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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 and Wildlife Service

(Service), sometimes prepared with the assistanceofrecovery teams, contractors,

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

independent advisors to the Service.Objectivesofthe plan willbe attainedand

any necessary funds made available,subject to budgetaryandother constraints

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

notrepresentthe viewsnorthe official positions or approvalof any individuals or

agencies involvedin the plan formulation, other than theService.Theyrepresent

the official positionof the Service only after they have been signedby the

RegionalDirectoror Directorasapproved.Approvedrecovery plans are subject

to modification as dictatedby newfindings,changes in speciesstatus,and the

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 copies may be purchasedfrom:

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 habitat for marbledmurrelets. Affected Federal and state

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; the southern endof the breeding rangeis in centralCalifornia. Their
at-seadistribution becomes more discontinuous inCalifornia.Somewintering
birds are foundin southern Californiaandasfar southas northernBajaCalifornia,
Mexico. Nestingbehaviorhasbeen documented beyond80 kilometers (50miles)
inland, though mostnestinghabitatlikely occurswithin 80 kilometers(50 miles)
ofshore throughout the breedingrange. Currently, breeding populationsarenot
distributedcontinuouslythroughoutthe forested portionof Washington, Oregon,
and California(Pacific Northwest). Dueto thesubstantialloss and modification
of nesting habitat (olderforest)and mortality from net fisheries and oilspills, the
Washington, Oregon, and California vertebrate population segment was federally
listed asthreatenedin September1992. Critical habitat was designated for the
species in May1996. It is listed asendangeredby California and asthreatenedin
WashingtonandOregon. It alsois federallylisted asthreatenedin Canada.

Habitat Requirements and Limiting Factors: Marbledmurreletsuse forests
that primarilyinclude typical old-growth forests (characterizedby large trees, a
multistoriedstand,and moderate to high canopy closure), butalsousemature
forests with an old-growthcomponent.Trees must have large branches or
deformities for nest platforms, with theoccurrenceofsuitableplatformsbeing
more important than tree size alone. Throughout the PacificNorthwestthe
amountofolder forests havedecreasedsubstantiallydueto timber harvest, fires,
and windthrow. The earliest possible recoverytime for nesting habitat, oncelost,
is generally100—200years. Specificnesting habitat requirementsandlife-history
strategy, a low reproductive rate, a low current breeding success and recruitment
rate(basedon juvenile:adultratios) are likelyto yield a decreasingpopulation,
which cannot easily recovershouldnumbersbe further depleted byadditional
catastrophicevents. Because marbledmurreletsfeedprimarily on fish and
invertebrates in nearshoremarine waters,they require nearshore marine habitats
with sufficient preyresources.

RecoveryPriority: 3 (indicating asubspecieswith a high degreeof threat and
high recovery potential).
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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 Marbled Murrelet Conservation Zones(Zones)anddevelop
landscape-level management strategies for each Zone.

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

3. Monitor marbled murrelet populationsandhabitatandsurveypotential

breeding habitat to identify potential nesting areas.

4. Implementshort-term actions to stabilize the marbled murrelet population.

5. Implementlong-termactions tostoppopulationdeclineandincreasemarbled
murrelet population growth.
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6. Initiate research on survey and monitoring protocols, population estimates,
limiting factors,disturbanceeffects,andadditionallife history data.

7. Establish a Regional WestCoastDataCenter.

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

Recovery costs over thenext 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 delisting target date cannotbe projected atthis time.
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I. INTRODUCTION

A. Brief Overview

The marbled murrelet(Brachyramphusmarmoratus)is asmall diving seabirdthat

breedsalongthePacific coastofNorthAmericafrom the AleutianArchipelago

and southern Alaskasouthto centralCalifornia. In thePacific Northwest

(Washington, Oregon, andCalifornia) (Figure 1), it forages almostexclusivelyin

the nearshore marine environment (mainly within a few kilometersofshore), but

flies inland to nestin matureconifers. Behaviorindicativeof marbled murrelet

nesting has been documented to occur beyond80 kilometers(50 miles) inland

from the marine environment, though most nesting habitat likelyoccurswithin 80

kilometers(50 miles) ofshore throughout the breedingrange. The mostinland

occupiedsite in the PacificNorthwestwas located84 kilometers (52miles) from

marine watersin Washington.

The Washington, Oregon, and California population segmentofthe marbled

murrelet was federallylisted as threatenedon September28, 1992(U.S. Fishand

Wildlife Service 1 992a)dueto the highrateof nesting habitat lossand

fragmentation,and mortalityassociatedwith net fisheriesand oil spills. TheU.S.

Fish and Wildlife Service recognized the marbled murrelet populationin

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 habitat for the marbled murrelet wasdesignatedon

May 24, 1996(U.S. Fish andWildlife Service1996; seeAppendix A formapsof

theCritical HabitatUnits). The speciesis statelisted asendangeredin California,

threatened in Washington,andthreatenedin Oregon. Canadahas officiallylisted

the marbled murrelet as athreatenedspecies.Theprimarythreatdiscussedwas

the harvestof old-growth forest nesting habitat (Rodwayandthe Committeeon

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. Areas thatwerehistorically

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

where)coastal older forestsno longerremain. The weightof evidence indicates

that themajorfactorsin marbled murrelet declinefrom historical levelsin the

early 1800’s(or earlier) are (1) lossof nesting habitat, both through direct loss and

changesin forest agedistribution,and (2)poorreproductive successin the habitat

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 the marbled murrelet took

place with the developmentoftheNorthwestForest Plan (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 the rangeof the Northern

Spotted Owl”(U.S. Departmentof Agriculture and U.S. Departmentofthe

Interior 1994b). TheForestPlanconstitutesthe backboneofthis recoveryplan.

The recovery strategy outlined in the following pagesthereforebuilds upon the

ForestPlanin areasthat were not considered or could notbe considered(e.g.,

non-Federal lands) duringdevelopmentof theForestPlan.

This recovery plan andan interagency Marbled Murrelet Conservation

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, National AudubonSociety,and other researchersto collateavailable

biological and historicaldataon thespeciesand conservation problems (Sealyand

Carter1984, Marshall 1988,CarterandMorrison1992,Nelsonand Sealy1995).

The recovery plansummarizesthe currentbiological information for the marbled

murrelet,contributesnewinsights,andupdatessomeinformation gathered since

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

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

Morrison1992,NelsonandSealy1995,Ralphetal. 1995). The recovery plan

differs from the Conservation Assessmentin that the recoveryplan’s explicit goal

is to develop managementalternativesand strategiesfor recovering the marbled

murrelet.

B. ConceptualFrameworkfor Developmentof theRecoveryPlan

A number of key considerations formed the conceptual framework of the

approach to recovery planning for the marbledmurrelet. This framework emerged

from considerationof thebiological profile ofthe marbled murreletpresentedin

detailon the followingpages,which is summarizedbelow.

The marbled murrelet was federallylisted as athreatenedspeciesmainly due to

the substantial lossofolder forestnestinghabitat. The low elevation, older forests

closeto thecoast,which marbledmurreletsrequire for nesting, have beenheavily

harvested throughout thebird’s rangeand are severely degradeddueto

fragmentation.At the timeof listing, old-growth foreststhroughoutwestern

Oregonand Washington had been reducedby about82 percent fromprelogging

levels (Booth1991). Estimates for theamountof reductionofnorthern

California’s coastalold-growth redwood forests rangefrom approximately85 to

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

forestmanagement practicesalsohave resultedin a forest age distribution skewed

4
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toward younger even-agedstandsat alandscapescale (Hansenet al. 1991,

McComb etal. 1993). Generally,older forests withlarge,old trees appear tobe

neededto develop the properbroad,horizontal branching structure in 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 nesting adultsto potential predators.This changein turn has probably led to

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

apparentlyincreased as a resultofforest fragmentationandrelated human

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 partofthe recovery planning process, a demographicmodelwasdevelopedto

help better understandmarbledmurrelet population dynamics(AppendixB,

Beissinger 1 995a). Demographic projections show that marbled murrelet

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. Current estimatesof fecundityrangefrom 0.02 to 0.19

female youngproduced per adult female per yearin thePacific Northwest

(AppendixB). In otherwords,current estimatesofnesting successand

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

populationsin thePacific Northwest. Furthermore, the naturallylow reproductive

5
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potentialofthe marbled murrelet ensuresthat populationswill recoverslowly

from declinesor disasters (growing about3 percent per year- Figure 2), evenif

the reproductivepotentialwas fully realized over severalyears. The most likely

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

may require a century or moreofforestregrowthto reverse the trend(U.S.

Departmentof Agricultureet al. 1993).

The population growth rate of the marbled murrelet is sensitive to changes in

adultsurvivorship (AppendixB, Beissinger1 995a). Factors thatincreaseadult

mortality rates, such as net fishingandoil spills, are likelyto have important

effectson marbled murrelet population dynamics (CarterandKuletz 1995, Carter

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

portionsofthe marbled murrelet’s rangein thePacific Northwestand occur

irregularly from year-to-year.

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

be reversed in a much shorter timecomparedto the chronic effectsof

deforestation onfecundity. This canbe seenwhencomparingthe rateofmarbled

murrelet population recoveryfrom factorsthataffect adult mortalityto the factors

that affect fecundity (Figure 2).Population declines caused by increasedmortality

dueto net fisheriesoroil spills would likely have large butacuteeffects that

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

would require23 yearsto doubleor to be restored to theoriginal size. In

comparison, the effectsof deforestation are chronicandcan persist for100-200

years until forests have regrown to achieve structure thatpermitsmarbled murrelet

nesting. If forests were protected from cutting and were able tomatureto old-

growth characteristics, the numberof nesting marbled murrelets andtheirnesting

successshould increase slowlyto levels typicalof other alcids. Populations

6
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Figure 2. Comparisonofthe rateofrecoveryofa marbledmurreletpopulation by
restoringadult survivalor fecunditybasedon thepopulation modelin 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 be typicalofmany marbledmurrelet
populations in the Pacific Northwest (Appendix B) and would be expected to occur if
fecunditywaslow (0.05)andsurvivorshipwas high (0.9). If marbledmurreletsachieved
reproductivesuccess similarto otheralcids(fecundity 0.3)and had goodadult
survivorship (0.9),then populationswould beableto achieveslow growthat about3
percent per year. The recovery of marbledmurreletpopulationsunderthis slow growth
potential is examinedfor two scenarios:(1) RestoredAdult Survival- This scenario
assumesthat populationswill growattheaboverateoncethecauseofmortality was
eliminated; and (2) Incremental Restoration of Fecundity - This scenarioexaminesthe
effectsofforest regenerationby 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.
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would require64 yearsto double orbe restoredto theoriginal sizeand would

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

fecundity toexceed0.21.

As aresultofharvestofolder forests, the breeding rangeofthe marbledmurrelet

has been reducedandfragmented.Within theircurrent range, theyarefoundon

landandat-sea in portionsof six geographiczones,especiallyduring thebreeding

season but tosomeextent throughout the winter aswell. Thesegeographiczones

(PugetSound;Western Washington Coast Range; Oregon Coast Range; Siskiyou

Coast Range; Mendocino;andSantaCruz Mountains) aregenerallyin thevicinity

of large tractsof older forestsin proximity to the coast(seeFigure8 and II.

RECOVERY for a complete descriptionofthesezones). Areas thatwere

historically usedby marbled murrelets, butno longersupportthem,are where (or

near where)coastalolder forestsno longerremain. Historical nesting areas occur

both within and at the peripheryofthe historical nestingrangeindicated in Figure

1.

Despite the over-arching importance of increasing fecundity,there are

circumstances when adult mortality can outweighfecundityin termsof decline

and recoveryof specificpopulations.For instance,a large catastrophic oil spill

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

extirpate alocal population. Thus, while increasing fecundityreceives most

attention,reducing adultmortality alsois a keyfeatureofthis recovery plan.

Nearshorewaterswithin 2.0 kilometers (1.2miles) ofthe coast are important to

marbled murreletpopulations.Most birds are observed at-seain nearshore

waters,which are importantforaginggrounds. Becauseoftheirextensive useof

nearshorewaters,marbled murrelets aresusceptibleto the impactsof oil spills and

have been givenoneofthehighestoil spill vulnerability index values among

seabirds (King and Sanger 1979).

8
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Marbled murrelets feed on a varietyof fish andmarineinvertebrates.It is not

clear whether El Niiio-SouthernOscillation(El Nifio) eventsaffect marbled

murrelet reproductive successor survival,as theseeventsmaydo with other

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

1990; Wilson 1991;Ainley et al. 1994, 1995). El Niflo (andother warm water)

events can reduce ocean productivity(prey for marbledmurrelets)in areasthat

normally featureupwelling (Pearcyetal. 1985,Schoener and Fluharty1985,

Gomez-Gutierrezet al. 1995),therebypossibly influencing bothsurvivaland

reproductive successdueto reducedprey abundanceor availability. It is unclear

at thistime how much influence recent ElNiflo events have hadon the generally

low reproductionseenwith marbledmurreletsthroughout the three-state area

since1992. However, drastic effects, asobservedwith other closely related

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

resourcesin nearshoreand inland watersusedby marbledmurreletsappear tobe

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 (Burkett1995), whichshouldminimize the effectsof temporary shortages

of fish prey;and (3) some marbledmurreletssuccessfully fledgedsomeyoung

during recentEl Niflo events even thoughsomeclosely relatedspeciesabandoned

theirnestsat certain coloniesduring theeggstage(e.g.,common murres).

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

reproduce successfully overtheirlifetimes,despite periodicadverseconditions

during its lifetime. However,cumulativeimpacts(including nesting habitatloss,

oil spills, netmortalities,etc.), in additionto repeated ElNub events,over ashort

time period, could contribute to serious population declines orextirpations.
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Finally, in considering thebiological profile ofthe marbled murrelet summarized

above, we have concluded that the next 50 years willbe the mostcritical period

for marbled murreletconservationefforts. Marbled murrelet populationsin the

Pacific Northwestare likely to continueto decline, certainly as a resultof low

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

factorslike netmortality,oil spills and,probably, predation that haveincreased

adultmortality. Althoughsomecurrently matureforest will become suitable

nesting habitat during the next 50 years, most youngerforesthabitat will not

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

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

efforts that minimizeandmitigate the lossofactualandpotentialnestsites,as

well asincreaseadultsurvivorship,will be necessary.Populationsof marbled

murrelets arestill relatively largecomparedto manyother threatened or

endangered species, sothereis no need at this time to beginany kind ofcaptive

propagation program for thisspecies(Snyderetal. 1996). Governmentefforts

andfunds shouldbe directed toin situ conservation actionsandfield research.

However, preliminary investigationofcaptive caretechniquesandhealth

parameters couldbe studiedopportunistically,especiallyin regardto oiled bird

rehabilitation.

The framework presented aboveis built on the bestbiological information

currently available. The weightof evidence indicates that the major factors in

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

(1) loss of nesting habitat and (2) poorreproductive successin the habitatthat

doesremain,aphenomenonthatappearsduein large part toincreased

vulnerabilityof neststo predatorsin highly fragmentedlandscapes.Thereis little

evidence tosupportalternativeinterpretationsoffactorslimiting population

growth, such as a long-term change in prey populations affecting marbled

murrelet population sizeand reproductivesuccess, or possibleEl Niflo effects on
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marbled murrelet preyresources.However,short-termimpactsfrom El Nif¶o (and

other warm water) events may affect bothmarbled murrelet prey and reproductive

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

ecologyofmarbledmurrelets. Implementationofthestudiessuchas thoselisted

in task4 under“II. RECOVERY D. NarrativeOutline for Recovery Actions”

will help clarify the factors limiting population growth in marbledmurrelets.

C. Taxonomy and Species Description

The marbledmurreletis a small Pacific seabird in thefamily Alcidae. This family

is characterizedby wing-propelled divingbirds (i.e., usetheirwings toswim

underwater)andis divided into several groupson the basisof structureand

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

auklets, and theextinctgreatauk. Thesix speciesofmurreletsaregroupedinto

two genera. The genusSynthliboramphusincludes fourspecies:Japanese

murrelet(Synthliboramphuswumizusume),ancient murrelet(Synthliboramphus

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

(Synthliboramphushypoleucus).The genusBrachyramphuscurrently includes

two species, theKittlitz’s murrelet(Brachyramphusbrevirostris)andthe marbled

murrelet(Brachyramphusmarmoratus).

The marbledmurreletwas first describedin 1789 by Gmelin asColymbus

marmoratus,but in 1837Brandt placed it under the genusBrachyramphus

(AmericanOrnithologists’ Union1983). Two subspeciesofthe marbled murrelet

wererecognized:NorthAmerican murrelet(Brachyramphus marmoratus

marmoratus)and Asiatic murrelet(Brachyramphus marmoratusperdix).

However, recent information suggests that the Asiatic murreletis a distinct

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

“Forty-first Supplement to theCheck-listofNorthAmericanBirds,” has now
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officially recognized the long-billed murrelet(Brachyramphusperdix)and the

marbled murrelet(B. marmoratus)as distinctspecies(AmericanOrnithologists’

Union 1997). Long-billed,orAsiatic murrelets,have been recorded as accidentals

at variouslocationsin NorthAmerica (Sealyetal. 1982, 1991).

Male andfemalemarbled murrelets haveidenticalplumages, but breeding and

wintering plumages aredistinct. Breedingadultshave sooty-brown upperparts

with dark bars.Underpartsarelight, mottledbrown. Winter adults have

brownish-grayupperparts except for a whitebandbelow the nape that extendsup

from white underparts and white scapulars (Figures3 and 4). The plumageof

fledgedyoung is similar to that ofadultsin the winter, but canbe distinguished

for sometime after fledgingfrom winter adultsif observed carefully (Carter and

Stein1995).

D. Historical andCurrentDistributionandPopulationSize

The breeding rangeofthe marbled murrelet extendsfrom Bristol Bay, Alaska,

southto the AleutianArchipelago,northeastto Cook Inlet, KodiakIsland,Kenai

Peninsula and Prince WilliamSound,southcoastally throughout the Alexander

ArchipelagoofAlaska,and through BritishColumbia,Washington, Oregon, to

northernMonterey Bayin centralCalifornia. Birds winterthroughout this

breeding range andalsooccur insmall numbersoff southernCalifornia.

Most marbledmurreletsnest in trees throughout the forested portionof the range,

from Kodiak Island and theKenaiPeninsulato centralCalifornia. In the Alaskan

nonforestedportionoftherange,which includes BristolBay, AleutianIslands,

Alaska Peninsula,Cook Inlet, andportionsofKodiak Island and Prince William

Sound, marbledmurreletscanalsonest on the ground (Dayet al. 1983)or in rock

cavities (Johnston and Carter1985).
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Figure 3. Marbled Murreletin winter plumage(photoby GusvanVliet).

a

Figure 4. Marbled Murrelet in breeding plumage (photo by GusvanVliet).
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Within the rangeofthe federallylisted populations,marbledmurreletsare found

on land and atseain portionsofsix geographiczones,especiallyduring the

breeding season, but tosomeextent throughout the winter aswell. These

geographiczones(Puget Sound, Western Washington CoastRange,OregonCoast

Range,Siskiyou CoastRange,Mendocino,andSanta CruzMountains)are

generally in thevicinity of large tractsofolder forests near thecoast. Areas

historicallyusedby marbledmurrelets,but no longersupportingthesebirds, are

where oldercoastalforestno longerremain. Currently, breedingpopulationsare

not distributedcontinuouslythroughout the forested portionsofthe Washington,

Oregon, andCalifornia.

Although limited information existson thehistoric distribution and numbersof

marbled murrelets,availableinformation has been summarized for most areas

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 the informationis anecdotaland qualitativein nature. However, most

summaries give documentation orindicationof a declineordecreasein therange,

distribution, and/or numbersof marbledmurrelets comparedto historical

information (Ralph1994).

California

Historicrecordsindicate that marbled murreletswere “plentiful” during thewinter

in some yearsalong the coastfrom MontereyCountynorthto the Oregon border

and irregular between Montereyand Santa Barbara (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 (Carter and Erickson1992). Thesepopulationsare largelyseparatedby
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areasof second-growth forest notusedby marbledmurrelets. A large break in the

main breeding distributionis located at the southern portionofthe rangein

California, where approximately480 kilometers (300 miles) separate the

southernmost breeding population in SanMateoand Santa Cruz counties(central

California) from the nextlargestpopulationsto the northin Humboldt andDel

Norte counties (northernCalifornia). Most ofthis largely unpopulatedsection,

especially in Mendocino County, probably contained significant numbersof

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,marbledmurreletsmay have nested in other areasof central

Californiasouthof northwestern Santa Cruz County(seeFigure 1) where they

apparentlyno longer nest today.

Basedon extrapolationfrom currently knownpopulationnumbers inrelationto

remaining available nesting habitat, it was estimated that at least60,000marbled

murrelets may have been foundhistorically along the coastofCalifornia(Larsen

1991). The population size ofmarbled murrelets has been estimated for

California over the past20 years. Sowls etal. (1980)estimated the breeding

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

suggested thatbetween1,650and2,000breeding birdsmight constitute the state’s

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

breedingbirds. Ralph andMiller (1995) estimated a total state populationof

approximately6,000 birds,including breedingandnonbreedingbirds, from more

intensiveat-seasurveys specifically designed to estimate population size for

marbledmurrelets. Differences between estimates does not indicate that marbled

murrelet numbers haveincreasedover time between the censuses, because

different methods and assumptions wereusedin estimatingpopulationnumbers.
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Oregon

Historic records show that marbledmurreletswereregularsummer residents,

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

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

Oregon coast were reported ascommon(Woodcock1902,Gabrielsonand Jewett

1940). The speciesis no longer foundin significant numbers during the nesting

season near themouthofthe Columbia River orin Clatsop County,where

extensiveharvestingofolder forests hasoccurred.

Estimatesoftherecentpopulation sizein Oregon have come from anumberof

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

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

1,000breedingpairs (2,000 breeding birds) existed, with the majorityofbirds

occurring off the central Oregon coast. Results from the most recent systematic

vessel-based surveysofmarbledmurreletsby Stronget al. (1993,1995) along the

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

birds. VaroujeanandWilliams (1995)using aerialsurveysestimatedan

abundanceof6,400to 6,800 birdsfor 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 countsalsomay have ledto overestimation.Varoujeanand

Williams’s (1995)conclusionthat marbled murrelet populations in Oregon have

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

Washington

In the past, marbledmurreletsin Puget Sound were considered“common”

(Rathbun1915,Miller etal. 1935),“abundant” (Edson 1908, Rhoades 1893), or
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“numerous”(Miller etal. 1935),as summarized inSpeichet al. (1992).

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

portionsofthe firsthalfofthis century felt that marbled murreletswerepreviously

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 the breedingseason.The southern portionofthe outer coast

potentially plays an important role as awinteringarea(Varoujeanet al. 1994),

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

appearsto be seasonal movementsof marbledmurreletsinto Puget Soundfrom

British Columbia in the winter (Rodwayetal. 1992,Speichet al. 1992).

The most recent estimateof marbled murrelet numbersin Washington (Speichet

al. 1992,Speich and Wahl1995)indicates a breeding populationof

approximately5,000 birds. Varoujeanet al. (1994)conductedaerial surveysand

came up with a mean estimate of 1,800marbledmurrelets for the Washington

outercoast. Thompson(1996) also found marbled murrelets tobe morenumerous

along Washington’s northern outer coastand lessabundantalong the southern

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.

Problems with Determining Population Size

The variability in population estimatesunderscoresthe need for further

developmentofconsistentsurveymethods for theentirerange,without which
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comparable population estimates cannotbe obtained.Sowlsetal. (1980)collected

dataopportunistically anddevelopedalimited amountof information on which to

base a populationestimate.Carteretal. (1992)attemptedto replicateSowls’

survey effort byusingsingle, along-shore transects placed a few hundred meters

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

feet)on both sidesofthe boat. Both1979—1980and1989surveys were roughly

adjusted to account for areas notsurveyed. These surveys provided good

informationon thestate-widedistributionofthe species, but probably

underestimated populationnumbers.Ralph and Miller (1995) improved

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

detected andcalculating the effectivedetectiondistance forall observations; (2)

conductingalong shoretransectsat several distances from shore to better assess

distribution awayfrom shore;and (3) repeating standardizedsurveysover a

numberofyearsas opposed to asinglesurveyseason.However,theirsurvey

results were extrapolated from small areas to estimate numbers over much larger

areas. This process, with inherent weaknesses, may have led to overestimationof

marbled murrelet numbers, given the non-uniform distributionofmarbled

murrelets at sea. In addition,future population monitoring may not have

sufficient funding to sustain the high effort required with thistechnique.If so,

lessintensiveefforts may again benecessaryin the futurewith theirassociated

loweraccuracy.

E. Life History/Ecology

Marbledmurreletshave auniquelife history strategy that differsfrom most

seabirds and provides special challenges in managingthespecies.Although

marbledmurreletsfeed primarily onfish and invertebratesin 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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Marbled murrelets appear tobe solitary in theirnesting and feeding habits, but

interactin groups over the forestandat sea(Sealy and Carter1984,Carterand

Sealy1990,Nelsonand Hamer1995a). Simultaneous detectionsofmore thanone

bird arefrequentlymade atinland sites,with pairsofbirds being the most

frequentlyobserved group size (Hamer and Cummins1990,O’Donnell etal.

1995). Similarly, marbled murrelets occurprimarily in singlesand pairs atsea

(Carter andSealy1990). Largergroup sizes arealso frequentlyseen.

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

habitatoccupancy(Ralphetal. 1994), has been documentedto occur beyond80

kilometers (50miles) inland,though most nesting habitatlikely occurswithin 80

kilometers (50miles) ofthe marine environmentthroughoutthe breedingrange.

In the Pacific Northwest, the mostdistantknown occupied siteis in Washington

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

in general terms as detectionofbehaviors associated with murrelet nestingand

forestuse(Ralphetal. 1994).

Marbled murrelets canbe heard at certaininland sitesduring most monthsof the

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

springand summer, whenactivity levels are greaterandattendanceatinland sites

is more consistent and longer in duration. In spring,marbled murrelet

detectability atinland sites increasesto moderate intensity and reaches a peak

level of activity in midsummer (Hamer and Cummins1991,PatonandRalph

1988,Nelson1989). After this peak, the numberofdetections decreases

markedly, presumably becausebirds are undergoing aflightlessmolt atsea

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

inland sitesduring the nonbreedingseason.Partly basedon similar behavior in

other alcid species, researchers hypothesizethat marbledmurreletscouldbe

visiting nesting areasin the winter toattendprevious nestsites,prospectfor future
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nesting sites, maintain or form pair bonds, and possibly for other unknown

reasons (Carterand Sealy1986, Naslund 1993).

Marbled murrelets exhibiting nesting behaviorsareoften groupedin an area.

Socialityofmarbled murrelets atinland 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

murrelets inandaroundinland forestsitesindicate thatsmallgroupsof marbled

murrelets oftenapproachor depart foreststandstogetherandalso interactin flight

above thestands(Divoky and Horton1995,Nelsonand Peck 1995).

Solitary nests maybe groupedto varying extent withinsuitablehabitat. Two

activenestsdiscovered in Washingtonin 1990were located46 meters (150feet)

apart(Hamerand Cummins1990). In Oregon,two activenests werediscovered

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

be highly clumpedonly in particularportionsofa foreststand. Furthermore,like

other alcids, marbled murrelets exhibit nestsite fidelity (i.e. return to the same

nest site each year), certainly at the level ofthestandand even for specifictrees.

Therefore,forestsitesthatare occupiedby marbledmurreletsmay attract other

marbled murrelets to those stands or adjacent, unoccupied foreststands,a

behavior that may be important forrecoveringthespecies.

Most orall matureadult marbledmurreletsare believedto nest in a given year

when food supplies and nesting habitat areadequate.During intense ElNiflo

events(seebelow under“F. Reasonsfor DeclineandCurrent Threats, Severe

Niflo Events”) food availabilityoraccessability may belimited.
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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).Nestingoccursover an

extendedperiodfrom late Marchto late September(Carter and Erickson1992,

Carter and Sealy1 987a,Hamer andNelson1 995a,Rodwayetal. 1992).Nests are

not built; the egg is placed in asmall depression or cup madein mossorother

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

below.)

Incubationlastsabout30 daysandfledging takes another28 days (Hirschet al.

1981,Nelsonand Hamer1 995a,Simons1980). Both sexes incubate theeggin

alternating24-hourshifts(Nelson and Hamer1995a;NelsonandPeck1995;

Simons 1980; Singer etal. 1991, 1995).

The chickis fed up to eighttimes daily(averagingfour timesa day),andis

usually fed onlyonefish at a time (Hamer and Cummins1991;Singeret al. 1992;

Nelsonand Hamer1995a). Flights by adults are madefrom ocean feeding areas

to inland nest sites atall timesoftheday,but most often at duskanddawn

(Hamer and Cummins1991,Nelsonand Hamer1 995a).

Theyoungare semiprecocial, but remain in the nestlesstime thanyoungof most

other alcids. Before leaving thenest,theyoungpluck the overlying layerof down

off to revealthe underlyingjuvenalplumage (NelsonandHamer1995a).

Fledglings appear tofly directly from the nestto thesea,but aresometimes found

on the ground,indicatingthat they may have been unableto sustainflight to reach

the marine environment (Carter andSealy1 987a,Hamer and Cummins1991,

NelsonandHamer1995a).
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Marbled murrelets probablydo not reachsexualmaturityuntil at leasttheir

second year,andmostbirds probablydo not lay eggsuntil they are3 yearsof age

orolder. Based upon the longevityof other alcids (Hudson1985),marbled

murreletsare estimatedto 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, Oregon orCalifornia,and systematic stomach content analyses

haveneverbeenconductedin the tri-statearea. Mostof the informationavailable

is from theGulfofAlaskaand BritishColumbia. 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 when delivered to the chick at thenest. Due to thismethodofobtaining prey

data and the low samplesizesofidentified preyin the Pacific Northwest,little is

knownofthe extentthat different preyspeciesare used, or whether other preyalso

are used. In thePacific Northwest,the mainfish prey identifiedin recentyears

are Pacific sandlance(Ammodyteshexapterus),Pacific herring (Clupea

harengus),northern anchovy(Engraulismordax),andsmelts(Osmeridae).In the

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

California.

Adults, subadults,andhatching-yearbirds feed primarilyon larval andjuvenile

fish, whereas nestlings are most commonly fed larger second-year fish. Sand
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lance,a smallmarinefish, is the mostcommonfoodof the marbled murrelet

acrossits range(Table 1) and appearsto be the most important prey speciesin the

chick’s diet. Pacific herring and northernanchovy,followedby osmerids(smelt)

and seaperch(Cymatogasteraggregata),are the next mostcommonpreyitems.

Sardinesandrockfish (Scorpaenidae) may be importantdietarycomponents,

particularlyat the southern endof the marbledmurrelet’sdistribution. Marbled

murreletsalsohave been observed foraging occasionallyon inland lakes inhabited

by salmonidspecies in British Columbia and Washington (Carterand Sealy

1986).

In thePacific Northwest,almost nothingis knownofprey species eatenby adults,

which are known to differby species and/orsizefrom that fed to chicks(Sealy

1975,Carter1984,Carter and Sealy1990,Burkett 1995). Adults feed on marine

invertebratesandsmaller-size classesof fish than arefed to chicks. In at-sea areas

more than1—2 kilometers(0.6—1.2miles) from shore (areas rarely usedby

marbled murrelets), otherprey species,suchasjuvenilerockfish (Scorpaenidae),

maybe important(Ainley et al. 1995).

Euphausiids (luminescentshrimp-like crustaceansformingan important partof

marineplankton,orkrill, also important to fishesand whales)do not comprise a

dominant component during the breeding season. However, this prey sourceis

importantto marbled murrelets in the winterandspring in somelocales (Sealy

1975,Krasnow andSanger1982,Vermeer1992). Mysids and gammarid

amphipods, alsoshrimp-like crustaceans,are another componentofthe marbled

murrelet diet, especially in winter(Munro andClemens1931; Sanger1983, 1987)

(Table 1).

Thefish portionofthe diet is most importantin the summer,andcoincides

primarily with thenestlingandfledgling periods(Sealy1975,Carter1984,Carter
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andSealy1990).Energy valuesofpreyitems alsohelp explain why marbled

murrelets select certain prey species for themselves andtheirnestlings. Herring

have high food energy and total lipid(fat) valuescomparedto the other fish that

marbled murreletsconsume.Large lipid reserves at fledgingpresumablyenhance

post-fledgingsurvival (Roby 1991).No dataareavailableabout the winter dietof

marbled murrelets in the PacificNorthwest,although winterdiet is known in areas

ofAlaska and BritishColumbia.

In summary,thediet ofthe marbled murreletis poorly knownin the Pacific

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

speciesin the sameareas)is evidentin thePacific Northwestand farthernorth,

andmarbled murreletsareconsideredto be opportunistic feederson availableprey

within certain sizeclasses.

Foraging Strategies

Marbled murrelets usetheirwings for swimming underwater and are capableof

diving togreatdepthswithin nearshorewaters. The deepest recordof a marbled

murrelet was one captured at27 meters (89 feet) in agill netoff central California

(Carter and Erickson1992),althoughbirds probably can forage deeper basedon

known diving depthsofother alcids(PiattandNettleship1985).

For the most part, marbled murrelets tend to foragein relativelyshallowwaters

with total depths ranging as deep as several hundred meters. Mostbirds foragein

shallower waters (less than50—100meters [164—328feet] deep)andusually

appearto feed both near the surfaceandat midwaterdepths,basedon theirknown

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

(averages between 28-69 seconds), andinvolvementin mixed-species feeding

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

alongthe oceanbottom,especially when diving very near shore (Carter, pers.

obs.).

Throughoutits range, the marbled murreletconsumesa verydiversegroupof prey

resources,especiallywhen oneconsidersthe fewstudiesthat have beendoneto

date. This suggests great flexibilityin prey choiceand a highcapability for using

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

flexibility may permit thewide distributionof marbledmurrelets alongcoasts

with suitablenesting habitats throughouttheirbreedingrange.

This flexibility also mayserveto reduceimpactsdueto inter-annual variabilityin

prey resourcesdueto several differentfactors. Thus, intermittentEl Nifio orother

warm water eventswould notbe expected tocauselarge marbled murrelet

population fluctuations or great reductionsin reproduction (especially over the

long term), even though marbledmurreletsmayundergolocal shiftsin the

locationsof foragingareas. Given thevariability in frequencyand intensityofEl

Niflo events, marbled murreletproductioncouldbe lower than“normal” in some

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

marbled murrelet populations have persisted through several frequent ElNiflo

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

for these eventsby changingits foragingbehaviorandprey selection tosome

degreeto useavailable resources(Sealy1975,Krasnowand Sanger1982,Carter

1984, Sanger1987,Croll 1990).

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

used, depending mainlyon availability (Carter1984,Burkett 1995).Many

different typesofprey areavailableto marbledmurreletsin different nearshore

areasandat differenttimesofyear. However,for chick diet,adult marbled

murreletsare restrictedto selecting single largefish (often second-yearfish,
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rangingfrom 60—120millimetersin lengthand about2—25 grams in weight) to

deliver to chicks (Carter1984;Carter and Sealy1987b,1990;Burkett 1995). This

restrictionforceschick-feedingadults to exercisemorespecific foragingstrategies

to locate these largefish, focusingon speciesthat arelessabundant and

distributeddifferently thanadult prey (CarterandSealy1990). The distribution

and abundance of chick prey may greatly influence overall foraging behavior

during this periodofthe year.

Evenif adult marbledmurreletscan easily choosealternateprey speciesfor their

own diet, having abundantforagefish availableduring thenestlingperiod may

significantly reduce the energy demand on theadultsby requiringlessforaging

time andfewertrips inland for feeding nestlings(Cody 1973,Sealy 1975,Carter

1984,Carter andSealy 1990). The distance between nesting areasandforaging

areasis probablyonecritical determinantof reproductive successin yearsof low

preyabundance.Increasedforagingtime of adults, longflights inland,and more

numeroustrips inlandwith small preyitemscould potentially reduce bothadult

andchick survival (Burkett1995).

F. Habitat/Ecosystem Description

Nearshore Marine Environment

Marbledmurreletsfeedin nearshoremarinewaters,mainly within 1—2 kilometers

(0.6-1.2miles) from shore.These nearshorewaters includeestuaries, bays, island

groups,andmore opencoastal waters.Thesewatersandtheirassociated marbled

murrelet preyresources(small fish andinvertebrates) are influenced to a

significant degreeby their interfacewith adjacent mainland characteristics(e.g.,

river mouthsandplumes,tidal currents, shorelineandintertidalareas, coastal

pointsandtopographical features,andhumandevelopments),as well as

subsurfacefeatures(e.g.,bottomsediments,banks, water depth, etc.).
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Many prey species are concentrated inspecificnearshore waters where freshwater

orestuary spawningareas,larval andjuvenile fish rearingareas,nearshore

physicalprocesses, andbottom substrates, sediments,andvegetationconcentrate

organisms from lower trophic levelsto serveas food for marbled murrelet prey

species.For instance,local fronts betweenestuarineandshelfwatersareknown

areasofconcentration for marbled murrelet preyandforaging marbled murrelets

in British Columbia (Carter1984,Carterand Sealy1990).

To a lesserdegree,nearshore watersandprey resourcesalso areinfluenced by

theirconnection toshelfand offshore waters (Hunt1995). In particular,

large-scale oceanic currents andupwelling along thecontinentalshelfcan interact

with local topographyto createorcontributeto both large-andsmall-scale eddies

and fronts at certain timesof year, which canaffect nearshorewaters(e.g.,Briggs

et al. 1987). However, coastal topography(e.g.,points, islands)can reduce the

impactsofwind-induced mixing, wind-drivencurrents,and stormevents in

nearshorewaterscomparedto the sameconditionsin nearbyexposedshelfand

offshorewaters.

Unfortunately,themarinefoodwebs innearshore,shelf, andoffshore marine

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

is limited. In particular, spawning areas are often locatedin more protected

waters,especially closed bays. Certainly, different lifestagesof severalpotential

prey species can occurin either nearshore orshelfwaters.Thus,prey resourcesin

these respective areas are somewhat distinct but arealsointerconnected.Winter

processes affectingprey resources are evenlesswell known thanspringand

summer processes.
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Terrestrial Environment

Becauseoftheirsmall body size,cryptic plumage,crepuscularactivity, fast flight

speed, solitarynesting behavior, and secretivebehaviornearnestslocatedin

densely forested habitat, thenestsof the marbled murrelet have been extremely

difficult to locate (Hamer andNelson1 995b). The first tree nest inNorth

America was not located until1974(Binford etal. 1975),even though

ornithologists had beensearching for the nest siteof the marbled murreletin

North America for many decades. At the same time, it became known that atree

nestofthe Asiatic marbledmurrelethad beendiscoveredin 1961 (Kuzyakin

1963). Although a significantamountof nestinghabitatinformation has been

collectedover the past6 years,the efficiencyof locating newnestsis still low

(HamerandNelson1 995b).

