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Abstract |

Five species of inshore fish-feeding alcids occur in the
Norh Pacific. The Black Guillemot Cepphus grylle frequents
the Bering Strait in small numbers but is more numerous in
arctic regions. The breeding range of Kittlitz’s Murrelet
Brachvramphus brevirostris extends into the Chukchi Sca but
the remaining three species (Pigeon Guillemot (. columba,

Spectacled Guillemot C. carbo, and Marbled Murrelet

B marmoratus) are found only in the North Pacific. Censusing
of these species is difficult because they tend to breed in
dispersed. relatively small colonies, oF a3 isolated pairs, spread
aver large arcas. Consequently, status changes arc difficult to

assess accurately. However, reliable survey techniques have

recently been developed. There are strong indications that
populations have declined in some arcas due to factors such as
introduction of ground predators (guillemots), destruction of
old-growth forests (Marbled Murrelet), gilinet fishing, and oil
potlution. |

Résumé

On a relevé cing especes d'Alcidés pécheurs cotiers
dans le Pacifique Nord, Le Guillemot & miroir € epphues grviie
fréquente le détroit de Béring, mais les populations des régions
arctigues sont plus nombreuses. L aire de nidification de
I’ Alque pale Brachyramphus brevirostris s ‘étend jusque dans la
mer de Tchoukotka, mais les trois autres especes, Guillemot du
Pacifique C. columba, Guillemot a lunettes C. carho et Alque
marbrée B. marmoratus, sont confinées dans le Pacifique Nord.
Le dénombrement de ces espéees n'est pas aisé, parce gu'elles

ont tendance a nicher dans de petites colonies dispersées ouen -

couples isolés, dans de vastes régions. Par conséquent, les
changements de situation sont difficiles & préciser. Cependant,

~ on a'récemment mis au point des techniques fiables de relevé, et

il y a de bonnes raisons de croire que les populations

s affaiblissent dans certaines régions, en raison de différentes
causes, comme 1'introduction de prédateurs terrestres
(guillemots). la destruction des peuplements mars (Alque
marbrée), la péche au filet maillant et la pollution par les

- hydrocarbures.

1. Introduction

In the North Pacific there are five speciés of alcids,

comprising two genera, which inhabit inshore waters and feed
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préedominantly on fish. Three are guillemots: Black Guillemot
Cepphus grylle, Pigeon Guillemot C. columba, and Spectacled

(or Sooty) Guillemot C. carbo, and two are murrelets: Marbled
Murrelet Brachyramphus marmoratus and Kittlitz's Murrelet
B. brevirostris. These species occupy inshore feeding niches,
breeding as scattered pairs or in small groups al regular intet-
vals along coasts and do not normally undergo long-distance
movements. This contrasts with the more offshore feeding
niches and large breeding colonies of most alcid and other
seabird species (Lack 1968).

" Until recently our understanding of the distribution and

" ecology of these species in the Pacific was limited, The Black

Guillemot is the only species that occurs elsewhere, and it ha«
been studied intensively in the Canadian Arctic (Cairns 1984).
northern Alaska (Divoky et al. 1974; Divoky and Bockelheide
1978), and the northeast Atlantic (Asbirk 1979; Petersen 1981;
Ewins 1986). In the North Pacific small numbers have been
recorded in Pigeon Guillemot colonies south to St. Lawrence
Island, but breeding has not yct been confirmed (Bédard 1966,
1985: Sowls et al. 1978; Konyukhov and Ewins 1992), and
there is evidence of some postbreeding movement of birds from
higher latitudes into the southern Bering Strait (Kozlova 1957.
Gabrielson and Lincoln 1959). However, because Black
Guillemots are at the edge of their range here, they are not
considered further in this account. In the eastern Pacific we
know something of the eculogy and distribution of Pigeon
Guillemots and Marbled Murrelets, but for the western Pacific
information is scarce. The Spectacted Guillemot and Kitthitz's

Murrelet are the least studied inshore alcids. The huge lengths

of coastline along which these species breed, the absence of
reliable census techniques, and the inaccessibility of many nest
sites are key reasons for the current gaps in our knowledge of
status and ecology. | |

This paper reviews the available information for these
four species and provides recommendations for priority survey
and research. The results from such work will facilitate
effective conservation action on behalf of these populations.

