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Population studies of Marblaed Murrelets
{Brachyramphus marmoratus) in British Columbia

Fred Coolwa

Abstract

We describe a novel epproach to the study of a population of forest nesting scabimds (Marbled Murrclets
Brachyramphus marmeratis) which arc thought to be declining as a result of vatious potentfal threats o their
environment. This 1s the first research on this species which makes wide use of individually marked birds. It was made
possible through the development of two capture techniques; (1) a floating mist net system which can be used in
narrow coastal infets close to where the birds breed and {2) using dip nets at night. These techniques not only led 1o
the marking of more than 1000 birds for a population based study, but allowed the collection of bleod samples for
physiological examination of breeding status in the absence of a large sample of birds at nests. We provide the first
evidence of breeding ares philopatry in this species. We also degument the first longevity record for the species. Using
a newly developed sexing technique based on DNA technology, which could have wide appheation for other seabird
studies, we found a large excess of males in our marked population, This probably reflects a differential tendency of
males to be captured, and may reflect a greater tendency of males to fly into the woods.

Résumé

Nous décrivens une nouvelle approche pour 'étude d*une population d'oiseaux de mer (Alque marbré, Brachytamphus
marmoras) nichant en forét et que 'on croit en déclin, 3 cause de plusieurs menaces petentielles sur leur
environnement. C’est la premmigre éude sur cette espéce qui utilise des oiseaux marqués individuellement. Cee fut rendu
possible grice au développement de deux techniques de capture ; (1) un systéme de filets japonais flottants qui peut &re
utilisé dans les fjords étroits prés des sites de nidification et (2) 12 capture nocturne sur 'eau & aide d'épuisettes, Ces
techmiques ont permis non seulement de manquer plus de 1,000 mstaux pour une étude de population, mais ont aussi
permis la récelte d'&chantiilons sanguing pour des émdes physiologiques du statut de nidification étant donné I'absence
¢ échantillons d'oiseanx au nid. Nous présentons la premiére évidence de philopatrie awx sites de mdification chez cette
espéce. Nous documentons aussi le premier record de longéwvité pour 1'espéce. Nous avens démontré un excés de méles
dans notre population marquée en utilisant une technique nouvellement dévelzppée, basée sur les analyses 4 ADN,
technique qui pourtait avoir une application plus largs pour I"étude dautres populations d'ciseaus de mer. Ce blais en
faveur des mdles reflése probablcment un taux de capture plus élevé pour les méles et peut aussi refléter une tendance
plus forte des méles & fréquentet la foorée,
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Introduction

hiuch avian research associated with Canadian forests
has emphasized a multi-species approach. By contrast,
the work which we descnbe focuses om a single
specics, the Marbled Murrclet (Brachyramphus
marmorarus), that is thought to be vulnerable to the
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changes in forest ecosystems which result from
forcstry praciices. The research program was planned
as a cooperative one ameng several agencies, the
Canadian Witdlife Service™ational Science and
Engineering Rescarch Council Chair of Wildhfe
Ecoltogy al Simon Fraser Urniversity, the Britsh
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Columbia Ministty of Forests (MOF) and the
Canadian Wildlife Service (CWS). The work has been
directed by Andrew Derocher and Louise Waterhouse
{MOF), Gary Kaiser, Sean Boyd and Kathy Martin
fCWS), and Tony Williams and Fred Cooke of the
CWS/NSERC Chair of Wildlife Ecology at Simen
Fraser University. Many graduate and summer
students have been involved in the data coliection and
this paper represents an overview of the work.