Even with the difficultiesoflocatingnests,concernabout conservation problems

ofthe species led to intensive searchefforts by biologists across thePacific

Northwest,British Columbia,and Alaska and to the discoveryof 136 tree nests

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

percent)were located since1990(S.K. Nelson, pers.comm., 1996). The 136

nests included20 in Alaska,6 in Washington,51 in British Columbia,45 in

Oregon, and14 in California (Binfordetal. 1975; Quinlanand Hughes1990;

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

al. 1995a;Burger1995;NelsonandHamer1995b;Hamer andNelson1995b;

Naslundetal. 1995; S.K.Nelson,pers.comm., 1997). Although thisis still a

relatively small sample sizecomparedto mostseabirdsstudied, the sample does

allow acharacterizationof thetreenestsand nestingstandsusedby the marbled

murreletover a large geographical area. A more in-depth summary and discussion

of informationon neststands,nest trees, and nests presented under“F.

Habitat/EcosystemDescription” canbe found in Hamer andNelson(1995b).
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Landscapecharacteristics. Throughout the forestedportionofthespecies’

range, marbledmurreletsuse foreststandswith old-growthforest characteristics,

generally within80 kilometers(50 miles) ofthe coast for nesting. The furthest

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

discoveryofanegg, eggshell, or downy chick, was63 kilometers (39miles).

However, the furthest documentedoccupiedsite in Washington waslocated84

kilometers (52miles) from marine waters. The furthestinlandnestsin Oregon

and California were40 kilometers(25 miles) and28.9 kilometers (18miles)from

the ocean, respectively(Table2). However, birds have been detectedup to 100

kilometers (60miles) inlandin BritishColumbia.

Hamer andNelson(1995b) examined a sampleof47 nestsin thePacific

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

and3); informationon nest trees(Table3) has been updated to include nest trees

located through1996. Slope,elevation, and aspect(cardinaldirection thestand

faces)ofneststandsvary considerably(Table2). The average elevationof nest

trees was332 meters(1,089 feet). Aspect was extremely variable, withno clear

patternortrend forstandplacement with respectto aspect.With respect toslope,

eightypercentof nestsin thePacific Northwestwere located on the lowerone-

third or middle one-thirdoftheslope.

General landscape condition mayinfluencethe degreeto which marbledmurrelets

nestin an area. InWashington,marbled murrelet detectionsincreasedwhen

old-growth/matureforests comprised more than30 percentof the landscape

(Hamer and Cummins1990). Hamer and Cummins (1990) foundthat detections

of marbled murreletsdecreasedin Washingtonwhenthe percentageof

clear-cut/meadowin the landscape increasedabove25 percent. Additionally,

Raphaeletal. (1995) found that the percentageofold-growthforestand large

sawtimberwassignificantly greater within0.8 kilometer(0.5 mile)ofsites
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Tablc 2. Ihe mean standardde~aation. ranec,and samplesize fum the Forest characteristicsof Marbled Murrelettree nestslocated
in the Paci tie Northwest. The P~~ci tic North~test datat iacindenestslocated in California, ()rer~on, Washington,and british
Col tim Ha. For snnecharacteristics eitherno datawereavai lahlc for that stateor prov nee. or the sam pIesize wastoo small to

caIcnlate themeanandrange 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.

~•1
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Table 3. The mean,standarddeviation,range.and samplesizefor platform and treecharacteristicsof Marbled Murrelet tree nests
locatedin the PacificNorthwestthrough 1996. The Pacific Nordnvestdataincludenests locatedin California.Oretaon,\Vaslimelon.
andBritish Columbia. Forsomecharacteristics,eitherno datawereavailablefor that stateor province,or the samplesize wastoo
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
0-3

(105)

Percent moss on platform 42.2 + 14.7
0-100
(12)

89.5 + 2.7
50-100

(31)

58.0 a- 19.8
5-100

(5)

88.9 ±3.8
2-100
(37)

80.7 r 3.5
0-100

(85)

0-

‘-4

0-

‘0
‘0



acter~~t~~sC har CaliforniaN=14 Oregon -N=45 XVashirigt onN =6

l3ritish

CoIn in binN=51 Pacific NorthwestN=116

Moss depth on platform (cm) 1.2 + 0.7
0-8.1
(12)

4.0.4
0-12.0

1.4 ±0.7
0-3.5
(5)

4.9 +0.3
1.0-10.0

(48)

4.2 1- 0.2
0-12.0
(108)

Duff and litter depth on
platform! nest clip (cm)

4.2 + 1.7
0-20.0

(11)

3.0 + 0.6
0-12.0

(30)

2.5 ‘0.4
1.6-3.8

(5)

4.9 + 1.0
0.8-10.0

(8)

3.5 0.5
0-20.0

(54)

Cover above nest (O/~) 87.1 7.9
5.0-100

(13)

78.1 = .>.~
5.0-100

(41)

89.2 -~ 4.4
70.0-100

(6)

777~ ~
30.0-100

(47)

79.6 1.9
5.0-100
(107)

Distance to cover above nest
(cm)

210.7 64.7
1.3-444.4 I

(10)

71.8 12.6
2.5-300.0

(40)

104.8 - 64.1
19.0-360.0

)5)

96.0 11.9
10.0-350.0

(45)

98.2 10.7
1.3-444-1

(100)

Datafrom l3inford et al. 1975;Kernsand Miller 1995 Sinoeret al. 1991. 1995.unpubl. data; PALCO unpubl. data.
2 Datafrom I-lamer and NelsonI 995h, S. K. Nelson unpubl.data

Datafrom HamerandNelson I 995h,T. I-lamer unpubl.data.
Datafrom Jordan and1-lughes1995, Manleyand Kelson 1995. A.Burger nuptibl. data,I. Manley unpubl.data.
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(203-hectare [501-acre] circles) that were occupiedby marbled murrelets than at

sites where they were not detected. Raphaelet al. (1995)suggestedtentative

guidelines basedon this analysis thatsiteswith 35 percent old-growthandlarge

sawtimberin the landscapeare more likely tobe occupied. In California,Miller

and Ralph (1995) found that thedensityofold-growth cover and the presenceof

coastal redwoodwere the strongest predictorsofmarbledmurreletpresence.

Forestcharacteristics.From Prince WilliamSound, Alaska,andsouth,nesting

occursin trees in older forests (Binfordei al. 1975; SealyandCarter1984;Carter

andSealy1 987a; Quinlan and Hughes1990;HamerandCummins1990, 1991;

Singeretal. 1991, 1992;Carterand Morrison1992; Burger1995; Grenier and

Nelson1995;Hamer1995;Hamer andNelson1995b;Kuletzet al. 1995a).

Evidence thattreenestingoccurs almostexclusivelyin older forests includes (1)

all tree nests have been locatedin old-growthormature trees greater than76

centimeters(30 inches)diameterat breastheight in California,Oregon,

Washington, British Columbia, and Alaska; (2) strandeddowny youngand

fledglingshave been found on the groundin ornear old-growthormatureforests;

(3) marbled murrelet concentrations are found offshore from old-growthand

mature forests during the nestingseason;and(4) numerousvisual and auditory

detectionsof marbledmurreletsflying have been madein or adjacent to old-

growth and mature forests (Marshall1988).

Theaverageageof foreststandsfor a sampleof 16 nestsin the PacificNorthwest

and British Columbia was calculated as522 years(Table2). For the61 treenests

found in NorthAmerica withavailable information,all have been found inold-

growth or mature forests (HamerandNelson 1995b).

Neststandsaretypically composedoflow elevationconifers,which include

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

redwood(Sequoiasimpervirens)(Table2). Theaverageneststandsize was206

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

acres) to as large as1,100hectares (2,718acres)(HamerandNelson1 995b). This

includesforests, generally characterizedby large trees (80centimeters[32 inches]

orgreater diameter at breast height), amultistoried stand,and a moderateto high

canopy closure. Nest stands in OregonandWashington are characterizedby

medium to largediametertrees with anaveragesizeof47.7 centimeters (19

inches) diameter at breastheight. In certain partsofthe range (Oregon Coast

Range), marbledmurreletsarealsoknownto use mature forests with an old-

growth componentof large trees (GrenierandNelson1995).

Theaveragedensityofall treesis 324 perhectare(131peracre); theaverage

densityof larger trees (greater than46 centimeters[18 inches]diameterat breast

height)is 93.8 per hectare (38 peracre). There aremultiple canopy layers(2—3)

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

Northwest, theaveragecanopy closure was49 percent, but theaveragecanopy

closuresfor standsin Oregon and Californiaweremuch lower than for

Washington(Hamer andNelson1 995b).

Miller andRalph(1995)comparedmarbled murrelet survey detection rates among

fourstandsizeclassesin California. Recording a relativelyconsistenttrend, they

observedthat a higher percentageoflargestands(33.3 percent) hadoccupied

detections whencomparedto smallerstands(19.8percent),while a greater

percentageof the smalleststands(63.9 percent)hadno presence oroccupancy

detections whencomparedto the largeststands(52.4percent) (MillerandRalph

1995). However, theseresultswerenot statisticallysignificant,and the authors

did notconcludethat marbledmurreletspreferentially selectedorusedlarger

stands. The authors suggested the effects ofstand sizeon marbled murrelet
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presenceanduse maybe maskedby other factors such asstandhistory and

proximity of astandto other old-growthstands. Schiecketal. (1995) found that

marbled murrelet presenceandabundancewas positively correlated withold-

growthstandsize in BritishColumbia,but their datawere not statistically

significant. Rodwayetal. (1993) recommended caution when interpreting

marbled murrelet detection data, such as that usedby Miller andRalph(1995)and

Schiecket al. (1995),because numbersof detections atdifferentsitesmaybe

affectedby variation causedby weather, visibility, and temporalshifts in activity.

Nesttreecharacteristics.All nestsin Washington, Oregon, and California were

locatedin old-growthormature trees that weregreaterthan76 centimeters(30

inches)diameter at breastheight. Treesmust have large branches or deformities

for nestplatforms, including debris platforms createdby mistletoe infestations.

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

Forestin Oregon appearto contain nestingplatformscreatedby dwarfmistletoe

andcanopymoss,occurringonly in discretepatchesin these younger-agedstands.

Eggshellfragmentsandat leastsix old nests have beenlocatedin this typeof

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

The mostcommontree species used fornestsin thePacific Northwestand British

Columbia wasDouglas-fir,followed by Alaska yellow cedar(Chamaecyparis

nooi*atensis),coastalredwood, westernhemlock,Sitkaspruce,western red cedar

andmountainhemlock(Pseugamertensiana)(Table3). Douglas-fir and western

hemlock were the only nest tree species usedby marbledmurreletsin all three

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

1996). California nestsiteshave beenlocatedin standscontaining old-growth

redwood and Douglas-fir,while nestsitesin Oregonand Washington have been

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

measured in thePacific NorthwestandBritish Columbia. The smallest diameter

nest tree was locatedin British Columbia,with a diameter at breastheightof60

centimeters(24 inches)(Table3).

The conditionof nest trees varied, with77 percentconsidered alive/healthy and23

percent asdeclining. No nestswerereportedin snags(HamerandNelson1 995b,

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

The diameterofnestbranches,measured at thetreetrunk, averaged29

centimeters(11 inches) and ranged from10 to 63 centimeters(4 to25 inches).
There appeared tobe little variability among states with respectto this parameter

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

metersto 15 meters (2to 49 feet)long.

Nestcharacteristics.Most nestshave beenlocatedon large or deformed

brancheswith mosscovering. However, a fewnestshave been locatedon smaller

branches,andsome nests weresituatedon duff platforms composedofconifer

needles orsticksrather thanmoss. Nestsweretypically locatedin the top thirdof

the dominant tree canopylayerandusuallyhaddenseoverheadprotection. Such

locationsallow easyaccessto the exteriorof the forestandprovide shelterfrom

potential predators.

Nestplatforms were created primarilyby largebranches.Limb structure(i.e.,

wherea secondarylimb branchedoffofa primarylimb), alsocreated platforms.

Casesof dwarfmistletoe-infected limbs, large secondarylimbs, natural

depressionson a largelimb, andold stick nestsalsowere recorded as forming

platforms(HamerandNelson1995b).
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Nests are notbuilt, and the eggs arelaid in asmall depression orcup made in

moss or other debris on alimb. Nestcupswerelocatedan averageof 63

centimeters(25 inches) from thetreetrunk, and80 percentwere located within1

meterof thetreetrunk. For 113 nests found inNorthAmerica,moss formed49

percentof thesubstrate,mossmixedwith lichenor litter formed36 percentofthe

nests,and litter15 percent, in addition to theunderlyingbarkofthe nest branch

itself. Theaveragemoss depth at thenestcup was4.2 centimeters (1.6inches).

In almostall cases,canopy closure directly above thenestwas high,averaging80

percent. Eighty-one percentofall nestsin thePacific Northwestand British

Columbiahadgreaterthanor equal to75 percent overhead cover (Hamerand

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

G. Reasonsfor Decline and Current Threats

The marbled murrelet population may declineuntil the population eventually

reaches an equilibrium with theamountandquality ofnesting habitatavailable,or

is extirpatedin the three-state area. The weightof evidence indicates that the

major factorsin marbledmurreletdeclinefrom historical levels in the early1800’s

(or earlier) are (1) lossof nesting habitat and (2)poorreproductive success in the

habitat that doesremain.

LossofNestingHabitat

The principal factor consideredto affect the marbled murrelet throughout the

southernportionof its range (from British Columbiasouthto California) is the
lossofnesting habitat (older forests)(U.S. Fish and Wildlife Service1992a),

mainly from commercialtimber harvest andforest management practices.

Additional losses have occurredfrom natural disturbances such as windthrow,

bothnaturaland human-causedfire, anddevelopment.
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The geographicalareaofsuitable marbled murrelet habitat wasgreatlyreducedin

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

nesting habitat (old-growthandmature forests)on privatelandswithin the range

of the Washington, Oregon, and California population has been eliminatedby

timber harvest (Green1985,Norse1988,Thomaset al. 1990). Remaining tracts

of potentially suitable habitaton privatelandsthroughout the rangearesubjectto

continuingtimber harvest operations. In most areas, second-growth forests have

been or are plannedto be harvested before they will attain thecharacteristicsof

older forests.Thus,this habitat lossis largely permanent, withoutconsiderable

change in management actions over the nextcentury.

At the timeof the first comprehensivesurveyof forestsin western Oregonand

Washington was conductedin themid-1930’s(AndrewsandCowlitz 1940),old-

growthDouglas-fir, Sitkaspruce,and westernhemlock covered 459,700hectares

(1,136,000 acres) in the OregonCoastRange, and1,314,700hectares (3,248,500

acres)on theOlympic Peninsulaandthe PugetSoundregionofWashington

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

forest has not been evenlydistributedover western Oregon,Washingtonand

northwesternCalifornia. The earliestloggingwasconcentratedat lower

elevationsandthe Coast Ranges (Thomasetal. 1990),generally equating with the

range of the marbled murrelet and in regions generallyconsideredto be the

highest quality marbled murrelet habitat.

Washington.Old-growthharvestcontinuedat a high rate after the1930’ssurvey,

especiallyon privatelands,but increasinglyon public landsas well. Two billion

board feet, two-thirdsof which was old-growth(Wall 1972),were harvested from

privatelandsin western Washingtonin 1958;by 1970,annual harvestfrom

privatelandshadnearly doubledto 3.8 billion board feet,80 percentofwhich was

old-growth. Harvestfrom public landsin westernWashingtonacceleratedfrom
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about0.5 billion board feetin 1949 to 2 billion board feetin 1970. Most orall of

this harvest was probablyold-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

heavily harvested.

Oregon. Historic old-growth waslessextensivethan in western Washingtondue

to large wildfires, manyhuman-caused,which burnedin the OregonCoastRange

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

and olderstandscomposedfrom 40 percent to50 percentofCoast Range forests

between1850and 1920and declined to20 percentin 1940following largefires in

the Tillamook area.

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

marbled murrelet habitat existedin the Oregon CoastRange. This maybe

comparedto the current estimateof 200,000 hectares(500,000 acres)of

medium/large conifer identifiedon Federal lands in theCoastRangeby theForest

Ecosystem Management AssessmentTeam(FEMAT) (U.S. Departmentof

Agricultureet al. 1993). Except foran uncertainamountof habitaton the

Tillamook andElliott StateForests andsomeotherState lands,along with a

limited amount on private lands, virtually all remainingpotentialhabitatin the

Coast Range is on Federal lands.

California. A large proportionofforests within the nestingradiusofthe coast are

privately owned and have beenintensivelymanaged.Logging beganin central

California in the early1800’sand expanded throughout northern Californiain the

1850’sand 1860’s. By the early1900’s,certain areashad beenlargely loggedof

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

Berkeley Hills and parts of southern MannCounty. This habitat loss began the
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isolationof the central Californiamarbledmurrelet populationfrom the

populations in northernCalifornia. Logging proceededin the forestsof Sonoma

andMendocino counties throughout the 20th century, such thatalmostall old-

growth forest had been lost in this regionby the midto late 1900’s.

In northernand remaining partsofcentral California, several parks weresetaside,

starting with Big BasinStatePark in 1902. Most parksweredesignatedbetween

1920and 1950and about4—5 percentofold-growth redwood forest had been

preservedin parksby 1978whenlessthan 15 percentoftheoriginal 770,000

hectares (1.9 millionacres)ofold-growth redwood remained(Green 1985).Most

other remaining old-growth forest(morethan80 percent)wason privatelands

andin parks in Humboldt andDel Norte counties.

Otherimpactsto nestinghabitat. Reductionofolder forestsis attributable

largely to timber harvestingandland conversionpractices, althoughforest fires

andwindthrowhave causedconsiderablelosses aswell. Someold-growth areas

subjected to forest fires and windthrowstill provide habitatsuitablefor marbled

murrelets. Mature foreststhat naturallyregeneratedfrom suchperturbations

retainscatteredold-growth andmaturetrees, adiversity of structure and canbe

usedfor nesting. Thisis particularly truein coastalOregon,wherethere has been

extensivefire history. However,with oneexception,no occupiedsiteshave been

locatedin young stands,clear-cuts or young/maturemixed forestsin Oregon that

lack remnant old-growth ormaturetrees(S.K. Nelson, pers. comm.).

It is not knownif these mature/old-growthstandsnow supportas many marbled

murrelets as thehistoric old-growthareas,orwhetherreproductivesuccessof

birds using thesestandsis nowlower, as indicatedby low productivity atsea.

Someactivity hasbeenrecordedin residualold-growth standsin California,but

thesestandswere immediatelyadjacent to large old-growthstands. Nesting has
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been documentedin residualstandsin California but itis likely that this habitatis

not used as extensively as old-growth forestsby marbledmurrelets. Mature

second-growth foreststandsdo not appear tosupportbreedingwhen theyare

isolated from older forest or residual(fragmented)older foreststands(Larsen

1991). Whilemarbled murrelets occasionally may nest in unusualhabitats,there

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

California does not occur toany significant degree otherthanin older forestsand

adjacent or nearby residualstands.

Poor Reproductive Success and Predation

Alcids typically choose nesting areas that arerelatively free frompredation.

HamerandNelson(1995b) suggest that predationon marbled murreletnestsis

relatively highcomparedto typical conditionsexperienced by other alcidsand

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-canopyand canopy-nesting

neotropicalmigrants(Martin 1992). Predationat alcid coloniesby introduced

mammalian predators often leads to colony extirpation (Bailey1993)or reduction

ofthe sizeof the nesting colonyto areas inaccessible to thepredators. Compared

to most other alcids,marbledmurreletsare believedto be highly vulnerableto

nest predation dueto the useofthe forest environmentduring the nestingseason.

Great changes have occurredin the forestedlandscapeof thePacific Northwest

over the past century,including lossof late-successionalforests, habitat

fragmentation,andincreasedamountsof edge (Harris1984,Morrison 1988,

Hansenei at 1991). Somespeciesof avian predators appear tobe ableto adjust

to these habitat changes(Marzluffand Balda1992),while other birdslike the

marbledmurrelet,appearto be lessableto adjustto the modificationof thenative
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forest landscape.Because predation canbe a major factor affecting certain

nesting success in birds (Ricklefs1969),thecombinationofhabitatmodification

and adaptationsof predators to thesemodificationsmaybe having atremendous

impacton the overall fitnessof marbledmurreletsand other forestwildlife.

HabitatFragmentationand Edge Effect. Thepotentialrelationship between

forestfragmentation,edge, and adverse effectson forest nestingbirds has received

increased attentionduring the last fewdecades.Among all PacificNorthwest

birds, themarbledmurreletis consideredto be one of the mostsensitiveto forest

fragmentation (Hansen and Urban1992).

Edge habitats have been well-demonstrated to differ from core habitatsin several

ecologicalsystems.In a comprehensive review, Paton (1994)concludedthat

“strong evidenceexiststhat avian nest success declines near edges.”Ratti and

Reese (1988) did not find the edgerelationship documented by Rudnicky and

Hunter (1993), Vander HaegenandDeGraaf(in press), and others(seePaton

1994). However,Ratti and Reese (1988) didobservelower ratesof predation near

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

suggestedthat thevegetativecomplexityof the feathered edge may better simulate

natural edgeconditionsthando abruptedges.Theseauthorsalsoconcludedthat

theirobservationswereconsistentwith Gatesand Gysel’s (1978) hypothesisthat

birds are poorly adaptedto predator pressure near abrupt artificial edgezones.

Edge effects have been implicatedin increasedforest bird nest predation rates for

other speciesofbirds (ChaskoandGates1982,Yahner and Scott1988). Wilcove

(1985) speculated thatrelativelysmall increasesin nest predation combined with

other impactsof habitatfragmentation,suchas lossofhabitat heterogeneityand

dispersal corridorsbetweenforestpatches, could causelocal extinctionsofforest

bird species.
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Smallpatchesofhabitat have agreaterproportionof edge thando large patchesof

the sameshape(Schiecket al. 1995). However, Paton (1994) noted that manyof

these studiesinvolved landswhereforests andagriculturalor urban areas

interface,orthey involved experiments with groundneststhat are notreadily

applicableto canopy nesters such as marbledmurrelets. Paton (1994)therefore

stressed the need forstudies specificto forests fragmentedby timber harvest in the

PacificNorthwestandelsewhere.

The relationship betweenforest fragmentation,predation,andmarbled murrelet

nesting success has not beenspecificallydemonstrated through anintensivestudy.

However, it has beenhypothesizedthat loggingactivitiesincreasethe

susceptibilityof marbled murreletneststo predation,becauseofincreasededge

andfragmentation createdby clear-cut harvestandselective harvestof stands.

Nelsonand Hamer(1995b) found thatsuccessfulmarbledmurreletstendedto nest

in largerstandsthan didunsuccessfulmarbledmurrelets,but these resultswere

not statisticallysignificant. Vander HaegenandDeGraaf(in press) found that

nestsin shrubslessthan75 meters (246 feet)from an edgewerethreetimesas

likely to be depredated asnestsgreater than75 meters (246 feet)from an edge.

Likewise, Rudnicky and Hunter (1993) found thatshrub nestson the forest edge

weredepredatedalmosttwice as much as shrubnestslocatedin the forestinterior.

Theyalso observedthat shrub nests weretaken primarilyby avian predators such

ascrowsandjays,which is consistentwith the predators believedto be impacting

marbledmurrelets. Groundnests weretakenby large mammals such as raccoons

andskunks. NelsonandHamer (1995b), in the onlydirect measureofmarbled

murrelet reproductive success, foundthat successfulmarbled murrelet nestswere

significantly furtherfrom edge thanunsuccessfulnests,and coverdirectly around

the nest wassignificantly greater atsuccessfulnests(NelsonandHamer1 995b).
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Studiesof artificial andnaturalnestsconductedin PacificNorthwestforestsalso

indicate that predationofforestbird nestsmaybe affectedby habitat

fragmentation,forest management,andland development (Hansenetal. 1991;

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

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

experimental predationstudy that uses simulated marbled murreletnests,andthey

have documentedpredationofartificial marbled murreletnestsby birds and

arborealmammals.Preliminaryresultsindicate that proximityto humanactivity

andlandscapecontiguity may interactto determine rateofpredation. Interior

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

least predation(Marzluffet al. 1996).

Although ongoing researchshouldshed morelight on thespecific factors that

affect marbled murrelet nest predationandstandsizepreferences,thebest

available information strongly suggeststhat marbled murrelet reproductive

success maybe adversely affectedby forest fragmentationassociatedwith certain

landmanagement practices.Basedon this information,the maintenanceand

developmentofsuitablehabitatin relatively large contiguousblocks as described

in this planis expectedto contributeto the recoveryof the marbledmurrelet.

Theseblocksofhabitatshould contain thestructuralfeaturesandspatial

heterogeneity naturally found at thelandscapelevel, thestand level,and the

individual treelevel in PacificNorthwestforestecosystems (Hansenet’ al. 1991,

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

etal. 1995).

Adaptationsto predation.Marbled murrelets havelittle defense against

predators attheirnestsother than the abilityofadultsand nestlingsto remain

hiddenon the nest, and the abilityof adults toaccessand departfrom thenest

without being detectedby visualpredators.They have evolved a varietyof
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morphologicalandbehavioral characteristics indicativeof selection pressures

from predation(Carterand Stein1995,Nelsonand Hamer1995a,Ralphet al.

1995a). A fewofthese characteristics includecryptic colorationofplumage and

eggshells, adults flying to andfrom nestsby indirect routesand concentratingtheir

activities during crepuscular periods when light levels arelow, low motionless

postureofincubating adults, chicks retentionoftheircryptic down plumageuntil

just prior to fledging, young fledgingjust after dusk, and selectionof nestsites

with high vertical and horizontal cover (Nelson and Hamer1995a). Thesolitary

nestinghabitatofthe marbledmurreletand selectionof newnestsites from year

to year mayalsobe adaptationsto reducepredation.

Nestpredation.The potentialcombinedeffectsof increasednestvulnerability

andincreasedpredatorpopulations couldbe having a great impacton nest

success.From 1974through1993,ofthose marbled murrelet nests in

Washington, Oregon, and Californiawheresuccess/failure was documented,

approximately64 percentofthenestsfailed. Of thosenests,57 percent failed due

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

caused the majorityof known nest failures.

Potential nest predators include thecommonraven(Corvuscorax), Steller’sjay

(Cyanocittastelleri),American crow(Corvusbrachyrhynchos),grayjay

(Perisoreuscanadensis),great hornedowl (Bubovirginianus),sharp-shinned

hawk, Cooper’shawk (Accipitercooperii),northern goshawk,commonraccoon

(Procyonlotor), Americanmarten(Martesamericana),Townsend chipmunk

(Eutamiastownsendii),northernflying squirrel(Glaucomyssabrinus),Douglas

squirrel (Tamiasciurusdouglasii),and fisher(Martespennanti)(Marzluffet a!.

1996). Ravens,Steller’sjays,and possibly great horned owls are known predators

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

Stateor Province
Nestsite/yearfound

Nest Outcome
Reason forFailure’ 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 ofGiants/t99V
CapeCreek!199V
Siuslaxv41/1991c
Siuslaw#2/1991C
BoulderVarnike/1992c
Valley of Giants/1992c
CopperIron/1992c
Valley ofGiants/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= predation knownor 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-Inches1995
k/ Hughes,pers.comm.

1/ P. Jones,pers.comm.

0

0

‘C
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Increased human activitiesin forests,suchas picnic grounds, can attractcorvids

and thus increasethe chancesofpredation(Singereta!. 1991,Marzluffand Balda

1992). More importantly, theseactivitiescanincrease survivalof corvidsand

resultin potentially higher populationsof corvids. Suchactivitiesmayalsoresult

in direct habitat modification (Binfordet a!. 1975).

Possibleexplanations for high predation ratesinclude (1) the high predation rates

are normal, although~tis unlikely that a stable population could have been

maintained under the predation ratespresentlybeingobserved(AppendixB,

Beissinger1995a);(2) populationsofmarbledmurrelet predators, such ascorvids

andgreathorned owls, areincreasingin the western United States, largelyin

responseto habitat changes and food sources providedby humans(Robbinsei’ a!.

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

NationalBiological Service1996);(3) creationofexcessive forest edge habitat

mayincreasethe vulnerabilityofmarbled murreletneststo predationand

ultimately leadto higher ratesofpredation;and (4) therelativelyhigh predation

rateobservedfor marbledmurreletsmaybe affectedby samplingbias.Nests near

forest edgesmaybe more easilylocatedby observers,andmoresusceptibleto

predation because observers may attract predators.Nelsonand Hamer (1995b)

believed that researchers hadminimal impactson predationin mostcasesbecause

thenests weremonitoredfrom adistance,weremonitored relativelyinfrequently,

andprecautions were implemented tominimize predatorattraction.

Low productivity. Recent at-sea survey workalsoindicates that current

populationsof marbled murrelets are experiencing extremelylow productivityand

estimated recruitment(AppendixB). Lowproductivity likelyreflectspoor

breeding success atnests,although to alesserextent it couldalso reflect the

developmentofa larger than normal nonbreedingadult segmentofthe population.

In otherwords,aportionofthe marbled murrelet populationcurrently observed
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on the ocean maybe nonbreedingor unsuccessfully breeding adults thatdo not

contributeto thespecies’reproduction becausereproductionis delayeduntil at

least theirsecondyear. Mostprobablydo not lay eggsuntil they are3 yearsold or

older.

Low productivity has importantbiological implications because it leads to low

recruitment that eventually results in populationdeclines.Thus,reduced

productivity andrecruitmentarestrongindicatorsofthepoorconditionofthis

species,andprovideadditionalconcern beyondobservedorexpected population

declines for thelong-termviability of populations.

Adult mortality. Adult predation hasbeen documented to occur in marineand

terrestrialenvironments.Marbledmurrelet adults have been observedto be

preyed uponby peregrine falcons(Falcoperegrinus)and remainsofmarbled

murrelets have been observed in peregrine eyries(Campbelleta!. 1978). Adults

havealsobeen observedto be killed by sharp-shinned hawks(Accipiterstriatus)

(MarksandNaslund1994)and northerngoshawks(Accipitergentilis) (N.

Naslund, pers. comm.). Peregrine falconsandcommon ravens have been

observedto chase marbled murreletsjustabove andwithin the forest canopy

(Nelson and Hamer1995).

In addition,adult mortality in the terrestrial environmenthasbeen documentedto

occur frominteractionswith vehicles(Sprot 1928;Balmer1935; S.K. Nelson,

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

1996). Although adultmortality is difficult to documentin the terrestrial

environment becauseof the secretive natureofthespecies,if thismortality is

high, it could have a significant affect on populationviability.
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NetMortality

Mortality of seabirdsin nearshore netfisheriescan have seriousimpactsto local

seabirdpopulations,especially for alcids (Carter andSealy 1984,Piatteta!. 1984,

Atkins and Heneman1987, JonesandDeGange1988,Takekawaeta!. 1990,

DeGangeeta!. 1993). There have been estimatesof hundreds to thousandsof

marbledmurreletskilled annuallyin gill netsin British ColumbiaandAlaska

(Carter and Sealy1984; Sealy and Carter1984; Wynne atal. 1991, 1992;

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

Large nearshore net fisheries have occurred infourmain areas in thePacific

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

(4) southern California(Figure 5). The Columbia River net fisheries actually

occurin the riverandawayfrom where marbledmurreletshave been observedin

recentyears. A morein-depthsummaryand discussionofnet fisheriesand

marbled murreletsis foundin Cartereta!. (1995a)andis summarized for

Washington, Oregon, and Californiabelow.

Washington. Large gill-net and purse seine fisheries have existedin PugetSound

and the Columbia River areasinceat leastthe 1 940s,but fishing effort in manyof

these fisheries has been reducedin recentyearsbecauseof declinesin salmon

stocks.Although the actual numberofknown mortalitiesof marbledmurrelets

from net fisheriesis relativelylow anddataareavailablefrom somefisheries,it is

not yet possibleto accuratelydetermine the extentofmortality of net fishingon

marbledmurreletsin Washington with theavailabledata(Carteret a!. 1995a).

PugetSoundmarbled murreletpopulationshave shown the highestjuvenile:adult

ratios(or levelsof productivity) in the Pacific Northwest, so anyimpactsfrom net

fisheries,even at modest levels, can have important effectson this marbled
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Puget Sound

Columbia River

San Francisco (~)
Monterey Bay

(~)

South - Central
California

Figure 5. Locationsof gill-net fisheriesalong the coastsof California, Oregon
and Washington.Numbersrefer to fishing areas referredto in Cartereta!.
(1995a). In centraland southernCalifornia,numbers3,4, 5, and6 refer to
murrelet population. The effectsof mortality appear to be additiveandresultin
greater ratesofpopulationdeclinethansimply the numberofbirds removedfrom
California Departmentof FishandGamefishing districtsD1O, D17, D18, and
D19/20,respectively. (Figuretakenfrom Cartereta!. 1995a).
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the population (Beissinger1 995b). It is also likely that birds killed in the late-

breeding and nonbreeding seasons includesomewintering birdsfrom British

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

Speich and Wahl (1989) reported that marbledmurrelets,along with other

seabirds,werekilled as bycatchin certain fisheries in Washington, based on

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

Thebestestimateofmarbled murrelet entanglement was derivedfrom the 1994

observer program in the northPugetSoundsockeyesalmonfishery. Based on

one observed entanglement,an estimateof 15 marbledmurreletsentangled/season

(range(2—59) was derived (Pierceet a!. 1996). However, the distributionof

fishing effort in 1994 in this fishery may have reduced murrelet/fisheries conflicts

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

in 1993wasalso made for the Makah Tribesetgill-net fishery,basedon an

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

entanglementswerereportedfrom the 1994chum fisheries observerprogram

(Erstadet al. 1996). It is likely that netmortality has hadand still may have

substantial impactson Washington marbled murreletpopulations,especiallyin

PugetSound.

In 1995,specificmeasures,such asclosureofareasofknown marbledmurrelet

concentrations,wereimplementedto reduce marbled murreletmortality. Surveys

to evaluate murrelet/fisheries overlap (Courtneyeta!. 1996),andtestingof

modified gill netsandpingers (Melvin andConquest1996)that may help reduce

mortality arealso being pursued. Several gillnet/seabirdregulationswererecently

adoptedby the FishandWildlife Commission,including removingsectionsof

floats along corklines for purseseines,usingmodified gearin 1998 in Areas7/7A,

closing gillnetfishing for mostofthe nightandduring morning changeof light,

and the go-ahead tostudyseabird hooking andmortality in the sportfishery (J.

Grettenberger, pers.comm. 1997).
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Oregon. Gill-net fishinghasbeen prohibited in estuaries,baysandalong the

outer coastofOregon since1942(Nelsoneta!. 1992). No net-caused mortalities

ofmarbled murrelets areknownin Oregon.

California. Nearshoregill and trammel net fisheries haveexistedin centraland

southern California since the early1900’sbut increased dramatically in sizeduring

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

in northern California, northof PointReyes,Main County, is prohibited.

In centralCalifornia,between1979and1987,thousandsofseabirds (especially

common murres) were killed in gill-net fisheriesandincluded marbledmurrelets.

Carter and Erickson (1988,1992; alsoseeSealy and Carter1984)summarized the

knownevidenceofmortality of marbledmurreletsfrom these fisheries that was

estimatedto have killedhundredsof marbledmurrelets. This mortality has

probably had a serious impact in the past on the verysmall central California

population. Although a few birds maystill be killed theredespite current

regulations,therehas beenno direct evidenceofmortality since1986. No

marbledmurreletshave beenreportedkilled in southern California netfisheries.

Oil Spill and Other Marine Pollution

Mortality andreducedbreedingsuccessofseabirdsdueto various formsof marine

pollution arewell-known. Large oil spills have killed millionsof seabirdsaround

theworldin this century, as was recently well-publicized during the1989Exxon

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

Most marbled murreletsareobserved at-sea in nearshorewaterswithin 2.0

kilometers (1.2miles) ofthe coast, which are important foraginggrounds.

Becauseoftheirextensiveuseof nearshorewaters,marbled murreletsare

susceptibleto the impactsof oil spills andhavebeengivenone ofthehighestoil

spill vulnerability index values amongseabirds(King andSanger 1979).
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Oil spill mortality. Oil pollution has beenhighlighted as a significant threat or

conservation problem for marbledmurreletsin southernAlaska,southern British

Columbia,Washingtonand California (KingandSanger1979;Wahleta!. 1981,

Sealyand Carter1984,Carter and Erickson1988, 1992,Marshall 1988,Carter

and Kuletz1995). Large oil spills result periodically from oiltankermishaps

(groundings,collisions, explosions,accidental spillages), similar mishaps by other

largeocean-goingvessels, offshore oil wells(well blow-outs,accidental

spillages), unloadingandloadingcargofrom onshoreand offshorefacilities, and

onshore facility spills thatentertheocean. Small oil spills occurfrequentlyand

are chronicin many areas dueto tank cleaning atsea,bilge pumping, seeps, etc.

All typesofboats andmarinetransportationvessels maybe involved.

Betweenthe late 1800sand 1968,mediumandlarge oil spills occurredfrequently,

but were rarely documented with respectto seabirdmortality in California,

Oregon, andWashington.Fewreportsof marbled murreletorother seabird

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

prep.). Since1968,several largeandmedium oil spills have occurred (Figures 6a

& 6b) for which seabirdmortality was often estimated. Actual numbersofoiled

marbledmurreletsthat have beenrecoveredarefew.

The thousandsof marbledmurreletskilled during theExxon Valdezspill (Piatt

and Lensink1989,Piattet a!. 1990,Fordeta!. 1996)have increased concerns

about the impactsofoil pollution on the speciessince1989. The 1991 Tenyo

Maru spill off oftheOlympic Peninsula,Washington, represents the largest

recoveryof oiled marbled murrelets after aspill, except for theExxonValdezspill.

Approximately45 marbled murrelet carcasseswererecoveredon the beaches, and

it was estimated that200—400birds had probably been killed (Carter and Kuletz

1995). This mortality represents a significant proportionof the local breeding

population. A minimumof 11 marbledmurreletswereestimated to have been

killed by theApexHoustonoil spill in centralCalifornia. This mortality was
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1991 Teriyo Maru

1988 Nestucca

1983 Blue Magpie
(Yaquina Bay)

Figure 6a. West coastoil spills (1969—1992) in Oregon andWashington.The
approximatelocationsoflarge and medium oilspills whereseabird mortality was
assessed are indicated (CarterandKuletz 1995).
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Figure 6b. West coastoil spills (1969—1992) inCalifornia. The approximate
locationsof large and medium oilspillswhere seabird mortality was assessed are
indicated(from CarterandKuletz 1995).
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consideredto be significant to thesmall breeding population in thisarea(Carter

andKuletz1995).

In addition to large and medium oilspills, chronic oil pollution(e.g., smalloil

spills, bilgedumping, seeps, etc.) has occurredin coastalareasthroughoutthis

century. There are sporadic reportsofoiled marbled murreletsseparatefrom

knownlarge and mediumspills, especially in California (Carterand Erickson

1992).

Other marine pollution. The other main sourcesofmarine pollution in

California,OregonandWashingtonthat mayaffect seabirdsarechlorinated

hydrocarbon contaminants andchemicaldumping, including effluent from

onshore sourcesanddirect dumpingofchemicals at sea (Fry1995). Forexample,

DDE pollution in the Southern California Bight was responsibleforpoor

reproductive successand population decline in brown pelicansanddouble-crested

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

mercury have been recordedin fish and fish-eatingbirds in British Columbia

(Fimreiteet a!. 1971); however, there have beenno recorded mercury problems

with marbledmurrelets. Eight marbled murrelets recoveredfrom gill-net fisheries

in Puget Sound were analyzedfor contaminants, andall lookedto be within

normal ranges for seabirds from clean environments(J. Grettenberger,pers

comm., 1997).The effectsofother marine pollutionon marbled murrelets have

not been fullyinvestigated.