2. Breeding distribution

For each of the six regions referred to in this paper
(Fig. 1) the most recent or reliable census data have been uscd
to obtain the best current estimates of breeding distribution and
population size, Table 1 gives the sources of these data, Figure
2 gives the known distribution limits and known or suspected
breeding areas of Pigeon Guillemot, Spectacled Guillemot,
Marbled Murrelet, and Kittlitz's Murrelet,
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::E: :;- the tempetate North Pacific showing the bounduries of areas mentioned

in the text: 1, Sea of Jupun (Pusan -- Soviet Harbour). 2. Sea of Okhotsk (- Cape
Lopatka, . Kamchatka), 3. Noctheustern Russia (- Chaunskuya Guba),

4. Aliska (Cape Lisburne — Dixon Entrance), 5, British Columbia,

6. Washington, Oregon, and California.
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“The breeding distribution of Cepplius guillemots and Brachyramphus murrelets
in the temperate North Pacific
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The Pigeon Guillemot occurs as a widespread breeding

Cspecies in small colonies along coastlines with suitable breeding

sites and shallow foraging areas, between 33°N (Sutil and Santa
Barbara islands, southern California) and 69°N (Cape Lisburne,
Alaska) (Fig. 1. Tt is replaced by the Spectacled Guillemot in
many western areas. Udvardy (1963) recognizes five distinct
subspecies: columba (Kamchatka notth to Bering Strait coasts),
snowt (Kuril Islands). kaiwrka (Commander Islands and
west/central Aleutian Islands), adianta (eastern Ajeutians,
Alaska, and south to Washingten state), and eureka (Oregon
and Calitorma),

2.2, Spectacled Guillemot

Spectacied Guillemots breed between about 38°N and
62°N. in the Sea of Okhotsk and the Sea of Japan (Fig. 2).
Austin (1948) found it to be the third most numerous species in -
some mixed seabird colonies in Korea, but the present breeding
status there is unknown. Numerous small colonies are found
along many mainland Russian coasts (Elsukov 1984), but birds
are thinly scattered on Sakhalin Island and appear to be absent
from the low western coasts of the Kamchatka peninsula. In the
Shantarsky archipelago the breeding distribution was found to
depend upon the availability of nest sites (Roslyakov 1986).
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2.1.  Pigeon Guillemot 271 Marbled Murrelet

The Marbled Mutrelet oceurs in each of the six regions
and probably breeds between 38°N and 62°N. Because so few
confirmed breeding records exist (see Table 2), the breeding
distribution map shows the known and suspected summer range
of birds in inshore waters off potential nesting habitat (Fig. 2).
The eastern Pacific population belongs to the subspecies
marmoratus, whereas the larger perdix subspecies occuts in the
western Pacific. All specimens from the northern Bering Sea as
far north as Idlidlya Island (northern Chukotka peninsula) have

‘been referred to marmoratus (Sealy et al. 1982). The species IS

not known to breed in this area. but one unconfirmed nest was
reported ncar Nome in 1904 (Bent 1919, 1920), and perdix may
breed in the Commander Islands (Taczanowski 1893). Between
1979 and 1989 there were 13 records of perdix in North
America, as far east as the Atlantic Ocean; these vagrants may
be related to unusual weather patterns (Scaly et al., in press).

