoringdata,but High for predictionsof
future conditions

4.6 Changes in Air Quality

4.6.1 Background

Air quality is of interestaestheticecologic,andhealthreasonsOzone particulateswetanddry
depositionof nutrients,acidifying substancegesticidesandothercontaminantaremonitored
in manyareasof North America mainly dueto concerngegardingtheir potentally harmful
effectson biologicalcommunitiesandor humanhealth.
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4.6.2 Regional Context

The parkis designated as a Class | airshed which is given the highest level of protection under
the Clean Air ActAir qualityin this regionis generallygood However,surfacewatersare
unusuallysensitiveto chemtal inputs,which areprimarily transferred byrecipitation.Basedon

a probability sample morethan22%of the lakesin the SierrasandCascadearehighly sensitive

to increaseactmospheridepositionof nitrogen(Baronetal. 2011).

4.6.3 Issues Description

Fireswithin the parkor regionhavetemporarilyimpairedair quality. But of perhaps greater
concern is the deposition of airbodhand mainly particulate nitrate (N), sulfate (S), and
contaminants that are carried to the gaokn moredistantdevelopedareasOncetheyenterthe
calderaake,thesesubstancearelikely to triggerbiological changesvhich, at sufficientlevels,
will compromisats clarity anddisruptits food web. Specifically,those changesill ultimately
increasehedensityof phytoplanktontherebyredugng watertransparencylf N andS
depositioncauses laketo beacidifiedevenbriefly (e.g.,duringsnowmelt) zooplankton
populationsn somecasesouldbediminished Zooplanktonmay alsobe adverselyaffectedby
increasedN depositionbecause¢hataddedN canspurthe growthof somephytoplanktorthatare
lesssuitablefood sourcedor zooplankton(Elseretal. 2009).

Also, thesecontaminantgouldaltersoil biogeochemicaprocesseandvegetatiorthroughout
thepark.Lichensandmossesreparticularlysensitivebecauseheylargely obtaintheir nitrogen
directly from atmosphericourcegJovan& McCune2006 Geiser& Neitlich 2007, Geiser &
Fenn 2012 Several other native plants that evolved umdkeogenrpoor conditios typical of
higherelevationghattypify this parkcouldbereplacedoy invasivespecieghatareableto take
advantag®f increaseditrogenlevels.Relatively hgh elevatiors aremoreatrisk becausé¢hey
receivemoreprecipitationandthereforemoredepositionof N andS particulatesAnd, short
growingseasonandshallowsoilsat higherelevationdimit the capacityof soilsandplantsto
buffer or absorbN andS.

Onemight expectthe calderaaketo berelativelyresistanto waterquality changebecaus®f its
largevolumeanddepth,aswell asits high alkalinity which buffersit againstacidification
associateavith atmosphericepositionof SandN. However,nutrientstudiessuggesthatalgae
in CraterLake are nitrogenlimited. This meanghey couldincreasesubstantiallyin responséo
increaseditrogenloading causingnoticeablereductionin thetransparencyf the calderaake.
An estimated®0% of the nitrogenand30% of the phosphoru®roughtinto the lake eachyear
comefrom theatmosphereMuch of the N thatentershelakein atmosphericepositionrmay be
assimilatedy algaeandsubsequentipuriedin sediment®nthe bottomof the lake (Dymondet
al. 1996. However if N loadingbecome®xcessivealgaein thewatercolumn(phytoplankton)
will increasdo the pointwherewatertransparencyvill bereduced

In mostareasof the planet,lakesandstreamseceivemostof their N from surfacerunoft.
However,becausanostof this parkis higherthanthe surroundingerrainoutsidethe park,the
parklikely receivegelativelylittle runoff-bornenitrate This suggestshatmanyofthep ar k 6 s
aquaticplantsmight be onesthatareparticularlysensitiveto N additions suchasfrom
atmospheriaeposition. HeightenedN depositionin terrestrialareascandecreas¢he diversity of
ectomycorrhizafung thatareimportantto forestproductivity, aswell astriggeringa shift from
mossedo grassegLilleskov etal. 2001).
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Ozonelevelsarealsoa potentialconcernln thelower atmospherepzoneis anair pollutant,
forming whennitrogenoxidesfrom vehicles powerplants,andothersourceombinewith
volatile organiccompoundgrom gasoline solventsandvegetationin the presencef sunlight.
In additionto causingrespiratoryproblemsn people,0zonecaninjure plants.Ozoneenters
leavesthroughpores(stomata)whereit cankill planttissuesgcausingvisibleinjury, or reduce
photosynthesigyrowth,andreproductionin theupperatmosphergozoneabsorbghes u n 6 s
harmfulultravioletraysandhelpsto protectall life on earth.Phytoplanktonn the calderadake
(whichreducethel a kotaibtyy aremoreprevalentandoccurat shallowerdepthsn yearswith
morestratospheriozone perhapsecauseilltravioletraysthatotherwiseharmphytoplankton
areabsorbedy ozoneto a greaterdegres beforereachingthelake (Hargreavetal. 2007).

4.6.4 Indicators and Criteria to Evaluate Condition and Trends
Indicatorsthatmight be usedto represenair quality concernsare:

1 Atmospherc depositionof particulatenitrogenandsulfur
1 Airbornedepositionof pesticidesandothercontaminarg
1 Ozore

4.6.4.1 AtmosphericNitrogen (N) andSulfur (S) Deposition

Criteria

Someaquaticecosystemsespondo wet nitrogendepositionratesof 1.5kg perhectareperyear,
whereaghereis little or no evidenceof ecosystenmarmat depositionrateslessthanl kg per
hectaregperyear(Fennetal. 2003, b). A studyof algae(diatoms)in theeasterrSierras
determinedhat1.4kg N perhectareperyear(wetN depositionwasathresholdabovewhich a
shift in diatomcommunitystructures commonlydetectedSarosetal. 2011).In montandakes
of the Yellowstoneregion,maximumspeciegliversity of phytoplanktorwasmaintainedvhenN
concentrationsverebelow0.7 micro-moles( € m of hifrateperliter (Interlandi& Kilham
1998).Diatomassemblageserechangedy 1.5kg N depositionperhectaregBaron2011,
Sarosetal. 2011). A recentreviewandanalysissuggestedhat1-2 kg N depositionperhectare
peryearmight bethe mostthatmanySierraandCascadéakescantolerate(Baronetal. 2011).