Threats to Pacific Northwestmarbled murrelet populations. The threat of
various typesof marine pollution to marbled murrelet populations varies among

differentareasofCalifornia, Oregon and Washington, basedon thelocationsof

coastaloil facilities, tanker and other shippingroutes,industrial developmentand

other urbanorcoastaldevelopments. Marbledmurreletpopulations near coastal

locationswith onshore oilfacilities, offshore oil facilities, tankerports,and large
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industrial developments are most threatened with marine pollution.Mediumor

smalloil spills from tankers and other traffic that passby coastalareas far out to

sea are likely to havelessimpact on marbledmurrelets.

Four important marbled murrelet populations face the greatestthreats(Carter and

Kuletz 1995)(Figure7):

(1) PugetSoundcontainsoneofthe moreconcentratedmarbledmurrelet

populationsin the three-stateregion. This populationis threatenedwith ahigh

probabilityof large oil spills and significant chronic oil andothermarine

pollution. Puget Sound contains onshore oilfacilities, tankerports receiving

large numbersoftankerand barge tripsannually,large industrial

developments,tankerandother shippingroutes,bypass traffic into southern

BritishColumbia, and other coastalandurban developments. Ithas

experiencedseveral oil spills and other pollution events that haveimpacted

seabirds.

(2) Central Ca!(forniacontains asmalldisjunct populationofmarbled

murrelets at the southern edgeoftheirbreeding range. Thispopulationis

threatenedwith a high probabilityof largeoil spills, andsignificant chronic oil

and other marine pollution.SanFrancisco Bay occursjust northofthis area

andis amajorlocationfor onshore oilfacilities, industrial development,and

other coastaland urban developments.In particular, San FranciscoBay
receives oneofthe largest numberoftankertrips peryearofany oil port along

the westcoast(Figure 7). Much ofthis tanker and barge traffic passesclose
by coastswhere marbled murrelets are concentrated atsea,especially during

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

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

To Panama Canal
and South America

Figure7. Tanker and barge movements tomajorports alongthewestcoastfor
crude oilandpetroleum.Major tankerlanes areindicatedin black. Areas with
offshore oil facilitiesin southern California areindicatedby cross-hatching.
Californiadatarepresent movements and volumetransportedin 1992(DNA
Associates1993). Data forWashingtonandBritish Columbiarepresentaverage
traffic (DickensAssociatesLtd. 1990).

151 bbls)
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California. Oil deposits exist on the outer continentalshelfin this area but

a moratoriumon leasingis currentlyin effect.

(3) ColumbiaRiverandGraysHarbor Area in southwestern Washington

contains asmallpopulationof marbledmurrelets. Lesstanker and barge

traffic passes into theselocationsthan into Puget Sound orSanFranciscoBay,

but this area receives much offshoretankertraffic related to Puget Sound and

southern British Columbia(Figure7). At thesouthendofthis area,

significant shipping trafficalsopenetratesinlandthrough the ColumbiaRiver,

carrying moderate amountsofoil and otherpollutants.

(4)NorthernCalifornia containsoneof the largest marbled murrelet

populationsin thethree-stateregion. Humboldt Bayoccurswithin this area

andreceivesa moderate numberoftankertrips per year(Figure7), and has

someindustrialdevelopment within theBay. Future spillsof any size could

have a great impact on this important population.In thefuture,offshore oil

development may occuroff northernCalifornia. Oil deposits existon the

outercontinentalshelfin this area but a moratoriumon leasingis currentlyin

effect.

In the last few decades, oilpollutionhas had considerableimpactson marbled

murrelet populations in Prince William Sound(Alaska),central California,and

westernWashington.However, these effects have probably beenfelt only

sporadicallyby local populations. When oilingmortality is considered as a

cumulativeeffect,with other human activities thataffect smalldeclining

populationsofmarbled murrelets, the relative effectsofoil pollution become

greater and recovery becomes more difficult,orperhapsimpossiblefor certain

areas (Carter and Kuletz1995).
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It is important to recognize that the impactsofoil andother marine pollution are

likely to increase in the future. To date, marbled murrelet populationsin the

PacificNorthwesthave been spared very large oilspills, suchas theExxonVa!dez

spill in Alaska. However,westcoast populationscurrentlyexist under the

constantthreatofsucha disaster that could eliminateorgreatly reduce an entire

populationin short order.Even without avery large spill, other large, medium

andsmall spills will occur and impactpopulations althoughtheirexpected

frequencyofoccurrenceis difficult to predict.

PossibleChangesin Prey Abundanceand Distribution

Nesting habitat, previously discussed, and preyresourcesare thetwo main factors

that can regulate seabird populations (Cairns1992). Three main concerns about

marbled murreletprey resourcesinclude(1) well-publicized declines have

occurred recentlyin the PacificNorthwestin someharvestedfish populations due

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

Sardines),and certain marbled murrelet prey speciesarefished commercially in

someareas; (2)severeEl Niflo eventswerewell-documented as affecting

breedingsuccess and survivalof several seabirdspeciesduring the1982—1984

and1992—1993El Niiio events, which may have affected marbledmurrelet

survival and reproduction; and (3)marinebiologists have recently betteridentified

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

may have affected marbled murreletprey populations.

In light of these changes in themarineenvironmentin general,some biologists

havehypothesizedthat sufficientprey may not beavailableto maintain marbled

murreletsand other seabird populations at present or historical levelsandreduced

prey might cause or contribute tolong-termreduced reproductive success through

impactson body condition andenergetics.Possible changes in prey resources
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wereconsideredby examiningavailableinformationon (1) marbledmurreletdiet,

(2) abundanceand distributionofnearshoreprey resources,and (3) effectsof

long-term oceanic cycles and ElNub eventson marbled murrelet preyresources

andhabitats.

Marbled murrelet diet. Marbled murrelets feed on a varietyofsmall fish and

invertebrates.In the Pacific Northwest, the main fishprey identifiedin recent

years arePacific sandlance,Pacific herring, northernanchovy,and smelts

(Osmeridae).Detailsof the marbled murrelet diet are discussed above under

“Life History/Ecology,Marbled Murrelet DietandFood Resources.”

Preyabundanceand distribution. Little is known about the statusof knownor

potential prey resourceson thewestcoast because assessmentsof fish populations

over large areas requireextensivestudiesover manyyears. Long-term and current

studiesby the National Marine Fisheries Service, California DepartmentofFish

andGame,Oregon DepartmentofFishandWildlife, and WashingtonDepartment

ofFish and Wildlife arefocusedprimarily on harvested species,includingPacific

sandlance,Pacific herring, Pacificsardines,and smelts.

In particular, there apparentlyis no substantialsummarized informationon

changesin abundanceanddistributionofPacific sandlanceandsmeltson the

westcoast. Somelimited informationon the recentstatusofcertain harvestedor

previously-harvested preyspeciesis availableandsummarized below:

Pacific sardines:Total biomass hasincreaseddramatically between1983-1995off

the westcoast. Sardineswerealmostabsent fromthis areain the 1 950s to1 970s

although they wereharvestedin large numbers as far north as southernBritish

Columbiain the early1990s. Little or no harvest has occurredin most areas since

the 195Os. However,low level commercial harvest hasoccurredin southern
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California during recent growthin sardinepopulations. Spawningfirst occurred

northofPoint Conceptionin 1991 andwas documented asfar north asHalfMoon

Bayin central California,in 1994(Derisoet a!., in press).Massivespawning was

also documented even farther northoff the mouthofthe Columbia River, Oregon,

in 1994(Bentleyeta!. 1996).

Pacific herring:Spawningbiomassandspawningstockbiomass incentral

California(SanFranciscoand Tomales Bays) have oscillatedor increased,but

there wasno consistentdownward trendfrom 1972-1994(California Department

ofFish andGame1995). In 1995-1996,spawn biomass reachedits highestlevel

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

spawning biomassof PacificHerring has remained fairly stable over the lasttwo

decades (Washington Departmentof Fish and Wildlife1995). However,herring

spawningin the Columbia River mouth and partsofPuget Sound probably have

declined from historical levels dueto habitat changes in these estuaries(Burkett

1995,WashingtonDepartmentof Fishand Wildlife 1995). In certain

industrialized estuariesin Puget Sound(e.g.,nearSeattleand Tacoma),eelgrass

beds have beenlost andcertain herringstocksin localareas probably are extinct

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

Northernanchovy:Total biomassandspawning biomassin centralCalifornia

experienced apeakperiodfrom 1973 to 1976(Jacobseneta!. 1995). However,

total biomass and spawning biomass before this peak(1963—1972)and afterwards

(1977—1995)have oscillated but,in general,have remained at lowerlevels. Total

biomass for a fewyearsin the early1990swas somewhat lower thanin the 1980s;

however,it beganincreasingin 1994—1995. In Oregon, the National Marine

FisheriesService(P.J.Bentley,pers.comm., 1996)recentlyrepeated surveys that

had beenconductedin the 1970s(Richardson1981)on theshelfsouth ofthe

mouthof the ColumbiaRiver. Northern anchovywere foundin lower numbers
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and the remaining corepopulationhad re-locatedin a smallerareamuchcloserto

shore within0.6—1.2kilometers(1—2 miles) of the mouthsofWillapaBay and

Gray’s Harborin southwesternWashington. Previouswork in the 1970sin

Oregon had been conducted during the same peak period noted in California.

Peak spawning biomass occurred in1975—1976(Richardson1981). Thus, it is

likely that current prey levelsoffOregon are similar to pre-peak levels, as found

in California. In Puget Sound, northern anchovy arefrequentlyfound in fisheries

trawling, butno estimatesof theirbiomass or information on changes in

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

northernanchovyhasoccurredon thewestcoast since themid-1980s.

Pacific sandlanceand smelts:Recent effortsby the Washington Departmentof

Fishand Wildlife have beenfocusedon identifying spawning beaches throughout

PugetSound. In 1989,fisheries biologists first discovered thatPacific sand lance

spawnon upper beach areasalsousedby Surfsmelt (Hypomesuspretiosus)(D.

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

throughoutPuget SoundandWashington innerwatersalthoughmany beaches

have not yet beensurveyed.During exploratorysurveys,Pacific sand lance and

Surf smelt have been found tobe very abundantalthoughvariation may occuron a

short-term basis. Overall spawning biomass estimates are not yetavailableand

adult biomass cannotbe determinedaccuratelyusingstandard trawlsampling

techniques. Surf smelt appearto prefer closed bays forspawning areas asdo

Pacific herring,while Pacific sandlancewill use more opencoastlines.These

speciesarenow considered tobe much more abundant than was known

previously,with biomass probably reaching the sameorderofmagnitude as

Pacific herring (Washington Departmentof Fish and Wildlife1995). Other smelts

mayalso form prey for marbled murreletsin PugetSound. For example,

anadromousstocksof longfin smelt (Spirinchusthaleichthys)andeulachon

(candlefish)(Thaleichthyspacflcus)occurin theNooksackRiver in northern
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Washingtonandin the Fraser River in southernBritishColumbia,respectively

(Hart 1973,WashingtonDepartmentofFishand Wildlife 1995). However, these

prey speciesarenot as widespreadin Washington inner estuarine waters as the

Surfsmeltand Pacific sandlance. To date, little harvestof these species have

occurredin Washington.Thereis apparentlyno information on the statusofthese

species in Californiaand Oregon.

Regardlessof what could appear as trendsin certain areas,spawningbiomass for

harvested species in sampled areas atseaoften is not agood indicatorofavailable

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

murrelets. Many factors can dramatically affectsurvival ofeggs andlarvaeand

the distributionofjuvenile,subadultand adultfish before they become potential

prey for seabirds (McGurk and Warburton1992,Butlereta!. 1993). In particular,

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

in nearshore areas where marbled murreletsfeed. Most spawning areas are

disjunct from marbled murrelet feedingareas.

With the exceptionofthe Pacific sardineandthenorthernanchovy in offshoreand

shelfwaters, there areno clear indications that marbled murrelet preyresources

have changed(i.e. increasedordecreased)over broad areasof nearshorewatersin

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

to be differentfrom historical ranges(A.D. MacCall, pers.comm.;D. Pantella,

pers. comm.). Local changes may have occurred, especiallydueto man’s

activities, that may have reducedoverallabundanceofcertain prey speciesin

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

reductions have not been documentedto affect overallprey abundanceand

availability for marbledmurreletsin nearshore feeding areaswherethebirds are

opportunisticforagers,foraging over large areasandswitching between prey

species asnecessary.
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The conclusion reached wasthat, at present, insufficient informationexiststo

substantiate the claim thatoverall prey abundanceand distribution haschangedto

a degree that could hinder the maintenance of current marbled murrelet

populations orpreventtheirrecoveryto higher levels.In fact, marbledmurrelet

populationsize is so far below projected historical levels(basedon estimated

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

have tobe much lower thantheirformer levels for a changein prey density tobe

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

is availablefor such drastic changesin overall prey abundanceand availabilityin

nearshore waterswheremarbledmurreletsfeedin thePacific Northwest.

However, certain prey species may have changedin offshore andshelfwaters or

in certainlocal nearshore areas, which may have affected marbled murreletsto

some, probably small, unknown degree.

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

withouta known narrow focusby marbled murreletson key prey species, itis

difficult to imagine that overfishing may currentlyaffect marbledmurreletprey

resourcesin thePacific Northwest. However, overfishinghascontributed to

changes in seabird reproduction andsurvival in other partsoftheworld(e.g.,

Peru,NorthSea,eastern Canada), especially when fisheries focus on removing

key prey species orproviding waste or“offal” for scavenging species(seeseveral

summary papersin Nettleshipeta!. 1984,Furness et a!. 1988).

Possible prey changes for certainseabirdsmay havereducedpopulations at the

SouthFarallonIslands as a resultofpast overfishingofPacific sardines in

California (Ainley and Lewis1974). However, thereis little information on the

extent that seabirds formerly fed on Pacific sardines and many otherfactors

probably contributed to or caused observed populationsizes.
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Recently,Ainley eta!. (1994, 1996)implicated overfishingimpactson winter

prey resourcesto explainpoorrecoveryofcertain speciesof seabirds at the South

Farallon Islands and in Washington that had declined in numbers due to 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 reflect preyabundanceor

availability, other factors can explainpoorrecovery, and recent increases in

populations have indicated thatlimited recoveryis now occurring for certain

species(e.g.,commonmurres) at theSouthFarallon Islandsin centralCalifornia

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

One exampleofthewell-documentedpotentialeffectson seabirdsfrom

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

occidentalis)fed almost exclusivelyon northern anchovyin a localizedarea near

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

(Anderson andGress1984,MacCall 1984). Both fishery catch and pelican

breeding success were tiedto theabundanceofnorthern anchovies prior to thelate

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

became much reduced. Muchconcern wasexpressedabout the possible effectsof

thefishery on thedepressedpopulationof brownpelicans,which werein the early

stagesofrecoveryfrom nearextinctiondueto DDT pollution. However, since the

late 1970s,the pelican population hasincreaseddramatically (Carteret a!. 1 995b,

Gress1995).

Fish scaledepositionstudiessummarizedin Burkett (1995)provideevidence that

abundanceof coastalpelagic fishspeciesvaried considerably before the inception

of modernfisheries. Commercialfishing has,however,probably exacerbated the

naturalvariability in recentdecades because reduced stocksize andlossof old

fish, which is an inescapable resultoffishing, increase thespeedand magnitudeof
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population decreases during periods of poor reproduction (Anonymous 1993).

Natural variability linked with impacts from fishingactivity make it difficult for

managersto predictfish abundanceandyields. Manyfactors,including

socioeconomic ones, must beusedwhenmodelingfish populations,ecosystems,

andfishery impacts (Wilsoneta!. 1991).

Oceancycles. Declineofcertain alcidsin partsofthe west coast over the last few

decades [e.g., common murre, Cassin’s auklet(Plychoramphusaleuticus),and

tufted puffin (Fraterculacirrhata)] can be accounted for 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 ofseveral seabird

species at theSouthFarallon Islands(locatedin shelfwaters)has been shown to

be tied to the availability of key prey species,especially short-belly rockfish

(Sebasteslordani)andnorthernanchovy(Ainley and Boekelheide1990; Ainley et

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

result in lower breeding success at this colony(Ainley eta!. 1994;W.J.Sydeman,

pers. comm.). However, several species, includingcommonmurres,have been

increasing slightly in recent years and birds may nowbe selecting other prey

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

Long-term cyclesof warm and cold water years over several decades are knownin

offshoreandshelfwaters in theNorthPacific Ocean (Beamish1995). These

cycles may have contributed toalternatingperiodsofabundanceandscarcityfor

northernanchovyandPacificsardines,a recurring pattern known to occur over

several centuries (Baumgartneret a!. 1992,Holmgren-Urba and Baumgartner

1993, Butler eta!. 1993).

Suchcycles have not been shown toaffect marbled murrelet preyin nearshore

waters, where many other factors contribute to sustaining prey populations over
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time. In particular,nearshore featuresappearto be more important to many

marbledmurreletprey species than broad-scale water temperature changes in

offshore andshelfwaters,especiallyin the inner watersof Washingtonand British

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

decline in theabundanceofnorthernanchovy in offshore andshelfwaters may

lead to a declinein northern anchovy in nearshorewaters. Whether or not

marbled murrelets feed on northern anchovy in aspecific feedingareawill be

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

marbled murrelets willuseother preyspecies.

While water temperature changes may affect planktonandlowertrophiclevelsof

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

and degree to which upper trophic levels may be affected with thepoorcurrent

stateofknowledge.In any case, marbled murrelet and other seabird populations

on the west coast have managed to survive through many past changes in such

multi-decade cyclesby reproducingadequately to maintaintheirpopulations over

large geographic areas. In fact, populationsof certain seabirdspeciesthat feedon

a variety of similar prey species areincreasingon the west coast over the past

several decades despite amajorshift in ocean cyclesin the late 1970s,especially

double-crested cormorants(Phalacrocoraxauritus)andrhinoceros auklets

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

In summary,it hasbeendeterminedthereis insufficient information to conclude

that significant declines or increasesofmarbled murrelet preyresourcesin

nearshore waters occur in responseto long-term ocean cycles.

Regardlessofinsufficientdatato demonstrate possibleprey changes for marbled

murrelets, distinct long-term changesin prey resourcesmay have occurred in

localizedareas,which may have led to changesin the local at-sea distributionof

marbledmurreletsover time. While marbled murrelets are restricted to foraging

primarily in nearshorewaters,they are known to shift nearshore feeding areas
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betweenyearsoffthe Oregon coast(Strong 1995)although consistentat-sea

aggregationsareknown between yearsin partsofCalifornia and British Columbia

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

Ralph andMiller 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-sea feeding areas known from radio

telemetry studies (CarterandSealy1990,Jodice and Collopy1995,Kuletzeta!.

1995b).

Severe ElNiflo events. Annual variation in fish and marine invertebrate

populationsoccur,especially during severe ElNifio events. El Nifio events on the

westcoast typically resultin high water temperaturesandother changesto marine

waters, related to oceanographic and meteorological changes elsewherein the

Pacific Ocean. El Nifio conditionscan occur every fewyears,but severeEl Nifios

occurinfrequently. They have occurred most recentlyin 1957-1959, 1982-1984,

and1992-1993(Ainley and Boekelheide1990,Hayward1993,Haywardeta!.

1994). It is not clear whether severe ElNiflo eventsaffectmarbledmurrelet

reproductive success orsurvival as they maydo with someother seabirds

(Graybill and Hodder1985;Ainley eta!. 1988;Ainley and Boekelheide1990;

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

SevereEl Nifios and other warm water events can reduceprimaryproductivityand

populationsin higher trophic levels (invertebratesandfish) in offshoreandshelf

waters that normallyfeatureupwelling (Pearcyet a!. 1985, Schoener and Fluharty

1985,Gomez-Gutierrezeta!. 1995),thereby influencing abundanceand

availability of certain potentialprey (fish or invertebrates).Changesin prey in

these areasalsocould affect theabundanceandavailability ofprey in nearshore

watersformarbledmurrelets. However,only northern anchovy, Pacificsardines
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and rockfish are known to beaffectedby severeEl Nifio events(e.g.,Fiedler

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

Certainly,offshoreandshelfwatersopposite mostofthe nearshore rangeofthe

marbled murrelet in thePacific Northwest(exceptJuan de FucaStrait and Puget

Sound) are affected by upwelling processes within the CaliforniaCurrent.

However, otherfactorsalsoaffect preyresourcesin nearshore waters(seeabove)

andprobably havegreaterinfluenceon preyrecruitment, abundance,and

availability.

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

appear tobe eitherless affected or notaffectedby El Niflo events,comparedto

prey resources in offshore waters wherecertainseabirdsexperienced problems

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

areas,especially rhinoceros auklets at Protection Island that feed extensivelyon

Pacific sandlance, werenot known tobe affected to a large degreeduring 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

may havehadon the generally low production of marbled murrelets observed

throughout thePacific Northwestsince1992. While reduced breeding success

occurred for1—2 yearsin relation to this ElNifio eventfor commonmurresand

someother alcids, breeding success and breeding populationsizereturnedto

previous levelsafterwards,at least in 1994-1995(Manuwal eta!., in prep.;

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

and,as opportunisticfeeders, shouldminimize the effectsoftemporaryshortages

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

(Burkett 1995).
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At leastsome marbled murrelets were able to successfully reproduce during the

severe1992-1993El Nifio event. Severaljuvenileswere discovered atinland

localitiesin centraland northern California(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 someareas in Oregon since1992—1993(S.K. Nelson, pers. comm.). In

1995,marbled murrelet nestingandinland activity levels in central California

appearedto be depressed during alesssevereEl Niflo eventandthenincreasedin

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

Other alcids(e.g.,common murres) either did 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

species forage overshelfwaters. In any case, yearsofhigheror lower nesting

success aretypical for many seabirdsin the California Currentandthereis no

evidence that ithasled to endangermentin otherspecies(Ainley and Boekelheide

1990).

The marbledmurrelet’srelatively long life span and low annual reproductive

effort allowthemto survive and reproduce successfully despite periodic adverse

preyconditionsduringits lifetime. This life history strategy servesto maintain

populations despitemajorenvironmentalfluctuations such asduring occasional

severe ElNifio events. SevereEl Niflos may have short-term impactson marbled

murrelets,althoughsuch impacts have not beenwell-documented.It is unlikely

that severe El Niflo events have had long-term impactson marbled murrelet

populations that might interferewith the maintenanceofcurrent populations or

preventrecovery to higher levels. However,cumulativeimpacts(including

nesting habitat loss, oil spills, net mortalities, etc.),in additionto repeated ElNif’io
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events, over ashort time period,couldcontributeto serious population declinesor

extirpations.

H. Current Regulatory Mechanismsand ManagementofMarbled Murrelet

Habitat

State Regulationsand Habitat Management

California. In March 1992, themarbled 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

Legislature furtherfinds 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 acquirelands forhabitatfor 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 the point at

which the measures provided pursuantto this chapterareno longernecessary”.

Fundamentally the provisionsofthe California Endangered Species Act include

thoseofthe Federal recoveryplanningprocess under theEndangeredSpecies Act

(Burkett, in !itt., 1994).

Provisionswithin the CaliforniaEndangeredSpecies Actrequireconsultation

betweenthe Stateleadagency, project applicantsandtheState’strustee agencyfor

wildlife, the CaliforniaDepartmentof Fish andGame. Consultation withnon-

State lead agency project applicants also occurs under the California

EnvironmentalQuality Act (CEQA). This act was enacted in1973 as a systemof

checks and balances for land-use developmentandmanagement decisions in

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

Forestry. The California DepartmentofForestryandFire Protectionis the lead

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

Forest Practicerules,enacted in1991,require surveys for marbled murrelets and

consultationwith California DepartmentofFish andGame. California

DepartmentofFishand Game has recommended that annual trainingis desirable

for marbled murrelet surveyors who must successfully pass an evaluation

procedureprior to conductingforestsurveys. California DepartmentofFish and

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,

and review timbercompanyassessmentsofmarbled murrelet useofeach Timber

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

review surveystation layoutandsurvey results prior to submissionofTimber

HarvestPlans. Mitigationmeasures (seasonal restrictions, buffers, monitoring,

conservationeasements)incorporated into timber HarvestPlansmay avoid the

takeof marbledmurreletsand offsetpotential indirectimpacts.

If California Departmentof FishandGameconcludes in abiological opinion that

takeor jeopardyto the marbledmurreletmay occur as a resultofa project, the

project can notbe approvedunlessaccompaniedby authorization underSection

2080.1or2081 ofthe California EndangeredSpeciesAct. Agreementsbetween

California Departmentof FishandGameand project applicants pursuant to

Section2081 mirror similar agreements during the Habitat Conservation Planning

processunder the Federal EndangeredSpeciesAct. At this time, there areno

management agreementsforthe marbled murrelet undersection2081,and there

areno approved Habitat ConservationPlansfor marbled murreletsin California.
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Currently,some Statepark units are drafting GeneralPlansthat will consider

marbled murrelet conservationneeds. Someunits are preparing management

plans forroutinepark activities that may affect marbledmurrelets. These plans

will be reviewed by California DepartmentofFish and Game under the California

EnvironmentalQuality Act review process. California DepartmentofFish and

Gamepersonnelalso review and commenton Federal environmental documents

for projects that may affect marbledmurrelets.

There arealsoprovisionsin the California EndangeredSpeciesAct (Sections

2080.1 and 2095) forjoint consultation between project applicants, the California

Departmentof Fishand GameandtheU.S. FishandWildlife Serviceon projects

that may affectjointly-listed speciessuchas the marbledmurrelet. Joint

consultationshould becomestandard operating procedure under a recent

Memorandumof Understanding between the California Departmentof Fish and

GameandtheU.S. Fishand WildlifeService.

The California EndangeredSpeciesAct does notcontaina mandatoryequivalent

ofcritical habitat as per the FederalEndangeredSpeciesAct, but it does contain

an “essentialhabitat” section(2074.6). In practice, essential habitat has been

viewed the same ascritical habitat,althoughattimes theStatemaybe more

restrictive. However, in orderto provide predictability and consistency to land

managers, itis important that theStateandtheU.S. FishandWildlife Service

work closelyto identify essential habitatandpromote marbled murrelet recovery

in California.

Oregon. On May 18, 1994, theFish and Wildlife Commission was petitioned to

list the species asendangeredin Oregonunderthe Oregon Endangered Species

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

reviewed the petitionin July 1994,and found the informationsubstantive.On
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May 24, 1995,the Fish and Wildlife Commissionlisted the marbled murrelet as

threatenedin Oregon. Currently,thereareno formal Stateregulations protecting

marbledmurrelets. Underthe OregonForestPracticesAct, known nest trees

cannotbe harvested, but regulations are notin placeto specificallyaddress

marbledmurrelets. The amended OregonEndangeredSpecies Act (Oregon Laws

Chapter590) was enactedin July 1995. This act requiresStateagencies to follow

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

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

administrative rule. Rules have not yet been developed; in the interim, agencies

are required tocomply with Federallaw.

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

Departmentof Fish and Wildlife andconsultingfirms, hasfundedand completed

intensive marbled murreletsurveysin and around timbersaleareason State lands

since1992. These surveys have resultedin the identificationof manyforestsites

where marbled murrelets exhibitoccupiedbehavioron Stateforestlands. The

OregonDepartmentof Forestry, in consultation with Oregon DepartmentofFish

and Wildlife and the U.S. Fish andWildlife Service,hasdevelopeda marbled

murreletManagement Planfor State forest lands.The objectivesareto (1) avoid

takeof thespeciesand (2) provide flexibility in future forest management

planningandHabitat Conservation Plan (HCP)development.The Oregon

Departmentof Forestryalso developed a Habitat Conservation Plan for theElliott

StateForest,which addresses marbledmurreletsand spotted owlsin conjunction

with theForest’s longrange plan (Oregon DepartmentofForestry1995). The

Oregon Departmentof Forestryis also in the processof developinga Habitat

Conservation Plan forall oftheirnorthwest OregonStateforestlands,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 leadStateagency responsible for regulating the harvest

of commercial timber from private and State Department of Natural Resources

managedtimberlandsin Washington. TheWashingtonDepartmentof Fishand

Wildlife provides management recommendations toWashingtonDepartmentof

NaturalResourcesonproposedharvests within known marbled murreletareas.A

ScienceAdvisory Group (SAG) to the ForestPracticesBoard was established to

reviewspecificrecommendations madeby the WashingtonDepartmentofFish

and Wildlife and to answer questions regarding marbled murrelet protection. A

report was prepared that addresses suitablehabitatdefinitions,standsize,and

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

provided recommendations andoptionsfor marbled murrelet protectionon non-

Federal forest lands inWashington(Cumminseta!. 1993). TheForestPractices

Board recently adopted apermanentrule (which goes into effect August22, 1997)

for protecting marbled murreletson non-Federal landsin Washington.The rule

includes provisions that establish marbled murreletdetectionareas where surveys

are required,sharedsurvey responsibilities, revisionof platform criteria and

definitions, survey protocols, disturbance avoidance criteria, andsmall landowner

exemptions. Where the rule applies, occupiedmarbled murreletsitesshouldbe

protected. TheWashingtonDepartmentofNaturalResourcesalso hasjust

completed a Habitat Conservation Plan forall western WashingtonState lands

that addresses marbled murrelets, along with other species.

Federal Regulations and Habitat Management

Approximately89 percentofthe estimatedmarbledmurrelet habitaton Bureauof

Land ManagementandU.S. ForestServicelandsis contained within areas

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

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

its implementing regulations require theU.S. Forest Serviceto manage National

Forests to provide sufficient habitatto maintainviablepopulationsofnative

vertebratespecies,suchas the marbledmurrelet. Theseregulationsdefine a

viable population as“ha[ving] the estimated numbersanddistributionof

reproductive individuals toinsureits continued existenceis well-distributed” (36

CFR 219.19).U.S. DepartmentofAgriculture Regulation1900-4directs the

ForestServiceto (1) manage habitats forall existingnative and desirednon-native

plants,fish, and wildlife in order to maintain at least viable populationsofsuch

species; (2) conduct activitiesandprogramsto assistin the identificationand

recoveryofthreatenedand endangered plant and animal species; and (3) avoid

actions that maycausea speciesto becomethreatened orendangered.

The marbled murreletis listedas a“threatened”specieson theRegional Forester’s

SensitiveSpecies List for both Regions5 (California) and6 (Washington and

Oregon)oftheU.S. Forest Service.U.S. Forest Service Manual direction(FSM

2672.4), derivedfrom theEndangeredSpecies Actof 1973,asamended,states

thatall projects, programs, and activities require review and documentationof

possible effects/impacts on proposed, threatened,orendangeredspecies.A

biological evaluationor assessment mustbe preparedto document thisanalysis.

Any action that “mayaffect” a listed species mustbe submitted forconsultation

with theU.S. Fish and Wildlife Service(S. Madsen,in litt, 1994).

New National Forest Management Act regulations have beenproposedand itis

unclear how thesenewregulations,if adopted, will changeForestService

managementofmarbledmurrelets.However, they have not been finalized so the

currentNational Forest Management Act regulationsstill apply.
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Bureau ofLand Management. The BureauofLand Management (BLM)

administerstheuseof a varietyofnaturalresourceson over 1,011,000hectares

(2.5 million acres) in westernOregon. These western Oregonlands involve an

extensivecheckerboardandfragmented land ownership pattern andincludenearly

850,000hectares(2.1million acres)known formally as the Revested Oregonand

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

of largely scatteredpublic domainlands;and about30,000hectares (75,000acres)

ofreconveyed CoosBay Wagon Roadlands(CBWRlands). Forested landsin

western Oregontotal some2,250,000acresor 88 percentofthe Bureauof Land

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

The Bureauof LandManagement’sprincipal authorityanddirection to manage the

Revested OregonandCalifornia Railroadlandsis foundin theRevestedOregon

andCalifornia Railroad ActofAugust28, 1937(50 stat. 874;43 U.S.C. 1 181a.,et

seq.). Underthis Act, Revested OregonandCalifornia Railroadlandsclassified

as timberlandsare to be managed undersustainedyield principles to provide a

permanentsourceof timber supply,watershed protection,streamfiowregulation

andrecreationfacilities. Mostofthe remaining BureauofLand Management-

administered landis intermingledpublic domain.It was brought under sustained

yield management principlesby the Bureauof LandManagement’s1969

applicationto withdraw theselands fromentry underall public landlaw, except

for certain disposalacts. Withdrawal was completed bypublic land Order5490

(40 FR7450 (1975). In addition,manyactivitiesof the BureauofLand

Managementaregovernedby the Federal Land PolicyandManagement Actof

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

Bureauof Land Management administrationof public land underits jurisdiction

by mandatingthat “thepublic landsbe managedin a manner that will protect the

qualityof scientific...ecological,environmental...values[that] will preserve and

protect certainpublic landsin theirnaturalcondition;and...will provide food and
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habitatfor fish and wildlife....” Section102(a)(11)ofFLPMA requires the

promptdevelopmentofregulations and plans to protect areasofcritical

environmentalconcern. These are defined as“...areaswithin thepublic lands

wherespecialmanagement attentionis required...to protectandprevent

irreparable damage to important...fish andwildlife resourcesor other natural

systemsorprocesses.”

BureauofLand Managementpermittingand management actionsalsoare

designed to protect federallylisted orproposed threatenedandendangered

species.Proposed projects that might affect such species are reviewed with the

U.S. Fish andWildlife Service through consultation under the Endangered

SpeciesAct. Consistent with policy identifiedin BureauofLandManagement’s

nationwide Fish and Wildlife2000plan, habitatswould be managed to maintain

populationsofFederal candidate species at alevel that would avoidendangering

thespecies.BureauofLand Management actionswould be designed to similarly

protectState-listedand Bureauof Land Managementsensitivespecies. Permitted

and management actions would not be expectedto 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

the Interior (BureauofLand Management,U.S. FishandWildlife Service, and

NationalParkService), an interagency scientific committee was formedto

develop a scientifically-credibleconservationstrategy for the northern spottedowl

(Strixoccidentalis caurina).Although marbled murreletswerenot yet listedin

1989,and the strategy was specific to spotted owls, reservesystemswerean

integralpartof the plan and thosereservesnear the coastundoubtedlycontained

some nesting habitatfor marbledmurrelets.
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The conservation strategy was built around5 general conceptsofreserve design

(Thomaset al. 1990):

(1) Species that arewell-distributedacrosstheirrange arelessproneto extinction

than speciesconfinedto small portionsoftheirrange,

(2) Large blocksofhabitat, containingmultiple pairsofthespeciesin question,

are superior tosmall blocksofhabitatwith only oneto a fewpairs,

(3) Blocksofhabitatthat are close together are better than blocks farapart,

(4) Habitat that occursin lessfragmented(i.e., contiguous) blocksis betterthan

habitatthat is more fragmented,and

(5) Habitats betweenblocksfunctionbetter to allow aspeciesto move(disperse)

through them the more nearly theyresemblesuitable habitatfor thespecies.

Most ofthe subsequent conservationstrategies, includingthose developedin this

planfor the marbled murrelet, have incorporatedall ormanyofthe abovelisted

concepts.

On April 13, 1994,TheSecretaryof Agricultureand theSecretaryofInterior

signed a RecordofDecision (ROD)adoptingAlternative9 ofthePresident’s

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

1 994b). Thisis an ecosystem approachto managementof Late-Successional

Forests andtheirassociatedspecieswithin the rangeof the northern spottedowl.

Marbled murreletsandtheirnesting habitat on Federallandsarespecifically

consideredin this plan. The strategy that wasdevelopedwas basedon aLate-

Successional Reserve(LSR) System first identifiedby Johnsonetal. (1991) and
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principles outlined in Thomasetal. (1990), and providesadditionalprotection

through surveysandprotectionofoccupiedmarbled murreletsitesoutsideofthe

mapped Late-SuccessionalReserves.In developingthe strategy for marbled

murrelet nestinghabitaton Federallands,the key components were (1)

stabilization orimprovementofnesting habitat through protectionofall occupied

sites (both currentandfuture), (2) developmentoffuture habitat in large blocks

(creating more interior habitatandtherebypossibly decreasingavian predation),

and (3) improvementofdistributionofhabitat, therebyimproving distribution of

marbled murrelet populations(U.S. Departmentof Agricultureet al. 1993). The

plan designed a networkofLate-SuccessionalReserves,in part, aroundolder

forests containing suitable marbled murrelet nesting habitat and areasknownto be

currently occupiedby marbledmurrelets. Though muchofthe foresthabitat

contained within theLate-SuccessionalReservesis not currentlysuitablenesting

habitat, it wouldbe allowed to grow and developcharacteristicsthat would make

it suitable. Timber harvest withinLate-SuccessionalReserveswouldbe limited to

harvest relatedto catastrophicdisturbance(salvage)andharvestin youngerstands

lessthan80 yearsof agein mostLate-SuccessionalReserves.However, thinning

is allowed instandsolder than80 yearsin theNorthcoastAdaptive Management

Area,and in the OregonandCalifornia KlamathProvinces.Within the matrix

(landsoutside the reservesystem),the plan provides protectionofall known and

futureoccupied marbled murreletsites.

Surveysof marbled murrelet habitat are required priorto forest-modifying

activities within the matrixon Federallandsaccordingto an approved survey

protocol. If behavior indicatesoccupancy,all contiguous existing and recruitment

habitat(i.e., standsthat are capableofbecomingmarbledmurrelet habitatwithin

25 years) within a 0.5-mileradiuswill be protected(U.S. Departmentof

AgricultureandU.S. DepartmentoftheInterior1994a). There are approximately

526,000hectares (1,300,000acres)ofpotential (estimated) marbled murrelet
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nesting habitat protected as partofthe mapped Late-Successional Reserve

network. Additional habitatis protected through otherdesignationssuch as

adaptive managementareas,congressional reserves,administrativelywithdrawn

areas,and riparianreserves.

Bureau of Indian Affairs. Indian reservation landsareset aside for the exclusive

use and benefitof Indian peoples pursuant to treaties,statutes,and executive

orders. Reservation landsareheld in trustby theU. S., with theSecretaryof the

Interior havingthe principal responsibility for fulfilling the trust responsibilitiesof

theU.S. Eachreservationis governedby a sovereign tribalgovernment.Tribal

governments have manysovereign,treaty-reserved powers, including the right to

regulate the usersofthe landandresourceswithin theirreservationboundaries.

This right includes the useandmanagementoffish andwildlife resourcesand

habitat. In addition,Indian tribes retain treaty-secured hunting, fishing,and

gatheringrights on landsoutsideofreservations(U.S. Fishand Wildlife Service

1 992b).

The management strategyof the Bureauof Indian Affairs(BIA) for the marbled

murreletrecognizesthe uniquelegal relationshipoftheU.S. with Indian tribal

governments.It focuseson working with Indiantribal governmentson a

governmentto government basis to developmanagement strategiesfor reservation

landsand trustresourcesthat avoidtaking of marbled murreletswherefeasible,

while facilitating the trustresponsibilityoftheU.S. to foster tribalself-

determination.The Bureauof IndianAffairs’s approach recognizes that marbled

murrelet management relating toreservationlandsandIndian trustresourcesmust

balance theneedsofthespeciesandtheenvironmental,economic, and other

objectivesof the Indian tribes within the rangeofthe marbled murrelet(D.

