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DISCLAIMER

Recovery plans delineate reasonable actions required to recover andlor protect

listed species. Plans are published by the U.S. Fish andWildlife Service

(Service),sometimespreparedwith theassistanceofrecoveryteams,contractors,

State agencies, and other affected and interested parties. Recovery teams serve as

independent advisors to theService. Objectivesoftheplanwill be attainedand

any necessary funds made available,subjectto budgetaryandotherconstraints

affecting the parties involved, as well as the need to address other priorities.

Recovery plans do not obligate other parties to undertake specific tasks and may

notrepresenttheviewsnortheofficial positionsor approvalof any individualsor

agenciesinvolved in theplanformulation,otherthanthe Service.Theyrepresent

theofficial positionof theServiceonly aftertheyhavebeensignedby the

RegionalDirectoror Directorasapproved.Approvedrecoveryplansaresubject

to modificationasdictatedby newfindings,changesin speciesstatus,andthe

completionofrecoverytasks.

Literature citations should read:

U.S. Fish and Wildlife Service. 1997. Recovery Plan for the Threatened Marbled

Murrelet(Brachyramphusmarmoratus)in Washington, Oregon, and

California. Portland,Oregon. 203 pp.

Additional copiesmaybepurchasedfrom:

Fish andWildlife ReferenceService

5430 Grosvenor Lane, Suite 110

Bethesda,Maryland20814

301/492-3421 or 1-800-582-3421
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PREFACE

The Regional Director, Region 1, U.S. Fish and Wildlife Service,Portland,

Oregon, established the Marbled Murrelet Recovery Team in February 1993. The

Team’s direction was to develop this Marbled Murrelet Recovery Plan and assist

in determining critical habitatfor marbledmurrelets. AffectedFederalandstate

agencies were requested to provide nominations for participation on the Team as

consultants. Agency participation was integral to the discussions of available

information and development of this recovery plan. Based on work done by the

Recovery Teamand comments from the public, critical habitat was designated for

the marbled murrelet on May 24, 1996.
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EXECUTIVE SUMMARY

Current Status: Marbledmurreletsrangealong thePacific coastfrom Alaskato
California;thesouthernendof thebreedingrangeis in centralCalifornia.Their
at-seadistributionbecomesmorediscontinuousin California.Somewintering
birdsarefoundin southernCaliforniaandasfar southasnorthernBajaCalifornia,
Mexico. Nestingbehaviorhasbeendocumentedbeyond80 kilometers(50 miles)
inland, thoughmostnestinghabitatlikely occurswithin 80 kilometers(50 miles)
ofshorethroughoutthebreedingrange. Currently,breedingpopulationsarenot
distributedcontinuouslythroughouttheforestedportionof Washington,Oregon,
andCalifornia(Pacific Northwest).Dueto thesubstantiallossandmodification
of nestinghabitat(older forest)and mortality from net fisheriesandoil spills, the
Washington,Oregon,andCaliforniavertebratepopulationsegmentwasfederally
listed asthreatenedin September1992. Critical habitatwasdesignatedfor the
speciesin May 1996. It is listed asendangeredby Californiaandasthreatenedin
WashingtonandOregon. It alsois federallylisted asthreatenedin Canada.

Habitat Requirementsand Limiting Factors: Marbledmurreletsuseforests
thatprimarily include typicalold-growthforests(characterizedby largetrees,a
multistoriedstand,andmoderateto high canopyclosure),but alsousemature
forestswith anold-growthcomponent.Treesmusthavelargebranchesor
deformitiesfor nestplatforms,with theoccurrenceofsuitableplatformsbeing
moreimportantthantreesizealone. Throughoutthe PacificNorthwestthe
amountofolder forestshavedecreasedsubstantiallydueto timberharvest,fires,
andwindthrow. Theearliestpossiblerecoverytime for nestinghabitat,oncelost,
is generally100—200years. Specificnestinghabitatrequirementsandlife-history
strategy,a low reproductiverate,a low currentbreedingsuccessandrecruitment
rate(basedon juvenile:adultratios)arelikely to yield a decreasingpopulation,
whichcannoteasilyrecovershouldnumbersbe furtherdepletedby additional
catastrophicevents. Becausemarbledmurreletsfeedprimarily on fish and
invertebratesin nearshoremarinewaters,theyrequirenearshoremarinehabitats
with sufficientprey resources.

RecoveryPriority: 3 (indicatinga subspecieswith ahigh degreeof threatand
high recoverypotential).
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RecoveryObjective: The interim objective of this recovery plan is to stabilize
population size at or near current levels by (1) maintaining and/or increasing
productivity of the population as reflected by changes in total population size, the
adult:juvenile ratio, and nesting success by maintaining and/or increasing marine
and terrestrial habitat and by (2) removing and/or minimizing threats to
survivorship, including mortality from gill-net fisheries and oil spills.

Delisting Criteria: Specific delisting criteria can be developed when
completion of some recovery tasks provides necessary information about marbled
murrelets and their biological requirements. Interim delisting criteria include:

(1) Trends in estimated population size, densities and productivity have been
stable or increasing in four of the six zones over a 10-year period, which
should encompass at least one to two El Niflo events.

(2) Management commitments, including protection and monitoring in marine
and terrestrial habitats, have been implemented to provide adequate
protection of marbled murrelets in the six Marbled Murrelet Conservation
Zones for at least the near future (50 years).

ActionsNeeded

:

1. Establish six MarbledMurreletConservationZones(Zones)anddevelop
landscape-level management strategies for each Zone.

2. Identify and protect terrestrial and marine habitat areas within each Marbled
MurreletConservationZone.

3. Monitor marbledmurreletpopulationsandhabitatandsurveypotential

breeding habitat to identify potential nesting areas.

4. Implementshort-termactionsto stabilizethemarbledmurreletpopulation.

5. Implementlong-termactionsto stoppopulationdeclineandincreasemarbled
murrelet population growth.

vi
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6. Initiate research on survey and monitoring protocols, population estimates,
limiting factors,disturbanceeffects,andadditionallife historydata.

7. EstablishaRegionalWestCoastDataCenter.

Costs: ($l,OOOs)

Year Priority 1 Priority 2 Priority 3 Total

1997
1998
1999
2000

1285
1285
1260
1175

160
210
150
150

80
380
415
415

1,525
1,875
1,825
1,740

Recoverycostsover the next 10 years:

8,405 940 3,350 12,695

Recovery costs, as summarized above, are only projected for the next 10 years. A
revision to the final recovery plan is expected in the next 5-10 years as new
information about the speciesbecomes available.

Dateof Recovery: A delistingtargetdatecannotbe projectedatthis time.
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I. INTRODUCTION

A. Brief Overview

Themarbledmurrelet(Brachyramphusmarmoratus)is asmall diving seabirdthat

breedsalongthePacific coastofNorthAmericafrom theAleutianArchipelago

and southernAlaskasouthto centralCalifornia. In thePacific Northwest

(Washington,Oregon,andCalifornia) (Figure 1), it foragesalmostexclusivelyin

thenearshoremarineenvironment(mainly within a few kilometersofshore),but

flies inland to nestin matureconifers. Behaviorindicativeof marbledmurrelet

nestinghasbeendocumentedto occurbeyond80 kilometers(50 miles) inland

from themarineenvironment,thoughmostnestinghabitatlikely occurswithin 80

kilometers(50 miles) ofshorethroughoutthebreedingrange. Themostinland

occupiedsite in thePacificNorthwestwaslocated84 kilometers(52 miles) from

marinewatersin Washington.

TheWashington,Oregon,andCaliforniapopulationsegmentofthemarbled

murreletwasfederallylisted asthreatenedon September28, 1992(U.S. Fishand

Wildlife Service1 992a)dueto thehighrateof nestinghabitatlossand

fragmentation,andmortality associatedwith net fisheriesand oil spills. TheU.S.

Fish and Wildlife Servicerecognizedthemarbledmurreletpopulationin

Washington, Oregon, and California as a distinct vertebrate population segment,

which is included in the Endangered Species Act’s definition of a “species” [16

U.S.C. 1532(6)]. Critical habitatfor themarbledmurreletwasdesignatedon

May 24, 1996(U.S. Fish andWildlife Service1996;seeAppendixA for mapsof

theCritical HabitatUnits). Thespeciesis statelisted asendangeredin California,

threatenedin Washington,andthreatenedin Oregon. Canadahasofficially listed

themarbledmurreletasathreatenedspecies.Theprimarythreatdiscussedwas

theharvestof old-growthforestnestinghabitat(RodwayandtheCommitteeon

the Status ofEndangeredWildlife in Canada[COSEWIC] 1990). To date,the

marbled murrelet has not been listed in Alaska.
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Within their current range, marbled murrelets are found on land and at sea in

portions of six geographic zones, especially during the breeding season, but to

some extent throughout the winter as well. These geographic zones (Puget

Sound; Western Washington Coast Range; Oregon Coast Range; Siskiyou Coast

Range; Mendocino; and Santa Cruz Mountains) are generally in the vicinity of

large tracts of older forests in proximity to thecoast. Areasthatwerehistorically

used by marbled murrelets, but no longer support these birds, are where (or near

where)coastalolder forestsno longerremain. Theweightof evidenceindicates

thatthemajorfactorsin marbledmurreletdeclinefrom historicallevelsin the

early 1800’s(or earlier)are(1) lossof nestinghabitat,both throughdirectlossand

changesin forestagedistribution,and(2)poorreproductivesuccessin thehabitat

that does remain, a phenomenon that appears due in large part to increased

vulnerability of nests to predators in highly fragmented landscapes.

A substantial step in the recovery planning process for themarbledmurrelettook

place with the developmentoftheNorthwestForestPlan(ForestPlan) (U.S.

Department of Agriculture and U.S. Department of the Interior 1994a) and the

signing of the “Record of Decision for Amendments to Forest Service and Bureau

of Land Management Planning Documents within therangeof theNorthern

SpottedOwl” (U.S. Departmentof Agriculture and U.S. Departmentofthe

Interior 1994b). TheForestPlanconstitutesthebackboneofthis recoveryplan.

Therecoverystrategyoutlinedin thefollowing pagesthereforebuildsuponthe

ForestPlanin areasthat werenotconsideredor couldnotbe considered(e.g.,

non-Federallands)duringdevelopmentof theForestPlan.

This recoveryplanandan interagencyMarbledMurreletConservation

Assessment sponsored by the Forest Service (Ralph etal. 1995) were written

simultaneously. This recovery plan, the Forest Plan, and the Conservation

Assessment have been aided significantly by earlier efforts by the Pacific Seabird

3
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Group,NationalAudubonSociety,andotherresearchersto collateavailable

biological andhistoricaldataon thespeciesandconservationproblems(Sealyand

Carter1984, Marshall 1988,CarterandMorrison1992,NelsonandSealy1995).

Therecoveryplansummarizesthecurrentbiological informationfor themarbled

murrelet,contributesnewinsights,andupdatessomeinformationgatheredsince

the Conservation Assessment was completed in 1993-1994. More detailed

informationhas been summarized in other documents (Marshall 1988, Carter and

Morrison1992,NelsonandSealy1995,Ralphetal. 1995). Therecoveryplan

differs from theConservationAssessmentin that therecoveryplan’s explicit goal

is to developmanagementalternativesand strategiesfor recoveringthemarbled

murrelet.

B. ConceptualFrameworkfor Developmentof theRecoveryPlan

A number of key considerations formed the conceptual framework of the

approach to recovery planning for themarbledmurrelet. This frameworkemerged

from considerationof thebiological profile ofthemarbledmurreletpresentedin

detailon thefollowing pages,which is summarizedbelow.

Themarbledmurreletwasfederallylisted asathreatenedspeciesmainly dueto

thesubstantiallossofolder forestnestinghabitat. Thelow elevation,older forests

closeto thecoast,whichmarbledmurreletsrequirefor nesting,havebeenheavily

harvestedthroughoutthebird’s rangeandareseverelydegradeddueto

fragmentation.At thetime of listing, old-growthforeststhroughoutwestern

Oregonand Washingtonhadbeenreducedby about82 percentfrom prelogging

levels(Booth 1991). Estimatesfor theamountof reductionofnorthern

California’s coastalold-growthredwoodforestsrangefrom approximately85 to

96 percent(Green1985,Fox 1988,Larsen1991). In addition,pastandcurrent

forestmanagementpracticesalsohaveresultedin a forestagedistributionskewed

4
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towardyoungereven-agedstandsata landscapescale(Hansenet al. 1991,

McComb etal. 1993). Generally,olderforestswith large,old treesappearto be

neededto developtheproperbroad,horizontalbranchingstructurein theforest

canopy for the placement and visitation of nests.

Fragmentation of the remaining older forests may have resulted in increased

populations of nest predators, and increased visibility and vulnerability of flying

or nestingadultsto potentialpredators.This changein turn hasprobablyledto

increased rates of predation on nests and possibly on adults. Ratesofpredationon

marbled murrelet nests appear to be high, based on field observations, compared

to most other seabirds and are due most often to predators whose populations have

apparentlyincreasedasa resultofforestfragmentationandrelatedhuman

activities. Because of these factors, large blocks of contiguous older forest are

likely to be better nesting habitat and minimize threats to adult survival than

small, fragmentedblocks.

As partoftherecoveryplanningprocess,a demographicmodelwasdevelopedto

helpbetterunderstandmarbledmurreletpopulationdynamics(AppendixB,

Beissinger 1 995a). Demographic projections show thatmarbledmurrelet

populations in Washington, Oregon and California (Pacific Northwest) are

apparently declining at a rapid rate (at least 4 to 7 percent per year at most

locationsfrom 1990-1995).Themodelused juvenile:adult ratios and other

measures of nesting success (Appendix B). Because the marbled murrelet only

lays one egg and probably nests at most once a year, it has a very low annual

reproductivepotential. Currentestimatesof fecundityrangefrom 0.02 to 0.19

femaleyoungproducedperadultfemaleperyearin thePacific Northwest

(AppendixB). In otherwords,currentestimatesofnestingsuccessand

recruitment in most years are well below levels that are required to sustain current

populationsin thePacific Northwest.Furthermore,thenaturallylow reproductive

5
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potentialofthemarbledmurreletensuresthat populationswill recoverslowly

from declinesordisasters(growingabout3 percentperyear- Figure2),evenif

thereproductivepotentialwasfully realizedoverseveralyears. Themostlikely

causes of poor reproduction appear to be due to the effects ofdeforestation,as

discussed above. Deforestation has occurred on a large scale and in many areas

mayrequireacenturyor moreofforestregrowthto reversethetrend(U.S.

Departmentof Agricultureet al. 1993).

The population growth rate of the marbled murrelet is sensitive to changesin

adultsurvivorship(AppendixB, Beissinger1 995a). Factorsthatincreaseadult

mortality rates,suchasnet fishing andoil spills, arelikely to haveimportant

effectson marbledmurreletpopulationdynamics(CarterandKuletz 1995, Carter

etal. 1995a). Yet, to date, these factors have only impacted populationsin small

portionsofthemarbledmurrelet’srangein thePacific Northwestandoccur

irregularly from year-to-year.

Most importantly, the acute effects of gill nets or oil spills on adult mortality may

bereversedin a muchshortertimecomparedto the chroniceffectsof

deforestationon fecundity. This canbe seenwhencomparingtherateofmarbled

murreletpopulationrecoveryfrom factorsthataffect adultmortality to thefactors

that affect fecundity (Figure2). Population declines caused by increasedmortality

dueto netfisheriesoroil spillswould likely havelargebut acuteeffectsthat

would not persist for long once the source of mortality was removed. Populations

would require23 yearsto doubleor to be restoredto theoriginal size. In

comparison,theeffectsof deforestationarechronicandcanpersistfor 100-200

years until forests have regrown to achieve structure thatpermitsmarbledmurrelet

nesting. If forests were protected from cutting and were ableto matureto old-

growth characteristics, thenumberof nestingmarbledmurreletsandtheirnesting

successshouldincreaseslowly to levelstypicalof otheralcids. Populations

6
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Figure 2. Comparisonofthe rateofrecoveryofa marbledmurreletpopulationby
restoringadultsurvivalor fecunditybasedon thepopulationmodel in Appendix B. In
thishypotheticalexample,a marbledmurreletpopulationof 10,000individualshas
declinedby about6 percentper year for over a decade(-10 to 0 years)andhasbeen
reduced to half. Such a declineappearsto betypical ofmanymarbledmurrelet
populations in the Pacific Northwest (Appendix B) and would be expected to occur if
fecunditywaslow (0.05)andsurvivorshipwas high (0.9). If marbledmurreletsachieved
reproductivesuccesssimilar to otheralcids(fecundity 0.3)andhadgood adult
survivorship(0.9),then populationswould beableto achieveslow growthat about3
percent per year. The recovery of marbledmurreletpopulationsunderthis slowgrowth
potential is examinedfor two scenarios:(1) RestoredAdult Survival- This scenario
assumesthat populationswill growattheaboverateoncethecauseofmortality was
eliminated; and (2) Incremental Restoration of Fecundity - This scenarioexaminesthe
effectsofforestregenerationby allowing marbledmurreletfecundityto increaseby 0.01
for each year that forest regrowth occurs from 0.05 until fecundity reaches 0.3, where it
stabilizes due to density dependence and other factors such as normal levels of nest
failure.

III I I

//
/

/ /
/

/
/

/ /
/

///
/

Restored

Adult Survival

I/

/

/

7

7

Incremental Restoration

of Fecundity

7



MarbledMurrelet RecoveryPlan September1997

would require64 yearsto doubleor be restoredto theoriginal sizeand would

decline for the first 17 years until forests had regrown sufficiently to allow

fecundityto exceed0.21.

As aresultofharvestofolder forests,thebreedingrangeofthemarbledmurrelet

hasbeenreducedandfragmented.Within theircurrentrange,theyarefoundon

landandat-seain portionsof six geographiczones,especiallyduring thebreeding

seasonbut to someextentthroughoutthewinter aswell. Thesegeographiczones

(PugetSound;WesternWashingtonCoastRange;OregonCoastRange;Siskiyou

CoastRange;Mendocino;andSantaCruz Mountains)aregenerallyin thevicinity

of largetractsof older forestsin proximity to thecoast(seeFigure8 and II.

RECOVERY for acompletedescriptionofthesezones). Areasthatwere

historically usedby marbledmurrelets,butno longersupportthem,arewhere(or

nearwhere)coastalolder forestsno longerremain. Historical nestingareasoccur

bothwithin andattheperipheryofthehistoricalnestingrangeindicatedin Figure

1.

Despite the over-arching importance of increasing fecundity,thereare

circumstances when adult mortality canoutweighfecundityin termsof decline

andrecoveryof specificpopulations.For instance,a largecatastrophicoil spill

(similar to the 1989Exxon Valdezoil spill in Alaska)could extirpateornearly

extirpatea local population. Thus, while increasingfecundityreceivesmost

attention,reducingadult mortality alsois akey featureofthisrecoveryplan.

Nearshorewaterswithin 2.0 kilometers(1.2miles) ofthecoastareimportantto

marbledmurreletpopulations.Most birds are observedat-seain nearshore

waters,which areimportantforaginggrounds.Becauseoftheirextensiveuseof

nearshorewaters,marbledmurreletsaresusceptibleto the impactsof oil spills and

havebeengivenoneofthehighestoil spill vulnerability indexvaluesamong

seabirds (King and Sanger1979).

8
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Marbled murrelets feed on avarietyof fish andmarineinvertebrates.It is not

clear whether El Niiio-SouthernOscillation(El Nifio) eventsaffectmarbled

murreletreproductivesuccessor survival,astheseeventsmaydo with other

seabirds (Graybill and Hodder 1985; Ainley etal. 1988; Ainley andBoekelheide

1990; Wilson 1991;Ainley et al. 1994, 1995). El Niflo (andotherwarmwater)

eventscanreduceoceanproductivity (prey for marbledmurrelets)in areasthat

normally featureupwelling (Pearcyetal. 1985,SchoenerandFluharty 1985,

Gomez-Gutierrezet al. 1995),therebypossibly influencingboth survivaland

reproductivesuccessdueto reducedprey abundanceor availability. It is unclear

atthis time how muchinfluencerecentEl Niflo eventshavehadon thegenerally

low reproductionseenwith marbledmurreletsthroughoutthethree-statearea

since1992. However,drasticeffects,asobservedwith othercloselyrelated

species(e.g.,commonmurres[Uria aalge]) seemunlikely because(1) prey

resourcesin nearshoreand inlandwatersusedby marbledmurreletsappearto be

less affected than prey resources in more offshore waters used by seabirds that do

experience problems from El Niflo events; (2) marbled murrelets exhibit diet

breadth(Burkett 1995), whichshouldminimizetheeffectsof temporaryshortages

of fishprey;and (3) somemarbledmurreletssuccessfullyfledgedsomeyoung

during recentEl Niflo eventseventhoughsomecloselyrelatedspeciesabandoned

theirnestsatcertaincoloniesduring theeggstage(e.g.,commonmurres).

Natural variation in nesting success is typical for many seabirds and there is no

evidence that it has led to endangerment in other species (Ainley and Boekelheide

1990). The marbled murrelets’ life history strategy (i.e., relatively long life span,

delayed maturity and low annual reproductive potential) allows individuals to

reproducesuccessfullyover theirlifetimes,despiteperiodicadverseconditions

during its lifetime. However,cumulativeimpacts(including nestinghabitatloss,

oil spills, netmortalities,etc.),in additionto repeatedEl Nub events,overa short

timeperiod,couldcontributeto seriouspopulationdeclinesorextirpations.
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Finally, in consideringthebiological profile ofthemarbledmurreletsummarized

above, we have concluded that the next 50 yearswill be themostcritical period

for marbledmurreletconservationefforts. Marbledmurreletpopulationsin the

Pacific Northwestarelikely to continueto decline,certainlyasaresultof low

reproductiondue primarily to lossof nesting habitat, but also in concert with

factorslike netmortality,oil spills and,probably,predationthathaveincreased

adultmortality. Althoughsomecurrently matureforestwill becomesuitable

nesting habitat during the next 50 years, most youngerforesthabitatwill not

become available for nesting marbled murrelets until after the year 2040 (U.S.

DepartmentofAgriculture etal. 1993). Until that time, immediate conservation

effortsthatminimize andmitigatethelossofactualandpotentialnestsites,as

well asincreaseadultsurvivorship,will be necessary.Populationsof marbled

murreletsarestill relativelylargecomparedto manyotherthreatenedor

endangeredspecies,sothereis no needatthis timeto beginany kind ofcaptive

propagationprogramfor this species(Snyderetal. 1996). Governmentefforts

andfunds shouldbe directedto in situ conservationactionsandfield research.

However,preliminaryinvestigationofcaptivecaretechniquesandhealth

parameterscouldbe studiedopportunistically,especiallyin regardto oiledbird

rehabilitation.

Theframeworkpresentedaboveis built on thebestbiological information

currently available. Theweightof evidenceindicatesthatthemajorfactorsin

marbled murrelet decline from historical levels in the early 1800’s (or earlier) are

(1) loss of nesting habitat and (2) poorreproductivesuccessin thehabitatthat

doesremain,aphenomenonthatappearsduein largepart to increased

vulnerabilityof neststo predatorsin highly fragmentedlandscapes.Thereis little

evidenceto supportalternativeinterpretationsoffactorslimiting population

growth, such as a long-term change in preypopulationsaffectingmarbled

murreletpopulationsizeand reproductivesuccess,or possibleEl Niflo effectson
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marbledmurreletprey resources.However,short-termimpactsfrom El Nif¶o (and

otherwarmwater)eventsmayaffectbothmarbled murrelet prey and reproductive

success. It should be recognized that there is much more to be learned about the

ecologyofmarbledmurrelets. Implementationofthestudiessuchasthoselisted

in task4 under“II. RECOVERY D. NarrativeOutline for RecoveryActions”

will helpclarify thefactorslimiting populationgrowthin marbledmurrelets.

C. Taxonomy and SpeciesDescription

Themarbledmurreletis a small Pacific seabirdin thefamily Alcidae. This family

is characterizedby wing-propelleddiving birds (i.e.,usetheirwingsto swim

underwater)andis divided into severalgroupson thebasisof structureand

ecology,including themurres,dovekies,razorbills,puffins,guillemots,murrelets,

auklets,andtheextinctgreatauk. Thesix speciesofmurreletsaregroupedinto

two genera.ThegenusSynthliboramphusincludesfour species:Japanese

murrelet(Synthliboramphuswumizusume),ancientmurrelet(Synthliboramphus

aniquus),Craveri’smurrelet(Synthliboramphuscraven),andXantus’murrelet

(Synthliboramphushypoleucus).ThegenusBrachyramphuscurrentlyincludes

two species,theKittlitz’s murrelet(Brachyramphusbrevirostris)andthemarbled

murrelet(Brachyramphusmarmoratus).

Themarbledmurreletwasfirst describedin 1789by Gmelin asColymbus

marmoratus,but in 1837Brandtplacedit underthegenusBrachyramphus

(AmericanOrnithologists’Union 1983). Two subspeciesofthemarbledmurrelet

wererecognized:NorthAmericanmurrelet(Brachyramphusmarmoratus

marmoratus)andAsiaticmurrelet(Brachyramphusmarmoratusperdix).

However,recentinformationsuggeststhat theAsiaticmurreletis adistinct

species(Friesenetal. 1994, 1996). TheAmericanOrnithologists’Union, in its

“Forty-first Supplementto theCheck-listofNorthAmericanBirds,” hasnow
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officially recognizedthelong-billedmurrelet(Brachyramphusperdix)andthe

marbledmurrelet(B. marmoratus)asdistinct species(AmericanOrnithologists’

Union 1997). Long-billed,orAsiatic murrelets,havebeenrecordedasaccidentals

atvariouslocationsin NorthAmerica(Sealyetal. 1982, 1991).

Male andfemalemarbledmurreletshaveidenticalplumages,but breedingand

wintering plumagesaredistinct. Breedingadultshavesooty-brownupperparts

with darkbars. Underpartsarelight, mottledbrown. Winteradultshave

brownish-grayupperpartsexceptfor a white bandbelowthenapethatextendsup

from whiteunderpartsandwhite scapulars(Figures3 and4). Theplumageof

fledgedyoung is similar to that ofadultsin thewinter, butcanbe distinguished

for sometimeafterfledgingfrom winter adultsif observedcarefully(Carterand

Stein1995).

D. HistoricalandCurrentDistributionandPopulationSize

Thebreedingrangeofthemarbledmurreletextendsfrom Bristol Bay, Alaska,

southto theAleutianArchipelago,northeastto Cook Inlet, Kodiak Island,Kenai

PeninsulaandPrinceWilliam Sound,southcoastallythroughoutthe Alexander

ArchipelagoofAlaska,andthroughBritish Columbia,Washington,Oregon,to

northernMontereyBay in centralCalifornia. Birds winterthroughoutthis

breedingrangeandalsooccurin small numbersoff southernCalifornia.

Most marbledmurreletsnestin treesthroughouttheforestedportionof therange,

from Kodiak IslandandtheKenaiPeninsulato centralCalifornia. In theAlaskan

nonforestedportionoftherange,which includesBristol Bay, AleutianIslands,

AlaskaPeninsula,Cook Inlet, andportionsofKodiakIslandandPrinceWilliam

Sound,marbledmurreletscanalsoneston theground(Dayet al. 1983)or in rock

cavities(JohnstonandCarter1985).
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Figure 3. MarbledMurreletin winter plumage(photoby GusvanVliet).

a

Figure 4. Marbled Murrelet in breeding plumage (photo by GusvanVliet).
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Within the rangeofthefederallylisted populations,marbledmurreletsarefound

on landandat seain portionsofsix geographiczones,especiallyduring the

breedingseason,but to someextentthroughoutthewinteraswell. These

geographiczones(PugetSound,WesternWashingtonCoastRange,OregonCoast

Range,Siskiyou CoastRange,Mendocino,andSantaCruzMountains)are

generallyin thevicinity of largetractsofolder forestsnearthecoast. Areas

historicallyusedby marbledmurrelets,but no longersupportingthesebirds, are

whereoldercoastalforestno longerremain. Currently,breedingpopulationsare

not distributedcontinuouslythroughouttheforestedportionsoftheWashington,

Oregon,andCalifornia.

Although limited informationexistson thehistoric distributionandnumbersof

marbledmurrelets,availableinformationhasbeensummarizedfor mostareas

within thespecies’range(Larsen1991,Carterand Erickson1992,Leschnerand

Cummins1992,Mendenhall1992,Nelsonei~ al. 1992,Rodwayetal. 1992,

Speichetal. 1992,Piatt andFord 1993;also seepapersin Ralphet al. 1995).

Muchof theinformationis anecdotaland qualitativein nature.However,most

summariesgivedocumentationor indicationof adeclineordecreasein therange,

distribution,and/ornumbersof marbledmurreletscomparedto historical

information(Ralph 1994).

California

Historicrecordsindicatethat marbledmurreletswere“plentiful” during thewinter

in someyearsalongthecoastfrom MontereyCountynorthto theOregonborder

andirregularbetweenMontereyand SantaBarbara(Grinnell andMiller 1944).

The three separate areas where marbled murrelets currently are found in California

correspond to the three largest remaining blocks of old-growth coastal conifer

forests(CarterandErickson1992). Thesepopulationsarelargely separatedby
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areasof second-growthforestnotusedby marbledmurrelets. A largebreakin the

mainbreedingdistributionis locatedatthe southernportionoftherangein

California,whereapproximately480 kilometers (300 miles) separate the

southernmost breeding population in SanMateoand SantaCruzcounties(central

California) from thenext largestpopulationsto thenorth in HumboldtandDel

Nortecounties(northernCalifornia). Most ofthis largelyunpopulatedsection,

especiallyin MendocinoCounty,probablycontainedsignificantnumbersof

marbled murrelets prior to extensive logging (Carter and Erickson 1988, Paton

and Ralph 1988). Very small numbers of marbled murrelets probablystill nest

there. In addition,marbledmurreletsmayhavenestedin otherareasof central

Californiasouthof northwesternSantaCruzCounty(seeFigure 1) wherethey

apparentlyno longernesttoday.

Basedon extrapolationfrom currently knownpopulationnumbersin relationto

remainingavailablenestinghabitat,it wasestimatedthatat least60,000marbled

murreletsmayhavebeenfoundhistorically alongthecoastofCalifornia(Larsen

1991). The population size ofmarbledmurreletshasbeenestimatedfor

Californiaoverthepast20 years. Sowls etal. (1980)estimated the breeding

population to be about 2,000 breeding birds. Carter and Erickson (1992)

suggestedthat between1,650and2,000breedingbirdsmight constitutethestate’s

breeding population. Carter etal. (1992) derived a population estimate of 1,821

breedingbirds. RalphandMiller (1995)estimatedatotal statepopulationof

approximately6,000birds, includingbreedingandnonbreedingbirds, from more

intensiveat-seasurveysspecificallydesignedto estimatepopulationsizefor

marbledmurrelets. Differencesbetweenestimatesdoesnot indicatethatmarbled

murreletnumbershaveincreasedovertime betweenthecensuses,because

different methods andassumptionswereusedin estimatingpopulationnumbers.
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Oregon

Historic records show thatmarbledmurreletswereregularsummerresidents,

particularly in Lincoln, Tillamook, and Lane counties (Gabrielson and Jewett

1940, Nelson etal. 1992). Marbled murrelets in Yaquina Bay on the central

Oregoncoastwerereportedascommon(Woodcock1902,Gabrielsonand Jewett

1940). Thespeciesis no longerfoundin significantnumbersduringthenesting

seasonnearthemouthoftheColumbiaRiveror in ClatsopCounty,where

extensiveharvestingofolder forestshasoccurred.

Estimatesoftherecentpopulationsizein Oregonhavecomefrom anumberof

sources. Varoujean and Williams (1987) estimated the breeding population in

Oregonto be about5,100 individuals. Nelsonet al. (1992)believedfewer than

1,000breedingpairs(2,000breedingbirds)existed,with themajority ofbirds

occurring off the central Oregon coast. Results from the mostrecentsystematic

vessel-basedsurveysofmarbledmurreletsby Stronget al. (1993,1995)alongthe

Oregon coast provided a preliminary estimate of between 15,000 and 20,000

birds. VaroujeanandWilliams (1995)usingaerial surveysestimatedan

abundanceof6,400to 6,800 birds for Oregon. Estimateswerehigherfor the

recent intensive surveys (Strong etal. 1995) partly due to improved systematic

survey methods utilized over a period of several years. As in California, however,

extrapolationfrom countsalsomayhaveled to overestimation.Varoujeanand

Williams’s (1995)conclusionthat marbledmurreletpopulationsin Oregonhave

remained relatively stable over the past 10 years is currently unsubstantiated.

Washington

In thepast,marbledmurreletsin PugetSoundwereconsidered“common”

(Rathbun1915,Miller etal. 1935),“abundant” (Edson 1908, Rhoades 1893), or
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“numerous”(Miller etal. 1935),assummarizedin Speichet al. (1992).

Individuals who “lived, collected, and observed” in the Puget Sound area during

portionsofthefirst halfofthis centuryfelt thatmarbledmurreletswerepreviously

more abundant.

Currently, marbled murrelets are considered only locally commonduring some

times of the year. Puget Sound and the northern part of the outer coast are heavily

usedduring thebreedingseason.The southernportionoftheoutercoast

potentiallyplaysanimportantrole asawinteringarea(Varoujeanet al. 1994),

possibly for both Oregon and Washington breeding birds. In addition, there also

appearsto be seasonalmovementsof marbledmurreletsintoPugetSoundfrom

British Columbiain thewinter (Rodwayetal. 1992,Speichet al. 1992).

Themostrecentestimateof marbledmurreletnumbersin Washington(Speichet

al. 1992,Speich andWahl 1995)indicatesabreedingpopulationof

approximately5,000birds. Varoujeanet al. (1994)conductedaerialsurveysand

came up with a mean estimate of 1,800marbledmurreletsfor theWashington

outercoast. Thompson(1996) also foundmarbledmurreletsto be morenumerous

alongWashington’snorthernoutercoastandlessabundantalongthesouthern

coast. He reported that his preliminary analysis shows that this distribution is

correlated with the (1)proximity ofold-growthforest,(2) distributionofrocky

shoreline/substrate versus sandy shoreline/substrate, and (3) abundance of kelp.

The outer coast of Washington has yet to be adequately surveyed to estimate

populationsize.

Problemswith Determining Population Size

Thevariability in populationestimatesunderscorestheneedfor further

developmentofconsistentsurveymethodsfor the entirerange,without which
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comparablepopulationestimatescannotbe obtained.Sowlsetal. (1980)collected

dataopportunisticallyanddevelopedalimited amountof informationonwhichto

base apopulationestimate.Carteretal. (1992)attemptedto replicateSowls’

surveyeffort by usingsingle,along-shoretransectsplacedafewhundredmeters

from shore to document observations between 75 and250 meters(246and820

feet)on both sidesoftheboat. Both 1979—1980and1989surveyswereroughly

adjustedto accountfor areasnot surveyed. Thesesurveysprovidedgood

informationon thestate-widedistributionofthespecies,butprobably

underestimatedpopulationnumbers.RalphandMiller (1995)improved

estimation of population size by (1) quantifying the distance at which birds were

detected andcalculatingtheeffectivedetectiondistancefor all observations;(2)

conductingalongshoretransectsat several distances from shore to betterassess

distributionawayfrom shore;and(3) repeatingstandardizedsurveysovera

numberofyearsasopposedto a singlesurveyseason.However,theirsurvey

results were extrapolated from small areas to estimate numbersovermuchlarger

areas. Thisprocess,with inherentweaknesses,mayhaveledto overestimationof

marbled murrelet numbers, given the non-uniformdistributionofmarbled

murrelets at sea. In addition,future populationmonitoringmaynothave

sufficient funding to sustain the high effort requiredwith this technique.If so,

lessintensiveefforts mayagainbenecessaryin thefuturewith theirassociated

loweraccuracy.

E. Life History/Ecology

Marbledmurreletshaveauniquelife historystrategythatdiffers from most

seabirds and provides special challenges in managingthespecies.Although

marbledmurreletsfeedprimarily on fish andinvertebratesin nearshoremarine

waters, they fly inland to nest on large limbs of mature conifers. The marbled

murrelet is the only alcid known to nest in trees.
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Marbledmurreletsappearto be solitary in theirnestingandfeedinghabits,but

interactin groupsovertheforestandat sea(SealyandCarter1984,Carterand

Sealy1990,NelsonandHamer1995a). Simultaneousdetectionsofmorethanone

bird arefrequentlymadeat inland sites,with pairsofbirdsbeingthemost

frequentlyobservedgroupsize(HamerandCummins1990,O’Donnell etal.

1995). Similarly, marbledmurreletsoccurprimarily in singlesandpairsat sea

(CarterandSealy1990). Largergroupsizesarealso frequentlyseen.

Behavior indicative of marbled murrelet forest use and nesting, an indicatorof

habitatoccupancy(Ralphetal. 1994), hasbeendocumentedto occurbeyond80

kilometers(50 miles) inland, thoughmostnestinghabitatlikely occurswithin 80

kilometers(50 miles) ofthemarineenvironmentthroughoutthebreedingrange.

In thePacificNorthwest,themostdistantknownoccupiedsiteis in Washington

andis located84 kilometers(52 miles) from marinewaters. Occupancyis defined

in generaltermsasdetectionofbehaviorsassociatedwith murreletnestingand

forestuse(Ralphetal. 1994).

Marbledmurreletscanbe heardat certaininland sitesduring mostmonthsof the

year (Carter and Erickson 1988,Naslund1993). Detectionsarehighestduring the

springandsummer,whenactivity levelsaregreaterandattendanceatinland sites

is more consistent and longer in duration. In spring,marbledmurrelet

detectabilityat inland sites increasesto moderateintensityandreachesapeak

level of activity in midsummer(HamerandCummins1991,PatonandRalph

1988,Nelson1989). After thispeak,thenumberofdetectionsdecreases

markedly,presumablybecausebirds areundergoinga flightlessmolt at sea

(Carter and Stein 1995). It is not well-understood why marbled murrelets visit

inland sitesduring thenonbreedingseason.Partlybasedon similar behavior in

otheralcid species,researchershypothesizethat marbledmurreletscouldbe

visiting nestingareasin thewinterto attendpreviousnestsites,prospectfor future
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nesting sites, maintain or form pair bonds, and possibly for other unknown

reasons(Carterand Sealy1986, Naslund 1993).

Marbledmurreletsexhibitingnestingbehaviorsareoftengroupedin an area.

Socialityofmarbledmurreletsatinland nestsitesis not fully understood.No

indication of colonial nesting has been observed; most nests occursingularlyor, at

most, in the vicinity of a few other nests. However,observationsof marbled

murreletsin andaroundinland forestsitesindicatethat smallgroupsof marbled

murreletsoftenapproachor departforeststandstogetherandalso interactin flight

abovethestands(Divoky andHorton 1995,Nelsonand Peck 1995).

Solitary nests maybe groupedto varyingextentwithin suitablehabitat. Two

activenestsdiscoveredin Washingtonin 1990werelocated46 meters(150 feet)

apart(Hamerand Cummins1990). In Oregon,two activenestswere discovered

in 1994 only 33 meters (100 feet) apart (S.K. Nelson, pers. comm., 1994).

However, it is also likely that birds nest over wide areas of a foreststandandmay

behighly clumpedonly in particularportionsofaforeststand. Furthermore,like

otheralcids,marbledmurreletsexhibitnestsite fidelity (i.e. returnto thesame

nest site each year), certainly at the level ofthestandandevenfor specifictrees.

Therefore,forestsitesthatare occupiedby marbledmurreletsmayattractother

marbled murrelets to those stands or adjacent, unoccupiedforeststands,a

behavior that may be importantfor recoveringthespecies.

Most orall matureadultmarbledmurreletsarebelievedto nestin agivenyear

when food supplies and nesting habitat areadequate.During intenseEl Niflo

events(seebelowunder “F. Reasonsfor DeclineandCurrentThreats,Severe

Niflo Events”) foodavailabilityoraccessabilitymaybelimited.
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Nesting

Marbled murrelets lay only one egg on the limb of a large conifer tree and

probably nest only once a year (Desanto and Nelson 1995).Nestingoccursoveran

extendedperiodfrom late Marchto late September(CarterandErickson1992,

CarterandSealy1 987a,HamerandNelson1 995a,Rodwayetal. 1992).Nests are

not built; the egg is placed in asmall depressionor cupmadein mossorother

debrison the limb. (See“Habitat/EcosystemDescription,Nestcharacteristics”

below.)

Incubationlastsabout30 daysandfledgingtakesanother28 days(Hirschet al.

1981,NelsonandHamer1 995a,Simons1980). Both sexesincubatetheeggin

alternating24-hourshifts(NelsonandHamer1995a;NelsonandPeck1995;

Simons 1980; Singer etal. 1991, 1995).

Thechick is fed up to eighttimesdaily (averagingfour timesa day),andis

usuallyfed only onefish at atime (HamerandCummins1991;Singeret al. 1992;

NelsonandHamer1995a). Flightsby adultsaremadefrom oceanfeedingareas

to inland nestsitesatall timesoftheday,butmostoftenatduskanddawn

(HamerandCummins1991,NelsonandHamer1 995a).

Theyoungaresemiprecocial,but remainin thenestlesstime thanyoungof most

otheralcids. Beforeleavingthenest,theyoungpluck theoverlyinglayerof down

off to revealtheunderlyingjuvenalplumage(NelsonandHamer1995a).

Fledglingsappearto fly directly from thenestto thesea,but aresometimesfound

on theground,indicatingthat theymayhavebeenunableto sustainflight to reach

themarineenvironment(CarterandSealy1 987a,HamerandCummins1991,

NelsonandHamer1995a).
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Marbledmurreletsprobablydo notreachsexualmaturityuntil at leasttheir

secondyear,andmostbirds probablydo not layeggsuntil theyare3 yearsof age

orolder. Baseduponthelongevityof otheralcids(Hudson1985),marbled

murreletsareestimatedto live an averageof 10 years(Beissinger1 995a,

AppendixB).

Diet and Food Resources

Marbled murrelets feed on a variety of small fish and invertebrates (see

summaries in Sealy 1975, Carter 1984, Vermeer et al. 1987, Burkett 1995);

however, very little information is available on food habits of marbled murrelets

in Washington,Oregonor California,and systematicstomachcontentanalyses

haveneverbeenconductedin the tri-statearea. Mostof the informationavailable

is from theGulfofAlaskaandBritish Columbia. Theavailableinformation on

marbled murrelet food habits, including some prey ecology information, has been

compiled by Burkett (1995).

Most prey have been identified on an anecdotal basis, in the bills of adults at sea

or whendeliveredto thechick atthenest. Dueto thismethodofobtainingprey

data and the low samplesizesofidentifiedprey in thePacificNorthwest,little is

knownofthe extentthat differentprey speciesareused,or whetherotherprey also

are used. In thePacific Northwest,themainfish preyidentified in recentyears

arePacific sandlance(Ammodyteshexapterus),Pacific herring (Clupea

harengus),northernanchovy(Engraulismordax),andsmelts(Osmeridae).In the

early1 900s, Pacific sardines(Sardinopssagax)also were documented as prey in

California.

Adults, subadults,andhatching-yearbirds feedprimarily on larval andjuvenile

fish, whereas nestlings are most commonly fed larger second-year fish. Sand
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lance,a smallmarinefish, is themostcommonfoodof themarbledmurrelet

acrossits range(Table 1) andappearsto be themostimportantpreyspeciesin the

chick’s diet. Pacificherringandnorthernanchovy,followedby osmerids(smelt)

andseaperch(Cymatogasteraggregata),are thenextmostcommonpreyitems.

Sardinesandrockfish(Scorpaenidae)maybe importantdietarycomponents,

particularlyat thesouthernendof themarbledmurrelet’sdistribution. Marbled

murreletsalsohavebeenobservedforagingoccasionallyon inland lakesinhabited

by salmonidspeciesin British ColumbiaandWashington(Carterand Sealy

1986).

In thePacific Northwest,almostnothingis knownofpreyspecieseatenby adults,

whichareknownto differ by speciesand/orsizefrom that fed to chicks(Sealy

1975,Carter1984,CarterandSealy1990,Burkett 1995). Adults feedonmarine

invertebratesandsmaller-sizeclassesof fish thanarefed to chicks. In at-seaareas

morethan 1—2 kilometers(0.6—1.2miles) from shore(areasrarelyusedby

marbledmurrelets),otherprey species,suchasjuvenilerockfish (Scorpaenidae),

maybe important(Ainley et al. 1995).

Euphausiids(luminescentshrimp-likecrustaceansformingan importantpartof

marineplankton,orkrill, alsoimportantto fishesand whales)do notcomprisea

dominantcomponentduringthebreedingseason.However,this preysourceis

importantto marbledmurreletsin thewinter andspring in somelocales(Sealy

1975,KrasnowandSanger1982,Vermeer1992). Mysidsandgammarid

amphipods,alsoshrimp-likecrustaceans,areanothercomponentofthemarbled

murrelet diet, especiallyin winter (Munro andClemens1931; Sanger1983, 1987)

(Table 1).

Thefish portionofthe diet is mostimportantin thesummer,andcoincides

primarily with thenestlingandfledgling periods(Sealy1975,Carter1984,Carter
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MarbledMurrelet RecoveryPlan September1997

andSealy1990).Energyvaluesofpreyitems alsohelpexplainwhy marbled

murreletsselectcertainpreyspeciesfor themselvesandtheirnestlings. Herring

havehigh foodenergyandtotal lipid (fat) valuescomparedto theotherfish that

marbledmurreletsconsume.Largelipid reservesat fledgingpresumablyenhance

post-fledgingsurvival (Roby 1991).No dataareavailableaboutthe winterdiet of

marbledmurreletsin thePacificNorthwest,althoughwinter diet is knownin areas

ofAlaskaandBritish Columbia.

In summary,thediet ofthemarbledmurreletis poorly knownin thePacific

Northwest. Regardless,dietbreadth(i.e., useof manyfish andinvertebrate

speciesin the sameareas)is evidentin thePacific Northwestand farthernorth,

andmarbledmurreletsareconsideredto be opportunisticfeederson availableprey

within certainsizeclasses.

Foraging Strategies

Marbledmurreletsusetheirwingsfor swimmingunderwaterandarecapableof

diving to greatdepthswithin nearshorewaters. Thedeepestrecordof amarbled

murrelet was onecapturedat27 meters(89feet)in agill netoff central California

(CarterandErickson1992),althoughbirds probablycanforagedeeperbasedon

knowndiving depthsofotheralcids(PiattandNettleship1985).

For the most part,marbledmurreletstendto foragein relativelyshallowwaters

with total depthsrangingasdeepasseveralhundredmeters.Most birds foragein

shallowerwaters(lessthan50—100meters[164—328feet] deep)andusually

appearto feedbothnearthesurfaceandat midwaterdepths,basedon theirknown

capturedepthsin gill nets(mostlessthan 10 meters[33 feet]),shortdive times

(averagesbetween28-69seconds),andinvolvementin mixed-speciesfeeding

flocks foraging on schools of fish near thesurfacein someareas(Mahonetal.
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1992,Carteretal. 1995a, Strachanet al. 1995). At times,theyalsomayforage

alongtheoceanbottom,especiallywhendiving verynearshore(Carter,pers.

obs.).

Throughoutits range,themarbledmurreletconsumesa verydiversegroupof prey

resources,especiallywhen oneconsidersthefew studiesthat havebeendoneto

date. This suggestsgreatflexibility in prey choiceandahigh capability for using

alternative prey, indicative of opportunistic foragers (Carter 1984). Such foraging

flexibility maypermit thewide distributionof marbledmurreletsalongcoasts

with suitablenestinghabitatsthroughouttheirbreedingrange.

This flexibility also mayserveto reduceimpactsdueto inter-annualvariability in

prey resourcesdueto severaldifferentfactors. Thus, intermittentEl Nifio orother

warm watereventswould notbe expectedto causelargemarbledmurrelet

populationfluctuationsorgreatreductionsin reproduction(especiallyoverthe

long term), even thoughmarbledmurreletsmayundergolocal shifts in the

locationsof foragingareas. Giventhevariability in frequencyand intensityofEl

Niflo events,marbledmurreletproductioncouldbe lower than“normal” in some

years, as has been demonstrated for many other seabirds. But, like other seabirds,

marbled murrelet populations havepersistedthroughseveralfrequentEl Niflo

episodes over the last century and earlier. It may be able to partially compensate

for theseeventsby changingits foragingbehaviorandpreyselectionto some

degreeto useavailableresources(Sealy1975,Krasnowand Sanger1982,Carter

1984, Sanger1987,Croll 1990).

Since marbled murrelets are opportunistic foragers, many types of prey may be

used,dependingmainly on availability (Carter1984,Burkett 1995). Many

differenttypesofpreyareavailableto marbledmurreletsin differentnearshore

areasandat differenttimesofyear. However,for chick diet,adult marbled

murreletsarerestrictedto selectingsinglelargefish (oftensecond-yearfish,
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rangingfrom 60—120millimetersin lengthand about2—25 gramsin weight)to

deliver to chicks(Carter1984;CarterandSealy1987b,1990;Burkett 1995). This

restrictionforceschick-feedingadults to exercisemorespecific foragingstrategies

to locatetheselargefish, focusingon speciesthat arelessabundantand

distributeddifferentlythanadult prey(CarterandSealy1990). Thedistribution

and abundance of chick prey may greatly influence overall foraging behavior

during this periodoftheyear.