The Matbled Murrelet is a small alcid which is
widely distributed along the Pacific coast of North
America, and in British Columbia has been found
nesting enly in coastal old-prowth forests. There are
several reasons for comcern for the conservation of
these birds. Firstly, they are unique among alcids in
that they nest solitarily or in loose associations in large
trees, usally within 69 kilometers of the sea {Hamer
and Melson 1995a). These areas are susceptible 1o
logging and development. Secondly, they have an
apparent dependence for nest sites located atep large
side branches of old-growih coniferous trees (Hamer
and Nelson 1995a). Trees are usuaily at least 100 years
old before such side branches develop which are large
enough to accommodats a nest and these trees are in
great demand by the Tumber industry. Thirdly,
throughout the year Lhey require marine habitat for
their food supply, mainly small fishes such as Sand
Lance {dmmodyies hexapterus) and tend to be found
close to the shore (Carter and Sealy 19%0). This
habitat 1s increasingly used by human populations on
the Pacific coast. Potential threats include gill-netting,
oyster leases, oil spills, increased recreational usage
and urban development with its production of toxic
waste (Fry 1995). Fourthly, the murrelet is a species
with low fecundity {Netson and Hamer 1995} and 15
suspected of having a late ape of sexual maturty
{Sealy 1995), as are other members of the Alcidas
{Nettleship 1996}, [t lays only one egg per clutch, and
thers is no evidence of more than one nesting attempt
per year. [tis assumed to be fong lived but there is no
gvidence on this point. In such species increases in
adult mortality could affect population viability.
Fifihly, frapmentaticon of forests may make their nests
maore vulnerable to predation, particularly by Common
Ravens (Comus corax), Notthem Flying Squirrels
{Glaucomys sabrinus) and Stellers Jay (Cvanociite
stelferf). Low nest success has been recorded in arcas
where there has already been much destruction of old
growth forests (Nelson and Hamer 1995).

Research on the Marbled Murrelet in Brinsh
Columbia is a wajor challenge to Weologists and
conservationists because of its stcretive habits, The
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first active nest in the province was found only in 1993
(Jones 1993). The specics is classified as threatened or
endangered by the U5, Fish and Wildlife Service in
Washington, Oregon and California, as well as by the
State of California and is red-listed in the Province of
British Columbia. In Canada, 1t is a nationally
threatened species and there is a Marbled Murrelet
Recovery Team, chaired by Anne Harfenist of the
Canadian Wildlife Service. There is a widespread
public belief that the population is under threat from
logging practices, but very little solid information
exists about either population changes or the
requirements needed ko maintain healthy populations.
Provincial government goidelines through the British
Columbia Forest Practices Code are planned to
provide provisions for setting aside areas where eld
growth forest will be maintained when therc 1s
evidence of activity (preferably nesting) of this
species. These guidelines arose partly as a result of
concerni for habitat protection and the Marbled
Murrelet came to represent a symbol in some quarters
of the need for protection of biediversity. The areas
which may be set aside represent large reductions in
the profitzbility of the foresis 1o the logging
companies, and so naturally thete is concemn that the
right areas are chosen from the perspective of the
needs of the species. From the point of view of both
the public and the companies, it was impottant to be
sure that this protection of this species is based on
solid science and that the measures taken will in fact
help the species.

Much research to date has concentrated on
determining standardized methods for agsessing
numbers of birds both in the manine and forest habitats
with a view to monttoring distnbution, population
changes and habitat requirements, Although recent
wirk has concentraied on studying the demographic
processes necessary to understand the population
dynamics of the species, the elusiveness of the nesting
behaviour and lack of warked populations has made
progress slow. A population medel of the species by
Beissinger (1995} had to rely on limited data for some
of the parameters and infetence from other species of
alcids for others.

Wc adopted a demographic approach in ovur
studies which concenmtrates on two gquestions: (1) [s
thers evidence for declines in the British Columbia
poputations? and (2) If so, what arc the moportant
components of the life cycle which are responsible for
these chanpes?

Trends in murrelet populations are nol gasy to
detzct and often depend on reports from naturalists.
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Perhaps the best evidence of decline comes from
historical data from Califormia, where the only
lecations where birds can still be found at sea are those
areas adjacent to residual areas of old growth
Redwood {Sequoia sempervirens) in the northern and
central parts of the State (Ralph 1994},

Most information on population levels is based on
two sorts of counts {i.e. at sea and in the forest) and for
both, teams of biclogisis have established standard
protocols (Ralph etal. 1994, Paton, 1995; Strong et al.
1995}, These are, however, subject to considerable
sampling variance and  environmentally induced
flucnuations and have been of limited utility 1o dzte n
documenting long-term trends {Becker et aj. 997},
Moareover piven the presumed high anmual survival
rates of this species, even if thers had been marked
changes in demographic patterns of fecundity, it might
be difficult to detect dechnes from counting. Angther
approach invelves finding and ohserving nests (Hamer
and Nelson {9%5b), but sample sizes are stll
extremely small despite much effort. This tells us
something of the breeding biclegy, but little about
demapraphic changes or evidence for anthrepogenic
effects on the population.