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

Federal trust responsibilityto Indian tribes by (1) protecting, conserving, and

enhancing Indianfish, wildlife, and other resourcesin amannerconsistent with

the highestfiduciary standards; (2)administeringFederal fishandwildlife

conservation laws inmannerconsistent with the highestfiduciary standards;(3)

administeringFederal fishandwildlife conservation laws in amannerconsistent

with the UnitedStates’trust responsibilityto Indiantribes;and (4)administering

Federalfish and wildlife conservation laws in a mannerconsistentwith Indian

treatyrights, in the absenceofa clear statementofcongressional intent to abrogate

ormodify Indiantreatyrights.

Federal agenciesshouA identify Indian trustresourcesandreserved rights that

maybe affectedby pr.~posedagency plans oractions. Governmentto government

consultation, with recognized tribal governments(i.e., with reserved rightsor

jurisdictionover thetiustpropertythat maybe affected)shouldbe initiated at the

earliest possibletime. Conflicts that may ariseshouldbe resolved collaboratively

with affectedtribes,consistent with the Federalgovernment’strustresponsibility.

Mandatory impositionofmarbled murrelet management measures upon Indian

tribes andtheirtrust resources that restricts the exercisingof Indian treaty rights

shouldnot be proposedunless a determinationis made that such management

measures are (1)reasonableand necessary for the preservationofthe marbled

murrelet; (2) the conservationpurposeofthe restriction cannotbe achievedsolely

by regulationofnon-Indianactivities;(3) the restrictionis the least restrictive

alternativeavailableto achieve the required conservation purpose; (4) the

restriction does not discriminate against Indianactivitieseither as statedoras

applied;and(5) voluntary tribalconservationmeasures are not adequate to

achieve the necessary conservation purpose. These measures are statedin a

Presidential Memorandum to Headsof ExecutiveDepartments,dated April29,

1994underSecretarialOrderNo. 3175.
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Within the broad framework discussed above, Bureauof Indian Affairshas

established anumberofspecific actions required tocomply with section7 (c) of

the Endangered Species Act andits responsibilities as a consultantto the Marbled

Murrelet RecoveryTeam. The BureauofIndianAffairs’s main goals for marbled

murrelet protectionandmanagement are to

(1) work with tribal governments toaccuratelyassess marbledmurrelet

populationandhabitat conditions for Indian reservations within the rangeof

the marbled murrelet;

(2) facilitate informationexchangebetweentribal governments, the Bureauof

Indian Affairs,andtheU.S. Fishand Wildlife Service, as well as provide

assistance to tribal governments on survey protocols and training for

surveyors;

(3) developstandardsfor incidental take and reasonableandprudent measuresto

minimize takein collaboration with affected tribal governmentsandtheU.S.

Fish and WildlifeService;

(4) assist tribes in resolving conflicts between marbled murrelet management

needs and management needsofother species;

(5) providetheU.S. Fish and Wildlife Service with accurate and complete

biological assessments;

(6) assist tribesin managinghabitat consistent with tribal priorities, reserved

Indianrights,andlegislativemandates;and
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(7) assist tribes in obtaining the most up-to-date scientific informationon the

marbled murrelet and its habitat requirements, so that they can develop

management measuresfor Indian reservationlandssensitiveto thespecies’

needs and assist in the developmentofpositivestepsto aid in recovery.

Managementfor the marbled murrelet may present serious challenges for those

tribes that relyuponeconomic returnfrom the harvestofsuitable foresthabitat. It

will be particularly difficult for tribes toembraceconservation measures for

reservationlandsthatsignificantly affectthe economicandsocial developmentof

Indianpeople, especiallyif the measuresproposedfor Indian trustlandsand

waters are more restrictive than those applied to non-Indian-owned stateand

privatelands,or if measures are intended to address past and anticipatedfuture

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

National Park Service.On its lands, the National Park Serviceis mandated to

‘‘conservethe scenery and the naturaland historic objects and the wildlifetherein,

and to provide for the enjoymentofthe same in suchmannerand by such means

aswill leave them unimpaired for the enjoymentof futuregenerations.”Its duty

in “the protection,management,and administrationof these areas... shall not be

exercised in derogationofthe valuesandpurposes for which these various areas

have beenestablished” (NationalParkService Organic Act,16 USC 1). Every

national park hasits own enabling legislation that specifiesits purpose and

objectives. In addition,eachpark shall have ageneralmanagement plan that

includes measuresfor the preservationof thepark’sresources, indicationsoftypes

andgeneralintensitiesofdevelopment, identificationofvisitor carrying capacity,

and potential modificationsto external boundaries(NationalParkServiceOrganic

Act, 16 USC la-7).
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A policy ofthe NationalParkServiceis to manage naturalresources“with a

concern for fundamentalecologicalprocesses as well as for individualspeciesand

features”. The NationalParkService will “identify andpromotethe conservation

ofall federally-listed threatened,endangered,orcandidate species within park

boundaries andtheircritical habitats.Active management programs willbe

conducted as necessaryto perpetuate the natural distribution and abundanceof

threatenedor endangeredspeciesandthe ecosystemson which they depend. All

management actions for protectionandperpetuationofspecialstatusspecies will

be determinedthrough the Resource Management Plan(RMP) for eachpark. The

NationalParkService will cooperate with theU.S. FishandWildlife Serviceand

National MarineFisheriesService in matters pertainingto federally-listed

threatenedand endangeredspecies,including the delineationofcritical habitatand

recoveryzoneson park lands,and will participateon recoveryteams” (National

ParkService ManagementPolicies 1988:4).

The NationalParkServicehasfour management zones definedin eachpark’s

generalmanagementplan: natural,cultural, development andspecialuse. The

marbled murrelet has thegreatestprotectionin natural zones.Interference with

naturalprocessesin park naturalzonesis allowed only (1) when directed by the

Congress, (2) insomeemergencies when human lifeandproperty are atstake,or

(3) to restore native ecosystemfunctioningthat has been disruptedby past or

ongoing humanactivities. In culturalzones,policies fornaturalzonesare

followed when they arecompatiblewith cultural resourceobjectives.Park

developmentzonesaremanagedandmaintained forintensivevisitor use. In

developmentzonesadjacent tonatural zones,managementis aimedat

maintaining as natural an environment aspossible,given the useofthezone.

Specialusezonesinclude transportationrights-of-way, exploration/mining,

grazing,forestutilization, commercial, and reservoir uses(NationalPark Service

ManagementPolicies 1988:4).
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NationalParkService lands within80 kilometers(50miles) ofthe coastline that

couldpotentially contain marbledmurreletsincludethefollowing: Olympic and

Mount Rainier National Parks andSanJuan Island National HistoricParkin

Washington;Fort Clatsop NationalMemorial in Oregon;Redwood National Park,

Point Reyes NationalSeashore,andGoldenGate National Recreation Area

(including Muir Woods National Monument) in California(C. Meyer,in litt.,

1994).

Because timber harvestingis generally not allowedon National Park Service
lands,mostforest land thatis suitable marbled murrelet nesting habitatis in a

natural zone andis protected fromunnatural alterations.However, efforts to

better assess and mitigate forotherpotentialhuman impactsin National Parks are

needed.To protect offshore habitat,coastalparks have participatedon

interagency teamsto identify parkresources sensitiveto oil spills. However, the

parks have not been proactive indevelopingspecific protective measures for

marbledmurreletsin the marineenvironment,nor do they havespecificprotocols

for post-spill marbledmurreletmonitoring.

Most ofthe suitable marbled murrelet habitat on NationalParkService-managed

landis in Olympic National Park on lowerelevationareas,and inRedwood

NationalandCaliforniaStateParks. OlympicNationalParkhasapproximately

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

one-quarteroftheseacresmaybe suitablemarbled murrelet habitat.Noneofthe

parkshas developedan active management planfor the marbled murrelet.

Marbledmurreletsare specifically identified inRMPsfor mostofthe national

parks. However, the identified marbled murrelet inventories orresearchare

unfunded,except for Redwood National Park, whosefunding comeslargely from

non-National Park Service sources.
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Potential threats to marbledmurrelethabitat in national parks include road, trail

and building construction projects, wildfire,mining, hazardtreeremoval,new

visitor developments, human refusemanagement,visitor noise,and noise

disturbance from heavy equipmentandhelicopteruse. Road realignment or

wideningprojectsare not uncommon and can remove old-growthtrees. New

visitor facilities may increase corvidpredatorpopulations.BothRedwood

National ParkandOlympic NationalPark have hadactivities suchas routine

maintenanceprojects,hazardtreeremoval, firemanagement,andactivities in the

developmentzones reviewed fortheirpotential effectson marbled murrelets.

Mount Rainier NationalParkconducted some surveysin 1994,intensive surveys

in 1995and surveyedfewer locationsin 1996. They will have some surveying for

marbledmurrelets done in1997 to determinethe effectsofroutine maintenance

activities on this species.

In summary, because the NationalParkService’sobjectives match recovery

objectivesfor the marbledmurreletmore closely thanany othermajorland-

managing agency, national park units are typically viewed as protected refugesof

pristine forestfor marbled murrelets. To the extent that pristine habitatis not

harvested, thisis true. However, to fully protect marbledmurrelets,the parks

need more informationon where marbled murrelets are nestingon theirlandsand

theeffect of noise,visitor activity, fire regime,and smokedisturbanceon nesting

birds and chicks. With this information, they can developguidelinesfor avoiding

or mitigating adverse and cumulative effectsof managementactivities.

NationalOceanicand AtmosphericAdministration(NOAA). The National

Oceanicand AtmosphericAdministrationoverseesthe administrationof 5

National MarineSanctuaries(NationalMarineSanctuary) on thewestcoast,

including Point Reyes-Farallon Islands National Marine Sanctuary, MontereyBay

National Marine Sanctuary,ChannelIslands NationalMarineSanctuary,Cordell
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BanksNational Marine Sanctuary (all in California), and theOlympic Coast

National Marine Sanctuary in Washington. The Point Reyes-Farallon Islands

National Marine Sanctuary extends from BodegaHead(Sonoma County)to

Rocky Point(Main County),including waters3 nautical miles beyond state

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

the Farallon Islands. The MontereyBayNational Marine Sanctuary extendsfrom

Rocky Point (at the southernend ofthe Point ReyesFarallonIsland National

Marine Sanctuary) to Cambria (San Luis ObispoCounty), including watersinside

the500 fathom isobath (ranging from5—15 nauticalmiles from shore)and

extendedto deeper depths to includeall watersofMonterey Bayproper. San

Francisco Bayis excluded as are afewsmall areasoff harbors and nearSan

Francisco. The Channel Islands National Marine Sanctuary extendsfrom shore

out to 3 nauticalmiles around the4 northern Channel Islands and Santa Barbara

Island,andis notknownto beusedregularlyby marbledmurrelets. TheCordell

BanksNational Marine Sanctuary extendsfrom the northern most boundaryofthe

Point Reycs-Farallon Islands National Marine Sanctuary to the1,000fathom

isobath northwestoftheBank, thensouthalong this isobath to the PointReyes

National Marine Sanctuary boundaryandbackto thenortheastalong this

boundary to the beginning point. TheCordell BanksNational Marine Sanctuary

alsois notusedregularlyby marbledmurrelets. TheOlympic Coast National

Marine Sanctuary extends along the northwest Washington coast from Koitlah

Point (justnortheastofCape Flattery)southto the Copalis River (northofthe

mouthofGraysHarbor). The seawardboundaryof theOlympic Coast National

Marine Sanctuary extends northofKoitlab Point to the U.S./Canada international

boundarywestwardto where it meets the100 fathom isobathon thecontinental

shelfwestofCape Alava, then continuessouthalong the100 fathom isobathuntil

westofthe Copalis River where it heads directly to shore. La PushHarboris

excludedfrom theOlympic CoastNational Marine Sanctuary. Overall, the

Olympic Coast National Marine Sanctuaryconsistsofabout2,500 square nautical

miles ofcoastalandoceanwaters,and the submergedlandsthereunder.
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National marine sanctuarieswereestablishedbetween1981 and1995 under the

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

1431 et seq.). The missionoftheMarineSanctuaryProgramis to identify,

designateand manage areasofthe marine environmentof special national

significancedueto theirconservation, recreational,ecological, historical,

research,educational,orestheticqualities. Thegoalsof the program are (1)to

provideenhancedresource protection; (2) tosupport,promoteandcoordinate

research;(3) to enhance publicawarenessandwiseuse;and (4) to facilitate

multiple use.

The MontereyBay NationalMarine Sanctuary (4,024 square nauticalmiles)

contains the entiremarineportionofthe breeding rangeofthe Santa Cruz

Mountains populationof marbledmurrelets. The Point Reyes-Farallon Islands

National Marine Sanctuary (9,448squarenauticalmiles) containssmaller

numbersofwinteringmarbledmurrelets,probably from the Santa Cruz

Mountains population and possiblysome fromthe Mendocinopopulation.

Prohibited activities, whose absence may benefit marbled murreletsand other

seabirdsin the Monterey Bay NationalMarine Sanctuary, include (1) exploring,

developingorproducing oil, gas or minerals; (2)dischargingofpollutants or other

hazardous materials (withexceptions),either within the Sanctuaryoroutside but

may drift into theSanctuary;(3) drilling, dredging, constructing or placing

structureson the seabed,orotherwisealtering the sea bed (with exceptions); (4)

taking any seabird (except aspermitted);(5) flying motorized aircraft below1,000

feet withinfourzones(including zone1 from Point Santa Cruz to Pescadero

Point, zone2 from the Carmel River toCambria,zone3 within 5 miles of Moss

Landing, and zone4 overElkhornSlough);(6) operatingmotorized personal

water craft (except in fourdesignatedzonesandaccessroutes near Pillar Point

Harbor, SantaCruz, MossLanding, and MontereyHarbor);and (7) possessing
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(within the sanctuary) any seabird taken either within or outsideofthe Sanctuary.

In addition,all DepartmentofDefenseactivitiesshallbe carried out in amanner

thatavoidsadverse impactson Sanctuaryresources(excepting pre-existing

activities). Prohibited activities are similar but not identicalin theGulfofthe

Farallones National Marine Sanctuary. To date, the newly-formed Monterey Bay

NationalMarineSanctuary has notspecificallyconsidered management or

research relatedto the marbledmurrelet.

TheOlympic Coast National Marine Sanctuary contains mostofthemarine

portionofthe breeding rangeof the Western Washington Coast Range population

of marbledmurrelets. Prohibitedactivitiesin the EndangeredSpeciesAct that

may benefit marbled murrelets are the same as for the Monterey Bay National

Marine Sanctuary, except that (1) motorized aircraft are prohibited below2,000

feet within on nautical mileofFlatteryRocks,Quillayute Needles,orCopalis

National Wildlife Refuge; and (2) the Departmentof Defenseis prohibitedfrom

conductingbombing activitiesandwill take prompt action to mitigateunintended

harmfrom other allowedactivities in theOlympic Coast NationalMarine

Sanctuary.There are several exceptions for tribal andmilitary activities.

Regulation and Protection Under the EndangeredSpeciesAct

Prohibitions under section9. Section9 ofthe EndangeredSpeciesAct,

prohibits unauthorized“take” ofendangeredorthreatenedspecies.Federal

agenciescanobtain authorization for“take” through the section7 consultation

processif suchtakeis incidentalto andnot the purposeof an otherwiselawful

activity. Non-Federal entities mayalsoobtainauthorization for“take” through

incidental takepermits basedon habitat conservation plans approved under

section10(a) ofthe Endangered SpeciesAct.
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The Endangered Species ActmandatesthatFederalagenciesproposing an action

that “may affect” the marbled murrelet“consult” with theU.S. Fishand Wildlife

Serviceregardingthe effectsoftheaction. Section 7(a)(2)ofthe Endangered

Species Act states that itis the Federalagency’sresponsibility, with the assistance

oftheU.S. Fishand Wildlife Service, toinsurethat the actionis not likely to

jeopardizethe continued existenceofthe species.If an actionis not likely to

jeopardizethe species butis anticipatedto resultin incidental “take” of

individuals,the Federal agency may receive from theU.S. FishandWildlife

Service awrittenstatement that provides an exemption from thetakings

prohibitionofsection9 ofthe Endangered SpeciesAct.

Generaldefinitionof”take”: Section3(19)ofthe EndangeredSpeciesAct

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

trap,capture,orcollect or attempt to engage in any suchconduct”. The terms

“harm” and“harass”havebeen further defined by regulations at50 CFR § 17.3 as

follows:

o Harassmeans an intentionalornegligent actoromission that creates the

likelihoodof injury to wildlife by annoying itto suchan extent as to

significantly disrupt normal behavioral patternsthat include,but are not

limited to, breeding, feeding, orsheltering.

o Harm meansan act that actually kills or injureswildlife. Suchan act may

includesignificant habitat modificationordegradation where it actually kills

or injureswildlife by significantly impairing essential behavioralpatterns,

includingbreeding, feeding orsheltering.

Takeof marbled murrelets, within the meaningofthese definitions, may result

from a varietyof activities.
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Actions in the terrestrial environment. Marbledmurreletsare likely to be taken

in the terrestrial environment as a resultof any activitiesthat

(1) kill or injure birds;

(2) impair essential behaviorsby adversely affectingoccupiedorunsurveyed

suitablebreedinghabitat;or

(3) cause significantdisturbanceofbreedingbirds, leading to reduced

reproductive success.

Habitat removaloradverseimpact. Activities that adversely impact marbled

murrelet habitatincludethe clearing or partialremovalofforest for agriculture,

mining, timber harvest, roadortrail construction,land development, and similar

uses. However, land usesstrategiesthat retainmature/old-growthforest

characteristicsandminimize fragmentationofforeststandsmay avoidtaking

marbledmurreletsin some cases.

The recovery plan has identified the conservationof occupied habitat asan

important componentin therecoveryofthespecies.Modificationofoccupied

habitatwould generallyposea high riskof takeofmarbled murrelets. Likewise,

modificationof suitable but unsurveyed habitatalso may pose a significantrisk of

take, but this risk willvary dependingon habitatquality and location. For

example, riskof takewould be lowerfor an action occurringin marginal (but

suitable)habitatnear the edgeof thespecies’inland rangecomparedto therisk for

the same action occurringin high quality habitat that might be closerto the marine

environment.

Takeofmarbled murreletsis not likely in suitablehabitat thathasbeensurveyed

to protocol withno occupancydetected(incidentaltakemaystill occurdueto the

potential for surveyerror). However, itis important to note that adverse effects to

the species maystill resultfrom modificationof suitable unoccupied habitat.As

the populationrecovers,oras otheroccupiedareas are lostto timber harvest or

100



MarbledMurrelet RecoveryPlan September1997

natural processes (e.g., wildfire), these areas maybe usedby dispersingor

colonizingbirds.

Activities occurring outside the rangeofthe speciesarenot likely totakemarbled

murrelets. Activities occurring within the rangeofthe species but within

unsuitable habitat arealso not likely to take marbledmurrelets,assuming thatthis

unsuitable habitatis not important formaintainingimportantconditionsfor

adjacent occupiedhabitat.

The effectsof habitat removal on the marbledmurrelethave beendescribed

earlier in this plan. Whether or not takeoccurs,andin whatamounts,asa result

ofhabitat modification will depend on the type and locationof theaction.

Impactsdueto timber harvest mayincludea complete lossofhabitat (clearcut), a

degradationof habitat(someselectiveharvest),orharvestof unsuitable habitat

adjacent to and contiguous withsuitablehabitat. Impactsfrom timber harvest can

alsooccurin unsuitablehabitat thatis not contiguous withsuitablehabitat, but is

in the vicinity (within0.8 kilometers(0.5 miles)). Clearcuttingofmarbled

murrelet habitat and other harvest prescriptions that produceeven-aged,

monotypicforest ecosystems produce habitatunsuitablefor the marbledmurrelet.

Silvicultural prescriptionsthat promotemulti-agedandmulti-storied standsmay,

in some cases,retain suitability for marbledmurreletsandperhaps increase the

quality of habitatover time. However, thetime frame withinwhich thismight

occuris unknown andis probablysite-specific. In mostcasestimber harvest and

other seriousmodificationsresultin the eliminationofsuitablehabitatunless

marbled murrelet habitatneedsarefactoredinto the harveststrategy.Marbled

murrelethabitatneedsare discussed elsewherein this recovery plan; retentionof

habitat characteristics such asstandsize,canopyclosure,and horizontal structure

may avoid or minimize impacts on nestingmarbledmurrelets.
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Minimizing likelihoodoftake related to habitat modification:The marbled

murreletis a secretiveandelusive bird that poses a difficultproblemto land

managersandbiologists. Land managersshoulddetermine whichof theirproject

areas canreasonablybe expectedto contain marbled murrelets prior to

implementing variousactionsthat may adversely affect thespecies.

TheU.S. Fish and Wildlife Service and actionagenciesare currently relyingon

the Pacific SeabirdGroup’s(PSG)marbled murrelet surveyprotocol(Ralphet al.

1994)andsubsequentupdates to the protocolin 1995, 1996,and 1997(Ralphet

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

occupiedby nesting marbledmurrelets. This protocolis not error-free, butgiven

the paucityof information on thisspeciesandits cryptic behavior, it represents the

bestavailablemethod for assessing the likelihood that marbled murrelets occupy a

given forest stand at thistime.

TheU.S. Fish and Wildlife Service recommends that land managers surveyall

project areasto protocol (Ralphetal. 1994)prior to implementing actions that

may adversely affect suitable habitat. The survey protocol will continueto be

refinedandmodified asnewinformationis generatedconcerningthespecies.

Surveysare labor-intensive andexpensive,and current researchefforts have

enabled predictions tobe made regarding the probableuseofforeststandsby

marbledmurrelets. Models that predictoccupancybasedon the forest

characteristics have been developed in Oregon (Hamer andMeekins1996)and

Washington (Hamer and Cummins1991). Until moreresearchis completed, the

U.S. Fishand Wildlife Service will continue to rely mainly upon survey efforts to

identify the highest qualityhabitat(i.e., occupiedsites).

Disturbanceeffects: Noisesassociatedwith a varietyofhumanactivities could

disturb nesting marbled murreletsandmaycausetake(seetasks3.1.3,4.4.1.3,

4.4.2.1). Examplesof suchactivities include thoseusing loud machinery(e.g.,
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chainsaws,heavy equipment, pile drivers, etc.)orexplosives during timber

harvest, road or trailconstruction,andbrushclearing withinonequarter-mile(one

mile for explosives)ofoccupied or unsurveyedsuitablehabitat. TheU.S. Fish

andWildlife Service may modify these buffer distancesif

(1) site-specific conditions warrantit,

(2) if future research suggests that marbled murreletsarerelatively tolerantof

humanactivities,or

(3) if experimentationor literaturereviewreveal thatnoisesare attenuated to

ambientlevels in shorter distances.

Marbled murrelets may be relativelysensitiveto disturbancedueto theirsecretive

nature andtheirvulnerability to predation. Althoughthereis little detailed

information concerning themurrelet’svulnerability to disturbance effects, research

on a varietyof other bird speciessuggestthat such effectsarepossibleand,in

some cases,likely. These studies have shown that disturbance canaffect

productivity in anumberof waysincludingnest abandonment; egg and hatchling

mortality dueto exposureand predation;depressedfeeding ratesof adultsand

offspring; reducedbody mass or slower growthof nestlings;and avoidanceof

otherwise suitablehabitat. Activities that generate large amountsofnoise or

create significant visual disruptions probably are mostlikely to affect marbled

murrelets and may lead totakethrough harm and harassment.Dueto the

significant lackof disturbance-related informationon marbled murrelets, itshould

be assumed thatany amountofdisturbancewould result in negativeimpacts,

although itis expected that these negativeimpactsare muchlessthan theimpacts

dueto the lossof occupiedhabitat.

Somemarbledmurreletshave been discovered nesting near roads,andit is likely

thatsomeindividual birds habituate to humanactivities. Thepotential forthis

and other formsofhabituationis unknown at this time andshouldbe the subject
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offuture research. In themeantime,there are several ways thatpotentialadverse

effectsof disturbance can beminimized,thereby reducing the riskoftake.

Within onequarter-mileof suitablehabitat, aseasonalrestrictionofsome

activitiesto avoid the nesting season may eliminateall risk ofdisturbance-related

take. Daily-timing restrictionsofactivities can reduce thepotentialfor takeby

avoidingwhat are believed to berelatively sensitivetime periods for thisspecies.

Researchon marbledmurrelets,for example,has demonstrated that early after

hatch,adult marbledmurreletstendto concentratetheirnest visits during the

crepuscular hours and that nestlings are left unattended for mostofthe diurnal

period (however,adults mayincreasediurnal visits to the nest as the chicks

develop). Thedaily timing restriction willminimize (but not eliminate) the

potential thatadult marbled murrelets willbe disturbed when visiting the nest to

feed offspring. TheU.S. Fishand Wildlife Service and other Federal agencies

havedeveloped guidanceto aid in the designofprojects that minimize potential

disturbanceof breeding marbledmurrelets.

Activities in the marine environment.Marbledmurreletsare likelyto be taken

in the marine environment as a resultofany activitiesthat

(1) kill or injure birds;

(2) impair essential behaviorsby adverselymodifying foraginghabitat;or

(3) cause significant disturbanceof foragingorroostingbirds.

Activities knownto take largenumbersofmarbledmurreletsin the marine

environmentinclude net fisheriesand oilspills (seetasks3.1.2.1and 3.1.2.2).

Both cause direct mortalityandinjury, and the latter may adversely affect habitat

quality for long periodsoftime. Marbled murrelets have also been caught on

fishing luresin British Columbia (Carteretal. 1995a;Campbell1967;J.D.
Kelson, pers. comm.).Small numbers have been reportedcaughton lines near
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SantaCruz, California. This formofmortality and injury requires furtherstudyto

assess how important it maybe. Marbledmurreletsmayalsobetakenduring

encounters with boats passing through important foraging areas(seetask4.4.2.1);

such boats may harmandharass feeding marbledmurreletsandcause them to

expendenergyavoiding otherwisesuitable foragingsites.

Relative impactsofdifferent types oftake. As the previousdiscussionimplies,

all formsoftake are not equalin termsof theireffectson the species.Sometake

can be directmortality, while other take may represent a failed breeding attempt

that leaves adult birdsrelatively unharmed.

Direct mortality or injury due to net fisheries or oil spillsis in somecases the

easiest take toquantify—a proportionofdeadbirds aresometimes recoveredor

observed.Take due todisturbanceor habitatmodification, on the otherhand,is

exceedingly difficult to measure because the manifestationoftheadverseimpact

(e.g.,egg or chickmortality, reduced productivity)is often removed in timeand

space fromwhere the impact tookplace. This difficulty is exacerbatedwith the

marbled murreletdueto thesecretivenatureofthe speciesandthe limited

information regardingits life history.

Lossofmarbled murrelet nesting habitatis amajor causeof thespecies’decline.

Activities causinghabitat loss are consideredby theU.S. Fishand Wildlife

Service toposeoneofthe highest risksof take basedon our current understanding

ofthespecies’populationtrends. Habitat loss has negative effects that may last

decades tocenturies,depending on the extentofthe habitat modification andits

locationon the landscape.Recruitmentofjuvenilemarbledmurreletsinto the

adultbreeding populationis believedto be occurring at extremelylow rates.

Therefore,maintenanceofknownandpotential nestinghabitatis a primary goal

of this recovery plan(seetasks3.1.1, 3.2.1,and3.2.2). Takeofadult birds ingill

netsor from oil spills is alsolikely to be a serious impactto certain breeding
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populations. Takefrom disturbance,on the otherhand, is relatively lessserious

becausebreedinghabitatis notmodified and adultbirds are usually not seriously

harmed;thesebirds canreasonablybe expected to breed again insubsequent

years.

Migratory Bird Treaty Act

Marbled murrelets are alsoprotected from“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. Fish and Wildlife Service finalized designationof

2.8 million hectares (6.88million acres)ascritical habitat for the northern spotted

owl in Washington,Oregon, and California(U.S. Fishand Wildlife Service

1 992b). Thesecritical habitat areas included mostofthe Habitat Conservation

Areas (HCAs) definedin the ISC Report (Thomasetal. 1990; seealsodiscussion

above)andaddedareas around and betweenthem. Acres in spottedowl critical

habitat,in addition toHCAs andother protected land allocations, equaled

approximately78 percentofthesuitablemarbled murrelet habitatmanagedby the

U.S. Forest Serviceon the Mount Baker-Snoqualmie,Olympic, Siuslaw,and

SiskiyouNational Forests(G. Gunderson, pers. comm.). Although thesecritical

habitat areas may have providedsomeadditionalprotection for the marbled

murrelet,critical habitat designation for theowl did not necessarily preclude

harvestofolder forests orotherprojectactivitiesfrom occurring withincritical

habitatboundaries.Federal agencies are required to consult with theU.S. Fish

and Wildlife Serviceon any actions theyauthorize,fund,orcarry out that may

affect spottedowl critical habitat. Habitat requirements and impactsspecific to

106



MarbledMurrelet RecoveryPlan September1997

marbled murrelets are not addressed during consultation on spottedowl critical

habitat.

Marbled Murrelet Conservation Assessment Report

In November1992,the Pacific SouthwestResearchStationandRegion6 of the

U.S. Forest Service were given the assignmentto conductan assessmentof the

marbled murreletthroughoutits rangein NorthAmerica. The goal was to

consolidate the available informationconcerningmarbled murrelet ecology and

current habitatconditions,and to evaluate the likelihoodof long-term persistence

ofmarbledmurreletpopulationsthroughouttheircurrent range. Allaspectsofthe

murrelet’secology are being addressed andinvolve coordinationofresearch

informationanddevelopmentof several chapters with the RecoveryTeam. Drafts

were developed and reviewed,anda finalpublication, Ecology and Conservation

oftheMarbledMurrelet, was released in May1995(Ralphetal. 1995a).

Marbled Murrelet Critical Habitat

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

specific areaswithin the geographical area occupiedby thespecies,at the time it

is listed. . . on which are found thosephysicalor biological features(I) essential

to the conservationofthespeciesand (II) which may requirespecialmanagement

considerations or protection; and (ii)specificareas outside the geographicalarea

occupiedby the species at the time itis listed.. . upon determination that such

areas are essentialfor theconservationofthe species.”16 U.S.C. 1 532(5)(A). At

the time the marbled murrelet waslisted as a threatenedspecies,critical habitat

was not designateddueto it not being determinable at thattime.
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Critical habitat was designated for the marbled murreleton May 24, 1996(U.S.

FishandWildlife Service1996). Landsdesignatedwere those areas identified as

essential to the conservationof thespecies,with the majorfoundationofthe

designation being the ForestPlan. TheU.S. Fishand Wildlife Servicedetermined

that the physical andbiological habitat features (referredto as theprimary

constituent elements)associatedwith the terrestrial environment that support

nesting,roosting,and other normal behaviors areessentialto the conservationof

the marbled murreletand requirespecialmanagementconsiderations.

TheU.S. Fish and Wildlife Service identified32 critical habitatunits (CHUs) in

Washington, Oregon,andCalifornia, encompassing approximately1,573,340

hectares (3,887,800 acres)ofFederal and non-Federal lands(seeAppendixA;

Figures1-3). The majority (78percent)ofthe areaswerelocated on Federallands

and werealmostentirely locatedin Late-SuccessionalReserves,as established in

the Forest Plan (AppendixA; Table1). These areas accountedfor 86 percentof

the known occupiedsiteson Federallands.

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

FishandWildlife Service focusedon two primary constituent elements: (1)

individual trees withpotentialnesting platforms,and(2) forested areas within0.8

kilometer(0.5 mile)of individual trees withpotentialnestingplatforms,anda

canopyheightofat leastone-halfthesite-potentialtreeheight. This includesall

such forests, regardlessofcontiguity. Theseprimary constituent elementswere

consideredessentialto provideand support suitablenesting habitat forsuccessful

reproductionofthe marbledmurrelet.

Potential nest trees include large trees, generally morethan81 centimeters (32

inches)diameterat breast height with the presenceofpotentialplatformsor

deformitiessuchas large or forked limbs,brokentops,dwarfmistletoeinfections,
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witches’brooms,orother formations providingplatformsof sufficient size to

supportadultmarbledmurrelets. Platformsshouldhave cover for protection from

weather and predators, which may be provided by overhanging branches, limbs

above the nest area, branchesfrom neighboring trees,orsurrounding forestareas.

On alandscapebasis,forests with a canopyheightof a least one-halfthe site-

potentialtreeheight in proximity topotentialnest trees arelikely to contribute to

theconservationof the marbledmurrelet. These forests may reduce the

differencesin microclimatesassociatedwith forested and unforestedareas,reduce

potentialfor windthrowduring storms,and provide alandscapethathasahigher

probabilityofoccupancyby marbledmurrelets. Nesttrees may be scattered or

clumped throughout the area. Potential areas may contain fewer thanone

potentialnesting tree per acre.

Within the boundariesof designatedcritical habitat, only those areas that contain

oneorboth primary constituent elementsare, by definition, critical habitat. Areas

withoutany primaryconstituentelementsareexcludedby definition.

Not all suitablenesting habitat was included in thedesignation.Emphasis was

placed on those areas considered most essentialto thespecies’conservation in

termsof habitat,distribution,and ownership.Thatdoes not mean that lands

outsideof designatedCritical HabitatUnits are not importantto the marbled

murrelet. Some areasoutside this designation may prove to contain elements

importantto the recoveryofthespecies.However, theU.S. FishandWildlife

Service could notdesignateareas that were not includedin aproposedrule. The

U.S. FishandWildlife Service will consider these areas forpotentialinclusion in

any futurerevisionsofmarbled murreletcritical habitat. Any lands withincritical

habitat thatarecoveredby alegally-operativeincidentaltake permit for marbled

murrelets,basedon an approved Habitat Conservation Plan thataddresses
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conservationofthe marbledmurrelet,areexcludedfrom critical habitat while the

permit is active. In 1996,the Oregon Departmentof Forestry wasoperatingunder

an incidentaltake permit for marbledmurreletson theElliott StateForest,

thereforethis area wasexcludedfrom critical habitat.

No critical habitat was designated in themarineenvironment. Existing laws such

as theOil Pollution Act of 1990;the Clean Water Act; theCoastalZone

Management Act; the Marine protection, Research andSanctuariesAct; and the

OuterContinentalShelfAct all provide varying degreesofbenefitsto marbled

murrelets, directly or indirectly, in the marine environment(U.S. Fish and

Wildlife Service1996). Evenif an areais essentialto the conservationofthe

species,if it does not requirespecialmanagement considerationsorprotections

thenit would not be designated ascritical habitat.

While increasingrecruitment and reducingmortality in themurrelet’sterrestrial

nesting habitatis amajorgoalofthis recovery plan, the speciesis inextricablytied

to its marinehabitatthroughouttheyear. Aside from afewindividuals that may

occasionally feedin freshwater lakes, virtuallyall of themurrelet’sdiet consistsof

marineanimals. Someadult mortality probablyalsooccursin the marine

environmentfrom naturaland humanactivity sources.Given theessentialrole

marine habitat playsin the marbledmurrelet’s life cycle, recoveryefforts will not

be successfulunlessfeeding, loafing, resting,andwinteringmarine habitats for

the speciesandhabitatsforprey resourcesaresecure.

Protection provided by thecritical habitat designation. Critical habitat serves
to focus conservationactivities by identifying areas that containessentialhabitat

featuresandthat may requirespecialmanagementconsideration.Critical habitat

is addressedunder section7 of theEndangeredSpeciesAct with regard to actions

by Federal agencies; however theEndangeredSpeciesAct does not provideany
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additionalprotectionto lands designated ascritical habitat. The proposal to list

critical habitatfor the marbled murrelet(U.S. FishandWildlife Service 1 994a)

clarifies the roleofthecritical habitatdesignation:

Designatingcritical habitatdoesnot create a management plan for the

areas, establishnumericalpopulation goals orprescribespecific

management actions (insideoroutsideof critical habitat),orhave a direct

effect on areas not designated ascritical habitat. Specificmanagement

recommendationsfor critical habitat are addressedin recoveryplans,

management plans, and in section7 consultation.
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II. RECOVERY

A. Objectives and Criteria

Recovery Objectives

The objectivesofthis recovery plan are (1)to stabilize and then increase

populationsize,changing the current downward trendto an upward (improving)

trend throughout thelisted range, (2) to provideconditionsin thefuture that allow

for a reasonable likelihoodofcontinuedexistenceofviablepopulations,and (3)to

gather the necessary information to develop specificdelistingcriteria. To achieve

theseobjectives,the followingstepsarenecessary:(1) increasethe productivityof

the population, as reflected bytotal populationsize,thejuvenile:adultratio, and

other measuresof nestingsuccess;(2)minimize oreliminate threats to

survivorship;(3) identify and conduct the researchandmonitoringnecessaryto

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

coordinate monitoring and researchefforts. The keymethodto stoppopulation

declineandencouragefuture increasein population growthis to stabilizeand

increasehabitatquality andquantityon landandat sea.

Delisting Criteria

Delisting can be consideredafterresearch and monitoringprovidenecessary

informationon present populationsandlife history requirements for the

developmentofrecoverycriteria. These criteriashouldbe reasonable, attainable,

and adequateto maintainthe species over the periodofreduced habitat

availability during the next50 yearsand toinsureviablepopulationsover the

long-term(greaterthan200 years). Interim delisting criteria are providedbelow:
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(1) Trends inestimatedpopulationsize,densitiesandproductivity have been

stable orincreasingin fourofthesix zones over a10-yearperiod. This period

oftime will encompass at least one totwo El Nub events,basedon recent

frequencyofoccurrences.

(2) Management commitments(marineandterrestrial)andmonitoring have been

implemented that provide foradequateprotectionofmarbled murreletsin the

six Conservation Zones for at least the near future (50years). These

commitments include delineatingandprotectingareasofterrestrial and marine

habitatessential for recovery within each Conservation Zone (task 2)and

developing and implementinglandscapemanagementstrategiesfor eachofthe

six Conservation Zones (task2.3). Monitoring commitmentsinclude accurate

andrepeatableinventoryandmonitoringofmarbled murrelet populationsand

trends at-sea and monitoring theamountandconditionofterrestrial habitat

(task 4.1).

Providing morespecificdelisting criteria will be possible after

(1) Marbledmurreletpopulationsize,populationtrends,anddemographicgoals

have been better determined for eachofthesix Conservation Zones(Figure

8 and task1). The parameters mustbe adequate toensuresustainable

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

(2) Thequantity,quality, and distributionof nesting habitatwithin eachzone

that is necessaryto sustainappropriate demographicand population size

goalsof marbled murrelets have been better determined, and that these

requirements areprojectedto be metin the near future (50years).To

determine the amountof habitat requiredto stabilize thepopulation,

informationon theamountand qualityof forest habitat required tosupporta
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Zone 3

Zone 4

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

Zone 1

Zone 2

Zone 5
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specificnumberofmarbledmurreletsin each Conservation Zoneis needed

along with the current trendofpopulationsize,density andproductivity;

(3) Thequantity,quality, and distributionofmarine habitats and prey

populations that are necessaryto sustain demographic andpopulationsize

goalsofmarbled murrelets in each Conservation Zone have been better

determined, and that these requirements are projected tobe met in the near

future (next50 years) at aminimum.

(4) Detailed studiesofthe survivorshipandproductivityofmarbledmurrelets

are completed.