Evenif adultmarbledmurreletscaneasilychoosealternateprey speciesfor their

own diet, havingabundantforagefish availableduring thenestlingperiodmay

significantly reducetheenergydemandon theadultsby requiringlessforaging

time andfewertrips inland for feedingnestlings(Cody 1973,Sealy 1975,Carter

1984,CarterandSealy 1990). Thedistancebetweennestingareasandforaging

areasis probablyonecritical determinantof reproductivesuccessin yearsof low

preyabundance.Increasedforagingtime of adults,longflights inland, andmore

numeroustrips inlandwith small preyitemscouldpotentiallyreduceboth adult

andchick survival (Burkett1995).

F. Habitat/EcosystemDescription

Nearshore Marine Environment

Marbledmurreletsfeedin nearshoremarinewaters,mainly within 1—2 kilometers

(0.6-1.2miles) from shore. Thesenearshorewatersinclude estuaries,bays,island

groups,andmoreopencoastalwaters. Thesewatersandtheirassociatedmarbled

murreletprey resources(small fish andinvertebrates)areinfluencedto a

significantdegreeby their interfacewith adjacentmainlandcharacteristics(e.g.,

river mouthsandplumes,tidal currents,shorelineandintertidalareas,coastal

pointsandtopographicalfeatures,andhumandevelopments),aswell as

subsurfacefeatures(e.g.,bottomsediments,banks,waterdepth,etc.).
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Many prey speciesareconcentratedin specificnearshorewaterswherefreshwater

orestuaryspawningareas,larval andjuvenile fish rearingareas,nearshore

physicalprocesses,andbottom substrates,sediments,andvegetationconcentrate

organismsfrom lower trophiclevelsto serveasfood for marbledmurreletprey

species.For instance,local frontsbetweenestuarineandshelfwatersareknown

areasofconcentrationfor marbledmurreletprey andforagingmarbledmurrelets

in British Columbia(Carter 1984,Carterand Sealy1990).

To a lesserdegree,nearshorewatersandprey resourcesalso areinfluencedby

theirconnectionto shelfandoffshorewaters(Hunt 1995). In particular,

large-scale oceanic currents andupwelling alongthecontinentalshelfcaninteract

with local topographyto createorcontributeto bothlarge-andsmall-scaleeddies

andfrontsatcertaintimesof year,whichcanaffect nearshorewaters(e.g.,Briggs

et al. 1987). However,coastaltopography(e.g.,points, islands)canreducethe

impactsofwind-inducedmixing, wind-drivencurrents,and stormeventsin

nearshorewaterscomparedto thesameconditionsin nearbyexposedshelfand

offshorewaters.

Unfortunately,themarinefoodwebsin nearshore,shelf, andoffshoremarine

environments are complex and knowledge of how they operate and are connected

is limited. In particular,spawningareasareoften locatedin moreprotected

waters,especiallyclosedbays. Certainly,different life stagesof severalpotential

prey speciescanoccurin eithernearshoreor shelfwaters.Thus,prey resourcesin

theserespectiveareasaresomewhatdistinctbutarealsointerconnected.Winter

processesaffectingprey resourcesareevenlesswell knownthanspringand

summerprocesses.
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Terrestrial Environment

Becauseoftheirsmall body size,cryptic plumage,crepuscularactivity, fast flight

speed,solitary nestingbehavior,andsecretivebehaviornearnestslocatedin

denselyforestedhabitat,thenestsof themarbledmurrelethavebeenextremely

difficult to locate(HamerandNelson1 995b). Thefirst treenestin North

Americawasnot locateduntil 1974(Binford etal. 1975),eventhough

ornithologists had beensearchingfor thenestsiteof themarbledmurreletin

North America for many decades. At the sametime, it becameknownthat atree

nestofthe Asiaticmarbledmurrelethadbeendiscoveredin 1961 (Kuzyakin

1963). Althoughasignificantamountof nestinghabitatinformationhasbeen

collectedoverthepast6 years,theefficiencyof locatingnewnestsis still low

(HamerandNelson1 995b).

Evenwith thedifficulties oflocatingnests,concernaboutconservationproblems

ofthespeciesledto intensivesearchefforts by biologistsacrossthePacific

Northwest,British Columbia,andAlaskaandto thediscoveryof 136 treenests

from 1974to the endofthe 1996 field season.Ofthesetreenests,133 (98

percent)were locatedsince1990(S.K. Nelson,pers.comm., 1996). The 136

nestsincluded20 in Alaska,6 in Washington,51 in British Columbia,45 in

Oregon,and14 in California(Binford etal. 1975; Quinlanand Hughes1990;

HamerandCummins1991; Singeretal. 1991,1992;Nelsonet al. 1994; Kuletzet

al. 1995a;Burger1995;NelsonandHamer1995b;HamerandNelson1995b;

Naslundetal. 1995; S.K.Nelson,pers.comm., 1997). Althoughthis is still a

relatively small samplesizecomparedto mostseabirdsstudied,thesampledoes

allow acharacterizationof thetreenestsandnestingstandsusedby themarbled

murreletovera largegeographicalarea.A morein-depthsummaryanddiscussion

of informationon neststands,nesttrees,andnestspresentedunder“F.

Habitat/EcosystemDescription” canbe foundin HamerandNelson(1995b).
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Landscapecharacteristics. Throughouttheforestedportionofthespecies’

range,marbledmurreletsuseforeststandswith old-growthforest characteristics,

generallywithin 80 kilometers(50 miles) ofthecoastfor nesting. Thefurthest

known nesting site from the marine environment in Washington, as defined by the

discoveryofanegg, eggshell,or downychick,was63 kilometers(39 miles).

However, the furthestdocumentedoccupiedsitein Washingtonwaslocated84

kilometers(52 miles) from marinewaters. Thefurthestinlandnestsin Oregon

and Californiawere40 kilometers(25 miles) and28.9 kilometers(18 miles)from

theocean,respectively(Table2). However,birdshavebeendetectedup to 100

kilometers(60 miles) inland in BritishColumbia.

HamerandNelson(1995b)examinedasampleof47 nestsin thePacific

Northwest and British Columbia, and measured a number of parameters(Tables2

and3); informationon nesttrees(Table3) has been updated to includenesttrees

locatedthrough1996. Slope,elevation,andaspect(cardinaldirectionthestand

faces)ofneststandsvary considerably(Table2). Theaverageelevationof nest

treeswas332 meters(1,089feet). Aspectwasextremelyvariable,with no clear

patternortrendfor standplacementwith respectto aspect.With respectto slope,

eightypercentof nestsin thePacific Northwestwerelocatedon thelowerone-

third or middleone-thirdoftheslope.

Generallandscapeconditionmayinfluencethedegreeto which marbledmurrelets

nestin anarea. In Washington,marbledmurreletdetectionsincreasedwhen

old-growth/matureforestscomprisedmorethan30 percentof the landscape

(HamerandCummins1990). HamerandCummins(1990)foundthat detections

of marbledmurreletsdecreasedin Washingtonwhenthepercentageof

clear-cut/meadowin the landscapeincreasedabove25 percent. Additionally,

Raphaeletal. (1995)foundthatthepercentageofold-growthforestandlarge

sawtimberwassignificantly greaterwithin 0.8 kilometer(0.5mile) ofsites
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Tablc 2. Ihe mean standardde~aation. ranec,and samplesize fum the Forest characteristicsof Marbled Murrelet tree nestslocated
in the Paci tie Northwest. The P~~ci tic North~test datat i acindenestslocated in California, ()rer~on, Washington,and british
Col tim Ha. For snnecharacteristicseitherno datawereavai lahlc for that stateor prov nee. or the sampIe sizewastoo small to

caIcnlate the meanandrange Samp Ic sizesfor eacIi \‘ariahle are shown in parenthesis(Table from I lamerandNelson 1995h).

Cliaracleristics (Miforni:,
n=l0

Orcgon
n=20

Washington
n~6

Brit Rh
Cob n,I0:t

n=9

P:,cific
Northwest

n45

Aspect

(percent)

2 t 0’- t 2~

45-352

(7)

t 47+63

48-253

(t9)

180±12t
39-33 t

(5)

--

--

t 6692
35-39
(33)

Elcvation
(meters)

286--125
45-46

tO)

379’-t 52
6 t -6Th

(It))

348_476
15-6 t 0

(6)

321+3 in
14- t 097

(0)

332±206
14-1097

(35)

Slope
(percent)

I8-~1t
0—41
(7)

4I+~
10-87
(10)

2t<13
(—39
(6)

3-1
0—11
(7)

23—23
0—87
(30)

Slope
Position

1—0
I-I
(7)

2.1+0.3
1-3
(10)

1.3--OS
1-2
(6)

I .3~ 0.7
1-3
(7)

1.5+0.8
1-3
t30)

Stand Size
(hectares)’

352’ 43~
100-1100

(4)

80±49
3-149

(9)

354+401
5-990

(5)

--

--

2061351
3-1100

(16)

Pct. composition low
elevation trees2

100+0
100-100

(10)

100-tO
100-I 0))

(10)

90±9
78-11)))

(5)

64±29
20-100

(6)

91±19
20-100

(31)

Total tree density

(number/ha)

235±178
92-504

(5)

120±72
48-282

(10)

136+28
84-162

(5)

297+136
148-53))

(5)

182+132
48-530

(25)



Characteristics California

n10

Oregon

n=20

Washington
British

Cob in hia

11=9

P;icjf,c
Northwest

n=45

Canopy
height (in)

88+0
88-88

(5)

59±8
48-75

(9)

54-iS
44-59

(5)

--

--

64+ 16
38-88
(20)

Canopy
layers

(number)

--

--

2.2~ (1.4
2-3
(10)

3.1+05
3-4
(4)

--

--

2.5+0.7

(20)

Canopy
closure

(percent)

39+6
25-48

(7)

43±27
12-99
(8)

69+18
36-88

(5~

--

--

40+23
V-99
(21)

Distance to Coast (kin) 13.t—8.3
4.9-28,9

(to)

25.8-~9.T
1.6-40.0

(tO)

15.9+13
4 1-34 -)

(6)

11.5+3.7
3.2-17.3

(0)

16.8+106
1.6-40

135)

Distance to stream (in) 108+67
30-215

(7)

280+312
8-10(10

(1(1)

70--69
14-20(1

S)

100+165
5-500
~7)

159 p224
5-1000

(29)

Distance to nearest
opening (in)

--

--

67+70
15-300
(20)

65+33
1 8-120

(5)

--

--

92+131
15-700
(30)

Stand age

(years)

--

--

209+48
180-350

(10)

879+606
450-1736

(3)

--

--

522+570
180-1824

(16)

1/ Slopepositioncodes:(1) lower 1/3, (2) middle 1/3, (3) upper 1/3.
2/ Measuresof the percentof westernhemlock,Douglas-fir,westernredcedar,Sitka spruce,and coastalredwoodin a stand.
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Table 3. The mean,standarddeviation,range.andsamplesizefor platform and treecharacteristicsof Marbled Murrelet tree nests
locatedin the PacificNorthwestthrough 1996. The Pacific Nordnvestdataincludenests locatedin California.Oretaon,\Vaslimelon.
andBritish Columbia. For somecharacteristics,eitherno datawereavailablefor that stateor province,or the samplesizewastoo
small to calctilatethe meanandrange. Calculationswererotindedto the nearestcm for all measurementsexceptnest substrate

depth. Samplesizesfor eachvariableare shown in parenthesis.(Table compiled by S. Kim Nelson)

Characteristics
N=14

California
N=45 .

Oregon2
N=6

Washington

British

N=51
Columbia

N~1l6
Pacific Northwest

Tree Species
Douglas-fir
Alaska yellow cedar
Western hemlock
Sitka spruce
Mountain hemlock
Coast redwood
Western red cedar

0
0

0
0
0
0

32
0
II

0
0

(
(
(
(
(
(3

3
37
5
6

0
0

41
37
20
7

9

Tree diameter (cm) 308.7 + 41.7
139.0-533.0

(14)

164.7 ~-7.8
76.0-279.0

(45)

149.5 i- 18.5
88.5-220.0

(6)

119.4 + 8.2
60.0-370 .0

(51)

161.4 8.7
60.0-533 .0

(116)

Tree height (in) 73.1 1~ 2.8
48.8-86.5

(14)

61.5 2.0
36.0-85.1

(45)

57.4 -~ 3.7
45.1-65.0

(5)

33.2 + 2.0
16.5-79.4

(SI)

50.2 i- 1.9
16.5-86.5

(Its)

Tree diameter at nest height
(in)

103.2 + 19.7
70.0-199.0

(6)

67.6 ±4.0
29.3-122.0

(39)

78.41- 10.8
40.5-110.0

(6)

58.1 + 4.7
25.5-209.0

(4S)

66.1 --3.2
25 5-%9 0

(96)

0

0-

‘0



Characteristics California
N=14

Oregon -
N~-15

Washington
N~-6

B ri tis h
Columbia

N=51
Pacific Northwest

N=116

Branch height (in) 46.9~-3.1
3 1.7-67.5

(t4)

41.9 + 2.2
13.6-74.8

(44)

33.9 + 5.5
20.1-52.9

(6)

22.7 + 1.0
V 5-4~_0

(51)

33.6 1.4
V 5-748

(115)

Branch diameter at trunk
(cm)

44.0~4.6
21.0-61.0

(8)

24.61- 1.6
11.6-56.0

(42)

38.3 --5.7
13.5-50.5

(6)

29.0 + 1.7
8.0-62.0

(50)

28.9 T 1.2
8.0-62.0

(106)

Branch diameter at nest (cm) 24.5~3.1
16.0-37.0

(6)

33.7 “3.9
10.0-63.0

(12)

29.4 7.6
10.7-46.0

(4)

17.5 ~.25
15.0-20.0

(2)

29.4 + 2.6
10.0-63.0

(24)

Branch diameter proximal to
nest (cm)

xxxx 25.0 + 1.8
10.0-50.0

(31)

xxxx ‘~9 0 - 1 5
15.0-62.0

(47)

27.7 + 1.2
10.0-62.0

(79)

Branch length (in) 4.2 i 1.1
0.9-15.0

(13)

4.9 0.4
1.0-12.2

(42)

4.1 ‘- 1.2
1.1-7.5

(5)

3.9 ±0.3
0.6-9.7

(51)

4.3 + 0.2
0.6-15.0
(III)

Branch crown position (%) 64,3 + 3.3
50.0-91.0

(14)

67.8 + 2.6
26.0-98.0

(44)

63.4 + 7.7
41.0-82.0

(5)

71.0~ 1.8
40.0-95.0

(51)

68.6 1.4
26.0-98.0

(114)

Branch orientation (0) 30-360
(14)

20-360
(43)

110-342
(5)

0-360
(49)

0-360
(111)

Distance nest from trunk
(cm)

23.1 + 10.5
0-122.0

(14)

100.2 + 19.7
0-762.0

(44)

22.0~ 12.1
0-57.0

(5)

46.51- 11.1
0-340.0

(50)

63.4~9.6
0~76a_0

(113)

0-

0-



Characteristics Californi~~
N-li

Oregon
N <45

NYashinoto n
N <-6

British

Columbia
N~sI

Pacific North west
N ~ 116

Nest platform length (cm) 24.:; + 3.7
9.5-41.9

(10)

55.4 ~-7.2
7.5-250.0

(44)

30.7 7.0
10.0-57.0

(6)

52.3 4.8
8.0-12S.tD

(44)

49.7 3.8
7.5-250.0

(104)

Nest platform width (cm) 19.7 + 4.0
6.5-50.8

(10)

26.8 ‘- 1.7
7.0-51.0

(44)

25.0 4.7
10.0-39.0

(6)

19.1 1.2
7.0-41.0

(44)

22.8 - 1.0
6.5-51.0

(104)

Nest cup length (cm) 11.0 + 1.2
8.3-16.5

(6)

11.0 + 0.6
5.0-26.0

(43)

12.4— 2.3
5.9-20.0

(6)

9.9+0.4
6.0-20.0

(49)

10.6 0.4
5.0-26.0

(104)

Nest cup width (cm) 9.3 + 1.1
6.5-14.0

(6)

10.0 — 0.5
3.3-18.4

(43)

II. >-2.5
3 1-~0 0

(6)

8.7+0.3
4.0-14.5

(49)

9.4=0.3
3.1-20.0

(104)

Nest clip depth (cm) 3.5 -i- 0.8
2.0-8.0

(7)

3.5 0.3
0.5-7.1

(38)

2.6 + 0.3
1.8-3.6

(6)

3.9 ±0.2
1.0-6.0
(46)

3.6 -“ 0.2
0.5-8.0

(97)

ftLandingpads 0.6+0.2
0-1
(8)

1.2 +0.1
0-3

(43)

2.0+0.6
1-3
(3)

0.6+0.1
0-3

(51)

0.9+0.1
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(203-hectare[501-acre]circles)thatwereoccupiedby marbledmurreletsthanat

siteswheretheywerenot detected.Raphaelet al. (1995)suggestedtentative

guidelinesbasedon this analysisthatsiteswith 35 percentold-growthandlarge

sawtimberin the landscapearemorelikely to be occupied. In California,Miller

andRalph(1995)foundthatthe densityofold-growthcoverandthepresenceof

coastalredwoodwere thestrongestpredictorsofmarbledmurreletpresence.

Forestcharacteristics.From PrinceWilliam Sound,Alaska,andsouth,nesting

occursin treesin older forests(Binford ei al. 1975; SealyandCarter1984;Carter

andSealy1 987a;QuinlanandHughes1990;HamerandCummins1990, 1991;

Singeretal. 1991, 1992;Carterand Morrison1992; Burger1995; Grenierand

Nelson1995;Hamer1995;HamerandNelson1995b;Kuletzet al. 1995a).

Evidencethattreenestingoccursalmostexclusivelyin older forestsincludes(1)

all treenestshavebeenlocatedin old-growthormaturetreesgreaterthan 76

centimeters(30 inches)diameteratbreastheight in California,Oregon,

Washington,British Columbia,andAlaska;(2) strandeddownyyoung and

fledglingshavebeenfoundon thegroundin ornearold-growthormatureforests;

(3) marbledmurreletconcentrationsarefoundoffshorefrom old-growthand

matureforestsduringthenestingseason;and(4) numerousvisualandauditory

detectionsof marbledmurreletsflying havebeenmadein oradjacentto old-

growthandmatureforests(Marshall 1988).

Theaverageageof foreststandsfor asampleof 16 nestsin the PacificNorthwest

andBritish Columbiawascalculatedas522 years(Table2). Forthe61 treenests

found in NorthAmericawith availableinformation,all havebeenfoundin old-

growth ormatureforests(HamerandNelson 1995b).

Neststandsaretypically composedoflow elevationconifers,which include

Douglas-fir(Pseudotsugamenziesii),westernred cedar(Thujaplicata),Sitka
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spruce(Piceasitchensis),westernhemlock(Tsugaheterophylla),andcoastal

redwood(Sequoiasimpervirens)(Table2). Theaverageneststandsizewas206

hectares(509acres),with standsrangingin size from assmall as3 hectares(7

acres)to as largeas1,100hectares(2,718acres)(HamerandNelson1 995b). This

includesforests,generallycharacterizedby largetrees(80centimeters[32 inches]

orgreaterdiameterat breastheight),amultistoried stand,andamoderateto high

canopy closure. Nest stands in OregonandWashingtonarecharacterizedby

mediumto largediametertreeswith an averagesizeof47.7 centimeters (19

inches)diameteratbreastheight. In certainpartsoftherange(OregonCoast

Range),marbledmurreletsarealsoknownto usematureforestswith anold-

growthcomponentof largetrees(GrenierandNelson1995).

Theaveragedensityofall treesis 324 perhectare(131peracre); theaverage

densityof largertrees(greaterthan46 centimeters[18 inches]diameterat breast

height)is 93.8 perhectare(38per acre). Therearemultiple canopylayers(2—3)

and snags are present (Nelson etat 1994). For nest stands in the Pacific

Northwest,theaveragecanopyclosurewas49 percent,but theaveragecanopy

closuresfor standsin OregonandCaliforniaweremuchlower thanfor

Washington(HamerandNelson1 995b).

Miller andRalph(1995)comparedmarbledmurreletsurveydetectionratesamong

fourstandsizeclassesin California. Recordingarelatively consistenttrend,they

observedthat ahigherpercentageoflargestands(33.3percent)hadoccupied

detectionswhencomparedto smallerstands(19.8percent),while agreater

percentageof thesmalleststands(63.9percent)hadno presenceor occupancy

detectionswhencomparedto the largeststands(52.4percent)(Miller andRalph

1995). However,theseresultswerenot statisticallysignificant,andtheauthors

did notconcludethatmarbledmurreletspreferentiallyselectedorusedlarger

stands. The authors suggested the effects ofstandsizeon marbledmurrelet
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presenceandusemaybe maskedby otherfactorssuchasstandhistory and

proximity of astandto otherold-growthstands. Schiecketal. (1995)foundthat

marbled murreletpresenceandabundancewaspositivelycorrelatedwith old-

growthstandsizein British Columbia,but theirdatawere notstatistically

significant. Rodwayetal. (1993)recommendedcautionwheninterpreting

marbledmurreletdetectiondata,suchasthatusedby Miller andRalph(1995)and

Schiecket al. (1995),becausenumbersof detectionsat differentsitesmaybe

affectedby variationcausedby weather,visibility, andtemporalshifts in activity.

Nesttreecharacteristics.All nestsin Washington,Oregon,andCaliforniawere

locatedin old-growthormaturetreesthatweregreaterthan76 centimeters(30

inches)diameterat breastheight. Treesmusthavelargebranchesordeformities

for nestplatforms,includingdebrisplatformscreatedby mistletoeinfestations.

Someyounger-agedstands(65—150year-oldstands)on theTillamook State

Forestin Oregonappearto containnestingplatformscreatedby dwarfmistletoe

andcanopymoss,occurringonly in discretepatchesin theseyounger-agedstands.

Eggshellfragmentsandat leastsix old nestshavebeenlocatedin this typeof

stand(S.K. Nelson,pers.comm., 1996).

Themostcommontreespeciesusedfor nestsin thePacific Northwestand British

ColumbiawasDouglas-fir,followed by Alaskayellow cedar(Chamaecyparis

nooi*atensis),coastalredwood,westernhemlock,Sitkaspruce,westernredcedar

andmountainhemlock(Pseugamertensiana)(Table3). Douglas-firandwestern

hemlockweretheonly nesttreespeciesusedby marbledmurreletsin all three

statesandBritish Columbia(HamerandNelson1 995b,S.K.Nelson,pers.comm.,

1996). Californianestsiteshavebeenlocatedin standscontainingold-growth

redwood and Douglas-fir,while nestsitesin Oregonand Washingtonhavebeen

locatedin standsdominatedby Douglas-fir,westernhemlock,andSitkaspruce.
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Theaveragenesttreediameterwas161 centimeters(63 inches)for those

measuredin the Pacific NorthwestandBritish Columbia. Thesmallestdiameter

nesttreewaslocatedin British Columbia,with adiameterat breastheightof60

centimeters(24 inches)(Table3).

Theconditionof nesttreesvaried,with 77 percentconsideredalive/healthyand23

percentasdeclining. No nestswerereportedin snags(HamerandNelson1 995b,

S.K. Nelson,pers.comm., 1997).

Thediameterofnestbranches,measuredatthetreetrunk, averaged29

centimeters(11 inches)andrangedfrom 10 to 63 centimeters(4 to 25 inches).
Thereappearedto be little variability amongstateswith respectto this parameter

(Table3). Nestbranchlengthaveraged4.3 meters(14 feet)andrangedfrom 0.6

metersto 15 meters(2 to 49 feet)long.

Nestcharacteristics.Most nestshavebeenlocatedon largeor deformed

brancheswith mosscovering. However,a few nestshavebeenlocatedon smaller

branches,andsomenestsweresituatedon duff platformscomposedofconifer

needlesor sticksratherthanmoss. Nestsweretypically locatedin thetopthird of

thedominanttreecanopylayerandusuallyhaddenseoverheadprotection. Such

locationsallow easyaccessto theexteriorof theforestandprovideshelterfrom

potentialpredators.

Nestplatformswerecreatedprimarily by largebranches.Limb structure(i.e.,

wherea secondarylimb branchedoffofaprimary limb), alsocreatedplatforms.

Casesof dwarfmistletoe-infectedlimbs, largesecondarylimbs, natural

depressionson alargelimb, andold stick nestsalsowere recordedasforming

platforms(HamerandNelson1995b).
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Nestsarenotbuilt, andtheeggsarelaid in asmall depressionor cup madein

mossor otherdebrisona limb. Nestcupswerelocatedan averageof 63

centimeters(25 inches)from thetreetrunk, and80 percentwere locatedwithin 1

meterof thetreetrunk. For 113 nestsfoundinNorthAmerica,mossformed49

percentof thesubstrate,mossmixedwith lichenor litter formed36 percentofthe

nests,andlitter 15 percent,in additionto theunderlyingbarkofthenestbranch

itself. Theaveragemossdepthat thenestcup was4.2 centimeters(1.6 inches).

In almostall cases,canopyclosuredirectlyabovethenestwashigh,averaging80

percent. Eighty-onepercentofall nestsin thePacific NorthwestandBritish

Columbiahadgreaterthanor equalto 75 percentoverheadcover(Hamerand

Nelson 1995b,S.K. Nelson,pers.comm., 1997).

G. Reasonsfor Declineand Current Threats

Themarbledmurreletpopulationmaydeclineuntil thepopulationeventually

reachesanequilibriumwith theamountandquality ofnestinghabitatavailable,or

is extirpatedin thethree-statearea. Theweightof evidenceindicatesthatthe

majorfactorsin marbledmurreletdeclinefrom historicallevels in theearly 1800’s

(or earlier)are(1) lossof nestinghabitatand(2) poorreproductivesuccessin the

habitatthatdoesremain.

LossofNestingHabitat

Theprincipal factorconsideredto affectthemarbledmurreletthroughoutthe

southernportionof its range(from British Columbiasouthto California) is the
lossofnestinghabitat(older forests)(U.S. FishandWildlife Service1992a),

mainly from commercialtimberharvestandforest managementpractices.

Additional losseshaveoccurredfrom naturaldisturbancessuchaswindthrow,

bothnaturalandhuman-causedfire, anddevelopment.
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Thegeographicalareaofsuitablemarbledmurrelethabitatwasgreatlyreducedin

Washington,Oregon,andCaliforniaduring the 1 800sand 1 900s. Most suitable

nestinghabitat(old-growthandmatureforests)on privatelandswithin therange

of theWashington,Oregon,andCaliforniapopulationhasbeeneliminatedby

timberharvest(Green1985,Norse1988,Thomaset al. 1990). Remainingtracts

of potentiallysuitablehabitaton privatelandsthroughouttherangearesubjectto

continuingtimberharvestoperations.In mostareas,second-growthforestshave

beenor areplannedto be harvestedbeforetheywill attainthe characteristicsof

older forests. Thus,thishabitatlossis largely permanent,without considerable

changein managementactionsoverthenextcentury.

At thetimeof thefirst comprehensivesurveyof forestsin westernOregonand

Washingtonwasconductedin themid-1930’s(AndrewsandCowlitz 1940),old-

growthDouglas-fir, Sitkaspruce,and westernhemlockcovered459,700hectares

(1,136,000acres)in theOregonCoastRange,and 1,314,700hectares(3,248,500

acres)on theOlympic PeninsulaandthePugetSoundregionofWashington

(generallywithin 100kilometers(60 miles) of PugetSound). Harvestof older

foresthasnotbeenevenlydistributedoverwesternOregon,Washingtonand

northwesternCalifornia. Theearliestloggingwasconcentratedat lower

elevationsandtheCoastRanges(Thomasetal. 1990),generallyequatingwith the

range of the marbled murrelet and in regions generallyconsideredto be the

highest quality marbled murrelet habitat.

Washington.Old-growthharvestcontinuedatahigh rateafterthe 1930’ssurvey,

especiallyon privatelands,but increasinglyon public landsaswell. Two billion

boardfeet,two-thirdsof whichwasold-growth(Wall 1972),wereharvestedfrom

privatelandsin westernWashingtonin 1958;by 1970,annualharvestfrom

privatelandshadnearlydoubledto 3.8 billion boardfeet,80 percentofwhichwas

old-growth. Harvestfrom public landsin westernWashingtonacceleratedfrom
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about0.5 billion boardfeetin 1949 to 2 billion boardfeetin 1970. Most or all of

this harvestwasprobablyold-growth,althoughspecificdataare notavailable.

The establishment of Olympic National Park was fundamental to preserving

additional old-growth forest on the Olympic Peninsula that has otherwise been

heavilyharvested.

Oregon. Historic old-growthwaslessextensivethan in westernWashingtondue

to largewildfires, manyhuman-caused,which burnedin theOregonCoastRange

in themid-1800sandearly 1900s. Teensmaet al. (1991) estimated that 200-year

and olderstandscomposedfrom 40 percentto 50 percentofCoastRangeforests

between1850and 1920anddeclinedto 20 percentin 1940following largefires in

theTillamookarea.

Prior to logging, 800,000to 1,200,000hectares(2 to 3 million acres)of suitable

marbledmurrelethabitatexistedin theOregonCoastRange. Thismaybe

comparedto thecurrentestimateof 200,000hectares(500,000acres)of

medium/largeconiferidentifiedon Federallandsin theCoastRangeby theForest

EcosystemManagementAssessmentTeam(FEMAT) (U.S. Departmentof

Agricultureet al. 1993). Exceptfor an uncertainamountof habitaton the

Tillamook andElliott StateForestsandsomeotherStatelands,alongwith a

limited amount on private lands, virtually all remainingpotentialhabitatin the

Coast Range is on Federal lands.

California. A largeproportionofforestswithin thenestingradiusofthe coastare

privatelyownedandhavebeenintensivelymanaged.Loggingbeganin central

California in theearly 1800’sandexpandedthroughoutnorthernCalifornia in the

1850’sand 1860’s. By theearly 1900’s,certainareashad beenlargely loggedof

old-growth forests, especially on the Monterey Peninsula, northern Monterey Bay,

Berkeley Hills and parts of southern MannCounty. Thishabitatlossbeganthe

45



MarbledMurrelet RecoveryPlan September1997

isolationof thecentralCaliforniamarbledmurreletpopulationfrom the

populationsin northernCalifornia. Loggingproceededin theforestsof Sonoma

andMendocinocountiesthroughoutthe20thcentury,suchthatalmostall old-

growthforesthadbeenlost in thisregionby themid to late 1900’s.

In northernand remainingpartsofcentralCalifornia,severalparksweresetaside,

starting with Big BasinStateParkin 1902. Most parksweredesignatedbetween

1920and 1950andabout4—5 percentofold-growthredwoodforesthadbeen

preservedin parksby 1978whenlessthan 15 percentoftheoriginal 770,000

hectares(1.9million acres)ofold-growthredwoodremained(Green1985). Most

otherremainingold-growthforest(morethan80 percent)wason privatelands

andin parksin HumboldtandDel Norte counties.

Otherimpactsto nestinghabitat. Reductionofolder forestsis attributable

largely to timberharvestingandlandconversionpractices,althoughforest fires

andwindthrowhavecausedconsiderablelossesaswell. Someold-growthareas

subjectedto forestfires andwindthrowstill providehabitatsuitablefor marbled

murrelets. Matureforeststhat naturallyregeneratedfrom suchperturbations

retainscatteredold-growthandmaturetrees,a diversity of structureandcanbe

usedfor nesting. This is particularlytruein coastalOregon,wheretherehasbeen

extensivefire history. However,with oneexception,no occupiedsiteshavebeen

locatedin youngstands,clear-cutsoryoung/maturemixed forestsin Oregonthat

lack remnantold-growthor maturetrees(S.K. Nelson,pers.comm.).

It is notknownif thesemature/old-growthstandsnow supportasmanymarbled

murreletsasthehistoric old-growthareas,orwhetherreproductivesuccessof

birds using thesestandsis nowlower, asindicatedby low productivityatsea.

Someactivity hasbeenrecordedin residualold-growth standsin California,but

thesestandswere immediatelyadjacentto largeold-growthstands. Nestinghas
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beendocumentedin residualstandsin Californiabut it is likely thatthishabitatis

not usedasextensivelyasold-growthforestsby marbledmurrelets. Mature

second-growthforeststandsdo not appearto supportbreedingwhentheyare

isolatedfrom older forestor residual(fragmented)older foreststands(Larsen

1991). While marbledmurreletsoccasionallymaynestin unusualhabitats,there

is an overwhelming body of evidence that nesting in Washington, Oregon,and

Californiadoesnotoccurto any significantdegreeotherthanin older forestsand

adjacentor nearbyresidualstands.

Poor Reproductive Successand Predation

Alcids typically choosenestingareasthat arerelatively freefrom predation.

HamerandNelson(1995b)suggestthatpredationon marbledmurreletnestsis

relativelyhigh comparedto typical conditionsexperiencedby otheralcidsand

temperate forest-nesting birds (Desanto and Nelson 1995). The few noted

exceptions include alcid colonies with introduced or high numbers of predators

(Murray etal. 1983) andsomespeciesof sub-canopyandcanopy-nesting

neotropicalmigrants(Martin 1992). Predationat alcidcoloniesby introduced

mammalianpredatorsoften leadsto colonyextirpation(Bailey 1993)or reduction

ofthesizeof thenestingcolonyto areasinaccessibleto thepredators. Compared

to mostotheralcids,marbledmurreletsarebelievedto behighly vulnerableto

nestpredationdueto theuseoftheforestenvironmentduring thenestingseason.

Greatchangeshaveoccurredin the forestedlandscapeof thePacific Northwest

overthe pastcentury,including lossof late-successionalforests,habitat

fragmentation,andincreasedamountsof edge(Harris 1984,Morrison 1988,

Hansenei at 1991). Somespeciesof avianpredatorsappearto be ableto adjust

to thesehabitatchanges(MarzluffandBalda1992),while otherbirdslike the

marbledmurrelet,appearto be lessableto adjustto themodificationof thenative
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forest landscape.Becausepredationcanbe amajorfactoraffectingcertain

nestingsuccessin birds (Ricklefs1969),thecombinationofhabitatmodification

andadaptationsof predatorsto thesemodificationsmaybe havinga tremendous

impacton theoverallfitnessof marbledmurreletsandotherforestwildlife.

HabitatFragmentationand Edge Effect. Thepotentialrelationshipbetween

forestfragmentation,edge,andadverseeffectson forestnestingbirds hasreceived

increasedattentionduring thelast few decades.Among all PacificNorthwest

birds, themarbledmurreletis consideredto be one of themostsensitiveto forest

fragmentation(HansenandUrban1992).

Edgehabitatshavebeenwell-demonstratedto differ from corehabitatsin several

ecologicalsystems.In a comprehensivereview,Paton(1994)concludedthat

“strongevidenceexiststhat aviannestsuccessdeclinesnearedges.” Ratti and

Reese(1988)did not find theedgerelationship documented by Rudnicky and

Hunter(1993),VanderHaegenandDeGraaf(in press),andothers(seePaton

1994). However,Ratti andReese(1988)did observelowerratesof predationnear

“featherededges”comparedto “abrupt” edges(e.g., clearcutor field edges),and

suggestedthat thevegetativecomplexityof thefeatherededgemaybettersimulate

naturaledgeconditionsthando abruptedges.Theseauthorsalsoconcludedthat

theirobservationswereconsistentwith Gatesand Gysel’s(1978)hypothesisthat

birdsarepoorly adaptedto predatorpressurenearabruptartificial edgezones.

Edgeeffectshavebeenimplicatedin increasedforest bird nestpredationratesfor

otherspeciesofbirds (ChaskoandGates1982,YahnerandScott 1988). Wilcove

(1985)speculatedthat relativelysmall increasesin nestpredationcombinedwith

otherimpactsof habitatfragmentation,suchaslossofhabitatheterogeneityand

dispersalcorridorsbetweenforestpatches,couldcauselocal extinctionsofforest

bird species.
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Smallpatchesofhabitathaveagreaterproportionof edgethando largepatchesof

thesameshape(Schiecket al. 1995). However,Paton(1994)notedthatmanyof

thesestudiesinvolved landswhereforestsandagriculturalor urbanareas

interface,orthey involved experimentswith groundneststhat arenot readily

applicableto canopynesterssuchasmarbledmurrelets. Paton(1994)therefore

stressedtheneedfor studiesspecificto forestsfragmentedby timberharvestin the

PacificNorthwestandelsewhere.

Therelationshipbetweenforest fragmentation,predation,andmarbledmurrelet

nestingsuccesshasnotbeenspecificallydemonstratedthroughanintensivestudy.

However,it hasbeenhypothesizedthat loggingactivitiesincreasethe

susceptibilityof marbledmurreletneststo predation,becauseofincreasededge

andfragmentationcreatedby clear-cutharvestandselectiveharvestof stands.

NelsonandHamer(1995b) foundthat successfulmarbledmurreletstendedto nest

in largerstandsthandid unsuccessfulmarbledmurrelets,but theseresultswere

not statisticallysignificant. VanderHaegenandDeGraaf(in press)foundthat

nestsin shrubslessthan75 meters(246feet)from an edgewerethreetimesas

likely to be depredatedasnestsgreaterthan75 meters(246feet)from an edge.

Likewise,RudnickyandHunter(1993)foundthat shrubnestson theforestedge

weredepredatedalmosttwiceasmuchasshrubnestslocatedin theforestinterior.

Theyalso observedthat shrubnestsweretakenprimarily by avianpredatorssuch

ascrowsandjays,which is consistentwith thepredatorsbelievedto be impacting

marbledmurrelets. Groundnestsweretakenby largemammalssuchasraccoons

andskunks. NelsonandHamer(1995b),in theonly direct measureofmarbled

murreletreproductivesuccess,foundthat successfulmarbledmurreletnestswere

significantly furtherfrom edgethanunsuccessfulnests,and coverdirectly around

thenestwassignificantly greaterat successfulnests(NelsonandHamer1 995b).
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Studiesof artificial andnaturalnestsconductedin PacificNorthwestforestsalso

indicatethatpredationofforestbird nestsmaybe affectedby habitat

fragmentation,forestmanagement,andlanddevelopment(Hansenetal. 1991;

Vega1993;Bryant 1994; C. Chambers,pers.comm., 1994;NelsonandHamer

1995b;Marzluffei’ al. 1996). Marzluffetal. (1996)areconductingtheonly

experimentalpredationstudy that usessimulatedmarbledmurreletnests,andthey

havedocumentedpredationofartificial marbledmurreletnestsby birds and

arborealmammals.Preliminaryresultsindicatethatproximity to humanactivity

andlandscapecontiguitymayinteractto determinerateofpredation. Interior

forest nests in contiguous stands far from human activity appear to experience the

leastpredation(Marzluffet al. 1996).

Althoughongoingresearchshouldshedmorelight on thespecific factorsthat

affect marbledmurreletnestpredationandstandsizepreferences,thebest

availableinformationstronglysuggeststhat marbledmurreletreproductive

successmaybe adverselyaffectedby forestfragmentationassociatedwith certain

landmanagementpractices. Basedon this information,the maintenanceand

developmentofsuitablehabitatin relatively largecontiguousblocks asdescribed

in thisplan is expectedto contributeto therecoveryof themarbledmurrelet.

Theseblocksofhabitatshould containthestructuralfeaturesandspatial

heterogeneitynaturallyfoundatthe landscapelevel, thestandlevel, andthe

individual treelevel in PacificNorthwestforestecosystems(Hansenet’ al. 1991,

Hansenand Urban1992, Ripple 1994, Bunnell 1995,Raphaelet al. 1995, Schieck

etal. 1995).

Adaptationsto predation.Marbledmurreletshavelittle defenseagainst

predatorsat theirnestsotherthantheability ofadultsandnestlingsto remain

hiddenon thenest,andtheability of adultsto accessand departfrom thenest

withoutbeingdetectedby visualpredators.Theyhaveevolvedavarietyof
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morphologicalandbehavioralcharacteristicsindicativeof selectionpressures

from predation(CarterandStein1995,NelsonandHamer1995a,Ralphet al.

1995a). A fewofthesecharacteristicsincludecryptic colorationofplumageand

eggshells,adultsflying to andfrom nestsby indirect routesand concentratingtheir

activitiesduringcrepuscularperiodswhenlight levelsarelow, low motionless

postureofincubatingadults,chicksretentionoftheircrypticdownplumageuntil

just prior to fledging,youngfledgingjust afterdusk,andselectionof nestsites

with highverticalandhorizontalcover(NelsonandHamer1995a). Thesolitary

nestinghabitatofthemarbledmurreletandselectionof newnestsites from year

to yearmayalsobeadaptationsto reducepredation.

Nestpredation.Thepotentialcombinedeffectsof increasednestvulnerability

andincreasedpredatorpopulationscouldbe havingagreatimpacton nest

success.From 1974through1993,ofthosemarbledmurreletnestsin

Washington,Oregon,andCaliforniawheresuccess/failurewasdocumented,

approximately64 percentofthenestsfailed. Of thosenests,57 percentfaileddue

to predation(Table4). Corvids(ravens,crows,andjays)aresuspectedto have

causedthemajority of knownnestfailures.

Potentialnestpredatorsincludethecommonraven(Corvuscorax), Steller’sjay

(Cyanocittastelleri),Americancrow (Corvusbrachyrhynchos),grayjay

(Perisoreuscanadensis),greathornedowl (Bubovirginianus),sharp-shinned

hawk, Cooper’shawk (Accipitercooperii),northerngoshawk,commonraccoon

(Procyonlotor), Americanmarten(Martesamericana),Townsendchipmunk

(Eutamiastownsendii),northernflying squirrel(Glaucomyssabrinus),Douglas

squirrel (Tamiasciurusdouglasii),andfisher(Martespennanti)(Marzluffet a!.

1996). Ravens,Steller’sjays,andpossiblygreathornedowls areknownpredators

of eggsor chicks (NelsonandHamer1995b).
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Table4. MarbledMurrelet treenestsby stateor province,site, year,and outcome(from Nelsonand I-lamer I 995b).

Stateor Province
Nestsite/yearfound

Nest Outcome
Reasonfor Failure’ Predator2Successful Failed Unkno~~n

Washington
Lake22/1991

Jimmycomelately/199v
Heartof Hills/199l~
Olympic/1991A
Nemah/1993b

-
-
-

-

-

-

-

I

I

I

I

Chickfell out

Oregon
FiveRivers/i990C
Valley of Giants/1990c
Five Rivers/1991c
Valley of Giants/t99V
CapeCreek!199V
Siuslaxv41/1991c
Siuslaw#2/1991C
BoulderVarnike/1992c
Valley of Giants/1992c
CopperIron/1992c
Valley of Giants/1993d
GreenMountain/1993d
Five Rivers/i

993d
Five Mile Flume/i993d

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
-
-
-
-
-
-
-
-
-
-
-
-
-

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Chick fell out
Predationof chick

Predationof eec
Predationof egg

Predationof chick
?Predationof chick

Predationof egg

?GreatHornedOwl

?CommonRaven
‘?CornmonRaven

?Steller’sJay

?CommouRaven

‘C
‘C



State or Province
Nest site/year found

Nest Outcome
Reason for Failure PredatorSuccessful Failed Unknown

California
‘‘J’’ Camp/I 974~
Waddell Creek/i 989r
Opal Creek/i 989r

Palco/1992h
Prairie Cr. SP/i993~
Jedediab Smith SP/93’

-

-

-

-

-

-

1
1
1

1
1

1

-

-

-

-

-

-

Chickfell out
Predationof chick
PredationoFeec

Chick died
Unknown
Unknown

Stellers Jay
CommonRavert

British Columbia
Walbran/1990/1991
Carmanah/1992’
Walbran/1992

1
Clayoquot/i993k
Carnlanah/1993k
Caren/I 993’

I

I

I

I

-

-

-

-

-

I

I

I

1/ ?Predation= predationknownor suspectedbasedon availableevidence.
2/ ?Predator= suspectedpredator;speciesseenin vicinity of nest.
a/ Hamer,unpublisheddata

b/ Ritchie, pers.comm
c/ Nelson,unpublished(lata; Nelsonand Peck 1995
d/ Nelson,unpublisheddata
e/ Binford et al. 1975

f/Singer et al. 1991
g’ Singeretal. 1995

h/ Kerns, l~21~. comm.

i/ Manley andKelson 1995

j/ Jordanand I-Inches 1995
k/ Hughes,pers.comm.

1/ P. Jones,pers.comm.

0

0

‘C
‘C
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Increasedhumanactivitiesin forests,suchaspicnic grounds,canattractcorvids

and thus increasethechancesofpredation(Singereta!. 1991,MarzluffandBalda

1992). More importantly, theseactivitiescanincreasesurvivalof corvidsand

resultin potentiallyhigherpopulationsof corvids. Suchactivitiesmayalsoresult

in directhabitatmodification(Binford et a!. 1975).

Possibleexplanationsfor highpredationratesinclude (1) thehighpredationrates

arenormal,although~tis unlikely that a stablepopulationcouldhavebeen

maintainedunderthepredationratespresentlybeingobserved(AppendixB,

Beissinger1995a);(2) populationsofmarbledmurreletpredators,suchascorvids

andgreathornedowls,areincreasingin thewesternUnitedStates,largely in

responseto habitatchangesandfoodsourcesprovidedby humans(Robbinsei’ a!.

1986;RosenbergandRaphael1986;Johnson1993;Marzluffeta!. 1994, 1996;

NationalBiological Service1996);(3) creationofexcessiveforestedgehabitat

mayincreasethevulnerabilityofmarbledmurreletneststo predationand

ultimately leadto higherratesofpredation;and (4) therelativelyhigh predation

rateobservedfor marbledmurreletsmaybe affectedby samplingbias.Nestsnear

forestedgesmaybe moreeasilylocatedby observers,andmoresusceptibleto

predationbecauseobserversmayattractpredators.NelsonandHamer(1995b)

believedthatresearchershadminimal impactson predationin mostcasesbecause

thenestsweremonitoredfrom adistance,weremonitoredrelatively infrequently,

andprecautionswereimplementedto minimize predatorattraction.

Low productivity. Recentat-seasurveywork alsoindicatesthat current

populationsof marbledmurreletsareexperiencingextremelylow productivityand

estimatedrecruitment(AppendixB). Lowproductivity likely reflectspoor

breedingsuccessatnests,althoughto a lesserextentit couldalso reflectthe

developmentofa largerthannormalnonbreedingadult segmentofthepopulation.

In otherwords,aportionofthe marbledmurreletpopulationcurrentlyobserved
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on theoceanmaybe nonbreedingor unsuccessfullybreedingadultsthat do not

contributeto thespecies’reproductionbecausereproductionis delayeduntil at

leasttheirsecondyear. Mostprobablydo not lay eggsuntil theyare3 yearsold or

older.

Low productivityhasimportantbiological implicationsbecauseit leadsto low

recruitmentthat eventuallyresultsin populationdeclines.Thus,reduced

productivity andrecruitmentarestrongindicatorsofthepoorconditionofthis

species,andprovideadditionalconcernbeyondobservedorexpectedpopulation

declinesfor the long-termviability of populations.

Adult mortality. Adult predation hasbeendocumentedto occurin marineand

terrestrialenvironments.Marbledmurreletadultshavebeenobservedto be

preyeduponby peregrinefalcons(Falcoperegrinus)andremainsofmarbled

murreletshavebeenobservedin peregrineeyries(Campbelleta!. 1978). Adults

havealsobeenobservedto bekilled by sharp-shinnedhawks(Accipiterstriatus)

(MarksandNaslund1994)andnortherngoshawks(Accipitergentilis) (N.

Naslund,pers.comm.). Peregrinefalconsandcommonravenshavebeen

observedto chasemarbledmurreletsjustaboveandwithin theforestcanopy

(NelsonandHamer1995).

In addition,adultmortality in theterrestrialenvironmenthasbeendocumentedto

occurfrom interactionswith vehicles(Sprot 1928;Balmer1935; S.K. Nelson,

pers.comm., 1996)andpowerlines(Young1931; S.K. Nelson,pers.comm.,

1996). Althoughadultmortality is difficult to documentin theterrestrial

environmentbecauseof thesecretivenatureofthespecies,if thismortality is

high, it couldhavea significantaffectonpopulationviability.
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NetMortality

Mortality of seabirdsin nearshorenet fisheriescanhaveseriousimpactsto local

seabirdpopulations,especiallyfor alcids(CarterandSealy 1984,Piatteta!. 1984,

Atkins andHeneman1987, JonesandDeGange1988,Takekawaeta!. 1990,

DeGangeeta!. 1993). Therehavebeenestimatesof hundredsto thousandsof

marbledmurreletskilled annuallyin gill netsin British ColumbiaandAlaska

(CarterandSealy1984; SealyandCarter1984; Wynneatal. 1991, 1992;

Mendenhall1992; DeGangeeta!. 1993; Cartereta!. 1995a).

Largenearshorenet fisherieshaveoccurredin fourmainareasin thePacific

Northwest:(1) PugetSound,(2) ColumbiaRiver area,(3) centralCalifornia,and

(4) southernCalifornia(Figure 5). TheColumbiaRiver net fisheriesactually

occurin theriver andawayfrom wheremarbledmurreletshavebeenobservedin

recentyears. A morein-depthsummaryand discussionofnet fisheriesand

marbledmurreletsis foundin Cartereta!. (1995a)andis summarizedfor

Washington,Oregon,andCaliforniabelow.