To protectall component®f the forestecosystenin the wesern SierraNevadaterrestrial
environmentsFennetal. (2008)recommended critical loadthresholdof 3.1kg N perhectare
peryear.In the Pacific Northwest,manyof the mostsensitivdichen speciesaareabsenfrom
areasvheremeanannualwet deposition's morethan0.06 mg ammonium(Geiseret al. 2010
andN levelsin lichensexceed).6%(andS levelsexceed.07%).

TheNPSAIr Resource®ivision (NPSARD) hassuggestedhat, for parkswith N-sensitive
resourcegsuchasCraterLake),wet nitrogendepositiongreaterthanl kg perhectareperyear
indicatesail 5 g n i Can@emdBackgroundevelsfor N wetdepositionn thewesernU.S.
areabout0.13kg per hectare per yeand0.50kg per hectare per yeéor total N deposition.
Thus,i G o acohditionwould berepresentetdy N andS depositiorratesbeingcloseto the
lowestonesdetectedn theregion.i S o me @b a t e rwouldbepe&lowthe NPSARD
criterialevelsbut without evidenceof biologicaleffects.i Si g n ICDb n ¢ aauid lkewhen
levelsareabovethe NPSARD criterialevelsand/orecologicalchangesanbetracedto
excessiveN or S deposition.
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Conditionand Trends
Condition:Goodi MediumCertainty.
Trends: Indeterminate

Basedon analysisof N depositionratesandecosystensensitivityin all nationalparks,Sullivan
etal. (2011a)placedCraterLake NationalParkin the highestcategoryfor N enrichmentisk,
termingit i V eH iy g Haweéver,currentlevelsappearto be Good

Levelsof atmospheriadepositionof N andSin the parkasmeasuredn 2007 andreportedby
GeiserandFenn(2012)arelow comparedo otherPacific Northwestsitesmeasuredhe same
year, andarecomparabléo valuesobservedn 2008and2009in Southeasflaskaandhistorical
backgroundevelsof 0.4-0.7 kg N per hectacre per yetor North America(Hollandetal. 1999).
Measurementsamefrom 4 samplerglacedat anopensiteand12 underthe canopyof an
adjacenforestedsiteinsidethe westernboundaryof the park. For total N, the meanannual
depositionat opensites(anestimateof wetdeposition)was0.75kg N perhectareperyear.Mean
depositionunderthe forestcanopy,anestimateof total depositionfrom wet plus solubilizeddry
depositioncollectedon coniferneedlebetweemrecipitationeventswaslower, i.e.,0.50kg N
perhectare per yeasuggestingartialuptakeof nutrientsby thecanopy.Thep a r god@dair
guality asdefinedby the presence dhesesubstances probablydueto its remotelocationand
theabsencef air inversionssuchasthosethathold pollutantsin the valleyselsewheren the
region.

However,in contrasto the directmeasurementdescribedabove estimatesnterpolatedoy the
NPSAIir Resource®ivision (2010,2011)suggesthelevelsmight be greaterthannatural
depositionrates.Thoseinterpolationgpredictthatduring the period19992003,wet depositionin
the parkmayhaveaveraged.31kg ammonium (NH) perhectare per yeand1.31kg nitrate
(NOg3) perhectare per yeaburing the period2006:2010,wet depositionasestimatedy spatial
interpolationmayhaveaveraged.2 kg perhectare per yedMH,, 3.6 kg perhectare per year
NO;z; and1.7 kg perhectare per yedotal N (asopposedo 0.50-:0.75kg perhectare per yedotal
N determinedrom directmeasuremenwithin the park).lf N wet depositionevelshavebeen
correctlyinterpolatedo the park, the currentlevelswould slightly exceedhe 1.0 kg perhectare
per yealNPSAIir Resource®ivision criterionandshouldbeconsiderechi §nificantConc er n 0
giventhesensitivityof thereceivingwaters(NPSAir Resource®ivision 2010, 2011). However,
thedirectonsitemeasuementamay be moreaccurateandN depositioncurrentlydoesnot
appearloseto triggeringsignificantecologicalchanges.

Total N takenup by lichenshasalsobeenmeasuredThe WesternAirborne Contaminants
Assessmerroject(Landersetal. 2008)foundthatnitrogenlevelsin lichenssampledat five
locationsin the parkwerewithin backgroundangedor remotesitesin the Pacific Northwest.
Thespeciescompositionof thep a r lickiescommunityalsoindicatesnearpristine conditions
(GeiserandFenn2012).Further lichentissuesrom 2007wereanalyzedoy the same
investigatorsandtheydeterminedhatpercentN concentrationaneasureat 0.025% ,were
within backgroundangegqandabouthalf thethresholdfor ecologicalimpact)asdraftedby the
ForestServicefor cleansitesin theregionandfor the speciesollected

In the caseof sulfate therisktothep a r dcasgstemsf harmfulacidificationwastermed
fihi g hy&ullivanetal. (2011b).Spatiallyinterpolatedsulfate(NPSAir Resource®ivision
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2010,2011)wasestimatedat 1.70kg sulfateperhectare per yeaturingthe period19992003
and2.9kg sulfateperhectare per yegand1.0kg total Sperhectare per yeaduring2006
2010.If accuratethiswouldindicateafi Si g n ICb n ¢ aatdrdinggo NPSARD (2011).
However,analysisof Sin lichentissuescollecteddirectly in the parkin 2007by GeiserandFenn
(2012)indicatedthatthe percentS composition(0.032%)is abouthalf the thresholdsuggested
by the ForestServicefor ecologicaldamagdrom S deposition.