B. RecoveryStrategyfor theMarbled Murrelet

Maintaining awell-dispersedpopulationis necessary for the long-term survival

andrecoveryofthe marbledmurrelet. This recovery plan divides the rangeofthe

murrelet intosix Conservation Zones toenablemeeting this objective.
Delineationofthesezoneswas basedon current population and habitat

distributions,threats, and geopoliticalboundaries.The Conservation Zones

(PugetSound;Western Washington Coast Range;OregonCoast Range;Siskiyou

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

of largetractsofolder forests in proximityto the coast and are described belowin

tasks1.1—1.6. These Zone delineations willassistin the designofmanagement

actions andevaluationof impactsat severalscales.Theyalso are the functional
equivalentofrecovery units as definedby current Servicepolicy.

The respectivestatusofthe populations in eachofthese Conservation Zonesis

highly varied, asis theirpotentialto contribute to themurrelet’srecovery. For
example,the neartotal historical habitat loss in Zone5 (Mendocino) may

eventually leadto theextirpationofthis populationno matterwhat conservation
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efforts are made. Although conservation measures in this zone could benefit the

speciesandare strongly recommended(seetask1.5), this zone can not be relied

on to contribute to the recoveryofthespecies.Zone6 alsoappears vulnerable to
extirpationdue tosmall population size, habitatconditions,a lackof Federal land

ownership in the area, and isolationfrom other murreletpopulations.Although

Zone6 is expected to contribute to recovery and isessentialto thespeciesin the
short term(50—100years),a viable population in this Zone may not beachievable

in the long termdueto stochasticandcatastrophicevents.

Populations in the other Zones are in relatively bettershapeand have thepotential

to recover the speciesif the recommendations in this recovery plan are
implemented.To allow for theeventual long-termsurvivalandrecoveryofthe

listed species,eachof these remaining Zones must bemanagedto produce and

maintain viable marbled murreletpopulationsthat are well distributed throughout

the respectiveZones. In some areas,Federal lands provide the bulkofthis

contribution. In otherareas,Federal lands arelacking and non-Federallandsplay

a necessary role in long-termsurvivalandrecovery (FEMAT1993:IV-165;U.S.

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

Fish and Wildlife Service1994c:46;seealsotask 2.3).

It is necessary to produce andmaintainwell-distributedpopulationsin these

Zones becauseofthemurrelet’s vulnerabilityto environmentalfluctuations and

catastrophesandbecauseofthespecies’slow reproductive rate, whichinhibits its

ability to rebound from adverseimpacts. Randomenvironmentaleventsand

catastrophescan adversely affect theviability of threatenedpopulations (Shaffer

1996;Meffe and Carroll1996:191),includingpopulations withrelatively

widespreaddistributionssuch as the marbled murrelet(Raup1991: 122, 182).
Such fluctuations andcatastrophesare discussed earlierin this document and

include floods,fire, oceanicconditions,disease, oilspills, and other naturalor

human causedimpacts.
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There are many recent examplesofsuch events, someofwhich arelocalized

while others are widespread. During the winterof 1955-56,for example,

catastrophic flooding destroyed important murrelet nesting habitatin old-growth
redwoodgroves in the EelRiverdrainageof northernCalifornia,greatlyreducing

the groves in size (Johnston1994). Bull Creek,a tributaryofthe Eel River
located in Humboldt RedwoodsStatePark, lost524 large redwood trees to these

floods (Stoneand Vasey1968). Suchimpacts were likely significant to the

murrelet because recent surveysof breedingmurreletsin Humboldt Redwoods

StatePark found that 96%ofthe nesting behaviors(i.e., “occupied” survey

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

potential nesting habitat)were concentratedin alluvial flats of the Bull Creekarea

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

provideideal growing conditionsfor murrelet nest trees. But this same location

on the valley flooralsomakes the trees vulnerableto flood events, and it was

estimated that15 majorfloods ofthis scale have occurred in thisdrainageduring
the last1000years(Stoneand Vasey1968).

Periodic fire and catastrophicwindstormsalso remove large amountsofmurrelet

nesting habitat. The Columbus Day windstorm in1962blew down an estimated

11.2 billion board feetoftimber in the Oregonand Washington CoastRanges

(Lucia 1967),muchofwhich waslikely murrelet nestinghabitat. Since the

1 840s,the Oregon Coast Range has experienced aseriesof largescale,human and
natural caused fires that destroyedextensiveamountsofolder forest throughout

Conservation Zone3 (Ripple 1994). It is likely that thesefires, in conjunction

with harvestofold growth timberin thesamearea during the same period, led to

a dramatic declinein the Zone3 murreletpopulation.Otherexamplesofthese

typesofnatural and human causedcatastrophescanbe found throughout thethree

state rangeofthe listedspecies.
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Even though the marbledmurreletwas originally widespread over the listed three

state range, itis important to recognize that the resilience to extinctionof
widespread species can be negatedif these species are subjected to anewstress

over a largearea(Raup 1991: 122, 182). For the marbled murrelet, this stress was

the removalofanestimated85 to 95 percentof its older forest nestinghabitatdue
to timber harvest and human causedfire. As a consequenceof suchwidespread

habitat loss and the subsequent reduction in the rangeandvigor ofthe species, the

murreletis now more vulnerableto environmental fluctuations and catastrophes
that the species otherwisewould probably have been able to tolerate. These

chance events,suchas thefloods, fire, oil spills, and windstorms described above

and earlier in this plan, could now cause or facilitate theextirpationoftheentire

listed speciesoroneormoreofthe Zonepopulations.This risk is further

exacerbated for themurreletbecausepopulations that have negativelong-term

growthrates, as does thelistedpopulationofthe murrelet(seeAppendixB, Ralph

1994,Ralphetal. 1995),havelittle or no capacity toovercomecatastrophic

population losses (Lande1993).

The zoneapproachin this recovery plan addresses thisrisk to the long-term

survival andrecoveryofthemurreletby employingtwo widely recognizedand

scientificallyacceptedgoalsforpromoting viable populationsoflisted species:(1)

creationormaintenanceofmultiple populations so that a single orseriesof

catastrophic eventscannotdestroy thewhole listed species; and (2)increasingthe

sizeofeachpopulationin the respective ConservationZonesto a level where the
threatsofgenetic, demographic, and normalenvironmentaluncertainties are

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

and Carroll1996:192).

In general,the larger thenumberofpopulationsandthe larger the sizeofeach

population, the lower the probabilityofextinction (Raup1991:182,Meffe and
Carroll 1996:190). This basic conservation principleofredundancy applies to the

marbledmurrelet. By maintaining viable populations in the Conservation Zones,
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the threats represented by a fluctuating environment are alleviated and the species

hasa greater likelihoodofachieving long-term survivalandrecovery.
Conversely, lossofone or moreofthe murrelet Zone populations will resultin an

appreciableincreasein the risk that theentire listedspecies may not surviveand

recover.

Therefore,whenevaluatingthe potential impactsofland management actions that
may affect the marbled murrelet, the Service willconsiderwhethera significant

lossofindividual murreletsor habitat in one Conservation Zone-- without long

termmitigation alleviating theimpactsofthat loss-- would adversely affect the
viability ofthe populationin that Zone as well as the long-term viabilityof

populationsin otherZones. Excessive impacts tooneormoreof the Zones could

jeopardizethe long-termsurvivaland recoveryofthe murrelet byincreasingthe
risk that catastrophic events mightdevastatethe wholelisted species (i.e., the

remaining Zonalpopulations).

Protect Habitat

The central reason forlisting the Washington,Oregon, and Californiapopulation

ofthe marbledmurreletas threatened was the lossofnestinghabitat(old-growth

and matureforests). To fulfill the initial objectiveofstabilizingpopulationsize,

this recoveryplanfocuseson protecting adequate nestinghabitatby maintaining

andprotecting occupiedhabitatand minimizing the lossofunoccupied but
suitablehabitat through several means, including designationofcritical habitat,

implementationoftheForestPlan and the developmentofHCPs that contribute to

the conservationofthemurrelet. TheForestPlan provides a substantial

contributiontowardsprotecting nesting habitat on Federallands,especiallyhabitat

thatis currentlyoccupiedby marbledmurrelets,and represents the backboneof

this RecoveryPlanstrategy. On May24, 1996,the Service also designated
critical habitatfor murrelets.
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In addition, recoveryofthe marbled murrelet willrequiresomenon-Federallands,
with several important areas occurringon privateand statelands. Currently,there

are several largeHCPsthat have beencompletedor are under development that
address marbledmurrelets,especiallyon key statelands. Adequately designed

and implementedHCPswill be very important in the conservationof marbled

murreletson stateandprivatelandsandare likely to be the most effectiveand

acceptable meansofprotecting most occupiedsiteson non-federallands in the

near futureandpotentially providingreplacementhabitatin the long term. Lands

coveredby approvedHCPswould notrequireadditionalprotection (e.g.,
designation ascritical habitat). Land acquisition and land exchangesbetween

agencies and private land owners maybe another effective way to protect

occupiedsitesand/or block up both ownerships andsuitable habitat.These land

exchanges wouldbe especially importantin areas withlittle Federal ownership

such as southwestern Washington, northwestern Oregon, northernCalifornia, and

centralCalifornia in areas near thecoast.

Furthermore, protectionofmarine habitatsis alsoacritical componentofa

successfulrecovery strategy. Marbledmurreletsspend mostof theirlives in the

marineenvironment. While somefeedingactivitiesmay take place on freshwater

lakesandrivers andsomeadultmortality resultsfrom accidents or predation in

the terrestrial environment, mostofthe marbled murrelet’sbiological andphysical

interactions occur atsea,usually within2 kilometers (1.2miles) of the shoreline.

In addition, adultmortality from both natural and anthropogeniccauses occursin

themarineenvironment.Given the essential role themarineenvironment plays in

thedaily and seasonal lifeofthe marbledmurrelet,protecting thequality ofthe

marine environment(task2.2)andreducingadult andjuvenilemortality in the

marineenvironment(task 3.1.2)areintegralpartsofthis marbled murrelet

recoveryeffort.
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Decreaseor Eliminate Threats

Forming thefoundationofthe interim recovery strategyarespecific management

recommendations for the protected habitatareas.These recommendations include

short-term actionsfor stabilizingthe population,andlonger-term actions for

increasing population growthanddistribution.

The short-term actions are critical becauseofthe lengthoftime necessary to

develop mostnewnesting habitat(100-200years). Theyshouldbe factored into

decisionson which areasshouldbe secured andhowhabitat(both terrestrial and

marine)shouldbe maintained or improved. Short-term actionsinclude: (1)

maintainingoccupiedhabitat; (2) maintaininglarge blocksofsuitablehabitat; (3)

maintainingand enhancingbufferhabitat;and (4)decreasingrisksoflossof

nesting habitatdueto fire and windthrow. Becauselow productivityorbreeding

success appears to be asubstantialproblem, minimizingdisturbanceand reducing

predation at nest sitesis alsoan important firststep in the recovery process.

Potential negativeimpactson murrelet populationsarenot restricted to the

terrestrial environment. Habitat qualityin themaxineenvironment mustalsobe

considered,including the reductionofpollution andthc ikelihoodof oil spills.

Mortality of adultsandjuvenilesfrom net fisheries mustalsobe reducedor

eliminated.

Long-term actions includeincreasingtheamount,quality and distributionof

suitable nestinghabitat. Increasing the stand sizeofsuitable habitatto provide

more interior forest conditions andincreasingthe numberofstandsof suitable

nesting habitat are considered key tolong-termrecovery. Withinsecuredhabitat

areas,this means protectingcurrentlyunsuitable habitat to allow it to become

suitable,reducingfragmentation,providing replacement habitat for current

suitablenesting habitat lost todisturbanceevents and habitat lost to both timber

harvest and disturbance eventsin thepast. In the long term, the distributionof
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nesting habitatshouldbe improved.Silvicultural techniquesalsomight increase

the speedofhabitatdevelopmentand thestructuralqualitiesofthe habitat. These

same principles apply to non-federallandsthrough thedevelopmentofHCPsthat

adequately address conservationof the murrelet, through incorporationofthe

principles and tasks provided in this recovery plan.

Given the essetial role the marine environment plays in thedaily andseasonallife

ofthe marbled murrelet,protectingand improving the qualityofthe marine

environmentand reducing adult andjuvenilemortality in the marine environment

are integral partsofthis marbled murrelet recoveryeffort.

Conduct Researchand Monitoring

A betterunderstandingofthe speciesis essential in order to adequately refine this

recovery strategy for the marbled murrelet. A key to the entire recovery effortis

conducting necessary research to provide managers with adequate information to

betterdeterminespecific delistingcriteriaandto make necessary adjustments to

the recovery strategy.

Currentpopulationsize andtrendinformationneedsto be refinedthrough

additional at-sea surveys, refined surveysamplingdesign,anddataanalysis

techniques. Informationon marbled murreletsurvivorshipestimates and

juvenile:adultratios at-sea also needs to be collected over anumberofyears (e.g.,

5—10 years) to further validate the current populationmodel. Severalyearsare

requiredto account for possible naturalvariability andthe periodic occurrenceof

El Niflo (andotherwarm water)conditionsthat may leadto variation in breeding

success.
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Someother possible factors that may contributeto or limit population growth

needto be explored in moredepth,including preyresourcesand fluctuations in

theiravailability, the effectsofnet fisheriesandoil pollution, nesting habitat

requirements and effectsofavian predation on nestsuccess.The role that

researchand monitoring play in this recovery effort can notbe overemphasized.

Update and Revise Recovery Plan and Objectives

As with many species,thereareconsiderablegaps inourunderstandingof

marbledmurreletlife history requirements. Therefore,it is anticipated that the

life ofthis initial recovery plan will berelatively short due to the expected gainin

knowledgeofthe species over the next5—10 years. Basedon additional research,

monitoring, and implementationoftheForestPlan, it is hoped that this recovery

plan can be revised in5—10years. New information generated byadditional

research will be incorporated in the next version to allow for better definitionof

recoverytasks,anddevelopmentof morespecificdelistingcriteria.

C. Recovery Actions

The following narrativeoutline identifies actions necessary to address the
recoveryobjectives. These actionsinclude:

o Establishingsix Marbled Murrelet Conservation Zones(Zones)and develop
landscape-level managementstrategiesfor each Zone.

o Identifying and protecting habitat areaswithin eachZone,including the
marine environment, through implementationoftheForestPlan, designation
ascritical habitat, better useofexisting laws, or other methods(e.g.,HCPs),
anddevelopingmanagement plans for theseareas.

o Monitoring populations and habitat, andsurveyingpotential breeding habitat
to identifypotentialnesting areas(e.g.,occupiedsites).
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o Implementing short-term actions to stabilize andincreasethepopulationthat
include maintaining potentialsuitablehabitatin large contiguous blocksand
buffer areas; maintaining habitat distributionand quality; decreasing riskof
fire andwindthrow; decreasingadultandjuvenilemortality; reducing nest
predation;increasingrecruitment; andinitiating research to determine impacts
ofdisturbancein both marineandterrestrialenvironments.

o Implementinglong-termactions tostoppopulation declineandincrease
population growthby increasingtheamount,quality and distributionof
suitablenesting habitat,decreasingfragmentation,protecting“recruitment”
habitat, providing replacement habitat throughsilvicultural techniques,and
improvingmarinehabitatquality.

o Initiating research to develop and refine surveyand monitoring protocols,
refine population estimates, examinelimiting factors, evaluate disturbance
effects,andobtainadditionallife history data.

o Establishing aRegionalCoordinationbody for the marbledmurreletresearch
efforts, including datastorageand retrievalin databases and archives(see also
AppendixC).
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D. Narrative Outline for Recovery Actions.

1. Implement managementplans for eachMarbled Murrelet Conservation
Zone.

1.1. Puget SoundZone (Zone 1).

The Puget Sound Zone extendssouth fromthe U.S.-Canadian border along the
east shoreof Puget Sound to the southern endofPugetSound, thence
northward along thewestshoreof Puget Sound to Port Townsend, there
turning westwardalongthe north shoreoftheOlympic Peninsula to Koitlah
Point,just northeastofCapeFlattery. The Zone includesall the watersof
Puget Soundandmost watersoftheStrait of Juande FucasouthoftheU. S.-
Canadaborder. The Zone extendsinlanda distanceof 80 kilometers (50
miles) from eastern Puget Soundandincludes the northern andeastern
sectionsoftheOlympic Peninsula.Most ofthe marbledmurreletpopulation
occurringin theStateofWashingtonis foundin this Zone.

Currently, thisis the main Zonein the three-state area where net fisheries may
resultin considerablemortality to marbledmurrelets. In addition,thereis a
high threatofoil and other marinepollution.

Becauseof lossoflate-successional forest habitatandits replacement with
urban development in the PugetTrough,remaining suitable nesting habitat for
marbledmurreletson the eastern shoreofPuget Soundis aconsiderable
distance from the marine environment(morethan32 kilometers [more than20
miles]), lending specialimportanceto remaining nesting habitat thatis closest
to PugetSound. Thatis also the case for the remaining habitatin thesouth
Puget Sound area.Althoughthere are only asmall numberofmarbled
murrelets known to nest in this area, recoveryefforts shouldbe directed
towardincreasingthe size and distributionofmarbled murrelet populations
hereandnot furthercontractingthetheirdistribution.

Thereis also considerable suitable marbled murrelet nesting habitaton the
easternOlympic Peninsula thatis notcurrently locatedin Late-Successional
Reserves.Thishabitatmay be important for the maintenanceofmarbled
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murreletpopulationsof southern PugetSound. The Washington Department
ofNaturalResources recently completed a Habitat Conservation Planfor all of
its Stateforest lands in westernWashingtonandmarbled murrelet
managementwas apartof that Habitat ConservationPlan.

1.2 WesternWashingtonCoastRangeZone(Zone2).

TheWestern WashingtonCoast Range Zone extendsfrom Koitlah Pointwest
to CapeFlattery,andsouthto the Columbia River. This Zoneincludeswaters
within 2 kilometers (1.2miles) ofthePacific Ocean shoreline as well as
waterssouthofthe U.S.-Canada borderoff Cape Flattery, and extendsinland
to the midpointoftheOlympic Peninsula and insouthwestWashingtonasfar
as80 kilometers (50 miles) from thePacific Oceanshoreline. Somenet
fisheries occur in the Zone near Cape Flattery and large oilspills are a
considerablethreat.

Forestlandsin thenorthwesternportionoccuron public andprivatelands
while most forest landsin the southwesternportionare privately owned and
have beenharvestedin the last century. There are relatively fewknown
marbledmurreletoccupiedsites.

To maintain awell-distributedmarbled murrelet population, recovery efforts
shouldbe directed toward increasing the sizeanddistributionofmarbled
murreletpopulations and not furthering the gapin distributionbetweenthe
Peninsulaandthesmall populations in southwestern Washington. Non-
Federal lands in this Zone currently provide alimited amountofmarbled
murreletnestinghabitatand have the potentialto be managed to increase the
amountofsuitable nestinghabitatin thefuture. TheWashington Department
ofNaturalResources recentlycompleteda Habitat Conservation Planfor all of
its Stateforestlandsin westernWashingtonandmarbledmurrelet
management was a partofthat Habitat ConservationPlan.

1.3 Oregon Coast RangeZone (Zone3).

The Oregon Coast Range Zone extendsfrom the Columbia River,southto
NorthBend, CoosCounty,Oregon. This Zone includes waters within2
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kilometers (1.2 miles)ofthe Pacific Ocean shoreline and extendsinianda
distanceofup to 56 kilometers(35miles) from the Pacific Ocean shoreline
and coincides with the “Zone1” boundaryline describedby the Forest
EcosystemManagementAssessmentTeam,with minor adjustments(U.S.
DepartmentofAgricultureetal. 1993). Theboundary encompassesall of the
marbledmurreletcritical habitatunits designated (the boundary extends
slightly beyond56 kilometers(35 miles) in certain areas;seeAppendix A,
Figure 2).

This Zone includes the majorityofknownmarbled murrelet occupiedsitesin
Oregon. Marbled murrelet occupiedsitesalong the westernportionofthe
Tillamook StateForestare especially important to maintaining well-
distributed marbledmurreletpopulations.Efforts shouldfocuson maintaining
these occupiedsites,minimizing the lossof unoccupied but suitable habitat,
and decreasing the time for developmentofnewhabitat. Relatively few
known occupiedsitesoccur northofthe TillamookStateForest. Recovery
efforts shouldbedirectedat restoringsomeofthenorth-southdistributionof
marbled murrelet populations and habitat in this Zone. Maintenanceof
suitable and occupied marbled murrelet nesting habitat in the ElliottState
Forest,Tillamook StateForest, SiuslawNationalForest,and BureauofLand
Management-administered forestsis an essential componentfor the
stabilization andrecoveryof the marbled murrelet.

1.4 Siskiyou CoastRangeZone (Zone 4).

The Siskiyou Coast Range Zone extends fromNorthBend, Coos County,
Oregon,southto the southern endofHumboldt County,California. It
includes waters within2 kilometers (1.2miles) of the Pacific Ocean shoreline
(including Humboldt andArcatabays) and,in general,extendsinland a
distanceof56 kilometers(35 miles) from the Pacific Ocean shoreline and
coincideswith the “Zone1” boundaryline described by the ForestEcosystem
Management AssessmentTeamwith minor adjustments(U.S. Departmentof
Agricultureetal. 1993). The boundary encompassesall ofthe marbled
murreletcritical habitatunits designated (the boundary extends slightly
beyond56 kilometers(35 miles) in certain areas- see Appendix A, Figure 3).
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This Zone includes the marbled murrelet populationoccupyingsites in
RedwoodNational Parkandseveralstate parks (Jedediah Smith,Del Norte,
Prairie Creek, GrizzlyCreek,and Humboldt)in California. In addition, this
Zone includes nesting habitat on privatelandsin southernHumboldtCounty.
Additional marbled murrelet nesting habitat occurs at lower elevations in
western portionsofthe Smith River National RecreationArea. Statepolicies
regarding protectionofmarbled murreletoccupiedsiteson private lands differ
in the Oregon and California portionsofthis Zone.

Recovery actionsshouldbe focused on preventing the lossofoccupied nesting
habitat, minimizing the lossof unoccupied butsuitablehabitat,anddecreasing
thetime for developmentofnewsuitable habitat.Muchmarbled murrelet
nesting habitatis foundin stateandnational parks that receive considerable
recreational use. The needto maintainhigh quality marbled murrelet
terrestrialhabitatshouldbe consideredin planning anymodificationsto state
or national parks for recreationalpurposes.Both highwayandcampground
construction,including picnicareas,parkinglots, and visitors centers, could
presentthreatsto the marbled murrelet through lossofhabitat, nest
disturbance,and/orincreasing potentialpredation fromcorvidsassociated
with humanactivities such asSteller’sjaysandcrows. Implementing
appropriate garbage/trash disposal may helpdecrease potentialpredator
populationsin high human use areas such as county, stateandnational parks.

This Zone has large blocksof suitable habitatcritical to thethree-state
marbled murrelet population recovery over the next100 years. However, the
amountof suitable habitat protectedin parksis probably notsufficient by
itselfto guaranteelong-termsurvivalofmarbled murrelets in thisZone. On
the otherhand,a considerableamountofhabitatis preserved inparkssuch
that survival may be morelikely in this Zone thanin several otherZones.
Private lands at the southernendof this Zone are important for maintaining
thecurrentdistributionofthespecies.Thereis alreadya considerable gapin
distribution between this areaandthecentralCalifornia population inZone6.
Efforts shouldbe implementedto, at a minimum, not expand the current
distributiongap.
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1.5 Mendocino Zone (Zone 5).

The Mendocino Zone extendssouthfrom the southernboundaryofHumboldt
County,California,to the mouthofSanFranciscoBay. It includes waters
within 2 kilometers (1.2miles) ofthePacific Ocean shorelineandextends
inland a distanceofup to 40 kilometers(25 miles) from the Pacific Ocean
shoreline.

The verysmall nesting and at-sea populationof marbled murreletsalongthe
coastofMendocino, Sonoma andMain Countiesis important to future
reconnectionof marbled murrelet populationsin northern andcentral
California, if they can survive over theshort term. Almostall ofthe older
forest has beenremovedfrom this area, althoughsmall pocketsofold-growth
forest occurin Stateparksandon privatelands. Forestsin southeastMain
Countyand in theBerkeleyHills (Alameda County) may have beenusedfor
nestingin the distant past, but these areas were logged from the early1800’sto
the early1900’s. Muchofthe remaining marbled murrelet nesting habitatin
this Zoneis located on privatelands.

The maintenanceof this population will requireconsiderablecooperation
betweenState,Federal and private managementrepresentatives.Recovery
efforts in this Conservation Zone could enhance the probabilityofsurvival and
recovery in adjacentConservationZones by minimizing the current gap in
distribution. Thepopulationis sosmall that immediate recoveryefforts may
notbe successfulat maintaining this population over timeandlongerterm
recoveryefforts(e.g.,developingnewsuitable habitat) may be most
important. However,if this smallpopulation canbe maintained over the next
50 years,it will greatlyspeed recovery in this ConservationZone. Whetheror
not marbled murrelets can recolonize regenerated old-growth forests over such
a largegeographicareais not known.

1.6 Santa CruzMountains Zone (Zone 6).

The Santa Cruz Mountains Zone extendssouth fromthe mouthofSan
FranciscoBay to Point Sur,MontereyCounty,California. It includes waters
within 2 kilometers (1.2miles) of the Pacific Ocean shoreline, the watersof
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MontereyBay, and extendsinland a distanceofup to 24 kilometers (15miles)
from the Pacific Ocean shoreline.

The southernmostpopulationof marbled murrelets in theNorthAmerica
occurs in this Zone. This populationis important to maintaining a well-
distributed marbledmurreletpopulationin the three-state area. Because this
populationis small and isolated fromothermarbled murrelet populations, itis
consideredto be especially vulnerable.

Thispopulationusesnesting habitatfound primarily on state parklands(Big
Basin Redwoods, Butano, andPortolaStateParks), although somehabitatfor
this populationalso occurs on privateland. The waters offshoreof San Mateo
and Santa Cruzcountiesareimportant foraging areasfor thispopulationin the
breeding season. Marbled murrelets probably once nested on the Monterey
County coast fromsouthofCarmel through BigSur.

In addition, numbersofmarbledmurreletsare found in Monterey Bay during
the winter. Smallnumbersalso maydisperse slightlynorthward and occuroff
SanFrancisco andnorthernSanMateo counties (at thenorthernendofthe
Zone) as well asoff southernMain County (at the southern endofZone5) in
winter. However, thispopulationis largely residentoff southernSanMateo
and northern Santa Cruzcountiesin winter, best demonstratedby highlevels
ofwintervisitationto nestingareas.In winter, small numbersofmarbled
murrelets are found southof this Zone, from Point Sur to theU.S.-Mexico
border. Marbledmurrelets are not knownto use the terrestrial environment in
this area, however mortalityfrom oil spills may represent a principal threat to
marbled murreletswinteringin this area.

2. Delineateand protect areas of habitat within each Zone.

Areaswithin eachZone that areessentialfor marbled murrelet recovery
shouldbe delineated and protected,usinga varietyofmeans (e.g., designation
ascritical habitat, protection through Habitat ConservationPlans,management
[asreserves]under theForestPlan, otherexisting regulatory mechanisms,
etc.).
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2.1 Protect terrestrial habitat essentialfor marbled murrelet recovery.

There appears to belittle opportunityfor increases in marbled murrelet
productivityas a resultofforestmaturationin the nearfuture. Even under
optimumconditionsandwith thesuccessfuluseofvarioussilvicultural
techniques, it willtake50 to 100 yearsormore to developnewsuitable
nesting habitat within most reserveareas. Any furthersubstantialreduction in
occupied nesting habitatforthe marbled murrelet wouldhampereffortsto
stabilize the populationandthe recoveryofthe species.

Marbled murrelet population trends described above(alsosee AppendixB)
have led the U.S. Fish and Wildlife Service toconcludethat anumberof
areas,includingnesting areas and feedingsiteswell-distributedthroughoutits
terrestrialandmarinerange, are essentialto the conservationofthespecies.
Late-SuccessionalReserves,as described in theForestPlan and the final rule
designatingcritical habitat for marbledmurrelets,will eventually contribute to
recovery. However, these areasaloneare insufficient to reverse the decline
and maintain a well-distributed population.Thus, additionalareas,including
non-Federal landsandmarineareas, should be protectedusingavarietyof
means includingcritical habitat, Habitat ConservationPlans,andother
existingregulatorymechanisms asdescribedbelow. If these areas are
protected, thereis a high likelihood that populations will stabilize.

A. Essential nesting habitats that occur on forest lands managedby the
Federalgovernmentinclude:

(1) Any suitablehabitat in Late-SuccessionalReserveslocated in the
ForestEcosystem Management Assessment Team Zone1 (seepages
IV-23 and IV-24in U.S. DepartmentofAgriculture etal. 1993for a
descriptionofZone 1);

(2) Any suitablehabitat in Late-SuccessionalReservesin theForest
EcosystemManagementAssessmentTeamZone2 in Washington
(seepageIV-24 in U.S. DepartmentofAgricultureet al. 1993 for a
descriptionofZone 2).Approximately10 percentofthestands
sampledin theNorthCascades were occupied within this Zone;
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(3) All suitablehabitat located in theOlympic Adaptive Management
Area (AMA) identifiedin theFSEIS. The approximately10,500
hectares (26,000acres)of low elevationsuitablehabitat in the
Olympic Adaptive Management Areais essential to conserve marbled
murreletpopulationsin the Puget Sound areaofWashington;and

(4) Other large areasof suitable nesting habitat outsideofLate-
SuccessionalReserveson Federallands. For example, large areasof
suitablenesting habitat occuron the Siskiyou NationalForest,
Oregon, theSix RiversNationalForest,California, and in Redwood
National andStatePark,California.

B. Essentialnesting habitats that occuron forestlandsunder non-Federal
managementinclude:

(1) Large areasof suitablenesting habitat on state lands in California and
Oregonwithin 40 kilometers(25 miles) ofthecoast. For example, in
Oregon, large areasofsuitablenestinghabitatoccur in theElliott
StateForest,the westernsideofthe TillamookStateForest,andState
landswestofCorvallis and alongthe coast.In California, much
nesting habitat occursin Stateparks. These areas arecritical for
maintaining thedistributionof suitablehabitat.

(2) Suitablehabitat within64 kilometers (40miles) ofthe coast onState
landsin Washington.These areas arecritical for improving the
distributionofboth the population and suitable habitat, especiallyin
southwest Washington.

(3) Suitablenesting habitaton county park lands(e.g.,Memorial andSam
MacDonald County Parks) within40 kilometers (25 miles)ofthe
coastin SanMateoandSanta Cruz Counties, California. Theseparks
form someofthe last remnantsof nesting areas for the southernmost
populationofmarbledmurrelets,which is thesmallest,mostisolated,
andmostsusceptibleto extinction.
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(4) Suitable nesting habitaton PacificLumberCompany landsin
Humboldt County,California. Theseareasare a significantportionof
the currentlyavailablenestinghabitatfor the southern partof Zone4.
This areahasknown nest sitesandis situatedin a key area, close to
the coast, withno Federallandsin the immediate area that are able to
providesimilar recoverycontributions. Maintenanceofsuitable
habitatin this areais also critical to avoid widening thegapbetween
the centralCaliforniapopulation and the southern endofHumboldt
County.

(5) Additional habitat essential for theconservationofthe marbled
murreletoccurson privatelands in Oregonand Washington, but these
could be managedfor the marbled murreletif surveys for the marbled
murreletwererequired prior to timber harvest, andoccupiedsites
(foreststandswhere marbled murreletoccupancyhasbeen determined
through surveys) were protectedfrom timber operations.This
management systemis usedeffectively to protect many occupied
marbledmurreletsites in California, it hasrecently been adopted in
Washington, but notin Oregon.

Maintenanceofmarbled murrelet populationson private landsis critical
in arresting the declineofthe speciesin thenext50—100years. This is
especially true whereadditionalnesting habitatis not expectedto be
available on nearby Federallands. While theEndangeredSpecies Act
section9 prohibitionagainst unauthorizedincidentaltake providessome
protection for the marbledmurrelet,this may not be sufficient to protect
and enhance habitaton non-Federal landsin the long term. Thisis
because a continuing declinein populations wouldbe expected to
eventually result in unoccupied habitat where the prohibitionagainst
takemay not apply. Thisunoccupied,butsuitable,habitat mightthenbe
harvested, continuing the erosionof habitat thatis needed to recover the
species.Habitat ConservationPlanswith appropriate measuresto
minimize andmitigateincidentaltake in the shorttermwhile providing
for maintenanceorcreationofhabitat for thelong termprobably offer
the best means for conservationofthe specieson non-Federallands.
Land acquisitionsorexchangesby Federal orStateagenciesand
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conservation organizations couldalsocontributeto protectionand
enhancementof habitat.

2.2 Protectmarinehabitatessentialfor marbled murrelet recovery.

While some marbled murrelet feedingactivities maytakeplace on freshwater
lakes and riversandsome adult mortality results from accidentsorpredation
in the terrestrial environment, mostofthe marbled murrelet’sbiological and
physicalinteractions occur atsea,usually within2 kilometers (1.2miles) of
the shoreline.In addition, adultmortality from bothnaturalcauses andhuman
activitiesoccursin the marineenvironment. Given theessentialrole the
marine environment plays in the dailyandseasonal lifeofthe marbled
murrelet, protecting the qualityofthe marine environment (task 2.2) and
reducing adultandjuvenilemortality in the marine environment (task 3.1.2)
are integralpartsof this marbledmurreletrecoveryeffort.

The main threats to marbledmurreletsidentifiedin theirmarine habitat result
in the lossofindividuals throughdeathor injury. Marbled murrelets are
adversely affectedby spills ofoil and otherpollutants. Although these events
undoubtedlyharm the marbledmurreletprey base,theirprincipal adverse
impactis the deathofbirds in the areaofthe event. The effectsof these
events on the marbledmurreletprey base are somewhat more difficult to
predict than are the effects on any marbledmurreletsthat happen to bein the
area. Even verysmall oil spills have resulted in the deathoflarge numbers,
perhaps largeproportionsoflocal populations,ofmarbledmurrelets. Smaller
incidentsof oil discharge, such as thoseassociatedwith the cleaningof bilges
and oil tanks atsea,can cumulatively resultin significant mortalityto marbled
murrelets.

Although severalexistingFederallawsandregulations addressreducingthe
threatsidentified in the marineenvironment,they may be insufficient to
protect the qualityofthe marbledmurrelet’smarine habitat. Under the
provisionsofsection7 of theEndangeredSpeciesAct, theU.S. Fish and
Wildlife Service must be consulted when projectsauthorized,funded, or
carriedout by a Federal agency mayaffectthe marbledmurrelethabitats.
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Improved coordinationofmarbled murrelet recoveryefforts among
cooperating individuals and organizationsis needed to integrate protectionof
marbledmurreletnesting and foraginghabitats.TheU.S. Fish and Wildlife
Service will continue to monitormarinethreatsto marbledmurreletsin
consultation withotheragenciesandmay propose marinecritical habitatin the
future,if warranted.

Five marine areas support the highest concentrationsofmarbled murrelets
during thebreedingseason in Washington, Oregon, andCalifornia.
Concentration areasof breedingmarbled murrelets in the nearshore marine
environment essentialfor foraging and loafing areas and in needofprotection
include:

(1) All watersofPuget Sound and theStrait ofJuande Fuca in
Washington,including the watersof theSanJuanIslands and river
mouths;

(2) Nearshore waters (within2 kilometers [1.2miles]of the shore) along
the Pacific Coastfrom Cape Flattery to Willapa Bay in Washington,
including river mouths;

(3) Nearshorewaters (within2 kilometers [1.2miles] ofthe shore) along
the Pacific Coastfrom NewportBay to CoosBay in Oregon,
including Yaquina Bay and river mouths;

(4) Nearshore waters (within2 kilometers [1.2miles]ofthe shore) along
the Pacific Coastfrom the Oregon-California bordersouthto Cape
Mendocinoin northernCalifornia, including Humboldt andArcata
Bays,andriver mouths(e.g.,mouthsofthe Smith River, Klamath
River, RedwoodCreek,and Eel River); and

(5) Nearshore waters (within2 kilometers [1.2miles] ofthe shore) along
the Pacific Coast in central California fromSanPedro Pointsouthto
themouthof the Pajaro River, including the mouthsofPescadero
Creek, Waddell Creek, and othercreeks.
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Eachofthese locationssupportlarge concentrationsof marbled murrelets at
sea and are near important areasofsuitable nestinghabitat. Protectionshould
extend2 kilometers (1.2miles) offshore and include estuaries, rivermouths,
andthe ocean floor because the majorityofobservationsofbirds at sea during
the breeding season occur within these areas; marbled murrelets can diveand
forage to greatdepthswithin the watercolumn in these areas; and many
nearshore,bottom-andmidwater-dwelling prey occur and/or spawn in these
areas,particularlyassociatedwith estuaries,river mouths,and the oceanfloor.
All other coastalareasbetween these concentrationareasarealso usedby
marbledmurrelets,especially in winter, including nearshore waterssouthof
Zone6 to the U.S.-Mexicanborder. It is important to manage these watersin
sucha way asto reduce or eliminate marbledmurreletmortality, since
individualsusing these areas contributeto marbled murrelet populationsin
their respective ConservationZones.

2.3 Developandimplementa landscape managementstrategyfor each
of thesix ConservationZones.

Although manyofthe factors that have contributed to the declineofmarbled
murreletpopulationsin the three-state area arecommonto all zones,each
zone presents unique challenges to the recoveryofthespecies.For example,
mortality resultingfrom incidentalcapturein net fisheriesis a major concern
in Zone 1, mortality from oil spills is amajorconcern in Zones2 and 6, and
potential lossofkey suitable nesting habitaton non-Federallandsis ofmajor
concernfor all Zones. A landscapemanagement plan that addresses the
unique circumstancesofeachZoneshouldbe developed,taking into
considerationall affectedparties(Federal,state,tribal, private,etc.).

2.3.1 Developand implement management plans that incorporate
the needsof the marbled murrelet for eachprotected habitat area on
Federal lands.

Eachprotected habitat areawithin aparticularZone may have unique
ecologicalfeatures andexistsin a uniquespatialcontext withlandsthat
may bemanagedfor a varietyofvalues. It is important that these unique
characteristicsbe addressedin the contextofa managementplanfor each
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ofthese areas, including thedevelopmentofappropriate definitionsof
suitable marbledmurrelethabitat for eachZone. In the developmentof
these plansforeachZone,all managersshouldhavean opportunity tobe
involved, regional issues must be considered,andrecovery objectives must
be addressedin a consistent manner throughout therange. In some cases,
these management plans could bedevelopedusing information from the
Late-Successional Reserve assessments called forin theForestPlan
RecordofDecision.

Management plansshouldbe basedon the bestavailableinformation on
the biologyandrecoveryneedsofthe marbled murrelet andshouldbe able
to adapt tonewinformation as itbecomesavailable. Forexample,a
varietyofmanagement activities coulddecreasepredationmortality at
marbled murrelet nests(e.g.,silvicultural practices designed to provide
shelterto nestsitesorto speeddevelopmentofmurrelethabitat;garbage
removal from state and national parks). Effortsto reduce or eliminate
these manmadefoodsourcesin state and national parks arecurrentlybeing
discussed. Assuccessful strategiesaredevelopedto reduce predation at
thenest,theyshouldbe incorporatedinto management plans forspecific
securedareas.An outlineof specificmanagementrecommendationsis
provided in task3.