Washington. Largegill-netandpurseseinefisherieshaveexistedin PugetSound

andtheColumbiaRiver areasinceat leastthe 1 940s,but fishingeffort in manyof

thesefisherieshasbeenreducedin recentyearsbecauseof declinesin salmon

stocks.Althoughtheactualnumberofknownmortalitiesof marbledmurrelets

from net fisheriesis relativelylow anddataareavailablefrom somefisheries,it is

notyet possibleto accuratelydeterminetheextentofmortality of net fishingon

marbledmurreletsin Washingtonwith theavailabledata(Carteret a!. 1995a).

PugetSoundmarbledmurreletpopulationshaveshownthehighestjuvenile:adult

ratios(or levelsof productivity) in thePacificNorthwest,soany impactsfrom net

fisheries,evenat modestlevels,canhaveimportanteffectson thismarbled
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Puget Sound

Columbia River

San Francisco (~)
Monterey Bay

(~)

South - Central
California

Figure 5. Locationsof gill-net fisheriesalong thecoastsof California,Oregon
and Washington.Numbersrefer to fishing areasreferredto in Cartereta!.
(1995a). In centraland southernCalifornia,numbers3,4, 5, and6 referto
murreletpopulation. Theeffectsof mortality appearto beadditiveandresultin
greaterratesofpopulationdeclinethansimply thenumberofbirds removedfrom
CaliforniaDepartmentof FishandGamefishing districtsD1O, D17,D18,and
D19/20,respectively.(Figuretakenfrom Cartereta!. 1995a).
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the population(Beissinger1 995b). It is also likely thatbirdskilled in the late-

breedingandnonbreedingseasonsincludesomewinteringbirdsfrom British

Columbia(Rodwayet a!. 1992,Speicheta!. 1992).

SpeichandWahl(1989)reportedthat marbledmurrelets,alongwith other

seabirds,werekilled asbycatchin certainfisheriesin Washington,basedon

reportsby local fishermen(S.M. Speich,pers.comm.; T.R. Wahi,pers.comm.).

Thebestestimateofmarbledmurreletentanglementwasderivedfrom the 1994

observerprogramin the northPugetSoundsockeyesalmonfishery. Basedon

one observedentanglement,an estimateof 15 marbledmurreletsentangled/season

(range(2—59) wasderived(Pierceet a!. 1996). However,thedistributionof

fishing effort in 1994 in this fishery mayhavereducedmurrelet/fisheriesconflicts

(J. Grettenberger,pers.comm.). An estimateof 12 marbledmurreletsentangled

in 1993wasalso madefor theMakahTribe setgill-net fishery,basedon an

observerprogram(U.S. FishandWildlife Service1994b). No marbledmurrelet

entanglementswerereportedfrom the 1994chumfisheriesobserverprogram

(Erstadet al. 1996). It is likely that netmortality hashadandstill mayhave

substantialimpactson Washingtonmarbledmurreletpopulations,especiallyin

PugetSound.

In 1995,specificmeasures,suchasclosureofareasofknownmarbledmurrelet

concentrations,wereimplementedto reducemarbledmurreletmortality. Surveys

to evaluatemurrelet/fisheriesoverlap(Courtneyeta!. 1996),andtestingof

modified gill netsandpingers(Melvin andConquest1996)that mayhelpreduce

mortality arealso beingpursued.Severalgillnet/seabirdregulationswererecently

adoptedby theFishandWildlife Commission,including removingsectionsof

floatsalongcorklinesfor purseseines,usingmodifiedgearin 1998 in Areas7/7A,

closinggillnet fishing for mostofthenight andduringmorningchangeof light,

andthego-aheadto studyseabirdhookingandmortality in thesportfishery (J.

Grettenberger,pers.comm. 1997).
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Oregon. Gill-net fishinghasbeenprohibitedin estuaries,baysandalongthe

outercoastofOregonsince1942(Nelsoneta!. 1992). No net-causedmortalities

ofmarbledmurreletsareknownin Oregon.

California. Nearshoregill andtrammelnet fisherieshaveexistedin centraland

southernCaliforniasincetheearly 1900’sbut increaseddramaticallyin sizeduring

the 1970’sand 1980’s(Takekawaeta!. 1990,Cartereta!. 1995a). Gill-net fishing

in northernCalifornia,northof PointReyes,Main County, is prohibited.

In centralCalifornia,between1979and1987,thousandsofseabirds(especially

commonmurres)werekilled in gill-net fisheriesandincludedmarbledmurrelets.

CarterandErickson(1988,1992; alsoseeSealyandCarter1984)summarizedthe

knownevidenceofmortality of marbledmurreletsfrom thesefisheriesthatwas

estimatedto havekilled hundredsof marbledmurrelets. Thismortalityhas

probablyhada seriousimpactin thepaston theverysmall centralCalifornia

population.Althougha fewbirds maystill be killed theredespitecurrent

regulations,therehasbeenno directevidenceofmortality since1986. No

marbledmurreletshavebeenreportedkilled in southernCalifornianet fisheries.

Oil Spill and Other Marine Pollution

Mortality andreducedbreedingsuccessofseabirdsdueto variousformsof marine

pollution arewell-known. Largeoil spills havekilled millions of seabirdsaround

theworldin this century,aswasrecentlywell-publicizedduringthe 1989Exxon

Valdezspill in Alaska(Piatt and Lensink1989,Piattet at 1990,Ford eta!. 1996).

Most marbledmurreletsareobservedat-seain nearshorewaterswithin 2.0

kilometers(1.2miles) ofthecoast,whichareimportantforaginggrounds.

Becauseoftheirextensiveuseof nearshorewaters,marbledmurreletsare

susceptibleto the impactsof oil spills andhavebeengivenone ofthehighestoil

spill vulnerability indexvaluesamongseabirds(King andSanger1979).
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Oil spill mortality. Oil pollution has beenhighlighted as a significant threat or

conservationproblemfor marbledmurreletsin southernAlaska,southernBritish

Columbia,WashingtonandCalifornia(King andSanger1979;Wahleta!. 1981,

SealyandCarter1984,CarterandErickson1988, 1992,Marshall 1988,Carter

andKuletz 1995). Largeoil spills resultperiodicallyfrom oil tankermishaps

(groundings,collisions,explosions,accidentalspillages),similarmishapsby other

largeocean-goingvessels,offshoreoil wells (well blow-outs,accidental

spillages),unloadingandloadingcargofrom onshoreand offshorefacilities, and

onshorefacility spills thatentertheocean. Small oil spillsoccurfrequentlyand

arechronicin manyareasdueto tankcleaningat sea,bilge pumping,seeps,etc.

All typesofboatsandmarinetransportationvesselsmaybe involved.

Betweenthe late 1800sand 1968,mediumandlargeoil spills occurredfrequently,

but wererarelydocumentedwith respectto seabirdmortality in California,

Oregon,andWashington.Fewreportsof marbledmurreletorotherseabird

mortality for this periodareavailable(Carterand Kuletz 1995; Manuwalet a!., in

prep.). Since1968,severallargeandmediumoil spillshaveoccurred(Figures6a

& 6b) for which seabirdmortality wasoftenestimated.Actualnumbersofoiled

marbledmurreletsthathavebeenrecoveredarefew.

Thethousandsof marbledmurreletskilled duringtheExxon Valdezspill (Piatt

andLensink 1989,Piattet a!. 1990,Fordeta!. 1996)haveincreasedconcerns

aboutthe impactsofoil pollution on the speciessince1989. The 1991 Tenyo

Maru spill off oftheOlympic Peninsula,Washington,representsthe largest

recoveryof oiledmarbledmurreletsaftera spill, exceptfor theExxonValdezspill.

Approximately45 marbledmurreletcarcasseswererecoveredon thebeaches,and

it wasestimatedthat200—400birds hadprobablybeenkilled (CarterandKuletz

1995). This mortality representsasignificantproportionof the local breeding

population. A minimumof 11 marbledmurreletswereestimatedto havebeen

killed by theApexHoustonoil spill in centralCalifornia. Thismortality was
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1991 Teriyo Maru

1988 Nestucca

1983 Blue Magpie
(Yaquina Bay)

Figure 6a. West coastoil spills (1969—1992) in OregonandWashington.The
approximatelocationsoflargeandmediumoil spills whereseabirdmortalitywas
assessedareindicated(CarterandKuletz 1995).

1985Arco Anchorage

~-----~ l97lAnacortes

~-1991
Texaco AnacoI~s
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Figure 6b. West coastoil spills (1969—1992)in California. The approximate
locationsof largeandmediumoil spillswhereseabirdmortality wasassessedare
indicated(from CarterandKuletz 1995).

1971

1984 Puerto

1986
Apex Houston

1969 Santa Barbara

1990 American Trade
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consideredto be significantto thesmall breedingpopulationin this area(Carter

andKuletz1995).

In additionto largeandmediumoil spills, chronicoil pollution (e.g.,small oil

spills, bilge dumping,seeps,etc.)hasoccurredin coastalareasthroughoutthis

century. Therearesporadicreportsofoiledmarbledmurreletsseparatefrom

knownlargeandmediumspills, especiallyin California(Carterand Erickson

1992).

Other marine pollution. The other main sourcesofmarine pollution in

California,OregonandWashingtonthatmayaffect seabirdsarechlorinated

hydrocarboncontaminantsandchemicaldumping,includingeffluentfrom

onshoresourcesanddirectdumpingofchemicalsatsea(Fry 1995). Forexample,

DDE pollution in theSouthernCaliforniaBight wasresponsibleforpoor

reproductivesuccessand populationdeclinein brownpelicansanddouble-crested

cormorantsfor decades(Gresseta!. 1973,Andersonetat 1975). High levelsof

mercuryhavebeenrecordedin fish andfish-eatingbirds in British Columbia

(Fimreiteet a!. 1971); however,therehavebeenno recordedmercuryproblems

with marbledmurrelets. Eightmarbledmurreletsrecoveredfrom gill-net fisheries

in PugetSoundwereanalyzedfor contaminants,andall lookedto be within

normalrangesfor seabirdsfrom cleanenvironments(J. Grettenberger,pers

comm., 1997).Theeffectsofothermarinepollution on marbledmurreletshave

notbeenfully investigated.

Threats to Pacific Northwest marbled murrelet populations. The threat of
varioustypesof marinepollution to marbledmurreletpopulationsvariesamong

differentareasofCalifornia,OregonandWashington,basedon thelocationsof

coastaloil facilities, tankerandothershippingroutes,industrial developmentand

otherurbanorcoastaldevelopments.Marbledmurreletpopulationsnearcoastal

locationswith onshoreoil facilities, offshoreoil facilities,tankerports,andlarge
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industrialdevelopmentsaremostthreatenedwith marinepollution. Mediumor

smalloil spills from tankersandothertraffic thatpassby coastalareasfar out to

seaarelikely to havelessimpactonmarbledmurrelets.

Four importantmarbledmurreletpopulationsfacethegreatestthreats(Carterand

Kuletz 1995)(Figure7):

(1) PugetSoundcontainsoneofthemoreconcentratedmarbledmurrelet

populationsin thethree-stateregion. Thispopulationis threatenedwith ahigh

probabilityof largeoil spills andsignificantchronicoil andothermarine

pollution. PugetSoundcontainsonshoreoil facilities, tankerportsreceiving

largenumbersoftankerandbargetripsannually,largeindustrial

developments,tankerandothershippingroutes,bypasstraffic into southern

BritishColumbia,andothercoastalandurbandevelopments.It has

experiencedseveraloil spillsandotherpollutioneventsthathaveimpacted

seabirds.

(2) Central Ca!(fornia containsa smalldisjunctpopulationofmarbled

murreletsat thesouthernedgeoftheirbreedingrange. Thispopulationis

threatenedwith ahigh probabilityof largeoil spills, andsignificantchronicoil

andothermarinepollution. SanFranciscoBayoccursjust northofthis area

andis amajorlocationfor onshoreoil facilities, industrialdevelopment,and

other coastaland urban developments.In particular, San FranciscoBay
receivesoneofthe largestnumberoftankertrips peryearofanyoil portalong

the westcoast(Figure 7). Much ofthis tanker and barge traffic passesclose
by coastswheremarbledmurreletsareconcentratedatsea,especiallyduring

the breeding season. In addition, small numbers ofmarbled murrelets killed in
oil spills in southernCalifornia may belongto thecentral California breeding
population. In the fi.iture, offshore oil developmentalsomay occuroff central
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To Alaska

Non - California
Offshore traffic
57 ttips
(45.036,350 bbls)

To Panama Canal
and South America

Figure7. Tankerandbargemovementsto majorportsalongthewestcoastfor
crudeoil andpetroleum.Major tankerlanesareindicatedin black. Areaswith
offshoreoil facilities in southernCaliforniaareindicatedby cross-hatching.
Californiadatarepresentmovementsandvolumetransportedin 1992(DNA
Associates1993). Datafor WashingtonandBritish Columbiarepresentaverage
traffic (DickensAssociatesLtd. 1990).

151 bbls)
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California. Oil depositsexiston theoutercontinentalshelfin this areabut

amoratoriumon leasingis currentlyin effect.

(3) ColumbiaRiverandGraysHarbor Area in southwesternWashington

containsa smallpopulationof marbledmurrelets. Lesstankerandbarge

traffic passesinto theselocationsthanintoPugetSoundor SanFranciscoBay,

but this areareceivesmuchoffshoretankertraffic relatedto PugetSoundand

southernBritish Columbia(Figure7). At thesouthendofthis area,

significantshippingtraffic alsopenetratesinlandthroughtheColumbiaRiver,

carryingmoderateamountsofoil andotherpollutants.

(4)NorthernCalifornia containsoneof the largestmarbledmurrelet

populationsin thethree-stateregion. HumboldtBay occurswithin this area

andreceivesamoderatenumberoftankertrips peryear(Figure7), andhas

someindustrialdevelopmentwithin the Bay. Futurespillsof any sizecould

haveagreatimpactonthis importantpopulation. In thefuture,offshoreoil

developmentmayoccuroff northernCalifornia. Oil depositsexiston the

outercontinentalshelfin thisareabut amoratoriumon leasingis currentlyin

effect.

In the last few decades,oil pollutionhashadconsiderableimpactsonmarbled

murreletpopulationsin PrinceWilliam Sound(Alaska),centralCalifornia,and

westernWashington.However,theseeffectshaveprobablybeenfelt only

sporadicallyby local populations.Whenoiling mortality is consideredasa

cumulativeeffect,with otherhumanactivitiesthataffect small declining

populationsofmarbledmurrelets,therelativeeffectsofoil pollutionbecome

greaterandrecoverybecomesmoredifficult, orperhapsimpossiblefor certain

areas(CarterandKuletz 1995).
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It is importantto recognizethatthe impactsofoil andothermarinepollution are

likely to increasein thefuture. To date,marbledmurreletpopulationsin the

PacificNorthwesthavebeensparedvery largeoil spills, suchastheExxonVa!dez

spill in Alaska. However,westcoastpopulationscurrentlyexistunderthe

constantthreatofsuchadisasterthatcouldeliminateorgreatlyreduceanentire

populationin shortorder. Evenwithout avery largespill, otherlarge,medium

andsmall spillswill occurandimpactpopulationsalthoughtheirexpected

frequencyofoccurrenceis difficult to predict.

PossibleChangesin Prey Abundanceand Distribution

Nestinghabitat,previouslydiscussed,andprey resourcesarethetwo mainfactors

thatcanregulateseabirdpopulations(Cairns1992). Threemain concernsabout

marbledmurreletprey resourcesinclude(1)well-publicizeddeclineshave

occurredrecentlyin thePacificNorthwestin someharvestedfish populationsdue

to over-fishingandhabitatchanges(e.g.,salmon[Oncorhynchus sp.],Pacific

Sardines),andcertainmarbledmurreletpreyspeciesarefishedcommerciallyin

someareas;(2) severeEl Niflo eventswerewell-documentedasaffecting

breedingsuccessandsurvivalof severalseabirdspeciesduringthe 1982—1984

and1992—1993El Niiio events,whichmayhaveaffectedmarbledmurrelet

survivalandreproduction;and(3) marinebiologistshaverecentlybetteridentified

long-term(multi-decadal)cyclesof warm andcoldwatersin theNorthPacific that

mayhaveaffectedmarbledmurreletprey populations.

In light of thesechangesin themarineenvironmentin general,somebiologists

havehypothesizedthat sufficientprey maynotbe availableto maintainmarbled

murreletsand otherseabirdpopulationsatpresentor historicallevelsandreduced

preymight causeor contributeto long-termreducedreproductivesuccessthrough

impactson body conditionandenergetics.Possiblechangesin preyresources
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wereconsideredby examiningavailableinformationon (1) marbledmurreletdiet,

(2) abundanceanddistributionofnearshoreprey resources,and(3)effectsof

long-termoceaniccyclesandEl Nub eventson marbledmurreletprey resources

andhabitats.

Marbled murrelet diet. Marbledmurreletsfeedonavarietyofsmall fish and

invertebrates.In thePacificNorthwest,themainfishprey identifiedin recent

yearsarePacific sandlance,Pacific herring,northernanchovy,andsmelts

(Osmeridae).Detailsof themarbledmurreletdietarediscussedaboveunder

“Life History/Ecology,MarbledMurrelet Diet andFoodResources.”

Preyabundanceand distribution. Little is knownaboutthestatusof knownor

potentialprey resourceson thewestcoastbecauseassessmentsof fishpopulations

over largeareasrequireextensivestudiesovermanyyears. Long-termandcurrent

studiesby theNationalMarineFisheriesService,CaliforniaDepartmentofFish

andGame,OregonDepartmentofFishandWildlife, andWashingtonDepartment

ofFishandWildlife arefocusedprimarily onharvestedspecies,includingPacific

sandlance,Pacificherring,Pacificsardines,and smelts.

In particular,thereapparentlyis no substantialsummarizedinformationon

changesin abundanceanddistributionofPacific sandlanceandsmeltson the

westcoast. Somelimited informationon therecentstatusofcertainharvestedor

previously-harvestedpreyspeciesis availableandsummarizedbelow:

Pacific sardines:Totalbiomasshasincreaseddramaticallybetween1983-1995off

thewestcoast. Sardineswerealmostabsentfrom this areain the 1 950sto 1 970s

although they wereharvestedin largenumbersasfar northassouthernBritish

Columbiain theearly 1990s. Little or no harvesthasoccurredin mostareassince

the 195Os. However,low level commercialharvesthasoccurredin southern
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Californiaduringrecentgrowth in sardinepopulations. Spawningfirst occurred

northofPointConceptionin 1991 andwasdocumentedasfar northasHalfMoon

Bayin centralCalifornia,in 1994(Derisoet a!., in press).Massivespawningwas

also documented even farthernorthoff themouthoftheColumbiaRiver,Oregon,

in 1994(Bentleyeta!. 1996).

Pacificherring:Spawningbiomassandspawningstockbiomassin central

California(SanFranciscoandTomalesBays)haveoscillatedor increased,but

therewasno consistentdownwardtrendfrom 1972-1994(CaliforniaDepartment

ofFishandGame1995). In 1995-1996,spawnbiomassreachedits highestlevel

since1981-1982(E.E.Burkett, pers.comm., 1996). In PugetSound,theoverall

spawningbiomassof PacificHerring hasremainedfairly stableoverthe lasttwo

decades(WashingtonDepartmentof FishandWildlife 1995). However,herring

spawningin theColumbiaRivermouthandpartsofPugetSoundprobablyhave

declined from historical levels dueto habitatchangesin theseestuaries(Burkett

1995,WashingtonDepartmentof Fishand Wildlife 1995). In certain

industrializedestuariesin PugetSound(e.g.,nearSeattleand Tacoma),eelgrass

bedshavebeenlost andcertainherringstocksin localareasprobablyareextinct

(D. Pantella,pers.comm., 1996).

Northernanchovy:Totalbiomassandspawningbiomassin centralCalifornia

experiencedapeakperiodfrom 1973 to 1976(Jacobseneta!. 1995). However,

total biomassandspawningbiomassbeforethispeak(1963—1972)andafterwards

(1977—1995)haveoscillatedbut, in general,haveremainedat lower levels. Total

biomassfor afew yearsin theearly 1990swassomewhatlower thanin the 1980s;

however,it beganincreasingin 1994—1995. In Oregon,theNationalMarine

FisheriesService(P.J.Bentley,pers.comm., 1996)recentlyrepeatedsurveysthat

had beenconductedin the 1970s(Richardson1981)ontheshelfsouth ofthe

mouthof theColumbiaRiver. Northernanchovywere foundin lower numbers
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andtheremainingcorepopulationhadre-locatedin asmallerareamuchcloserto

shorewithin 0.6—1.2kilometers(1—2 miles) of themouthsofWillapaBay and

Gray’sHarborin southwesternWashington.Previouswork in the 1970sin

Oregonhadbeenconductedduringthesamepeakperiodnotedin California.

Peakspawningbiomassoccurredin 1975—1976(Richardson1981). Thus, it is

likely thatcurrentprey levelsoffOregonaresimilar to pre-peaklevels,asfound

in California. In PugetSound,northernanchovyarefrequentlyfoundin fisheries

trawling,but no estimatesof theirbiomassor informationonchangesin

abundanceareavailable(D. Pantella,pers.comm.). Little orno harvestof

northernanchovyhasoccurredon thewestcoastsincethemid-1980s.

Pacific sandlanceand smelts:Recentefforts by theWashingtonDepartmentof

Fishand Wildlife havebeenfocusedon identifyingspawningbeachesthroughout

PugetSound. In 1989,fisheriesbiologistsfirst discoveredthatPacific sandlance

spawnon upperbeachareasalsousedby Surfsmelt (Hypomesuspretiosus)(D.

Pantella, pers. comm., 1996). Since then, spawning areas have been found

throughoutPugetSoundandWashingtoninnerwatersalthoughmanybeaches

havenotyet beensurveyed.During exploratorysurveys,Pacific sand lance and

Surf smelthavebeenfoundto be very abundantalthoughvariationmayoccuron a

short-term basis. Overallspawningbiomassestimatesarenotyet availableand

adultbiomasscannotbe determinedaccuratelyusingstandardtrawl sampling

techniques. Surf smelt appearto preferclosedbaysfor spawning areasasdo

Pacific herring,while Pacific sandlancewill usemoreopencoastlines.These

speciesarenowconsideredto be muchmoreabundantthanwasknown

previously,with biomassprobablyreachingthesameorderofmagnitudeas

Pacific herring (Washington Departmentof FishandWildlife 1995). Othersmelts

mayalso form prey for marbledmurreletsin PugetSound. For example,

anadromousstocksof longfin smelt (Spirinchusthaleichthys)andeulachon

(candlefish)(Thaleichthyspacflcus)occurin theNooksackRiverin northern
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Washingtonandin theFraserRiver in southernBritishColumbia,respectively

(Hart 1973,WashingtonDepartmentofFishandWildlife 1995). However, these

preyspeciesarenotaswidespreadin Washingtoninnerestuarinewatersasthe

SurfsmeltandPacificsandlance. To date,little harvestof thesespecieshave

occurredin Washington.Thereis apparentlyno informationon thestatusofthese

speciesin Californiaand Oregon.

Regardlessof whatcouldappearastrendsin certainareas,spawningbiomassfor

harvested species in sampledareasat seaoften is nota good indicatorofavailable

prey for seabirds over wide areas at sea or in nearshorewatersusedby marbled

murrelets. Many factorscandramaticallyaffectsurvival ofeggsandlarvaeand

thedistributionofjuvenile,subadultand adultfish beforetheybecomepotential

prey for seabirds (McGurk andWarburton1992,Butlereta!. 1993). In particular,

none of the available studies have directly examined the status of prey resources

in nearshoreareaswheremarbledmurreletsfeed. Most spawningareasare

disjunct from marbledmurreletfeedingareas.

With theexceptionofthePacific sardineandthenorthernanchovyin offshoreand

shelfwaters,thereareno clearindicationsthatmarbledmurreletprey resources

havechanged(i.e. increasedordecreased)overbroadareasof nearshorewatersin

central California, and inner Washington waters and current levels are not known

to bedifferent from historicalranges(A.D. MacCall, pers.comm.;D. Pantella,

pers. comm.). Local changesmayhaveoccurred,especiallydueto man’s

activities, that may have reducedoverallabundanceofcertainpreyspeciesin

localized areas (e.g., Pacific herring in parts of Puget Sound). However, such

reductionshavenotbeendocumentedto affectoverallprey abundanceand

availability for marbledmurreletsin nearshorefeedingareaswherethebirds are

opportunisticforagers,foragingoverlargeareasandswitchingbetweenprey

speciesasnecessary.
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Theconclusionreachedwasthat, atpresent,insufficientinformationexiststo

substantiatetheclaim thatoverall prey abundanceanddistributionhaschangedto

a degree that could hinder the maintenance of current marbled murrelet

populationsorpreventtheirrecoveryto higherlevels. In fact,marbledmurrelet

populationsize is sofar belowprojectedhistoricallevels(basedon estimated

historic and current nesting habitat) (e.g., Larsen 1991) that prey resources would

haveto be muchlower thantheirformerlevelsfor a changein preydensityto be

evident or operate to reduce prey availability to marbled murrelets. No evidence

is availablefor suchdrasticchangesin overall prey abundanceandavailability in

nearshorewaterswheremarbledmurreletsfeedin thePacific Northwest.

However,certainpreyspeciesmayhavechangedin offshoreandshelfwatersor

in certainlocal nearshoreareas,whichmayhaveaffectedmarbledmurreletsto

some, probably small, unknown degree.

Overfishing of prey resources. Without evidenceofdeclinesin prey resources
in nearshore feeding areas, without extensive fisheries on prey resources, and

withoutaknownnarrowfocusby marbledmurreletson key preyspecies,it is

difficult to imagine that overfishing may currentlyaffectmarbledmurreletprey

resourcesin thePacific Northwest. However,overfishinghascontributedto

changesin seabirdreproductionandsurvival in otherpartsoftheworld(e.g.,

Peru,NorthSea,easternCanada),especiallywhenfisheriesfocuson removing

key prey species orprovidingwasteor “offal” for scavengingspecies(seeseveral

summarypapersin Nettleshipeta!. 1984,Furness et a!. 1988).

Possiblepreychangesfor certainseabirdsmayhavereducedpopulationsat the

SouthFarallonIslandsasaresultofpastoverfishingofPacificsardinesin

California(Ainley andLewis 1974). However,thereis little informationonthe

extent that seabirds formerly fed on Pacific sardinesandmanyotherfactors

probably contributed to or causedobservedpopulationsizes.
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Recently,Ainley eta!. (1994, 1996)implicatedoverfishingimpactson winter

prey resourcesto explainpoorrecoveryofcertainspeciesof seabirdsat theSouth

FarallonIslandsandin Washingtonthathaddeclinedin numbersdueto gill-net

and oil-spill mortality and the effects of El Niflo (Ainley andBoekelheide1990,

Takekawa eta!. 1990,Wilson 1991). On the other hand, winter diet of most

seabirdsis poorly known,catchstatisticsdo not reflectprey abundanceor

availability, otherfactorscanexplainpoorrecovery,andrecentincreasesin

populationshaveindicatedthatlimited recoveryis now occurringfor certain

species(e.g.,commonmurres)attheSouthFarallonIslandsin centralCalifornia

(Manuwal et a!., in prep.; Sydeman et aL, in prep.).

Oneexampleofthewell-documentedpotentialeffectson seabirdsfrom

overfishing is known on the west coast. Nesting brown pelicans (Pelecanus

occidentalis)fed almostexclusivelyon northernanchovyin a localizedareanear

nesting colonies in the inner Southern California Bight in the 1 960s and 1 970s

(AndersonandGress1984,MacCall 1984). Both fishery catchandpelican

breedingsuccessweretied to theabundanceofnorthernanchoviesprior to the late

1 970s. Fish abundance subsequently dropped to lower levels and the fishery

became much reduced. Muchconcernwasexpressedaboutthepossibleeffectsof

thefishery on thedepressedpopulationof brownpelicans,which werein theearly

stagesofrecoveryfrom nearextinctiondueto DDT pollution. However,sincethe

late 1970s,thepelicanpopulationhasincreaseddramatically(Carteret a!. 1 995b,

Gress1995).

Fish scaledepositionstudiessummarizedin Burkett (1995)provideevidencethat

abundanceof coastalpelagicfish speciesvariedconsiderablybeforetheinception

of modernfisheries. Commercialfishinghas,however,probablyexacerbatedthe

naturalvariability in recentdecadesbecausereducedstocksize andlossof old

fish, which is an inescapableresultoffishing, increasethespeedandmagnitudeof
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population decreases during periods of poor reproduction (Anonymous 1993).

Natural variability linked with impacts from fishingactivity makeit difficult for

managersto predictfish abundanceandyields. Many factors,including

socioeconomicones,mustbeusedwhenmodelingfish populations,ecosystems,

andfishery impacts(Wilsoneta!. 1991).

Oceancycles. Declineofcertainalcids in partsofthewestcoastoverthe last few

decades[e.g.,commonmurre,Cassin’sauklet(Plychoramphusaleuticus),and

tufted puffin (Fraterculacirrhata)] canbeaccountedfor throughmortality at sea

(from fishing nets or oil pollution) or impacts at nesting areas, rather than prey

changes (Carter etat 1 995b). However, breeding success ofseveralseabird

speciesatthe SouthFarallonIslands(locatedin shelfwaters)hasbeenshownto

be tied to the availability of key prey species,especiallyshort-bellyrockfish

(Sebasteslordani)andnorthernanchovy(Ainley andBoekelheide1990; Ainley et

a!. 1993). Long-termdeclinesin these prey species due to oceanic cycles could

resultin lowerbreedingsuccessat this colony(Ainley eta!. 1994;W.J.Sydeman,

pers. comm.). However, several species, includingcommonmurres,havebeen

increasing slightly in recent years and birds may now be selecting other prey

resources(Manuwaleta!., in prep.;Sydemaneta!., in prep.;Ainley eta!. 1996).

Long-termcyclesof warmandcold wateryearsoverseveraldecadesareknownin

offshoreandshelfwatersin theNorthPacific Ocean(Beamish1995). These

cyclesmayhavecontributedto alternatingperiodsofabundanceandscarcityfor

northernanchovyandPacificsardines,a recurringpatternknownto occurover

severalcenturies(Baumgartneret a!. 1992,Holmgren-UrbaandBaumgartner

1993, Butler eta!. 1993).

Suchcycleshavenot beenshownto affect marbledmurreletprey in nearshore

waters, where many other factors contribute to sustaining prey populations over
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time. In particular,nearshorefeaturesappearto be moreimportantto many

marbledmurreletpreyspeciesthanbroad-scalewatertemperaturechangesin

offshoreandshelfwaters,especiallyin the innerwatersof WashingtonandBritish

Columbia(Carter1984; Burkett 1995;D. Pantella,pers.comm.). However,a

declinein theabundanceofnorthernanchovyin offshoreandshelfwatersmay

leadto adeclinein northernanchovyin nearshorewaters. Whetheror not

marbled murrelets feed on northernanchovyin a specific feedingareawill be

dependent on many factors and it is likely that if anchovyareless abundant then

marbledmurreletswill useotherprey species.

While watertemperaturechangesmayaffectplanktonandlowertrophiclevelsof

parts of the murrelet’ s marine food web, it alsois difficult to determinethetiming

and degree to which upper trophic levels may be affectedwith thepoorcurrent

stateofknowledge.In any case,marbledmurreletandotherseabirdpopulations

on the west coast have managed to survivethroughmanypastchangesin such

multi-decadecyclesby reproducingadequatelyto maintaintheirpopulationsover

large geographic areas. In fact,populationsof certainseabirdspeciesthat feedon

a variety of similar prey species areincreasingonthewestcoastoverthepast

severaldecadesdespiteamajorshift in oceancyclesin the late 1970s,especially

double-crestedcormorants(Phalacrocoraxauritus)andrhinocerosauklets

(Cerorhincamonocerata)(Carteret a! 1992, 1995 b,c; McChesney eta!. 1995).

In summary,it hasbeendeterminedthereis insufficientinformationto conclude

that significantdeclinesor increasesofmarbledmurreletpreyresourcesin

nearshorewatersoccurin responseto long-termoceancycles.

Regardlessofinsufficientdatato demonstratepossibleprey changesfor marbled

murrelets, distinctlong-termchangesin prey resourcesmayhaveoccurredin

localizedareas,whichmayhaveledto changesin the local at-seadistributionof

marbledmurreletsovertime. While marbledmurreletsarerestrictedto foraging

primarily in nearshorewaters,theyareknownto shift nearshorefeedingareas
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betweenyearsofftheOregoncoast(Strong 1995)althoughconsistentat-sea

aggregationsareknownbetweenyearsin partsofCaliforniaandBritish Columbia

(Sealyand Carter1984,CarterandSealy1990,Burger1995,Kelsoneta!. 1995,

RalphandMiller 1995,Strongand Becker 1997). In any case, marbled murrelets

appearcapableof small-scalechangesin foragingareas,perhapswithin coastal

regions as long as about 20—80 kilometers (12—50miles), basedon daily foraging

distancesfrom nest sites and betweenat-seafeedingareasknownfrom radio

telemetrystudies(CarterandSealy1990,JodiceandCollopy 1995,Kuletzeta!.

1995b).

SevereEl Niflo events. Annual variation in fish and marine invertebrate

populationsoccur,especiallyduringsevereEl Nifio events. El Nifio eventson the

westcoasttypically resultin highwatertemperaturesandotherchangesto marine

waters,relatedto oceanographicandmeteorologicalchangeselsewherein the

Pacific Ocean. El Nifio conditionscanoccureveryfew years,but severeEl Nifios

occurinfrequently. Theyhaveoccurredmostrecentlyin 1957-1959,1982-1984,

and1992-1993(Ainley andBoekelheide1990,Hayward1993,Haywardeta!.

1994). It is not clear whethersevereEl Niflo eventsaffectmarbledmurrelet

reproductive success orsurvivalastheymaydo with someotherseabirds

(Graybill andHodder1985;Ainley eta!. 1988;Ainley andBoekelheide1990;

Wilson 1991;Ainley eta!. 1994, 1995).

SevereEl Nifios andotherwarm watereventscanreduceprimaryproductivityand

populationsin highertrophiclevels(invertebratesandfish) in offshoreandshelf

watersthatnormally featureupwelling (Pearcyet a!. 1985, SchoenerandFluharty

1985,Gomez-Gutierrezeta!. 1995),therebyinfluencingabundanceand

availability of certainpotentialprey (fish or invertebrates).Changesin prey in

theseareasalsocouldaffecttheabundanceandavailability ofprey in nearshore

watersformarbledmurrelets. However,only northernanchovy,Pacific sardines
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androckfishareknownto be affectedby severeEl Nifio events(e.g.,Fiedler

1984, Vantresca eta!. 1995; seeBurkett 1995).

Certainly,offshoreandshelfwatersoppositemostofthenearshorerangeofthe

marbledmurreletin thePacific Northwest(exceptJuandeFucaStrait andPuget

Sound) are affected by upwelling processeswithin theCaliforniaCurrent.

However,otherfactorsalsoaffect preyresourcesin nearshorewaters(seeabove)

andprobablyhavegreaterinfluenceon preyrecruitment,abundance,and

availability.

Prey resources in inland waters (i.e., Juan de Fuca Strait and Puget Sound) also

appearto be eitherless affectedor notaffectedby El Niflo events,comparedto

prey resources in offshore waterswherecertainseabirdsexperiencedproblems

from severe El Nub events. For instance, seabird populations in inner water

areas,especiallyrhinocerosaukletsatProtectionIslandthatfeedextensivelyon

Pacific sandlance,werenotknownto be affectedto alargedegreeduring the

1992-1993 or 1983-1984 El Niiio events(Wilsonand Manuwal 1986;U.W.

Wilson, pers.comm.).

It is unclear at this time how much influence the severe 1992-1993 El Nifio event

mayhavehadon the generally low production of marbled murrelets observed

throughoutthePacific Northwestsince1992. While reducedbreedingsuccess

occurredfor 1—2 yearsin relationto this El Nifio eventfor commonmurresand

someotheralcids,breedingsuccessandbreedingpopulationsizereturnedto

previouslevelsafterwards,at leastin 1994-1995 (Manuwal eta!., in prep.;

Sydemanet a!., in prep.).Furthermore,marbledmurreletsexhibitdiet breadth

and,asopportunisticfeeders,shouldminimizetheeffectsoftemporaryshortages

of fish prey by feeding on a wider variety of prey, perhaps overwider areas

(Burkett 1995).
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At leastsome marbledmurreletswereableto successfullyreproduceduringthe

severe1992-1993El Nifio event. Severaljuvenileswerediscoveredat inland

localitiesin centralandnorthernCalifornia(E.E. Burkett, pers.comm.),although

juvenile:adult ratios at sea were slightly depressed in Oregon and northern

California (Appendix B). Similarly, inland activity levels may have been slightly

lower in someareasin Oregonsince1992—1993(S.K. Nelson,pers.comm.). In

1995,marbledmurreletnestingandinland activity levelsin centralCalifornia

appearedto be depressedduringa lesssevereEl Niflo eventandthenincreasedin

1996(E.E.Burkett, pers.comm.).

Otheralcids(e.g.,commonmurres)eitherdid notbreed,abandonedtheirnests

during the egg stage or had poor breeding success in 1992 or 1993 in centraland

northern California and Oregon (Carter eta!. 1996; Manuwal eta!., in prep.;

Sydeman eta!., in prep.;W.J.Sydeman,pers. comm.). However, many of these

speciesforageovershelfwaters. In any case,yearsofhigheror lowernesting

successaretypical for manyseabirdsin theCaliforniaCurrentandthereis no

evidencethat it hasled to endangermentin otherspecies(Ainley andBoekelheide

1990).

Themarbledmurrelet’srelatively long life spanandlow annualreproductive

effort allow themto surviveandreproducesuccessfullydespiteperiodicadverse

preyconditionsduringits lifetime. This life historystrategyservesto maintain

populationsdespitemajorenvironmentalfluctuationssuchasduring occasional

severeEl Nifio events. SevereEl Niflos mayhaveshort-termimpactson marbled

murrelets,althoughsuchimpactshavenotbeenwell-documented.It is unlikely

that severe El Niflo eventshavehadlong-termimpactson marbledmurrelet

populationsthat might interferewith themaintenanceofcurrentpopulationsor

preventrecoveryto higherlevels. However,cumulativeimpacts(including

nesting habitat loss, oil spills, netmortalities,etc.), in additionto repeatedEl Nif’io
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events,overashort time period,couldcontributeto seriouspopulationdeclinesor

extirpations.

H. Current Regulatory Mechanismsand ManagementofMarbled Murrelet

Habitat

State Regulationsand Habitat Management

California. In March 1992,the marbled murrelet waslisted as an endangered
species in the State of California pursuant to the California Endangered Species

Act (CESA). Section 2052 of the California Endangered Species Act states, “The

Legislaturefurther finds anddeclaresthat it is thepolicy oftheStateto conserve,

protect,restore,andenhanceany endangeredspeciesorany threatenedspecies

and its habitat and that it is the intent of the Legislature, consistent with

conserving the species, to acquirelandsfor habitatfor thesespecies”.The

definition of “conserve”is asfollows (Section2061), “Conserve, conserving, and

conservation mean to use, and the use of, all methods and procedures that are

necessary to bring any endangered speciesor threatenedspeciesto thepoint at

whichthemeasuresprovidedpursuantto this chapterareno longernecessary”.

FundamentallytheprovisionsoftheCaliforniaEndangeredSpeciesAct include

thoseoftheFederalrecoveryplanningprocessundertheEndangeredSpeciesAct

(Burkett, in !itt., 1994).

Provisionswithin the CaliforniaEndangeredSpeciesAct requireconsultation

betweentheStateleadagency,projectapplicantsandtheState’strusteeagencyfor

wildlife, theCaliforniaDepartmentof FishandGame. Consultationwith non-

State lead agency project applicants also occurs under the California

EnvironmentalQuality Act (CEQA). This actwasenactedin 1973 asa systemof

checksandbalancesfor land-usedevelopmentandmanagementdecisionsin

California.
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The marbled murrelet is classified asa SensitiveSpeciesby the StateBoard of

Forestry.TheCaliforniaDepartmentofForestryandFire Protectionis the lead

agency responsible for regulating timber harvest on private and State forest lands.

ForestPracticerules,enactedin 1991,requiresurveysfor marbledmurreletsand

consultationwith CaliforniaDepartmentofFishandGame. California

DepartmentofFishandGamehasrecommendedthatannualtrainingis desirable

for marbled murrelet surveyors who must successfully pass an evaluation

procedureprior to conductingforestsurveys. CaliforniaDepartmentofFishand

Gamepersonnel review Timber Harvest Plans (THPs) prepared by timber
companies for private and State forest lands, conduct pre-harvest inspections to

evaluate whether or not proposed harvest sites contain marbled murrelet habitat,

andreviewtimbercompanyassessmentsofmarbledmurreletuseofeachTimber

Harvest Plan. In addition, California Department of Fish and Gamepersonnel

reviewsurveystation layout andsurveyresultsprior to submissionofTimber

HarvestPlans. Mitigationmeasures(seasonalrestrictions,buffers,monitoring,

conservationeasements)incorporatedinto timberHarvestPlansmayavoidthe

takeof marbledmurreletsandoffsetpotential indirectimpacts.

If CaliforniaDepartmentof FishandGameconcludesin abiological opinionthat

takeor jeopardyto themarbledmurreletmayoccurasaresultofaproject,the

projectcannotbe approvedunlessaccompaniedby authorizationunderSection

2080.1or2081 oftheCaliforniaEndangeredSpeciesAct. Agreementsbetween

CaliforniaDepartmentof FishandGameandprojectapplicantspursuantto

Section2081 mirror similaragreementsduringtheHabitatConservationPlanning

processundertheFederalEndangeredSpeciesAct. At this time, thereareno

managementagreementsforthemarbledmurreletundersection2081,andthere

areno approvedHabitatConservationPlansfor marbledmurreletsin California.
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Currently,someStateparkunitsaredraftingGeneralPlansthat will consider

marbledmurreletconservationneeds. Someunitsarepreparingmanagement

plansfor routineparkactivitiesthatmayaffectmarbledmurrelets. Theseplans

will be reviewedby CaliforniaDepartmentofFishandGameundertheCalifornia

EnvironmentalQuality Act reviewprocess.CaliforniaDepartmentofFishand

Gamepersonnelalso reviewandcommenton Federalenvironmentaldocuments

for projectsthatmayaffectmarbledmurrelets.

Therearealsoprovisionsin theCaliforniaEndangeredSpeciesAct (Sections

2080.1 and2095)for joint consultationbetweenprojectapplicants,theCalifornia

Departmentof Fishand GameandtheU.S. FishandWildlife Serviceon projects

that mayaffectjointly-listed speciessuchasthemarbledmurrelet. Joint

consultationshouldbecomestandardoperatingprocedureunderarecent

Memorandumof UnderstandingbetweentheCaliforniaDepartmentof Fishand

GameandtheU.S. FishandWildlife Service.

TheCaliforniaEndangeredSpeciesAct doesnot containamandatoryequivalent

ofcritical habitatasperthe FederalEndangeredSpeciesAct, but it doescontain

an “essentialhabitat” section(2074.6). In practice,essentialhabitathasbeen

viewedthesameascritical habitat,althoughattimes theStatemaybe more

restrictive. However,in orderto providepredictabilityandconsistencyto land

managers,it is importantthatthe StateandtheU.S. FishandWildlife Service

work closelyto identify essentialhabitatandpromotemarbledmurreletrecovery

in California.

Oregon. On May 18, 1994,the Fish and Wildlife Commissionwaspetitionedto

list thespeciesasendangeredin OregonundertheOregonEndangeredSpecies

Act (M. Nugent, pers. comm.). The Oregon Fish and Wildlife Commission

reviewedthepetition in July 1994,and foundtheinformationsubstantive.On
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May 24, 1995,theFishandWildlife Commissionlisted themarbledmurreletas

threatenedin Oregon. Currently,thereareno formal Stateregulationsprotecting

marbledmurrelets. UndertheOregonForestPracticesAct, knownnesttrees

cannotbeharvested,but regulationsarenot in placeto specificallyaddress

marbledmurrelets. TheamendedOregonEndangeredSpeciesAct (OregonLaws

Chapter590)wasenactedin July 1995. This actrequiresStateagenciesto follow

“guidelines” to protect individual membersofa listed species.The“guidelines”

are required to be adopted by the Oregon Fish and Wildlife Commissionby

administrativerule. Ruleshavenotyet beendeveloped;in theinterim,agencies

arerequiredto comply with Federallaw.

The Oregon Department of Forestry (ODF), in cooperation with the Oregon

Departmentof FishandWildlife andconsultingfirms, hasfundedandcompleted

intensivemarbledmurreletsurveysin andaroundtimber saleareason Statelands

since1992. Thesesurveyshaveresultedin the identificationof manyforestsites

wheremarbledmurreletsexhibit occupiedbehavioron Stateforestlands. The

OregonDepartmentof Forestry,in consultationwith OregonDepartmentofFish

and Wildlife and the U.S. Fish andWildlife Service,hasdevelopedamarbled

murreletManagementPlanfor Stateforest lands. Theobjectivesareto (1) avoid

takeof thespeciesand (2) provide flexibility in future forest management

planningandHabitatConservationPlan(HCP)development.TheOregon

Departmentof Forestryalso developedaHabitatConservationPlanfor the Elliott

StateForest,which addressesmarbledmurreletsandspottedowls in conjunction

with theForest’slong rangeplan(OregonDepartmentofForestry1995). The

OregonDepartmentof Forestryis also in theprocessof developinga Habitat

ConservationPlanfor all oftheirnorthwestOregonStateforestlands,which will

include management ofmarbledmurrelets.
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Washington. The marbled murrelet was State-listedasthreatened in the fall of

1993. Underits StateForestPracticesAct, the WashingtonDepartmentof

Natural Resources is the leadStateagencyresponsiblefor regulatingtheharvest

of commercial timber from private and State Department of Natural Resources

managedtimberlandsin Washington.TheWashingtonDepartmentof Fishand

Wildlife providesmanagementrecommendationsto WashingtonDepartmentof

NaturalResourcesonproposedharvestswithin knownmarbledmurreletareas.A

ScienceAdvisory Group(SAG) to theForestPracticesBoardwasestablishedto

reviewspecificrecommendationsmadeby the WashingtonDepartmentofFish

and Wildlife and to answer questions regarding marbled murreletprotection. A

report was prepared that addresses suitablehabitatdefinitions,standsize,and

protection of known occupied sites. This report was presented to the Board and

providedrecommendationsandoptionsfor marbledmurreletprotectionon non-

Federalforestlandsin Washington(Cumminseta!. 1993). TheForestPractices

Boardrecentlyadoptedapermanentrule (whichgoesinto effectAugust22, 1997)

for protectingmarbledmurreletson non-Federallandsin Washington.Therule

includesprovisionsthatestablishmarbledmurreletdetectionareaswheresurveys

are required,sharedsurveyresponsibilities,revisionof platformcriteriaand

definitions,surveyprotocols,disturbanceavoidancecriteria,andsmall landowner

exemptions. Where the rule applies, occupiedmarbledmurreletsitesshouldbe

protected. TheWashingtonDepartmentofNaturalResourcesalso hasjust

completeda HabitatConservationPlanfor all westernWashingtonStatelands

that addresses marbled murrelets, along with other species.

FederalRegulationsand Habitat Management

Approximately89 percentoftheestimatedmarbledmurrelethabitaton Bureauof

LandManagementandU.S. ForestServicelandsis containedwithin areas

designatedfor protection(U.S. Departmentof Agriculture andU.S. Departmentof

the Interior 1 994a).
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U.S. ForestService. TheNationalForestManagementAct of 1976(NFMA) and

its implementingregulationsrequiretheU.S. ForestServiceto manageNational

Foreststo providesufficienthabitatto maintainviablepopulationsofnative

vertebratespecies,suchasthemarbledmurrelet. Theseregulationsdefinea

viablepopulationas “ha[ving] theestimatednumbersanddistributionof

reproductiveindividualsto insureits continuedexistenceis well-distributed” (36

CFR219.19). U.S. DepartmentofAgriculture Regulation1900-4directsthe

ForestServiceto (1)managehabitatsfor all existingnativeanddesirednon-native

plants,fish, andwildlife in orderto maintainat leastviablepopulationsofsuch

species;(2) conductactivitiesandprogramsto assistin the identificationand

recoveryofthreatenedandendangeredplantandanimalspecies;and(3) avoid

actionsthatmaycausea speciesto becomethreatenedor endangered.

Themarbledmurreletis listedasa “threatened”specieson theRegionalForester’s

SensitiveSpeciesList for bothRegions5 (California)and6 (Washingtonand

Oregon)oftheU.S. ForestService. U.S. ForestServiceManualdirection(FSM

2672.4),derivedfrom theEndangeredSpeciesAct of 1973,asamended,states

thatall projects,programs,andactivitiesrequirereviewanddocumentationof

possibleeffects/impactsonproposed,threatened,orendangeredspecies.A

biological evaluationor assessmentmustbe preparedto documentthis analysis.

Any actionthat “mayaffect” a listed speciesmustbe submittedfor consultation

with theU.S. FishandWildlife Service(S. Madsen,in litt, 1994).