Trendsin N or S depositioncannotbe determinedecauseomparisorof spatiallyinterpolated
valuesbetweerperiodsis notvalid, andlichenN andS contenthasbeendeterminedor only a
singleyear.

Assessmer@@onfidenceand Data Gaps

Medium Thedatafrom GeiserandFenn(2012)providealimited baselinebecaus¢heywere
collectedat just a singlelocationin the park,at 4,875ft elevation.Theinterpolatedestimates
from NPSARD were calculateconly for the centerof the park Depositionis knownto vary
significantly by elevation However relativeN-sensitivitiesandN exposure®f otherlichen
speciesaquaticspeciesgcosystemsndlocationswithin the parkareunknown.

4.6.4.3 Airborne ContaminanDeposition

Toxics,includingheavymetalslike mercury,accumulaten thetissueof organismsWhen
mercuryconvertso methylmercuryin the environmentandentershe food chain,effectscan
includereducedeproductivesuccessimpairedgrowthanddevelopmentanddecreased
survival. Othertoxic air contaminant®f concernincludepesticidesindustrialby-products and
flameretardantdor fabrics.Someof theseareknownor suspectedo causecanceror other
serioushealtheffectsin humansandwildlife.

Criteria

Thresholddor harmfrom manyairbornecontaminantsreunknown.fiGood conditionwould
berepresentedly all humanassociatedontaminant®eingbelowdetectabldevels.fi So me wh a t
C o n ¢ e rwouldbealevelsthataredetectabldut without evidenceof ecdogical effects.

i Si gniCb n c aeoullltelevelsthatarebothdetectecandfoundto resultin ecdogical

damage.

Conditionand Trends
Condition:Somewha€Concerningi Low Certainty.
Trends: Indeterminate.

Althoughherbicidesareusedalongparkroadsfor controllinginvasiveweedsnonearecurrently
usedin areaghatdrainto the calderaake.

Concentration®f air contaminantpotentiallytoxic to aquaticlife havebeenfoundto be
elevatedn air andvegetatiorsamplesrom the park (Landerset al. 2008. Thesenclude
combustiorby-productgPAHS), currentusepesticidegendosulfansgacthal) andhistoricuse
pesticidegHCB, aHCH). Among 18 westermationalparksthatweresampledCraterLake
rankedsixthin termsof meanpesticideconcentrationn coniferneedlesincluding pesticides
currentlyregisterechationallyfor use.Total pesticideconcentrationaverageagboutl25ng per
gramlipid; no criteriaareavailableto interpretbiologicalconsequencesf suchalevel.
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In addition,the WesternAirborne Contaminant®\ssessmerroject(WACAP, Landersetal.
2008)determinedhatlichensandconiferssampledat five siteswithin the parkwere
contaminateavith severapesticidesurrentlyusedoutsidethe park,especiallyendosulfansand
dacthal butalsochlorpyrifos andg-HCH (lindane).Thesecontaminantsveremostly at or
slightly abovethelevelsfoundin otherwesternparks.Concentrationgncreasedvith elevation
within the park. Semtvolatile organiccompound®f humanorigin werealsopresentespecially
PAHs (acombustiorbyproduct)andthe historically usedpesticideshlordaneDDT, HCB
(hexachlorobenzeneanda-HCH (alphahexachlorocyclohexanellthoughatverylow levels,
PCBsweredetectedaswell.

In contrastthe concentrationsf heavymetals(includingmercury)fromlichentissuesollected
in 2007by GeiserandFenn(2012)werewithin backgroundangedraftedby the ForestService
for cleansitesin theregionandfor the speciesollected Mercury concentrationandtheir
potentialfor causingabnormalitiesn reproductiveorgansn fish arebeingexaminedby a
separatestudythatincludesCraterLake aswell asotherparks butresultsarenotyet available

Assessmer@@onfidenceand Data Gaps(all airborne pollutants)

Low. Too few measurementsavebeenmadeto determingrendsor eventhe existinglevelsof
airbornecontaminatiorwithin the park. To date,the only datafor airbornecontaminantg€ome
from thefew onetime measurementsf selectechydrocarbonsn coniferneedlesasdetermined
by the WACAP project andthe singlelocationsampledoy GeiserandFenn(2012)

4.6.4.40z0ne

Criteria

The NPSARD (2010)guidancecontainsozonecriteriabasedn the averageannualfourth
highestdaily maximum8-hourozoneconcentratioror protectinghumanhealth,andtwo metrics
(SUMO0O6andW126)for evaluatingrisk to vegetationThosewereusedfor this assessment.
Summarizingheliterature,Geiser& Neitlich (2007)notethatozonelevelsof 20to 60 ug per

m® may harmsomelichens(EversmarandSigal 1987 Eggeretal. 1994. Of thep a r rkabys
vasculamplants,thosemostsensitiveto ozonewerepredictedo be spreadinglogbaneponderosa
pine,quakingaspenS ¢ o u Wwikow,&@sdcommonsnowberry However,damagehresholds
havenot beendetermined.