2.4.  Kittlitz's Murrclet
Our knowledge of the breeding distribution of Kittlitz’s

Murrelets is based on the few nests located and summer

observations of birds in inshore waters. The breeding range lics
between about 52°N and 69°N and probably extends along most
of the Bering Sea coasts and north into the Chukchi Sea, with an
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Table 2
Changes in numbers of breeding Pigeon and Spectacled guillemots at selecled
focafitles
Yenr Breeding population size  Source |
pigeon Guillemot: Farglion Islands, Callfornia T
1886 ¢. 2000 birds® Ainley and Lewis 1974

1911 ¢. 200 birds Ainley and Lewis 1974

1959 1000 birds Ainley and Lewis 1974

972 000 breeding pairs Ainfey and Boekelheide 19

978 500 hreeding pairy Ainley and Bockelhewde 1994

97Y 1000 breeding paies Ainley and Bockelheide 1990
Y82 I 100 breeding pairs Ainley and Boeketheide 1990
1983 <S80 breeding puirs Ainley and Bockelheide 19%H)
{984 750 breeding pairy Ainley and Bockelheide 1990
988 650 brecding pairs Ainley and Bovkelheide 199%)
1986 625 bieeding pairs Aintey and Boekelheide 199N
1989 ¢. 2000 bieds W1 Sydeman, pers. commurt.
Spectacied Guillemot: Teuri Istand. N. Jupan

944) 7000+ birds" Austin and Kuroda 1933

061 ¢. 3000 birds Kuroda 1963

081 <400 birds (<200 breeding) Thoresen 1984

GRS 249 birds Watanuki et al, 1986

(604 vccupicd sites)
19X7 213 birds Walanuki et al. 1958

Spectacled Guillemot: Furugelm Istand, Peter the Great Bay, Russia
1979 4362 hirds Shibuev 1987

1982 3304) birds Shibaev {987
|OR4 3308 birds Shibaev, unpubl. data
1989 204} birds Shibacy, unpubl. data

W“

* Estimated by Ainley and Lewis, based on old accounts describing breeding
colonies and general abundance.

b Accuracy of this estithate hus been questioned by some authors.

outlying nest recorded from Shelekov Bay. in the northern Sca
of Okhotsk (Fig. 2). Kittlitz's Murrelets occur along coastlines
adjacent to extensive areas of alpine tundra, where they nest on
rocky slopes. In Alaska, greatest numbers are usuatly tound in
association with glaciers and the summer distribution appears

to be more patchy than that of Marbled Murrelets (K. Kulets,
pers. commun,). The breeding range overluaps with that of the
Marbled Mutrelet in much of southern Alaska and along the
Alaska Peninsula. Although tio surveys exist for Russia it is
likely that the majority of the world population oceurs in Alaska.

}. Populations

3.1, Guillemot census methods

The term “colony" has been used rather imptrecisely for
guillemots by some previous authors, to mean anything trom a
discrete breeding group to the total population inhabiting an
istand or stretch of coastiine. In this paper we use the term to
mean an aggregation of breeding birds sufficiently separated
from the adjacent group that an observer cian pass (either on
foot or by boat) between them without disturbing either group
(sensu Ewins and Tasker 1985). For guillemots a feast, many
larger islands support a number of colonies.

Because guitlemot colony attendanee fluctuates
markedly both diurnally and seasonally, and also in relation to
weather conditions (e.g.. Ainley and Lewis 1972: Lehnhausen

1980: Kuletz (983 Ewins 1985; Nelson 1987; Ainley and

Bockelheide 1990), interpretation of census results is difficult.
It is generally accepted that the most accurate and repeatuble
census method for guillemots involves counting adult-
plumaged birds associated with potentiul breeding habitat in

the carly momnings during the prebreeding scason (Ewins 1985;
Ewins and Tasker 1985: Emms and Morgan 1989). In arcas
with very farge tidal ranges, guiliemot colony attendance can be
influenced strongly by tide levels, resulting in reduced carly

morning uttendance in the breeding period when tides arevery
low (Petersen 1981: Vermeer et al., in press). All guiilemot
counts for the Pacific were made during the incubaticn and
nestling periods, at various times of day, when often ondy
small proportion of breeding birds would have been present

at a colony. Further, nests are difficult to find. In Scotland
prebreeding counts of adult Black Guillernots ranged from
three to seven times greater than head counts made during the
breeding season (Ewins 1985; Ewins and M.L. Tasker. unputi
data). ‘Therefore. most gmtiemot counts used in these anulyses