New NationalForestManagementAct regulationshavebeenproposedandit is

unclearhowthesenewregulations,if adopted,will changeForestService

managementofmarbledmurrelets.However,theyhavenot beenfinalizedsothe

currentNationalForestManagementAct regulationsstill apply.
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Bureau ofLand Management. TheBureauofLandManagement(BLM)

administerstheuseof avarietyofnaturalresourceson over 1,011,000hectares

(2.5 million acres)in westernOregon. ThesewesternOregonlands involve an

extensivecheckerboardandfragmentedlandownershippatternandincludenearly

850,000hectares(2.1million acres)knownformally astheRevestedOregonand

CaliforniaRailroadlands(O&C lands);almost162,000hectares(400,000acres)

of largely scatteredpublic domainlands;andabout30,000hectares(75,000acres)

ofreconveyedCoosBay WagonRoadlands(CBWRlands). Forestedlandsin

westernOregontotal some2,250,000acresor 88 percentofthe Bureauof Land

Managementlands(W. Logan,in litt., 1993).

TheBureauof LandManagement’sprincipalauthorityanddirectionto managethe

RevestedOregonandCaliforniaRailroadlandsis foundin theRevestedOregon

andCaliforniaRailroadAct ofAugust28, 1937(50 stat.874; 43 U.S.C. 1 181a.,et

seq.). Underthis Act, RevestedOregonandCaliforniaRailroadlandsclassified

astimberlandsare to be managedundersustainedyield principlesto providea

permanentsourceof timber supply,watershedprotection,streamfiowregulation

andrecreationfacilities. MostoftheremainingBureauofLandManagement-

administeredland is intermingledpublic domain.It wasbroughtundersustained

yield managementprinciplesby the Bureauof LandManagement’s1969

applicationto withdrawtheselandsfrom entryunderall public landlaw, except

for certaindisposalacts. Withdrawalwascompletedby public landOrder5490

(40FR 7450 (1975). In addition,manyactivitiesof theBureauofLand

Managementaregovernedby theFederalLandPolicy andManagementAct of

1976(FLPMA)(90 stat.2743.43 U.S.C. 1701). This law establishedpolicy for

Bureauof LandManagementadministrationof public landunderits jurisdiction

by mandatingthat “thepublic landsbe managedin amannerthatwill protectthe

qualityof scientific...ecological,environmental...values[that]will preserveand

protectcertainpublic landsin theirnaturalcondition;and...will providefoodand
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habitatfor fish andwildlife....” Section102(a)(11)ofFLPMA requiresthe

promptdevelopmentofregulationsandplansto protectareasofcritical

environmentalconcern. Thesearedefinedas“...areaswithin thepublic lands

wherespecialmanagementattentionis required...to protectandprevent

irreparabledamageto important...fish andwildlife resourcesor othernatural

systemsorprocesses.”

BureauofLandManagementpermittingandmanagementactionsalsoare

designedto protectfederallylisted orproposedthreatenedandendangered

species.Proposedprojectsthatmight affectsuchspeciesarereviewedwith the

U.S. Fish andWildlife ServicethroughconsultationundertheEndangered

SpeciesAct. Consistentwith policy identifiedin BureauofLandManagement’s

nationwideFishandWildlife 2000plan,habitatswould be managedto maintain

populationsofFederalcandidatespeciesata level that would avoidendangering

thespecies.BureauofLandManagementactionswould be designedto similarly

protectState-listedandBureauof LandManagementsensitivespecies.Permitted

andmanagementactionswouldnot beexpectedto leadto Federallisting ofany

species.

Bureau ofLand Managementand U.S. Forest Service(Habitat

Management). In October 1989,as part ofan interagencyagreementbetweenthe
U.S.DepartmentofAgriculture (U.S. ForestService)andtheU.S. Departmentof

theInterior (BureauofLandManagement,U.S. FishandWildlife Service,and

NationalParkService),an interagencyscientificcommitteewasformedto

developa scientifically-credibleconservationstrategyfor thenorthernspottedowl

(Strixoccidentaliscaurina). Althoughmarbledmurreletswerenot yetlisted in

1989,andthestrategywasspecificto spottedowls, reservesystemswerean

integralpartof theplanandthosereservesnearthecoastundoubtedlycontained

somenestinghabitatfor marbledmurrelets.
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Theconservationstrategywasbuilt around5 generalconceptsofreservedesign

(Thomaset al. 1990):

(1) Speciesthatarewell-distributedacrosstheirrangearelessproneto extinction

thanspeciesconfinedto small portionsoftheirrange,

(2) Largeblocksofhabitat,containingmultiple pairsofthespeciesin question,

aresuperiorto small blocksofhabitatwith only oneto afew pairs,

(3) Blocksofhabitatthatareclosetogetherarebetterthanblocksfar apart,

(4) Habitatthatoccursin lessfragmented(i.e., contiguous)blocksis betterthan

habitatthat is morefragmented,and

(5) Habitatsbetweenblocksfunctionbetterto allowa speciesto move(disperse)

throughthemthemorenearlytheyresemblesuitablehabitatfor thespecies.

Most ofthesubsequentconservationstrategies,including thosedevelopedin this

planfor themarbledmurrelet,haveincorporatedall ormanyoftheabovelisted

concepts.

On April 13, 1994,TheSecretaryof Agricultureand theSecretaryofInterior

signedaRecordofDecision(ROD)adoptingAlternative9 ofthePresident’s

ForestPlan(U.S. DepartmentofAgriculture andU.S. Departmentof theInterior

1 994b). This is an ecosystemapproachto managementof Late-Successional

Forestsandtheirassociatedspecieswithin therangeof thenorthernspottedowl.

Marbledmurreletsandtheirnestinghabitaton Federallandsarespecifically

consideredin this plan. Thestrategythat wasdevelopedwasbasedon aLate-

SuccessionalReserve(LSR) Systemfirst identifiedby Johnsonetal. (1991)and
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principlesoutlinedin Thomasetal. (1990),andprovidesadditionalprotection

throughsurveysandprotectionofoccupiedmarbledmurreletsitesoutsideofthe

mappedLate-SuccessionalReserves.In developingthestrategyfor marbled

murreletnestinghabitatonFederallands,thekey componentswere(1)

stabilizationor improvementofnestinghabitatthroughprotectionofall occupied

sites(bothcurrentandfuture),(2) developmentoffuturehabitatin largeblocks

(creatingmoreinteriorhabitatandtherebypossiblydecreasingavianpredation),

and(3) improvementofdistributionofhabitat,therebyimproving distribution of

marbledmurreletpopulations(U.S. Departmentof Agricultureet al. 1993). The

plandesignedanetworkofLate-SuccessionalReserves,in part,aroundolder

forestscontainingsuitablemarbledmurreletnestinghabitatandareasknownto be

currentlyoccupiedby marbledmurrelets. Thoughmuchoftheforesthabitat

containedwithin theLate-SuccessionalReservesis not currentlysuitablenesting

habitat,it would be allowedto growanddevelopcharacteristicsthatwouldmake

it suitable. Timberharvestwithin Late-SuccessionalReserveswouldbe limited to

harvestrelatedto catastrophicdisturbance(salvage)andharvestin youngerstands

lessthan80 yearsof agein mostLate-SuccessionalReserves.However,thinning

is allowedin standsolderthan 80 yearsin theNorthcoastAdaptiveManagement

Area,andin theOregonandCaliforniaKlamathProvinces.Within the matrix

(landsoutsidethereservesystem),theplanprovidesprotectionofall knownand

futureoccupiedmarbledmurreletsites.

Surveysof marbledmurrelethabitatarerequiredprior to forest-modifying

activities within thematrix on Federallandsaccordingto anapprovedsurvey

protocol. If behaviorindicatesoccupancy,all contiguousexistingandrecruitment

habitat(i.e., standsthat arecapableofbecomingmarbledmurrelethabitatwithin

25 years)within a0.5-mileradiuswill be protected(U.S. Departmentof

AgricultureandU.S. DepartmentoftheInterior1994a). Thereareapproximately

526,000hectares(1,300,000acres)ofpotential(estimated)marbledmurrelet
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nestinghabitatprotectedaspartofthemappedLate-SuccessionalReserve

network. Additional habitatis protectedthroughotherdesignationssuchas

adaptivemanagementareas,congressionalreserves,administrativelywithdrawn

areas,andriparianreserves.

Bureau of Indian Affairs. Indianreservationlandsaresetasidefor the exclusive

useandbenefitof Indianpeoplespursuantto treaties,statutes,andexecutive

orders.Reservationlandsareheldin trustby theU. S.,with the Secretaryof the

Interiorhavingtheprincipal responsibilityfor fulfilling thetrust responsibilitiesof

theU.S. Eachreservationis governedby a sovereigntribal government.Tribal

governmentshavemanysovereign,treaty-reservedpowers,includingtheright to

regulatetheusersofthe landandresourceswithin theirreservationboundaries.

Thisright includestheuseandmanagementoffish andwildlife resourcesand

habitat. In addition,Indiantribesretaintreaty-securedhunting,fishing, and

gatheringrights on landsoutsideofreservations(U.S. FishandWildlife Service

1 992b).

Themanagementstrategyof theBureauof IndianAffairs (BIA) for themarbled

murreletrecognizestheuniquelegal relationshipoftheU.S. with Indiantribal

governments.It focuseson workingwith Indiantribal governmentson a

governmentto governmentbasisto developmanagementstrategiesfor reservation

landsandtrust resourcesthat avoidtaking of marbledmurreletswherefeasible,

while facilitating thetrustresponsibilityoftheU.S. to fostertribal self-

determination.TheBureauof IndianAffairs’s approachrecognizesthat marbled

murreletmanagementrelatingto reservationlandsandIndiantrust resourcesmust

balancetheneedsofthespeciesandtheenvironmental,economic,andother

objectivesof theIndiantribeswithin therangeofthemarbledmurrelet(D.

Renwald,in litt., 1993).
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TheBureauof IndianAffairs andall FederalagenciesoftheU.S. mustfulfill the

Federaltrust responsibilityto Indiantribesby (1)protecting,conserving,and

enhancingIndianfish, wildlife, andotherresourcesin amannerconsistentwith

thehighestfiduciary standards;(2) administeringFederalfish andwildlife

conservationlawsin mannerconsistentwith thehighestfiduciary standards;(3)

administeringFederalfish andwildlife conservationlawsin amannerconsistent

with theUnitedStates’trustresponsibilityto Indiantribes;and(4) administering

Federalfish andwildlife conservationlawsin amannerconsistentwith Indian

treatyrights, in theabsenceofaclearstatementofcongressionalintent to abrogate

ormodify Indiantreatyrights.

FederalagenciesshouA identify Indiantrust resourcesandreservedrightsthat

maybe affectedby pr.~posedagencyplansor actions. Governmentto government

consultation,with recognizedtribal governments(i.e., with reservedrightsor

jurisdictionoverthetiustpropertythatmaybe affected)shouldbe initiatedat the

earliestpossibletime. Conflicts thatmayariseshouldbe resolvedcollaboratively

with affectedtribes,consistentwith theFederalgovernment’strustresponsibility.

MandatoryimpositionofmarbledmurreletmanagementmeasuresuponIndian

tribesandtheirtrust resourcesthatrestrictstheexercisingof Indiantreatyrights

shouldnot be proposedunlessadeterminationis madethat suchmanagement

measuresare(1) reasonableandnecessaryfor thepreservationofthemarbled

murrelet;(2) theconservationpurposeoftherestrictioncannotbe achievedsolely

by regulationofnon-Indianactivities;(3) therestrictionis the leastrestrictive

alternativeavailableto achievetherequiredconservationpurpose;(4) the

restrictiondoesnot discriminateagainstIndianactivitieseitherasstatedoras

applied;and(5) voluntarytribal conservationmeasuresarenot adequateto

achievethenecessaryconservationpurpose.Thesemeasuresarestatedin a

PresidentialMemorandumto Headsof ExecutiveDepartments,datedApril 29,

1994underSecretarialOrderNo. 3175.
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Within thebroadframeworkdiscussedabove,Bureauof IndianAffairs has

establishedanumberofspecificactionsrequiredto comply with section7 (c) of

theEndangeredSpeciesAct andits responsibilitiesasaconsultantto the Marbled

MurreletRecoveryTeam. TheBureauofIndianAffairs’s maingoalsfor marbled

murreletprotectionandmanagementareto

(1) work with tribal governmentsto accuratelyassessmarbledmurrelet

populationandhabitatconditionsfor Indianreservationswithin therangeof

themarbledmurrelet;

(2) facilitate informationexchangebetweentribal governments,theBureauof

IndianAffairs, andtheU.S. FishandWildlife Service,aswell asprovide

assistanceto tribal governmentsonsurveyprotocolsandtraining for

surveyors;

(3) developstandardsfor incidental takeandreasonableandprudentmeasuresto

minimize takein collaborationwith affectedtribal governmentsandtheU.S.

FishandWildlife Service;

(4) assisttribesin resolvingconflictsbetweenmarbledmurreletmanagement

needsandmanagementneedsofotherspecies;

(5) providetheU.S. FishandWildlife Servicewith accurateandcomplete

biological assessments;

(6) assisttribesin managinghabitatconsistentwith tribal priorities, reserved

Indianrights,andlegislativemandates;and
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(7) assisttribes in obtainingthemostup-to-datescientificinformationon the

marbledmurreletandits habitatrequirements,sothattheycandevelop

managementmeasuresfor Indianreservationlandssensitiveto thespecies’

needsandassistin thedevelopmentofpositivestepsto aid in recovery.

Managementfor themarbledmurreletmaypresentseriouschallengesfor those

tribesthatrely uponeconomicreturnfrom theharvestofsuitableforesthabitat. It

will beparticularlydifficult for tribesto embraceconservationmeasuresfor

reservationlandsthatsignificantly affectthe economicandsocialdevelopmentof

Indianpeople,especiallyif themeasuresproposedfor Indiantrust landsand

watersaremorerestrictivethanthoseappliedto non-Indian-ownedstateand

privatelands,or if measuresareintendedto addresspastandanticipatedfuture

lossesofhabitatonnon-Indian-ownedlands(D. Renwald,in litt., 1994).

National Park Service.On its lands, theNationalParkServiceis mandatedto

‘‘conservethesceneryandthenaturaland historic objectsandthewildlife therein,

andto providefor theenjoymentofthesamein suchmannerandby suchmeans

aswill leavethemunimpairedfor theenjoymentof futuregenerations.”Its duty

in “the protection,management,andadministrationof theseareas... shallnotbe

exercisedin derogationofthevaluesandpurposesfor whichthesevariousareas

havebeenestablished”(National ParkServiceOrganicAct, 16 USC 1). Every

nationalparkhasits own enablinglegislationthat specifiesits purposeand

objectives. In addition,eachparkshallhavea generalmanagementplanthat

includesmeasuresfor thepreservationof thepark’sresources,indicationsoftypes

andgeneralintensitiesofdevelopment,identificationofvisitor carryingcapacity,

andpotentialmodificationsto externalboundaries(NationalParkServiceOrganic

Act, 16 USC la-7).

92



MarbledMurreletRecoveryPlan September1997

A policy oftheNationalParkServiceis to managenaturalresources“with a

concernfor fundamentalecologicalprocessesaswell asfor individual speciesand

features”. TheNationalParkServicewill “identify andpromotetheconservation

ofall federally-listedthreatened,endangered,orcandidatespecieswithin park

boundariesandtheircritical habitats.Active managementprogramswill be

conductedasnecessaryto perpetuatethenaturaldistributionandabundanceof

threatenedor endangeredspeciesandtheecosystemson whichthey depend.All

managementactionsfor protectionandperpetuationofspecialstatusspecieswill

be determinedthroughtheResourceManagementPlan(RMP) for eachpark. The

NationalParkServicewill cooperatewith theU.S. FishandWildlife Serviceand

NationalMarineFisheriesServicein matterspertainingto federally-listed

threatenedandendangeredspecies,including thedelineationofcritical habitatand

recoveryzoneson park lands,andwill participateon recoveryteams” (National

ParkServiceManagementPolicies 1988:4).

TheNationalParkServicehasfourmanagementzonesdefinedin eachpark’s

generalmanagementplan: natural,cultural,developmentandspecialuse. The

marbledmurrelethasthegreatestprotectionin naturalzones.Interferencewith

naturalprocessesin park naturalzonesis allowedonly (1) whendirectedby the

Congress,(2) in someemergencieswhenhumanlife andpropertyareat stake,or

(3) to restorenativeecosystemfunctioningthathasbeendisruptedby pastor

ongoinghumanactivities. In culturalzones,policiesfor naturalzonesare

followed whentheyarecompatiblewith cultural resourceobjectives.Park

developmentzonesaremanagedandmaintainedfor intensivevisitor use. In

developmentzonesadjacentto naturalzones,managementis aimedat

maintainingasnaturalanenvironmentaspossible,giventheuseofthezone.

Specialusezonesincludetransportationrights-of-way,exploration/mining,

grazing,forestutilization, commercial,andreservoiruses(NationalParkService

ManagementPolicies 1988:4).
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NationalParkServicelandswithin 80 kilometers(50miles) ofthe coastlinethat

couldpotentiallycontainmarbledmurreletsincludethefollowing: Olympic and

MountRainierNationalParksandSanJuanIslandNationalHistoric Parkin

Washington;FortClatsopNationalMemorial in Oregon;RedwoodNationalPark,

PointReyesNational Seashore,andGoldenGateNationalRecreationArea

(including Muir WoodsNationalMonument)in California(C. Meyer,in litt.,

1994).

Becausetimberharvestingis generallynot allowedon NationalParkService
lands,mostforest landthatis suitablemarbledmurreletnestinghabitatis in a

naturalzoneandis protectedfrom unnaturalalterations.However,effortsto

betterassessandmitigatefor otherpotentialhumanimpactsin NationalParksare

needed.To protectoffshorehabitat,coastalparkshaveparticipatedon

interagencyteamsto identify park resourcessensitiveto oil spills. However,the

parkshavenotbeenproactivein developingspecificprotectivemeasuresfor

marbledmurreletsin themarineenvironment,nor do theyhavespecificprotocols

for post-spillmarbledmurreletmonitoring.

Most ofthesuitablemarbledmurrelethabitatonNationalParkService-managed

landis in Olympic NationalParkon lowerelevationareas,andin Redwood

NationalandCaliforniaStateParks. OlympicNationalParkhasapproximately

162,000hectares(400,000acres)of suitablespottedowl habitat. One-thirdto

one-quarteroftheseacresmaybe suitablemarbledmurrelethabitat.Noneofthe

parkshasdevelopedan activemanagementplanfor themarbledmurrelet.

Marbledmurreletsarespecificallyidentifiedin RMPsfor mostofthenational

parks. However,the identifiedmarbledmurreletinventoriesor researchare

unfunded,exceptfor RedwoodNationalPark,whosefunding comeslargely from

non-NationalParkServicesources.
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Potentialthreatsto marbledmurrelethabitatin nationalparksincluderoad,trail

andbuildingconstructionprojects,wildfire, mining, hazardtreeremoval,new

visitor developments,humanrefusemanagement,visitor noise,andnoise

disturbancefrom heavyequipmentandhelicopteruse. Roadrealignmentor

wideningprojectsarenotuncommonandcanremoveold-growthtrees. New

visitor facilities mayincreasecorvidpredatorpopulations.BothRedwood

National ParkandOlympic NationalParkhavehadactivities suchasroutine

maintenanceprojects,hazardtreeremoval,fire management,andactivities in the

developmentzonesreviewedfor theirpotentialeffectson marbledmurrelets.

Mount RainierNationalParkconductedsomesurveysin 1994,intensivesurveys

in 1995andsurveyedfewer locationsin 1996. Theywill havesomesurveyingfor

marbledmurreletsdonein 1997 to determinetheeffectsofroutinemaintenance

activitieson this species.

In summary,becausetheNationalParkService’sobjectivesmatchrecovery

objectivesfor themarbledmurreletmorecloselythanany othermajorland-

managingagency,nationalparkunitsaretypically viewedasprotectedrefugesof

pristine forestfor marbledmurrelets.To theextentthatpristinehabitatis not

harvested,this is true. However,to fully protectmarbledmurrelets,theparks

needmoreinformationon wheremarbledmurreletsarenestingon theirlandsand

theeffect of noise,visitor activity, fire regime,and smokedisturbanceonnesting

birds andchicks. With this information,theycandevelopguidelinesfor avoiding

or mitigatingadverseandcumulativeeffectsof managementactivities.

NationalOceanicand AtmosphericAdministration(NOAA). TheNational

OceanicandAtmosphericAdministrationoverseestheadministrationof 5

NationalMarineSanctuaries(NationalMarineSanctuary)on thewestcoast,

includingPointReyes-FarallonIslandsNationalMarineSanctuary,MontereyBay

NationalMarineSanctuary,ChannelIslandsNational MarineSanctuary,Cordell
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BanksNationalMarineSanctuary(all in California),andtheOlympic Coast

NationalMarineSanctuaryin Washington.ThePointReyes-FarallonIslands

NationalMarineSanctuaryextendsfrom BodegaHead(SonomaCounty)to

RockyPoint(Main County),includingwaters3 nauticalmilesbeyondstate

waters(i.e., 3—6 nauticalmiles from shore)andwaterswithin 12 nauticalmiles of

theFarallonIslands.TheMontereyBayNationalMarineSanctuaryextendsfrom

RockyPoint (atthesouthernend ofthePointReyesFarallonIslandNational

Marine Sanctuary)to Cambria(SanLuis ObispoCounty), includingwatersinside

the500 fathomisobath(rangingfrom 5—15 nauticalmiles from shore)and

extendedto deeperdepthsto includeall watersofMontereyBayproper. San

FranciscoBay is excludedasarea fewsmall areasoff harborsandnearSan

Francisco. TheChannelIslandsNationalMarineSanctuaryextendsfrom shore

out to 3 nauticalmiles aroundthe4 northernChannelIslandsandSantaBarbara

Island,andis notknownto beusedregularlyby marbledmurrelets. TheCordell

BanksNationalMarine Sanctuaryextendsfrom thenorthernmostboundaryofthe

PointReycs-FarallonIslandsNationalMarineSanctuaryto the 1,000fathom

isobathnorthwestoftheBank, thensouthalongthis isobathto thePoint Reyes

NationalMarineSanctuaryboundaryandbackto thenortheastalongthis

boundaryto thebeginningpoint. TheCordell BanksNationalMarineSanctuary

alsois notusedregularlyby marbledmurrelets. TheOlympic CoastNational

MarineSanctuaryextendsalongthenorthwestWashingtoncoastfrom Koitlah

Point (justnortheastofCapeFlattery)southto theCopalisRiver (northofthe

mouthofGraysHarbor). Theseawardboundaryof theOlympic CoastNational

MarineSanctuaryextendsnorthofKoitlab Pointto theU.S./Canadainternational

boundarywestwardto whereit meetsthe 100 fathomisobathon thecontinental

shelfwestofCapeAlava, thencontinuessouthalongthe 100 fathomisobathuntil

westofthe CopalisRiver whereit headsdirectly to shore.La PushHarboris

excludedfrom theOlympic CoastNationalMarineSanctuary.Overall,the

Olympic CoastNationalMarineSanctuaryconsistsofabout2,500 squarenautical

miles ofcoastalandoceanwaters,andthesubmergedlandsthereunder.
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Nationalmarinesanctuarieswereestablishedbetween1981 and1995 underthe

MarineProtection,Research,andSanctuariesAct of 1972(16 U.S.C. Sections

1431 et seq.). ThemissionoftheMarineSanctuaryProgramis to identify,

designateandmanageareasofthemarineenvironmentof specialnational

significancedueto theirconservation,recreational,ecological,historical,

research,educational,orestheticqualities. Thegoalsof theprogramare(1) to

provideenhancedresourceprotection;(2) to support,promoteandcoordinate

research;(3) to enhancepublic awarenessandwiseuse;and(4) to facilitate

multiple use.

TheMontereyBay NationalMarine Sanctuary(4,024squarenauticalmiles)

containstheentiremarineportionofthebreedingrangeofthe SantaCruz

Mountainspopulationof marbledmurrelets. ThePointReyes-FarallonIslands

NationalMarineSanctuary(9,448squarenauticalmiles) containssmaller

numbersofwinteringmarbledmurrelets,probablyfrom theSantaCruz

Mountainspopulationandpossiblysomefrom theMendocinopopulation.

Prohibitedactivities,whoseabsencemaybenefitmarbledmurreletsand other

seabirdsin theMontereyBay NationalMarine Sanctuary,include (1) exploring,

developingorproducingoil, gasor minerals;(2)dischargingofpollutantsor other

hazardousmaterials(with exceptions),eitherwithin theSanctuaryoroutsidebut

maydrift into theSanctuary;(3) drilling, dredging,constructingorplacing

structureson the seabed,orotherwisealteringtheseabed(with exceptions);(4)

taking any seabird(exceptaspermitted);(5) flying motorizedaircraftbelow 1,000

feetwithin fourzones(including zone1 from PointSantaCruzto Pescadero

Point, zone2 from theCarmelRiverto Cambria,zone3 within 5 miles of Moss

Landing,andzone4 overElkhornSlough);(6) operatingmotorizedpersonal

watercraft (exceptin four designatedzonesandaccessroutesnearPillar Point

Harbor,SantaCruz,MossLanding,andMontereyHarbor);and(7) possessing
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(within thesanctuary)anyseabirdtakeneitherwithin or outsideofthe Sanctuary.

In addition,all DepartmentofDefenseactivitiesshallbe carriedout in amanner

thatavoidsadverseimpactson Sanctuaryresources(exceptingpre-existing

activities). Prohibitedactivitiesaresimilarbutnot identicalin theGulfofthe

FarallonesNationalMarineSanctuary.To date,thenewly-formedMontereyBay

NationalMarineSanctuaryhasnot specificallyconsideredmanagementor

researchrelatedto themarbledmurrelet.

TheOlympic CoastNationalMarineSanctuarycontainsmostofthemarine

portionofthebreedingrangeof theWesternWashingtonCoastRangepopulation

of marbledmurrelets. Prohibitedactivitiesin theEndangeredSpeciesAct that

maybenefitmarbledmurreletsarethesameasfor theMontereyBayNational

MarineSanctuary,exceptthat(1) motorizedaircraftareprohibitedbelow2,000

feetwithin onnauticalmile ofFlatteryRocks,QuillayuteNeedles,orCopalis

NationalWildlife Refuge;and(2) theDepartmentof Defenseis prohibitedfrom

conductingbombingactivitiesandwill takepromptactionto mitigateunintended

harmfrom otherallowedactivities in theOlympic CoastNationalMarine

Sanctuary.Thereareseveralexceptionsfor tribal andmilitary activities.

Regulation and Protection Under the EndangeredSpeciesAct

Prohibitions under section9. Section9 ofthe EndangeredSpeciesAct,

prohibitsunauthorized“take” ofendangeredorthreatenedspecies.Federal

agenciescanobtain authorizationfor “take” throughthesection7 consultation

processif suchtakeis incidentalto andnot thepurposeof anotherwiselawful

activity. Non-Federalentitiesmayalsoobtainauthorizationfor “take” through

incidental takepermits basedon habitatconservationplansapprovedunder

section10(a) oftheEndangeredSpeciesAct.
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TheEndangeredSpeciesAct mandatesthatFederalagenciesproposinganaction

that “may affect” the marbledmurrelet“consult” with theU.S. FishandWildlife

Serviceregardingtheeffectsoftheaction. Section7(a)(2) oftheEndangered

SpeciesAct statesthat it is theFederalagency’sresponsibility,with theassistance

oftheU.S. FishandWildlife Service,to insurethattheactionis not likely to

jeopardizethecontinuedexistenceofthespecies.If anactionis not likely to

jeopardizethespeciesbut is anticipatedto resultin incidental “take” of

individuals,theFederalagencymayreceivefrom theU.S. FishandWildlife

Serviceawrittenstatementthatprovidesanexemptionfrom thetakings

prohibitionofsection9 oftheEndangeredSpeciesAct.

Generaldefinitionof”take”: Section3(19)oftheEndangeredSpeciesAct

definestheterm“take” to include “harass,harm,pursue,hunt,shoot,wound,kill,

trap,capture,orcollect or attemptto engagein anysuchconduct”. Theterms

“harm” and“harass”havebeenfurtherdefinedby regulationsat 50 CFR § 17.3 as

follows:

o Harassmeansanintentionalornegligentactoromissionthatcreatesthe

likelihoodof injury to wildlife by annoyingit to suchan extentasto

significantly disruptnormalbehavioralpatternsthat include,but arenot

limited to, breeding,feeding,or sheltering.

o Harm meansan actthatactuallykills or injureswildlife. Suchanactmay

includesignificanthabitatmodificationordegradationwhereit actuallykills

or injureswildlife by significantly impairingessentialbehavioralpatterns,

includingbreeding,feedingor sheltering.

Takeof marbledmurrelets,within themeaningofthesedefinitions,mayresult

from avarietyof activities.
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Actions in the terrestrial environment. Marbledmurreletsarelikely to betaken

in theterrestrialenvironmentasa resultof any activitiesthat

(1) kill or injure birds;

(2) impairessentialbehaviorsby adverselyaffectingoccupiedorunsurveyed

suitablebreedinghabitat;or

(3) causesignificantdisturbanceofbreedingbirds, leadingto reduced

reproductivesuccess.

Habitatremovaloradverseimpact. Activities that adverselyimpactmarbled

murrelet habitatincludetheclearingorpartial removalofforestfor agriculture,

mining, timberharvest,roadortrail construction,landdevelopment,andsimilar

uses.However,landusesstrategiesthatretainmature/old-growthforest

characteristicsandminimize fragmentationofforeststandsmayavoidtaking

marbledmurreletsin somecases.

Therecoveryplanhasidentifiedtheconservationof occupiedhabitatasan

importantcomponentin therecoveryofthespecies.Modificationofoccupied

habitatwould generallyposeahighrisk of takeofmarbledmurrelets.Likewise,

modificationof suitablebutunsurveyedhabitatalso mayposeasignificantrisk of

take,but this risk will vary dependingon habitatquality andlocation. For

example,risk of takewould be lowerfor an actionoccurringin marginal(but

suitable)habitatneartheedgeof thespecies’inland rangecomparedto therisk for

thesameactionoccurringin high qualityhabitatthatmight becloserto themarine

environment.

Takeofmarbledmurreletsis not likely in suitablehabitatthathasbeensurveyed

to protocolwith no occupancydetected(incidentaltakemaystill occurdueto the

potential for surveyerror). However,it is importantto notethat adverseeffectsto

thespeciesmaystill resultfrom modificationof suitableunoccupiedhabitat. As

thepopulationrecovers,orasotheroccupiedareasarelost to timberharvestor
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naturalprocesses(e.g.,wildfire), theseareasmaybe usedby dispersingor

colonizingbirds.

Activities occurringoutsidetherangeofthespeciesarenot likely to takemarbled

murrelets. Activities occurringwithin therangeofthespeciesbut within

unsuitablehabitatarealso not likely to takemarbledmurrelets,assumingthatthis

unsuitablehabitatis not importantfor maintainingimportantconditionsfor

adjacentoccupiedhabitat.

Theeffectsof habitatremovalon themarbledmurrelethavebeendescribed

earlierin thisplan. Whetheror not takeoccurs,andin whatamounts,asaresult

ofhabitatmodificationwill dependonthetypeandlocationof theaction.

Impactsdueto timberharvestmayincludea completelossofhabitat(clearcut),a

degradationof habitat(someselectiveharvest),orharvestof unsuitablehabitat

adjacentto andcontiguouswith suitablehabitat. Impactsfrom timberharvestcan

alsooccurin unsuitablehabitatthatis not contiguouswith suitablehabitat,but is

in thevicinity (within 0.8 kilometers(0.5 miles)). Clearcuttingofmarbled

murrelethabitatandotherharvestprescriptionsthatproduceeven-aged,

monotypicforestecosystemsproducehabitatunsuitablefor themarbledmurrelet.

Silvicultural prescriptionsthatpromotemulti-agedandmulti-storied standsmay,

in somecases,retain suitability for marbledmurreletsandperhapsincreasethe

quality of habitatover time. However,thetime framewithin which thismight

occuris unknownandis probablysite-specific. In mostcasestimberharvestand

otherseriousmodificationsresultin theeliminationofsuitablehabitatunless

marbledmurrelethabitatneedsarefactoredinto theharveststrategy.Marbled

murrelethabitatneedsarediscussedelsewherein this recoveryplan;retentionof

habitatcharacteristicssuchasstandsize,canopyclosure,andhorizontalstructure

mayavoidor minimize impactsonnestingmarbledmurrelets.
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Minimizing likelihoodoftakerelatedto habitatmodification: Themarbled

murreletis asecretiveandelusivebird thatposesadifficult problemto land

managersandbiologists. Landmanagersshoulddeterminewhichof theirproject

areascanreasonablybeexpectedto containmarbledmurreletsprior to

implementingvariousactionsthatmayadverselyaffectthespecies.

TheU.S. FishandWildlife Serviceandactionagenciesarecurrentlyrelying on

thePacificSeabirdGroup’s(PSG)marbledmurreletsurveyprotocol(Ralphet al.

1994)andsubsequentupdatesto theprotocolin 1995, 1996,and 1997(Ralphet

al., in lftt, 199Sb, 1996, 1997)to determineif potentialhabitatis likely to be

occupiedby nestingmarbledmurrelets. Thisprotocolis not error-free,but given

thepaucityof informationon this speciesandits cryptic behavior,it representsthe

bestavailablemethodfor assessingthelikelihood thatmarbledmurreletsoccupya

givenforeststandat this time.

TheU.S. FishandWildlife Servicerecommendsthatlandmanagerssurveyall

projectareasto protocol (Ralphetal. 1994)prior to implementingactionsthat

mayadverselyaffect suitablehabitat. Thesurveyprotocolwill continueto be

refinedandmodifiedasnewinformationis generatedconcerningthespecies.

Surveysarelabor-intensiveandexpensive,andcurrentresearchefforts have

enabledpredictionsto be maderegardingtheprobableuseofforeststandsby

marbledmurrelets. Models thatpredictoccupancybasedon the forest

characteristicshavebeendevelopedin Oregon(HamerandMeekins1996)and

Washington(HamerandCummins1991). Until moreresearchis completed,the

U.S. Fishand Wildlife Servicewill continueto relymainly uponsurveyeffortsto

identify thehighestqualityhabitat(i.e., occupiedsites).

Disturbanceeffects: Noisesassociatedwith avarietyofhumanactivities could

disturbnestingmarbledmurreletsandmaycausetake(seetasks3.1.3,4.4.1.3,

4.4.2.1). Examplesof suchactivities includethoseusing loud machinery(e.g.,
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chainsaws,heavyequipment,pile drivers,etc.)orexplosivesduringtimber

harvest,roador trail construction,andbrushclearingwithin onequarter-mile(one

mile for explosives)ofoccupiedor unsurveyedsuitablehabitat. TheU.S. Fish

andWildlife Servicemaymodify thesebufferdistancesif

(1) site-specificconditionswarrantit,

(2) if futureresearchsuggeststhatmarbledmurreletsarerelatively tolerantof

humanactivities,or

(3) if experimentationor literaturereviewrevealthatnoisesareattenuatedto

ambientlevelsin shorterdistances.

Marbledmurreletsmayberelatively sensitiveto disturbancedueto theirsecretive

natureandtheirvulnerability to predation.Althoughthereis little detailed

informationconcerningthemurrelet’svulnerability to disturbanceeffects,research

on avarietyof otherbird speciessuggestthat sucheffectsarepossibleand,in

somecases,likely. Thesestudieshaveshownthatdisturbancecanaffect

productivity in anumberof waysincludingnestabandonment;eggandhatchling

mortality dueto exposureandpredation;depressedfeedingratesof adultsand

offspring; reducedbody massorslowergrowthof nestlings;andavoidanceof

otherwisesuitablehabitat. Activities that generatelargeamountsofnoiseor

createsignificantvisualdisruptionsprobablyaremostlikely to affectmarbled

murreletsandmayleadto takethroughharmandharassment.Dueto the

significantlackof disturbance-relatedinformationon marbledmurrelets,it should

beassumedthatany amountofdisturbancewould resultin negativeimpacts,

althoughit is expectedthatthesenegativeimpactsaremuchlessthantheimpacts

dueto thelossof occupiedhabitat.

Somemarbledmurreletshavebeendiscoverednestingnearroads,andit is likely

thatsomeindividual birdshabituateto humanactivities. Thepotential forthis

andotherformsofhabituationis unknownatthis timeandshouldbe thesubject

103



MarbledMurreletRecoveryPlan September1997

offutureresearch.In themeantime,thereareseveralwaysthatpotentialadverse

effectsof disturbancecanbeminimized,therebyreducingtherisk oftake.

Within onequarter-mileof suitablehabitat,a seasonalrestrictionofsome

activitiesto avoidthenestingseasonmayeliminateall risk ofdisturbance-related

take. Daily-timing restrictionsofactivitiescanreducethepotentialfor takeby

avoidingwhatarebelievedto berelatively sensitivetime periodsfor this species.

Researchon marbledmurrelets,for example,hasdemonstratedthat earlyafter

hatch,adult marbledmurreletstendto concentratetheirnestvisits duringthe

crepuscularhoursandthatnestlingsareleft unattendedfor mostofthediurnal

period (however,adultsmayincreasediurnal visits to thenestasthechicks

develop).Thedaily timing restrictionwill minimize (butnoteliminate)the

potentialthat adult marbledmurreletswill be disturbedwhenvisiting thenestto

feedoffspring. TheU.S. Fishand Wildlife ServiceandotherFederalagencies

havedevelopedguidanceto aidin thedesignofprojectsthatminimizepotential

disturbanceof breedingmarbledmurrelets.

Activities in the marineenvironment.Marbledmurreletsarelikely to be taken

in themarineenvironmentasaresultofany activitiesthat

(1) kill or injure birds;

(2) impairessentialbehaviorsby adverselymodifying foraginghabitat;or

(3) causesignificantdisturbanceof foragingorroostingbirds.

Activities knownto takelargenumbersofmarbledmurreletsin themarine

environmentinclude net fisheriesandoil spills (seetasks3.1.2.1and3.1.2.2).

Both causedirectmortality andinjury, andthelattermayadverselyaffecthabitat

quality for long periodsoftime. Marbledmurreletshavealsobeencaughton

fishing luresin British Columbia(Carteretal. 1995a;Campbell1967;J.D.
Kelson,pers.comm.). Small numbershavebeenreportedcaughton linesnear
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SantaCruz, California. This form ofmortality andinjury requiresfurtherstudyto

assesshow importantit maybe. Marbledmurreletsmayalsobetakenduring

encounterswith boatspassingthroughimportantforagingareas(seetask4.4.2.1);

suchboatsmayharm andharassfeedingmarbledmurreletsandcausethemto

expendenergyavoidingotherwisesuitableforagingsites.

Relative impacts ofdifferent types oftake. As thepreviousdiscussionimplies,

all formsoftakearenotequalin termsof theireffectson the species.Sometake

canbedirectmortality, while othertakemayrepresentafailedbreedingattempt

thatleavesadultbirdsrelatively unharmed.

Direct mortality or injury dueto net fisheriesor oil spills is in somecasesthe

easiesttaketo quantify—aproportionofdeadbirds aresometimesrecoveredor

observed.Takedueto disturbanceor habitatmodification, ontheotherhand,is

exceedinglydifficult to measurebecausethemanifestationoftheadverseimpact

(e.g.,eggorchick mortality, reducedproductivity) is oftenremovedin time and

spacefrom wheretheimpacttookplace. This difficulty is exacerbatedwith the

marbledmurreletdueto thesecretivenatureofthespeciesandthe limited

informationregardingits life history.

Lossofmarbledmurreletnestinghabitatis amajor causeof thespecies’decline.

Activities causinghabitatlossareconsideredby theU.S. Fishand Wildlife

Serviceto poseoneofthehighestrisksof takebasedon ourcurrentunderstanding

ofthespecies’populationtrends. Habitatlosshasnegativeeffectsthatmaylast

decadesto centuries,dependingon theextentofthehabitatmodificationandits

locationon the landscape.Recruitmentofjuvenilemarbledmurreletsinto the

adultbreedingpopulationis believedto be occurringatextremelylow rates.

Therefore,maintenanceofknownandpotentialnestinghabitatis aprimarygoal

of thisrecoveryplan(seetasks3.1.1, 3.2.1,and3.2.2). Takeofadultbirdsin gill

netsor from oil spills is alsolikely to bea seriousimpactto certainbreeding
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populations. Take from disturbance,on theotherhand, is relatively lessserious

becausebreedinghabitatis notmodified andadultbirds areusuallynot seriously

harmed;thesebirds canreasonablybeexpectedto breedagainin subsequent

years.

Migratory Bird Treaty Act

Marbled murrelets are alsoprotectedfrom “take” by the Migratory Bird Treaty
Act (16 U.S.C. 703 etseq.),but no protection is afforded habitat under this

statute.

Northern Spotted Owl Critical Habitat

On January15, 1992,theU.S. FishandWildlife Servicefinalizeddesignationof

2.8 million hectares(6.88million acres)ascritical habitatfor thenorthernspotted

owl in Washington,Oregon,andCalifornia(U.S. FishandWildlife Service

1 992b). Thesecritical habitatareasincludedmostoftheHabitatConservation

Areas(HCAs) definedin theISCReport(Thomasetal. 1990;seealsodiscussion

above)andaddedareasaroundandbetweenthem. Acresin spottedowl critical

habitat,in additionto HCAs andotherprotectedlandallocations,equaled

approximately78 percentofthesuitablemarbledmurrelethabitatmanagedby the

U.S. ForestServiceon theMountBaker-Snoqualmie,Olympic, Siuslaw,and

SiskiyouNationalForests(G. Gunderson,pers.comm.). Although thesecritical

habitatareasmayhaveprovidedsomeadditionalprotectionfor themarbled

murrelet,critical habitatdesignationfor theowl did notnecessarilypreclude

harvestofolder forestsorotherprojectactivitiesfrom occurringwithin critical

habitatboundaries.Federalagenciesarerequiredto consultwith theU.S. Fish

and Wildlife Serviceon anyactionstheyauthorize,fund,orcarryoutthatmay

affect spottedowl critical habitat. Habitatrequirementsandimpactsspecific to
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marbledmurreletsarenot addressedduringconsultationonspottedowl critical

habitat.

Marbled Murrelet ConservationAssessmentReport

In November1992,thePacificSouthwestResearchStationandRegion6 of the

U.S. ForestServiceweregiventheassignmentto conductanassessmentof the

marbledmurreletthroughoutits rangein NorthAmerica. Thegoalwasto

consolidatethe availableinformationconcerningmarbledmurreletecologyand

currenthabitatconditions,andto evaluatethelikelihoodof long-termpersistence

ofmarbledmurreletpopulationsthroughouttheircurrentrange.All aspectsofthe

murrelet’secologyarebeingaddressedandinvolve coordinationofresearch

informationanddevelopmentof severalchapterswith theRecoveryTeam. Drafts

weredevelopedandreviewed,anda final publication, EcologyandConservation

oftheMarbledMurrelet, wasreleasedin May 1995(Ralphetal. 1995a).

Marbled Murrelet Critical Habitat

Final Rule. Critical habitat is definedin section3(5)(A) oftheAct as“(i) the

specificareaswithin thegeographicalareaoccupiedby thespecies,at thetime it

is listed. . . onwhich arefoundthosephysicalor biological features(I) essential

to theconservationofthespeciesand(II) which mayrequirespecialmanagement

considerationsor protection;and(ii) specificareasoutsidethegeographicalarea

occupiedby thespeciesat thetime it is listed.. . upondeterminationthat such

areasareessentialfor theconservationofthespecies.”16 U.S.C. 1 532(5)(A). At

thetimethemarbledmurreletwaslisted asathreatenedspecies,critical habitat

wasnotdesignateddueto it notbeingdeterminableatthattime.
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Critical habitatwasdesignatedfor themarbledmurreleton May 24, 1996(U.S.

FishandWildlife Service1996). Landsdesignatedwere thoseareasidentifiedas

essentialto theconservationof thespecies,with themajorfoundationofthe

designationbeingtheForestPlan. TheU.S. Fishand Wildlife Servicedetermined

that thephysicalandbiological habitatfeatures(referredto astheprimary

constituentelements)associatedwith theterrestrialenvironmentthat support

nesting,roosting,andothernormalbehaviorsareessentialto theconservationof

themarbledmurreletand requirespecialmanagementconsiderations.

TheU.S. FishandWildlife Serviceidentified32 critical habitatunits (CHUs)in

Washington,Oregon,andCalifornia,encompassingapproximately1,573,340

hectares(3,887,800acres)ofFederalandnon-Federallands(seeAppendixA;

Figures1-3). Themajority (78 percent)oftheareaswerelocatedonFederallands

andwerealmostentirely locatedin Late-SuccessionalReserves,asestablishedin

theForestPlan(AppendixA; Table1). Theseareasaccountedfor 86 percentof

theknownoccupiedsitesonFederallands.

Within theCritical HabitatUnits (areasessentialfor successfulnesting),theU.S.

FishandWildlife Servicefocusedon two primaryconstituentelements:(1)

individualtreeswith potentialnestingplatforms,and(2) forestedareaswithin 0.8

kilometer(0.5mile) of individual treeswith potentialnestingplatforms,anda

canopyheightofat leastone-halfthesite-potentialtreeheight. This includesall

suchforests,regardlessofcontiguity. Theseprimaryconstituentelementswere

consideredessentialto provideand supportsuitablenestinghabitatfor successful

reproductionofthemarbledmurrelet.

Potentialnesttreesincludelargetrees,generallymorethan81 centimeters(32

inches)diameterat breastheightwith thepresenceofpotentialplatformsor

deformitiessuchaslargeor forkedlimbs, brokentops,dwarfmistletoeinfections,
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witches’brooms,orotherformationsprovidingplatformsof sufficient sizeto

supportadultmarbledmurrelets. Platformsshouldhavecoverfor protectionfrom

weatherandpredators,whichmaybeprovidedby overhangingbranches,limbs

abovethenestarea,branchesfrom neighboringtrees,orsurroundingforestareas.

On alandscapebasis,forestswith acanopyheightof a leastone-halfthesite-

potentialtreeheight in proximity to potentialnesttreesarelikely to contributeto

theconservationof themarbledmurrelet. Theseforestsmayreducethe

differencesin microclimatesassociatedwith forestedandunforestedareas,reduce

potentialfor windthrowduring storms,andprovidealandscapethathasahigher

probabilityofoccupancyby marbledmurrelets. Nesttreesmaybescatteredor

clumpedthroughoutthe area.Potentialareasmaycontainfewerthanone

potentialnestingtreeperacre.

Within theboundariesof designatedcritical habitat,only thoseareasthatcontain

oneorbothprimaryconstituentelementsare, by definition, critical habitat.Areas

withoutany primaryconstituentelementsareexcludedby definition.

Not all suitablenestinghabitatwasincludedin thedesignation.Emphasiswas

placedon thoseareasconsideredmostessentialto thespecies’conservationin

termsof habitat,distribution,andownership.Thatdoesnotmeanthatlands

outsideof designatedCritical HabitatUnits arenot importantto themarbled

murrelet. Someareasoutsidethis designationmayproveto containelements

importantto therecoveryofthespecies.However,theU.S. FishandWildlife

Servicecouldnot designateareasthatwerenot includedin aproposedrule. The

U.S. FishandWildlife Servicewill considertheseareasfor potentialinclusionin

any futurerevisionsofmarbledmurreletcritical habitat. Any landswithin critical

habitatthat arecoveredby alegally-operativeincidentaltakepermitfor marbled

murrelets,basedon anapprovedHabitatConservationPlanthataddresses
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conservationofthemarbledmurrelet,areexcludedfrom critical habitatwhile the

permit is active. In 1996,theOregonDepartmentof Forestrywasoperatingunder

an incidentaltakepermit for marbledmurreletson theElliott StateForest,

thereforethis areawasexcludedfrom critical habitat.

No critical habitatwasdesignatedin themarineenvironment. Existinglawssuch

astheOil Pollution Act of 1990;theCleanWaterAct; theCoastalZone

ManagementAct; theMarineprotection,ResearchandSanctuariesAct; andthe

OuterContinentalShelfAct all providevaryingdegreesofbenefitsto marbled

murrelets,directly or indirectly, in themarineenvironment(U.S. Fish and

Wildlife Service1996). Evenif an areais essentialto theconservationofthe

species,if it doesnot requirespecialmanagementconsiderationsorprotections

thenit would not be designatedascritical habitat.

While increasingrecruitmentandreducingmortality in themurrelet’sterrestrial

nestinghabitatis amajorgoalofthis recoveryplan,thespeciesis inextricablytied

to its marinehabitatthroughouttheyear. Asidefrom afewindividualsthatmay

occasionallyfeedin freshwaterlakes,virtually all of themurrelet’sdiet consistsof

marineanimals. Someadultmortalityprobablyalsooccursin themarine

environmentfrom naturaland humanactivity sources.Giventheessentialrole

marinehabitatplaysin themarbledmurrelet’s life cycle, recoveryefforts will not

be successfulunlessfeeding,loafing, resting,andwinteringmarinehabitatsfor

thespeciesandhabitatsforprey resourcesaresecure.