Conditionand Trends
Condition:Somewha€Concerningi Low Certainty.
Trends: Indeterminate

Ambientconcentrationsf ozonearenotregularlymonitoredwithin the park butthe NPShas
interpolatecconcentrationgrom otherlocations.For the period20052009,averageozone
conditionsweredeemedafi mo d e mslktd heirdanhealth.An NPSrisk assessmeratiso
projectecthatthep a r Jedgestions atii mo d e nislaftora @zonecomparedvith other
KlamathNetwork parks(NPS2004) Exposurego concentrationsf ozonegreaterthan100ppb
(adamagehresholdwerehighly variable,andin someyearsreacheda significantnumberof
hours.Becausezoneinformationfor the parkhasonly beeninterpolated{rendscannotbe
validly determined.
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Assessmer@@onfidenceand Data Gaps

Low. Ozonelevelsarenot currentlymeasurediirectly in thepark Insteadtheyareinterpolated
from measurementsisewheren theregion Ambient ozoneanonitoringanddeterminatiorof
ozoneeffectsonthep a r Madts(especiallythe communitycompositionof lichensandmosses)
would be useful

4.7 Changes in the Natural Quality of the Park Experience

4.7.1 Background

Severahttributesnfluencethe naturalquality of the parkexperiencehatis valuedby most
visitors. Amongtheseattributesarelong-distancevisibility, adarkstarlit night sky, quiet
surroundingsandthe absere of signsof humanalteration Theseattributes of the park
experiencarediscussedn this section

4.7.2 Regional Context

CraterLake NationalParkandadjoiningnationalforestsof the Cascadetogethercomprisea
largeareawith relatively minimal disturbanceTheyarewithin ad a ydfive of Portland,San
Franciscoandsomeothermajor cities, providingrecreatioranda connectiorwith natureto
hundredsf thousand®f visitorseachyear.

4.7.3 Issues Description

With increasing population growth projected for the region surrounding the park, an opportunity
existst or more people to experience the pak kos
night skiesand cleadistant vievs.

4.7.4 Indicators and Criteria to Evaluate Condition and Trends
Indicatorsthatmight be usedto monitorthis issue(NaturalQuality of the ParkExperience)
includethefollowing:

1. Visibility

2. Night Sky

3. Soundscape

4. PhysicalRemotenesandSolitude
5. DisturbedAreaRecovery

4.7.4.1 Visibility

Visibility is theclarity of theatmosphereastypically measuredby the viewabledistanceata
particularlocationandtime, andthe numberof daysannuallythatscenicobjectsat different
distancexanbeseenVisibility is restrictedby the absorptiorandscatteringof light thatis
causedy bothgasesandparticlesin theatmosphereNaturalfactorsthatdecreaseisibility
includerelativehumidity above70 percentfog, precipitation blowing dustandsnow,and
smokefrom wildland fires. Humanactivitiesreducevisibility whensoil is disturbedandcreates
dust,andwhenfossil fuelsareburnedwhich resultsin sootandtiny visibility -reducingparticles
(aewsols).In rural areassuchCraterLake, the greatestontributorsto reducedvisibility are
carbonand especially sulfate. An NPSstudyin the Pacific Northwestduringthe summerof
1990foundthatsulfatesaccountedor over40 percentof thevisibility reductionwhereasarbon
(organicsandlightabsorbingcarbon)wasresponsibldor about20 percentandnitratesand
coarsemassfor 10 percent.The 1977amendmentto the CleanAir Act declaredheparka
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mandatoryClassl areaandchargedhe FederalLand Managetwith aresponsibilityto protectair
guality relatedvalues,includingvisibility.

Criteria

Thevisibility criteriausedby the NPSarebasedon the deviationof the currentGroup50
visibility conditionsfrom estimatedsroup50 naturalvisibility conditionswhereGroup50is
definedasthe meanof thevisibility observationgalling within the rangefrom the 40" through
the 60" percentilesVisibility is estimatedrom theinterpolationof the five-yearaverage®f the
Group50visibility. Visibility in this calculationis expressedh termsof a Hazelndexin
deciviews(dv); astheHazelndexincreasesthevisibility worsensThevisibility conditionis
expresseascurrentGroup50 visibility minimums the estimatedsroup50 visibility under
naturalconditions.Goodconditionis assignedo parkswith avisibility conditionestimateof less
than2 dv aboveestimatechaturalconditions.Parkswith visibility conditionestimate®f 2-8 dv
abovenaturalconditionsareconsideredo bein Moderatecondition,andparkswith visibility
conditionestimategreaterthan8 dv abovenaturalconditionsareconsideredo havea
SignificantConcern.The NPSchosethe dv rangesof thesecategoriego reflectasnearlyas
possiblethevariationin visibility conditionsacrosghen a t i visibilidy snonitoringnetwork.

Conditionand Trends
Condition: SignificantConcerni MediumCertainty.
Trends: Improvingi Low Certainty.

ThemostrecentNPSassessmenibasedn measureaonditionsduring 20052009, ratedthe

p a r Ksibibty ail Si g n iICb n ¢ \NPBARD 2011).Nonethelessyisibility is
substantiallyimpairedfor only 4.6 percentof all daylighthoursduringayear,whichis muchless
thanfor visibility monitoringstationsfurthernorthin Oregon.CraterLakeis, in fact, oftenthe
standardusedwhenjudgingair quality in otherareasBy contrastMount Hood'svisibility is
impaired21 perceniof thetime,while Or e g Maoult ¥/ashingtorregistersA2 percent
visibility impairmentandPortland s v i is 85 percéniimpajired

Regardlessft h e puwarenkcdndition,duringboththe period199-2008andthe period
20052009 IMPROVE* datacollected inthe parkindicatedthatvisibility (measuredn
deciviews)improvedsignificantlyon the clearestdays andshowedno trendon the haziestdays

Assessmer@onfidenceand Data Gaps

Medium The parkbegan visibility monitoring in 1982 and is currently monitoring fine particles
and visibility as part of the IMPROVE networkhe IMPROVE datadescribehe visibility
conditionswell, butresultshave been interpreted in different wayke parkcontinuego

monitor particulateswith ayearroundIMPROVE particulatesamplingsiteanda summer
seasomephelometer.

4.7.4.2Dark Night Sky
Naturallightscapesre critical for nighttimescenerysuchasviewing a starrysky in its finest
detail. Theyarealsocritical for maintainingnocturnalhabitatof manywildlife speciesvhich

2 ]MPROVE = Interagency Monitoring of Protected Visual Environments
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rely on naturalpatternsof light anddarkfor navigationto cuebehaviorspr hidefrom predators.
Humancausedight maybeobtrusivein the samemannerthatnoisecandisrupta contemplative
or peacefulcenelight thatis undesirablen a naturalor culturallandscapes oftencalled"light
pollution.”