- are probably underestimates. Also, many suitable coastlines

hive not been surveyed. particularly in the west Pacific, and so
the regional totais given in Table 1 reflect coverage to o farge
extent. For these reasons it would be tnappropriate to present
tolal population estimates for guillemots at ths stage. |

1.2, Murrelet census methods o
Census methods for Marbled Murrelets bave only

recently been established. Because murrelets forage mostly i

inshore waters. counts afong (ransects al sea feovenng either an

entire grid of sample transect up o 6 km oftshores have been

used 1o estimate population size i some arcis (Sealy and Carter
1984). However, in most regrons only generil indications of
breeding numbers and distribution have been obtatned. by o
unsystematic counts at sea (e.g., Sowls et al, QX0 Carter and -
Erickson 19881, Probable nesting areas can beadentihed by |
conducting activity surveys tidand using either 20-nun. stations
along roads, or i series of single stations surveyed throughout
the diwn activity pernod (Paton and Ralph 198K Neison J9KY;
Paton et al. 1991 Hamer and Cumnvns 199 1), and EXLCDN VG
dawn surveys have been conducted m parts ol the brecding
range in the castern Pacific. A ground survey wehnrue tor
finding nests has recently been developed, which facibitated the
location of two nests i Calitornia m 1989 (Smper ¢t ab.,
press), and in 19940, two in Oregon (S.K. Nebson, pers.

commuin. ). two in Washington tHamer et al 1991, afrd oncan

British Columbia  Manles and Kebon 1991 Radiotelemern
continues 10 be developed but thus far has led tor the discovery
of only one nest (Quinlan and Hughes 1983 1900, |

~ No spevitic census methods have beei devised Hor
Kittlitz s Murrelet, but at-sca ransects are currently being
inveatigated (K. Kalets and Ko Lamg, pers. commun. 1 General
absery itions at sea provide approvimate imformation on
breedin g numbers and distribution, but many surseys 1
Alaskon inshore waters now revord outy Brachyrdamphus sp..
due to the difficulties in distnguishing the two speaies, other
than at short distances, in st ight and weather conditions

3.3, Pigeon Guillemot - |

Census data [rom the western Pacilic are patchy and
actual breeding numbers are undoubtedly much higher than
those given in Tabic L. We have presenicd the total numbers
recorded by the catalogues. and not the authors” estimates of
population sizes. Coverage for Washington, Oregon, and
California is probably better than for other regrons, The farges
breeding concentrations are on the Faratton Islands. Calhiforma,
and at Cape Ulyakhpen (south Chukot Pemnsula, Russii tup to
about 2200 hirds at cach), and over 1060 birds on cich of three
Alaskan islands. | |

Population trends are difficult 1o assess from previous
counts. due to the Jarge Huctuations n colony attendance
afready mentioned; apparent INCIEUses are Most likely to reflect
improved coverage and census technigues (e.g., Sowis et al.
1980). However, there is evidence of a marked population
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decline or abandonment of breeding colonies in some arcas
(Table 2). The long-term studies at the Farallon Islands indicalc
quite large changes in breeding numbers, associated mainty
with fluctuations in water temperature and hence prey
availability (Ainley and Bockelhieide 1990). Palmer (cited in
Storer 1952) found this species to be common near Walrus
Island. in the Pribilof group in June 1890, but today it is only a
winter visitor there. Because both Black and Pigeon guillemots
often nest in human-made structures it is likely that numbers
have increased locally in areas where such structures have
supplemented the shortage of suitable natural sites, Excavations
of Indian middens in British Columbia found Pigeon Guillemot
bones in deposits up to 4000 years old, but at frequencices
suggesting that it was never as numerous in the area as some
other seabird species (Vermeer and Scaly 1984; Hobson and
Driver 1989).