Protection provided by thecritical habitat designation. Critical habitat serves
to focusconservationactivities by identifying areasthatcontainessentialhabitat

featuresandthatmayrequirespecialmanagementconsideration.Critical habitat

is addressedundersection7 of theEndangeredSpeciesAct with regardto actions

by Federalagencies;howevertheEndangeredSpeciesAct doesnot provideany
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additionalprotectionto landsdesignatedascritical habitat. Theproposalto list

critical habitatfor themarbledmurrelet(U.S. FishandWildlife Service1 994a)

clarifiestherole ofthecritical habitatdesignation:

Designatingcritical habitatdoesnotcreateamanagementplanfor the

areas,establishnumericalpopulationgoalsorprescribespecific

managementactions(insideoroutsideof critical habitat),orhaveadirect

effect on areasnotdesignatedascritical habitat. Specificmanagement

recommendationsfor critical habitatareaddressedin recoveryplans,

managementplans,andin section7 consultation.
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II. RECOVERY

A. Objectives and Criteria

RecoveryObjectives

Theobjectivesofthis recoveryplanare(1) to stabilizeandthenincrease

populationsize,changingthecurrentdownwardtrendto anupward(improving)

trendthroughoutthe listed range,(2) to provideconditionsin thefuture thatallow

for areasonablelikelihoodofcontinuedexistenceofviablepopulations,and(3) to

gatherthenecessaryinformationto developspecificdelistingcriteria. To achieve

theseobjectives,thefollowing stepsarenecessary:(1) increasetheproductivityof

thepopulation,asreflectedby total populationsize,thejuvenile:adultratio,and

othermeasuresof nestingsuccess;(2)minimize oreliminatethreatsto

survivorship;(3) identify andconducttheresearchandmonitoringnecessaryto

determinespecific delistingcriteria; (4) encouragecooperativeresearch;and(5)

coordinatemonitoringandresearchefforts. Thekeymethodto stoppopulation

declineandencouragefuture increasein populationgrowthis to stabilizeand

increasehabitatquality andquantityon landandat sea.

Delisting Criteria

Delisting canbeconsideredafterresearchandmonitoringprovidenecessary

informationon presentpopulationsandlife history requirementsfor the

developmentofrecoverycriteria. Thesecriteriashouldbe reasonable,attainable,

and adequateto maintainthespeciesovertheperiodofreducedhabitat

availability duringthenext50 yearsandto insureviablepopulationsoverthe

long-term(greaterthan200 years). Interim delistingcriteriaareprovidedbelow:
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(1) Trendsin estimatedpopulationsize,densitiesandproductivityhavebeen

stableor increasingin fourofthesix zonesovera 10-yearperiod. Thisperiod

oftime will encompassat leastoneto two El Nub events,basedon recent

frequencyofoccurrences.

(2) Managementcommitments(marineandterrestrial)andmonitoringhavebeen

implementedthatprovidefor adequateprotectionofmarbledmurreletsin the

six ConservationZonesfor at leastthenearfuture(50 years). These

commitmentsincludedelineatingandprotectingareasofterrestrialandmarine

habitatessentialfor recoverywithin eachConservationZone(task2) and

developingandimplementinglandscapemanagementstrategiesfor eachofthe

six ConservationZones(task2.3). Monitoring commitmentsincludeaccurate

andrepeatableinventoryandmonitoringofmarbledmurreletpopulationsand

trendsat-seaandmonitoringtheamountandconditionofterrestrialhabitat

(task4.1).

Providingmorespecificdelistingcriteriawill bepossibleafter

(1) Marbledmurreletpopulationsize,populationtrends,anddemographicgoals

havebeenbetterdeterminedfor eachofthesix ConservationZones(Figure

8 andtask 1). Theparametersmustbe adequateto ensuresustainable

populationsthroughoutits range(e.g., 100—200years);

(2) Thequantity,quality, anddistributionof nestinghabitatwithin eachzone

that is necessaryto sustainappropriatedemographicandpopulationsize

goalsof marbledmurreletshavebeenbetterdetermined,andthatthese

requirementsareprojectedto be metin thenearfuture(50 years).To

determinetheamountof habitatrequiredto stabilizethepopulation,

informationon theamountandquality of foresthabitatrequiredto supporta
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Zone 3

Zone 4

Figure 8. Map ofthesix MarbledMurreletConservationZones(Zones). See
text for descriptions.

Zone 1

Zone 2

Zone 5
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specificnumberofmarbledmurreletsin eachConservationZoneis needed

alongwith thecurrenttrendofpopulationsize,densityandproductivity;

(3) Thequantity,quality, anddistributionofmarinehabitatsandprey

populationsthatarenecessaryto sustaindemographicandpopulationsize

goalsofmarbledmurreletsin eachConservationZonehavebeenbetter

determined,andthattheserequirementsareprojectedto be met in thenear

future (next50 years)ataminimum.

(4) Detailedstudiesofthe survivorshipandproductivityofmarbledmurrelets

arecompleted.

B. RecoveryStrategyfor theMarbled Murrelet

Maintainingawell-dispersedpopulationis necessaryfor the long-termsurvival

andrecoveryofthemarbledmurrelet. Thisrecoveryplandividestherangeofthe

murreletinto six ConservationZonesto enablemeetingthis objective.
Delineationofthesezoneswasbasedon currentpopulationandhabitat

distributions,threats,andgeopoliticalboundaries.TheConservationZones

(PugetSound;WesternWashingtonCoastRange;OregonCoastRange;Siskiyou

CoastRange;Mendocino;andSantaCruzMountains)aregenerallyin thevicinity

of largetractsofolderforestsin proximity to thecoastandaredescribedbelowin

tasks1.1—1.6. TheseZonedelineationswill assistin thedesignofmanagement

actionsandevaluationof impactsat severalscales.Theyalso arethefunctional
equivalentofrecoveryunitsasdefinedby currentServicepolicy.

Therespectivestatusofthepopulationsin eachoftheseConservationZonesis

highly varied,asis theirpotentialto contributeto themurrelet’srecovery. For
example,theneartotal historicalhabitatlossin Zone5 (Mendocino)may

eventuallyleadto theextirpationofthispopulationno matterwhatconservation
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effortsaremade.Althoughconservationmeasuresin this zonecouldbenefitthe

speciesandarestronglyrecommended(seetask1.5), this zonecannotbe relied

on to contributeto therecoveryofthespecies.Zone6 alsoappearsvulnerableto
extirpationdueto small populationsize,habitatconditions,a lackof Federalland

ownershipin thearea,andisolationfrom othermurreletpopulations.Although

Zone6 is expectedto contributeto recoveryandis essentialto thespeciesin the
short term(50—100years),aviablepopulationin this Zonemaynotbe achievable

in the long termdueto stochasticandcatastrophicevents.

Populationsin theotherZonesarein relativelybettershapeandhavethepotential

to recoverthe speciesif therecommendationsin this recoveryplan are
implemented.To allow for theeventuallong-termsurvivalandrecoveryofthe

listed species,eachof theseremainingZonesmustbemanagedto produceand

maintainviablemarbledmurreletpopulationsthat arewell distributedthroughout

therespectiveZones. In someareas,Federallandsprovidethebulk ofthis

contribution. In otherareas,Federallandsarelacking andnon-Federallandsplay

a necessaryrole in long-termsurvivalandrecovery(FEMAT 1993:IV-165;U.S.

DepartmentofAgriculureandU.S. DepartmentofInterior 1994a:3&4-249;U.S.

FishandWildlife Service1994c:46;seealsotask2.3).

It is necessaryto produceandmaintainwell-distributedpopulationsin these

Zonesbecauseofthemurrelet’svulnerability to environmentalfluctuationsand

catastrophesandbecauseofthespecies’slow reproductiverate,which inhibits its

ability to reboundfrom adverseimpacts. Randomenvironmentaleventsand

catastrophescanadverselyaffecttheviability of threatenedpopulations(Shaffer

1996;Meffe andCarroll 1996:191),includingpopulationswith relatively

widespreaddistributionssuchasthemarbledmurrelet(Raup1991: 122, 182).
Suchfluctuationsandcatastrophesarediscussedearlierin thisdocumentand

includefloods, fire, oceanicconditions,disease,oil spills, andothernaturalor

humancausedimpacts.
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Therearemanyrecentexamplesofsuchevents,someofwhicharelocalized

while othersarewidespread.Duringthewinter of 1955-56,for example,

catastrophicflooding destroyedimportantmurreletnestinghabitatin old-growth
redwoodgrovesin theEelRiverdrainageof northernCalifornia,greatlyreducing

thegrovesin size(Johnston1994). Bull Creek,atributaryoftheEelRiver
locatedin HumboldtRedwoodsStatePark,lost 524 largeredwoodtreesto these

floods (StoneandVasey1968). Suchimpactswerelikely significantto the

murreletbecauserecentsurveysof breedingmurreletsin HumboldtRedwoods

StateParkfoundthat96%ofthenestingbehaviors(i.e., “occupied”survey

stations;seeRalphetal. 1994)observedin theentirepark (@24,000acresof

potentialnestinghabitat)were concentratedin alluvial flats of theBull Creekarea

(@1000acresof old growthredwood)(Ralphand Miller, unpubl.data). These
alluvial flats,with theirlargeold growthredwoodtreesandmoistmicroclimate,

provideideal growingconditionsfor murreletnesttrees. But thissamelocation

on thevalley floor alsomakesthetreesvulnerableto flood events,andit was

estimatedthat 15 majorfloods ofthis scalehaveoccurredin this drainageduring
thelast 1000years(StoneandVasey1968).

Periodicfire andcatastrophicwindstormsalso removelargeamountsofmurrelet

nestinghabitat. TheColumbusDaywindstormin 1962blewdownanestimated

11.2 billion board feetoftimber in theOregonand WashingtonCoastRanges

(Lucia 1967),muchofwhichwaslikely murreletnestinghabitat. Sincethe

1 840s,theOregonCoastRangehasexperiencedaseriesof largescale,humanand
naturalcausedfires thatdestroyedextensiveamountsofolder forestthroughout

ConservationZone3 (Ripple 1994). It is likely thatthesefires, in conjunction

with harvestofold growthtimber in thesameareaduringthesameperiod,ledto

adramaticdeclinein theZone3 murreletpopulation.Otherexamplesofthese

typesofnaturalandhumancausedcatastrophescanbe foundthroughoutthethree

staterangeofthe listed species.
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Eventhoughthemarbledmurreletwasoriginally widespreadoverthe listed three

staterange,it is importantto recognizethattheresilienceto extinctionof
widespreadspeciescanbenegatedif thesespeciesaresubjectedto anewstress

overa largearea(Raup 1991: 122, 182). Forthe marbledmurrelet,this stresswas

theremovalofanestimated85 to 95 percentof its older forestnestinghabitatdue
to timberharvestandhumancausedfire. As aconsequenceof suchwidespread

habitatlossandthesubsequentreductionin therangeandvigor ofthespecies,the

murreletis now morevulnerableto environmentalfluctuationsandcatastrophes
thatthe speciesotherwisewould probablyhavebeenableto tolerate.These

chanceevents,suchasthefloods, fire, oil spills, andwindstormsdescribedabove

andearlierin thisplan,couldnow causeor facilitatetheextirpationoftheentire

listed speciesoroneormoreoftheZonepopulations.Thisrisk is further

exacerbatedfor themurreletbecausepopulationsthathavenegativelong-term

growthrates,asdoesthe listedpopulationofthemurrelet(seeAppendixB, Ralph

1994,Ralphetal. 1995),havelittle or no capacityto overcomecatastrophic

populationlosses(Lande1993).

Thezoneapproachin this recoveryplanaddressesthisrisk to the long-term

survivalandrecoveryofthemurreletby employingtwo widely recognizedand

scientificallyacceptedgoalsforpromotingviablepopulationsoflisted species:(1)

creationormaintenanceofmultiple populationssothata singleor seriesof

catastrophiceventscannotdestroythewhole listed species;and(2) increasingthe

sizeofeachpopulationin therespectiveConservationZonesto a level wherethe
threatsofgenetic,demographic,andnormalenvironmentaluncertaintiesare

diminished(MangelandTier 1994;NRC 1995:91,104; Tearetal. 1995; Meffe

andCarroll 1996:192).

In general,the largerthenumberofpopulationsandthelargerthe sizeofeach

population,the lowertheprobabilityofextinction (Raup1991:182,Meffe and
Carroll 1996:190). Thisbasicconservationprincipleofredundancyappliesto the

marbledmurrelet. By maintainingviablepopulationsin theConservationZones,
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thethreatsrepresentedby a fluctuatingenvironmentarealleviatedandthespecies

hasa greaterlikelihood ofachievinglong-termsurvivalandrecovery.
Conversely,lossofone ormoreofthemurreletZonepopulationswill resultin an

appreciableincreasein therisk thattheentire listed speciesmaynot surviveand

recover.

Therefore,whenevaluatingthepotentialimpactsoflandmanagementactionsthat
mayaffectthemarbledmurrelet,theServicewill considerwhethera significant

lossofindividual murreletsorhabitatin oneConservationZone-- without long

termmitigationalleviatingthe impactsofthat loss-- would adverselyaffectthe
viability ofthepopulationin thatZoneaswell asthelong-termviability of

populationsin otherZones. Excessiveimpactsto oneormoreof theZonescould

jeopardizethelong-termsurvivalandrecoveryofthemurreletby increasingthe
risk thatcatastrophiceventsmight devastatethewhole listed species(i.e., the

remainingZonalpopulations).

Protect Habitat

Thecentralreasonfor listing the Washington,Oregon,andCaliforniapopulation

ofthemarbledmurreletasthreatenedwasthelossofnestinghabitat(old-growth

andmatureforests). To fulfill the initial objectiveofstabilizingpopulationsize,

thisrecoveryplanfocuseson protectingadequatenestinghabitatby maintaining

andprotectingoccupiedhabitatandminimizingthe lossofunoccupiedbut
suitablehabitatthroughseveralmeans,includingdesignationofcritical habitat,

implementationoftheForestPlanandthedevelopmentofHCPsthat contributeto

theconservationofthemurrelet. TheForestPlanprovidesa substantial

contributiontowardsprotectingnestinghabitaton Federallands,especiallyhabitat

thatis currentlyoccupiedby marbledmurrelets,andrepresentsthebackboneof

thisRecoveryPlanstrategy.On May24, 1996,the Servicealsodesignated
critical habitatfor murrelets.
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In addition,recoveryofthemarbledmurreletwill requiresomenon-Federallands,
with severalimportantareasoccurringon privateand statelands. Currently,there

areseverallargeHCPsthathavebeencompletedor areunderdevelopmentthat
addressmarbledmurrelets,especiallyon keystatelands. Adequatelydesigned

andimplementedHCPswill bevery importantin theconservationof marbled

murreletson stateandprivatelandsandarelikely to bethemosteffectiveand

acceptablemeansofprotectingmostoccupiedsiteson non-federallands in the

nearfutureandpotentiallyprovidingreplacementhabitatin the long term. Lands

coveredby approvedHCPswould notrequireadditionalprotection(e.g.,
designationascritical habitat). Landacquisitionandlandexchangesbetween

agenciesandprivatelandownersmaybe anothereffectivewayto protect

occupiedsitesand/orblockupbothownershipsandsuitablehabitat. Theseland

exchangeswould be especiallyimportantin areaswith little Federalownership

suchassouthwesternWashington,northwesternOregon,northernCalifornia, and

centralCalifornia in areasnearthecoast.

Furthermore,protectionofmarinehabitatsis alsoacritical componentofa

successfulrecoverystrategy.Marbledmurreletsspendmostof theirlivesin the

marineenvironment. While somefeedingactivitiesmaytakeplaceon freshwater

lakesandrivers andsomeadultmortality resultsfrom accidentsorpredationin

theterrestrialenvironment,mostofthemarbledmurrelet’sbiological andphysical

interactionsoccurat sea,usuallywithin 2 kilometers(1.2miles) of theshoreline.

In addition,adultmortality from bothnaturalandanthropogeniccausesoccursin

themarineenvironment.Giventheessentialrole themarineenvironmentplaysin

thedaily and seasonallife ofthemarbledmurrelet,protectingthequality ofthe

marineenvironment(task2.2)andreducingadult andjuvenilemortality in the

marineenvironment(task 3.1.2)areintegralpartsofthismarbledmurrelet

recoveryeffort.
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Decreaseor Eliminate Threats

Formingthefoundationofthe interim recoverystrategyarespecificmanagement

recommendationsfor theprotectedhabitatareas.Theserecommendationsinclude

short-termactionsfor stabilizingthepopulation,andlonger-termactionsfor

increasingpopulationgrowthanddistribution.

Theshort-termactionsarecritical becauseofthe lengthoftimenecessaryto

developmostnewnestinghabitat(100-200years). Theyshouldbe factoredinto

decisionson which areasshouldbe securedandhowhabitat(both terrestrialand

marine)shouldbemaintainedor improved. Short-termactionsinclude: (1)

maintainingoccupiedhabitat; (2) maintaininglargeblocksofsuitablehabitat; (3)

maintainingand enhancingbufferhabitat;and(4)decreasingrisksoflossof

nestinghabitatdueto fire andwindthrow. Becauselow productivityorbreeding

successappearsto beasubstantialproblem,minimizing disturbanceandreducing

predationat nestsitesis alsoan importantfirst step in therecoveryprocess.

Potentialnegativeimpactsonmurreletpopulationsarenot restrictedto the

terrestrialenvironment.Habitatquality in themaxineenvironmentmustalsobe

considered,including thereductionofpollution andthc ikelihoodof oil spills.

Mortality of adultsandjuvenilesfrom net fisheriesmustalsobereducedor

eliminated.

Long-termactionsincludeincreasingtheamount,quality anddistributionof

suitablenestinghabitat. Increasingthestandsizeofsuitablehabitatto provide

moreinterior forestconditionsandincreasingthenumberofstandsof suitable

nestinghabitatareconsideredkeyto long-termrecovery.Within securedhabitat

areas,this meansprotectingcurrentlyunsuitablehabitatto allow it to become

suitable,reducingfragmentation,providingreplacementhabitatfor current

suitablenestinghabitatlost to disturbanceeventsandhabitatlost to bothtimber

harvestanddisturbanceeventsin thepast. In the longterm,thedistributionof
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nestinghabitatshouldbe improved. Silvicultural techniquesalsomight increase

thespeedofhabitatdevelopmentandthestructuralqualitiesofthehabitat. These

sameprinciplesapplyto non-federallandsthroughthedevelopmentofHCPsthat

adequatelyaddressconservationof themurrelet,throughincorporationofthe

principlesandtasksprovidedin this recoveryplan.

Giventheessetialrolethemarineenvironmentplaysin thedaily andseasonallife

ofthemarbledmurrelet,protectingand improving thequality ofthemarine

environmentandreducingadultandjuvenilemortality in themarineenvironment

areintegralpartsofthismarbledmurreletrecoveryeffort.

Conduct Researchand Monitoring

A betterunderstandingofthespeciesis essentialin orderto adequatelyrefinethis

recoverystrategyfor the marbledmurrelet. A keyto theentirerecoveryeffort is

conductingnecessaryresearchto providemanagerswith adequateinformationto

betterdeterminespecificdelistingcriteriaandto makenecessaryadjustmentsto

therecoverystrategy.

Currentpopulationsizeandtrendinformationneedsto be refinedthrough

additionalat-seasurveys,refinedsurveysamplingdesign,anddataanalysis

techniques.Informationon marbledmurreletsurvivorshipestimatesand

juvenile:adultratiosat-seaalsoneedsto becollectedoveranumberofyears(e.g.,

5—10 years)to furthervalidatethe currentpopulationmodel. Severalyearsare

requiredto accountfor possiblenaturalvariability andtheperiodicoccurrenceof

El Niflo (andotherwarm water)conditionsthatmayleadto variationin breeding

success.
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Someotherpossiblefactorsthatmaycontributeto or limit populationgrowth

needto beexploredin moredepth,includingpreyresourcesandfluctuationsin

theiravailability, theeffectsofnet fisheriesandoil pollution, nestinghabitat

requirementsandeffectsofavianpredationonnestsuccess.Therole that

researchandmonitoringplay in this recoveryeffort cannot be overemphasized.

Update and ReviseRecoveryPlan and Objectives

As with manyspecies,thereareconsiderablegapsin ourunderstandingof

marbledmurreletlife history requirements.Therefore,it is anticipatedthatthe

life ofthis initial recoveryplanwill berelatively shortdueto theexpectedgain in

knowledgeofthespeciesoverthenext5—10 years. Basedon additionalresearch,

monitoring,andimplementationoftheForestPlan,it is hopedthatthisrecovery

plancanberevisedin 5—10years. New informationgeneratedby additional

researchwill be incorporatedin thenextversionto allow for betterdefinition of

recoverytasks,anddevelopmentof morespecificdelistingcriteria.

C. RecoveryActions

Thefollowing narrativeoutline identifiesactionsnecessaryto addressthe
recoveryobjectives. Theseactionsinclude:

o Establishingsix MarbledMurreletConservationZones(Zones)anddevelop
landscape-levelmanagementstrategiesfor eachZone.

o Identifying andprotectinghabitatareaswithin eachZone,including the
marineenvironment,throughimplementationoftheForestPlan,designation
ascritical habitat,betteruseofexistinglaws,or othermethods(e.g.,HCPs),
anddevelopingmanagementplansfor theseareas.

o Monitoring populationsandhabitat,andsurveyingpotentialbreedinghabitat
to identify potentialnestingareas(e.g.,occupiedsites).
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o Implementingshort-termactionsto stabilizeandincreasethepopulationthat
includemaintainingpotentialsuitablehabitatin largecontiguousblocksand
buffer areas;maintaininghabitatdistributionand quality;decreasingrisk of
fire andwindthrow; decreasingadultandjuvenilemortality; reducingnest
predation;increasingrecruitment;andinitiating researchto determineimpacts
ofdisturbancein bothmarineandterrestrialenvironments.

o Implementinglong-termactionsto stoppopulationdeclineandincrease
populationgrowthby increasingtheamount,quality anddistributionof
suitablenestinghabitat,decreasingfragmentation,protecting“recruitment”
habitat,providingreplacementhabitatthroughsilvicultural techniques,and
improvingmarinehabitatquality.

o Initiating researchto developandrefinesurveyand monitoringprotocols,
refinepopulationestimates,examinelimiting factors,evaluatedisturbance
effects,andobtainadditionallife historydata.

o EstablishingaRegionalCoordinationbody for themarbledmurreletresearch
efforts, including datastorageandretrievalin databasesandarchives(seealso
AppendixC).
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D. Narrative Outline for RecoveryActions.

1. Implement managementplans for eachMarbled Murrelet Conservation
Zone.

1.1. PugetSoundZone (Zone 1).

ThePugetSoundZoneextendssouthfrom the U.S.-Canadianborderalongthe
eastshoreof PugetSoundto thesouthernendofPugetSound,thence
northwardalongthewestshoreof PugetSoundto PortTownsend,there
turningwestwardalongthenorthshoreoftheOlympic Peninsulato Koitlah
Point,just northeastofCapeFlattery. TheZoneincludesall thewatersof
PugetSoundandmostwatersoftheStrait of Juande FucasouthoftheU. S.-
Canadaborder. TheZoneextendsinlanda distanceof 80 kilometers(50
miles) from easternPugetSoundandincludesthenorthernandeastern
sectionsoftheOlympic Peninsula.Most ofthemarbledmurreletpopulation
occurringin theStateofWashingtonis foundin this Zone.

Currently,this is themainZonein thethree-stateareawherenet fisheriesmay
resultin considerablemortality to marbledmurrelets. In addition,thereis a
highthreatofoil andothermarinepollution.

Becauseof lossoflate-successionalforesthabitatandits replacementwith
urbandevelopmentin thePugetTrough,remainingsuitablenestinghabitatfor
marbledmurreletson theeasternshoreofPugetSoundis aconsiderable
distancefrom themarineenvironment(morethan32 kilometers[morethan20
miles]), lendingspecialimportanceto remainingnestinghabitatthatis closest
to PugetSound. Thatis alsothecasefor the remaininghabitatin thesouth
PugetSoundarea.Althoughthereareonly a small numberofmarbled
murreletsknownto nestin thisarea,recoveryefforts shouldbe directed
towardincreasingthesizeanddistributionofmarbledmurreletpopulations
hereandnot furthercontractingthetheirdistribution.

Thereis alsoconsiderablesuitablemarbledmurreletnestinghabitaton the
easternOlympic Peninsulathatis notcurrently locatedin Late-Successional
Reserves.Thishabitatmaybe importantfor themaintenanceofmarbled
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murreletpopulationsof southernPugetSound. TheWashingtonDepartment
ofNaturalResourcesrecentlycompletedaHabitatConservationPlanfor all of
its Stateforestlandsin westernWashingtonandmarbledmurrelet
managementwasapartof thatHabitatConservationPlan.

1.2 WesternWashingtonCoastRangeZone(Zone2).

TheWesternWashingtonCoastRangeZoneextendsfrom Koitlah Pointwest
to CapeFlattery,andsouthto theColumbiaRiver. ThisZoneincludeswaters
within 2 kilometers(1.2miles) ofthePacific Oceanshorelineaswell as
waterssouthoftheU.S.-Canadaborderoff CapeFlattery,andextendsinland
to themidpointoftheOlympic Peninsulaandin southwestWashingtonasfar
as80 kilometers(50miles) from thePacific Oceanshoreline. Somenet
fisheriesoccurin theZonenearCapeFlatteryandlargeoil spills area
considerablethreat.

Forestlandsin thenorthwesternportionoccuron public andprivatelands
while mostforestlandsin thesouthwesternportionareprivatelyownedand
havebeenharvestedin the lastcentury. Therearerelatively fewknown
marbledmurreletoccupiedsites.

To maintainawell-distributedmarbledmurreletpopulation,recoveryefforts
shouldbedirectedtowardincreasingthesizeanddistributionofmarbled
murreletpopulationsandnot furtheringthegapin distributionbetweenthe
Peninsulaandthesmall populationsin southwesternWashington.Non-
Federallandsin thisZonecurrentlyprovidea limited amountofmarbled
murreletnestinghabitatandhavethepotentialto bemanagedto increasethe
amountofsuitablenestinghabitatin thefuture. TheWashingtonDepartment
ofNaturalResourcesrecentlycompletedaHabitatConservationPlanfor all of
its Stateforestlandsin westernWashingtonandmarbledmurrelet
managementwasa partofthat HabitatConservationPlan.

1.3 Oregon CoastRange Zone (Zone3).

TheOregonCoastRangeZoneextendsfrom theColumbiaRiver,southto
NorthBend,CoosCounty,Oregon.ThisZoneincludeswaterswithin 2
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kilometers(1.2miles) ofthePacificOceanshorelineandextendsinianda
distanceofup to 56 kilometers(35miles) from thePacificOceanshoreline
andcoincideswith the“Zone 1” boundaryline describedby theForest
EcosystemManagementAssessmentTeam,with minor adjustments(U.S.
DepartmentofAgricultureetal. 1993). Theboundaryencompassesall of the
marbledmurreletcritical habitatunitsdesignated(theboundaryextends
slightly beyond56 kilometers(35 miles) in certainareas;seeAppendixA,
Figure2).

This Zoneincludesthe majorityofknownmarbledmurreletoccupiedsitesin
Oregon.Marbledmurreletoccupiedsitesalongthewesternportionofthe
Tillamook StateForestareespeciallyimportantto maintainingwell-
distributedmarbledmurreletpopulations.Efforts shouldfocuson maintaining
theseoccupiedsites,minimizingthelossof unoccupiedbut suitablehabitat,
anddecreasingthetimefor developmentofnewhabitat. Relativelyfew
knownoccupiedsitesoccurnorthoftheTillamook StateForest. Recovery
efforts shouldbedirectedatrestoringsomeofthenorth-southdistributionof
marbledmurreletpopulationsandhabitatin thisZone. Maintenanceof
suitableandoccupiedmarbledmurreletnestinghabitatin theElliott State
Forest,Tillamook StateForest,SiuslawNationalForest,andBureauofLand
Management-administeredforestsis anessentialcomponentfor the
stabilizationandrecoveryof themarbledmurrelet.

1.4 Siskiyou CoastRangeZone (Zone 4).

TheSiskiyouCoastRangeZoneextendsfrom NorthBend, CoosCounty,
Oregon,southto thesouthernendofHumboldtCounty,California. It
includeswaterswithin 2 kilometers(1.2miles) of thePacificOceanshoreline
(includingHumboldtandArcatabays)and,in general,extendsinland a
distanceof56 kilometers(35 miles) from thePacificOceanshorelineand
coincideswith the“Zone 1” boundaryline describedby theForestEcosystem
ManagementAssessmentTeamwith minor adjustments(U.S. Departmentof
Agricultureetal. 1993). Theboundaryencompassesall ofthemarbled
murreletcritical habitatunitsdesignated(theboundaryextendsslightly
beyond56 kilometers(35 miles) in certainareas- seeAppendixA, Figure3).
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ThisZoneincludesthemarbledmurreletpopulationoccupyingsites in
RedwoodNationalParkandseveralstateparks(JedediahSmith,Del Norte,
PrairieCreek,Grizzly Creek,andHumboldt)in California. In addition, this
Zoneincludesnestinghabitatonprivatelandsin southernHumboldtCounty.
Additional marbledmurreletnestinghabitatoccursat lowerelevationsin
westernportionsoftheSmithRiverNationalRecreationArea. Statepolicies
regardingprotectionofmarbledmurreletoccupiedsiteson privatelandsdiffer
in the OregonandCaliforniaportionsofthisZone.

Recoveryactionsshouldbefocusedonpreventingthelossofoccupiednesting
habitat,minimizing thelossof unoccupiedbut suitablehabitat,anddecreasing
thetime for developmentofnewsuitablehabitat. Muchmarbledmurrelet
nestinghabitatis foundin stateandnationalparksthatreceiveconsiderable
recreationaluse. Theneedto maintainhigh qualitymarbledmurrelet
terrestrialhabitatshouldbeconsideredin planningany modificationsto state
or nationalparksfor recreationalpurposes.Bothhighwayandcampground
construction,includingpicnicareas,parkinglots, andvisitorscenters,could
presentthreatsto themarbledmurreletthroughlossofhabitat,nest
disturbance,and/orincreasingpotentialpredationfrom corvidsassociated
with humanactivities suchasSteller’sjaysandcrows. Implementing
appropriategarbage/trashdisposalmayhelpdecreasepotentialpredator
populationsin highhumanuseareassuchascounty,stateandnationalparks.

ThisZonehaslargeblocksof suitablehabitatcritical to thethree-state
marbledmurreletpopulationrecoveryoverthenext 100 years. However,the
amountof suitablehabitatprotectedin parksis probablynot sufficient by
itselfto guaranteelong-termsurvivalofmarbledmurreletsin this Zone. On
theotherhand,aconsiderableamountofhabitatis preservedin parkssuch
that survivalmaybemorelikely in this Zonethanin severalotherZones.
Privatelandsatthesouthernendof thisZoneareimportantfor maintaining
thecurrentdistributionofthespecies.Thereis alreadyaconsiderablegapin
distributionbetweenthisareaandthecentralCaliforniapopulationinZone 6.
Efforts shouldbeimplementedto, at aminimum,notexpandthecurrent
distributiongap.
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1.5 Mendocino Zone (Zone 5).

TheMendocinoZoneextendssouthfrom thesouthernboundaryofHumboldt
County,California,to themouthofSanFranciscoBay. It includeswaters
within 2 kilometers(1.2miles) ofthePacific Oceanshorelineandextends
inland adistanceofup to 40 kilometers(25 miles) fromthePacificOcean
shoreline.

Theverysmall nestingandat-seapopulationof marbledmurreletsalongthe
coastofMendocino,SonomaandMain Countiesis importantto future
reconnectionof marbledmurreletpopulationsin northernandcentral
California, if theycansurviveovertheshort term. Almostall oftheolder
foresthasbeenremovedfrom this area,althoughsmall pocketsofold-growth
forestoccurin Stateparksandonprivatelands. Forestsin southeastMain
Countyand in theBerkeleyHills (AlamedaCounty)mayhavebeenusedfor
nestingin thedistantpast,but theseareaswereloggedfrom theearly 1800’sto
theearly 1900’s. Muchoftheremainingmarbledmurreletnestinghabitatin
this Zoneis locatedonprivatelands.

Themaintenanceof thispopulationwill requireconsiderablecooperation
betweenState,Federalandprivatemanagementrepresentatives.Recovery
efforts in this ConservationZonecouldenhancetheprobabilityofsurvivaland
recoveryin adjacentConservationZonesby minimizingthecurrentgapin
distribution. Thepopulationis sosmall thatimmediaterecoveryefforts may
notbe successfulatmaintainingthispopulationovertime andlongerterm
recoveryefforts(e.g.,developingnewsuitablehabitat)maybemost
important. However,if this smallpopulationcanbe maintainedoverthenext
50 years,it will greatlyspeedrecoveryin this ConservationZone. Whetheror
notmarbledmurreletscanrecolonizeregeneratedold-growthforestsoversuch
alargegeographicareais not known.

1.6 SantaCruz Mountains Zone (Zone 6).

TheSantaCruzMountainsZoneextendssouthfrom themouthofSan
FranciscoBay to Point Sur,MontereyCounty,California. It includeswaters
within 2 kilometers(1.2miles) of thePacificOceanshoreline,thewatersof
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MontereyBay, and extendsinland a distanceofupto 24 kilometers(15 miles)
from thePacificOceanshoreline.

Thesouthernmostpopulationof marbledmurreletsin theNorthAmerica
occursin this Zone. This populationis importantto maintainingawell-
distributedmarbledmurreletpopulationin thethree-statearea.Becausethis
populationis small andisolatedfrom othermarbledmurreletpopulations,it is
consideredto beespeciallyvulnerable.

Thispopulationusesnestinghabitatfoundprimarily onstatepark lands(Big
BasinRedwoods,Butano,andPortolaStateParks),althoughsomehabitatfor
this populationalsooccursonprivateland. Thewatersoffshoreof SanMateo
andSantaCruzcountiesareimportantforagingareasfor thispopulationin the
breedingseason.Marbledmurreletsprobablyoncenestedon theMonterey
Countycoastfrom southofCarmelthroughBig Sur.

In addition,numbersofmarbledmurreletsarefoundin MontereyBay during
thewinter. Smallnumbersalso maydisperseslightly northwardandoccuroff
SanFranciscoandnorthernSanMateocounties(atthenorthernendofthe
Zone)aswell asoff southernMain County(atthesouthernendofZone5) in
winter. However,this populationis largely residentoff southernSanMateo
andnorthernSantaCruzcountiesin winter, bestdemonstratedby highlevels
ofwintervisitationto nestingareas.In winter, small numbersofmarbled
murreletsarefound southof thisZone,from PointSurto theU.S.-Mexico
border. Marbledmurreletsarenotknownto usetheterrestrialenvironmentin
thisarea,howevermortality from oil spills mayrepresentaprincipal threatto
marbledmurreletswinteringin thisarea.

2. Delineateand protect areas of habitat within each Zone.

Areaswithin eachZonethatareessentialfor marbledmurreletrecovery
shouldbedelineatedandprotected,usingavarietyofmeans(e.g.,designation
ascritical habitat,protectionthroughHabitatConservationPlans,management
[asreserves]undertheForestPlan,otherexisting regulatorymechanisms,
etc.).
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2.1 Protect terrestrial habitat essentialfor marbled murrelet recovery.

Thereappearsto belittle opportunityfor increasesin marbledmurrelet
productivityasaresultofforestmaturationin thenearfuture. Evenunder
optimumconditionsandwith thesuccessfuluseofvarioussilvicultural
techniques,it will take50 to 100 yearsormoreto developnewsuitable
nestinghabitatwithin mostreserveareas. Any furthersubstantialreductionin
occupiednestinghabitatforthemarbledmurreletwouldhampereffortsto
stabilizethepopulationandtherecoveryofthe species.

Marbledmurreletpopulationtrendsdescribedabove(alsoseeAppendixB)
haveledtheU.S.FishandWildlife Serviceto concludethat anumberof
areas,includingnestingareasandfeedingsiteswell-distributedthroughoutits
terrestrialandmarinerange,areessentialto theconservationofthespecies.
Late-SuccessionalReserves,asdescribedin theForestPlanandthefinal rule
designatingcritical habitatfor marbledmurrelets,will eventuallycontributeto
recovery.However,theseareasaloneareinsufficientto reversethedecline
andmaintainawell-distributedpopulation.Thus, additionalareas,including
non-Federallandsandmarineareas,shouldbeprotectedusingavarietyof
meansincludingcritical habitat,HabitatConservationPlans,andother
existingregulatorymechanismsasdescribedbelow. If theseareasare
protected,thereis ahigh likelihoodthatpopulationswill stabilize.

A. Essentialnestinghabitatsthat occuron forestlandsmanagedby the
Federalgovernmentinclude:

(1) Any suitablehabitatin Late-SuccessionalReserveslocatedin the
ForestEcosystemManagementAssessmentTeamZone 1 (seepages
IV-23 andIV-24 in U.S. DepartmentofAgriculture etal. 1993for a
descriptionofZone 1);

(2) Any suitablehabitatin Late-SuccessionalReservesin theForest
EcosystemManagementAssessmentTeamZone2 in Washington
(seepageIV-24 in U.S. DepartmentofAgricultureet al. 1993 for a
descriptionofZone2). Approximately10 percentofthestands
sampledin theNorthCascadeswereoccupiedwithin this Zone;
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(3) All suitablehabitatlocatedin theOlympic AdaptiveManagement
Area (AMA) identifiedin theFSEIS. Theapproximately10,500
hectares(26,000acres)of low elevationsuitablehabitatin the
Olympic AdaptiveManagementArea is essentialto conservemarbled
murreletpopulationsin thePugetSoundareaofWashington;and

(4) Otherlargeareasof suitablenestinghabitatoutsideofLate-
SuccessionalReservesonFederallands. For example,largeareasof
suitablenestinghabitatoccuron theSiskiyouNationalForest,
Oregon,theSix RiversNationalForest,California,andin Redwood
NationalandStatePark,California.

B. Essentialnestinghabitatsthatoccuron forestlandsundernon-Federal
managementinclude:

(1) Largeareasof suitablenestinghabitatonstatelandsin Californiaand
Oregonwithin 40 kilometers(25 miles) ofthecoast. For example,in
Oregon,largeareasofsuitablenestinghabitatoccurin the Elliott
StateForest,thewesternsideoftheTillamook StateForest,andState
landswestofCorvallis and alongthecoast.In California, much
nestinghabitatoccursin Stateparks. Theseareasarecritical for
maintainingthedistributionof suitablehabitat.

(2) Suitablehabitatwithin 64 kilometers(40 miles) ofthecoaston State
landsin Washington.Theseareasarecritical for improvingthe
distributionofboththepopulationandsuitablehabitat,especiallyin
southwestWashington.

(3) Suitablenestinghabitaton countypark lands(e.g.,Memorial andSam
MacDonaldCountyParks)within 40 kilometers(25miles)ofthe
coastin SanMateoandSantaCruzCounties,California. Theseparks
form someofthe lastremnantsof nestingareasfor thesouthernmost
populationofmarbledmurrelets,which is thesmallest,mostisolated,
andmostsusceptibleto extinction.
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(4) Suitablenestinghabitaton PacificLumberCompanylandsin
HumboldtCounty,California. Theseareasarea significantportionof
thecurrentlyavailablenestinghabitatfor thesouthernpartof Zone4.
This areahasknownnestsitesandis situatedin akey area,closeto
thecoast,with no Federallandsin the immediateareathatareableto
providesimilar recoverycontributions. Maintenanceofsuitable
habitatin this areais also critical to avoidwideningthegapbetween
thecentralCaliforniapopulationandthesouthernendofHumboldt
County.

(5) Additional habitatessentialfor theconservationofthemarbled
murreletoccurson privatelands in Oregonand Washington,but these
couldbemanagedfor themarbledmurreletif surveysfor themarbled
murreletwererequiredprior to timberharvest,andoccupiedsites
(foreststandswheremarbledmurreletoccupancyhasbeendetermined
throughsurveys)wereprotectedfrom timber operations.This
managementsystemis usedeffectively to protectmanyoccupied
marbledmurreletsites in California, it hasrecentlybeenadoptedin
Washington,but not in Oregon.

Maintenanceofmarbledmurreletpopulationson privatelandsis critical
in arrestingthedeclineofthespeciesin thenext50—100years. This is
especiallytruewhereadditionalnestinghabitatis not expectedto be
availableonnearbyFederallands. While theEndangeredSpeciesAct
section9 prohibitionagainstunauthorizedincidentaltakeprovidessome
protectionfor themarbledmurrelet,this maynotbesufficientto protect
andenhancehabitaton non-Federallandsin the long term. This is
becauseacontinuingdeclinein populationswould be expectedto
eventuallyresultin unoccupiedhabitatwheretheprohibitionagainst
takemaynotapply. This unoccupied,butsuitable,habitatmight thenbe
harvested,continuingtheerosionof habitatthat is neededto recoverthe
species.HabitatConservationPlanswith appropriatemeasuresto
minimize andmitigateincidentaltakein theshorttermwhileproviding
for maintenanceorcreationofhabitatfor the long termprobablyoffer
thebestmeansfor conservationofthespecieson non-Federallands.
Landacquisitionsorexchangesby Federalor Stateagenciesand
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conservationorganizationscouldalsocontributeto protectionand
enhancementof habitat.

2.2 Protectmarinehabitatessentialfor marbled murrelet recovery.

While somemarbledmurreletfeedingactivities maytakeplaceon freshwater
lakesandrivers andsomeadultmortality resultsfrom accidentsorpredation
in theterrestrialenvironment,mostofthemarbledmurrelet’sbiological and
physicalinteractionsoccurat sea,usuallywithin 2 kilometers(1.2miles) of
theshoreline.In addition,adultmortality from bothnaturalcausesandhuman
activitiesoccursin themarineenvironment. Giventheessentialrole the
marineenvironmentplaysin thedaily andseasonallife ofthemarbled
murrelet,protectingthequality ofthemarineenvironment(task2.2) and
reducingadult andjuvenilemortality in themarineenvironment(task3.1.2)
areintegralpartsof thismarbledmurreletrecoveryeffort.

Themainthreatsto marbledmurreletsidentifiedin theirmarinehabitatresult
in the lossofindividualsthroughdeathor injury. Marbledmurreletsare
adverselyaffectedby spills ofoil andotherpollutants. Although theseevents
undoubtedlyharmthemarbledmurreletpreybase,theirprincipaladverse
impactis thedeathofbirds in theareaofthe event. Theeffectsof these
eventson themarbledmurreletpreybasearesomewhatmoredifficult to
predictthanaretheeffectsonanymarbledmurreletsthathappento be in the
area.Evenvery small oil spillshaveresultedin thedeathoflargenumbers,
perhapslargeproportionsoflocal populations,ofmarbledmurrelets. Smaller
incidentsof oil discharge,suchasthoseassociatedwith thecleaningof bilges
andoil tanksat sea,cancumulativelyresultin significantmortality to marbled
murrelets.

AlthoughseveralexistingFederallawsandregulationsaddressreducingthe
threatsidentifiedin themarineenvironment,theymaybe insufficient to
protectthequalityofthemarbledmurrelet’smarinehabitat.Underthe
provisionsofsection7 of theEndangeredSpeciesAct, theU.S. Fishand
Wildlife Servicemustbeconsultedwhenprojectsauthorized,funded,or
carriedoutby a Federalagencymayaffectthemarbledmurrelethabitats.
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Improvedcoordinationofmarbledmurreletrecoveryefforts among
cooperatingindividualsandorganizationsis neededto integrateprotectionof
marbledmurreletnestingandforaginghabitats.TheU.S. FishandWildlife
Servicewill continueto monitormarinethreatsto marbledmurreletsin
consultationwith otheragenciesandmayproposemarinecritical habitatin the
future,if warranted.

Five marineareassupportthehighestconcentrationsofmarbledmurrelets
during thebreedingseasonin Washington,Oregon,andCalifornia.
Concentrationareasof breedingmarbledmurreletsin thenearshoremarine
environmentessentialfor foragingandloafingareasandin needofprotection
include:

(1) All watersofPugetSoundandtheStrait ofJuandeFucain
Washington,including thewatersof theSanJuanIslandsandriver
mouths;

(2) Nearshorewaters(within 2 kilometers[1.2 miles]of theshore)along
thePacificCoastfrom CapeFlatteryto WillapaBay in Washington,
including river mouths;

(3) Nearshorewaters(within 2 kilometers[1.2miles] ofthe shore)along
thePacificCoastfrom NewportBay to CoosBay in Oregon,
includingYaquinaBayandriver mouths;

(4) Nearshorewaters(within 2 kilometers[1.2 miles]ofthe shore)along
thePacificCoastfrom theOregon-Californiabordersouthto Cape
Mendocinoin northernCalifornia, includingHumboldtandArcata
Bays,andriver mouths(e.g.,mouthsofthe SmithRiver,Klamath
River,RedwoodCreek,andEelRiver); and

(5) Nearshorewaters(within 2 kilometers[1.2miles] oftheshore)along
thePacificCoastin centralCaliforniafrom SanPedroPoint southto
themouthof thePajaroRiver,including themouthsofPescadero
Creek,WaddellCreek,andothercreeks.
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Eachoftheselocationssupportlargeconcentrationsof marbledmurreletsat
seaandarenearimportantareasofsuitablenestinghabitat. Protectionshould
extend2 kilometers(1.2miles) offshoreandincludeestuaries,river mouths,
andtheoceanfloor becausethemajority ofobservationsofbirdsat seaduring
thebreedingseasonoccurwithin theseareas;marbledmurreletscandive and
forageto greatdepthswithin thewatercolumn in theseareas;andmany
nearshore,bottom-andmidwater-dwellingpreyoccurand/orspawnin these
areas,particularlyassociatedwith estuaries,river mouths,andtheoceanfloor.
All othercoastalareasbetweentheseconcentrationareasarealso usedby
marbledmurrelets,especiallyin winter, includingnearshorewaterssouthof
Zone6 to theU.S.-Mexicanborder. It is importantto managethesewatersin
suchawayasto reduceor eliminatemarbledmurreletmortality, since
individualsusing theseareascontributeto marbledmurreletpopulationsin
their respectiveConservationZones.

2.3 Developandimplementa landscapemanagementstrategyfor each
of thesix ConservationZones.

Althoughmanyofthefactorsthathavecontributedto thedeclineofmarbled
murreletpopulationsin thethree-stateareaarecommonto all zones,each
zonepresentsuniquechallengesto therecoveryofthespecies.For example,
mortality resultingfrom incidentalcapturein net fisheriesis amajorconcern
in Zone 1, mortality from oil spills is amajorconcernin Zones2 and 6, and
potentiallossofkey suitablenestinghabitaton non-Federallandsis ofmajor
concernfor all Zones. A landscapemanagementplanthat addressesthe
uniquecircumstancesofeachZoneshouldbe developed,taking into
considerationall affectedparties(Federal,state,tribal, private,etc.).

2.3.1 Developand implementmanagementplansthat incorporate
the needsof the marbled murrelet for eachprotected habitat area on
Federal lands.

Eachprotectedhabitatareawithin aparticularZonemayhaveunique
ecologicalfeaturesandexistsin auniquespatialcontextwith landsthat
maybemanagedfor avarietyofvalues. It is importantthattheseunique
characteristicsbe addressedin thecontextofamanagementplanfor each
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oftheseareas,including thedevelopmentofappropriatedefinitionsof
suitablemarbledmurrelethabitatfor eachZone. In thedevelopmentof
theseplansforeachZone,all managersshouldhavean opportunityto be
involved, regionalissuesmustbeconsidered,andrecoveryobjectivesmust
beaddressedin aconsistentmannerthroughouttherange. In somecases,
thesemanagementplanscouldbedevelopedusing informationfrom the
Late-SuccessionalReserveassessmentscalledfor in theForestPlan
RecordofDecision.

Managementplansshouldbe basedon thebestavailableinformationon
thebiology andrecoveryneedsofthemarbledmurreletandshouldbeable
to adaptto newinformationasit becomesavailable. Forexample,a
varietyofmanagementactivitiescoulddecreasepredationmortality at
marbledmurreletnests(e.g.,silvicultural practicesdesignedto provide
shelterto nestsitesorto speeddevelopmentofmurrelethabitat;garbage
removalfrom stateandnationalparks). Efforts to reduceor eliminate
thesemanmadefoodsourcesin stateandnationalparksarecurrentlybeing
discussed.As successfulstrategiesaredevelopedto reducepredationat
thenest,theyshouldbe incorporatedinto managementplansfor specific
securedareas.An outlineof specificmanagementrecommendationsis
providedin task3.

2.3.2 Developand implement managementstrategies(e.g.,Habitat
ConservationPlans)thatincorporatetheneedsof themarbled
murrelet for protected areason non-Federallands.

ProtectedareasonFederallandsareexpectedto eventuallyprovide
sufficienthabitatto possiblysustainviablepopulationsofmarbled
murreletsoverthe longterm(50-100yearsandbeyond)for mostZonesin
thethree-statearea.However,thedemographicbottleneckthat the
marbledmurreletpopulationmayexperienceduring thenext50 to 100
yearsmakesthemaintenanceofmarbledmurreletpopulationsnot found
within Federallands(mainly on stateandprivatelands)animportant
componentofmoreguaranteedviability andeventualrecoveryoverthe
coming decadesandinto thefuture. Specificmanagementstrategies
shouldbedeveloped(e.g.,HabitatConservationPlans,SYPs,etc.)for
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occupiedandotherpotentialmarbledmurreletnestinghabitaton non-
Federallands. Thesestrategiesshouldincorporatethebestbiological
informationabouttherecoveryneedsofthemarbledmurreletandactually
contributeto theconservationofthemarbledmurrelet. An outlineof
specificmanagementrecommendationsis providedin task3.