Criteria

TheNPShasdeveloped systemfor measuringsky brightnesgo quantifythe sourceand
severityof light pollution. This systemdevelopedvith the assistancérom professional
astronomerandthe InternationaDark-Sky Associationutilizesaresearckgradedigital camera
to capturethe entiresky with a seriesof images.Sky brightnesss measuredn astronomical
magnitudesn theV-band,abbreviatedis"mags" The V-bandmeasuresnostlygreenlight,
omitting purplethroughultravioletandorangethroughinfrared. The magnitudescaleis a
logarithmicscale adifferenceof 5 magnitudesorresponds$o a 100x differencein brightness.
Lower values(smalleror morenegative)arebrighter.No consensus has been reachedbat
thereferencevaluesshouldbe.

Conditionand Trends
Condition:Indeterminate
Trends: Indeterminate.

No baselineconditionor trendhasbeenestablishedor this parkusingthe standardgrotocolsfor
measuremenNonet hel ess, the parkdés remote setting

4.7.43 Soundscape

Since2006,the NationalParkServicehasrequiredparksto identify thelevelsandtypesof
unnaturakoundthatconstituteacceptabl@endunacceptablenpactson parknatural
soundscapedhisis notonly for the benefitof visitors, butis alsoto protectspecieghatrequire
often-subtleauditorycuesfor reproductionpredatoravoidancenavigationandcommunication
aboutfood locations.

Criteria

The NPShasnot recommendedpecificcriteriafor soundscaptegrity.i G o ccandition
might berepresenteddy predictable and widespread occurrenteaturalsounds perhaps
allowing for someéhumanrelatedsoundghattravelonly shortdistancedor shortperiodsof
time.i Some @bat erandii 9 g n Cbh n ¢ amhtkeunnaturasoundghattravel
greaterdistancesnd/orareconstanbr noticeablefor longerperiodsof time.

Oneway of quantifyinghumansourcednterferencewith naturalsoundss to measurehe
amountof time thatsoundpressurdevels( S P B énsakuredn decibelgdB) andweighted
(dBA) to resembleherespons®f thehumanea® exceedagivenvalue Thiscanbedetermined
with electronicacousticamonitoringsystemsA commonreferencevaluerangeis 35-55 dBA
becaussomestudieshavenotedspeectinterferenceandimpactsto wildlife abovethatrange
dependingalsoon the soundwavdrequency

Conditionand Trends
Condition:Goodi High Certainty.
Trends: Indeterminate.

91



Usingautomatedcousticamonitoringsystemsthe NPSNaturalSoundsProgrammeasured
soundfor about30 daysat atime from June2010to October2011at 22 locationsthroughouthe
park.SPLmeasurementseretaken,digital audiorecordingsveremade,andmeteorological
datawerecollected Theequipmenimakes33 SPL measurement®r a setof frequencybands
thatspantherangeof humanhearing(12.5- 20,000Hz). Resultsaresummarizedn Table 10

Table 10. Percent of time sound levels exceeded various levels in two frequency ranges at 22 locations in
Crater Lake National Park (from NPS-NSP 2012).

% of time above sound level % of time above sound level
during hours of 0700 to 1900 during hours of 1900 to 0700

Frequency 35 45 52 60
(Hz) Statistic dBA dBA dBA dBA 35dBA 45dBA 52 dBA 60dBA
Mean (n=
22 sites) 11.86 |0.81 0.14 0.01 2250 |10.21 |3.79 1.05
12.5to
20,000 Minimum [ 0.96 0.06 0.00 0.00 0.28 0.00 0.00 0.00
Maximum [33.89 |5.54 1.11 0.06 62.47 |49.83 [42.62 |22.15
Mean (n=
22 sites) 8.83 0.47 0.08 0.00 3.16 1.12 0.37 0.00
20to 1250

Minimum | 0.77 0.06 0.00 0.00 0.21 0.00 0.00 0.00

Maximum |31.08 |1.18 0.21 0.01 48.37 |24.06 |8.13 0.00

Themostpersistentlyfi n o iofsthemonitoredlocationswasnearQuillwort Pond,lessthanone
mile southof oneof the mostrecreationallyactivepartsof the park. The NaturalSounds
Programwill be comparingthe soundlevel dataabovewith thosefrom othernationalparks

Thefollowing component®f thep a r dodndscapareonescommonlyrecognized

1 Wildlife: During themorningandthroughouthe day, thevocalizationof songbirdsarea
dominantfeature alongwith the chatteringof chipmunksandsquirrels.In the eveningandat
night, treefrogsandcricketsarecommon alongwith owls (greathorned spotted saw
whe).

Water: Flowing waterin streamsandwaterfalls,waterdripping off of snowbanks.

Wind: Especiallyon the calderarim. Wind blowing throughthetrees,andtrees
creaking/rubbinggainstachother.

Thewhisperof snowfall,andvariedsoundsof rainfall on vegetatiorandthe ground
Occasionallysomememorableéhunderstorms.

= =4

= =4
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Loudsoundghatsometimesdverselyaffectthep a r dodndscape:

1 Vehicletraffic on parkroads: This intrusioncanbe heardfrom manyplacesn the park.
Traffic is generatedrom manysourcegVisitors, staff, contractorsjsingmanyvehicletypes;
themostintrusivenoisesendto be generatedrom big rigs andmotorcyclesalthoughnoise
from passengecarsandRVsis persistentduringthe day.

1 Campgrouncanddayuseareanoisé generatorsinusic,doorsslamming etc: Thistendsto
be concentrate@ndbecausehe campgroundsrein well-vegetatedireasthe soundsdo not
travelfar.

1 Constructionand maintenanceoise:Work on andaroundbuildingsandotherfacilities such
asbridges/campgroundreascanbevery noisy. The plowing thatis a partof the springroad
openingis very loud, buthumanstherthantheroadscrewaregenerallynot aroundto hear
it.