34, Spectacled Guillemot |

This species is probably the least numerous inshore
fish-feeding ateid in the North Pacific (Table 1). The largest
hnown breeding concentrations (estimates?) are at the
Shantarsky Islands (1820 000 pairs), in Peter the Great Bay
(¢. 5500 pairs}, and on Matykil Island. Yamsky Islands group
(4000 pairs). Along the matinlund Russian coasts on the Seat of
Japan north of Soviet Harbour, Elsukov (1984) found an
average of 5.7 pairs per kilometre, in numerous small colonies.
However, many coasts have not been surveyed and the total
population is undoubtedly larger than is currently known.
Marked declines have been noted in northern Japan, with an
estimated 10-20% annual reduction in numbers at many
colonies around Hokkaido in recent years (Watanuki et al.,
|9R8). At Teuri Isiand there scems (o have been a 939%: decline

between 1963 and 1987, and numbers had probably been falling

sinee 1949 (Table 2). In Peter the Great Bay breeding numbers
have declined by 53% since 1979 on Furugelm Island, for
reasons as vet unknown (Table 2).

3.5 Muarbled Murreset

| In California, only two smalil populations remain,
having probably declined to the present estimated total

of 1650-200¢) breeding birds due 1o extensive logging of
old-growth torests (Sowls et al. 1980; Carter and Erickson
198%). However, Ralph and Miller (1991) suggested that the
Catifornian population may be as high as 5000 birds, because
some boat-based surveys may not have taken full account of sea
state and detectability distances. Small populations also occur in
Oregon and Washington, but further north the species s more
numerous. although survey data are incomplete, Southeastern
Alaska probably supports the largest numbers, although the
western Pacific status is unknown (Table ). Surveys in the
western Sea of Okhotsk found 0.5-2.0 birds per kilometre

of coastline in summer (Babenko and Pojarkov 1987), The

- extensive logging of old-growth forests has undoubtedly led to

substantial population declines, particularly during the 20th
century, but there are only a few historical data against which to
gauge the scale of declines (Carter and Erickson 1988; Paton
and Ralph 1988). o | |

3.6.  Kutlitz's Murrelet
In Alaska this species appears to be less numerous thian

“the Marbled Murrelet, but no population counts or estimates are
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available for the westem Pacific (Table 1), In south-central
Alaska, surveys during the breeding season have found that
Marbied Murrelets outnumber Kittlitz's Murrelets by about 9:1,

although there is considerable regional fluctuation in relative
abundances (K. Kuletz and K. Laing, pers. commun.). Although
Lensink (1984) regarded Alaskan numbers 1o be relatively
stable, this assessment was not based on systematic census data,
and more recent survey work has found difficulty in making
any meaningful conclusions about poputation trends, However,
considerable numbers were killed in the Exxon Valdez oil spill
(Piatt et al. 1990; V, Mendenhall, pers. corsmun,),