3. Incorporatemanagementrecommendationsfor protectedhabitatareas.

Managementrecommendationsfor themarbledmurreletneedto addresstwo
differentbiologicaltime frames,whichreflect (1) aspectsofthemurrelet’s life
historyanddemographictrends,and(2) the lengthoftimerequiredto developthe
majority ofnewnestinghabitator improvecurrentforesthabitatconditions.
Short-termactionsmustaddressthe apparentrapiddeclineofcurrentpopulations
andtheneedfor immediatestabilization. Theability ofmarbledmurrelet
populationsto recoverrapidly is low dueto thelow reproductivepotentialof the
species.Long-termactionsaddressthelongtime-framesrequiredto cultivateor
enhancematureforesthabitatconditionsorto improvemarinehabitatquality
becauseofthenatureandcomplexityoftheseecosystems.Little additionalolder
foresthabitatwill becomeavailableuntil after2040.

3.1 Implement short-term actions to stabilize and increasethe
population.

3.1.1 Maintain/protect occupiednestinghabitat and minimize lossof
unoccupiedbut suitablenestinghabitat.

3.1.1.1 Maintain occupiednestinghabitat.

Thelossofoccupiednestinghabitatappearsto betheprimarycause
ofmarbledmurreletpopulationdeclinesin Washington,Oregon,and
California. Thelow reproductivepotentialof this species,andlackof
knowledgeconcerningits ability to locateandreestablishnewnesting
areasaftereliminationof nestinghabitat,makesit imperativeto
maintainall occupiednestinghabitat,asis beingdone,forthemost
part,throughimplementationoftheForestPlanon ForestServiceand
BureauofLandManagementlands.
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Onnon-Federallandsthemaintenanceof all occupiedsitesalso
shouldbe thegoal. However,it is realizedthatthroughthe Habitat
ConservationPlanprocess,theremaybesomelimited lossof
occupiedsitesorunsurveyedsuitablehabitat. In theshort-term(the
next 5—10years),until additionalinformationis obtained,lossofany
occupiedsitesorunsurveyedsuitablehabitatshouldbeavoidedor the
potentialimpactssignificantlyreducedthroughahabitatevaluation
andrankingprocessoutlinedin theHabitatConservationPlan. Short-
termtrade-offsfor long-termbenefitsshouldbeevaluatedvery
carefullyat this earlystageof marbledmurreletrecoveryand should
be doneon acase-by-casebasis.

3.1.1.2 Maintain potential and suitable habitat in larger
contiguousblocks while maintaining current north/south and
east/westdistribution ofnestinghabitat.

By maintainingoccupiedsitesandsuitablehabitatin largerblocks
with low levelsoffragmentation,severalobjectiveswill bemet..
Largerstandswill (1) havemorenestingandhiding opportunities,(2)
providefor multiplealternativenestingsitesfor individual pairsof
birds overtime, (3) facilitatenestingfor multiplepairsofbirds (and
thuspromoteincreasedsocialcontact),and(4) providegreater
interior foresthabitatconditions(to reducepotentialnestandadult
predation,increaseprotectionofnestsfrom windstormsand
environmentalchanges,andreducelossofhabitatfrom windthrow
andfire). Largerstandsalsomayprovidea coreofbirdsto attractor
developsufficientactivity and eventualnestingby subadultsor
nonbreedingadultbirds to replacebreedingadultslost from this
habitatovertime dueto naturalcausesor humanactivities.

Themorecontiguousthehabitatdistribution,the lower the likelihood
offuture largegapsin distributionofthespeciesdueto catastrophic
eventssuchasoil spillsor largewildfires. Preventingfurthererosion
ofthealreadypatchily-distributednestinghabitatis akey elementin
bufferingthe speciesagainstsuchcatastrophicevents.This is
especiallyimportantin areaswheregapsalreadyoccur. Furthermore,
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it is currentlyunknownhow nestingsuccessdifferswith distance
from thecoast,andfar inland habitatsmaybeasimportantto species
survivalasthosenearerto shore. Therefore,it is importantto
maintainbothnorth/southandeast/westdistributionofsuitable
habitat.

3.1.1.3 Maintain and enhancebuffer habitat surrounding
occupiedhabitat.

Maintainingbuffersaroundoccupiedhabitatwill mediatetheeffects
ofedgeby helping to reduceenvironmentalchangeswithin thestand,
reducelossofhabitatfrom windthrowandfire, reducefragmentation
levels,increasetheamountofinterior foresthabitatavailable,and
potentiallyhelpreducepredationatthenest. To havethe greatest
benefits,bufferwidths shouldbeaminimumof 300-600feetand
shouldconsistof whateveragestandis present,includingexisting
plantations(whichshouldbe managedto providereplacement
habitat).

3.1.2 Decreaseadult andjuvenilemortality.

3.1.2.1 Reducemortality from netfisheries.

Net fisheriescanleadto a significantincreasein mortality to adults,
subadults,andjuveniles. Netmortality is currentlyhighestin Puget
Soundwhereintensivenet fisheriesoccuroveranextensiveareaof
marinehabitat.

Strategiesto beinvestigatedandused,whereappropriate,includethe
exclusionofnet fisheriesfrom marbledmurreletconcentrationareas
to helpminimizeby-catchmortality andthe useofalternativeor
modified fishing gearto decreasetheprobabilityofmortality. A
Public forum hasbeendevelopedto discussthis issuebetween
variousFederaland stateagenciesandinterestgroups. Suchforums
wereimportantin addressingsimilarproblemsin Californiain the
1980’s(Salzman1989). Thesituationis verycomplexandprobably
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will notbe resolvedimmediately. Thecumulativeeffectsof net
mortality andotherthreatsfacingmarbledmurreletsmustbefurther
examined,especiallyin Washington.

3.1.2.2 Minimize probabilityof oil spills anddevelopmeansto
reduceimpactsofoil spills andpollution.

Thefourareaswith thegreatestspill potentialarePugetSound,
centralCalifornia,southwestWashington,andnorthernCalifornia.
Strategiesto maintainmarineenvironmentquality shouldbe
developedincluding reductionofbird mortality from oil spills,
developmentofcontingencyplansfor damageassessments(including
beachedbird surveys,carcassexaminationandpreservation,live oiled
bird captures,andat-seasurveys),andoiled bird care(including
rehabilitationandcaptivecaretechniques).Techniquesfor containing
oil spills (e.g., booms)shouldbestudiedin marbledmurrelet
concentrationareas.Protectionof river mouthsmaybenefitmarbled
murreletprey species. Impactsofdispersantsandhazingactions
shouldbe investigatedbeforeuse. In particular,marinepollutants
shouldbe reduced,especiallyin thePugetSoundandSantaCruz
MountainsZones.

3.1.3 Minimize nestdisturbancesto increasereproductive success.

Lowjuvenile:adultratioshavebeendocumentedthroughoutthethree-state
rangeofthemarbledmurrelet(AppendixB). Currentevidencesuggests
that thecauseofthis low reproductiveratemaybe dueto highratesof
predationon eggs,young,andpossiblyadultsatthenestsite. Population
modelingindicatesthatadjustedjuvenile:adultratiosshouldbe 15—22
percentat aminimumto resultin stableor increasingpopulations. Current
bestestimatesofunadjustedratiosaverage5 percent(range0.1—13.8
percent)andit is unlikely thatadjustmentwill resultin 4—10 times larger
ratios. Breedingadult alcidsin generalaresensitiveto nestsite
disturbanceduringtheincubationperiodandthefirst fewdaysof chick
rearing. Disturbancesnearmarbledmurreletnestsitesthatflush
incubatingorbroodingadultsfrom thenestsitemayexposeadultsand
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youngto increasedpredationoraccidentallossof eggsornestlingsby
falling orbeingknockedoutofnests. Humanactivitiesnearnestingareas
that resultin an increasein thenumberofpredatorsalsocould leadto a
greaterlikelihood ofnestpredation.Thetiming ofdisturbancesshouldbe
adjustedto avoiddisruptionof marbledmurreletactivities,suchas
courtship,mating,andnesting. Humanactivitiesshouldbemodifiedto
reduceattractionofpredatorsto specific forestareasalthoughthis action
maynot reduceactualpredatornumbersoverwider areas.Higher-than-
normalpredationlevelsarelikely to occurin nestinghabitatdueto forest
fragmentationandothercausesin manycases.

3.2 Implement long-term actionsto stoppopulationdeclineandincrease
population growth.

3.2.1 Increasethe amount and quality of suitablenestinghabitat.

An increasein amountandquality ofsuitablenestinghabitatis important
in all zones. However,it is especiallyimportantin thewestern
WashingtonCoastRangeandthenorthernportionsoftheOregonCoast
RangeZones. In theseareas,remainingpatchesofsuitablenestinghabitat
arerelatively small andfragmented,involve privateandstatelands,and
arevitally importantfor maintainingthecurrentsmall populationsin these
areas;thus,blockingup habitatis neededto increasepatchsize. It also
would be desirableto increaseandblock up suitablenestinghabitatin the
MendocinoandSantaCruz MountainsZones. Little habitatremains
outsideparksin thesetwo zones,suchthat anincreasein theshortterm
doesnotappearfeasible.

3.2.1.1 Decreasefragmentationby increasingthesizeof suitable
standsto provide a larger areaof interior forest conditions.

Themajority ofsuitableneststandscurrentlyexistassmall islands
within amatrix of youngerforests. Althoughthesefragmentswill
providecritically importanthabitatduringtheseveraldecades
requiredfor youngerstandsto developstructuralcharacteristics
suitablefor marbledmurreletnesting,theycannotbe consideredhigh
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qualityhabitatbecauseofvulnerabilityto wildfire andwindthrow,
andperhapsahigherabundanceof avianpredators.Researchis
neededto developjudiciouswaysto usesilvicultural techniquessuch
asthinning in young(nonhabitat)standsto hastendevelopmentof
largetreesanddecreasevulnerabilityofhabitatfragmentsto fire,
wind, andperhapspredators.Consistentwith theForestPlanRecord
ofDecision,thinningwithin Late-SuccessionalReservesshouldbe
restrictedto standsyoungerthan80 years. However,theRecordof
Decisionalsopermitsthinningwithin Late-SuccessionalReservesup
to age110 in CoastRangelandsadministeredbytheBureauofLand
Management(Nestuccablock) andin theOregonandCalifornia
KlamathProvinces(U.S. DepartmentofAgricultureandU.S.Fish
andWildlife Service1994b). Unthinnedbuffersshouldbe left around
any occupiedstands.Precautionsshouldbe takento reducefire
hazardfrom thinning slashandavoidsoil compaction.

3.2.1.2 Protect“recruitment”nestinghabitatto buffer and
enlargeexistingstands,reducefragmentation,and provide
replacementhabitatfor current suitable nestinghabitat lost to
disturbanceevents.

Stands(currently 80 yearsold or older) thatwill producesuitable
habitatwithin thenext fewdecadesarethemostimmediatesourceof
newhabitatandmaybe theonly replacementfor existinghabitatlost
to disturbance(e.g.,timberharvest,fires,etc.)overthenextcentury.
Suchstandsareparticularlyimportantbecauseofthevulnerabilityof
manyexistinghabitatfragmentsto fire andwind andthepossibility
thatclimatechangewill increasetheeffectsofthefrequencyand
severityofnaturaldisturbances.Suchstandsshouldnot besubjected
to any silvicultural treatmentthatdiminishestheircapacityto provide
qualitynestinghabitatin thefuture. Within securedareas,these
“recruitment”standsshouldnotbeharvestedor thinned. In thematrix
(onFederallands),harvestin younger-agedstandsshouldadhereto
thetechniquesdiscussedin thefollowing task(3.2.1.3)to more
quickly developinto marbledmurrelethabitat.
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3.2.1.3 Usesilvicultural techniquesto increasespeedof
developmentofnew habitat.

Nestingmarbledmurreletsselectstandswith largetreesthatprovide
suitablenestingplatforms(large,protectedbranches,preferablywith
moss). Whenavailable,largestandsappearto bepreferredover small
ones.Nestshavebeenlocatedin standswith awide rangeofstocking
densities,howeverthe low rateofnestingsuccessraisesconsiderable
uncertaintyregardingwhatconstitutesqualityhabitat. It is expected
thatsincemarbledmurreletsrequirevery specificstructuresin order
to successfullynest,silvicultural techniquesmaybeavailableto speed
thedevelopmentof thesestructuresin standsofyoungerforest.

Severalsilvicultural techniquesmaybe appropriateto increasethe
areaof suitablenestingstandsandtherateat whichtheydevelop
(e.g.,thinning, long rotations,etc.). Thinning acceleratestreegrowth
andcanbeusedasatool to producelargetreesmorequickly thanin
normalstanddevelopment.However,simplygrowinglargetreesis
not sufficient to obtain suitablemarbledmurrelethabitat. Treesmust
havelargemoss-covered,or mistletoedbranchesthat providenest
platforms,somethingthatis likely to be achievedonly by growing at
leastsometreeson long rotations. Therearetwo alternativesfor
doing that (1) “Green-treeretention”designatesapproximately20—40
treesperhectareto be retainedat harvest,with anewcrop ofyounger
treesestablishedbeneaththeoldertreecanopy. Leavingtreeson site
andallowing themto growto anolderagewill likely produce
marbledmurreletnesttreesandeventuallyproducecoarsewoody
debris(importanthabitatfor numerousotherspecies).As younger
treesmature,a multilayeredcanopydevelops,which is alsoan
importantstructuralattributeof older foresthabitat;and(2) evidence
availableatthis timeindicatesthat growingwhole standson long
rotationswill producehigherquality habitatin the long-termthan
greentreeretention,which maycreatesinkhabitatfor anumberof
bird species.Longrotationshaveotherecologicalandeconomic
benefitsaswell. Landscapeswith ahigherproportionofolderstands
shouldbe lesssusceptibleto catastrophicwildfire (providingreduced
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hazardfromthinning slash). BecausethinnedDouglas-firmaintains
goodgrowthwell into its secondcentury,silviculturistsnow conclude
that long rotationsareeconomicallyviable in theDouglas-firregion.

3.2.2 ImproveDistribution of NestingHabitat.

3.2.2.1 Improveanddevelopnorth/southdistribution of nesting
habitat.

Improvingthedistributionofnestinghabitathelpsto bufferexisting
populationsagainstpoorbreedingsuccessandcatastrophiclossand
probably facilitatesgeneflow amongseparatedpopulations.Three
majorgapsin existinghabitatareparticularlyapparent:(1) from the
southernOlympic Peninsulain Washingtonto Tillamook in
northwesternOregon;(2) betweenPatrick’sPointand southern
HumboldtBay in northernCalifornia(seeFigure 1); and(3)
throughoutmostoftheMendocinoZoneandthenorthernpartofthe
SantaCruzMountainsZone(betweensouthernHumboldtCountyand
centralSanMateoCounty). Thesethreegeographicgapsrepresent
probablepartial barriersto geneflow acrossthem. Theyincludelarge
areasofsecond-growthforeststhat originatedafterlogging,from fire
(partsof northwesternOregon),orfrom naturaldiscontinuitiesof
nestinghabitat(especiallypartsofnorthernandcentralCalifornia).
Gapareasoftenhaveahighproportionofprivatelandsandlittle or
noFederalland. Statelandscoversignificantportionsofnorthwest
Oregon(theTillamookandClatsopStateForests)and southwest
Washington.Silvicultural techniquesto createsuitablehabitatat both
thestandandlandscapelevel (discussedin task3.2.1.3)maybe
particularlybeneficialto marbledmurreletrecoveryin the longtermif
appliedin theseareas.

PortionsoftheMendocinoZoneandSantaCruz MountainsZonealso
containblocksofunsuitablehabitatthat probablynaturallycreated
small gapsin themurrelet’sterrestrialrange. Again, lossof suitable
habitataroundthesesmall naturalgapshasgreatlywidenedthem.
Thesegapshaveprobablygrowntogetherandeliminatedsuitable
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nestinghabitatovera largesectionoftheirrange. Theexistenceof
smallnaturalgapsin suitablehabitatmustberecognizedwhen
designingways to improveanddevelopnorth/southdistributionof
nestinghabitat.

3.2.2.2 Improveand develop east/westdistributionof nesting
habitat.

Improvingeast-westdistributionmeansfilling in habitatgapswithin
theConservationZoneboundariesdescribedearlier. Many portions
ofthespeciesrangeno longerhavelargeamountsofsuitablenesting
habitatcloseto thecoastandmarbledmurreletsmustfly considerable
distancesinlandto nest. In additionto thenorth-southgapsdiscussed
above,opportunitiesexiston the OlympicPeninsula,Pugettrough,
andalongvirtually theentireCaliforniacoastwithin themurrelet’s
rangeto improvethecurrenteast/westdistributionofhabitat. An
importantstep in developingmethodsto improvethisdistributionwill
be thecompleteidentificationofthe inlandboundaryofsuitable
nestinghabitatfor thethree-stateareaandidentificationoffactors
determiningtheseboundariesin differentregions.

4. Initiate researchnecessaryto guiderecoveryefforts.

Much remainsto be discoveredaboutthebehavior,ecology,andpopulationstatus
of themarbledmurreletin orderto correctandreversefactorsaffecting
populationdeclineandgrowth,andto refineapproachesfor recoveringits
populations.Therecoveryofthemarbledmurreletwill dependto alargeextent
on theprotectionandwisemanagementofthemarineandterrestrialhabitatsupon
which it depends.Thesehabitatsaredirectlyexploitedby humansfor natural
resourcesandaffectedindirectlyby pollutionandothermanagementactivities.
Theirmanagementalsohasbeenhamperedby alackofbiological information
aboutthemarbledmurrelet. Well-conducted,strategicresearchwill benecessary
to achieverecoverygoalsandmaximizemanagementbenefits.
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4.1 Monitor marbled murrelet populations and habitat.

Accurateandrepeatableinventoryandmonitoringofmarbledmurrelet
populationsandmarineandterrestrialhabitatis essentialin orderto evaluate
populationtrendsandtheeffectivenessof specificrecoveryactions.At
present,muchsuitablemarbledmurreletnestinghabitatremainsuninventoried
for useby marbledmurrelets. Nestinghabitathasbeenidentifiedfor only a
small fractionoftheat-seapopulationof marbledmurrelets.At-sea
populationsizeanddistributionmustbemeasuredovermanyyearsto best
assesspopulationtrends. Thedemographyofmarbledmurreletpopulations
mustberefinedto improveourunderstandingofthe species’statusand
populationtrends. Thesedemographicparameterscanonly bedetermined
throughintensiveandextensiveinventoryandmonitoring,aswell asthrough
thedevelopmentof newtechniques.Inventoryandmonitoringefforts should
beconductedin bothterrestrialandmarineenvironmentsthat areimportantto
marbledmurreletrecoveryin theshortandlong term.

4.1.1 Developand refine protocols for monitoring population trends,
productivity, and distribution.

Determiningandmonitoringthetrends,distributionandannualbreeding
success(e.g.,correlatedto therateofrecruitmentofyounginto theadult
breedingpopulation)ofpopulationsarebasicto understandingthestatus
ofthemarbledmurreletandthe factorsthatinfluencepopulationgrowth.
Problemswith thecurrenttechniquesusedto estimateproductivity,
populationdensity,andpopulationsizemakethecurrentestimatesof
thoseparametersless accuratethanwould be desirable.Marinesampling
methodologiesshouldbe furtherrefinedandtested.

4.1.2 Standardize and conduct at-seasurveysfor inventory and
monitoring of population sizeand distribution.

Becauseof thedifficulty ofcensussingmarbledmurreletsin their
terrestrialenvironment,at-seasurveysoffer thebestopportunityto
monitor overall populationsizeanddistributionofmarbledmurrelets.
Previousat-seasurveyshaveusedavarietyofsurveyprotocols,which has
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madecomparisonofresultsfrom different surveysdifficult. Oncethe
protocolhasbeenrefined,it shouldbestandardizedandmadecomparable
for both surveyandanalysistechniques.Additional surveyeffort should
occurat offshorewaterareasthatmayprovidehighlyproductiveforaging
locationsfor marinebirdsbeyondthecoastalnear-shorezone. As
important,a standardprotocolmustbedevelopedandfollowedto measure
at-seapopulationsizeanddistribution. Obtainingpopulationtrenddata
(onpopulationdensityand/ordistribution)shouldbe giventhehighest
priority in marbledmurreletat-seainventoriesbecausethis informationis
theultimatemeasureofpopulationstatus.

Surveysto estimatepopulationtrendsmustbe conductedthroughoutthe
rangeofthemarbledmurreletandshouldbestandardized.No
standardizedprotocolhasyetbeenestablished.A workshopwasheld in
November1996 to addressthis issueanddeveloptheneededstandard
protocol.

4.1.3 Standardizeandconductat-seasurveysand neststudies to
monitor breedingsuccess.

Knowledgeofbreedingsuccessfor populationsofmarbledmurreletsis
critical to demographicmodels. As for populationsizeanddistribution,
breedingsuccesscanbedeterminedusing at-seasurveysin late summer
thatdetermineajuvenile:adultratio. Thisratio is correlatedwith breeding
success,but exactrelationshipsarestill forthcoming. Breedingsuccess
also canbedetermineddirectly atanynestsfoundalthoughthesehave
beenfewin any oneyear. Overseveralyears,or if morenestscanbe
discoveredannually,largersamplesizescanbe obtainedandcomparedto
at-seaestimatesofbreedingsuccess,basedon juvenile:adultratios.
However,both techniquesrequirestandardizationofdatacollectedand
studydesign. Gatheringinformationon breedingsuccessin all
ConservationZonesis important. Breedingsuccessis a strongpredictorof
futuredeclineor increaseandthuswill provideimportantpredictive
informationon future populationstatusandhelpmeasurethelong-term
successofconservationmeasures.
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4.1.4 Developa definition ofsuitable marbled murrelet habitat for
eachConservationZone.

A definition ofsuitablemarbledmurrelethabitatshouldbedevelopedfor
eachConservationZoneto betterdetermineandmapappropnateareasfor
murreletrecovery.Although thecomponentsofsuitablemarbledmurrelet
habitataregenerallyknown,a descriptionof suitablemarbledmurrelet
habitatfor eachConservationZoneis lacking. Oncethesedefinitionshave
beendeveloped,mappingmarbledmurrelethabitatcanbe accomplished
with greateraccuracy.

4.1.5 Determineand map potential breedinghabitat, including
recruitment and replacementhabitat.

Despiterecenteffortsby Federalandstateagenciesandthepublic and
privatesectorsto maplate-successionalforestswithin therangeofthe
marbledmurrelet,thedistributionandamountofsuitablebreedinghabitat
for themarbledmurreletremainsincompletelyknown. Only afractionof
all potentialsuitablenestinghabitathasbeensurveyedfor marbled
murrelets. Manyof thecharacteristicsofsuitablenestinghabitat,
especiallylargehorizontallimbs providingnestplatforms,aredifficult to
predictusingremotesensingtechniques.Refining thelandsatcover
classesandcorrelatingtheseclassesto marbledmurrelethabitatfeatures
will be animportantpartofthis task. Thedevelopmentof ageographic
databaseofthe locationsofknownandpotentialnestinghabitatis an
essentialfirst stepto developingmanagementstrategiesandplansfor the
marbledmurreletin its terrestrialenvironment. Mappingandrelated
ground-truthingofboth recruitmenthabitat(standscapableof becoming
marbledmurrelethabitatwithin 25 years)andreplacementhabitat
throughoutWashington,Oregon,andCaliforniashouldbe completedas
soonaspossible.

4.1.6 Surveypotential breeding habitat to identify potential nesting
areas.

All aspectsofmarbledmurreletrecoveryin theterrestrialenvironment
dependon identificationofnestinghabitat.Nestinghabitatis anysuitable
habitatwheremarbledmurreletusehasbeendocumented.Useby
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marbledmurreletsincludes“occupied” andotherbehaviorsordetections
indicativeof localbreedingactivity by marbledmurrelets. At presentthe
locationsofactualnestinghabitatareknownfor only a small fractionof
theat-seapopulation.

Potentialhabitatshouldbesurveyedfor marbledmurreletsregardlessof
whetherit is considerednear-coastalor far inland habitat(e.g.,within
Zones1 and2 asdescribedby theForestEcosystemManagement
AssessmentTeam). A lackofinformationabouttherelativeimportanceof
thesesitesto therecoveryofthespeciescurrentlyexists. Standsshould
not bedesignatedasunsuitablehabitatbecausetheyhave(1) small patches
ofhabitatora fewremnantold-growthtrees;(2) smallerlimb sizes;(3)
little mosscoveron treebranches;(4)pooraccessconditionsforbirds;or
(5)particularaspectsmaycausesuitablehabitatto go unsurveyed.Field
assessmentspriorto determininghabitatsuitability areof vital importance
to theconservationandprotectionof marbledmurreletbreedingsites.

Forareaswithin a ConservationZonewhereno marbledmurreletshave
beendetected,intensivesurveysshouldbeconductedto identify nesting
areasanddelineatethe inland boundaryofnestinghabitat.Thesesurveys
couldrelievelandmanagersfrom futureconstraintsofForestPlan
implementation.Thesesurveyscouldbecooperativeeffortswith other
landownersin theareato reducecoststo any singlelandowner.

If delineatingnewinlandrangeboundariesis anobjectivefor anarea,the
useof surveyeffortsandanalyticalmethodssimilar to the studyrecently
completedby theSix RiversNationalForestin California(Hunteretal.
1997) is recommended.Thesurveyintensityand statisticalrigor usedin
this studyshouldproducereliableandaccurateresultsin othersimilar
studies,leadingto thebestmanagementdecisionspossible. The
objectivesofthesestudiesshouldbe to notonly demonstratewherebirds
areabsent,but attemptto locatetheregionswherethebirds beginto use
thelandscape.Focusingon singleownershipissuesmayleadto narrow
conclusionsthathavelessbenefitto all landmanagersin aregion.
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Recoveryof thespeciesdependson preventingits extinctionduring the
next50 to 100 years,beforeadditionalsuitablenestinghabitatwill be
developedin manysecuredareas.This canonly bedoneif thelocationsof
most,if not all, occupiednestinghabitatis known. Considerableeffort is,
therefore,justified to identify the locationof sitescurrentlyusedby
marbledmurrelets,regardlessoftheirdistanceinland. Becausemany
differentagenciesarelikely to beinvolved in surveysfor potentialnesting
areas,it is importantthatstandardprotocolsbe usedwhensurveyingfor
siteuse. Similarly, structuralandfloristic characteristicsofsitesshouldbe
gatheredin somedetailto facilitatethejob ofassessingthe suitabilityof
unsurveyedsitesfor use,basedsolelyon habitatcharacteristicsand
proximity to othersurveyedsites.

4.1.7 Evaluateterrestrialsurveyprotocol.

A betterunderstandingis neededofwhatthe differentkinds ofmarbled
murreletbehaviorsindicateaboutnestingstatus. Little is understood
abouttheyear-to-yearvariationin detectionratesandwhetherthe
terrestrialsurveyprotocolrequiressufficient censuseffort to beableto
detectsiteoccupancywhensurveyedunderEl Niflo conditionsandto
determinetherelationshipbetweendetectionratesandnumbersof birds,
useofflight corridors,andlandscape-levelflight behavior.

4.2 Refine and validate the current marbled murrelet population model.

4.2.1 Utilize at-seasurveysconductedin 4.1.2aboveto refine
estimatesof current population sizeand distribution, and to verify
trends for eachofthe six ConservationZones.

Verified trendinformationis necessaryfor meetinginterimdelisting
criteria,helping establishmorespecificdelistingcriteria,andassistingin
determiningexistingandprojectedpopulationstatus(seeAppendixB).

4.2.2 Developsurvivorshipestimatesfor the marbled murrelet.

Little is knowndirectly aboutthesurvivorshipofmarbledmurrelets.
Similar to otheralcids,marbledmurreletsarelikely to be relatively long-
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lived andchangesin survivorshiprateswill haveimportanteffectson
populationfluctuationsandresultsfrom populationmodeling. Markand
recapturestudies(whichmayincludetelemetry)or thedevelopmentof
newtechniquesareneededto developestimatesofannualsurvival.
Monitor survivorshipof adultsandjuvenilesatnestsites.

4.2.3 Refine estimatesof breeding successfrom juvenile:adult ratios.

Juvenile:adultratioscanbe convertedto estimatesoffecundityfor usein
populationmodels(AppendixB). Betterestimatesofjuvenile:adultratios
shouldresultfrom monitoringconductedin task4.1.3,but wouldbe
enhancedwith moreinformationonthetiming offledgingfrom nestsand
betterknowledgeofthetiming andnatureofdispersalofjuvenilesand
adults/subadults.

4.3 Determinethegeneticstructure ofmarbled murrelet populations
and if differencesexist amongthe six Zones.

Thegeneticstructureofapopulationindicatestheamountof timethat
populationsmayhavebeenseparatedfrom eachother,howmuchdispersal
takesplaceamongsubpopulations,andwhethergeneticdifferencesexist
amongsubpopulations.Nothing is currentlyknownaboutgeneticvariationof
marbledmurrelets,althoughsignificantgeneticdifferencesdueto the recent
separationofpopulationsin thePacific Northwestareunlikely. Molecular
populationgeneticapproachesshouldbe employed.

4.4 Determine the relative contribution of various factors limiting
marbled muirelet population growth.

Recoveryofthemarbledmurreletdependson determiningtherole ofdifferent
factorsthatcould limit thegrowthof marbledmurreletpopulations(see
AppendixB). Human-causeddisturbancecanadverselyaffectthemarbled
murreletin both theterrestrialandmarineenvironments.Thesignificanceof
thesedisturbanceshasnotbeenstudied,althoughin generaltheeffectsare
anticipatedto be muchlessthanlossof nestinghabitat. If disturbanceshavea
significantnegativeimpacton eithernestingsuccessoradultenergetics,their
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controlwill becomean importantpartoftherecoverystrategyfor the species.
Researchis neededto determinetheimpactofhumandisturbancesonmarbled
murreletbiology.

4.4.1 Improve understanding of limiting factors in forest nesting
habitats.

Thequality oftheforestenvironmentis closelyrelatedto marbled
murreletreproductivesuccess,whichappearsto be very low. Studies
shoulddeterminethevariousterrestrialfactorsthatmightaccountfor the
low productivity.

4.4.1.1 Improve understanding offactors affecting nesting
success.

It is importantto find morenestsandmonitorthemcarefullyto
determinenestingsuccess,improveestimatesofpredationeffectson
nestingsuccess,andrefineourknowledgeof thecausesofnest
failure. This includesanunderstandingofhownestingsuccessand
predatorpopulationsareaffectedby forest fragmentation,distance
from thenestto theedgeofthestand,standsize,standstructure,
canopyclosure,anddistancefrom thesea. Researchon nestbehavior
andsuccessshouldbe givenhighpriority becauseofits direct
relevanceto thedevelopmentofa recoverystrategy.

4.4.1.2 Improve understandingof nestinghabitat limitations.

Refinedmeasuresofnestsitestructureand selectionby marbled
murrelets,andtheavailability of nestinghabitatareneeded.Nestsite
selectionmustbe relatedto siteandlandscapecharacteristicssuchas
ageandbranchingstructureof trees,overheadcover,canopyclosure,
distanceinland, distancefrom thenearestnest,nestsitefidelity, and
standvulnerabilityto catastrophicdisturbance.
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4.4.1.3 Evaluate the effectsof disturbance of forest management
activities onnesting marbled murrelets.

Forestmanagementactivitiescreatevisual,acoustic,andair quality
disturbancesthat mayaffectnestsiteselection.Theymayalsocause
nestabandonmentornestfailurethroughadult avoidanceofnestsites
nearthesourcesofdisturbance.Evenlessinvasivesilvicultural
practices,suchashelicopterlogging,resultin theproductionof
visual,acousticandair disturbancesthatmaynegativelyeffect
marbledmurreletnestingsuccess.Burning and smokeproduction
mayalsoaffect marbledmurrelets.Researchis neededto quantify
whateffectthesedisturbancesmayhaveonmarbledmurreletnesting
biology.

4.4.2 Determine limiting factors in marine habitats.

Marbledmurreletpopulationgrowthmaybeaffectedin someportionsof
theirrangeby mortality from net fisheriesandoil spills, orby reduced
breedingsuccessor lower survivorshipdueto possiblevariationsin prey
availability.

4.4.2.1 Determinethe relative importance of human activities
(e.g.,net fisheries, oil spills) on adult/subadult mortality.

In a small portion ofthe range ofthe marbled murrelet in the Pacific
Northwest,marbledmurreletsmaydie from entanglementin nets. Oil
spillsandothermarinepollution mayaffectmarbledmurrelets
throughoutthe range,althoughthefrequencyofoil spills varies
betweenareas. Studiesshouldquantifytheserisk factors.

While directmortality from encounterswith boattraffic in themarine
environmentis likely to berare,disturbanceby passingboatscould
resultin lower foragingsuccess,birds not foragingin certain
disturbedareas,andincreasedenergyexpenditureduringavoidance
reactions.Researchon thesensitivityof marbledmurreletsto
disturbanceandtheeffectsof disturbanceon foragingandnesting
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successshouldbe carriedout. In addition,disturbanceeffectson
marbledmurreletsfrom frequentescape-divingfrom boats,
commercialmachinery,andrecreationalactivities (e.g.,jet skis) in
nearshoreenvironmentsshouldbe investigatedandquantified.

Studiesshouldexaminetheeffectsofmarinepollution onmarbled
murrelets,theirbreedingsuccessandprey species.In particular,
PugetSoundandSantaCruzMountainspopulationsshouldbe
checkedknowncontaminantloadingin theseareas.

In additionto pollution andnetfisheries’mortalitiesandpossible
overfishingofpreyresources,otherhumanactivitiesshouldbe
studiedcarefullyto preventimpactsto marbledmurreletprey
resourcesandtheirhabitats,including (1) changesin estuarine
dynamicsthroughcurrents,salinity, andwaterquality;(2) changesin
nearshorephysicalenvironments(e.g.,coastlinetopography,
bathymetry,andbottomsubstratesandsediments),especiallythrough
dredgingor shorelinedevelopment(i.e. shorelinefilling, erosion
control, constructionofmarinas,breakwaters,highways,railroads,
andotherdevelopments);(3) changesto nearshoremarinefood
chains;and(4) variousformsofpollution thatcanaffectwaterquality
pollution.

Impactsofhumanactivities on prey resourcesandfeedingconditions
couldcontributecumulativelyto otherbetter-knownimpacts
(includingnestinghabitatloss,oil spills, andnetmortalities)and
togethercontributeto seriouspopulationdeclinesor extirpations.
However,impactsofhumanactivitiesshouldbe well-established
throughadditionalstudybeforeextensiveefforts shouldbe expended
onefforts to protectprey resourceson behalfofmaintainingmarbled
murreletpopulationsorassistingrecoveryefforts.
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4.4.2.2 Determine how natural or human-enhancedvariability
in, or depressionof, food resourcesaffect survivorship of marbled
murrelets or productivity.

Studiesoftherelationshipsbetweenthevariability in prey
populationsdueto naturalcauses(e.g.,El Niflo events)andhuman
activities(e.g.,pollution, sedimentation,overfishing,etc.)and
marbledmurreletsurvival andproductivityareneeded.Preyresearch
shouldevaluatethepotentialimpactsofhumanactivitiesonprey
resourcesandtheirhabitats(ascurrentlyknown)consideredby
Federalandstateagenciesinvolved in coastalmanagementissues.At
presentlevels,fishingharvestofcertainprey species(e.g.,northern
anchovy,Pacific sardine,Pacificherring,smelts)havenot been
documentedto causeoverall prey reductionsfor marbledmurreletson
thewestcoast. However,extensivepastfishing pressurecertainly
contributedto declinesin Pacific sardines.Most marinebiologistsdo
not considercatchstatisticsaloneto adequatelyreflectthestatusof
preyresources(especiallywhennot adjustedfor catcheffort, market
prices,and changesin fishing regulations),eventhoughcatchcanat
timesmirror changesin fish populations. High fishingeffort or the
developmentofnewfisherieson knownor potentialpreyspecies
shouldbe consideredashavingpotentialeffectsrequiringfurther
study. Suchstudieswill requiremoreknowledgeofmarbledmurrelet
diet thanis currentlyavailableon thewestcoast.

4.5 Conductbasiclife historystudies.

Muchof the life historyofthemarbledmurreletis poorlyknown. Its nesting
habitatwasamysteryuntil very recently,only afewsamplesareavailableto
suggestits foodhabits,andlittle is knownaboutits demographics.Although
recentresearchhasprovidedsufficient insightsinto thebiology of themarbled
murreletto stronglysuggestaconsiderabledeclinein populationnumbersand
inadequaterecruitmentfor long-termsurvivalof thespecies,muchremainsto
be leamedaboutthemarbledmurreletthroughcontinuingresearchonbasic
aspectsofits life history.
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4.5.1 Conduct studieson foodhabits of marbled murrelets.

Additional researchis necessaryfor (1) determiningthediet ofmarbled
murrelets(throughnon-lethalmeans),(2) studyingtheecologyand status
ofmarbledmurreletprey species(especiallyPacificsandlance),and (3)
maintainingpreyresourcesat adequatelevelsto sustainmarbledmurrelet
populationsandassistrecoverythroughoutthethree-statearea.Diet
studiesareneededto determinemarbledmurreletpreyspecies. In
addition,studiesofabundance,distribution,andbiology ofprey species
areneededto betterunderstandmarbledmurreletdistributionandecology
at sea,andto ensurecontinuedlevelsof preyavailability, preventimpacts
of humanactivitiesthat mayaffectprey (i.e.,overfishing,pollutants,
coastaldevelopment,etc.),andmaintainotheraspectsof marinehabitat
quality (e.g.,reducedisturbance).

Informationaboutmarbledmurreletdiet cancomefrom examinationof
stomachcontentsorby observingfood itemsheld in thebills ofbirdsat
seaorbroughtto thenestby adults. Isotopeanalysesalsohavebeenuseful
for determiningthetrophiclevel ofmarbledmurrelets. Becauseadult and
nestlingdietsoftendiffer, theabundanceand availabilityofprey itemsof
differenttypesmayhaveeffectson bothadultsurvivalandbreeding
success.Althoughdifficult, researchon foodhabitsofthemarbled
murreletis essentialfor abetterunderstandingofpossiblerelationships
betweenfluctuationsin preydensitiesandmarbledmurreletnesting
successandadultsurvivorship.

4.5.2 Conduct studieson population immigration/emigration and
colonization of nestingareasby marbled murrelets.

Therearemanyunansweredquestionsaboutthe dispersalability and
movementhabitsofthemarbledmurrelet. Dispersalofjuveniles,nestsite
fidelity, andcolonizationofunoccupiedhabitatall requirefurtherresearch,
bothwithin andbetweenpopulations. Severalaspectsof therecovery
strategyfor themarbledmurreletwould benefitfrom betterknowledgeof
marbledmurreletmovements.It is especiallyimportantto determinehow
readilyunoccupiedforesthabitatwill becolonized,andto identify the
factorsthatcontributeto orhindersuccessfulcolonizationof unoccupied
habitat. Unoccupiedhabitatshouldincludeolder forestareasadjacentto
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occupiedhabitat(whichmaybeusedperiodically),older forestareas
disjunct from occupiedhabitat(which maybeusedperiodically),and
second-growthforestsapproachingolderforestconditions(both adjacent
anddisjunctfrom occupiedhabitat).Considerableemphasishasbeen
placedon thedevelopmentofhabitatfor marbledmurreletsin Late-
SuccessionalReservesoveraperiodof decades.Researchon movement
ofmarbledmurreletsis neededto determinetheextentthatLate-
SuccessionalReserveswill contributeto marbledmurreletrecovery.

4.5.3 Conductstudieson marinehabitatuseby marbled murrelets.

Despiterecentat-seasurveysfor themarbledmurrelet,little is known
aboutthe exactdistributionofmarbledmurreletsin themarine
environmentandhowit variesbetweenyearsandthroughouttheyear.
Most marbledmurreletsarefoundin nearshorewaters,especiallyjuvenile
marbledmurrelets,butmoreresearchis necessaryto determinetheuseof
variousportionsofthemarineenvironmentby themarbledmurrelet. This
workwould includeany relationshipsbetweenlocationoffooditemsand
underwaterfeatures,differential useofvariousmarinehabitatsby age
class,andtheuseofwatersfartherthan2 kilometers(1.2miles) off shore
by marbledmurrelets.

5. Establisha RegionalWestCoastDataCenter for themarbled murrelet.

Therangeofthethreatenedmarbledmurreletextendsacrossthreestatesandlands
administeredby amultitudeofentities. Research,inventoryandmonitoring
activitiesarecarriedoutby individualsrepresentingthoseentities:

Federalagencies
U.S. DepartmentoftheInterior

Fish andWildlife Service
BureauofIndianAffairs
Bureauof LandManagement
NationalParkService
GeologicalSurvey(Biological ResourcesDivision)
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U.S. DepartmentofAgriculture
ForestService

U.S. DepartmentofCommerce(NationalOceanicandAtmospheric
Administration)

NationalMarineFisheriesService
MontereyBayNational MarineSanctuary
Gulfof theFarallonesNationalMarineSanctuary
Olympic CoastNationalMarineSanctuary

Stateagencies
WashingtonDepartmentofFishandWildlife
WashingtonDepartmentofNaturalResources
OregonDepartmentofFishandWildlife
OregonDepartmentofForestry
CaliforniaDepartmentofFishandGame
CaliforniaDepartmentofForestry
CaliforniaDepartmentofParksandRecreation

Universities
UniversityofWashington
Humboldt StateUniversity
OregonStateUniversity
UniversityofCaliforniaSantaCruz
UniversityofCaliforniaBerkeley
MossLandingMarineLaboratory
Mark0. Hatfield MarineScienceCenter

Tribes
IndianNationsandTribal Groups

Private
PacificSeabirdGroup
Privatetimber companies
Privateresearchand consultinggroups
Environmentalgroups
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Throughthecooperationofscientistsinvolved in efforts throughthePacific
SeabirdGroupandthe interagencymarbledmurreletconservationassessment,
muchprogresshasbeenmadetowardcollating existing dataanddeveloping
consistentstandardizeddatacollectiontechniques,greatlyfacilitating future
comparisonsbetweendifferentareasoryears. Despitethis progress,thereis no
centralrepositoryfor historical,currentor futureinventoryor monitoring data
gatheredby researchers.As aresult,eachagencyhastendedto developits own
costlyandincompletedatamanagementandretrievalsystem. Becauseof multiple
jurisdictionsinvolved,this approachto datamanagementresultsin considerable
duplicationofeffort andmanysourcesfor partialdatasets,noneofwhich is
designedto answercritical questionsaboutrangewide status,trends,orterrestrial
ormarinedistributionofthemarbledmurrelet. Muchdatahaveremained
unavailable,despiterecentefforts to collateinformation.

As datacontinueto be gatheredto answercritical questionsaboutmarbled
murreletstatus,distribution,andpopulationtrendsin responseto variousrecovery
andmanagementactivities,it is importantthatthosegroupsdevelopingtheoverall
recoverystrategyhaveaccessto all historicaland current,range-wideresearch
resultsandrawdata. To meetthis need,establishmentof aWestCoastMarbled
MurreletDataCenter(DataCenter)is recommended,whosemissionwill be to
maintaincontactwith variousmarbledmurreletresearch,inventory,and
monitoringactivities andassemblerange-wideresultsoftheseactivities. This
DataCenterwould mostappropriatelybe theresponsibilityoftheU.S. Geological
Survey(Biological ResourcesDivision) or an interagencygrouplike theMarbled
MurreletCooperative(AppendixC) similar to thatestablishedto assistin
implementationoftheForestPlan. Thereis little doubtthat continuingresearch
by investigatorsthroughouttherangeof themarbledmurreletwill providedata
that canenhanceadaptivemanagementdecisionsmadefor therecoveryeffort.
Unlessthesedataarecentralizedandanalyzedon aregion-widebasis,those
groupsresponsiblefor recoverywill be deniedaccessto someof thebestavailable
scientificinformationon thespeciesthroughoutits three-staterange. In addition,
somedatawill not otherwisebecomearchivedandwill be lost and notusableby
futuremanagersandresearchers.Theestablishmentof apermanentDataCenter
is aprecursorto long-termrecoveryactionsbasedon thebestcurrentlyavailable
scientificdata.
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“The rapidity of change and the speed with which new situations are created follow
the impetuous and heedless pace of man rather than the deliberate pace of nature.”

 Rachel Carson, Silent Spring
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IV. IMPLEMENTATION SCHEDULE

Thetable that follows is a summaryofscheduledactionsandcostsfor this recovery
program. It is aguideto meetthe interimrecoveryobjectives. This table indicatesthe
scheduling priority for each task, which agencies are responsible for performing these
tasks,and theestimatedcoststo performthem. Implementationofall taskslisted in the
ImplementationSchedulewill leadto recovery. Initiation oftheseactionsis subjectto
availabilityof funds.

Priorities in column two ofthe implementationscheduleareassignedas follows:

1. Priority 1: An action that in.u~t betakento preventextinctionor to preventthespecies
from decliningirreversibly in theforeseeablefuture.

2. Priority 2: An action that must be taken to preventasignificantdeclinein population
or habitat quality, or some other significant negative impact short of extinction.

3. Priority 3: All other actions necessaryto meetrecoveryobjectives

ACRONYMS USEDIN THE IMPLEMENTATION SCHEDULE

AMA = AdaptiveManagementArea
BLM = BureauofLandManagement
BRD = Biological ResourcesDivision,U.S. GeologicalSurvey
CDF = CaliforniaDepartmentofForestryandFire Protection
CDFG = CaliforniaDepartmentofFish andGame
FS = U.S. ForestService
FWS = U.S. FishandWildlife Service
HCP = HabitatConservationPlan
LSR = Late-SuccessionalReserve
NMFS = NationalMarineFisheriesService
NOAA = NationalOceanicandAtmosphericAdministration
NPS = NationalParkService
ODF = OregonDepartmentof Forestry
ODFW = OregonDepartmentof FishandWildlife
PVT = Privateownership
ROD = Recordof Decision
TBD = To be determined (TBD1 = costs includedin ongoingactions)
USCG = U.S. CoastGuard
WDFW = WashingtonDepartmentofFish andWildlife
WDNR = WashingtonDepartmentofNaturalResources
Continual = Taskwill beimplementedon an annualor periodicbasisonceit is

begun.
Ongoing = Taskis currentlybeingimplementedandwill continueuntil actionsare

no longernecessaryfor recovery.
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Task Priority TaskDescription Task
Duration

(yrs)

Responsible
Party

lotal
Cost

Cost Estimates ($1000)

FY
1997

FY
1998

FY
1999

FY
2000

Comments

2.1 1 Protect terrestrial habitat essential
for murrelet recovery

Ongoing FWS
BLM
FS
WDNR
ODE
CDF
PVT

TBD EWSdesignatedcritical habitatOn
May 24,1996 SeveralHCPshave
beencompletedon Stateand
privatelandsthatprovide additional
habitatprotection

2.2 1 Protect marine habitat essential
for murrelet recovery

Ongoing EWS
NOAA

TBD
TBD

2.3.1 I Develop and implement
management plans for protected
habitat areas on Federal lands

3-5 FWS
BLM
ES

500
1.000
1.000

100
200
200

100
200
200

100
200
200

100
200
200

LSR management plans are, and
will be, developed by the BLM and
ES as required in the ROD, with
assistance from EWS; they will
include rnurrelet management
actions.

2.3.2 1 Develop and implement
management strategies for
protected habitat areas on non-
Federal lands

3-5 EWS
WDNR
WDFW
ODF
ODFW
CDF
CDFG
PVT

1,000
TBD
TBD
TBD
TBD
TBD
TI3D
TBD

200
TI3D
TBD
TBD
TBD
TBD
TBD
TBD

250
TBD
TBD
TBD
TBD
TBD
1BD
TBD

250
TBD
TBD
TBD
TBD
TBD
‘[BD
TBD

200
TBD
TBD
TBD
TBD
TBD
TBD
TBD

HCPs are currently being worked
on by state agencies and private
companies/individuals in all three
states that involve murrelets. These
are anticipated to continue for at
least the next several years.

3.1.1.1 1 Maintain occupied nesting habitat 10 BLM
FS
WDNR
WDFW
ODF
ODFW
COF
COEG
pvr

TI3D
TBD

BLM and ES, in compliance with
the ROD, will maintain all occupied
murrelet nesting habitat. Non
Federal agencies, companies, and
individuals have begun to address
occupied murrelet habitat through
the HCP process and Forest
Practice Rules.
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[ask
ft

Priority
ft

[ask l)cscription Task
Duration

(yrs)

Responsible
Party

lotal
Cost

Cost Estimates (S I .000)

EY
1997

FY
1998

FY
1999

FY
2000

Comment.s

3.1 I .2 I Maintain potential and suitable
habitat in larger contiguous
blocks while maintaining
north/south and east/west
distribution of nesting habitat

10 BLM
ES
NPS
WDNR
ODE
CDE

lBD
TBD

This should be accomplished for
BLM and ES. in part, by
compliance with the ROD for
potential and suitable habitat inside
I.SRs and adjacent to occupied sites
in the matrix.

3.1.1.3 I Maintain and enhance buffer
habitat surrounding occupied
habitat

10 BLM
ES
NPS
WDNR
ODE
CDE

TBD
TB[)

This should be accomplished for
BLM and ES, in part, by
compliance with the ROD for
potential and suitable habitat inside
LSRs and adjacent to occupied sites
in the matrix.