We [elt that a new approach was necessary,
beyond counts and nest observations. To carry out a
demographic study, it is essential, first, to catch and
individually mark a large population, and second, to
folipw the breeding success of individuals within and
between seasonz. Even though this is a daunting task
for a species as difficult to study as Marbled
Murrelets, because of the potential conservation
threats, we thought it to be of sufficient importance o
Ty,

This seemingly impossible task for Marbled
Mumelets may seem a foolbardy rescarch  project
except for three recent innovations: {1) Development
of a caprure method. We use a floating must-net
technique (Kaiser et al. 1995) which allowed us to
catch large numbers in the Desoglation Sound Area,
where many birds eceur duting the breeding season,
More recently we have used a dip-netting techmique
whereby birds are collecied from the open waler a1
night using small boats. {2) 1o addition to studying the
breeding biology by finding nests, we decided to
comeentrate on monitoting the physiological state of
the birds in the nesting arsa duning the breeding season
by catching them in the inlets. Physiological and
morpholegical changes would give us some
indications of nesting phenclogy and should also
enable us to determine breeding versus non-breeding
status in the population. (We do not repert on the
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physiological aspects of the work here). (3) Recent
developments in molecular methods for sexing birds
from blood samples (Griffiths et al. 1996) allowed us
to sex individuals, since in common with all seabirds,
it is almest impossible to do this by morphological
methods alone. The ability to know the sex of the
individual birds allows many more demographic
questions to be azked.

The ohjectives of this paper are to: (1) describe
the approach we have taken to establish a demographic
study of the Marbled Murrelet in British Columbia; (2)
report on some of our early findings; and (3) 1o place
these findings within the context of the many other
research stadies on this species.

Methods

We chose the Desclation Sound area located in the
Northern part of the Strait of Georgia, Brtish
Columbia, as the mayer study site because larpe
nurnbers of Marbled Murrelets were known to be in
the area during the breeding season and because of a
history of studies on this species in this area (Kaiser et
al. 1991; Mahon et al. 1992). Theodozia [nlet {S0° D5
N, 124°40" W) was chosen as gur banding site becanse
large numbers fly through this narmow (<2m) inlet
during the dawn and dusk periods. We also chose an
area of potential nesting habitat in the Bunster Range
{within 30 km of the banding site) for a detailed
nesting area study.

We used a seties of floating mist nets comprising
up to two arrays of three 18 m news, which could be
strung out across a large part of the indet. The poles are
inserted into a flotation device which is attached by
rope to the shore and to an znchored buoy located
beyond the nets from the shore line, A pulley system
berween the shore and the buoy allows the nets 1o be
put in place from the shoreline. Mets are attended using
small boats. This systemn is described in more detail in
Kaiser et al. (1995). Nets wete in place most evenings
from 2100h to aboul 2315k (PDT} and most motnings
from 0400h to 0630h fram late May until mid August.
[n addition to processing all binds caught, we make a
count of those birds seen flying over and areund the
nets, and record direction of flight of all birds.

Birds caught were weighed and measured for
tarsus, culmen and wing chord The presence or
absence, and condition of a brood patch werc
recorded. Some birds rectived supplemental markers
such as nasal disks, wing-tags and mdios (Cooke et al.
1993}, A small Blood sample was taken for twe major
reasons. It provided samples of: (a) DNA  to
determine the sex of the birds using a madificabion of
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the method described by Griffiths et al. (1996); and (b)
blood proteins, enrymes and hormones, which might
be usefi] in assisting us in determining the stage in the
breeding cycle of the binds.

Nest finding was an essential, though not

dominant focus of the research; it was required to
provide a temporal framework for interpreting the
information gathered from the birds in the injet. We
used two approaches for finding nests: {1} by atiaching
radio transmitters to birds caught on the inlet, we
hoped to follow them to nest sites, thus not biasing the
sample of nesting birds to locations and habitats where
we suspected breeding, (2) by placing a field erew in
the Bunster Range during and after the nesting peniod,
we located birds as they visited specific nesting trees,
which we Jater climbad to find actual nest sites.
The study began in 1994, though exploratory banding
was carcried out in 1991 and 1993, We document cur
findings from the banding data for the years 1954
through 1997, Other results ars in the process of being
reported elsewhere.