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

Protectedareas on Federallandsare expected to eventually provide
sufficient habitat to possibly sustain viablepopulationsofmarbled
murreletsover the longterm (50-100yearsandbeyond) for most Zonesin
the three-state area. However, the demographicbottleneckthat the
marbled murreletpopulationmay experienceduring the next50 to 100
years makes the maintenanceofmarbled murrelet populations not found
within Federal lands (mainlyon state and privatelands)an important
componentofmore guaranteed viability andeventualrecovery over the
coming decades and into thefuture. Specificmanagementstrategies
shouldbe developed(e.g.,Habitat ConservationPlans,SYPs, etc.) for
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occupied and other potential marbled murrelet nestinghabitaton non-
Federallands. These strategiesshouldincorporate the best biological
informationabout the recovery needsofthe marbled murreletandactually
contribute to theconservationofthe marbledmurrelet. An outlineof
specific managementrecommendationsis provided in task3.

3. Incorporatemanagementrecommendationsfor protectedhabitatareas.

Managementrecommendations for the marbled murrelet need to addresstwo
different biological time frames, which reflect (1) aspectsofthemurrelet’s life
history and demographic trends, and (2) thelengthoftimerequiredto develop the
majority ofnewnesting habitat or improve current forest habitatconditions.
Short-termactions must address the apparent rapid declineofcurrent populations
and the needfor immediate stabilization. The abilityofmarbledmurrelet
populationsto recover rapidlyis low dueto the low reproductive potentialof the
species. Long-term actions address the longtime-framesrequired to cultivate or
enhance mature forest habitatconditionsorto improve marine habitat quality
becauseofthe nature andcomplexityofthese ecosystems.Little additionalolder
foresthabitatwill become available untilafter2040.

3.1 Implement short-term actions to stabilize and increase the
population.

3.1.1 Maintain/protect occupiednestinghabitat and minimize lossof
unoccupied but suitablenestinghabitat.

3.1.1.1 Maintain occupied nesting habitat.

The lossofoccupied nesting habitatappearsto be theprimarycause
ofmarbledmurreletpopulation declines in Washington, Oregon,and
California. The low reproductivepotentialof this species,and lackof
knowledge concerningits ability to locateandreestablishnewnesting
areasaftereliminationof nesting habitat, makes itimperativeto
maintainall occupied nesting habitat, asis beingdone,forthemost
part, through implementationoftheForestPlanon ForestService and
BureauofLandManagementlands.
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Onnon-Federallands the maintenanceof all occupied sitesalso
shouldbe thegoal. However,it is realized that through the Habitat
Conservation Plan process,theremay besomelimited lossof
occupiedsitesorunsurveyed suitable habitat.In theshort-term(the
next 5—10years),until additionalinformationis obtained, lossofany
occupiedsitesorunsurveyed suitable habitatshouldbe avoided or the
potential impactssignificantlyreduced through a habitatevaluation
and ranking process outlined in the Habitat ConservationPlan. Short-
termtrade-offs forlong-termbenefitsshouldbe evaluated very
carefully at this early stageof marbledmurreletrecoveryand should
be done on acase-by-casebasis.

3.1.1.2 Maintain potential and suitable habitat in larger
contiguous blocks whilemaintaining current north/south and
east/westdistribution ofnesting habitat.

By maintainingoccupiedsitesand suitablehabitatin larger blocks
with low levelsoffragmentation,several objectives will be met..
Largerstandswill (1) have more nesting and hidingopportunities,(2)
providefor multiple alternative nesting sites for individual pairsof
birds over time, (3) facilitate nesting for multiple pairsofbirds (and
thuspromoteincreasedsocialcontact),and (4) provide greater
interior forest habitatconditions(to reduce potential nest andadult
predation,increaseprotectionofnestsfrom windstormsand
environmental changes, and reduce lossofhabitatfrom windthrow
andfire). Largerstandsalsomay provide a coreofbirds to attractor
develop sufficientactivity and eventual nestingby subadults or
nonbreeding adult birdsto replace breeding adults lost from this
habitatover timedueto naturalcauses orhumanactivities.

The more contiguous thehabitatdistribution, the lower the likelihood
offuture large gaps in distributionofthe speciesdueto catastrophic
events such as oil spillsor largewildfires. Preventingfurther erosion
ofthe alreadypatchily-distributednestinghabitatis a key elementin
buffering the speciesagainstsuch catastrophic events. Thisis
especially important in areas where gapsalreadyoccur. Furthermore,
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it is currentlyunknown how nesting success differs with distance
from the coast, and farinland habitats may be as importantto species
survival as those nearer toshore. Therefore, itis important to
maintain both north/south andeast/westdistributionofsuitable
habitat.

3.1.1.3 Maintain and enhancebuffer habitat surrounding
occupiedhabitat.

Maintaining buffers around occupied habitat will mediate the effects
ofedgeby helping to reduce environmental changes within thestand,
reduce lossofhabitatfrom windthrowand fire, reduce fragmentation
levels, increase theamountofinterior foresthabitatavailable,and
potentially help reduce predation at thenest. To have the greatest
benefits,bufferwidths shouldbe a minimumof 300-600feet and
shouldconsistof whatever age standis present, includingexisting
plantations (whichshouldbe managedto provide replacement
habitat).

3.1.2 Decreaseadult andjuvenilemortality.

3.1.2.1 Reducemortality from netfisheries.

Net fisheries can lead to asignificantincreasein mortality to adults,
subadults,and juveniles. Net mortalityis currentlyhighestin Puget
Sound whereintensivenet fisheriesoccur over anextensiveareaof
marine habitat.

Strategiesto be investigatedandused, whereappropriate,include the
exclusionofnet fisheries from marbled murrelet concentration areas
to help minimize by-catchmortality and the useofalternativeor
modified fishing gear todecreasethe probabilityofmortality. A
Public forum has beendevelopedto discuss thisissuebetween
various Federaland stateagenciesandinterest groups.Suchforums
were important inaddressingsimilar problems in California in the
1980’s(Salzman1989). The situationis very complex and probably
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will not be resolvedimmediately. Thecumulativeeffectsof net
mortality andother threats facing marbledmurreletsmust be further
examined, especially inWashington.

3.1.2.2 Minimize probabilityof oil spills anddevelopmeansto
reduce impactsofoil spills andpollution.

Thefourareas with the greatest spillpotentialare PugetSound,
centralCalifornia,southwestWashington, and northernCalifornia.
Strategiesto maintain marine environmentquality shouldbe
developedincluding reductionofbird mortality from oil spills,
developmentofcontingency plans for damage assessments(including
beached bird surveys, carcass examinationandpreservation,live oiled
bird captures, and at-seasurveys),andoiled bird care(including
rehabilitationand captive caretechniques).Techniques for containing
oil spills (e.g.,booms)shouldbe studied in marbled murrelet
concentrationareas.Protectionof river mouths may benefit marbled
murreletprey species. Impactsofdispersantsand hazing actions
shouldbe investigatedbeforeuse. In particular, marine pollutants
shouldbe reduced, especially in the PugetSoundandSanta Cruz
MountainsZones.

3.1.3 Minimize nestdisturbancesto increasereproductive success.

Lowjuvenile:adultratios have been documented throughout the three-state
rangeofthe marbledmurrelet(AppendixB). Current evidencesuggests
that the causeofthis low reproductive rate maybe dueto high ratesof
predationon eggs,young,and possibly adults at thenest site.Population
modeling indicates that adjustedjuvenile:adultratiosshouldbe 15—22
percent at aminimumto result in stableor increasing populations.Current
best estimatesofunadjustedratiosaverage5 percent(range0.1—13.8
percent)andit is unlikely that adjustment will result in4—10 times larger
ratios. Breeding adult alcidsin generalaresensitiveto nest site
disturbanceduring the incubation period and the firstfewdaysof chick
rearing. Disturbances near marbled murrelet nestsitesthatflush
incubatingorbrooding adultsfrom the nest site mayexposeadultsand
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young to increased predationoraccidental lossof eggsornestlingsby
falling orbeing knocked outofnests. Humanactivitiesnear nesting areas
that result in an increasein thenumberofpredators also could lead to a
greater likelihoodofnest predation. The timingofdisturbancesshouldbe
adjustedto avoid disruptionof marbled murrelet activities, such as
courtship, mating, and nesting. Humanactivitiesshouldbe modifiedto
reduce attractionofpredators tospecific forest areas although this action
may not reduce actualpredatornumbers over widerareas.Higher-than-
normal predation levels are likely to occur in nestinghabitatdue to forest
fragmentation and other causes inmanycases.

3.2 Implement long-term actionsto stoppopulationdeclineandincrease
population growth.

3.2.1 Increase the amountand quality of suitable nesting habitat.

An increase in amount and qualityofsuitable nesting habitatis important
in all zones. However,it is especiallyimportantin the western
WashingtonCoast Range and thenorthernportionsofthe Oregon Coast
RangeZones. In theseareas, remaining patchesofsuitable nesting habitat
are relativelysmall and fragmented,involve private and statelands,and
are vitally importantfor maintaining the currentsmall populations in these
areas;thus,blocking uphabitatis needed toincreasepatchsize. It also
would be desirable to increase and blockup suitable nesting habitatin the
Mendocino andSantaCruz MountainsZones. Little habitat remains
outside parks inthesetwo zones,such that anincreasein the short term
doesnotappearfeasible.

3.2.1.1 Decrease fragmentationby increasingthesizeof suitable
stands to providea larger areaof interior forest conditions.

The majorityofsuitable neststandscurrentlyexist assmall islands
within a matrixof youngerforests. Although these fragments will
providecritically importanthabitatduring the several decades
requiredfor youngerstandsto developstructuralcharacteristics
suitable for marbled murrelet nesting, theycannotbe considered high
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quality habitat becauseofvulnerabilityto wildfire and windthrow,
and perhaps a higherabundanceof avian predators.Researchis
needed to developjudiciousways to use silvicultural techniques such
as thinning inyoung(nonhabitat)standsto hasten developmentof
large treesanddecrease vulnerabilityofhabitat fragments tofire,
wind, and perhaps predators. Consistent with the Forest Plan Record
ofDecision, thinning withinLate-SuccessionalReservesshouldbe
restrictedto standsyoungerthan80 years. However, the Recordof
Decision also permits thinning within Late-Successional Reservesup
to age110 in Coast Rangelandsadministered by the BureauofLand
Management (Nestucca block)andin the Oregon and California
Klamath Provinces(U.S. DepartmentofAgriculture and U.S. Fish
and Wildlife Service1994b). Unthinnedbuffers shouldbe left around
any occupiedstands.Precautionsshouldbe takento reduce fire
hazardfrom thinning slashand avoidsoil compaction.

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

Stands(currently 80 years oldor older) that will producesuitable
habitatwithin the nextfewdecades are the most immediatesourceof
newhabitat and may be the only replacement for existing habitat lost
to disturbance(e.g.,timber harvest, fires, etc.) over the nextcentury.
Suchstandsare particularly important becauseofthe vulnerabilityof
manyexistinghabitatfragmentsto fire andwind and the possibility
that climate change will increase the effectsofthe frequencyand
severityofnatural disturbances.Suchstands shouldnot besubjected
to any silvicultural treatment that diminishestheircapacity toprovide
quality nestinghabitatin thefuture. Within secured areas, these
“recruitment” stands shouldnot beharvestedor thinned. In the matrix
(on Federallands),harvest inyounger-agedstandsshould adhereto
thetechniquesdiscussed in the following task (3.2.1.3) to more
quickly develop into marbledmurrelethabitat.
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3.2.1.3 Use silvicultural techniques to increase speedof
developmentofnew habitat.

Nesting marbledmurreletsselectstandswith large trees that provide
suitablenesting platforms(large,protected branches, preferably with
moss). Whenavailable,largestandsappear to bepreferredover small
ones.Nestshave beenlocatedin standswith a wide rangeofstocking
densities,however thelow rateofnesting success raises considerable
uncertainty regarding what constitutes quality habitat. Itis expected
that since marbled murrelets require veryspecificstructures in order
to successfullynest,silvicultural techniquesmay be available to speed
the developmentof thesestructuresin standsofyoungerforest.

Severalsilvicultural techniquesmaybe appropriate toincreasethe
areaof suitablenestingstandsand therateat which they develop
(e.g.,thinning, long rotations,etc.). Thinning accelerates tree growth
and can beusedas a tool to produce large trees more quickly than in
normal standdevelopment.However, simply growing large treesis
not sufficient to obtain suitablemarbled murrelet habitat. Trees must
have large moss-covered, or mistletoed branches that provide nest
platforms,somethingthatis likely to be achievedonly by growing at
least some treeson long rotations. Therearetwo alternativesfor
doing that (1)“Green-tree retention”designatesapproximately20—40
trees per hectareto be retained at harvest, with anewcrop ofyounger
treesestablishedbeneath the oldertreecanopy. Leaving treeson site
andallowing themto grow to an older age will likely produce
marbled murrelet nest treesandeventuallyproducecoarsewoody
debris(important habitat fornumerousotherspecies).As younger
treesmature,a multilayered canopy develops, whichis alsoan
importantstructuralattributeof older foresthabitat;and (2)evidence
availableat this timeindicatesthat growing wholestandson long
rotationswill produce higherquality habitatin the long-term than
green treeretention,which maycreatesink habitatfor a numberof
bird species.Longrotationshave otherecologicalandeconomic
benefits aswell. Landscapes with ahigherproportionofolderstands
shouldbe lesssusceptibleto catastrophic wildfire (providing reduced
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hazardfrom thinningslash). Because thinned Douglas-fir maintains
good growth well intoits second century, silviculturists nowconclude
that long rotations are economically viablein the Douglas-firregion.

3.2.2 ImproveDistribution of NestingHabitat.

3.2.2.1 Improveanddevelopnorth/southdistribution of nesting
habitat.

Improving the distributionofnesting habitat helpsto bufferexisting
populationsagainstpoorbreeding success and catastrophic loss and
probably facilitates gene flow amongseparated populations.Three
majorgaps in existing habitat are particularlyapparent:(1) from the
southernOlympic Peninsula in Washington to Tillamook in
northwestern Oregon; (2) betweenPatrick’sPointand southern
HumboldtBay in northern California(seeFigure 1); and (3)
throughoutmostofthe Mendocino Zone and the northern partofthe
Santa Cruz Mountains Zone (between southern Humboldt County and
central San MateoCounty). Thesethreegeographicgaps represent
probable partial barriers to geneflow acrossthem. They include large
areasofsecond-growth forests that originated after logging, from fire
(partsof northwesternOregon),orfrom naturaldiscontinuitiesof
nestinghabitat(especially partsofnorthernandcentralCalifornia).
Gap areas often have a high proportionofprivatelandsandlittle or
no Federal land.State landscover significant portionsofnorthwest
Oregon (the Tillamook and ClatsopStateForests)and southwest
Washington.Silvicultural techniques tocreatesuitable habitat at both
the standandlandscapelevel (discussed in task 3.2.1.3) maybe
particularly beneficial to marbled murrelet recovery in the longtermif
appliedin theseareas.

Portionsofthe Mendocino ZoneandSanta CruzMountainsZonealso
contain blocksofunsuitable habitat that probably naturally created
small gaps in themurrelet’sterrestrial range.Again, lossof suitable
habitataroundthesesmall natural gapshasgreatlywidenedthem.
These gaps have probably grown togetherandeliminatedsuitable
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nesting habitatover a large sectionoftheirrange. The existenceof
smallnaturalgapsin suitablehabitat must be recognizedwhen
designing waysto improve and develop north/southdistributionof
nestinghabitat.

3.2.2.2 Improveand develop east/westdistributionof nesting
habitat.

Improvingeast-west distribution means filling in habitat gapswithin
theConservationZone boundaries describedearlier. Many portions
ofthe species rangeno longer have large amountsofsuitable nesting
habitatclose to the coast and marbled murrelets must fly considerable
distancesinlandto nest. In additionto the north-south gapsdiscussed
above, opportunities exist on theOlympicPeninsula, Puget trough,
and along virtually the entire California coastwithin themurrelet’s
range to improve the currenteast/westdistributionofhabitat. An
importantstep in developing methods to improve this distribution will
be the completeidentificationofthe inlandboundaryofsuitable
nesting habitat for the three-state area and identificationoffactors
determiningthese boundaries in differentregions.

4. Initiate researchnecessaryto guiderecoveryefforts.

Much remains tobe discoveredabout the behavior, ecology, and populationstatus
of the marbledmurreletin order to correct and reverse factors affecting
population decline and growth, and to refine approaches forrecoveringits
populations.The recoveryofthe marbledmurreletwill depend to a large extent
on the protection and wise managementofthe marineandterrestrial habitats upon
which it depends.These habitats are directly exploitedby humans fornatural
resourcesand affected indirectly by pollution and other managementactivities.
Theirmanagement alsohasbeen hampered by alackofbiological information
about the marbledmurrelet. Well-conducted,strategic research will be necessary
to achieve recovery goalsandmaximize management benefits.
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4.1 Monitor marbled murrelet populations and habitat.

Accurateandrepeatable inventory and monitoringofmarbled murrelet
populationsandmarine and terrestrial habitatis essentialin order to evaluate
population trendsandthe effectivenessof specificrecovery actions. At
present, much suitable marbled murrelet nesting habitat remains uninventoried
for useby marbledmurrelets. Nesting habitat has been identified for only a
small fractionofthe at-sea populationof marbled murrelets. At-sea
population sizeanddistribution must bemeasuredover many years to best
assess populationtrends. The demographyofmarbledmurreletpopulations
must berefinedto improveourunderstandingofthe species’status and
populationtrends. Thesedemographicparameters can only be determined
throughintensiveandextensiveinventoryandmonitoring, as well as through
thedevelopmentof newtechniques.Inventory and monitoring effortsshould
be conducted in both terrestrial and marineenvironmentsthat areimportant to
marbled murrelet recovery in theshortandlong term.

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

Determining and monitoring the trends, distribution and annual breeding
success(e.g.,correlated to therateofrecruitmentofyoung into the adult
breedingpopulation)ofpopulations are basic tounderstandingthestatus
ofthe marbled murreletandthe factors that influencepopulationgrowth.
Problems with the current techniques used to estimate productivity,
population density, and population sizemakethecurrentestimatesof
those parametersless accurate thanwould be desirable.Marinesampling
methodologiesshouldbe further refined and tested.

4.1.2 Standardize and conduct at-sea surveys for inventoryand
monitoring of population sizeand distribution.

Becauseof the difficulty ofcensussing marbledmurreletsin their
terrestrialenvironment, at-sea surveys offer the bestopportunityto
monitor overall population size and distributionofmarbledmurrelets.
Previousat-seasurveys have used a varietyofsurvey protocols, whichhas
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madecomparisonofresults from different surveys difficult. Once the
protocolhas been refined, itshouldbe standardized and made comparable
for both survey and analysistechniques.Additional survey effortshould
occur at offshore water areas that may provide highly productive foraging
locationsfor marine birds beyond thecoastalnear- shorezone. As
important, a standard protocol must bedevelopedand followed to measure
at-sea population sizeanddistribution. Obtainingpopulation trenddata
(onpopulation density and/or distribution)shouldbe given the highest
priority in marbled murrelet at-seainventoriesbecause this informationis
the ultimate measureofpopulationstatus.

Surveysto estimate population trends must beconductedthroughout the
rangeofthe marbled murreletandshouldbestandardized.No
standardizedprotocol has yet beenestablished.A workshop was held in
November1996 to address thisissueand develop the needed standard
protocol.

4.1.3 Standardizeandconduct at-seasurveysand neststudies to
monitor breeding success.

Knowledgeofbreeding success forpopulationsofmarbledmurreletsis
critical to demographicmodels. As for population size and distribution,
breeding success can be determinedusing at-sea surveys inlate summer
that determine ajuvenile:adultratio. This ratiois correlated with breeding
success,but exactrelationships arestill forthcoming. Breeding success
also can bedetermineddirectly at any nests foundalthoughthese have
been fewin any oneyear. Over severalyears,or if morenestscan be
discoveredannually,larger sample sizes canbe obtained andcomparedto
at-sea estimatesofbreeding success, basedon juvenile:adultratios.
However, both techniques require standardizationofdatacollectedand
studydesign. Gathering informationon breeding success inall
Conservation Zonesis important. Breeding successis a strongpredictorof
future decline orincreaseand thus will provide importantpredictive
information onfuture populationstatusandhelpmeasurethe long-term
successofconservationmeasures.
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4.1.4 Developa definition ofsuitable marbled murrelet habitat for
eachConservationZone.

A definition ofsuitable marbledmurrelethabitatshouldbe developed for
each Conservation Zoneto betterdetermine and mapappropnateareas for
murreletrecovery. Although the componentsofsuitable marbled murrelet
habitat are generally known, a descriptionof suitable marbled murrelet
habitat foreachConservation Zoneis lacking. Once these definitions have
been developed,mappingmarbled murrelet habitat canbe accomplished
with greateraccuracy.

4.1.5 Determine and mappotential breeding habitat, including
recruitment and replacementhabitat.

Despite recent effortsby Federalandstate agenciesandthe publicand
private sectorsto maplate-successionalforests within the rangeofthe
marbled murrelet, the distribution andamountofsuitable breeding habitat
for the marbledmurreletremains incompletely known. Only a fractionof
all potentialsuitable nesting habitat has been surveyed for marbled
murrelets. Manyof thecharacteristicsofsuitable nesting habitat,
especially large horizontal limbs providing nest platforms, aredifficult to
predictusingremotesensingtechniques. Refiningthe landsat cover
classesand correlating these classes to marbled murrelet habitat features
will be an important partofthis task. The developmentof a geographic
databaseofthe locationsofknownandpotentialnesting habitatis an
essentialfirst step todeveloping management strategiesand plans for the
marbled murreletin its terrestrialenvironment. Mappingand related
ground-truthingofboth recruitment habitat (standscapableof becoming
marbledmurrelethabitatwithin 25 years)andreplacement habitat
throughoutWashington, Oregon,andCaliforniashouldbe completed as
soon aspossible.

4.1.6 Surveypotential breeding habitat to identify potential nesting
areas.

All aspectsofmarbled murrelet recovery in the terrestrial environment
depend onidentificationofnesting habitat. Nesting habitatis anysuitable
habitat where marbled murrelet use has beendocumented.Use by
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marbled murrelets includes“occupied” and other behaviors or detections
indicativeof local breedingactivity by marbledmurrelets. At present the
locationsofactual nesting habitat areknownfor only a small fractionof
theat-seapopulation.

Potentialhabitatshouldbe surveyed for marbled murrelets regardlessof
whetherit is considerednear-coastal or farinland habitat(e.g.,within
Zones1 and 2 as describedby the ForestEcosystemManagement
AssessmentTeam). A lackofinformation about therelativeimportanceof
these sites to therecoveryofthe speciescurrentlyexists. Stands should
not be designated as unsuitable habitat because they have (1)small patches
ofhabitat or afewremnant old-growth trees; (2) smaller limbsizes;(3)
little mosscoveron treebranches; (4)pooraccess conditionsforbirds;or
(5)particularaspects may causesuitablehabitat togo unsurveyed. Field
assessmentspriorto determininghabitatsuitability areof vital importance
to the conservation and protectionof marbled murrelet breedingsites.

For areaswithin a ConservationZone whereno marbled murrelets have
been detected, intensive surveysshouldbe conducted to identify nesting
areas and delineate theinland boundaryofnesting habitat. These surveys
could relieve landmanagersfrom future constraintsofForest Plan
implementation. These surveys could be cooperative efforts with other
landownersin theareato reducecoststo any singlelandowner.

If delineatingnewinland range boundariesis an objective for an area, the
useof survey efforts and analytical methods similar to thestudyrecently
completed by theSix Rivers NationalForestin California(Hunteretal.
1997) is recommended. The survey intensityand statisticalrigor usedin
this studyshouldproduce reliable and accurate results in other similar
studies, leading to the best management decisionspossible. The
objectivesofthese studiesshouldbe to not only demonstrate where birds
are absent, but attempt to locate the regionswherethebirds begin to use
thelandscape.Focusingon single ownershipissuesmay lead tonarrow
conclusions that havelessbenefitto all landmanagersin aregion.
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Recoveryof thespeciesdependson preventingits extinction during the
next50 to 100 years,beforeadditionalsuitable nesting habitat will be
developed in manysecuredareas.This can only bedoneif the locationsof
most,if not all, occupied nesting habitatis known. Considerable effortis,
therefore,justified to identify the locationof sitescurrentlyused by
marbled murrelets, regardlessoftheirdistanceinland. Because many
different agenciesarelikely to beinvolved in surveysfor potentialnesting
areas, itis important that standard protocolsbe usedwhensurveyingfor
site use.Similarly, structuralandfloristic characteristicsofsitesshouldbe
gathered in some detail to facilitate thejob ofassessing thesuitabilityof
unsurveyedsitesfor use, based solelyon habitat characteristics and
proximity to othersurveyedsites.

4.1.7 Evaluateterrestrialsurveyprotocol.

A better understandingis neededofwhat the differentkinds ofmarbled
murreletbehaviors indicate about nestingstatus. Little is understood
aboutthe year-to-year variation indetectionrates andwhetherthe
terrestrial surveyprotocolrequiressufficient census effort to be able to
detect siteoccupancywhensurveyedunder ElNiflo conditionsand to
determine the relationship betweendetectionratesandnumbersof birds,
useofflight corridors,andlandscape-levelflight behavior.

4.2 Refine and validate the current marbled murrelet population model.

4.2.1 Utilize at-sea surveys conductedin 4.1.2aboveto refine
estimatesof current population size and distribution, and to verify
trends for eachofthe six ConservationZones.

Verified trend informationis necessary for meeting interim delisting
criteria,helping establish morespecificdelisting criteria, and assisting in
determiningexistingand projectedpopulationstatus(seeAppendixB).

4.2.2 Developsurvivorshipestimatesfor the marbled murrelet.

Little is knowndirectly about thesurvivorshipofmarbled murrelets.
Similar to other alcids, marbled murrelets are likely tobe relatively long-
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lived andchangesin survivorshiprates will have important effectson
population fluctuationsandresults from populationmodeling. Markand
recapture studies (which mayincludetelemetry) or the developmentof
newtechniques are needed to develop estimatesofannual survival.
Monitor survivorshipof adultsandjuvenilesat nestsites.

4.2.3 Refine estimatesof breeding successfrom juvenile:adult ratios.

Juvenile:adult ratios canbe convertedto estimatesoffecundityfor use in
population models(AppendixB). Better estimatesofjuvenile:adultratios
shouldresultfrom monitoring conducted in task4.1.3,but wouldbe
enhanced with more information on the timingoffledgingfrom nestsand
better knowledgeofthe timing and natureofdispersalofjuvenilesand
adults/subadults.

4.3 Determinethegeneticstructure ofmarbled murrelet populations
and if differences exist among thesix Zones.

The genetic structureofa population indicates theamountof time that
populations may have beenseparatedfrom eachother,howmuch dispersal
takes place among subpopulations, and whether geneticdifferencesexist
among subpopulations. Nothingis currentlyknown about genetic variationof
marbledmurrelets,although significantgeneticdifferencesdueto the recent
separationofpopulationsin thePacific Northwestareunlikely. Molecular
populationgeneticapproachesshouldbe employed.

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

Recoveryofthe marbled murrelet dependson determining the roleofdifferent
factors that could limit the growthof marbled murrelet populations(see
AppendixB). Human-caused disturbance can adversely affect the marbled
murreletin both the terrestrial and marineenvironments.The significanceof
these disturbances has not beenstudied,althoughin generalthe effects are
anticipated tobe muchlessthan lossof nestinghabitat. If disturbances have a
significant negative impacton eithernesting successoradult energetics,their
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control will becomean important partofthe recovery strategy for thespecies.
Researchis needed to determine the impactofhuman disturbances on marbled
murrelet biology.

4.4.1 Improve understanding of limiting factors in forest nesting
habitats.

The qualityofthe forest environmentis closely related to marbled
murrelet reproductive success, which appears tobe very low. Studies
shoulddetermine the various terrestrialfactorsthat might account for the
low productivity.

4.4.1.1 Improve understanding offactors affecting nesting
success.

It is important to find morenestsandmonitor them carefullyto
determinenesting success, improve estimatesofpredation effects on
nesting success, and refineourknowledgeof thecausesofnest
failure. This includes an understandingofhow nesting success and
predatorpopulations areaffectedby forest fragmentation,distance
from the nest to theedgeofthestand,standsize,stand structure,
canopy closure, anddistancefrom thesea. Researchon nest behavior
andsuccessshouldbe given high priority becauseofits direct
relevanceto the developmentofa recovery strategy.

4.4.1.2 Improve understandingof nesting habitat limitations.

Refined measuresofnest site structureand selection by marbled
murrelets,and theavailability of nesting habitat are needed.Nestsite
selection must be related to siteandlandscapecharacteristics such as
age andbranchingstructureof trees, overhead cover, canopy closure,
distanceinland, distancefrom the nearestnest,nest site fidelity, and
stand vulnerabilityto catastrophicdisturbance.
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4.4.1.3 Evaluate the effectsof disturbance of forest management
activities on nestingmarbled murrelets.

Forest management activities create visual,acoustic,and air quality
disturbances that may affect nest siteselection.They mayalsocause
nest abandonmentornest failure throughadult avoidanceofnest sites
near the sourcesofdisturbance. Evenlessinvasive silvicultural
practices,suchashelicopterlogging, result in theproductionof
visual, acoustic and air disturbances that maynegativelyeffect
marbledmurreletnestingsuccess.Burning and smokeproduction
may alsoaffect marbled murrelets. Researchis needed to quantify
what effect these disturbances may have on marbled murrelet nesting
biology.

4.4.2 Determine limiting factors in marine habitats.

Marbledmurrelet populationgrowth may be affected insomeportionsof
theirrange by mortality from net fisheries and oilspills, orby reduced
breedingsuccessor lower survivorshipdueto possible variationsin 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,marbled murrelets may die fromentanglementin nets. Oil
spills and other marine pollution may affect marbled murrelets
throughoutthe range, although the frequencyofoil spills varies
betweenareas. Studiesshould quantify these riskfactors.

While direct mortality from encounters with boat traffic in the marine
environmentis likely to be rare,disturbanceby passing boats could
resultin lower foraging success, birds not foraging in certain
disturbedareas,andincreasedenergy expenditure during avoidance
reactions.Researchon thesensitivityof marbled murrelets to
disturbanceandthe effectsof disturbance on foraging and nesting
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successshouldbe carriedout. In addition,disturbance effectson
marbled murreletsfrom frequent escape-diving fromboats,
commercial machinery, and recreationalactivities (e.g.,jet skis) in
nearshore environmentsshouldbe investigated andquantified.

Studies should examine the effectsofmarine pollution on marbled
murrelets,theirbreeding successandprey species.In particular,
Puget Sound and Santa Cruz Mountains populations shouldbe
checkedknowncontaminantloadingin theseareas.

In addition to pollutionandnetfisheries’mortalitiesandpossible
overfishingofpreyresources,otherhumanactivitiesshouldbe
studied carefully topreventimpactsto marbledmurreletprey
resources andtheirhabitats,including (1) changes inestuarine
dynamicsthrough currents,salinity, and water quality; (2) changesin
nearshore physicalenvironments(e.g., coastline topography,
bathymetry, andbottomsubstratesand sediments),especiallythrough
dredging or shoreline development(i.e. shorelinefilling, erosion
control, constructionofmarinas, breakwaters, highways, railroads,
and other developments); (3) changesto nearshore marine food
chains; and (4) various formsofpollution that can affect water quality
pollution.

Impactsofhumanactivities on prey resources and feedingconditions
could contribute cumulatively tootherbetter-knownimpacts
(including nesting habitat loss, oilspills, andnetmortalities)and
together contribute to serious population declines orextirpations.
However, impactsofhuman activitiesshouldbe well-established
throughadditionalstudybeforeextensiveefforts shouldbe expended
on effortsto protect preyresourceson behalfofmaintaining marbled
murreletpopulationsorassistingrecoveryefforts.
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4.4.2.2 Determine how natural or human-enhancedvariability
in, or depression of, foodresourcesaffect survivorship of marbled
murrelets or productivity.

Studiesoftherelationshipsbetween the variability in prey
populations due to naturalcauses(e.g.,El Niflo events)andhuman
activities(e.g.,pollution, sedimentation,overfishing,etc.) and
marbled murreletsurvival andproductivity are needed.Preyresearch
shouldevaluate thepotentialimpactsofhumanactivitieson prey
resourcesandtheirhabitats (ascurrentlyknown) consideredby
Federal and state agenciesinvolved in coastalmanagementissues.At
presentlevels, fishing harvestofcertain preyspecies(e.g.,northern
anchovy, Pacificsardine,Pacific herring, smelts) have not been
documented to causeoverall prey reductions for marbled murreletson
the westcoast. However,extensivepastfishing pressure certainly
contributed todeclinesin Pacific sardines.Most marine biologistsdo
not consider catch statistics alone to adequately reflect thestatusof
prey resources (especially when not adjusted for catcheffort, market
prices,and changes infishing regulations),even though catch can at
times mirrorchangesin fish populations. High fishing effort or the
developmentofnewfisherieson known orpotentialprey species
shouldbe considered as havingpotentialeffects requiring further
study. Such studies will require more knowledgeofmarbled murrelet
diet thanis currently availableon the westcoast.

4.5 Conductbasiclife historystudies.

Muchof the life historyofthe marbled murreletis poorly known. Its nesting
habitatwas a mysteryuntil very recently,only afewsamplesareavailableto
suggestits food habits,andlittle is known aboutits demographics.Although
recent researchhasprovidedsufficient insights into the biologyof the marbled
murreletto stronglysuggestaconsiderabledeclinein population numbersand
inadequate recruitment forlong-termsurvivalof thespecies,muchremainsto
be leamed about the marbled murrelet throughcontinuingresearch on basic
aspectsofits life history.
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4.5.1 Conduct studies on food habitsof marbled murrelets.

Additional researchis necessary for (1) determining the dietofmarbled
murrelets(through non-lethalmeans),(2) studying the ecologyand status
ofmarbled murrelet preyspecies(especially Pacific sandlance),and (3)
maintaining preyresourcesat adequate levelsto sustain marbledmurrelet
populations andassistrecovery throughout the three-statearea.Diet
studiesareneededto determine marbled murrelet preyspecies. In
addition,studiesofabundance,distribution, and biologyofprey species
are needed to better understand marbled murrelet distribution and ecology
at sea,and toensurecontinued levelsof preyavailability, preventimpacts
of humanactivitiesthat may affectprey (i.e.,overfishing,pollutants,
coastal development, etc.),andmaintain other aspectsof marine habitat
quality (e.g.,reducedisturbance).

Information about marbled murreletdiet can comefrom examinationof
stomach contents or byobservingfood itemsheld in the bills ofbirds at
seaorbroughtto the nestby adults. Isotopeanalysesalsohave beenuseful
for determining thetrophiclevel ofmarbledmurrelets. Becauseadult and
nestlingdiets often differ, theabundanceand availabilityofprey itemsof
different types may have effectson both adult survivalandbreeding
success. Although difficult, research on food habitsofthe marbled
murreletis essentialfor a better understandingofpossible relationships
betweenfluctuationsin preydensitiesand marbled murrelet nesting
successandadultsurvivorship.

4.5.2 Conduct studies onpopulation immigration/emigration and
colonization of nestingareasby marbled murrelets.

There are manyunanswered questionsabout thedispersalability and
movement habitsofthemarbledmurrelet. Dispersalofjuveniles,nest site
fidelity, and colonizationofunoccupiedhabitatall require furtherresearch,
both within andbetweenpopulations. Several aspectsof the recovery
strategy for the marbled murreletwould benefit from better knowledgeof
marbled murreletmovements.It is especially important to determine how
readily unoccupied forest habitat will becolonized,and toidentify the
factors that contribute toorhindersuccessfulcolonizationof unoccupied
habitat. Unoccupiedhabitatshould includeolder forest areas adjacent to
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occupied habitat (which may beusedperiodically), older forest areas
disjunct from occupied habitat (which may beusedperiodically), and
second-growth forests approaching older forest conditions(both adjacent
and disjunct from occupied habitat). Considerable emphasis has been
placed on the developmentofhabitatfor marbled murrelets in Late-
Successional Reserves over a periodof decades.Researchon movement
ofmarbled murreletsis neededto determine the extent that Late-
Successional Reserves will contribute to marbled murrelet recovery.

4.5.3 Conductstudieson marinehabitatuseby marbled murrelets.

Despite recent at-sea surveys for the marbled murrelet,little is known
about the exact distributionofmarbled murreletsin the marine
environment andhowit variesbetweenyears andthroughouttheyear.
Most marbled murrelets are found in nearshorewaters,especiallyjuvenile
marbledmurrelets,but moreresearchis necessary to determine the useof
various portionsofthemarineenvironment by the marbled murrelet. This
work would includeany relationshipsbetweenlocationoffooditemsand
underwaterfeatures,differential useofvarious marine habitats by age
class,and the useofwatersfartherthan2 kilometers (1.2miles) off shore
by marbled murrelets.

5. Establisha RegionalWestCoastData Center for themarbled murrelet.

The rangeofthethreatenedmarbledmurreletextends acrossthreestates andlands
administeredby a multitudeofentities. Research,inventoryand monitoring
activitiesarecarried out by individuals representing thoseentities:

Federal agencies
U.S. DepartmentoftheInterior

Fish and Wildlife Service
BureauofIndian Affairs
Bureauof Land Management
National Park Service
Geological Survey(Biological ResourcesDivision)
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U.S. DepartmentofAgriculture
Forest Service

U.S. DepartmentofCommerce(NationalOceanicand Atmospheric
Administration)

National Marine Fisheries Service
Monterey Bay National Marine Sanctuary
Gulfof theFarallonesNational Marine Sanctuary
Olympic Coast National Marine Sanctuary

Stateagencies
Washington DepartmentofFish and Wildlife
Washington DepartmentofNaturalResources
OregonDepartmentofFish and Wildlife
OregonDepartmentofForestry
CaliforniaDepartmentofFish and Game
California DepartmentofForestry
California DepartmentofParks and Recreation

Universities
UniversityofWashington
Humboldt StateUniversity
OregonStateUniversity
UniversityofCalifornia Santa Cruz
UniversityofCaliforniaBerkeley
MossLanding MarineLaboratory
Mark0. Hatfield Marine Science Center

Tribes
IndianNations andTribal Groups

Private
Pacific Seabird Group
Private timbercompanies
Privateresearchand consultinggroups
Environmental groups
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Through the cooperationofscientists involvedin efforts through the Pacific
Seabird Groupandthe interagency marbledmurreletconservationassessment,
muchprogresshas been made towardcollating existing dataanddeveloping
consistent standardized data collection techniques,greatlyfacilitating future
comparisons between different areas oryears. Despite this progress,thereis no
central repository for historical, current or future inventory ormonitoring data
gatheredby researchers.As a result,eachagency hastendedto developits own
costly andincompletedatamanagement and retrievalsystem. Becauseof multiple
jurisdictionsinvolved,this approach to data management results in considerable
duplicationofeffort andmany sources for partialdatasets,noneofwhich is
designed to answer criticalquestionsabout range widestatus, trends,orterrestrial
ormarine distributionofthe marbledmurrelet. Muchdatahave remained
unavailable,despiterecent effortsto collateinformation.