3.1.2 I I Reduce mortality from net
fisheries

Ongoing EWS
WDFW
TRIBES
NMFS

TBD
TB!)
I’BD
TBD

TRO
TBD
TB[)
TBD

TBD
TBD
TB[)
IBI)

TBD
TBD
TBD
TBD

TBD
TBD
TBD
TBD

Observer programs, alternate gear
testing, and fishing closure areas
are currently being investigated

3.1.2.2 I Minimize probability of oil spills
and develop means to reduce
impacts of oil spills and pollution

NOAA TBD

3.1.3 1 Minimize nest disturbances to
increase reproductive success

10 BI.M
ES
NPS
WDNR
ODE
COF
State Parks

4.1.1 1 L)evelop and refine protocols for
monitoring population trends.
productivity, and distribution

3 EWS
BIM
ES
ODEW
WDEW
CDEG

60
25
25
15
15
lS

25
10
10
5
5
5

25
lO
lO
5
5
5

10
5
5
5
5
5

~0
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Task
ft

Priority
ft

Task l)escription Task
Duration

(yrs)

Responsible
Party

Total
Cost

Cost Estimates ($1,000)

EY
1997

EY
1998

EY
1999

FY
2000

Comments

4.1.2 I Standardize and conduct at-sea
surveys for inventory and
monitoring of population size and
distribution

Continual EWS
BLM
ES
WDEW
ODEW
CDFG

1.000
250
750
250
250
500

100
25
75
25
25
50

100
25
75
25
25
50

100
25
75
25
25
50

100
25
75
25
25
50

It is anticipated that the at-sea
surveys would be conducted yearly
or every other year for the first 10
years. A workshop was held in
1996 to begin survey
standardization.

4.1.3 1 Standardize and conduct at-sea
surveys and nest studies to
monitor breeding success

Continual EWS
BLM
ES
WDNR
WDEW
ODE
ODEW
CDE
CDEG

750
250
750
TBD
TBD
TBD
TBD
TBD
TBD

75
25
75

75
25
75

75
25
75

75
25
75

4.4.1.1 1 Improve understanding of factors
affecting nesting success

S EWS
BRD
BLM
ES
WDNR
WDEW
ODE
ODEW
CDE
CDEG

TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

oc
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Task
ft

Priority
ft

Task Description [ask
Duration

(yrs)

Responsible
Party

lotal
Cost

Cost Estimates ($1 000)

FY
1997

FY
1998

FY
1999

FY
2000

Comments

4412 I Improve understanding of nesting
habitat limitations

S EWS
tiRt)
HEM
ES
WDNR
WDEW
ODE
ODEW
CDE
CDEG

50

3.2.1.1 2 Decrease fragmentationby
increasing the size ofsuitable
stands

tO HEM
ES
NPS
WI)NR
ODE
CI)E

TBD
TBD

This is being done by BLM and ES
in LSRs through compliance with
the ROD standards and guidelines.

3.2.1.2 2 Protect recruitment nesting
habitat to buffer and enlarge
existing stands

10 BLM
ES
NPS
WDNR
ODE
CDE

TBD
TBD

This is being done by BLM and ES
in LSRs and around known
occupied sites in the matrix through
compliance with the ROD
standards and guidelines.

3.2.l.3 2 Use silviculture to increase speed
of development of new habitat

10 BLM
ES
WDNR
ODE
CDE

TBD
TBD

1
TBD’
TBD’
TBD’

Various silvicultural techniques are
being proposed and utilized in both
AMAs and LSRs to speed
development of late-successional
forests. State HCPs are also
incorporating silvicultural
techniques to speed development of
new habitat.

4.1.4 2 Develop a definition of suitable
marbled murrelet habitat for each
Conservation Zone
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Task
ft

Priority
ft

Task Description [ask
t)uration

(yrs)

Responsible
Party

Total
Cost

Cost Estimates ($1,000)

FY
1997

EY
1998

EY
1999

EY
2000

Comments

4.1.5 2 Determine and map breeding
habitat, including recruitment and
replacement habitat

5 BLM
ES
WDNR
WDEW
ODE
ODEW
CDE
CDEG

250
500
TBD
TBD
TBD
TBD
TBD
TBD

50
100

50
100

50
100

50
l00

4.1.6 2 Survey potential breeding habitat
to identify potential nesting areas

Ongoing BLM
ES
WDNR
WDEW
ODE
ODEW
CDE
CDEG
PVT

TBD’
TBD
TBD
TUD
TUD
TI3D
TI3D
TBD
TBD

BLM and ES are surveying suitable
habitat in the matrix as part of
compliance with the ROD. Various
State agencies and private
individuals and companies are also
conducting murrelet surveys

4.1.7 2 Evaluate terrestrial survey
protocol

3 EWS
BLM
ES
WDNR
WDFW
ODE
ODEW
CDF
CDFG

30 10 20

4.2.1 2 Utilize at-sea surveys conducted
in 4.1.2 to refine estimates of
current population size and
distribution

Continual EWS 80 20 Estimates refined every 2-3 years
over a I 0-year period
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Task
ft

Priority
ft

Task Description Task
Duration

(yrs)

Responsible
Party

Total
Cost

Cost Estimates ($1,000)

EY
1997

EY
1998

FY
1999

FY
2000

Comments

4.2.2 2 Develop survivorship estimates
for the marbled murrelet

Continual EWS 40 10 Survivorship estimates retined
every 2-3 years over a b-year
period

4.2.3 2 Refine estimates of breeding
success from adult:juvenile ratios

Continual EWS 40 10 Estimates of breeding success
refined every 2-3 years over a 10-
year period

4.4.2.1 2 Determine the relative
importance ofhuman activities on
adult/subadult mortality

3 EWS
WDFW
USCG

3.2.2.1 3 Improve and develop north/south
distribution of nesting habitat

10 BLM
ES
WDNR
ODE
CDE

TBD
TBD
TBD
TBD
TBD

These efforts are partially being
accomplished through
implementation of the Eorest Plan
and development of HCPs.

3.2.2.2 3 Improve and develop east/west
distribution of nesting habitat

10 BLM
ES
WDNR
ODE
CDE

TBD
TBD
TBD
TBD
TBD

Same as above.

4.3 3 Determine the genetic structure
of murrelet populations

3 TBD
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Task
ft

Priority
ft

Task Description Task
Duration

(yrs)

Responsible
Party

Total
Cost

Cost Estimates ($1,000)

FY
1997

FY
l998

FY
1999

EY
2000

Comments

4.4.2.2 3 Determine how natural or human-
enhanced variability in, or
depression of, food resources
affect survivorship or
productivity

10 BRD 900 100 100 100

4.4.1.3 3 Evaluate the effects of
disturbance of forest management
activities on nesting murrelets

5 EWS
BLM
ES
NPS
WDNR
WDEW
ODE
ODEW
CDE
CDEG

ICO 30 30 IS IS

4.5.1 3 Conduct studies on food habits of
marbled murrelets

5 BRD 400 50 l00 100

4.5.2 3 Conduct studies on population
immigration/emigration and
colonization of nesting areas by
marbled murrelets

EWS
BLM
ES

4.5.3 3 Conduct studies on marine
habitat use by marbled murrelets

BRD

5.0 3 Establish a Regional West Coast
Data Center for the marbled
murrelet

Continual EWS
NBS
BLM
ES
NPS
WDNR
WDEW
ODE
ODEW
CDE
CDEG

1,950
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

50
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

200
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

200
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

200
THO
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD
TBD

Agency contributions would depend
on agency needs and management
direction
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APPENDIX A: DesignatedMarbled Murrelet Critical Habitat

tatedCritical Habitatby and Land Allocation

CongressionallyWithdrawn Lands 740 1,800

Late-SuccessionalReserves 485,680 1,200,200

Non-FederalLands

StateLands 172,720 426,800

PrivateLands

FederalLands

1,020 2,500

Late-SuccessionalReserves 541,530 1,338,200

Non-FederalLands

StateLands 70,880 175,100

County Lands 440 1,100

PrivateLands

FederalLands

350 900

Late-SuccessionalReserves 193,150 477,300

Non-FederalLands

StateLands 71,040 175,500

PrivateLands 16,360 40,400

CmliI (~1entr~I) JJ.

StateLands 14,080 34,800

CountyLands 3,230 8,000

City Lands 400 1,000

PrivateLands 1,720 4,200

A-i

FederalLands
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Figure 1. Map of Critical HabitatUnits in Washington.
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Figure2. Map of Critical HabitatUnits in Oregon.
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Figure 3. Map of Critical Habitat Units in California.
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APPENDIX B: PopulationTrendsof theMarbledMurreletProjected

From DemographicAnalysis1’2

StevenR. Beissinger’andNadavNuA ‘Division ofEcosystemSciences,Hilgard
Hall #3110,UniversityofCalifornia,Berkeley,CA 94720-3110,and2PointReyes
Bird Observatory,4990ShorelineHighway,StinsonBeach,CA 94970.

Introduction.--Recoveringathreatenedor endangeredspeciesdependson

determiningits rateofpopulationchangeandcorrectingthefactorsthat limit

populationgrowth(Caughley1994). Despitethe importantinformationon the

biologyandlife historyofthe marbledmurrelet(Brachyramphusmarmoratus)

thathasbeenbroughttogetherin this recoveryplanandin othervolumes(Carter

andMorrison 1992,Ralphetal. 1995),populationtrendsfor themurreletremain

elusive. Little long-termdataareavailableto indicatepopulationchanges.

Christmasbird countsfrom five sitesin Alaskafounda50 percentdeclinein the

populationovera20 yearperiod(PiattandNaslund1995),andcensuses

conductedin ClayoquotSound,British Columbia10 yearsapartfounda40

percentdecline(Kelsonet al. 1995). Comparisonofhistoric andcurrentdata

suggests that the murrelet has disappeared or become very rare in large portions of

its nestingrangein California,Oregon,andWashington(CarterandErickson

1992,Leschnerand Cummins1992,Nelsonetal. 1992,Ralph 1994). But current

populationtrendsin thePacificNorthwestremainunknown.

Demographicmodelingcangive indicationsoflikely populationtrendsandplay

animportantrole in theconservationofthemarbledmurrelet. Simple

demographicmodelsbasedonestimatesofannualsurvivalandfecunditycanbe

usedto estimatetherateof declineor increaseof a species.Theycanalsohelp

focusattentionon critical demographicinformationthatneedsto be gatheredfor

future studies.

Unfortunately,only a little is knownaboutthedemographyofthemurrelet. There

areno estimatesof survivorshipfor birdsof anyage. Reproductionis slightly
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betterunderstood Clutch sizeis knownto be oneegg,andasubstantial

proportionofnestsareknownto fail (NelsonandHamer1995). However,neither

theageoffirst breedingnortheproportionof adultsthatbreedis known. The

ratioofyoung-of-the-year(hereafterjuveniles)to after-hatch-yearbirds(subadults

andadults)hasbeenmonitoredat-seaandis oftenvery low (e.g.,RalphandLong

1995, Strong 1995a).

This appendixpresentsamodel ofthedemographyofthemarbledmurreletto

explorelikely populationtrendsin thePacificNorthwest. It updatesinformation

andexpandsanalysespublishedpreviously(Beissinger1995). Although fewdata

areavailable,thereis enoughreproductivedatafor murreletsto use,in

conjunctionwith predictionsofsurvivorshipderivedfrom life historyanalysesof

paststudiesof auks,to yield crudeestimatesoftherateanddirectionofchangeof

themurreletpopulation.

Model Structure--Themodelwasstructuredto takeadvantageoftheone

populationparameterthatcouldbe bestestimatedfrom field data- fecundity.

Fecundityis theaveragenumberof femaleoffspringproducedin ayearperadult

female in the population.

In theabsenceofdetailedlife historydata,thesimplestwayto model themurrelet

populationis basedon threelife stages:adults(birdsthatarebreedingageor

older),subadults(birdsthat exceedoneyearofagebut areyoungerthantheageof

first breeding)andjuveniles(fledgedyoungthathavereachedtheoceanbut have

not yet survivedtheirfirst yearof life). Thelatterstagetakesparticularadvantage

of oneoftwo estimatesof productivityavailablefrom field data- namelytheratio

of young to after-hatch-year (AHY) birds surveyed at sea. The virtue of this

scheme - simplicity - is also its weaknessasundoubtedlytheremaybe age

variationamongthedemographicratesofmurrelets,asthereis with otheralcids

(Hudson1985,Wooller ei al. 1992,Gastonetal. 1994). But withoutany specific
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informationon theagestructureofvital rates,assigningagestructureto them

would be arbitrary.

Thesimplifiedpopulationlife cycle givenin Figure 1 is basedonpostbreeding

seasoncensuseswith aprojectionintervalof oneyear(Caswell1989,Noonand

Sauer1992)andis typical for long-lived monogamousbirds (McDonaldand

Caswell1993). Postbreeding,ratherthanprebreeding,censuseswereusedto

coincide with the timing of at-sea surveys of juvenile and AHYmurrelets. The

flow ofeventsis (1) censusesareconductedattheendofthebreedingseason,(2)

birdsmustthensurviveto thenextbreedingseasonordie, (3) all surviving

individuals are aged one year, (4) surviving adults then breed, and (5)

postbreedingcensusesareconductedagain. Circlesor nodes(Caswell1989,

McDonaldandCaswell1993)representthestageclasses:juveniles(0),subadults

(1),andadults(2). P0 is theprobabilityof annualsurvival for fledglingsthathave

reachedtheocean. P1 is theannualsurvivorshipofsubadults.Notethat thisstage

maytakeseveralyearsfor birdsto matureandadditionalnodeswould needto be

addedfor eachyearthattheageoffirst breedingexceeded2 yearsold. The

annualrateofadultsurvival is givenby P2. By definition only adultsbreedand

theiraverageannualfecundity(i.e., thenumberoffemaleyoungreachingthe

ocean per adult female) is given by F2.

Only thesimplestdeterministicversionofthemodel wasexploredbecauseno

datayet existon themagnitudeoffluctuationsofdemographiccharacteristics

from yearto year. Thus, apopulationviability model thatprojectedpopulations

50 to 200 yearsinto thefutureusing stochasticchangesin fecundityandsurvival

to yield estimatesof extinction(Souk1987)wasnot attemptedbecausethedata

weretooweakto supportsuchan exercise(seeAppendixD, responseto Issue6).

Themodelassumed:(1) survivorshipandfecunditywould changelittle from year

to year;(2) populationswereneara stableagestructure;(3) a 1:1 sexratio,which
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is supportedby Sealy(1975);(4) no densitydependence;and(5) no senescence

occursandadultbirds haveno maximumlife span. Suchassumptions,although

violatedto varyingextentin realpopulations,aretypical for modelsofthis nature

(Lande1988,NoonandBiles 1990). Usuallysuchmodelsare constructedonly

for females,sinceit is oftendifficult to knowmuchaboutmalefecundity without

theuseof DNA analysesto assignparentage.Thus,all ratesneededfor Figure 1

wereexpressedonaperfemalebasis.

Methods.--Toestimatefecundity,weneedto determinetheaveragenumberof

femaleyoungproducedannuallyby afemalethathasreachedor exceededtheage

offirst breeding.Two kinds ofdatacanbeusedto estimatethereproductive

potentialofthemarbledmurrelet:ratiosofjuvenilesto AHY birds in the ocean

(hereaftercalledthe‘juvenile ratio”), andestimatesofnestingsuccess(the

numberofyoung fledgingpernestingattempt). Informationon nestingsuccess

wasderivedfrom NelsonandHamer(1995).

Arguably thebestdataon reproductivepotentialareratiosofjuvenilesfrom at-sea

surveys. If measuredat theendof thebreedingseason,theseratiosactlike a

“snapshot”censusofrecruitmentratesbecausethey implicitly incorporateall of

theparametersneededto estimatefecundity: clutchsize,theproportionofnests

fledgingyoung,theproportionofbirds nesting,thenumberofnestingattempts

per year,andthe survivorshipof fledglingsto theseauntil thetimeof census.

Similar ratioshavebeenusedto examinepopulationtrendsin avarietyofother

wildlife studies(e.g.,Hanson1963,PaulikandRobson1969,Roseberry1974,

Lambeck1990).

At-seasurveysshouldbe conductedbeforesubadultsandadultsbeginto molt into

winter plumageandbecomedifficult to distinguishfrom young-of-the-year

(CarterandStein1995). In mostyears,molting adultsandsubadultsarefirst
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detectedin mid- to lateAugust(CarterandStein1995,RalphandLong 1995).

Thus,wegenerallyusedsurveydatacollectedbeforetheendofAugust.

However,fledgingofyoungcanoccasionallyoccuruntil late September(Hamer

andNelson1995). Whentheat-seasurveyswereconducted,it is likely that some

younghadnot yetfledged(andthuswouldnot bedetected),but that mostadults

weresurveyedsincetheywerein theoceangatheringfood to feedyoung,

althoughsomeadultsarelikely to go undetectedif theywereawayfrom sea

tendingnests. Mostlikely, this ratiowill tendto underestimaterecruitment.To

correctforthisproblem,thecumulativefrequencydistributionfor estimatesof

“known” fledgingdatesfor all nestsor youngfoundthroughouttherange(Hamer

andNelson1995)wasusedto estimatetheproportionofyoungthatwouldhave

fledgedby the mid-pointofthecensusdate. Thejuvenileratio is thenadjusted

upwardsby dividing thenumberofjuvenilesdetectedby this factorandusingthe

resultto recalculatethejuvenileratio. Lackoffledgingdataprecluded

constructingcumulativefrequencydistributionsfor specificregionsin therange

ofthemurrelet.

Usingjuvenileratiosto estimatefecundityalsorequirescorrectionfor therelative

abundanceofsubadultsor thestagestructureofthepopulation. Fecundityis the

numberoffemaleyoungperadultfemaleproducedannually,butduringat-sea

surveyssubadultsincapableofnestingcannotbe distinguishedfrom adultsthat

arecapableofbreeding.Therefore,just using theratioofjuvenilesto AllY birds

from thesurveyswill tendto underestimatefecunditybecausetheproportionof

adultswill beoverestimated.Fortunately,theestimateof fecundityderivedfrom

thejuvenileratiocanbecorrectedby iterativelyandincrementallyincreasing

fecundityuntil thematrix (or populationprojection)yieldstheratioofjuvenilesto

AHY birds equivalentto that observedduring at-seasurveys.
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Alcids typically exhibitdelayedagesoffirst breeding(Croxall andGaston1988,

Hudson1985). Oneoftheearliestrecordedagesoffirst breedingis for Cassin’s

anklet(Plychoramphusaleuticus),wheresomebirdsbeginat2 yearsbutmost

startat 3 yearsofage(Croxall andGaston1988). Hudson(1985)estimatedS

yearsin generalfor Atlantic alcidsbut theageoffirst breedingofindividuals

rangedbetween3 and 15 years(e.g.,Harrisetal. 1994). Given its small body

size,it is unlikely thatthemurreletwould require5 yearsto reachsexualmaturity,

althoughit couldrequirelongerto obtaina nestsite if siteswerelimiting. Onthe

otherhand,historically nestsiteswereprobablymuchmoreabundantthanthey

aretodayasaresultofdeforestation.Thus, in comparisonto seabirdsthatnest

colonially on islands,whereobtainingabreedingsitecansometimesbedifficult

(Hudson1985),it seemslikely thatthemarbledmurreletwould haveayoung

ratherthanold ageoffirst breeding.Ageof first breedingwassuspectedto be 3

years,butages2 to S werealso exploredin themodel.

Survivorshipestimateswere derivedfrom alife historyanalysisofthe literature,

becausetherehavebeenno longtermstudiesofindividually-markedmurrelets. A

comparativeanalysisof survivorshipof aukswasconductedto infer theaverage

annualsurvivalratefor marbledmurreletsbasedon life historytheory. It is well

knownthat adult survival is positivelyrelatedto body massandnegativelyrelated

to clutchsizeandannualreproductiveratein birds (Croxall andGaston1988,

GustafssonandSutherland1988,Gaillardet al. 1989). Regressingestimatesof

annualsurvivalagainstbodymassandannualreproductiverate(clutchsizetimes

thenumberofbroodsperyear)weredevelopedto infer survivorshipfor marbled

murrelets,assuminganadultbody sizeof222grams(Sealy1975),a clutchsizeof

1 egg, andanestingrateof 1 broodperyear. Allometric relationshipsand

multiple regressionmodelsweremadeusingStata3.0 (ComputingResource

Center1992). Log-transformedvaluesfor body massandsurvival,andsquare-

root transformedvaluesfor reproductiveratewereusedto normalizethedataand

linearizetherelationshipbetweenindependentand dependentvariables.
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We gatheredall availablesurvivorshipdatafor theAlcidae. Datafor five species

werelisted in Hudson(1985). In addition,survivalestimateswereobtainedfor

the: Cassin’sanklet(Ptychoramphusaleuticus)from SpeichandManuwal(1974),

Emslieet al. (1992)andGaston(1992); leastanklet(Aethiapusilla)andCrested

anklet (Aethiacristatella)from Jones(1992);ancientmurrelet(Synthliboramphus

antiquus)from Gaston(1990);andpigeonguillemot (Cepphuscolumba)from

Nelson(1991). Dataon bodymasswere from Dunning(1992). All alcidsexcept

Cassin’sankletshaveonly asinglebroodper year. In theFarallonpopulation,but

not theBritish Columbianpopulation,ofCassin’s auklets,a secondbroodis

sometimesattempted(Ainley andBoekelheide1990,Emslieetal. 1990) so a

reproductiverateof 1.25 wasusedfor theCaliforniabirds. Survivalestimates

wereaveragedwhenseveralstudiesreportedvaluesfor aspeciesbecausespecies

weretheunitsof observation.TheexceptionwastheCassin’sankletbecause

bothfecundity andsurvivorshipdifferedbetweeneachpopulation.

Fewstudiesreportvaluesfor juvenileor subadultsurvival for any seabird,

althoughsomedo givethe likelihoodof surviving to breedingage(Hudson1985).

Thesevaluesarehardto estimateandcanoftenbeunderestimateddueto

emigration.Hudson(1985)givesarangefor theprobabilityof survivingto first

breedingof 13-53percent,with ameancloseto 30 percent,but this is for large-

bodiedbirds with late agesof first breeding.Interpretationofthesedataare

complicatedby differencesin theageof first breedingwithin andamongthe

speciesconsidered.Thus,weconcentratedon estimatingsurvivalseparatelyfor

the first two years of life (age classes 0-1 and 1-2). Weassumed that survival of

olderageclasseswould approachthatof adults,ashasbeenshownfor otheralcids

andlands(Mead1974,Hudson1985, Spearet al. 1987, Nur etal. 1993).

Weestimatedjuvenileand subadultsurvival asa proportionof adult survival

based on analyses of data for commonand thick-billed murres (Uria aalgeand U.
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lomuia) from Birkhead and Hudson (1977). Following their approach, annual

survivorship for each age class was estimated from band recovery data for five

differentpopulations.For eachageclass,we averagedsurvival acrosspopulations

and then calculated s irvival asa proportion of adult survival, assuming an average

adult survival of 0.925 for commonmurres and 0.9 10 for thick-billed murres

(Hudson1985). To adapttheproportionalsurvivalestimatesofmurresfor the

marbledmurrelet,theymust be scaled relative to age of first breeding, because

murreletsprobablybeginbreedingoneor two yearsearlierthanmurres(3 versus4

or 5 years). For first-yearmurrelets,wecalculatedjuvenilesurvival asthe

geometric mean of proportional survival estimates for 1 year old and 2 year old

murres,andfor secondyearmurreletsweusedthegeometricmeanofproportional

survival of2 yearold and3 yearold murres.Theadvantageof thisapproachis

that juvenile and subadult survival are expressed as proportions of adult survival

in themodelandthis greatlysimplifies thecombinationsofvariablesthatneedto

be evaluated.Resultsofthemodelwerenotvery sensitiveto changesin subadult

andjuvenilesurvival (Beissinger1995),whichfurtherjustified this approach.

Oncedemographictraitswereselected,valueswereusedto calculatelambda(the

expectedannualgrowthrateof thepopulation)andthestablestagedistribution.

Populationsdeclinewhenlambdais lessthan 1 andincreasewhenlambda

exceeds1. Thestablestagedistributionis theproportionof thetotal population

that is comprisedofeachstageclassunderconstantsurvivorshipand fecundity

schedules,andcanbe usedto yield an expectedjuvenileratio. Lambdaandthe

proportionofjuveniles in the stableagedistributionwerecalculated:(1)

analyticallyby constructingLesliematricesandsolving for thedominant

eigenvalueandright eigenvector(Caswell 1989)usingMATLAB (1992);and(2)

numericallyusingspreadsheetsto projectpopulationchangesover25 years

(Burgman et al. 1993“. Weused these same methods to explore what levels of

adult survivalandfecunditywererequiredto yield estimatesoflambdaequalto 1

B-8



MarbledMurreletRecoveryPlan September1997

for differentagesoffirst breedingandthejuvenileratiosthatthesecombinations

wouldproduce

RESULTS

EstimatingFecundity.--Reproductionin themarbledmurreletappearsto behighly

asynchronous.Thecumulativefrequencydistributionfor estimateddatesof

fledgingthroughouttherangeofthemurreletshowsaregularincreaseduringthe

breedingseason(Figure2). Fledginghasoccurredasearlyasthefirst weekin

Juneandvery rarelyaslate asSeptember,although94 percentofthenestshad

fledgedby theendofAugust. Fledgingfinishedby theendofAugustin Alaska,
BritishColumbia,andWashington,but in OregonandCaliforniaextendedinto

September(seeFigure3 in HamerandNelson1995). A linearmodel fit thedata

well, especiallythroughthemiddleportionsoftherangeof fledgingdates(Figure

2). Thismodelwasusedto estimatethecumulativeproportionofneststhathad

fledgedto adjustjuvenileratiosfor differencesin thedateofsurveys.

Table 1 summarizesreplicatedat-seasurveysoftheratioofjuvenilesto AHY

murreletsfor differentlocalities. Surveysdateswere groupedto avoidrepeatedly

countingthesameindividuals,but in somecasesit wasnotpossible. Several

importantpatternsemergedfrom thesedata. First, thejuvenileratio tendedto

increaseduring thebreedingseasonin mostlocationswith repeatedsurveys. For

37 consecutivepairsofsurveysconductedin thesameyear, thejuvenileratioof

the second count increased in 26 (70.3%) instances, remained the same 4 times

(10.8%)anddecreased7 times (18.9%). Increasingratiosoccurredmoreoften

thanexpectedby chancealone(Sign test,P = 0.021). An increasingjuvenileratio

shouldoccurif nestsin apopulationwere asynchronouslyfledgingyoung(Figure

2),andjuveniles,subadultsandadultsremainedin thegeneralvicinity (i.e.,

transectswerelong enoughthatentirepopulationswerebeingsurveyed). The
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generalincreasein juvenileratiosduring thebreedingseasonindicatesthat

juvenileratiosmaybeuseful toolsfor trackingproductivityofthesepopulations.

Second,sequentialsurveysoftenyieldedsimilar juvenileratiosafterthe

percentageofjuvenilesobservedwasadjustedfor differentsurveydatesusingthe

linear model in Figure2. Themostsimilarvaluesgenerallyoccurredfor surveys

conductedfrom late July throughmid-August(Table 1). Thus,juvenileratios

appearto besensitiveto seasonalchange,yet providerepeatablemeasuresfor

estimatingfecundity.

Juvenileratiosfrom at-seasurveysof marbledmurreletsconductedtowardtheend

ofthenestingseasonthroughoutthe PacificNorthwestaresummarizedin Table

2. Theratioofjuvenilesto AHY birdsvariedfrom about0.01 to 0.14. Juvenile

ratiosfor PugetSoundandnorthernOregon(typically 0.08-0.14)tendedto be

highest,southernOregonandnorthernCaliforniahadintermediateratios(0.02-

0.07),andcentralOregonandcentralCaliforniaconsistentlyhadthe lowest

juvenileratios(0.01-0.04).Yearto yeardifferencesin juvenileratiosarealso

evident. Most regionshadlow ratiosin 1993,while 1994and1995weremore

productiveyears.

Theratiosofyoung-of-the-yearmurreletsto AYH birdswereadjustedfor both

dateofsurveyandtheproportionofsubadultsto yield estimatorsoffecundity

(Table2). Timeandstageadjustedjuvenileratiosrangedfrom about0.02-0.19.

One-thirdofadjustedratiosweregreaterthan0.10,but halfwerelessthan0.05.

Fecunditycanalsobeestimatedfrom studiesofnestingsuccessbut this is more

difficult to do for themurreletbecausenestsaresohardto find andmonitor. A

total of22 nestshavebeenfoundin thePacificNorthwest(seeTable 2 in Nelson

andHamer1995). Only 36 percentof themsuccessfullyfledgedyoung. This

would yield anestimateof0.36 young producedpernestingpair (sincemurrelets
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canfledgeonly 1 young),or 0.18 femaleyoungpernestingfemale,assuminghalf

oftheyoungfledgingwould bemalesbasedonthesexratiofoundby Sealy

(1975). Thisestimateservesasan upperboundfor fecundityfor severalreasons.

It is unlikely thatall femalesattemptto nesteveryyearanda significant

proportionofthepopulation(5-16%) maybenonbreeders(Hudson1985).Also,

the estimate of fecundity for the postbreeding model assumes that the young have

safelyreachedtheocean.Thelong flight from thenestto theoceancanbe

expectedto behazardousfor nestlings,asexemplifiedby groundedyoungbirds

thathavebeenfound(CarterandErickson1992,Rodwayet al. 1992). Thus,to

arrive at a fecundity value, the number of female young per nesting female (0.18)

would haveto becorrectedby multiplying it by theestimatedproportionofadult

birdsnesting(averagedfrom theestimatesof Hudsoncitedaboveto yield 0.9),the

proportionofyoungthat survivefrom fledgingto until thetime ofcensus

(anybody’sguessbut 0.9 mightbeareasonableestimate),andthenumberof

nestingattemptsperpairperyear(assumedto be 1). Thiswould resultin a

fecundityvaluearound0.146,similar to thehighestvaluesfoundfrom at-sea

surveys(Table2).

EstimatingSurvivorship.--Theannualprobabilityofsurvival for adults(P2)was

positively relatedto bodysizefor 10 speciesof Alcids (Figure3). Adult

survivorshiprangedfrom about0.75-0.77for small-bodiedleastaukletsand

ancientmurreletsto 0.91-0.94for large-bodiedAtlanticpuffins (Fratercula

arctica), andcommonandthick-billedmurres. Body massalonecountedfor

nearlyone-halfofthevariation in survivorship(Figure3). Adult survivorshipwas

negativelyrelatedto annualreproductiverate(P = 0.023)aftercontrollingforthe

effectsofbody size. Likewise,survivorshipwassignificantly relatedto body

mass(P = 0.009)aftercontrollingfor the effectsofreproductiverate. Thus,the

two variablesmakestatisticallyindependentcontributionsin explainingvariation

in adultsurvival (Figure4). Whenenteredintoamultiple regression,thesetwo
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variablestogetheraccountedfor 72 percentofthevariationin annualsurvivorship

amongthe 10 species(P= 0.006)andyieldedtheequation

ln(P2)= [0.069x ln(M) - (0.229x sqrt(R))- 0.310] (1)

whereP2is annualadult survival,M is body massandR is annualreproductive

rate. This resultedin anestimateofannualsurvivalof 0.845for themarbled

murrelet. Two standarderrorsoftheestimatefor theprediction,encompassing95

percentofthe likely valuesfor typical murreletsurvivorship(SteelandTome

1960),fell between0.811 and0.880. We used0.85 for adultsurvival andalso

exploredthepossibilitythat theaverageannualprobabilityofsurvivalmightbeas
high as0.90,avaluetypical for largerAtlantic alcids(Hudson1985). Valuesof

survivorshipaslow as0.81 werenotconsideredbecausetheywould haverequired

extremelyhigh fecundityvaluesfor populationsto persist.

Survivalofjuvenileandsubadultcommonandthick-billed murreswasconsistent

acrosspopulations(Table 3). Averagesurvivorshipofcommonmurreswas

remarkablyconsistto survivorshipofthick-billedmurres. By theendoftheir

third year,murreshadnearlyreachedorexceededsurvivorshiplevelsequivalent

to adultsin all populations.For bothspeciesof murres,survival throughthefirst

yearof life wasabout60 percentthatofadults,hadincreasedon averageto 82

percentofadult survival from years1 to 2, andwasnearlyequivalent(94-97%)to

adultsurvivalby the endofthethird year. Scalingthesurvivorshipofmurresto

the life historyof themarbledmurreletby taking thegeometricmeanoftheupper

andlower ageclassestimatesof survival forbothspeciesyieldsafirst year

survivalof 70.1 percentofadultsurvivalandasecondyearsurvivalof 88.8

percentofadultsurvival (using0.945 astheaverageproportionalsurvival for age

classes2-3). Theseproportionswereusedforjuvenileandsubadultsurvival

estimatesin themodel.
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PredictedMurreletPopulationTrends.--Figure5 showsthepossiblecombinations

ofadult survivalandfecundityfor populationsexperiencingno growth(lambda

equalto 1) for differentpossibleagesoffirst breeding.Combinationsofsurvival

andfecundityabovethelambdaisobarresultin increasingpopulationsand

combinationsbelowthelambdaisobarresultin decliningpopulations.For the

marbledmurrelet,fecunditymaynot exceed0.5becausefemalesarethoughtto

lay only 1 eggperyearandonaverageonly halfoftheyoungthatfledgewould be

females.Notethatthe lambdaisobarsfor differentagesoffirst breedingconverge

assurvivorshipincreasesandfecunditydeclines.As fecundityvaluesdropbelow

0.20 andsurvivorshiprisesabove0.90, ourassumptionoftheageof first breeding

will havelittle effectonthepredictedpopulationtrends.

Likely combinationsof adult survivorshipandfecundityareshownfor the

murreletonFigure5. Theseestimatesarewell belowthelambdaisobars,and

indicatethatmurreletpopulationsin thePacificNorthwestarelikely to be

decliningin mostyears. Givenanannualsurvivorshipof0.85-0.90,murrelet

fecunditywould haveto rangefrom 0.20-0.46to resultin stablepopulationsfor

differentagesoffirst breeding.Suchvalueswould resultin J:AHY ratiosof

0.176-0.279at theendofthebreedingseason.Whenbackadjustedfor dateof

censusandtherangeofpossibleagesoffirst breeding,J:AHY ratiosfor stable

populationswouldneedto be0.110-0.174for asurveymidpointof 1 August,

0.123-0.195for midpointof 7 August,and0.140-0.221for 15 Augustsurveys.

EventhehighestJ:AHY ratiosfor at-seasurveysin PugetSoundandnorthern

Oregondid not reachthesevalues,althoughoccasionallytheywereclose,and

elsewherein thePacificNorthwestjuvenileratioswerewell below thosevalues.

Fecundityvaluesresultingin juvenileratiossufficientto sustainmurrelet

populationsappearto be typical for otherauks,which generallyexperience

nestingsuccessofabout70-75percent(Hudson1985). Forexample,if murrelets
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experienced75 percentnestingsuccess,nestswereattemptedby 90 percentofthe

potentialbreedingpopulationeachyear,and90 percentoftheyoungsurvivedto

reachtheocean,then fecundity= 0.75 x 0.9 x 0.9 x 0.5=0.304. Murrelet

populationswith afecundityof0.3 would growwhenadultsurvivorshipexceeded

0.862-0.894,valuesthatfall well within theexpectedrangeofsurvivorship

values.Unfortunately,eventhemostfavorableestimateoffecundityconceivable

from currentfield datafor themarbledmurrelet(i.e., uncorrectednestingsuccess

= 36%)would requiresurvivorshipvaluesto exceed0.908-0.924for populations

to grow. Suchsurvivorshipvaluesmayoccurduringsomeyears,but seemlikely

to behigherthanthe long termaverageexpectedfor thisspecies(Figures3 and4).

Theaboveanalysessuggestapredictedrateof declinefor themurreletpopulation

thatis substantial.Usingestimatesofsurvival from ourcomparativeanalysisand

estimatesoffecundityobtainedfrom at-seasurveysofjuvenilesandadults,likely

combinationsofdemographicratesandtheirresultingannualchangein

populationsizearegivenin Table2 andareillustrated in Figure5. All estimates

oflambdawerelessthan 1.0, althoughthethreehighestestimates(0.989,0.964,

and 0.961) maybe within theboundsof errorfor a stablepopulationgiventhe

accuracyofthemodel. Theaverageacrossall yearsandlocationsfor lambdawas

about0.93 and0.88,assumingan annualsurvivorshipof0.90 and0.85,

respectively.Usinganaveragesurvival rateof 0.90, lambdaaveraged0.96 for

PugetSoundandnorthernOregonpopulations,0.93 for southernOregonand

northernCalifornia,and0.92for centralOregonandcentralCalifornia. The

highestestimatefor lambdacomesfrom uncorrectednestingsuccessandwould

resultin avalueof0.98 for anageof first breedingof3 years. Thus, it appears

thatreproductivesuccessofmurreletpopulationsthroughoutthePacific

Northwestis insufficientto sustainpopulations,which arelikely to be decliningat

least2-4percentperyearandconceivablyeven2-3 timesfaster(Table2).
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DISCUSSION

ModelParameterEstimates.--Thereareanumberofsourcesofuncertaintyin the

parameterestimatesthatmayhaveaffectedmodeloutcomes.Estimatesof

survivalhavethegreatestuncertainty,sincetheywerenot derivedfrom field data

but insteadwerebasedon comparativeanalysesofallometricmodels.

Nevertheless,therearereasonsfor confidencein theestimatesevaluated.

Survivorshipis oftenstronglyrelatedto bothbody sizeandreproductiveeffort in

birds (e.g.,Saether1988,Gaillardetal. 1989),andthis trendwasalsostrongin

theAlcidae. Therangeof annualsurvivorshipvaluesfor adultsevaluatedin the

model (0.85-0.90)includedmorethantwo standarderrorsfor theupperboundof

thepredictionfrom theregression,which shouldencompassmorethan95 percent

ofthevariationin potentialmeanestimates.Higherannualsurvival rates(0.90-

0.94)aretypical only forthreespeciesof ankswith bodymassesexceeding600

grams,threetimes thesizeofthemarbledmurrelet. Survivorshiprangesfrom

0.75-0.88for sevenalcid specieswith mediumandsmall bodysizes(< 600

grams);only theAtlanticpuffin (Fraterculaarctica) hadannualsurvivalrates

routinelyabove0.90.

It is likely that annualsurvivorshipfor marbledmurreletswill beamongtheupper

rangeofvaluesevaluatedin this model (e.g.,0.87-0.90),becausethemurrelet’s

inherentlylow reproductiverate(1 eggpernestingattempt)requireshigh

survivorshipfor populationsto grow. Ontheotherhand,themurrelet’sunusual

life historystrategyof nestingin old-growthforestsoftenfar from theseamay

causeit to facehighermortality risksthanotherseabirds.Field studiesto

determinesurvival ratesareneeded,andarebecomingmorefeasibleasmarking

andtelemetrytechniquesareperfectedfor thisbird (QuinlanandHughes1992; L.

PriestandR. Bums,pers.comm.).
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All measuresoffecundityfrom field dataforthemarbledmurreletappearto be

low. Arguably themostcompletemeasuresoffecunditywerederivedfrom

juvenileratiosbasedon extensiveat-seasurveyscorrectedfor thedateofsurvey

andstagestructureofthepopulation(Table2, Figure2). Thesesurveyshave

universallyproducedlowjuvenileratios(Tables1 and2). Lowjuvenileratios

indicatepoorreproductivesuccessthatcouldbedueto highnestfailureratesfrom

predation(NelsonandHamer1995),or to a low proportionof adultsattemptingto

breed,perhapsbecausetheyareunableto find suitable,old-growthnestsites.

Poorreproductivesuccessin someyears,like 1993,couldalso havebeenpartly

dueto El Niflo effectson foodsupplies.Althoughthereis ampleevidencethatEl

Nifio affectsnestingsuccessofseabirdsthatnestandforageoffshore(Ainley and

Boekelheide1990),thereis no evidencethatfish populationswithin 2 kilometers

(1.2miles) ofshore,whichmurreletsmostlyutilize, areaffected.

Someuncertaintyin themeasureoffecundity derivedfromjuvenileratiosis

associatedwith thetiming ofsurveys. To convertjuvenileratiosto a fecundity

estimate,ratioshadto be increasedto accountfor nestsfledgingafterthesurvey

dateby using thecumulativefrequencydistributionfor fledgednestswith known

dates(Figure2). Thisdistributionwascomprisedofnestsfrom Alaskato

California,becausesamplesizewasnot largeenoughto partitionnestsamong

portionsofthemurrelet’srange. Variationin thefledgingdatesexistsbetween

Alaska,BritishColumbia,andthePacificNorthwest(HamerandNelson1995),

althoughthereis muchoverlap. Futureresearchmight employbootstrapping

techniques(Crowley 1992)to calculateanerrorestimatefor thecumulative

frequencyby date,asonewayto determinetheinherentvariability ofthe

correctionfactor.

Otherapproachesto estimatingfecundityalsoyieldedlow valuesbutarelikely to

havetoo manybiasesto be usefulyet. Estimatesof fecundity from nesting
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successarelikely to be lessusefulthanjuvenileratiosbecausethey mustbe

correctedfor manyfactorsthataredifficult to measurefor themurrelet:the

proportionof adultsnesting,fledgling survival to theocean,andrenesting

frequencies.Furthermore,for theforeseeablefuture fecundity estimatesbasedon

nestingsuccessarelikely to dependon small samplesizesbecauseofthe

difficulty in finding nests.

PredictedRatesof Declineof MurreletPopulations.--Thedemographicmodel

predictedthat murreletpopulationsarelikely to be declining (Table2, Figure5).

Theestimatedrateofdeclinevariedfrom 1-14percentperyear,dependingon the

parameterestimatesused.Basedon thediscussionoftheparametersabove,the

mostlikely rateofdeclinewouldbebasedon fecundityvaluesfromjuvenile

ratiosusedwith anestimateofsurvivalcloserto 0.90 thanto 0.85. Such

estimatesfor lambdawould suggesta rateofdeclinearound4-8percentperyear.

A predicteddeclineof 4 percentperyearin PugetSoundandnorthernOregon

(Table2) is in closeagreementwith populationdeclinesdocumentedin two field

studiesof murreluts.A 50 percentdeclinein murreletsdetectedover20 yearsof

ChristmasBird Countsin Alaska(Piatt andNaslund1995),despiteanincreasein

observereffort duringthis period,would representa3.4 percentaverageannual

decline. Similarly, the40 percentdeclinein theClayoquotSoundmurrelet

populationin British Columbiaover 10 years(Kelsonet al. 1995)would average

to a 5 percentannualdecline. Thesestudiesarebasedon eitherperiodicbut

intensivesamplingduring fewannualperiods(BritishColumbia),or low intensity

but extensivesamplingeveryyear(Alaska). Despite,thesamplingshortcomings

inherentin thesetwo studies,thepopulationtrendsthattheyhavedocumentedare

in goodagreementwith trendspredictedby themodel in this paper.

Model resultssuggestthatmurreletpopulationsmayevenbedecliningat greater

rates(Table2). A 7-8percentannualdeclinefrom centralOregonto central
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Californiawould be predictedfromjuvenileratiosin conjunctionwith high

estimatesofsurvival. It is conceivablethatthesemurreletpopulationscouldbe

decliningat 7-12percentperyear(Table2). Althoughthis rateofdeclineis so

highthat it seemsunlikely to go unnoticedby field researchers,mostat-seasurvey

designscurrently in usehavealow powerto detectdeclinesofthesemagnitudes

becausethey arenot replicatedoftenenough(Beckerei al. 1997). Nevertheless,

declinesofthatmagnitudearebasedon themostpessimisticcombinationsof

fecundityandsurvivorship. We interpretthemodelpredictions,in conjunction

with thefield evidence,to suggestthatmurreletpopulationsarelikely to be

decliningat least4 percentperyearandperhapsasmuchas7 percentperyear.

Useof JuvenileRatiosfor MurreletConservation.--Conservationeffortsfor

marbledmurreletshavebeenhamperedin partbecauseofa lackofreliable

biologicalinformation. Demographiccharacteristicshavebeenespecially

difficult to measurebecausenestsareveryhardto find andmonitor, murreletsfly

long distancesbothovertheoceanandacrossland,andthebirdsaredifficult to

capture,markandtelemeter(QuinlanandHughes1992). Juvenileratiosprovide

oneestimatorofmurreletpopulationhealththatmaybe reasonablymeasuredin

thefield.

Juvenileratioshavegreatpotentialasestimatorsofproductivity. It is easyto

obtain largesamplesizesofjuvenileratioscomparedto thedifficulty offinding

andmonitoringnests. It will be manyyearsbeforeenoughnestsarefoundto yield

samplesizessufficient for accurateestimatesofnestingsuccess.Additional

informationneededto convertnestingsuccessinto annualfecundity(the

proportionofbirdsthatnestandthe numberofattemptsperyear)will perhapsbe

evenmoredifficult to obtain. Juvenileratios implicitly incorporatethesefactors.
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Researchwill needto determineoptimalprotocolsfor samplingjuvenileratiosat-

seathat takeinto accountpotentialdifferencesin habitatuseby juvenilesand

adults(Beissinger1995),aswell asotherfactorsthatcouldbiastheseratios.

Changesin juvenileratioscouldbeausefultool to understandfactorslimiting

murreletpopulationgrowth. Juvenileratioscouldbemonitoredin aregional

areas(e.g.,50-100kilometersofshoreline)andcomparedto landscape

characteristicsto determinetheeffectsofforestmanagementandotherlanduse

practices. Juvenileratiosmayalsobe usefulfor monitoringmurreletpopulation

trends. However,changesin juvenileratioscanbecausedeitherby changesin

recruitment(increasednestingsuccessresultsin greaterproportionsofjuveniles)

orchangesin adult survivorship(decreasedsurvivorshipresultsin greater

proportionsofjuveniles). Whetherjuvenileratioschangedueto improved

recruitmentor decreasedadult survivorshipshouldbeapparentby examining

year-to-yearchangesin populationsize. Increasesin juvenileratioscoupledwith

increasedpopulationsizeshouldindicateincreasedproductivity,but if coupled

with decreasedpopulationsizewould indicatedecreasedadult survivorship.

For makingsoundconservationdecisionsbasedon populationtrendsand

demography,thereis no substitutefor goodfield databasedondirectestimatesof

populationchange,survivalandfecundity. For themarbledmurrelet,such

informationis likely to remainscarce.Futureresearchshouldexplorethe

strengthsandweaknessofusing theratioofjuvenilesto after-hatch-yearbirds asa

proxy for directdemographicmeasurements.
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Table 1. The numbersofjuveniles(Juvs.),after-hatch-year(Al-IY) andjuvenile ratios
(J:AHY) for MarbledMurreletsfrom at seasurveysrepeatedtwo or moretimesduring
the breedingseason.Tim adjustedratios werecorrectedfor the surveydateexceptfor

Junewhich wasexcludedbecausefewjuvenileshavefledgedby then andthe cumulative
function did not fit well at the extremes(Figure 2).

Time
No. No. Adjusted

State Region Year Date ALlY .Juvs J:AHY J:AIIY Source

1993 26 June 56 0 0.000
20-21 July 587 10 0.017 0.035

1993 23 June 847 1 0.00 I
28 June 410 1 0.002
10 July 360 1 0.003 0.008
18 July 325 0 0.000 0.000
29 July 564 7 0.012 0.021
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OR North: Seaside-
Lincoln

Central:
Lincoln-

Lane

South: Coos
Bay-Curry

1995

1992

1995

1992

1995

1994

10-lI July
22-23 Aug.

25-26 June

14 July
11 Aug.

9 June

9 July
12 July
14 Aug.
24 Aug.

15 June
27 June
13 July
23 July
2 Aug.
6 Aug.

13 June
15 Aug.
2 Sept.

15-16 Aug.
24-25 Aug.

253
145

153
60

440

541

853
973
533
218

820
1245
1239
642
367
143

367
243
335

194
138

3
20

4

34

2
6

5

2
3

2
4

18

S
l0

0.012
0.138

0.026
0.017

0.077

0.002

0.002

0.006
0.002

0.023

0.001
0.001
0.002
0.005
0.003
0.007

0.005
0.016
0.054

0.026
0.072

0.033
0.157

0.040
0.102

0.007
0.016
0.002
0.025

0.004
0.009
0.004
0.010

0.021
0.054

0.033
0.080

Strong 1995b

Strong 1995b

Strong 1995b
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State Region Year Date
No.

AllY
No.
Juvs J:AHY

Time
Adjusted
J:AHY Source

OR South: Coos
Bay-Curry

(cont.)

1993 16-18 June
12-13 July

15!
175

3
3

0.000
0.017 0.045

Strong 1995b

1992 19 June
19-20July

33
967

2
20

0.000
0.021 0.043

CA Northern:
Oregon to

Shelter Cove

1995 18-23 June
21-23 July
28-29 July
3-6 Aug.

10-11 Aug.
16-17 Aug.
29-30 Aug.

379
1046
313
429
687
408
450

I
I
I

II
3
8

17

0.000
0.009
0.022
0.026
0.004
0.020
0.038

0.017
0.039
0.039
0.006
0.024
0.039

CCRIMRB
1996

1994 29-30 June
19-23 July
2-5 Aug.
8-Il Aug.
14-19 Aug.

693
596
746
775
533

10
30
58
56
24

0.014
0.050
0.078
0.072
0.045

0.102
0.120
0.100
0.056

CCRIMRB
1996

1993 15-31 July
15-3OAug.

355
192

4
4

0.014
0.021

0.027
0.023

Ralph&
Long 1995

Central: Atlo
Nuevo Region

1995 9-23 June
1-14 July

15-31 July
1-15 Aug.
16-20 Aug.