Results

Surveys

The only published documentation of population
changes in British Columbia comes from at-sea
surveys repeated scveral years apart {Kelson et al.
1995) They decumented a decrease in numbers during
the period. We have carried out at-sta surveys in the
Desolation Sound ares using standard techniques, but

Table 1. Comparisons of average numbers of all
waterbirds (A"} and Matbled Murrelet ("MAMLE')
counts at Boundary Bay, British Columbia, 1980-81
fSavard 1988} and 1994-05 (Cocke 1998),

1980/81 1994/95
Monith Al MAMU All  MAMU
Nov G355 4 4010 ]
Dec 5401 A 3142 0
Jan 3255 2 3354 1]
Fetz 2173 0 1370 0
May 75 1 2430 0
Jun iz 42 417 0
Tuly 899 3 725 |
Aug 751 2 B L
Total 20211 &6 L6092 2
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have not vet encugh vyears of data for useful
comparisons. Thus our only evidence for population
change comes from a different Brtish Columbia
population in the Strait of Georgia, that in Boundary
Bay. Casual chservations m this arza showed Marbled
Murrelet as a common bird in the region particalarly
during the summer.

We compared a published survey {Savard 1988),
which documents all waterbirds seen along a 6 km
stretch of shoreline betwsen Crescent Beach and
White Rock, British Columbia, in the winter of 1980
&1, with a survey using similar methods carried out by
volunteers from the White Rock and Surrey
Natnralists in 1994-95 (Cooks 1996). Table |
documnents the average number of Marbled Murrelets
relative to other water birds in the months when
surveys were made in the respective years. There has
been a highly significant decline in murrelets numbers
between 1980 and 1995 relative to other waterbird
species numbers in this region {* = T8.%; p<0.001}.
Subsequent counts m 1996 and 1997 showed that
harbled Murrelets continued to be wvery rare
througheut the year in this area; in fact, no birds of this
species wete seen in gither year These findings are
consistent with more casual observations made by
naturalists in the area.

Captures and recaptures

Table 2 documems the number of birds caught and
recaptured in rrast nets for each season up to 1997
Within season recaptures are not included. Years 1991
and 1993 were sssentially experimental seasoms when
we developed the banding and capture techniques.
Since 1994, we have been operating the station
throughout the summer season, from late May until
early August, coinciding with the period when
Marbiled Murrelers flew along the inlet. A full banding
crew was present during this time and nets were
operating whenever tide and weather permitted. Both
gvening and early morning banding scssions were
cartied out where possible. Roughly equal numbers
were caught in each time period (Derocher et al
1926). Of the birds caught, 34% (416 7 494} were
captured as they flew out of the inlet in beth motning
and evening banding sessions; the rest were flying into
the inlet. A slightly higher proportion of birds (90%,
2454/2852) detected by radar in 1996 and 1997 were
flying out of the mlet. This difference is significant (3
= 10.06, p=0.01}. All birds caught were adults and all
had brood patches, although lare in the season most
birds were showing sigms of re-feathering.
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Table 2. Numbers of Markled Murrelets banded and recaptured by mist net in Theodosia Inlet, British Columbia,

1901 - &7, Within-year recaptures excluded.

Year recapinred No. and (%) of
Year banded Number banded 1993 1994 1995 1996 1997 cobort recaptured

1991 21 0 0 ] 0 2 3(14)
1993 15 1 ] 0 2(13)
1994 173 ? 4 ] 20{L3)
1995 189 6 22 30{15)
1996 95 5 5{6)
1997 172

Total 685 1 G 10 38 58120

* Percentage excludes birds first banded in 1997.

Sex ratios

One of the surprising featres of the study was the
finding of a highly skewed sex ratio among the birds
which we caught (Table 3}, There was no significant
variation in this ratic throughout the banding pericd,
not any difference in the ratios in the moming and
evening sessions {Vanderkist et al. 1999},

Table 3. Numbers of Marbled Murrelets of each sex
in the samples of birds caught in mist nets at
Theodosia Inlet, Brtish Columbiz, 1964-1997.