As data continueto be gatheredto answercritical questionsabout marbled
murreletstatus,distribution, and population trendsin responseto various recovery
and managementactivities,it is important that those groupsdevelopingtheoverall
recovery strategy have accessto all historicaland current, range-wide research
resultsandrawdata. To meetthis need,establishmentof a WestCoastMarbled
MurreletData Center (Data Center)is recommended, whose mission willbe to
maintain contact with various marbled murrelet research, inventory, and
monitoringactivities and assemble range-wide resultsoftheseactivities. This
Data Centerwould most appropriatelybe the responsibilityoftheU.S. Geological
Survey(Biological Resources Division)or an interagency grouplike the Marbled
MurreletCooperative(AppendixC) similar to that established toassistin
implementationoftheForestPlan. Thereis little doubtthat continuing research
by investigators throughout the rangeof the marbled murrelet will provide data
that canenhanceadaptive management decisions made for the recoveryeffort.
Unless thesedataare centralized and analyzedon aregion-widebasis,those
groups responsible for recovery willbe denied accessto someof the bestavailable
scientific information on thespeciesthroughoutits three-staterange. In addition,
somedatawill not otherwise becomearchivedand will be lost andnot usableby
future managersandresearchers.Theestablishmentof a permanent Data Center
is a precursor tolong-termrecovery actions basedon the bestcurrentlyavailable
scientific data.
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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 summaryofscheduledactionsandcosts forthis recovery
program. It is aguideto meetthe interimrecoveryobjectives. This tableindicatesthe
scheduling priority for each task, which agencies are responsible for performing these
tasks,and the estimatedcoststo performthem. Implementationofall taskslisted in the
ImplementationSchedulewill leadto recovery. Initiationoftheseactionsis subjectto
availabilityof funds.

Priorities in column twoofthe implementationscheduleareassignedas follows:

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

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 USED IN THE IMPLEMENTATION SCHEDULE

AMA = AdaptiveManagementArea
BLM = BureauofLandManagement
BRD = Biological ResourcesDivision,U.S. Geological Survey
CDF = CaliforniaDepartmentofForestryandFire Protection
CDFG = CaliforniaDepartmentofFish andGame
FS = U.S. Forest Service
FWS = U.S. Fish and Wildlife Service
HCP = Habitat Conservation Plan
LSR = Late-Successional Reserve
NMFS = NationalMarine Fisheries Service
NOAA = NationalOceanicandAtmospheric Administration
NPS = NationalPark Service
ODF = OregonDepartmentof Forestry
ODFW = OregonDepartmentof FishandWildlife
PVT = Privateownership
ROD = Recordof Decision
TBD = To be determined (TBD1 = costs includedin ongoingactions)
USCG = U.S. Coast Guard
WDFW = WashingtonDepartmentofFish andWildlife
WDNR = Washington DepartmentofNaturalResources
Continual = Task will be implementedon an annualor periodic basis onceit is

begun.
Ongoing = Taskis currently being implemented andwill continueuntil actions are

no longernecessaryfor recovery.
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Task Priority Task Description 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 Several HCPshave
beencompletedon Stateand
privatelands that provideadditional
habitat protection

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.

ON
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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

t’J
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"[A]  thing is right when it tends to preserve the integrity,
stability, and beauty of the biotic community. It is wrong when it tends otherwise.”

  - Aldo Leopold, A Sand County Almanac and sketches here and there     
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APPENDIX A: Designated Marbled Murrelet Critical Habitat

tatedCritical Habitatby and Land Allocation

Congressionally WithdrawnLands 740 1,800

Late-Successional Reserves 485,680 1,200,200

Non-FederalLands

StateLands 172,720 426,800

Private Lands

FederalLands

1,020 2,500

Late-Successional Reserves 541,530 1,338,200

Non-FederalLands

StateLands 70,880 175,100

County Lands 440 1,100

PrivateLands

FederalLands

350 900

Late-Successional Reserves 193,150 477,300

Non-Federal Lands

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
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Figure 1. Map of Critical HabitatUnits in Washington.
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Figure2. Map of Critical HabitatUnits in Oregon.

I-i
/

Final Critical Habitat

A-3



MarbledMurrelet RecoveryPlan

Miles

September1997

.tl

Figure 3. Map of Critical Habitat Units in California.
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APPENDIX B: PopulationTrendsof theMarbledMurreletProjected

From DemographicAnalysis1’2

StevenR. Beissinger’and NadavNuA ‘Division ofEcosystemSciences,Hilgard
Hall #3110,UniversityofCalifornia,Berkeley,CA 94720-3110,and 2PointReyes
Bird Observatory,4990ShorelineHighway,StinsonBeach, CA94970.

Introduction.--Recoveringathreatenedor endangeredspecies depends on

determiningits rateofpopulation change and correcting the factors thatlimit

populationgrowth(Caughley1994). Despite the important information on the

biology and life historyofthe marbled murrelet(Brachyramphusmarmoratus)

that has been brought together in this recoveryplanandin other volumes(Carter

andMorrison 1992,Ralphetal. 1995),population trends for themurreletremain

elusive. Little long-termdataareavailableto indicate population changes.

Christmas bird counts from fivesitesin Alaska found a50 percent decline in the

population over a20 yearperiod(PiattandNaslund1995),and censuses

conducted in ClayoquotSound,British Columbia10 yearsapartfound a 40

percent decline (Kelsonet al. 1995). Comparisonofhistoric and currentdata

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

its nesting range in California, Oregon, andWashington(Carter and Erickson

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

populationtrendsin the PacificNorthwestremain unknown.

Demographic modeling can give indicationsoflikely population trends and play

an important role in the conservationofthe marbledmurrelet. Simple

demographic modelsbasedon estimatesofannual survival and fecundity canbe

usedto estimate therateof declineor increaseof a species.They canalsohelp

focus attention oncritical demographic information that needs tobe gathered for

future studies.

Unfortunately, only alittle is known about the demographyofthe murrelet. There

areno estimatesof survivorshipfor birdsof anyage. Reproductionis slightly
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better understood Clutchsizeis knownto be oneegg,and asubstantial

proportionofnests are known to fail (Nelson and Hamer1995). However, neither

the ageoffirst breedingnortheproportionof adults that breedis known. The

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

and adults) has been monitored at-seaandis oftenvery low (e.g.,Ralphand Long

1995, Strong 1995a).

This appendix presents amodel ofthe demographyofthe marbled murreletto

explore likely population trendsin thePacificNorthwest. It updates information

and expands analyses published previously (Beissinger1995). Although fewdata

areavailable,thereis enough reproductive data for murrelets to use, in

conjunction with predictionsofsurvivorshipderived from life history analysesof

past studiesof auks,to yield crudeestimatesofthe rate and directionofchangeof

themurreletpopulation.

Model Structure--Themodelwas structuredto take advantageoftheone

population parameterthat couldbe best estimated from fielddata- fecundity.

Fecundityis the average numberof female offspring produced in a year per adult

female in the population.

In the absenceofdetailed life history data, thesimplestwayto model themurrelet

populationis based onthreelife stages:adults (birds that are breeding age or

older), subadults (birds thatexceedoneyearofage but are younger than the ageof

first breeding)andjuveniles(fledgedyoungthat have reached the ocean but have

not yet survivedtheirfirst yearof life). The latter stage takesparticularadvantage

of oneoftwo estimatesof productivityavailablefrom field data- namely the ratio

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

scheme - simplicity - is also its weakness asundoubtedlythere maybe age

variation among the demographic ratesofmurrelets, asthereis with other alcids

(Hudson1985,Wooller ei al. 1992,Gastonetal. 1994). But withoutany specific
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information on the age structureofvital rates,assigningage structure to them

would be arbitrary.

The simplifiedpopulationlife cycle given in Figure1 is based on postbreeding

season censuses with a projection intervalof one year (Caswell1989,Noonand

Sauer1992)andis typical for long-lived monogamousbirds (McDonald and

Caswell1993). Postbreeding, ratherthanprebreeding,censuses were used to

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

flow ofeventsis (1) censuses are conducted at the endofthebreedingseason,(2)

birds mustthensurvive to the nextbreedingseasonordie, (3)all surviving

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

postbreedingcensuses are conducted again. Circles or nodes (Caswell1989,

McDonaldandCaswell1993)represent the stageclasses:juveniles(0),subadults

(1), and adults(2). P0 is the probabilityof annual survival forfledglingsthat have

reached theocean. P1 is the annualsurvivorshipofsubadults.Note that this stage

maytakeseveralyearsfor birdsto matureand additional nodeswould need tobe

added for each year that the ageoffirst breedingexceeded2 yearsold. The

annual rateofadultsurvival is given byP2. By definition only adults breed and

theiraverageannualfecundity(i.e., thenumberoffemaleyoungreachingthe

ocean per adult female) is given by F2.

Only thesimplestdeterministic versionofthemodel was explored becauseno

data yet existon the magnitudeoffluctuationsofdemographiccharacteristics

from year toyear. Thus,a population viabilitymodel that projectedpopulations

50 to 200 yearsinto the futureusing stochasticchanges infecundityandsurvival

to yield estimatesof extinction(Souk1987)was not attempted because thedata

were too weakto supportsuchan exercise(seeAppendix D, responseto Issue6).

Themodelassumed:(1) survivorshipandfecunditywould changelittle from year

to year; (2)populationswere near a stable agestructure;(3) a 1:1 sex ratio, which
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is supportedby Sealy(1975);(4) no density dependence; and (5)no senescence

occursand adultbirds haveno maximum life span.Suchassumptions, although

violated to varying extentin realpopulations,are typical for modelsofthis nature

(Lande1988,NoonandBiles 1990). Usually such modelsare constructed only

for females, since itis often difficult to know much about malefecundity without

theuseof DNA analysesto assignparentage.Thus,all rates needed for Figure1

wereexpressed on a per femalebasis.

Methods.--Toestimate fecundity, we need to determine theaveragenumberof

female young produced annually by a female thathasreached or exceeded the age

offirst breeding. Twokinds ofdatacan be used to estimate the reproductive

potentialofthe marbled murrelet: ratiosofjuvenilesto AHY birds in the ocean

(hereafter called the‘juvenile ratio”), andestimatesofnesting success (the

numberofyoung fledging per nesting attempt). Informationon nesting success

was derivedfrom Nelsonand Hamer(1995).

Arguably the bestdataon reproductivepotentialare ratiosofjuvenilesfrom at-sea

surveys. If measured at the endof the breeding season, these ratios actlike a

“snapshot”censusofrecruitment rates because they implicitly incorporateall of

the parameters needed to estimatefecundity: clutch size, theproportionofnests

fledgingyoung,the proportionofbirds nesting, the numberofnesting attempts

per year,and thesurvivorshipof fledglingsto the seauntil the timeof census.

Similar ratios have beenusedto examine population trendsin a varietyofother

wildlife studies(e.g.,Hanson1963,Paulik and Robson1969,Roseberry1974,

Lambeck1990).

At-seasurveys shouldbe conductedbeforesubadultsandadultsbegin to molt into

winter plumageandbecomedifficult to distinguish from young-of-the-year

(Carterand Stein1995). In mostyears,molting adultsandsubadultsare first
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detected in mid- to lateAugust (Carterand Stein1995,Ralph and Long1995).

Thus,wegenerallyusedsurveydatacollectedbefore the endofAugust.

However,fledgingofyoung can occasionally occuruntil late September (Hamer

andNelson1995). Whentheat-sea surveys wereconducted,it is likely that some

younghad notyetfledged (and thus would not be detected), but thatmostadults

were surveyed since they were in the oceangatheringfood to feedyoung,

althoughsomeadults are likely togo undetectedif they were away from sea

tendingnests. Mostlikely, this ratio will tend to underestimate recruitment. To

correctforthisproblem,the cumulative frequency distributionfor estimatesof

“known” fledgingdatesfor all nests oryoungfoundthroughoutthe range (Hamer

andNelson1995) wasusedto estimate theproportionofyoung that would have

fledged by the mid-pointofthe census date. Thejuvenileratio is thenadjusted

upwardsby dividing thenumberofjuveniles detectedby this factor and using the

result to recalculate thejuvenileratio. Lackoffledgingdataprecluded

constructing cumulative frequencydistributionsfor specificregions in the range

ofthe murrelet.

Usingjuvenileratios to estimatefecundityalsorequires correction for the relative

abundanceofsubadults or the stage structureofthepopulation. Fecundityis the

numberoffemale young peradultfemaleproducedannually,but during at-sea

surveyssubadultsincapableofnesting can notbe distinguishedfrom adults that

are capableofbreeding. Therefore,just using the ratioofjuvenilesto AllY birds

from the surveys will tend to underestimatefecunditybecause the proportionof

adults will beoverestimated.Fortunately, the estimateof fecundity derived from

thejuvenileratio can be corrected by iteratively and incrementallyincreasing

fecundityuntil the matrix (or population projection) yields the ratioofjuvenilesto

AHY birds equivalentto that observedduring at-seasurveys.
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Alcids typically exhibit delayed agesoffirst breeding (Croxall and Gaston1988,

Hudson1985). Oneofthe earliest recordedagesoffirst breedingis for Cassin’s

anklet(Plychoramphusaleuticus),wheresomebirdsbeginat2 yearsbut most

start at3 yearsofage (CroxallandGaston1988). Hudson (1985) estimatedS

yearsin generalfor Atlantic alcids but the ageoffirst breedingofindividuals

ranged between3 and 15 years(e.g.,Harrisetal. 1994). Given itssmall body

size, itis unlikely that the murrelet would require5 yearsto reachsexualmaturity,

although it could require longer to obtain a nest siteif sites werelimiting. On the

otherhand,historically nestsiteswere probably much more abundantthanthey

are today as a resultofdeforestation.Thus, in comparisonto seabirds that nest

colonially on islands,where obtaining a breeding site cansometimesbedifficult

(Hudson1985),it seemslikely that the marbled murreletwould have ayoung

rather than old ageoffirst breeding. Ageof first breedingwas suspected to be3

years,but ages2 to S werealso exploredin themodel.

Survivorshipestimateswere derivedfrom a life history analysisofthe literature,

becausetherehave beenno long termstudiesofindividually-markedmurrelets. A

comparative analysisof survivorshipof auks wasconductedto infer theaverage

annual survival rate for marbledmurreletsbasedon life history theory. Itis well

known thatadult survival is positively relatedto body massand negatively related

to clutch size and annual reproductive rate inbirds (Croxall andGaston1988,

Gustafsson and Sutherland1988,Gaillardet al. 1989). Regressing estimatesof

annual survival against bodymassand annual reproductive rate (clutch size times

the numberofbroods per year)weredeveloped to infersurvivorshipfor marbled

murrelets,assumingan adultbody sizeof222grams (Sealy1975),a clutch sizeof

1 egg, and a nestingrateof 1 brood peryear. Allometric relationships and

multiple regression modelsweremadeusingStata3.0 (Computing Resource

Center1992). Log-transformed values forbody massandsurvival, andsquare-

root transformedvalues for reproductive ratewereusedto normalize thedataand

linearize the relationshipbetweenindependentand dependentvariables.
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We gatheredall available survivorshipdatafor theAlcidae. Data for five species

werelisted in Hudson(1985). In addition,survival estimates were obtainedfor

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

Emslieet al. (1992)andGaston(1992); least anklet(Aethiapusilla)andCrested

anklet (Aethiacristatella)from Jones(1992);ancient murrelet(Synthliboramphus

antiquus)from Gaston(1990);and pigeonguillemot (Cepphuscolumba)from

Nelson(1991). Dataon body masswere from Dunning(1992). All alcids except

Cassin’s anklets have only asinglebrood peryear. In theFarallonpopulation, but

not the British Columbian population,ofCassin’s auklets, asecondbroodis

sometimes attempted(Ainley andBoekelheide1990,Emslieetal. 1990) so a

reproductive rateof 1.25 wasusedfor the Californiabirds. Survival estimates

wereaveragedwhen several studies reported values for a species because species

were the unitsof observation. The exception was the Cassin’s anklet because

bothfecundity andsurvivorshipdiffered between each population.

Few studiesreportvalues forjuvenileor subadultsurvival for any seabird,

althoughsomedo give the likelihoodof surviving to breeding age (Hudson1985).

These values are hardto estimateandcan often be underestimateddueto

emigration. Hudson (1985)givesa range for the probabilityof surviving to first

breedingof 13-53percent, with a mean closeto 30 percent,but thisis for large-

bodiedbirds with late agesof first breeding.Interpretationofthesedataare

complicatedby differencesin the ageof first breeding within and among the

speciesconsidered.Thus, weconcentratedon estimatingsurvival separately for

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

older age classeswould approach thatof adults, as has been shown for other alcids

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

We estimatedjuvenileand subadultsurvival as a 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 each ageclass,we averagedsurvival across populations

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 adapt the proportional survival estimatesofmurres for the

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

murreletsprobably begin breedingoneor two years earlier than murres(3 versus4

or 5 years). For first-yearmurrelets,we calculatedjuvenilesurvival as the

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

murres,and for second year murrelets we used the geometric meanofproportional

survival of2 yearold and3 year oldmurres.The advantageof this approachis

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

in themodeland this greatlysimplifies the combinationsofvariablesthat needto

be evaluated.Resultsofthemodelwerenotvery sensitiveto changesin subadult

andjuvenilesurvival (Beissinger1995),which furtherjustified this approach.

Oncedemographic traits wereselected,valueswereused to calculate lambda (the

expected annualgrowthrateof thepopulation)and the stable stagedistribution.

Populations decline when lambdais lessthan 1 andincreasewhen lambda

exceeds1. The stable stage distributionis the proportionof thetotal population

that is comprisedofeach stageclassunder constantsurvivorshipand fecundity

schedules,and canbe usedto yield an expectedjuvenileratio. Lambdaandthe

proportionofjuveniles in the stable age distributionwerecalculated: (1)

analyticallyby constructing Leslie matrices andsolving for the dominant

eigenvalue and righteigenvector(Caswell 1989) usingMATLAB (1992);and (2)

numericallyusingspreadsheetsto project population changes over25 years

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

adult survivalandfecunditywererequiredto yield estimatesoflambda equal to1
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for different agesoffirst breedingand thejuvenileratios that these combinations

would produce

RESULTS

Estimating Fecundity.--Reproductionin the marbled murrelet appears to behighly

asynchronous. The cumulative frequency distribution forestimateddatesof

fledgingthroughoutthe rangeofthe murreletshowsa regularincreaseduring the

breedingseason (Figure 2). Fledginghasoccurred as early as the first week in

Juneandvery rarely aslate as September, although94 percentofthe nests had

fledgedby the endofAugust. Fledging finishedby the endofAugustin Alaska,
BritishColumbia, and Washington, butin Oregon and California extended into

September (see Figure3 in HamerandNelson1995). A linearmodel fit thedata

well, especially through the middle portionsofthe rangeof fledging dates (Figure

2). Thismodelwasusedto estimate the cumulative proportionofnests that had

fledged to adjustjuvenileratios fordifferencesin the dateofsurveys.

Table 1 summarizes replicatedat-seasurveysofthe ratioofjuvenilesto AHY

murreletsfor differentlocalities. Surveys dateswere grouped to avoid repeatedly

counting the same individuals, but insome casesit was notpossible. Several

importantpatternsemerged from these data.First, thejuvenileratio tendedto

increaseduring the breeding seasonin mostlocationswith repeatedsurveys. For

37 consecutive pairsofsurveysconductedin the sameyear, thejuvenileratioof

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

(10.8%)anddecreased7 times (18.9%). Increasing ratios occurred more often

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

shouldoccurif nestsin apopulationwere asynchronously fledgingyoung (Figure

2), andjuveniles,subadultsandadults remainedin thegeneralvicinity (i.e.,

transectswerelong enough thatentirepopulations were beingsurveyed). The
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general increasein juvenileratios during the breeding season indicates that

juvenileratios may beuseful tools for tracking productivityofthesepopulations.

Second,sequential surveys often yieldedsimilar juvenileratios after the

percentageofjuvenilesobservedwas adjusted for different survey datesusingthe

linear model in Figure2. The most similar values generally occurred for surveys

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

appear to besensitiveto seasonalchange, yet providerepeatablemeasures for

estimating fecundity.

Juvenile ratios from at-sea surveysof marbledmurrelets conductedtoward theend

ofthe nesting season throughout thePacificNorthwestare summarizedin Table

2. The ratioofjuvenilesto AHY birdsvaried from about0.01 to 0.14. Juvenile

ratios for Puget Sound and northern Oregon (typically 0.08-0.14) tendedto be

highest, southern Oregon and northern California had intermediate ratios (0.02-

0.07), and central Oregon and central California consistently had the lowest

juvenileratios (0.01-0.04). Year to yeardifferencesin juvenileratios arealso

evident. Most regions hadlow ratiosin 1993,while 1994and1995were more

productiveyears.

The ratiosofyoung-of-the-yearmurreletsto AYH birds wereadjustedfor both

dateofsurveyandthe proportionofsubadults to yieldestimatorsoffecundity

(Table 2). Time and stage adjustedjuvenileratios rangedfrom about 0.02-0.19.

One-thirdofadjustedratiosweregreater than0.10,but halfwerelessthan0.05.

Fecunditycan also be estimated fromstudiesofnesting success but thisis more

difficult to do for the murrelet becausenestsare so hard tofind andmonitor. A

total of22 nests have been foundin thePacificNorthwest(seeTable 2 in Nelson

andHamer1995). Only 36 percentof themsuccessfullyfledgedyoung. This

would yield an estimateof0.36 young produced per nesting pair (sincemurrelets

B-b



MarbledMurrelet RecoveryPlan September1997

can fledgeonly 1 young), or0.18 femaleyoungper nesting female, assuminghalf

oftheyoungfledgingwould be males based on the sexratiofoundby Sealy

(1975). This estimate serves asan upperboundfor fecundityfor several reasons.

It is unlikely thatall females attemptto nest every year and a significant

proportionofthe population (5-16 %) may be nonbreeders (Hudson1985).Also,

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

safely reached the ocean. Thelong flight from the nest to the ocean can be

expected to be hazardousfor nestlings,asexemplified by grounded young birds

that have been found(Carterand Erickson1992,Rodwayet al. 1992). Thus,to

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

would have to be corrected by multiplying itby theestimatedproportionofadult

birds nesting (averaged from the estimatesof Hudson citedaboveto yield 0.9), the

proportionofyoungthat survivefrom fledging to until the timeofcensus

(anybody’sguess but0.9 might be areasonableestimate), and the numberof

nesting attempts perpairper year(assumedto be 1). Thiswould result in a

fecundityvalue around0.146,similar to the highest values found from at-sea

surveys (Table 2).

Estimating Survivorship.--Theannual probabilityofsurvival for adults(P2)was

positively relatedto body size for10 speciesof Alcids (Figure3). Adult

survivorshipranged from about 0.75-0.77 for small-bodiedleastauklets and

ancient murrelets to 0.91-0.94 for large-bodied Atlantic puffins(Fratercula

arctica), and common and thick-billedmurres. Body massalone counted for

nearlyone-halfofthe variationin survivorship(Figure 3). Adultsurvivorshipwas

negatively related to annualreproductiverate(P = 0.023) after controllingforthe

effectsofbody size. Likewise,survivorshipwassignificantly related to body

mass(P = 0.009) after controlling for the effectsofreproductive rate.Thus,the

two variables make statistically independent contributions in explaining variation

in adultsurvival (Figure 4). Whenenteredinto a multiple regression, thesetwo
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variables together accounted for72 percentofthe variation in annualsurvivorship

among the10 species (P= 0.006) and yielded the equation

ln(P2)= [0.069 x ln(M) - (0.229x sqrt(R))- 0.3 10] (1)

whereP2is annual adult survival, Mis body massandR is annual reproductive

rate. This resulted in anestimateofannual survivalof 0.845for the marbled

murrelet. Two standard errorsofthe estimatefor the prediction, encompassing95

percentofthe likely values for typical murreletsurvivorship(Steel andTome

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

exploredthe possibility that theaverageannual probabilityofsurvivalmight be as
high as0.90,a value typicalfor larger Atlantic alcids (Hudson1985). Valuesof

survivorshipaslow as0.81 were not considered because theywould haverequired

extremely high fecundity valuesfor populationsto persist.

Survivalofjuvenileand subadultcommonand thick-billed murres wasconsistent

acrosspopulations(Table 3). Averagesurvivorshipofcommonmurres was

remarkably consistto survivorshipofthick-billedmurres. By theendoftheir

third year, murres had nearly reachedorexceededsurvivorshiplevelsequivalent

to adultsin all populations. For bothspeciesof murres, survivalthrough the first

yearof life was about60 percent thatofadults, hadincreasedon averageto 82

percentofadult survival from years1 to 2, and was nearly equivalent (94-97%)to

adult survivalby the endofthe thirdyear. Scalingthesurvivorshipofmurresto

the life historyof the marbled murreletby taking the geometric meanofthe upper

andlower age class estimatesof survival forboth species yields a first year

survivalof 70.1 percentofadultsurvivaland asecondyear survivalof 88.8

percentofadult survival(using0.945 as theaverageproportionalsurvival for age

classes2-3). These proportions wereusedforjuvenileandsubadult survival

estimates in themodel.
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PredictedMurreletPopulation Trends.--Figure5 showsthe possible combinations

ofadult survival andfecundityfor populations experiencingno growth (lambda

equal to1) for different possible agesoffirst breeding. Combinationsofsurvival

andfecundityabove the lambda isobarresultin increasingpopulations and

combinations below the lambda isobar result in declining populations. For the

marbled murrelet, fecundity may not exceed0.5becausefemalesarethoughtto

lay only 1 egg per year and on average onlyhalfoftheyoungthat fledgewould be

females.Note that the lambda isobars for differentagesoffirst breedingconverge

assurvivorshipincreases and fecunditydeclines.As fecundityvaluesdropbelow

0.20 andsurvivorshiprises above0.90, ourassumptionofthe ageof first breeding

will have little effect on the predictedpopulationtrends.

Likely combinationsof adult survivorshipandfecundityare shownfor the

murreleton Figure5. These estimates are well below the lambda isobars, and

indicate thatmurreletpopulations in the PacificNorthwestare likely to be

declining inmostyears. Given an annualsurvivorshipof0.85-0.90, murrelet

fecunditywould have to range from 0.20-0.46 toresultin stable populations for

different agesoffirst breeding. Such values would result in J:AHY ratiosof

0.176-0.279 at theendofthebreedingseason.Whenbackadjustedfor dateof

census and the rangeofpossible agesoffirst breeding,J:AHY ratiosfor stable

populations wouldneedto be 0.110-0.174for a survey midpointof 1 August,

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

Even thehighest J:AHYratios forat-seasurveysin Puget Sound andnorthern

Oregondid not reach these values,althoughoccasionally theywereclose, and

elsewherein the PacificNorthwestjuvenileratioswerewell below those values.

Fecundity valuesresultingin juvenileratios sufficient to sustain murrelet

populations appear tobe typical for other auks, which generally experience

nesting successofabout 70-75 percent (Hudson1985). For example,if murrelets
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experienced75 percent nesting success, nestswereattemptedby 90 percentofthe

potential breeding populationeachyear,and90 percentoftheyoungsurvived to

reach the ocean, thenfecundity= 0.75 x 0.9 x 0.9 x 0.5=0.304. Murrelet

populations with afecundityof0.3 would growwhenadultsurvivorshipexceeded

0.862-0.894, values that fall well within the expected rangeofsurvivorship

values. Unfortunately, even the mostfavorableestimateoffecundity conceivable

from current fielddatafor the marbled murrelet(i.e., uncorrected nesting success

= 36%)would requiresurvivorshipvalues to exceed 0.908-0.924 for populations

to grow. Suchsurvivorshipvalues may occur duringsomeyears, but seem likely

to be higher than thelong termaverage expectedfor this species(Figures3 and 4).

The above analysessuggesta predicted rateof declinefor themurreletpopulation

that issubstantial.Using estimatesofsurvival fromourcomparative analysis and

estimatesoffecundityobtained from at-sea surveysofjuvenilesand adults, likely

combinationsofdemographic ratesandtheirresultingannual change in

populationsize are given inTable2 and areillustrated in Figure5. All estimates

oflambda werelessthan 1.0, althoughthe threehighestestimates (0.989,0.964,

and 0.961) maybe within the boundsof errorfor a stablepopulationgiven the

accuracyofthemodel. Theaverageacrossall years and locations for lambda was

about0.93 and0.88,assumingan annual survivorshipof0.90 and0.85,

respectively. Using anaveragesurvival rateof 0.90, lambdaaveraged0.96 for

Puget Sound and northern Oregonpopulations,0.93 for southern Oregon and

northern California, and0.92for centralOregonand centralCalifornia. The

highest estimate for lambda comesfrom uncorrected nesting success and would

resultin a valueof0.98 for an ageof first breedingof3 years. Thus,it appears

that reproductive successofmurrelet populations throughout the Pacific

Northwestis insufficient to sustainpopulations,which arelikely to be declining at

least2-4 percent per yearandconceivably even 2-3 times faster(Table2).
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DISCUSSION

Model Parameter Estimates.--Thereare a numberofsourcesofuncertaintyin the

parameterestimates that may have affectedmodeloutcomes. Estimatesof

survival have the greatest uncertainty, since they were not derived fromfield data

but instead were based oncomparativeanalysesofallometric models.

Nevertheless,there are reasons for confidencein the estimates evaluated.

Survivorshipis oftenstronglyrelated to both body size and reproductive effort in

birds (e.g.,Saether1988,Gaillardetal. 1989),and this trend wasalsostrongin

theAlcidae. The rangeof annualsurvivorshipvaluesfor adults evaluated in the

model (0.85-0.90) included more thantwo standard errorsfor the upper boundof

the prediction from theregression,which shouldencompass morethan95 percent

ofthe variation inpotentialmeanestimates.Higher annual survival rates (0.90-

0.94) are typicalonly forthreespeciesof anks with bodymassesexceeding600

grams,threetimes the sizeofthe marbledmurrelet. Survivorshiprangesfrom

0.75-0.88for sevenalcid specieswith medium andsmall bodysizes(< 600

grams); only the Atlantic puffin(Fraterculaarctica) had annual survival rates

routinely above0.90.

It is likely that annualsurvivorshipfor marbled murrelets will be among the upper

rangeofvalues evaluatedin this model (e.g.,0.87-0.90), because themurrelet’s

inherently low reproductive rate(1 eggper nesting attempt) requires high

survivorshipfor populations togrow. On the other hand, themurrelet’sunusual

life history strategyof nesting in old-growth forests often far from the sea may

cause it to facehighermortality risks than otherseabirds.Field studiesto

determinesurvival rates are needed, and arebecomingmore feasible as marking

andtelemetrytechniques are perfected for this bird (Quinlan and Hughes1992; L.

Priest andR. Bums, pers. comm.).
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All measuresoffecundityfrom field dataforthe marbled murrelet appear tobe

low. Arguably the most complete measuresoffecunditywere derivedfrom

juvenileratios basedon extensiveat-sea surveys correctedfor the dateofsurvey

and stage structureofthe population (Table2, Figure 2). These surveys have

universally produced lowjuvenileratios (Tables1 and 2). Lowjuvenileratios

indicatepoorreproductive success that could be due to high nest failure rates from

predation (Nelson and Hamer1995),or to a lowproportionof adults attemptingto

breed, perhaps because they are unable to findsuitable,old-growth nestsites.

Poorreproductive success insome years,like 1993,couldalso have been partly

due to ElNiflo effectson foodsupplies.Although thereis ampleevidence that El

Nifio affects nesting successofseabirds that nest and forage offshore (Ainley and

Boekelheide1990),thereis no evidence that fish populations within2 kilometers

(1.2miles) ofshore, which murrelets mostlyutilize, areaffected.

Someuncertainty in the measureoffecundity derivedfromjuvenileratiosis

associated with the timingofsurveys. To convertjuvenileratios to afecundity

estimate, ratios had tobe increasedto account for nests fledging after the survey

dateby using the cumulative frequency distributionfor fledged nests with known

dates(Figure2). This distribution was comprisedofnestsfrom Alaska to

California, because sample size was not large enoughto partition nests among

portionsofthemurrelet’srange. Variation in the fledging dates existsbetween

Alaska,BritishColumbia, and the PacificNorthwest(HamerandNelson1995),

althoughthereis much overlap. Future research mightemploybootstrapping

techniques(Crowley 1992)to calculate an error estimate for thecumulative

frequencyby date, as onewayto determine the inherent variabilityofthe

correction factor.

Other approaches toestimating fecundityalsoyielded low values but are likelyto

havetoo many biasesto be usefulyet. Estimatesof fecundity from nesting
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success are likely tobe lessusefulthanjuvenileratios because they must be

corrected for many factors that are difficult to measure for the murrelet: the

proportionof adults nesting, fledgling survival to the ocean,andrenesting

frequencies.Furthermore,for the foreseeablefuture fecundity estimates based on

nesting success are likely to depend onsmall samplesizesbecauseofthe

difficulty in finding nests.

Predicted Ratesof Declineof MurreletPopulations.--Thedemographicmodel

predicted thatmurreletpopulations are likely tobe declining (Table2, Figure 5).

Theestimatedrateofdeclinevariedfrom 1-14percent per year,dependingon the

parameterestimates used. Based on thediscussionofthe parametersabove,the

mostlikely rateofdecline would be based onfecundityvalues fromjuvenile

ratiosusedwith anestimateofsurvival closer to0.90 than to0.85. Such

estimatesfor lambda wouldsuggesta rateofdecline around 4-8 percent per year.

A predicted declineof 4 percent per yearin PugetSoundandnorthernOregon

(Table2) is in closeagreementwith populationdeclinesdocumented intwo field

studiesof murreluts. A50 percent declinein murrelets detected over20 yearsof

Christmas BirdCountsin Alaska(Piatt andNaslund1995),despite anincreasein

observer effort during this period, would represent a3.4 percent average annual

decline. Similarly, the40 percentdeclinein theClayoquotSoundmurrelet

population inBritish Columbia over10 years(Kelsonet al. 1995)would average

to a 5 percentannualdecline. Thesestudiesare basedon either periodic but

intensive sampling during few annual periods (British Columbia),or low intensity

but extensive samplingeveryyear(Alaska). Despite, thesamplingshortcomings

inherent in thesetwo studies,the population trends that they have documented are

in goodagreementwith trends predictedby themodel in this paper.

Model results suggest that murreletpopulationsmay even be declining at greater

rates(Table2). A 7-8 percent annualdeclinefrom centralOregonto central
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California wouldbe predictedfromjuvenileratiosin conjunction with high

estimatesofsurvival. It is conceivablethat these murrelet populations could be

declining at 7-12 percent per year(Table2). Although this rateofdeclineis so

high that it seems unlikely togo unnoticedby field researchers, most at-sea survey

designscurrently in usehave a lowpowerto detect declinesofthese magnitudes

because they are not replicated often enough (Beckerei al. 1997). Nevertheless,

declinesofthat magnitude are based on the most pessimistic combinationsof

fecundityandsurvivorship. We interpret themodelpredictions, in conjunction

with the field evidence, to suggest that murrelet populations arelikely to be

declining at least4 percent per yearandperhaps asmuchas7 percentperyear.

Useof Juvenile Ratiosfor MurreletConservation.--Conservationefforts for

marbled murrelets have been hampered in part becauseofa lackofreliable

biologicalinformation. Demographic characteristics have been especially

difficult to measure becausenestsare very hard to find and monitor,murreletsfly

long distances both over the ocean and across land, and the birds aredifficult to

capture,mark and telemeter (Quinlan and Hughes1992). Juvenileratios provide

one estimatorofmurreletpopulationhealth that may bereasonablymeasured in

the field.

Juvenileratios havegreatpotentialasestimatorsofproductivity. It is easy to

obtain large samplesizesofjuvenileratios compared to the difficultyoffinding

andmonitoringnests. It will be manyyearsbeforeenoughnests are found to yield

sample sizessufficient for accurate estimatesofnestingsuccess.Additional

informationneededto convertnesting success into annualfecundity(the

proportionofbirds that nest and the numberofattempts per year) will perhaps be

even more difficultto obtain. Juvenileratios implicitly incorporate thesefactors.
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Researchwill need to determine optimal protocolsfor samplingjuvenileratios at-

sea that take into accountpotential differencesin habitatuseby juvenilesand

adults (Beissinger1995),as well as other factors that could bias these ratios.

Changesin juvenileratios could be a useful toolto understand factors limiting

murrelet population growth. Juvenile ratios could be monitored in a regional

areas(e.g.,50-100 kilometersofshoreline) and compared tolandscape

characteristics to determine the effectsofforest management and other landuse

practices. Juvenileratios mayalsobe useful for monitoring murreletpopulation

trends. However, changesin juvenileratios can be caused eitherby changes in

recruitment (increased nesting success results in greater proportionsofjuveniles)

orchanges in adultsurvivorship (decreased survivorshipresults in greater

proportionsofjuveniles). Whetherjuvenileratios change due toimproved

recruitmentor decreasedadult survivorshipshouldbe apparent by examining

year-to-year changesin populationsize. Increases injuvenileratios coupled with

increasedpopulation sizeshouldindicateincreasedproductivity, butif coupled

with decreasedpopulation sizewould indicatedecreasedadult survivorship.

For makingsound conservation decisions basedon population trendsand

demography, thereis no substitutefor goodfield databased on direct estimatesof

population change, survivalandfecundity. For the marbled murrelet,such

informationis likely to remainscarce.Future researchshouldexplore the

strengthsandweaknessofusing the ratioofjuvenilesto after-hatch-yearbirds as a

proxy for direct demographic measurements.
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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(number offemale youngler adult female). Thesewere usedto estimatelambda
assLlming adultsurvival of 0.85and0.90, and anageof 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:
Coos Bay-
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:
Oregon to

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. Annual and proportionalsurvival ratesoffourpopulationofcommon
murres andonepopulationofthick-billed murres calculated for different age
classes from band recoverydatain BirkheadandHudson (1977). Nis thenumber
ofbirds banded in theinitial cohort. Proportionalsurvival is the annual survival
of the ageclassdivided by the average annual adultsurvival for the species (0.925
for common murresand0.910 for thick-billed murres).

Species Location N 0-1 1-2 2-3

Common Murre FirstIsland,Canada 319 0.61 0.76 0.90

orway 157 0.47 0.77 0.87

0. Gannet Islandand South
Britain

113 0.47 0.73 0.87

WitlessBay, Canada 301 0.67 0.79 0.84

Mean survival
Mean proportional survival

-

-

0.56
0.60

0.76
0.82

0.87
0.94

Thick-billed Murre Blot Island and Greenland 92 0.55 0.75 0.88

Mean proportional survival - 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 diagram for the marbledmurreletusedin
developingpredictionsofdemographictrends.