79
252
342
207

99

1
1
1
1
1

0.000
0.000
0.006
0.010
0.010

0.000
0.011
0.014
0.012

Becker et
al. in rev.
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Table 2. The numbersofjuveniles(Juvs.),after-hatch-year(AI-IY) andjuvenile ratios (J:AI—IY) for Marbled Murreletsfrom at sea
surveysfor different regionsof the PacificNorthwest. Ratioswereadjustedfor survey(late (Time; seeFigure2) andstage
structure(Stage)to yield an estimateof fecundity(numberof femaleyoungler adult female). Thesewereusedto estimatelambda
assLlming adultsurvival of 0.85and0.90, and an ageof first breedingof 3 years.

>tat~ Rcgiuu Vcaj Date
No.

AlLY
No.

Juss. J:AIIY

lime
adjusted
LAITY

Time arid
Stage

Adjus.
J:AIIY

Lambda
0.85

lambda
0.90 Source

WA Puget
Sound

1995 1-I8Aug. 617 49 0.079 0.108 0.124 0.908 0.961 Nysessander&
Steinunpub

1994 1-l2Aug. 395 31 0.078 0.113 0.131 0.91 0.964

OR North:
Seaside
Lincolrt

1995 22-23Aug. 145 20 0.138 0.157 0.192 0.934 0.989 Strong 1995h

1994 20-22Aug. 147 12 0.082 0.094 0.106 0.900 0.953

1993 20-2IJuIy 587 10 0.017 0.035 0.037 0869 0.920

1992 II Aug. 440 34 C077 1). 1(112 0 lIP 0.905 0.959

Central;
Lincoln-
Coosnay

1995 13-24Aug 1154 27 0.023 0.028 0.029 0.865 0.916 Strong 1995b

1994 6-23Attg. 755 15 0.020 0025 0.026 0863 0914

1993 23-3OJuIy 1460 13 0.009 0.016 0.016 0.858 0.909

1992 1-lOAug. 1032 36 0.035 0.050 0.055 0.877 0.929

South:
CoosBay-
Brookings

1995 I2Aug.-
2Sept.

728 33 0.045 0.053 0.057 0878 0.930 Strong 1995b

1994 14-25Aug. 555 19 0.034 0.041 0.044 0.872 0.923

1993 12-l3JuIy 175 3 0.017 0.045 0.048 0.874 0.925

1992 19-2OJuIy 967 20 0.021 0.044 0.047 0.874 0.925

l~J
00



Table 2 (cont.)

State Region Year Date
No.

AHY
No.

Juvs. J:AHY

Time
adjusted
J:AIIY

Time and
Stage

Adjus.
J:AIIY

Lambda
0.85

Lambda
0.90 Source

CA Nortltern:
Oregonto

Shelter
Cove

1995 29-30A~tg. 450 17 0.038 0.039 0.041 0.871 0.921 CCR’
MRI3 1996

I994 8-1lAng. 775 56 0072 0.100 0.114 (1.903 0.957

1993 15-3OAug. 192 4 0.021 0.023 0.024 0.862 0.9 13 Ralph attd
Long 1995

Central:
Ann

Nttevo
Region

1995 I-l5Aug. 207 2 OGlO 0.014 0.015 0.858 0.908 Becker
etal. 1996

~0
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Table 3. Annualandproportionalsurvival ratesoffourpopulationofcommon
murresandonepopulationofthick-billed murrescalculatedfor differentage
classesfrom bandrecoverydatain BirkheadandHudson(1977). N is thenumber
ofbirdsbandedin the initial cohort. Proportionalsurvival is theannualsurvival
of theageclassdivided by theaverageannualadult survival for thespecies(0.925
for commonmurresand0.910 for thick-billed murres).

Species Location N 0-1 1-2 2-3

CommonMurre First Island,Canada 319 0.61 0.76 0.90

orway 157 0.47 0.77 0.87

0. GannetIslandand South
Britain

113 0.47 0.73 0.87

WitlessBay, Canada 301 0.67 0.79 0.84

Meansurvival
Meanproportionalsurvival

-

-

0.56
0.60

0.76
0.82

0.87
0.94

Thick-billed Murre Blot IslandandGreenland 92 0.55 0.75 0.88

Meanproportionalsurvival - 0.60 0.82 0.97
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Simplified Marbled Murrelet Demographic

Stage Life Cycle

Stage 0 = Juveniles
Stage 1 = Subadults

Stage2 = Adults

Figure 1. A simplified life cycle diagramfor themarbledmurreletusedin
developingpredictionsofdemographictrends.

P
2
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FledgingDatesfor 74 MurreletNests

i-.)

cc

z
0

0

0

0

S
U

1.0

0.8

0.6

0.4

02

0.0
150 275

Julian Date

Figure 2. The cumulativeprobabilitydistributionfunction for fledgingdatesof74
marbledmurreletnests. Resultsofa linear regressionofJuliandate(x) on thecumulative
proportionofneststhat fledged(y) wasfit to dataaregiven. No probabilityvaluecanbe
calculatedfor the regressionbecausecumulativefledgingvaluesarenot independent.
Dataarefrom HamerandNelson(1995). Datesshownreferto theendpoint ofcensuses
usedto adjustthejuvenile ratio.

175 200 225 250
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ATL

COM

LEA

80 I 300
Body mass (g)

600 i odo

Figure 3. Relationshipbetweenadultsurvivalandbodymassfor theAlcidae. Both
variableshavebeenio~ transformedin thestatisticalanalysesandareplottedon logged
scale.The line indicatesthe leastsquaresfit to thedata. Threelettercodesdepictspecies:
LEA=LeastAuklet, CAS=Cassin’sAuklet, ANC=AncientMurrelet,CRE=Crested
Auklet, ATL=Atlantic Puffin, BLA=Black Guillemot,PIG=PigeonGuillemot,RAZ=
Razorbill, THB=Thick-billed Murre,andCOM=CommonMurre.
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150

ATI~A

300
Body mass (g)

600 10010

Figure4. Therelationshipbetweenadultsurvival adjustedforthe squarerootof
reproductiverateandbody massfor theAlcidae. Bothaxeshavebeenlog0.
transformed.Theline indicatestheleastsquaresfit to thedata. Threelettercodes
depictspeciesasin Figure3.
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1.00

0.95

cc

0

0.90

5
0.85

3
080 2

0.0 0.5

Fecundity

Figure5. Setsof isobarswherelambdaequals1 (i.e. populationsareneither
increasingor decreasing)for differentcombinationsof fecundityandannual
survivorship. Abovethe isobarspopulationsshouldincreaseandbelow the
isobarspopulationsshoulddecline. Linesareshownfor agesoffirst breeding
from 2 to 5 years.. Likely marbledmurreletvaluesfor survivorshipandfecundity
aregivenby thebox. Averageannualadultsurvivorshipis expectedto fall
between0.85 and0.90. Maximum fecunditywassetby uncorrectednesting
success(0.18)andminimumfecundityfrom low at-searatios (0.06). All likely
valuesofreproductionandfecundityfor themarbledmurrelet(MM) fall within
therectangleandindicatedecliningpopulations.Theannualpercentagedecline
for the four corners of the rectangle is shown.

0.1 0.2 0.3 0.4
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APPENDIX C: Marbled Murrelet CooperativeResearchProcessto
CoordinateMonitoringEfforts andLargeScaleStudies

Summary.--Researchandmonitoringon themarbledmurrelet(Brachyramphus

marmoratus)hasbeendifficult to conductdueto thebiology ofthebird, hasbeen

poorly funded,andhasoccurredin anuncoordinatedfashion. Thishasresultedin

fewanswersto themanyproblemsfacedby regulatorsand landmanagers.We

proposeto developandguideacooperativeeffort amongresearchersand

cooperatorsthroughouttherangeofthemurreletin thePacificNorthwest. This

effortwould helpto fund thestrategicstudiesthatneedto be doneat aregional

level, ensurethatthework wasrelevantto pressingmanagementdecisions,

promotetheuseofstandardsurveyandresearchmethods,helpfundand

coordinatemonitoringefforts, andhelpcoordinatedatabasesamongthethree

states.Especiallyemphasizedwould bemanagementproblemsthatcannotbe

solvedwithoutmaking comparisonsacrossa rangeoflandscapeandmarine

habitats,questionsthatrequireintensiveefforts,andlarge-scalemonitoring

programs.A large-scaleprojectenvisionedduringthefirst five yearswould

coordinatea regionalstudy to examinetherelativeimportanceofforestlandscape

conditionsandmarineinfluenceson theproductivityandpopulationtrendsof the

murrelet. Thedesignwill alsoserveasaregionalmonitoringprogramfor the

murrelet,assuggestedin theresearchandmonitoringsectionofFEMAT.

Becauseofthesize,geographicalrange,costsandscopeof this studyandother

desiredregionalresearchandmonitoringprograms,tremendouscoordination

among a team of cooperators will be needed. Coordination and leadership can

bestbeaccomplishedthroughtheexpertiseandvenueofthe MarbledMurrelet

RecoveryTeamwith cooperationoftheU.S. FishandWildlife Service(Service).

Introduction.--Informationon thebiology of themarbledmurreletfor forest

managementdecisionsis incomplete. As aresult,the Service,including the

MarbledMurreletRecoveryTeam,and otherwildlife managementagencies,have
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hadto employconservativeapproachesto conservationplanningandresource

protection. Newandbetterinformationon theecologyanddemographyofthe

marbledmurreletcanonly leadto therelaxationofcurrentmanagement

recommendations,fewerconflictsover resourcemanagement,andgainsfor forest

managers,wildlife managers,theforestproductsindustryandthenet fisheries

industry.

Researchon themarbledmurrelethasresultedin fewfirm answersto themany

problemsfacedby regulatorsandresourcemanagersfor severalreasons.First,

this specieshasbeendifficult to studydueto its biology. Murreletsaredifficult to

capture,their nestsin thecanopyofolder forestshavebeenextremelydifficult to

locate,andtheirmovementsarepoorly knownbecausethebird canfly up to 80

kilometers(50miles) daily to and fromtheoceanwhereit spendsmostof its time.

Second,researchon murreletshasbeenpoorly funded. Fundinglevelshavebeen

low andstudiestypically arefundedon a year-to-yearbasis,whichmakesit

difficult topl~ studiesto obtainvaluablemulti-yearinformationandto establish

intensivestudiesthat would resultin break-throughsin theunderstandingof

murreletecology. Thesetypesofstudiesareneededto discoveranddevelopa

rangeofforestmanagementoptionsfor nestinghabitatandbetterunderstandthe

demographiccharacteristicsofthepopulation. Third, researchhasoccurredin

mostlyanuncoordinatedfashion. Censusanddataanalysistechniquesarenot

alwaysstandardizedandoftenpoorlyunderstood,andduplicationofeffortshas

occurred.Therehasbeeninsufficientcoordinationamongstate,Federal,and

privateorganizationsconductingstudies. Fourth,thereis arealschismanda

deficiencyin relatingresearchefforts andresultsobtainedin theforest

environmentandthoseconductedat-sea,eventhoughbothhabitatsarecritical to

the life historyof.themurrelet. Finally, muchofthedataalreadycollectedis

unavailablefor usein analysesanddecision-makingby stateandFederalofficials,

andoftenis not incorporatedintocentraldatabases(e.g.,surveysonprivatelands,
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andstatesurveys).Muchofthisdatais availableasdatasheetsfrom awide range

ofagencies,but hasnotbeenenteredinto computerdatabasesor compiledin a

usableformat. Forthosedatathatareavailablein computerdatabases,file

formatshavenot alwaysbeenstandardizedto enablecompilationbetween

regions.

Unlike the spottedowl, which oftenrequiresthousandsof acresofhabitatto

supportabreedingpair,marbledmurreletshavebeendocumentedto sometimes

utilize small standsasnestinghabitat. In addition,theirnestinghabitatis often

foundin low elevationconiferforests,with near-coastalhabitatpossiblyplaying

an important role in sustaining populations. For these reasons, nesting habitat

foundon non-Federalownershipin certainareasmaysupportasignificantportion
ofthepopulationandcontributeto recoveryin ameaningfulway. Therefore,it is

importantto promotethecooperationof non-Federalentitiesin theinformation

gathering/monitoringefforts for this speciesandhavethemparticipatein using the

resultsto developforestandmarinemanagementoptionsfor themarbled

murrelet.

Someofthemostimportantinformationneededfor managementdecisionsis

likely to comefrom studiesofmurreletsatlargescales- at both land and sea. For

example,thereis aneedto understandtheeffectsofforestlandscapeand stand

characteristicson reproductivesuccess,theextentof older forestthat needs

protection,ortherole ofoil spills andnet fisheriesin thepopulationdecline. The

fastestrouteto answertheseand similar questionswill be to makecomparisonsof

thehealthof murreletpopulationsat-seaamongareaswith different forest

landscapeandmarinecharacteristics.Suchlargescaleand complexstudieswill

neverhappenwithout awell coordinatedandwell fundedcooperativeeffort

amongresearchers,managers,andotherinvolvedparties. In addition, the

cooperativecouldensurethat monitoringefforts arecarriedout in suchaway as

C-3



MarbledMurreletRecoveryPlan September1997

to examinespecifichypothesisaboutmurreletpopulationtrendsor thefactorsthat

limit marbledmurreletpopulations.

During the time that the Team gathered information to write a Recovery Plan, it

becameapparentthat managementdecisionsandrecoveryefforts for themurrelet

weremostrestrictedby incompleteinformation. Thus,theTeamdeterminedthat

oneof thebestwaysit couldassistrecoverywasto catalyzean effort to obtainthe

biological informationthatwas critical formakingwisemanagementdecisions

and contributed to identifying key goals and objectives to focus recovery efforts.

TheMarbledMurreletRecoveryTeamwould developandguidearegional

cooperativeofresearcaersthroughouttherangeofthemurreletin thePacific

Northwest. This effort would helpto fundthestrategicstudiesandmonitoring

thatneedto be done,andensurethat thework wasrelevantto pressing

managementdecisions.Thelifetime ofthis cooperativeeffort is expectedto be

10 years. This periodshouldbe long enoughto relatepopulationtrendsto forest

andmarinehabitatconditions,andto obtainkey informationon important

unknownaspectsofthemurrelet’slife history. Especiallyemphasizedwould be

managementproblemsthat cannotbe solvedwithoutmakingcomparisonsacross

arangeoflandscapeandmarinehabitats,questionsthatrequireintensiveefforts,

andefforts involving regionaldatacollectionor analysisto examinepopulation

level questions. In addition, thecooperativewould helpensurethatfundingwas

availableto completecritical long termstudies(3-10years)andmonitoringby

poolingresourcesfrom variousparticipantswith similar researchandmonitoring

needsandusing thecombinedresourcesof thecooperatorsto obtainadditional

funding. Thecooperalivewould alsofunctionto ensurethatall availablemurrelet

data was deposited in central and state database centers, and assist in database

management.
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Participants in theCooperative--Asaprerequisiteto be involved in the

cooperative,potentialparticipantsmustactivelybring somethingofvalueto the

cooperativeorbewilling to conductorparticipatein anactivity that is beneficial

to completingthegoalsofthe group. This involvementcouldbe funding

contributionsto specificprojects,biological expertise,contributionsofpersonnel

orequipmentto researchandmonitoringprojects,or thesharingorcooperative

collectionofdatapertainingto theneedsofthe group. Theconceptis that each
partyneedsto activelycontributeorparticipatein a meaningfulwayin orderto

gainthebenefitsoftheassociation.All partiesmustbe willing to share

informationwith theotherpartiesinvolved.

Cooperatorsshouldinclude,but arenot limited to, stateand Federalagencies

participatingin theRegionalInteragencyExecutiveCommittee(RIEC) and

RegionalEcosystemOffice (REO),suchastheU.S.ForestService,Bureauof

LandManagement,U.S. GeologicalSurvey(Biological ResourcesDivision),

NationalParkService,StateWildlife Agencies,StateAgencieswith forest

managementresponsibilities,tribes,BureauofIndianAffairs, andtheNational

MarineFisheriesService.Additional cooperatorswould includerepresentation

from thePacificSeabirdGroup,membersoftheprivateforestindustryandrelated

organizationssuchastheNationalCouncil ofthePaperIndustryfor Air and

StreamImprovement(NCASI) andNorthwestForestryAssociation.

As partoftheNorthwestForest Plan, monitoringwasconsidereda key

componentofadaptivemanagementandarequiredactivity for ecosystem

management,implementationofconservationstrategies,andcompliancewith

forestmanagementlawsandpolicies. TheForestPlanrecommendedthatFederal

agenciesshoulddevelopa multi organizationalresourcemonitoringsystemthatis

adequatelyfundedandwith organizationalresponsibilitiesthatareclearlydefined.

In additionit wasrecommendedthatFederalagenciesin collaborationwith state
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andprivateinterestsshouldencouragethedesignandimplementationof

landscape-scaleresearchandmonitoringprojectsthat wouldenhancescientific

knowledgeofparticularspecies,developanalyticaltools for ecosystem

managementandexpandtheresourceproductivityoptionsfor PacificNorthwest

Forests.This hasbecomeahighpriority for theREO. We feel this regional

cooperativefulfills manyoftheseobligationsandobjectivesandshouldhelpmeet

theexpectationsestablishedfor murreletsby theRIEC andREO.

Organization of theCooperative--Thesteeringcommitteewouldbecomposed

ofmembersoftheRecoveryTeamandrepresentativesofindustry,thetribes,

Federalagencies,stateagencies,andothercooperatorsandwould workclosely

with eachotherin thedecision-makingprocess.Among its otherduties,theTeam

is responsiblefor guidingandacceleratingtherecoveryofthemarbledmurrelet

throughoutthePacific Northwest,andfor determiningcriteriato delist the

species.TheRecoveryTeamwouldactto guideandhelpcoordinatethe

monitoringand researchactivities ofthecooperativeasmembersofthis

committee(Figure 1). This organizationwould helpensurethatthe monitoring

andresearchactivitiesbeingconductedorproposedcouldbeexecutedin sucha

manner as to have some benefits to recovery efforts and objectives. This is not to

saythatall activitiesofthecooperativeneedto carriedoutwith the information

needsoftherecoveryeffort asaprimarygoal. But manyprojectsmaybeableto

gathercritical informationneededfor recoverywithout muchadditionaleffort just

by clearlyknowingthe goalsandobjectivesof theRecoveryPlan.

Membersof thesteeringcommitteemustrepresentcomparablelevelsofauthority

within theirorganizationsoragencies,havetheauthorityto makedecisionsfor

theirorganization,andbeheldaccountablefor theirdecisionsto their

constituencies.Thesemembersshouldalsohaveadequateresourcesoftimeand

fundingto be involved in the cooperativein ameaningfulway. Steering

C-6



MarbledMurrelet RecoveryPlan September1997

committeememberswould be selectedby appointmentfrom eachcooperator

throughtheService’sRegionalOffice. Thesemembersshouldhavean

understandingofthescienceinvolved in this issueand preferablyhaveresearch

relatedbackgrounds.

Themajorrole oftheServicewould be to facilitateformationofthecooperative

andestablishadatabasemanagementcenter. Theprimaryrole ofthesteering

committeewould be to encourageandpromotecollaborativeprocessesamongthe

cooperators.In additiontheywouldhelp identify potentialparticipants,encourage

the participation of cooperators, andensuretheirrepresentationin theprocess.

Thesteeringcommitteewould alsofunctionto enhancecommunicationbetween

partiesby ensuringall participantsarekept informedof the informationgoals,

projectdevelopments,andresultsof themonitoringandresearchconductedby the

cooperators.Thecommitteewould alsopromotejointly conceivedinvestigations

andprovideincentivesfor cooperationby helpingnegotiate/coordinatejoint

fundingallocations.Thecooperativeis notenvisionedasafundingsourcebuta

way to betterutilize currentfunding andcoordinatefundingefforts. Theresultof

all theseactivitiesis to buildpartnerships,promotecooperationandestablisha

strongfoundationfor continuedcooperation.

To carryout thesegoalsthesteeringcommitteewould first obtain feedbackfrom

all thecooperatorson theirspecificmonitoringandresearchneedsandthen

summarizetheseneeds.Usingthis summary,thecommitteewould theninform

thecooperatorsofoverlapsin informationneeds,look for waysto coordinate

theseneedsbetweengroups,andencouragecooperativeeffortsbetweenthese

groups. Discussionsofthegoalsof theresearchandmonitoringwould takeplace

using theexpertiseofthesteeringcommitteeandtheresearchworkinggroupin

orderto furtherclarify theneedsoftheparticipantsandprovidefeedbackon
whetherthegoalscanbemetby conductingparticularactivitiesor suggestproject
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alternatives. Thisprocesswould helpthepartiesidentify andfocustheir interests

andinformationneedsand shouldoccuronanannualbasis. Promotionof

cooperativeeffortswould reducecostsfor obtainingtheinformationfor each

individualparticipant,encouragestandardizationofresearchandmonitoring

techniques,avoidduplicationofeffort (exceptwhenduplicationis desired)

provideopportunitiesfor largescalestudiesthatcouldnot be conductedwithout

intensiveeffortsof a largergroup,andencourageregionallevel studies.

Two workinggroupswould be formedunderthesteeringcommittee(Figure 1),

theresearchworkinggroupandthefundingworkinggroup. Theresearchworking

groupwould be responsiblefor developingresearchandmonitoringstudyplans

basedon thecommoninformationneedsofthecooperatorsassummarizedby the

steeringcommittee. After theseplansarecompletedtheywould be givento the

steeringcommitteefor review. After review,thesteeringcommitteewould then

make recommendations on how to modify study designs to better meet the needs

ofcooperators,suggestwaysof makingthedesignbettersuitedto meetingthe

monitoringandresearchneedsofthespecies,or makesuggestionson howthe

planscouldbe designedto be carriedoutasregionallevel projects.Theresearch

workinggroupwould thenreviewtheplansto seeif modificationscanbe made.

Therole of thesteeringcommitteeis to obtainthebestpeerreviewof proposed

projectsfrom theresearchgroupandprovidefeedbackon thequality ofthe

projectsandtheirpriority to thecooperators.Boththeresearchworkinggroup

and the steering committee set priorities for projects to be completed. Once final

studyplansarecompleted,thesteeringcommitteewould providetheplansand

associatedbudgetsto thefundingworkinggroup.

Theresearchworking groupwould be comprisedofexpertsonwildlife research

andmonitoringtechniques,statisticalmethods,andstudydesign. We envision

utilizing thebestexpertsin certainfields for this groupincludinga seabird
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ecologist,forestecologist,marineecologistsor oceanographer,statisticians

familiar with theproblemsofpopulationsamplingandwildlife studydesign,and

marbledmurreletbiologists. Particularstudydesignsmayincludeexpertsfrom

otherfields. Manyofthesescientistswould be availablefrom theagencies

participatingin thecooperative.If they are unavailable, outside expertise in each

disciplinewill be sought. Membersoftheresearchworkinggroupmayalsobe

participatingin the field research.This groupis also responsiblefor analyzingthe

researchandmonitoring datacollectedfrom jointly fundedprojectsandreporting

to thesteeringcommitteeon the results. Thesteeringcommitteewould thenmake

theseresultsavailableto all cooperators.

Thefundingworking groupwould be comprisedof administrativelevel personnel

madeavailableby thecooperatorsthathavetheauthorityandresponsibilityfor

makingfundingdecisionsregardingtheresearchandmonitoringofthreatenedand

endangeredspecies.Theirresponsibilitywill be to helpobtainthenecessary

funding for theprojectsdevelopedby the steeringcommitteeandresearch

workinggroup,lobby for fundingfrom appropriatesources,coordinate

collaborativefundingefforts,andensurethatmulti-yearstudieshavecontinued

supportto completetheirprojects.

Thesteeringcommitteewould hold semi-annualmeetingswith thecooperatorsto

reportonprogressanddecisionsmadeby thecommitteeandthetwo working

groups,andto encouragecommunicationandfeedbackfrom thecooperatorsto

thecooperatorsasawhole. It is envisionedthatmostcooperatorswould have

personnelon thesteeringcommitteeorpositionedin one of thetwo working

groups.

A centraldatabaseand coordinatorwould be establishedby theServiceto gather,

collate,store,andmakeavailabletheresearchandmonitoringdatanow being
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collected by a small army of independent sources throughout the three-state area.

This coordinatorwould facilitateinformationexchange,helpdevelopstandard

inventory,monitoring,anddatacollectiontechniquesandmakedataavailablefor

range-wideanalysis.Thejob would alsoentailstandardizingvariousdatasources

for compilationandensuringappropriatearchivingof collectedinformationfor

futureresearchers.Theday-to-daycoordinationandcentraldatabasemanagement

would be doneby Serviceemployeesincludingacoordinatorand 1-2 staff

members.This groupwould reportto thesteeringcommitteeon its activities.

Theestablishmentofa WestCoastMarbledMurreletDataCenteris aprecursorto

long-termrecoveryactionsbasedon thebestdataavailable.

Individual researchersandprinciple investigatorswould retaintherights to

informationcollectedfrom theirprojectsfor a2-yearperiodafterproject

completionto publishresults. Inthis mannerindividualswould retaincontrol of

datafor a limited periodbeforemaking thedataavailableto thedatabasestaffand

the largercooperative.Thisprocessshouldspeedup theavailabilityof

informationandinformationexchange.Oncethedatais available,thesteering

committeecouldmakerecommendationson how to incorporatetheinformation

into a regionalanalysis.Regionalanalysiswould becoordinatedby thesteering

committeeusing theexpertiseof theresearchworkinggroup. This groupwould

overseetheanalysisandinterpretationofthedata. During theorganizationofthe

cooperative,thesteeringcommitteewill developguidelinesfor datasharing,data

ownership,anddatainterpretationthatwill befair andequitablefor all

participantsinvolved. Thiswill be an importantfirst step in successfulformation

ofthis groupsinceissuesof dataanalysisandinterpretationwill be critical to

define. Thegoalwill be to includeall partiesin this processandhaveeveryone

benefitfrom wider discussionsandalternativeapproaches.Openaccessto all

datasoonafteranalysesarecompletedwill be a priority objectiveandbe

coordinatedby thedatabasestaff.

C-l0



MarbledMurrelet RecoveryPlan September1997

Oncemembersof eachworkinggroupandthesteeringcommitteeareselected,

conflictsof interestwill be identifiedandthesteeringcommitteewill develop

waysto resolvetheseconflicts. Conflicts of interestofthemajority ofthe

memberswill be unavoidable.It is apartofforming abroadercooperativeeffort

that involvesall participantswith varying interestsandagenda’s.Many

participantswill haveconflictsof interestin oneor moreareas. Managersand

headsof researchorganizationswill obviouslywantto haveparticularresearchor

monitoringprojectsconductedthroughtheir organization.Individual researchers

with certaininterestsandexpertise,andconsultants,mayalsowantto carryout

particularresearchprojects.

Thedesignof thecooperativeis not to approveor disapproveofparticular

researchprojectsor to discourageindependentresearchor local projects. Its main

function is to promote intensive large-scale research and monitoring projects that

couldnot be conductedby anyonepartyandpromotethewisest,mostcost

efficientuseoffundsandinformationaspossibleby encouragingcollaborative

projects,andstimulatefunding.
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Figure1. StructureoftheMarbledMurreletResearchGroup.
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Appendix D: Summary of theAgencyand Public Comment on the Draft
Marbled Murrelet RecoveryPlan.

I.Summary of theAgencyand Public Commenton the Draft Marbled
Murrelet RecoveryPlan

In August 1995, theServicereleasedthedraft recoveryplan for themarbled
murrelet(Washington,Oregon,andCaliforniaPopulations)for a 60-daypublic
commentperiod,endingon October10, 1995 (60FR 40851). Over400copiesof
thedraft plan weresentout for reviewduringthecommentperiod. Also, during
thepublic commentperiod,five informationalmeetings(held in Washington,
Oregon,andCalifornia) wereprovidedto potentiallyaffectedpartiesto address
both proposedcritical habitatandthedraft recoveryplan.

A totalof222 letters/commentswasreceived,eachcontainingvarying numbersof
issues.Many specificcommentsreoccurredin letters. Manyofthespecific
commentsrelatedto wording,clarity, and issueswere incorporated,where
appropriate,into the final plan andarenotaddressedin thefollowing section.
Issues/commentsraisedduringthepublic commentperiodthatwerenotaddressed
or incorporatedinto this final plan arediscussedbelow.

This sectionprovidesa summaryofgeneraldemographicinformation,including
the total numberof letters/commentsreceivedfrom variousaffiliationsand states.
It alsoprovidesasummaryofthemajorcomments.A completeindexofthe those
providing comments,by affiliation, is availablefrom theU.S. Fish andWildlife
Service,OregonStateOffice, 2600 SE98thAvenue,Suite100, Portland,Oregon
97266. All lettersofcommenton thedraft plan arekepton file in theOregon
State Office.

Demographic Information

Thefollowing is abreakdownofthenumberof lettersreceivedfrom variousaffiliations:

FederalAgencies 6
StateAgencies 5
LocalGovernments I
Business/Industry 5
Environmental/ConservationOrganizations 10
Academia/Professional 5
Individuals 190
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H. Summary ofMajor Commentsand ServiceResponses

Issue1: Onecommenterhadconcernsthat theboundariesfor theMarbled
MurreletConservationZones(MMCZ) andthe inlandextentofproposedcritical
habitatwerenot thesame. Theywantedthedifferencesreconciledsothatall
designatedcritical habitatfalls within thefinal designationfor theMMCZ.

Response:The Servicedesignatedcritical habitaton May24, 1996. The inland
boundariesoftheMarbledMurreletConservationZoneshavebeenadjustedto
includeall murreletcritical habitat.

Issue2: Onecommenterfelt theplan neededto define‘potentialnestingstands’
andthesizelimit to triggerapplicationofthe recommendedbuffer. As written, it
would encompassany standthat met thenestingstructureparametersregardlessof
occupancystatusandregardlessofsize. At aminimum, it is recommendedthata
standsizelimit be specified.

Response:This task(3.1.1.3)hasbeenclarifiedsothat it reads“maintain and
enhancebufferhabitatsurroundingoccupiedhabitat”.

Issue3: Severalcommentershadconcernsthatmarinecritical habitatwasnot
designatedaswas recommendedby theRecoveryTeam.

Response:A summaryofthe final ruledesignatingcritical habitatis providedin
this final recoveryplan (see“MarbledMurreletCritical Habitat” under“G.
CurrentRegulatoryMechanismsandManagementofMarbledMurreletHabitat”),
including a discussionofmarineareasandtheir importance.

Issue4: Onecommenterfelt bufferingoccupiedstandswasan excellent
recommendation.As replacementhabitat,however,thesebufferswould likely be
assusceptibleto catastrophichabitatlossasthe restofthebufferedstand. To
protectthepopulationagainstcatastrophichabitatloss,somereplacementhabitat
shouldalsobedevelopedin areasawayfrom currentlyoccupiedstands.

Response:Through implementationoftheNorthwestForestPlanandthe
completionofHCPs,etc.,replacementhabitatwill be developedawayfrom
currentlyoccupiedstands. This would includeregrowthofboth suitableand
buffer habitatin theLate-SuccessionalReserveswherenonecurrentlyexists.
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Issue5: A coupleofcommentershadconcernsthat low juvenile:adultratioscould
alsoresult if themurreletpopulationis in a non-equilibriumcondition. If this is
thecase,muchoftheadultpopulationwould becomprisedofnon-breedingbirds,
resultingfrom habitatloss. Oncehabitatlosshasbeeneliminatedand the
populationis allowedto equilibratewith theamountofremainingnestinghabitat,
thejuvenile:adultratio would increasedue to decreasesin theadultpopulation
size. Consideration of this possibility appears to be lacking in thedraft recovery
plan and in themodelingwork by Beissinger(1995a).

Response:At thispoint in time,we don’t knowtheexactmechanismfor the low
juvenileratiosin murrelets,otherthanreproductivesuccessis poorrelativeto the
sizeofthepotentialbreedingpopulation. Lowjuvenileratioscouldbedue to (1)
a low percentageofadultsfinding nestsites,(2) low nestingsuccessdue to
predatorsora lackoffood orotherfactors,(3)poorsurvivorshipofyoungflying
from thenestto theocean,(4) complexandpoorlyunderstoodpatternsof
dispersalandmortalityofjuvenilesatseaanddispersalandmovementsofadults
atsea,or (5) most likely acombinationofthe fourprior factors. No assumption
ofequilibrium ornon-equilibriumdynamicsis madein thepopulationmodel.
Thepopulationmodel makespredictionsonly oftheshort-termrateofpopulation
change.The distinctionbetweenequilibrium andnon-equilibriumdynamics
mainly relatesto long-termpopulationdynamics—thatis, thejuvenile ratiomight
increaseastheoverall populationdeclinesto thepoint thatagreaterpercentageof
birds arenestingsuccessfullywhenthepopulationdeclinesto asmallersize.
Overthe long term, it shouldbepossibleto seethis ifjuvenile ratiosincrease
while populationsizedecreases,butmanyyearsofdatawill be neededbeforeit
will be possibleto seeif this is happening.

Issue6: A coupleofcommentersfelt thatpopulationmodelsshouldalsobe
evaluatedundernon-equilibriumconditions. Additionally, catastrophichabitat
loss, andcatastrophicpopulationreductions(i.e., mortality eventsthatdo not
result in long-termhabitatloss)shouldbeincorporatedinto thepopulation
modeling. Althoughfrequency,severity,andspatiallocationsofcatastrophic
eventsarehard to predict,simulationscould incorporaterangesfor these
parametervalues. Modeling ofthistypecouldhelp determinethepatternof
catastrophiceventsthat would threatenrecoveryprospectsfor thenext100-200
yearsandgive abetterindicationoflong-termpopulationsecurity.

Response:Populationmodelsarebestusedfor managementdecisionswhen there
is somegooddatato beincorporated.Ideally, populationmodelsfor themarbled
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murreletmight beconstructedto includetheeffectsofcatastropheslike oil spills,
changingcarryingcapacitybasedon forest lossandregrowth,andyear-to-year
variation in reproductivesuccessandsurvivorshipto makelong-term(100-200
year)estimatesoftheviability ofthepopulation. Unfortunately,thecreationof
suchmodelsarelessdefendablefor themurreletthantheapproachtaken. They
would bebasedon roughestimatesoftheeffectsof oil spills on birds, thecarrying
capacityandsiteoccupancyofmurreletsin foreststhat arenotbasedon any
defendablecriteria,andestimatesofthevariancein reproductivesuccessand
survivorshipfrom otherbirds. Eacherror in estimationofparametersmight be
compoundedhundredsoftimesasthemodel projectsmurreletpopulations100-
200 yearsinto thefuture. Therewould be lessconfidencein theestimatedratesof
extinction from suchamodel andno wayto verify themodel. It is clear from the
model usedthatmarbledmurreletsarelikely to be declining,perhapsrapidly,and
thatcurrentratesofreproductionaretypically less thanwhatis neededto replace
populations.This indicatesa populationdeclinedueto extrinsic factors. The
effectsofrandom,naturally-occurringenvironmentalevents,catastrophes,and
additionalhabitatlosscanonly actto acceleratetheexpectedrateofdecline. As
thepopulationmodel is currentlyconstructed,averagesurvivorshiprateshadto be
estimatedfrom the literatureusing life historytheory. This certainlyis less
accuratethanestimatesofsurvivorshipbasedon datafor murreletsand it is
possiblethat ourestimatesfor lambdaareweak. Forthis reason,we examineda
rangeofvalueslikely to betypical for themurrelet,asindicatedfrom studiesof
otherseabirds.

Issue7: Onecommenterfelt that thestatement“Populationmodelingindicates
thatadjustedjuvenile:adultratiosshouldbe 15-22percentat a minimum to result
in stablepopulations”could easilyform thebasisofan interimrecoverygoal.

Response:At thispoint, it maybeprematureto set interim recoverygoalson the
basisofa populationmodel. More confidencein thequantitativepredictionsfrom
thepopulationmodelwill emergewhensomeparametersin themodel arebetter
known(e.g.,ageof first breedingandsurvivalrates).Adjustedjuvenileratios
conceivablybe incorporatedin recoverygoals in thenext 5-10years.

Issue8: Onecommenterfelt that althoughthedraftplan identifiedexistinggaps
in nestinghabitat,andsomeprobablecausalfactors,it failed to providemuch
guidanceon what shouldbe doneto improvethedistributionofsuchhabitat.
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Response:Duringthedevelopmentof managementplans(Federal,state,private),
theexistenceof thesegapsshouldberecognizedandwaysto lessenthe gaps
incorporatedinto planning/conservationefforts (e.g.,HCPmitigation,consultation
with Federalagencies,landexchanges,etc.). Ways to addressthesegapsare
identified in varioussectionsof “Narrative Outline for RecoveryActions.”

Issue9: A coupleof commentersfelt thatcaptivecare(andresearch)shouldbe a
higherpriority thandescribedin thedraft plan. Severalreasonswereprovided,
includingeducation,understandingimportantlife historyparameters,improving
fieldresearchtechniques,rehabilitation,andcaptivebreeding.

Response:The Service does not disagree that captive care can be one component
ofa successfulrecoveryprogram. It canprovidecertainbenefitsfor better
understandingcertainaspectsofmurreletbiology. However,given limited
funding for recoveryefforts, it is still recommendedthat atthistime, the limited
governmentfundsshouldgo to studiesofmurreletsin thewild (seepage10).

Issue10: OnecommenterfeltthePacificNorthwestcolumnon Table2 was
somewhatunclear. The tableheaderstatesthat for somelocalesthesamplesize
wastoosmall to calculatethemean,orno dataexist,but it is unclearif this is the
reasonsomesamplesizesdo notaddup. In addition, it wasunclearhowthe stand
agewascalculated. Is it theageoftheoldesttreein thestand?Is it theaverage
ageoftreesin thestand?Is it thetimesincethestandwasinitiated?

Response:For somestates,ortheProvinceofBritish Columbia,therewasnot a
sufficientsampleto calculatea meanor standarddeviationfor some
characteristics.However,for thePacific Northwestcolumn,therewasalwaysa
sufficientsamplewhenall statesandprovinceswerecombined. Therefore,this
columnsometimesshowsa highersampleofnestsites. Relatedto standage,that
informationwasobtainedfrom thevariousresearchersandwascalculatedby them
using severaldifferentmethods. Standageswerecalculatedby (1) using
incrementboreson themostdominanttreesin thestand,(2)usingdatafrom
forest inventorydatabaseswhich typically estimatestandorigin for themost
commondominanttreeswithin thestand,or (3) estimatingtheageoftreesin the
stand.

Issue11:A coupleofcommentersfelt thedraftplan did not includethemost
recentinformationavailableor that the information,if used,wasusedselectively.
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Response:Every effort hasbeenmadeto reviewthemostrecentinformation
available and incorporate that information, where appropriate, into this final
recoveryplan. Specific referencesmentionedin thecommentswereevaluated
andsections,includingAppendix B, wereupdatedusing this newinformation.

Issue12: Severalcommentersfelt that marineinfluencesandpotentialeffects
(including preyspecies,globalwarming, ElNifio events)were largely ignoredand
alsothat thethreatofoil spills andnetfisheriesweredismissedwithout supportive
data.

Response:The final recoveryplanhasaddressedthisconcernby providing
additional discussion in several sections on all aspects of the marine environment
andpotentialinfluences/effectson marbledmurrelets(seeespecially“Possible
Changesin PreyAbundanceandDistribution”). Thereis alsoconsiderable
discussiononthe threatof oil spillsandnet fisheries,andtheyhavebeen
evaluatedasto their contributionto theproblemsfacingthemurrelet. However,
basedon all of the informationavailable,the primarythreatto the marbled
murreletis theloss andfragmentationof nestinghabitat.

Issue13: The draft recovery planreliesheavily on implementationofthe
President’sForestPlanto accomplishrecoveryof murrelets.However,several
commentersfelt that thisunderlyingassumptionneedsto be reassessedin the
revisedrecoveryplan. A carefulanalysisis neededofhowtheForestPlan is
alteredby the recentSalvageLoggingBill andhow thosealterationsaffect
marbled murrelet recovery.

Response:An analysis was completed by the Regional Ecosystem Office (REO)
for theeffectsofthe timbersalesreleasedunderSection2001(k) ofPublic Law
104-19(Salvagebill). The R.EO consideredtheamountanddistributionofthe
impactsofthe relevantsales,including saleacres,location,and land allocation.
Rescissionsalesweredispersedoverfive different provincesandrepresenteda
verysmall lossofhabitatrelativeto theoverall ForestPlan. RecessionAct sales
notpreviouslyaccountedfor in the 1994 biological opinionon theForestPlan
totaled1,269acres. Relatedto murrelets,thegovernment’sposition,which was
upheldby theNinth Circuit CourtofAppeals,wasthat section2001(k)(2)of P.L.
104-19expresslyforbid theharvestof identifiednestingsites. Therefore,all 2001
(k) salesthat weredeterminedto be occupiedwerenot releasedfor harvest.
Basedon this analysis,the underlyingassumptionsof the ForestPlanas they
relatedto murreletswerenot significantly alteredby the SalvageLogging Bill.
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Issue 14:Definitions of suitableandrecruitmenthabitatshouldbeincludedin the
plan. This shouldincludeacomparisonofstandcharacteristicsandhabitat
characteristicsbetweenstandswith high levelsofoccupiedbehavior,low levels,
presenceonly, andno detections(similar to Hameretal. 1994; ForestHabitat
RelationshipsofMarbledMurreletsin WesternWashington,WDFW).

Response:Includingdefinitionsofsuitableandrecruitmenthabitatfor marbled
murreletswithin theplanby conductingcomparisonsof occupiedstandsto stands
with presenceandabsenceis anexcellentsuggestion.Unfortunately,to undertake
thetask for eachConservationZoneandPhysiographicProvincefor thethree-
stateareawould havebeenextremelytime-consuming.In addition, for some
regions,thehabitatdatato accomplishthisis not available. Thiswouldbe good
informationto includein anyrevisionto the plan. It hasbeenaddedasarecovery
task(4.1.4).

Issue 15: Onecommenterstatedthattheplan shouldincludecurrentamountsand
distributionofnestingandrecruitmenthabitat,combinedwith GIS simulationsof
thefutureamountsanddistributionofpotentialnesting,recruitment,and
replacementhabitatsthroughouttherange.

Response:The Serviceagreesthat this informationwould bevaluableto have,but
it currentlyis not availablefor all areas. Throughcontinuedimplementationof
the ForestPlanandtherequiredmonitoringeffortsandcompletionof tasks
outlinedin the recoveryplan, thenecessaryinformationmay be availablein the
futureso thatthetypesof simulationsrecommendedcouldbe completed.
However,thereis thepossibility that remotely-senseddatamaynotbe adequateto
describeappropriatemurrelethabitatcharacteristics.Pilot studieshavebeen
initiated to evaluatethistypeof information.

Issue16: Severalcommentersfelt theplanneededto providemorespecific
delistingcriterianow,eventhoughwe acknowledgeit will probablychange.
They felt that if therewas enoughinformationto list thespecies,theService
shouldknow what is necessaryto delist it.

Response:Delistingcriteria shouldnot beestablishedwithout careful
considerationofthebiologicalrealitiesandabetterunderstandingofthemurrelet
populationtrendsandyear-to-yearvariability in demographicparametersthan
currentlyexist. Currently,therearemanyunknownswith murreletdemographic
parameters.
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Issue17: Onecommenterfelt that interim targetsshouldbe setfor themaximum
allowableby-catchofmurreletsbasedon thedemographicmodel by Beissinger
(1995a).

Response:Additional details,which suggestthatestimatesof murreletby-catchin
the PacificNorthwesthavebeensmall, aregiven in therevisedversionof the
plan. The populationmodeldevelopedin AppendixB is not capableof setting
allowableby-catchesbecauseit suggeststhat in mostyearsmurreletpopulations
arelikely to be declining. Nevertheless,the modeldoes indicatethatdeclinesin
adultmortality haveadisproportionally important effect on the rate of murrelet
populationchange(lambda). Thesetwo modelpredictionsindicatethat every
effort shouldb~r madeto minimize by-catch of murrelets.

Issue18: Onecommenterrecommendedthatthe ConservationZonesfor
Washingtonbe changedto bettermeetconservationandrecoveryobjectives. This
shouldincludehavingthreezonesinsteadof two, taking into accountsimilarities
in the Straitsof Juande Fucaandotherinlandwaters,the uniquehabitatsof the
westernOlympic Peninsula,andthe almostexclusivestateandprivatelandsin
southwestWashington.

Response:ZoneI hasbeenchangedto includemostof the Straitsof JuanDe
Fuca. The portionthat is not includedis adjacentto CapeFlatterywith conditions
very similar to the openocean. We did not separateout southwestWashingtonor
northwestOregoninto separateconservationzonesto ensureconservationefforts
in thoseareas. AlthoughthebreakbetweensouthwestWashingtonandnorthwest
Oregonis mainlybasedon astateboundary,differencesin statemanagementwere
consideredin establishingsomeof theZoneboundaries.

Issue 19: A coupleofcommentershadconcernsthat the 0.5 mile protection
guidelinein ROD doesnot providesufficientprotectionto occupiedsiteson
Federallands.

Response:The 0.5-mileprotectionboundaryaroundoccupiedsitesoutlined in the
ROD is centeredon the occupiedbehaviorobservedor designedto includethe
mostcontiguoushabitatavailablearoundthedetection. Therefore,if additional
occupiedbehaviorsareobservednearby,additional 0.5-milecircleswould be
establishedaroundthesesitessothat the final amountofhabitatprotectedcould
be very largeandnot limited tojustone 0.5-mile protectionzone. Whenthe
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guidelinesareadministeredin this manner,yourconcernsaboutthe0.5-mile
guidelinenot protectingcontiguoushabitat,nearbyoccupiedsites,or large
occupiedstandsin thematrixwould be handled.Therefore,theguidelinesshould
not result in increasingfragmentationora decreasein standsizes.

Issue19: Severalcommentersfelt that thedraft recoveryplan failed to comply
with theEndangeredSpeciesAct. lt failed to describesite-specificmanagement
actions,measurabledelistingcriteria,andanestimateofthetimeandcost
requiredto carry out thosemeasures.

Response:Site-specificmanagementactionsareprovidedin therecoveryplan.
Specific areasareidentifiedas essentialto the speciesrecovery(e.g.,Late-
successionalReserves,NationalandStateParks,etc.)andbothshort-termactions
and long-termactionsareidentifiedfor theseareasunderthesection“Narrative
Outlinefor RecoveryActions.” The RecoveryObjectivessectionanddelisting
criteriasectionhavebeenmodified; however,seeresponseto Issue16. Because
an anticipateddelistingdatecannotbeestimated,figureshavebeenprovidedfor
the recoverycostsoverthe next10 years. It is anticipatedthatthis interim plan
will be revisedwithin that timeframeandbothmorespecificdelistingcriteriaand
adateandestimatedcostfor recoverycanbe providedatthat time.

Issue20: Onecommenterfelt the recoveryplanwas a significantactionrequiring
an Environmental Impact Statement or at least an Environmental Assessment.

Response:Implementation of a recovery plan is not mandatory. A recovery plan
only laysout actionsthat, if implemented,shouldleadto therecoveryofthe
species.Only whenthe actionsareactuallycarriedout shouldcompliancewith
the National Environmental Protection Act be necessary.

Issue21: Onecommenterfelt that sincetheServicedid notknowhistoric
numbersanddistributionofmurreletsanda lot ofotherfactsaboutmarbled
murrelets,moreinformationshouldbe gatheredbeforeanyaction(designating
critical habitatordevelopinga recoveryplan) takeplace.

Response:In addressingmostthreatenedandendangeredspecies,all the
informationyou would like to haveto determinecritical habitatandappropriate
recoverygoalsandobjectivesis not available. The Servicemustmakeits
decisionsbasedon thebestscientificandcommercialinformationavailableatthe
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time. Recoveryplanningmustproceedandmanyoftheactionsidentified in the
recoveryplan,oncecompleted,will providethenecessaryinformationto help
reviseinitial actionsandobjectives.

Issue22: Onecommenterfelt that theServicehadnotassessedtheneedto exceed
staterequirementson non-federallands.

Response:Currentstatelawshavenotpreventedhabitat lossfor themarbled
murrelet. Habitat loss is consideredto be oneoftheprimaryfactorsthathas
contributedto theneedto notonly federallylist themurrelet,but to alsostatelist
themurreletin Washington,Oregon,andCalifornia.

Issue23: A coupleofcommentersfelt that theMarbledMurreletCooperative
describedin AppendixB wasunnecessaryasthat particularfunctionwould be
betterservedthroughtheRegionalEcosystemOffice implementingtheForest
Plan. OthercommentersstronglysupportedtheCooperativeconceptandwished
to be includedasa cooperator.

Response:This appendixhasbeenmodified in responseto commentsrelatedto
its tie with theassociatedlong-termregional study. The Serviceacknowledges
that while someoftheactionsdiscussedin theappendix(now AppendixC) will
be coveredby aregional monitoringeffort on Federallandsthrough
implementationoftheForestPlan,thereis still aneedto haveacoordinatedeffort
thatcoversall aspectsandentities involved in marbledmurreletresearchand
recoveryefforts. The only wayasuccessfulrecoveryeffort will work is if thereis
anextremelycooperativeeffort put forth, taking advantageofall ofthecurrent
andanticipatedfutureefforts in a coordinatedfashion. Becauseofthecomplexity
ofownerships,issues,andthesubstantialcostsnecessaryto recoverythis species,
no onegroupwill beableto succeedon their own.
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