Year Males Females Taotal Rex

rathe
1994 48 19 47 2.5:1
1995 &0 42 122 151
1996 56 i3 105 L.7:1
. 121 45 1 1.5:1
Total 275 153 428 1.8:1

Nests

Dpe nast tree was found in 1994, 3 in 1995, 23 in 1996
and 30 in 1997, for 2 total of 62 nest trees, mostly in
our main study area in the Bunster Range. Only the
nest found in 1994 was located by attaching radic
transmitters to the birds, although in 1998 we had great
success with this approach. The others were found by
visual detection during the season or by tree climbing
later. OFf these, 25% of the trees contained more than
cne nest, which suggesis fhat they had been used for
more than omne breeding attemnpt, though not
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mecessarily in the same breeding season {Manley
1999},

Discussion

This paper presents a few highlights of a systematic
long-term study of a seabird species that has proven
difficult for biologists to stmdy. Our documentation of
population declines in the Strait of Georpia is the only
quantitative data available to our knowledge and
emphasizes the comservation concern which has been
expressed for this species. Although this count was
made B considerable distance from the study site, it
may be symptomatic of the Strait of Georgia as a
whole. A bird banded at Desclation Sound in June
1995 was reeaptured alive in the southern Georgia
Basin in September 1996 {Beauchamp et al. 1999).

Thet development of a reliable capture technique
has allowed us to examine a live sample of nesting
birds. During the course of the study, 774 individuals
have been captured and banded through the 1997
breeding season. Most of these (n=055) were in mist
nets but 109 birds were caught by dip netting. This
demonstrates that we are able to sample larpe numbers
of murrelets for study purposes without resorting to
the eollection of dead specimens, a procedure formerly
nsed widely (e.p., Sealy 1974) but no longer
acceptable censidering the threatened stams of the
species,

Assuming brood patches are an indication of
breeding status {Sealy 1974), then all the birds caught
were breeders. It seems unlikely that all the birds
oeourting im a region during the summer would be
breeding birds, given the fact that all known species of
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Alcidae have delayed sexual maturity (Nettleship
1996) and Sealy (1974) reported non-bresders in his
sample. Since our nets intercept mainly birds flying
between forest and inlet, this stronply suggests that
only breeding birds enter and leave the forests during
the summer. Most birds were caught while leaving the
farest rather than entering it, since most were caught
flying in a seaward direction. Since as many birds must
enter the forest as leave it, this would again suggest
that we are catching birds non-randomly. Birds
detected flying over and around the nets, either by
sound, sight ot radar showed a similar strong biss
towards flying in a seaward direction, which suggests
that different routes may be used on the inward and
outward trips. An alternative sugpestion is that birds
fly at different heights in the two directions. The
dynamics of flight may cause the birds emtering the
forest to fly at a higher flight atttude than those
Jeaving., A lower altitude would allow greater
opportumity for us to catch them. This explanation
however is inconsistent with our finding that a
significantly higher proportion of birds in our radar
sample, which includes many birds which flew over
the net, were flying oot of the inlet compared to our
mist et sample.

Around 12% of the Marbled Murrelets caught in
the years 1994 throngh {997 were birds banded in a
previous year. This demonstrates for the first ime that
known individuals use the same area of inlet over a
pericd of years. Although capture-mark-recapture
{CMR) methods are typically the means used to
determine patterns of fidelity to specific sites,
difficulties  associated with catching Marbled
Murrelets and locating their nests have hitherto
precluded using this approach. This fidelity to the
region of Theodosiz Inlet supports the idea that
Marbled Murrelets are philopatric to their breeding
areas and the high local survival estimate calculated
(see below) also supports that. Diveky and Horton
{1995) summarized what is known about breeding
philopatry (i.e. the retumn of individual birds 1o
locations used in a previcus season) in Marbled
Murrelets. Evidence came solely from the necasional
re-use of nest sites in subsequent years. However,
identities of the individuals wers net ascertained and
although re-use suggests that the same birds are using
their nest sites of a previous year, there was no direct
evidence. [ndeed, if nest sites are limiting, as several
authors have argued (e.g.. Burger 1995; Hamer and
Nelson 1955), perhaps prime nest sites ane always in
demand and ere likely to be re-cccopied not
necessarily by the same binds as in previcus seasons.
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Despite the lack of direct evidence, Divoky and
Herton {1995) argued that nest-site tenacity may be
lower in Marbled Murrelets than in most other alcids.
The habit of nesting in tress would liberate this species
from the need to have high nest-site fidelity (im
contrast to other aleids) unless the number of suitable
trees and platforms becomes very limited, as likely has
happened in some pazts of its range.

The frequency of recaptured birds is high encugh
to calculate at least a preliminary local survival ate. A
value of B5% was calculated (Cooke et al. 1948; 8
Lougheed, unpublished data), but there are wide
confidence limits on this value, Nevertheless it is close
tor that assumed by Beissinger (1995) based solely on
a comparison with the bedy masses of other alcids.
More years of data are necessary before more reliable
survival estimates can be calculated.