P
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FledgingDatesfor 74 Murrelet Nests
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0.0
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Julian Date

Figure 2. The cumulativeprobabilitydistributionfunction for fledging datesof74
marbledmurreletnests. Resultsofa linear regressionofJuliandate(x) on thecumulative
proportionofneststhat fledged(y) wasfit to dataaregiven. No probabilityvaluecanbe
calculated forthe regressionbecausecumulativefledgingvalues are notindependent.
Dataarefrom Hamer and Nelson(1995). Datesshownreferto theendpoint ofcensuses
usedto adjust thejuvenile ratio.
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ATL
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80 I 300
Body mass (g)

600 i odo

Figure 3. Relationshipbetweenadult survivalandbody mass fortheAlcidae. Both
variableshave beenio~ transformedin thestatisticalanalysesandareplottedon logged
scale.The lineindicates theleastsquaresfit to thedata. Threelettercodes depictspecies:
LEA=LeastAuklet, CAS=Cassin’sAuklet, ANC=AncientMurrelet,CRE=Crested
Auklet, ATL=Atlantic Puffin, BLA=Black Guillemot, PIG=Pigeon Guillemot,RAZ=
Razorbill, THB=Thick-billed Murre,andCOM=CommonMurre.
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150
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Body mass (g)

600 10010

Figure4. The relationshipbetweenadultsurvival adjustedforthe square rootof
reproductiverateand bodymassfor theAlcidae. Both axes have beenlog0.
transformed. The line indicates theleastsquares fit to the data. Three letter codes
depict species as in Figure3.
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0

0.90

5
0.85

3
080 2

0.0 0.5

Fecundity

Figure5. Setsof isobarswherelambda equals1 (i.e. populations areneither
increasingor decreasing)for different combinationsof fecundity and annual
survivorship. Above the isobars populationsshouldincrease and below the
isobars populationsshould decline.Lines are shown foragesoffirst breeding
from 2 to 5 years.. Likely marbled murrelet values forsurvivorshipandfecundity
are given by thebox. Average annual adultsurvivorshipis expected to fall
between0.85 and0.90. Maximum fecunditywassetby uncorrected nesting
success (0.18)andminimumfecundityfrom low at-sea ratios (0.06).All likely
valuesofreproduction andfecundityfor the marbled murrelet(MM) fall within
the rectangle and indicate decliningpopulations.The annual percentage decline
for the four corners of the rectangle is shown.
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APPENDIX C: Marbled Murrelet Cooperative ResearchProcess to
CoordinateMonitoringEfforts andLargeScaleStudies

Summary.--Researchand monitoring on the marbledmurrelet(Brachyramphus

marmoratus)hasbeendifficult to conductdueto the biologyofthe bird,hasbeen

poorly funded,andhasoccurred in an uncoordinatedfashion. Thishasresultedin

few answers to the many problems facedby regulatorsand land managers. We

propose to develop and guide acooperativeeffort among researchersand

cooperatorsthroughoutthe rangeofthe murreletin the Pacific Northwest. This

effort would help to fund the strategic studies that needto be done at a regional

level, ensure that the work wasrelevantto pressing management decisions,

promotethe useofstandardsurvey andresearchmethods, help fund and

coordinate monitoringefforts, and help coordinate databases among the three

states.Especiallyemphasized would be management problems that can not be

solvedwithoutmaking comparisons across a rangeoflandscapeandmarine

habitats,questions that requireintensiveefforts,and large-scale monitoring

programs.A large-scale projectenvisionedduring the first five yearswould

coordinate a regionalstudy to examine the relative importanceofforestlandscape

conditionsand marine influences on the productivityandpopulation trendsof the

murrelet. The design will alsoserveas a regional monitoringprogramfor the

murrelet, assuggestedin the research and monitoring sectionofFEMAT.

Becauseofthe size, geographicalrange,costsandscopeof this studyand other

desired regional researchandmonitoringprograms,tremendous coordination

among a team of cooperators will be needed. Coordination and leadership can

best be accomplished through theexpertiseand venueofthe Marbled Murrelet

Recovery Team with cooperationoftheU.S. FishandWildlife Service(Service).

Introduction.--Informationon the biologyof the marbled murrelet for forest

management decisionsis incomplete. As a result, the Service, including the

Marbled Murrelet RecoveryTeam,and other wildlife managementagencies,have
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had toemployconservative approaches to conservation planning and resource

protection. Newand better informationon the ecology and demographyofthe

marbled murrelet can only leadto the relaxationofcurrent management

recommendations,fewer conflicts over resourcemanagement,and gains for forest

managers, wildlife managers, the forest products industry and the net fisheries

industry.

Researchon the marbledmurrelethas resulted infewfirm answers to the many

problems facedby regulatorsand resource managers for several reasons.First,

this specieshasbeen difficult tostudydue toits biology. Murreletsaredifficult to

capture,their nestsin the canopyofolder forests have been extremely difficult to

locate,andtheirmovements are poorlyknownbecause the birdcanfly up to 80

kilometers (50miles) daily to and from the ocean where it spends mostof its time.

Second,researchon murrelets has been poorlyfunded. Funding levels have been

low andstudiestypically are fundedon a year-to-yearbasis,which makes it

difficult topl~ studies toobtainvaluablemulti-yearinformation and to establish

intensivestudies thatwould result in break-throughs in the understandingof

murrelet ecology. These typesofstudies are needed to discover and develop a

rangeofforest management optionsfor nesting habitatandbetter understand the

demographic characteristicsofthe population. Third, researchhasoccurred in

mostly anuncoordinatedfashion. Census and data analysis techniques are not

alwaysstandardized and often poorlyunderstood,and duplicationofeffortshas

occurred.Therehasbeen insufficient coordination among state,Federal,and

private organizations conductingstudies. Fourth,thereis a real schism and a

deficiencyin relating researchefforts and results obtained in theforest

environment and those conducted at-sea, even though both habitats arecritical to

the life history of.the murrelet.Finally, muchofthedataalreadycollectedis

unavailable for usein analysesanddecision-makingby state and Federalofficials,

and oftenis not incorporated into central databases(e.g.,surveys on privatelands,
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and statesurveys).Muchofthis datais availableasdatasheetsfrom a widerange

ofagencies, but has not been enteredinto computer databases or compiled in a

usable format. For thosedatathat areavailablein computer databases,file

formats have not always beenstandardizedto enablecompilation between

regions.

Unlike the spottedowl, which often requiresthousandsof acresofhabitatto

supporta breeding pair, marbled murrelets have been documented tosometimes

utilize small standsas nestinghabitat. In addition,theirnesting habitatis often

foundin low elevation coniferforests,with near-coastal habitatpossiblyplaying

an important role in sustaining populations. For these reasons, nesting habitat

foundon non-Federal ownership in certain areas maysupporta significant portion
ofthe population and contributeto recoveryin a meaningful way.Therefore,it is

importantto promote the cooperationof non-Federal entitiesin the information

gathering/monitoringefforts for this speciesandhave them participatein using the

resultsto develop forestandmarinemanagementoptionsfor the marbled

murrelet.

Someofthe most important information needed for management decisionsis

likely to comefrom studiesofmurreletsat largescales- at both land and sea. For

example,thereis a needto understand the effectsofforestlandscapeand stand

characteristicson reproductivesuccess,theextentof older forestthat needs

protection,orthe roleofoil spills andnet fisheriesin the population decline. The

fastest routeto answer theseand similar questionswill be to make comparisonsof

the healthof murreletpopulationsat-sea amongareaswith different forest

landscapeandmarinecharacteristics.Suchlarge scaleand complexstudieswill

never happen without a well coordinatedandwell fundedcooperative effort

among researchers, managers, and otherinvolvedparties. In addition, the

cooperative couldensurethat monitoringefforts arecarriedout in such a way as
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to examinespecifichypothesis about murrelet population trends or thefactorsthat

limit marbled murreletpopulations.

During the time that the Team gathered information to write a Recovery Plan, it

became apparentthat management decisionsandrecoveryefforts for the murrelet

were most restrictedby incomplete information.Thus,the Team determinedthat

oneof the best ways it couldassistrecovery wasto catalyzean effort to obtainthe

biological information that wascritical formaking wise management decisions

and contributed to identifying key goals and objectives to focus recovery efforts.

The Marbled Murrelet Recovery Teamwould develop and guide a regional

cooperativeofresearcaers throughout the rangeofthe murreletin thePacific

Northwest. This effort would helpto fund thestrategicstudiesandmonitoring

that needto be done,and ensurethat the work was relevant to pressing

management decisions. Thelifetime ofthis cooperative effortis expectedto be

10 years. This periodshouldbe long enoughto relate population trends toforest

and marine habitatconditions,andto obtainkey informationon important

unknown aspectsofthemurrelet’slife history. Especially emphasizedwould be

management problemsthat can notbe solvedwithoutmakingcomparisons across

a rangeoflandscapeandmarinehabitats, questionsthat requireintensiveefforts,

andefforts involving regionaldatacollectionor analysis to examine population

level questions. In addition, the cooperativewould helpensurethat funding was

available to complete criticallong termstudies(3-10years)andmonitoringby

poolingresourcesfrom various participants with similar research andmonitoring

needsandusing the combinedresourcesof the cooperatorsto obtainadditional

funding. The cooperalive wouldalsofunction toensurethatall availablemurrelet

data was deposited in central and state database centers, and assist in database

management.
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Participants in theCooperative--Asa prerequisite tobe involved in the

cooperative, potentialparticipantsmust actively bringsomethingofvalue to the

cooperativeorbe willing to conductorparticipate in anactivity that is beneficial

to completing the goalsofthe group. Thisinvolvementcould be funding

contributions to specificprojects,biological expertise, contributionsofpersonnel

orequipmentto researchandmonitoringprojects,or the sharingorcooperative

collectionofdatapertaining to the needsofthe group. The conceptis that each
partyneedsto actively contributeorparticipate in a meaningfulwayin order to

gain thebenefitsoftheassociation.All partiesmustbe willing to share

information withtheotherpartiesinvolved.

Cooperatorsshouldinclude, but are notlimited to, stateand Federalagencies

participating in the Regional Interagency Executive Committee(RIEC) and

RegionalEcosystemOffice (REO),suchas the U.S.ForestService, Bureauof

Land Management,U.S. Geological Survey(Biological ResourcesDivision),

NationalParkService,StateWildlife Agencies,StateAgencieswith forest

managementresponsibilities,tribes, BureauofIndianAffairs, and the National

Marine Fisheries Service. Additionalcooperatorswould includerepresentation

from the Pacific Seabird Group, membersofthe private forest industryandrelated

organizations suchasthe NationalCouncil ofthe Paper Industry for Air and

StreamImprovement(NCASI) andNorthwestForestryAssociation.

As partoftheNorthwestForest Plan, monitoringwas considered akey

componentofadaptive management and a requiredactivity for ecosystem

management, implementationofconservationstrategies,andcompliancewith

forest management laws andpolicies. TheForestPlanrecommendedthat Federal

agenciesshoulddevelop amulti organizational resource monitoring system thatis

adequately fundedandwith organizational responsibilities that are clearly defined.

In addition it was recommended that Federal agencies in collaborationwith state
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and private interestsshouldencouragethe design and implementationof

landscape-scale research and monitoring projects thatwould enhancescientific

knowledgeofparticularspecies,developanalyticaltools forecosystem

management and expand the resource productivity options for PacificNorthwest

Forests. Thishasbecome a high priority for theREO. We feel thisregional

cooperativefulfills manyofthese obligations and objectives andshouldhelp meet

the expectationsestablishedfor murrelets by theRIEC andREO.

Organization of theCooperative--Thesteering committee would be composed

ofmembersofthe Recovery Team and representativesofindustry, the tribes,

Federalagencies,stateagencies,and other cooperators andwould work closely

with eachotherin the decision-making process. Among its other duties, the Team

is responsible for guiding and accelerating the recoveryofthe marbled murrelet

throughoutthePacific Northwest,andfor determining criteria todelist the

species.The Recovery Team would act to guideandhelp coordinate the

monitoring and researchactivities ofthe cooperativeasmembersofthis

committee(Figure 1). This organizationwould help ensure that themonitoring

andresearch activities beingconductedorproposedcould be executedin such a

manner as to have some benefits to recovery efforts and objectives. This is not to

say thatall activitiesofthe cooperative need tocarriedout with the information

needsofthe recovery effort as a primarygoal. But manyprojectsmay be able to

gathercritical information needed for recovery withoutmuchadditional effortjust

by clearly knowing the goals and objectivesof the RecoveryPlan.

Membersof the steering committeemustrepresentcomparable levelsofauthority

within theirorganizationsoragencies,have theauthorityto makedecisionsfor

theirorganization, and be heldaccountablefor theirdecisions totheir

constituencies. Thesemembersshouldalsohave adequateresourcesoftime and

funding to beinvolved in the cooperative in a meaningful way. Steering
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committee members wouldbe selectedby appointmentfrom each cooperator

through theService’sRegionalOffice. These membersshouldhave an

understandingofthescienceinvolved in this issueand preferablyhave research

relatedbackgrounds.

Themajorrole ofthe Servicewould be to facilitate formationofthe cooperative

andestablishadatabasemanagementcenter. Theprimaryrole ofthe steering

committeewould be to encourageandpromotecollaborative processes among the

cooperators. In addition they would help identifypotentialparticipants,encourage

the participation of cooperators, andensuretheirrepresentationin the process.

The steering committeewould alsofunctionto enhancecommunicationbetween

partiesby ensuringall participantsarekept informedof the informationgoals,

project developments, and resultsof the monitoring andresearchconductedby the

cooperators. The committeewould alsopromotejointly conceived investigations

andprovide incentives for cooperationby helpingnegotiate/coordinatejoint

funding allocations. The cooperativeis not envisioned as a fundingsourcebut a

way to betterutilize currentfunding andcoordinate fundingefforts. The resultof

all these activitiesis to build partnerships, promote cooperationandestablisha

strongfoundation forcontinued cooperation.

To carry out thesegoalsthe steering committeewould first obtain feedbackfrom

all the cooperators ontheirspecificmonitoringandresearchneedsandthen

summarize theseneeds.Using thissummary,the committeewould theninform

the cooperatorsofoverlaps in informationneeds,look for waysto coordinate

these needs between groups, andencourage cooperativeeffortsbetweenthese

groups. Discussionsofthegoalsof the researchandmonitoring would takeplace

using theexpertiseofthe steering committeeandthe research working groupin

order to further clarify the needsofthe participantsandprovidefeedbackon
whether thegoalscan be met byconductingparticularactivitiesor suggestproject
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alternatives. Thisprocesswould help the parties identify and focustheir interests

andinformation needsand shouldoccur on an annualbasis. Promotionof

cooperative effortswould reducecostsfor obtainingthe information for each

individual participant,encouragestandardizationofresearchandmonitoring

techniques, avoid duplicationofeffort (exceptwhenduplicationis desired)

provide opportunities for large scalestudiesthat could notbe conductedwithout

intensiveeffortsof a larger group, andencourageregionallevel studies.

Two working groupswould be formed under the steering committee(Figure 1),

the research working group and the funding working group. The researchworking

group wouldbe responsible for developing researchandmonitoringstudyplans

basedon thecommoninformation needsofthe cooperators as summarized by the

steeringcommittee. After these plans are completed theywould be givento the

steering committee for review. After review, the steering committeewould then

make recommendations on how to modify study designs to better meet the needs

ofcooperators, suggest waysof makingthe design better suited to meeting the

monitoring and research needsofthe species, or makesuggestionson how the

plans couldbe designed tobe carriedout as regional level projects. The research

working groupwould thenreview the plans toseeif modificationscanbe made.

The roleof the steering committeeis to obtainthe best peerreviewof proposed

projectsfrom the research group and provide feedbackon thequality ofthe

projectsandtheirpriority to thecooperators.Both theresearchworking group

and the steering committee set priorities for projects to be completed. Once final

studyplans are completed, the steering committeewould provide the plans and

associated budgets to the funding working group.

The research working group wouldbe comprisedofexperts on wildliferesearch

andmonitoring techniques,statisticalmethods, andstudydesign. We envision

utilizing the best experts in certain fields for this groupincludinga seabird
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ecologist, forest ecologist, marineecologistsor oceanographer,statisticians

familiar with the problemsofpopulationsamplingand wildlife studydesign,and

marbled murrelet biologists. Particularstudydesignsmay include experts from

otherfields. Manyofthesescientistswould be availablefrom the agencies

participating in the cooperative.If they are unavailable, outside expertise in each

discipline will besought. Membersofthe research working group mayalsobe

participating in the fieldresearch.This groupis also responsiblefor analyzing the

researchandmonitoring datacollectedfrom jointly fundedprojects and reporting

to the steering committeeon the results. The steering committee would then make

these resultsavailableto all cooperators.

The funding working group wouldbe comprisedof administrativelevel personnel

made availableby thecooperatorsthat have the authorityandresponsibility for

making funding decisionsregardingthe researchandmonitoringofthreatenedand

endangeredspecies.Theirresponsibility will beto helpobtainthe necessary

funding for theprojectsdevelopedby the steering committeeandresearch

working group, lobby for funding from appropriatesources,coordinate

collaborative fundingefforts,and ensure thatmulti-yearstudieshave continued

supportto completetheirprojects.

The steering committeewould hold semi-annualmeetings with the cooperators to

report on progress and decisions made by the committeeandthe twoworking

groups, and toencouragecommunication and feedbackfrom the cooperatorsto

the cooperators as awhole. It is envisionedthat most cooperatorswould have

personnelon the steering committee or positionedin one of the two working

groups.

A centraldatabaseand coordinatorwould be establishedby the Service to gather,

collate,store,and makeavailablethe research and monitoringdatanow being
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collected by a small army of independent sources throughout the three-state area.

This coordinator would facilitateinformation exchange,help develop standard

inventory, monitoring, and datacollection techniquesandmakedataavailablefor

range-wideanalysis.Thejob would alsoentail standardizing variousdatasources

for compilation and ensuringappropriate archivingof collected informationfor

future researchers. The day-to-day coordination and central database management

would be doneby Serviceemployees includinga coordinator and1-2 staff

members. This group would report to the steering committeeon its activities.

Theestablishmentofa West Coast Marbled Murrelet Data Centeris a precursor to

long-termrecovery actions basedon the best dataavailable.

Individual researchersandprinciple investigators would retain the rightsto

information collectedfrom theirprojects for a 2-year period after project

completion to publishresults. Inthis mannerindividualswould retain controlof

datafor a limited period beforemaking the dataavailableto the databasestaffand

the larger cooperative. Thisprocessshouldspeedup the availabilityof

information and informationexchange.Once thedatais available, the steering

committee could make recommendationson how to incorporate the information

into a regionalanalysis.Regional analysis would be coordinated by the steering

committeeusing theexpertiseof the research working group. This groupwould

oversee the analysis and interpretationofthe data. During the organizationofthe

cooperative, the steering committee will develop guidelinesfor datasharing,data

ownership, anddatainterpretation that will be fair and equitablefor all

participantsinvolved. This will be an important firststep in successfulformation

ofthis group sinceissuesof dataanalysis and interpretation willbe critical to

define. The goal willbe to includeall parties in this process and have everyone

benefit from wider discussions and alternative approaches. Open access toall

datasoonafteranalyses are completed willbe a priority objective and be

coordinatedby thedatabasestaff.
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Oncemembersof eachworking group and the steering committee are selected,

conflictsof interest willbe identifiedandthe steering committee will develop

ways to resolve theseconflicts. Conflictsof interestofthe majorityofthe

members willbe unavoidable.It is a partofforming a broader cooperative effort

that involvesall participants with varying interests andagenda’s.Many

participants will haveconflictsof interest inoneor moreareas. Managers and

headsof research organizations will obviously wantto haveparticular researchor

monitoring projects conducted through their organization. Individual researchers

with certain interests andexpertise,andconsultants,mayalsowant to carry out

particular researchprojects.

The designof the cooperativeis not to approveor disapproveofparticular

research projectsor to discourage independent research orlocal projects. Its main

function is to promote intensive large-scale research and monitoring projects that

could notbe conductedby anyone party and promote thewisest,most cost

efficient useoffundsandinformation as possibleby encouragingcollaborative

projects, andstimulate funding.
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Figure1. Structureofthe MarbledMurreletResearchGroup.
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Appendix D: Summary of theAgencyand Public Comment on the Draft
Marbled Murrelet Recovery Plan.

I.Summary of theAgencyand Public Comment on the Draft Marbled
Murrelet RecoveryPlan

In August 1995, theServicereleasedthedraft recoveryplan for themarbled
murrelet(Washington,Oregon,andCaliforniaPopulations)for a 60-daypublic
commentperiod,endingon October10, 1995 (60 FR40851). Over400copiesof
thedraft plan weresentout for reviewduringthe commentperiod. Also, during
thepublic commentperiod, fiveinformational meetings(held in Washington,
Oregon,andCalifornia) wereprovidedto potentially affectedpartiesto address
both proposedcritical habitat andthedraft recoveryplan.

A totalof222 letters/commentswasreceived,eachcontainingvarying numbersof
issues.Many specific commentsreoccurredin letters. Manyofthespecific
commentsrelatedto wording,clarity, and issueswere incorporated,where
appropriate,into the final plan andare notaddressedin the following section.
Issues/commentsraisedduringthepublic comment periodthatwerenotaddressed
or incorporatedinto this final plan are discussedbelow.

This sectionprovidesa summaryofgeneraldemographic information,including
the total numberof letters/comments receivedfrom variousaffiliationsand states.
It alsoprovidesasummaryofthe majorcomments.A completeindexofthe those
providing comments, by affiliation,is available fromtheU.S. FishandWildlife
Service,OregonStateOffice, 2600 SE98thAvenue,Suite100, Portland,Oregon
97266. All lettersofcommenton thedraft plan arekepton file in theOregon
State Office.

Demographic Information

Thefollowing is abreakdownofthenumberof lettersreceivedfrom various affiliations:

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 theboundaries forthe Marbled
MurreletConservationZones(MMCZ) andthe inlandextentofproposedcritical
habitatwerenot thesame. Theywantedthedifferencesreconciledsothatall
designatedcritical habitatfalls within thefinal designationfor theMMCZ.

Response:The Servicedesignatedcritical habitaton May24, 1996. The inland
boundariesofthe MarbledMurreletConservationZoneshavebeenadjustedto
includeall murreletcritical habitat.

Issue2: Onecommenterfelt theplan neededto define‘potentialnestingstands’
andthesizelimit to triggerapplicationofthe recommendedbuffer. As written, it
would encompassany standthat metthenestingstructureparameters regardlessof
occupancystatusandregardlessofsize. At aminimum, it is recommendedthata
standsizelimit be specified.

Response:This task(3.1.1.3) hasbeenclarifiedsothat it reads “maintainand
enhancebufferhabitatsurroundingoccupiedhabitat”.

Issue3: Severalcommentershadconcernsthatmarine criticalhabitatwasnot
designatedas wasrecommendedby the RecoveryTeam.

Response:A summaryofthe final ruledesignatingcritical habitatis providedin
this final recoveryplan(see“MarbledMurreletCritical Habitat” under“G.
Current RegulatoryMechanismsandManagementofMarbledMurreletHabitat”),
including a discussionofmarineareasandtheir importance.

Issue4: Onecommenterfelt bufferingoccupiedstandswasan excellent
recommendation. Asreplacementhabitat, however,thesebufferswould likely be
assusceptibleto catastrophichabitatloss asthe restofthe bufferedstand. To
protectthepopulationagainstcatastrophichabitatloss,somereplacementhabitat
shouldalsobedevelopedin areas awayfrom currentlyoccupiedstands.

Response:Through implementationoftheNorthwestForest Planandthe
completionofHCPs,etc.,replacementhabitat willbe developed awayfrom
currentlyoccupiedstands. This would include regrowthofboth suitableand
buffer habitatin theLate-SuccessionalReserveswherenonecurrentlyexists.
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Issue5: A coupleofcommentershadconcernsthat low juvenile:adultratios could
alsoresult if the murreletpopulationis in a non-equilibrium condition.If this is
thecase,muchoftheadult populationwould becomprisedofnon-breedingbirds,
resultingfrom habitatloss. Oncehabitatlosshasbeeneliminatedand the
populationis allowedto equilibratewith theamountofremainingnestinghabitat,
thejuvenile:adultratio would increasedue to decreasesin theadult population
size. Consideration of this possibility appears to be lackingin 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. Lowjuvenileratios couldbedue to (1)
a low percentageofadultsfinding nestsites,(2) low nesting successdue to
predatorsor alackoffood orotherfactors,(3)poorsurvivorshipofyoungflying
from thenestto the ocean,(4) complexandpoorlyunderstoodpatternsof
dispersalandmortalityofjuvenilesatseaanddispersalandmovementsofadults
atsea,or (5) most likely acombinationofthe fourprior factors. No assumption
ofequilibrium ornon-equilibriumdynamicsis madein thepopulationmodel.
Thepopulationmodel makespredictionsonly oftheshort-termrateofpopulation
change.The distinction betweenequilibrium andnon-equilibriumdynamics
mainly relatesto long-termpopulationdynamics—thatis, thejuvenile ratiomight
increaseastheoverall populationdeclinesto thepoint thatagreaterpercentageof
birds arenestingsuccessfullywhenthepopulation declinesto asmallersize.
Overthe long term, it should be possibleto seethis ifjuvenile ratiosincrease
while populationsizedecreases,butmanyyearsofdatawill be neededbeforeit
will be possibleto seeif this is happening.

Issue6: A coupleofcommentersfelt thatpopulationmodels shouldalsobe
evaluated undernon-equilibrium conditions.Additionally, catastrophichabitat
loss, andcatastrophicpopulationreductions(i.e., mortality eventsthatdo not
result in long-termhabitatloss) should beincorporatedinto thepopulation
modeling. Althoughfrequency,severity,andspatiallocationsofcatastrophic
events arehard to predict,simulationscould incorporaterangesfor these
parametervalues. Modelingofthistypecouldhelp determinethepatternof
catastrophiceventsthat would threatenrecoveryprospectsfor thenext100-200
yearsandgive abetterindicationoflong-termpopulationsecurity.

Response:Populationmodelsarebestusedfor managementdecisionswhen there
is somegooddatato beincorporated.Ideally, populationmodelsfor themarbled
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murreletmight be constructedto includetheeffectsofcatastropheslike oil spills,
changingcarrying capacitybasedon forest lossandregrowth,andyear-to-year
variation in reproductivesuccessandsurvivorshipto makelong-term(100-200
year)estimatesoftheviability ofthepopulation. Unfortunately,thecreationof
suchmodelsarelessdefendable forthe murreletthantheapproachtaken.They
would bebasedon rough estimatesoftheeffectsof oil spills on birds, thecarrying
capacityandsiteoccupancyofmurreletsin foreststhat are not basedon any
defendable criteria,andestimatesofthe variancein reproductivesuccessand
survivorshipfrom otherbirds. Each errorin estimationofparametersmight be
compounded hundredsoftimesasthemodel projectsmurreletpopulations100-
200 yearsinto thefuture. Therewould be lessconfidencein the estimatedratesof
extinction from suchamodel andno wayto verify themodel. It is clear from the
model usedthatmarbledmurreletsarelikely to be declining,perhaps rapidly,and
that currentratesofreproductionaretypically less thanwhatis neededto replace
populations.This indicatesa populationdeclinedueto extrinsic factors. The
effectsofrandom,naturally-occurringenvironmental events,catastrophes,and
additionalhabitatlosscanonly actto acceleratethe expectedrateofdecline. As
thepopulationmodel is currentlyconstructed,averagesurvivorshiprateshadto be
estimatedfrom the literatureusing life historytheory. This certainlyis less
accuratethanestimatesofsurvivorshipbasedon datafor murreletsand it is
possiblethat our estimatesfor lambdaareweak. For thisreason,we examineda
rangeofvalueslikely to be typical for themurrelet,asindicated from studiesof
otherseabirds.

Issue7: One commenterfelt that the statement“Population modelingindicates
thatadjustedjuvenile:adultratiosshould be15-22percentat a minimum to result
in stablepopulations” couldeasilyform thebasisofan interimrecoverygoal.

Response:At thispoint, it may be premature toset interim recovery goalson the
basisofa populationmodel. More confidencein the quantitativepredictionsfrom
thepopulationmodelwill emergewhensomeparametersin themodel are better
known(e.g., ageof first breedingandsurvivalrates).Adjustedjuvenileratios
conceivablybe incorporatedin recoverygoals in thenext 5-10years.

Issue8: Onecommenterfelt that althoughthedraftplan identifiedexistinggaps
in nesting habitat,and someprobable causalfactors,it failed toprovide much
guidanceon what shouldbe doneto improvethedistributionofsuchhabitat.
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Response:Duringthe developmentof management plans(Federal,state,private),
theexistenceof these gaps should be recognized and ways to lessen thegaps
incorporatedinto planning/conservationefforts (e.g., HCPmitigation, consultation
with Federalagencies, land exchanges, etc.).Ways to addressthesegaps are
identified in various sectionsof “Narrative Outline for RecoveryActions.”

Issue9: A coupleof commentersfelt thatcaptivecare (and research) should be a
higherpriority thandescribedin thedraft plan. Severalreasonswere provided,
includingeducation,understandingimportantlife historyparameters,improving
fieldresearchtechniques,rehabilitation,andcaptive breeding.

Response:The Service does not disagree that captive care can be one component
ofa successfulrecovery program.It canprovidecertainbenefitsfor better
understandingcertainaspectsofmurreletbiology. However,given limited
funding for recoveryefforts, it is still recommended thatatthistime, the limited
governmentfundsshouldgo to studiesofmurreletsin thewild (see page10).

Issue10: OnecommenterfeltthePacificNorthwestcolumnon Table2 was
somewhat unclear.The tableheaderstatesthat for somelocalesthesamplesize
wastoosmall to calculate the mean,orno dataexist,but it is unclearif this is the
reasonsomesample sizesdo notaddup. In addition, it wasunclearhowthe stand
agewascalculated. Is it theageofthe oldesttreein thestand?Is it theaverage
ageoftreesin the stand?Is it thetimesincethestandwasinitiated?

Response:For somestates,ortheProvinceofBritish Columbia,therewasnot a
sufficientsampleto calculatea meanor standarddeviationfor some
characteristics.However,for thePacific Northwestcolumn,therewasalwaysa
sufficientsamplewhenall statesandprovinces werecombined. Therefore,this
column sometimesshowsa highersampleofnestsites. Relatedto standage, that
informationwasobtainedfrom thevariousresearchersandwas calculatedby them
using severaldifferentmethods. Standageswerecalculatedby (1) using
incrementboreson themost dominant treesin thestand,(2) usingdatafrom
forest inventory databaseswhich typically estimatestandorigin for themost
commondominant treeswithin thestand,or (3) estimatingtheageoftreesin the
stand.

Issue11:A coupleofcommenters felt thedraftplan did not includethemost
recent informationavailableor 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 references mentionedin thecommentswereevaluated
andsections,including AppendixB, wereupdatedusing thisnewinformation.

Issue12: Severalcommenters feltthat marineinfluencesandpotentialeffects
(including preyspecies,globalwarming, ElNifio events) werelargely ignoredand
alsothat the threatofoil spills andnet fisherieswere dismissedwithout 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
discussionon the threatof oil spills andnet fisheries,andtheyhave been
evaluatedas totheir contributionto the problems facing the murrelet.However,
basedon all of the informationavailable, the primary threat to themarbled
murreletis theloss and fragmentationof nesting habitat.

Issue13: The draft recovery planreliesheavily on implementationofthe
President’sForestPlanto accomplish recoveryof murrelets.However, several
commenters feltthat thisunderlyingassumptionneeds tobe reassessedin the
revisedrecoveryplan. A careful analysisis neededofhowtheForest Planis
alteredby the recentSalvageLoggingBill andhow thosealterationsaffect
marbled murrelet recovery.

Response:An analysis was completed by the Regional Ecosystem Office (REO)
for theeffectsofthe timbersalesreleasedunderSection 2001(k)ofPublic Law
104-19(Salvagebill). The R.EO consideredtheamountanddistributionofthe
impactsofthe relevantsales,including sale acres,location,and land allocation.
Rescissionsales were dispersedoverfive different provincesandrepresenteda
verysmall lossofhabitat relativeto theoverall ForestPlan. RecessionAct sales
notpreviouslyaccounted forin the 1994 biological opinionon theForest Plan
totaled1,269acres. Relatedto murrelets,thegovernment’sposition,which was
upheldby the NinthCircuit CourtofAppeals,wasthat section2001(k)(2)of P.L.
104-19 expresslyforbid theharvestof identifiednestingsites. Therefore,all 2001
(k) salesthat were determined tobe occupied werenot released for harvest.
Basedon this analysis,the underlying assumptionsof the Forest Planas they
relatedto murrelets were not significantly alteredby the Salvage LoggingBill.
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Issue 14:Definitions of suitable andrecruitmenthabitatshould be includedin the
plan. This shouldincludeacomparisonofstandcharacteristicsandhabitat
characteristicsbetweenstandswith high levelsofoccupiedbehavior,low levels,
presenceonly, andno detections (similarto Hameretal. 1994; ForestHabitat
RelationshipsofMarbledMurreletsin WesternWashington,WDFW).

Response:Includingdefinitionsofsuitableandrecruitmenthabitatfor marbled
murreletswithin theplanby conducting comparisonsof occupiedstandsto stands
with presenceandabsenceis anexcellentsuggestion. Unfortunately,to undertake
thetask for eachConservation ZoneandPhysiographicProvincefor thethree-
state areawould have beenextremelytime-consuming.In addition, for some
regions, thehabitatdata to accomplishthisis not available. This would begood
informationto includein any revision to the plan. It has beenaddedasarecovery
task(4.1.4).

Issue 15: Onecommenterstatedthattheplan shouldincludecurrentamountsand
distributionofnestingandrecruitmenthabitat, combinedwith GIS simulationsof
the future amountsanddistributionofpotentialnesting,recruitment,and
replacementhabitats throughouttherange.

Response:The Serviceagreesthat this informationwould bevaluableto have,but
it currentlyis not available forall areas. Through continuedimplementationof
the Forest Plan and therequiredmonitoringefforts andcompletionof tasks
outlinedin the recoveryplan, thenecessary informationmay be availablein the
future so that the typesof simulations recommended could be completed.
However,thereis thepossibility that remotely-senseddata maynotbe adequateto
describeappropriate murrelethabitatcharacteristics.Pilot studies have been
initiated to evaluatethistypeof information.

Issue16: Several commentersfelt theplanneededto provide more specific
delistingcriteria now,even thoughwe acknowledgeit will probablychange.
They feltthat if therewas enoughinformation to list thespecies,theService
shouldknow what is necessaryto delist it.

Response:Delisting criteria should not be established without careful
considerationofthebiological realitiesandabetterunderstandingofthe murrelet
populationtrendsandyear-to-yearvariability in demographic parametersthan
currentlyexist. Currently,thereare manyunknownswith murreletdemographic
parameters.
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Issue17: Onecommenterfelt that interim targetsshouldbe set forthemaximum
allowableby-catchofmurreletsbasedon thedemographicmodel by Beissinger
(1995a).

Response:Additional details, which suggestthatestimatesof murreletby-catchin
the PacificNorthwesthave beensmall, aregiven in the revised versionof the
plan. The population model developedin AppendixB is not capableof setting
allowableby-catchesbecauseit suggests thatin mostyearsmurreletpopulations
arelikely to be declining. Nevertheless, the modeldoes indicatethatdeclinesin
adultmortality haveadisproportionally important effect on the rate of murrelet
populationchange (lambda).Thesetwo modelpredictionsindicate that every
effort shouldb~r madeto minimize by-catch of murrelets.

Issue18: Onecommenterrecommendedthat the Conservation Zones for
Washingtonbe changedto bettermeetconservationandrecoveryobjectives. This
should include havingthreezonesinsteadof two, taking into account similarities
in the Straitsof Juan de Fuca and other inland waters, the unique habitatsof the
western Olympic Peninsula, and the almost exclusivestateand privatelandsin
southwest Washington.

Response:ZoneI hasbeenchangedto includemostof the Straitsof Juan De
Fuca. The portion thatis not includedis adjacent to Cape Flattery withconditions
very similar to the openocean. We did not separateout southwest Washington or
northwest Oregoninto separateconservationzones toensureconservationefforts
in thoseareas. Although the break betweensouthwestWashington and northwest
Oregonis mainlybasedon astateboundary,differencesin statemanagementwere
consideredin establishingsomeof the Zoneboundaries.

Issue 19: A coupleofcommentershadconcernsthat the 0.5 mile protection
guidelinein ROD does not provide sufficient protection to occupiedsiteson
Federallands.

Response:The 0.5-mileprotection boundary around occupied sitesoutlined in the
ROD is centeredon the occupied behavior observedor designedto include the
mostcontiguoushabitatavailable around thedetection. Therefore,if additional
occupied behaviors are observed nearby,additional 0.5-mile circles would be
establishedaroundthesesites sothat the final amountofhabitatprotectedcould
be very largeandnot limited tojustone 0.5-mile protection zone.Whenthe
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guidelinesare administeredin this manner,yourconcernsaboutthe 0.5-mile
guidelinenot protecting contiguous habitat, nearbyoccupiedsites, or large
occupiedstandsin thematrixwould be handled.Therefore,theguidelinesshould
not result in increasingfragmentationora decreasein stand sizes.

Issue19: Severalcommenters feltthat thedraft recoveryplan failed to comply
with theEndangeredSpeciesAct. lt failed to describesite-specificmanagement
actions,measurabledelistingcriteria,andanestimateofthetimeandcost
requiredto carry out those measures.

Response:Site-specificmanagementactionsare providedin the recoveryplan.
Specific areas are identifiedas essential to thespeciesrecovery(e.g., Late-
successionalReserves,NationalandStateParks,etc.) and both short-termactions
and long-termactionsareidentifiedfor theseareasunder thesection“Narrative
Outline forRecovery Actions.”The RecoveryObjectivessectionanddelisting
criteria sectionhave been modified; however,seeresponseto Issue16. Because
an anticipateddelistingdatecannotbeestimated,figures have beenprovidedfor
the recovery costs over the next10 years. It is anticipated thatthis interim plan
will be revisedwithin that time frame and both more specificdelistingcriteria and
adateandestimatedcostfor recoverycanbe providedatthat time.

Issue20: Onecommenterfelt the recovery planwas a significant action requiring
an Environmental Impact Statement or at least an Environmental Assessment.

Response:Implementation of a recovery plan is not mandatory. A recovery plan
only lays out actions that,if implemented,shouldlead totherecoveryofthe
species.Only when the actions areactuallycarriedout should compliance with
the National Environmental Protection Act be necessary.

Issue21: Onecommenterfelt that sincetheServicedid notknowhistoric
numbersanddistributionofmurreletsanda lot ofotherfactsabout marbled
murrelets, moreinformation should begathered beforeanyaction(designating
critical habitatordevelopinga recoveryplan) takeplace.

Response:In addressingmostthreatenedandendangeredspecies,all the
informationyou would like to haveto determinecritical habitatandappropriate
recoverygoalsand objectivesis not available.The Servicemustmakeits
decisions basedon thebestscientificandcommercial information availableatthe
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time. Recoveryplanningmustproceedandmanyoftheactionsidentified in the
recoveryplan, oncecompleted,will providethe necessary informationto help
reviseinitial actionsandobjectives.

Issue22: Onecommenterfelt that theServicehadnot assessed theneedto exceed
staterequirementson non-federallands.

Response:Currentstatelawshavenotprevented habitatlossfor themarbled
murrelet. Habitatloss is consideredto be oneoftheprimaryfactorsthathas
contributedto theneedto notonly federallylist themurrelet,but to alsostatelist
the murreletin Washington, Oregon,andCalifornia.

Issue23: A coupleofcommenters feltthat the MarbledMurreletCooperative
describedin AppendixB wasunnecessaryas thatparticularfunctionwould be
betterservedthroughtheRegionalEcosystemOffice implementingtheForest
Plan. Other commentersstronglysupportedtheCooperativeconceptandwished
to be includedasa cooperator.

Response:This appendix hasbeen modifiedin responseto commentsrelatedto
its tie with theassociatedlong-termregional study. The Service acknowledges
that while someoftheactionsdiscussedin the appendix(now AppendixC) will
be coveredby aregional monitoring efforton 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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