1 Forestrywork: Thisintrusionis createdoy chainsawschippers andotherpowered
equipmenusedto cut hazardirees oo thinningin campgroundireasandfor sometrail
work. Thesesoundsaresignificantbutinfrequentandirregularin occurrence.

1 Aircraft: Thisintrusionis mostly high elevationcommercialflights but heardregularly
everywheren park.lllegal lower-elevationoverflightsoccur.Aircraft usedin fire
suppressiomndfire monitaring alsohavea transitoryimpact.

1 Boatsonthecalderalake: Thesearefew andtightly controlled,sonoiseis experienced
primarily by passengers.

Usingacousticamonitoringsystemsthe NPSNaturalSoundsProgrammeasuregoundfrom
June2010to October2011at 22 locationsthroughouthe parkfor about30 daysatatime.
Soundpressurdevel (SPL) measurementseretaken(in decibels) aswell asdigital audio
recordingsandmeteorologicatlata.The NaturalSounds€Programequipmenimakes33 SPL
measurement®r a setof frequencybandsthatspanthe rangeof humanhearing(12.5- 20,000
Hz). Theamountof time that SPLs areabovecertainvaluesis oneway of quantifyinghuman
sourcednterferenceawith naturalsounds.

Assessmer@@onfidenceand Data Gaps
High for currentcondition,Low for trendsandthe capacityto interpretthe datain termsof likely
impactson peopleandwildlife.

4.7.4.4PhysicalRemotenesandSolitude

Criteria
Wildernesgyualities,eachof which hasbeendefinedadministratively are:

Untrammeled

Natural

Undeveloped

Solitude or primitive andunconfinedrecreatiorguality

= =4 =4 -4

No numericcriteriaexistfor assessinghese.
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Conditionand Trends
Condition:Goodi MediumCertainty.
Trends: Indeterminate

Thenumberof touristvisits, hencethe volume ofiutomobiletraffic, hasincreasedjyradually
(1986at428,000;1995at 543,000) with a majority of all visitorscoming to the parkbetween
JuneandSeptembertdowever, the anualnumbersof parkvisitorsappeato havenotvaried
significantly overthe pastdecadesBy far the mostvisitors spendthe bulk of their time atthe
calderalake overlooksandassociatedacilities.

Park staff proposedvildernesshoundariesn 1974,1984,and1994.The park currentlymanages
aswildernessonly thoseareaghatwereproposedn 1974 the 1994 proposaimodifiedearlier
1974and1984wildernesgproposalsanddelineatedtlearerboundariesor areasexcludedirom
thewildernessdesignationThe 1994wildernesgproposaincludedthe entirepark exceptfor
exclusiondor roadcorridors,utility lines,andadministrativesites.Thelegislativeprocessas
notbeencompletedor the CraterLake NationalParkWildernessDesignatiorproposal.
However,NPSpolicyistoii t an&aetionthatwould diminishthewildernesssuitability of an
areapossessingvildernesscharacteristicsintil thelegislativeprocessasbeencompleted Until
thattime, managemendecisiongertainingto landsqualifying aswildernesswill bemadein
expectatiorof eventualwildernessdesignationThis policy alsoappliesto potentialwilderness,
requiringit tobemanagedaswi | der ness o

Partlyasaresultof therestridions, mostparkvisitorswho seekit arelikely to find many
opportunitiedor physicalremotenesandsolitude.Dataareinsufficientto detectanytrendin
PhysicalRemotenesandSolitude.

Assessmer@@onfidenceand Data Gaps:
Medium Althoughtotal visits to the park aretallied annually,visits to variousareaswithin the
parkarenotroutinelytallied, nor arethe disturbancepotentiallyassociatedvith thosevisits.

4.7.4.5DisturbedAreaRecovery

While someinfrastructurds obviouslynecessaryo supporttheimmediatesafetyandcomfort of
visitors,someatrtificial feature® mostly onesthatremainfrom whenlanduseswereunrestricted
beforethe parkwasestablished canbeavisualblight and carfragmentwildlife habitat,disrupt
naturalwaterflows, andprovideanopportunityfor the establishmendf non-nativeplants.
Actively restoringor otherwisespeedingherecoveryof theseareass a priority for park staff.

Criteria

For purpose®f this assessmenfiGood conditionswould berepresentetly a parklandscape
with no disturbedandsexceptthosecurrentlyvital to visitor support.It would alsoinvolve
completerestoratioror recoveryof all artificially disturbedandswithin the parkthatarenot
currentlyvital to visitor supporti So me @b a t e randii g g n Cb n ¢ aouid 0
reflectincreasingextentof unrestoredands.
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Conditionand Trends
Condition:Somewhat ConcerniingVloderateCertainty.
Trends: Improving.

Sincedesignatiorof the park,constructiorhasoccurredasnecessaryo providefor
transportationparkadministrationandvisitor servicesandaccesslnevitably, developmenhas
disturbedor displacedhaturalvegetatiorandsoils. Amongthe mostnoticeablesffectson
vegetatiorarethoseresultingfrom constructiorof parkfacilities androads trail erosion,
vegetativaramplingat vistasanddevelopedareasandabandonedlumpsandborrowpits.
Known quarryandborrow pit sitesthathavebeenabandone@dredescribedn the Resource
ManagemenPlan.However there alsanay be severalunknownlandfills. For example oneyear
areleaseof oil wasdiscoverethearthe southendof the park while cleaningup theoil release
park staff founda buriedrailroadtankercarapparentlyusedto storeroadoil andsubsequently
abandonedDuring the samecleanupoperationanotherasbestoined tankwasdiscoveredhat
hadapparenthburiedin amakeshift landfill (Mac Brock, pers.comm.)