The recapture data alse provide us with a
longevity record for Matbled Murrelets of ar least 7
years. Twe birds caught in 1991 as adults were
recaptured in 1997, If we assume delayed breeding in
this species, then these birds must be at least 8 years
old. As banding eontinues it is likely that these records
will scon be broken.

Degprte the presence of recaptured birds in our
banding samples of 1994-1997, the nomber of
recaptures is relatively lew, about 12% of those banded
prior to 1997, We can think of at least two possible
non-exclusive explanations for this. We may be
sampling from a relatively Targe population; or birds
may learn to avoid the area where the mist-netting
occurs if they have some long-term memory of the
initial capture (trap shyness). At present it is
impossible to differentiate between these possibilities.

The almost 2:1 sex ratic in favour of males was a
complete surprise to us. It seems unlikely that the
population sex ratio would be so heavily skewed
towards males, but this cannot be niled out. We have
every confidence in the method for assigning sex so it
seems more realistic to imagine that some form of
capture bias explains the unusual result. The pattern
was the same in all four szasons and there was no
evidence of changes in sex ratio at different parts of
the breeding sequence. Nets were placed across the
inlet only in late May, at a time which coincided with
the first observations of murrelets flying into the
inlets, This also coincides with the onset of the nestling
stage of the life cycle {Hamer and Nelzon 1995b), and
50 we assume that most of the birds caupght are actively
feeding young at the nest. Several birds were carrying
fish on capture. Ome possible #xplanation for the sex
ratio bias is that males feed the chicks more than the
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females, Observations at the nest (Nelson and Hamer
1995) shew that birds differ individually in plumage,
but there has been ne indication as te the sex of the
visiting birds. There is also no evidence that one parem
feeds more than another. At present this finding 35 a
puzzle for which we have no explanation. We are
continwing te examine this question, using other
methods of sampling.

The information on the nesting birds was
presented elsewhere (Manley1999) but s included
here briefly 1o provide an overview of all aspects of the
project. Ulhimately, we need to relate cor kimowiedge of
birds in the forests to what we can discover from: their
behaviour at sea. By piecing together information on
different aspects of the behaviour of the birds during
the summer months, we can slowly learmn more about
thiz eluzive species.

Qverview and future directions
The above findings show the valoe of Jong term
studies of imdividually marked birds. Such studies
provide the essential framework for detailed
demographic data collecton. This is fondamental to an
understanding of the demographic and environmental
capses of populatiom changes, and is the most effective
way of pointing to conservaticn solotions. There are
still many gaps in our knowledge hewever. Most of the
birds canght in the mist nets are well advanced in their
nesting cyele. Incubation probably bepins in Baotish
Columbia in April, and we de net catch birds until late
in May. The recently developed technique of dip-
netting birds can be carnied oot at all times of year and
will allow a mare therouph understanding of the egp-
laying and incubation pericd. It wall also allow the
capture of juvenile birds which could then provide
insight inte the crucial recruitment stage of the life
cycle. Radio telemetry provides an additional tool for
tracking incubating birds back to the nest locations,
and any nests found in this way will not be subject 10
the biases due to expectations of where the observer
thinks the nests ought to be. Radios will alzo allow
Juvenile birds to be followed after first armival on the
inlets from the nests, and will allew 2 more reliable
estimate of nesting success. To date, one of the
problems in esimanng fledging success is that late
fledging juveniles are easily confused with adulis
which undergo therr pre-alternate body mouht soon
after nesting iz finished.

Physiological approaches are valuable addwtions
to the standard ecological approaches to studying the
breeding biglogy. The use of blood sampling to
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measore hermonal state and the existence of epg
proteins should be vseful not only to discover the
timing of nesting events from birds captured away
from the nesting sites, but also may give an indicabion
of the frequency of non-breeding and the age of first
breeding. These demographic parameters are currently
unknown in Marbled Muorrelets and indeed in most
aleids.

A long-term, capturt-mark-recapture (CME) data
set i5 essental for determining survival, longevity and
recruitment. The data we have collected to date
provides a solid beginning for the calculation of these,
but more years are needed before we can obrain
reasonably precise measures of these fundamental life
history parameters as well as provide evidence for their
annual vatiation. Omly with many more years of data
can we hope to understand the factors which influence
the murrelets, information which is necessary for wiss
conservation achion.
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