Severecutsalongthe park'smajorroadsystemhaveresultedn slopeerosionfrom waterand
wind action.Somepreviouslypavedareashavebeenabandonedsroadsandvisitor useareas
havebeenrelocatedr developedOften,few or no effortsweremadeto rehabilitatetheseareas
following abandonmentn othercasegshe asphaltwassimply coveredwith soil or waspatrtially
scarifiedandcoveredwith soil. Forthe parkasawhole, naturalsuccessiomandplanned
restoratiorappearso be graduallyleadingto visualrecoveryin mostareashistorically disturbed
by loggingor otherdisruptiors. However,someevidenceof damagepersistsandmay detract
from thevisitor experienceSpecifically,theseareasncludetheabandonednnie Springs
Campgroundthe abandonedastEntranceRoad,abandonegortionsof the SouthEntrance
Road,andabandonegortionsof the Rim Road.Disturbedareasareoften moresusceptiblé¢o
invasionby alienplantspecies.

Backcountryimpactsareresultingfrom erosionof trails, visitor shortcutting of trails, day use
impactsat popularsites,anddamagdrom overnightcamping Fill is oftenneededo repairtrails,
especiallythefilling andrevegetatiorof socialtrails (unofficial shortcuts) Oftenonly small
amountsof gravelandsoil areneededo repairwashedouttrail sectionsputsometimes
relativdy largequantitiesof rock arerequiredto fill deeplyerodedrails. Wherepossible,
materialis salvagedrom roadsideditch-cleaning,andis broughtin from outsidethe parkonly
whenno in-parkalternativeexists,sothattherisk of introducingnon-nativeplantsis minimized
Virtually all trailsthroughthep a r Wildesnesswvereoriginally fire roads.Thesetrails arenow a
two-trackremnantof anold roadwhich, becaus@f compactioncontainsdiminishedvegetative
cover.

Off-roadvehicleuse (vhichisillegal in the park hasoccasionallyoccurred especiallyin the
PumiceDesert auniquelandform This hasresuledin long-lastingtracks,impactsto sparse
vegetationandpossiblychangesn vegetativesuccession.

Assessmer@@onfidenceand Data Gaps
Moderate Landdisturbancesiavenot recentlybeensystematicallynventoriedthroughouthis
park,but staffis generallyawareof locations.
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5.0 Discussion

Table 11lsummarizesvhatthis documentasreportedaboutthe conditionandtrendof eachof
themajorresourceconcernsat CraterLake NationalPark Partly becausehe calderdakeis the
mainfeaturedrawingpeopleto the park,the greatesattentionhasbeenpaidto monitoringand
maintainingthel a kveat@rguality, particularlyits distinctivecolor andclarity. Factorsthat
may supportthatwill benefitfrom additionalresearchandcouldincludethe seasonatiming,
sourcesandtransportandcycling ratesof various micronutrientsfine particulatesand
naturally-occurringorganicsubstanced.inking thesefactorsto the taxonomiccompositionof
algaeat variousdepthsandseason# thelake could provideanearlywarningof changesn lake
nutrientstatusthatcould affectits clarity andcolor. Lakewaterquality is currentlyexcellent but
atrendtowardsearlierthermalstratificationof the lake (aneventof critical importanceo its
ecology)is somewhatoncerningThat trendappeardo berelatedto increasedpringime air
temperatur@anddecreasedpringtimesnowdepth.Relativelylittle is knownof thewaterquality,
waterlevels,andbiology of thep a r d&th@rponds nor ofits streamslUnderstandinghe
conditionandtrendsof these asmaybe gainedby additionalmonitoringandresearchis
essentiato their soundmanagement

Asidefrom issuessurroundinghe calderdake,the mostsignificantnaturalresourceconcernsn
this parkareconsideredo bethealtereddistributionof foreststandages Thisis associatedvith
majorchangesn physicalstructureatthe standandlandscapecalesaswell aslongerperiods
betweerfires andincreaseaxtentof invasivepathogengmainly, blisterrustimpactsto
whitebarkpine). Thereducedrequencyof fire in somepartsof the parkhascreatedcconditions
thatareatthe extremeendof the naturalagedistributionfor thep a r fhrésttypes.This will
restrictthep a r dagasityto effectivelysupportther e g i woldiifé andplantdiversity.
However,as explained earlier in this report, thek of fire maybebeneficialto somenative
plantsby helpingreducethethreatof invasiveplants.This createsaresourcenanagement
conundrumA greaterunderstandings neededf possiblerelationshig betweertimberharvests
in adjoiningnationalforests(andfuel reductioncutswithin the park) andtherecentlyincreased
occurrencef barredowls, which adverselyaffectthe federallylisted spottedowl. Also, given
the probability of climatewarmingin this region,additionalmonitoringof thep a r dul@akpine
plantsandanimals(e.g.,gray-crownedrosyfinch), aswell asstreamflowpointsof initiation,
seemsvarrantedA betterunderstandin@f thelevel of blisterrustinfectionon whitebarkpineis
needed.
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Table 11. Summary of ratings for indicators of condition and trend used in this analysis of Crater Lake National Park. See chapter narratives for
criteria and justification of each rating.

Priority
Issue

Indicators

Potential
Value as
Indicator

Condition
Rating

Certainty

Trend Rating

Certainty

Spatial
Coverage

Temporal
Coverage

Annual Depth, Volume, and Excellent [Indeterminate |n/a Somewhat Medium Poor Poor
) Persistence of Snowpack Concerning
Changes in - - - :
Precipitation, Water Level Elevations in Crater Excellent | Good High Somewhat Medium Excellent | Excellent
Snowpack Lake Concerning
and Water Flow in Streams and Springs Excellent | Good Low indeterminate | n/a Poor Poor
Availabili
v Number, Area, and Distribution of Fair Good Medium indeterminate | n/a Excellent | Poor
Wetlands, Ponds, and Lakes
Changes in | Water Quality in Crater Lake Excellent [ Good High Somewhat Medium [ Excellent | Excellent
Surface Concerning
Water Quality | water Quality in Other Water Bodies | Excellent |indeterminate |n/a indeterminate | n/a Poor Poor
Changes in Productivity & Diversity | Good Good Medium indeterminate | n/a Good Fair
in Crater Lake
Changes in Changes in Productivity & Diversity | Good Somewhat Low indeterminate | n/a Fair Poor
Aquatic Life |in Other Water Bodies Concerning
Changes in Ecologically Harmful Good Somewhat Medium indeterminate | n/a Fair Poor
Aquatic Species Concerning
Distributions of Stand Ages Excellent [ Significant Medium | Significant Medium Good Fair
Concern Concern
Changes in Fire Rotations Good Significant Medium Significant Medium Good Fair
Terrestrial Concern Concern
Vegetation Extent of Invasive Plant Species Fair Good Medium indeterminate | n/a Good Poor
Extent of Invasive Pathogens Fair Significant High indeterminate | n/a Good Poor

Concern
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Table 11 (continued). Summary of ratings for indicators of condition and trend used in this analysis of Crater Lake National Park. See chapter
narratives for criteria and justification of each rating.

Priority
Issue

Indicators

Potential
Value as
Indicator

Condition
Rating

Certainty

Trend Rating

Certainty

Spatial
Coverage

Temporal
Coverage

Rare Plants and Native Plant Poor Indeterminate | n/a indeterminate | n/a Poor Poor
Diversity
Diversity of Native Terrestrial Wildlife | Fair Somewhat Low indeterminate | n/a Fair Fair
Changesin | Species; Rare Species Concerning
Wildlife Connectivity and Extent of Important | Fair Somewhat Medium | Somewhat Medium Good Poor
Terrestrial Habitats Concerning Concerning
Deposition of Atmospheric Nitrogen | Fair Good Medium indeterminate |n/a n/a Good
and Sulfur
Changes in | Deposition of Airborne Contaminants | Fair Somewhat Low indeterminate | n/a n/a Poor
Air Quality Concerning
Ozone Fair Somewhat Low indeterminate | n/a n/a Good
Concerning
Visibility Good Good Medium Improving Medium Poor Poor
Changes in Dark Night Sky Good indeterminate | Low indeterminate | n/a Poor Poor
the Natural . . :
. Soundscape Good Good High indeterminate | n/a Good Poor
Quality of the
Park Physical Remoteness and Solitude | Fair Good Medium indeterminate | n/a Excellent | Poor
Experience
P Recovery of Disturbed Areas Somewhat Medium Improving Medium Excellent | Poor
Fair Concerning
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Appendix A. Climate of Crater Lake National Park: supporting
data and maps
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Crater Lake National Park - Average Annual Precipitation
(1971-2000 Climate Normals)
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Figure Al. Annual precipitation for Crater Lake National Park (CRLA) from the PRISM 1971-2000
Climate Normals (Daly et al. 2008). This map was prepared by investigators for the LANDFIRE project
who extrapolated information using Landsat Thematic Mapper and other data. The inset table gives the
spatially derived quartiles of all grids that fall within the park boundary.
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Crater Lake National Park - Average Annual Temperature
(1971-2000 Climate Normals)
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Figure A2. Average annual temperatures for Crater Lake National Park (CRLA) from the PRISM 1971-
2000 Climate Normals (Daly et al. 2008). This map was prepared by investigators for the LANDFIRE
project who extrapolated information using Landsat Thematic Mapper and other data. The inset table
gives the spatially derived quartiles of all grids that fall within the park boundary.
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Crater Lake National Park - Average Annual Maximum Temperature
(1971-2000 Climate Normals)
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Figure A3. Average annual maximum temperatures for Crater Lake National Park (CRLA) from the
PRISM 1971-2000 Climate Normals (Daly et al. 2008). This map was prepared by investigators for the
LANDFIRE project who extrapolated information using Landsat Thematic Mapper and other data. The
inset table gives the spatially derived quartiles of all grids that fall within the park boundary.
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Crater Lake National Park - Average Annual Minimum Temperature
(1971-2000 Climate Normals)
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Figure A4. Average annual minimum temperatures for Crater Lake National Park (CRLA) from the
PRISM 1971-2000 Climate Normals (Daly et al. 2008). This map was prepared by investigators for the
LANDFIRE project who extrapolated information using Landsat Thematic Mapper and other data. The
inset table gives the spatially derived quartiles of all grids that fall within the park boundary.
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Average Precipitation (Inches) Season | Min 25% | Median| 75% Max
[]20-39 []100-119 [] 180-199 [ 260-270 |Winter | 144 | 20.2 25.0 29.1 53.1
[]40-59 []120-13.9 [] 20.0-219 [y 280-299 [Spring 7.2 11.9 14.9 17.0 1955

[]60-7.9 [] 140-159 [ 220-239 @ 300-319  |Summer| 2.0 2.7 31 3.5 4.0
[]80-99 [] 160-17.9 [ 240-259 [ 320-339 [y 75 114 143 155 176

N

0 10 20
Miles (7] Park Boundary

Figure A5. Average precipitation for the winter (DJF), spring (MAM), summer (JJA), and fall (SON) seasons for Crater Lake National Park (CRLA) from
the PRISM 1971-2000 Climate Normals (Daly et al. 2008). This map was prepared by investigators for the LANDFIRE project who extrapolated
information using Landsat Thematic Mapper and other data. The inset table gives the spatially derived quartiles of all grids that fall within the park
boundary.

Data Source: PRISM 1971-2000 Climate Normals (Daly et al. 2008)
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Figure A6. Average temperatures for the winter (DJF), spring (MAM), summer (JJA), and fall (SON) seasons for Crater Lake National Park (CRLA) from
the PRISM 1971-2000 Climate Normals (Daly et al. 2008). This map was prepared by investigators for the LANDFIRE project who extrapolated
information using Landsat Thematic Mapper and other data. The inset table gives the spatially derived quartiles of all grids that fall within the park
boundary.



































































