4, Nesting habitat

4.1. Pigeon Guillemot

In many areas the breeding distribution ts determined
mainly by the dispersion and quality of nest cavities, The
variety of nesting habitats occupied often reflects local
availability to the nesting birds. Sites accessible to ground
predators tend to be avoided in infested areas. Cliff crevices
and boulder beaches ot talus slopes are widely used for
breeding. Al=o used are cliff-edge cavilies amongst tree roots
(K. Verineer et al., unpubl. data), abandoned burrows of rabbits
Lepus californicus (Bowman 1961) or Tufted Puffins
Fratercula cirrhata, holes excavated in banks by the Pigeon
Guillemots themselves (Bent 1919: K., Vermeer ct al., unpubil.
data), holes under driftwood or in rotten logs (Drent 1963),
cavities under wharves or bridges or in disused buildings ot
navigation aids (Fisk 1978; Speich and Wahl 1989), spent tire
casings (Campbell 1977). cavities under vegetation, or open
ledges (Thoresen and Booth 1958; Bowman 1961 K, Vermeer
et al., unpubl, data). Sites with small entrances are often pref-
erred (Lehnhausen 1980). Most birds breed in small colonies
or occasionally as isolated pairs, and in the castern Pacific
63~-96% of breeding aggregations contain fewer than 50 birds.
4.2, - Spectacled Guitlemot |
Spectacled Guillemots breed along rocky coasts, in cliff
crevices or caves or amongst boulders on talus slopes, or in
more gecessible locations on islands lacking mammalian
predators, Nazarov and Labzyuk (1972) found many nests
amongst boulders 1.5-20 m from the surf linc, with fewer in
cliff crevices and under bushes and teee roots, up to 120 m from
the sea. On Teuti Isiand, 60% of nests were more than 20 m
above sea level (Thoresen 1984). Most birds probably breed in
small colonies of 10-20 pairs, but isolated pairs and some
colonics of a few hundred pairs are known,

Marbled Murrelet

This is the only alcid species that nests in trees, although
it also nests on open rocky ground in the north of its range. Tree
nests are in depressions on broad moss- or lichen-covered
branches (usually close to the basc of the branch) of various
mature Pacific coastal conifer species (for eastern Pacific sec
Binford et al. 1975; Marshall 1988), or on intertwined smaller
branches of larch (Dahurica sp.) in the western Pacitic (see
Kuzyakin 1963; Kondratiev and Nechuev 1989). One
Californian nest site was a constructed nest of twigs and foliose
lichens, possibly an old nest of Band-tailed Pigeon Columba
fasciara (Singer et al., in press). Pairs nest solitarily, but loose
aggregations may occur in preferred old-growth nesting habitat,
Alaskan ground nests occur at about 300 m above sca level on

4.3,

- average and, in the area of sympatry with Kittlitz's Murrelet,

nearer the sca (mean 6 km for Marbled, versus 11 km for
Kittlitz's, see Day et al. 1983). Further south, activity hus been

recorded in forest stands as far as 55 km inland (exceptionatly

75 km), but mostly within 20 km of the ocean (Carter and Sealy
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Table 3
Breeding statistics for Pigeon Guitlemots in various areas
————— o - » - .
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Washington - e SN Lo L Al il e RS
Pugel Sound 1957 42 .76 54 R6 .42 Fhoresen and Booth 108K
E@Eﬂi““ ! L 3 Las . 67 LR Lesyhnet and Hirseh 1080 |
firitish Columbia ‘ L S LA RS
Mandarte 1. H 58 | N 02 X (0.4t Antchrson 1972
Mandarte 1. 1987-59 111 }.ul 6 o) B W § Drent et al 1964
Mandarte 1. 1960 51 | 90 8¢} i1 0 36 Drent 168
Mittlenatch 1. 1984 9] 1.76 ) ¥ ST B and Morgan 10X
Mitl!cnutuh l, _ ....!:E—‘S |£4.¢ i .74 o 4% L A | ETRLY b s ! \1,‘,!.;:*“1 LIXY
Alaska ' R — o e R SR
Fish 1. ! 14 T8 Rd X4 N I [ chabsueen gn Oakley 1987
Shumagin . h 14 42 &6 W3 TRIT Moc aed Dy (0t |
Naked . 078 32 TR 78 Uf ' N ()ab bey 1UN ;_
Naked 1. 979 3 82 78 NS | | 3N R olots 1953
Naked T, 98() 2 73 ] | 4 | | 1% Koodity 1UN
Naked |, 1981 26 {38 L 73 h \ 1t havle 17i%e
Russia D U UL ok o S S
Commander 1s. — 13 £, 70} NMihiars ants, o sate

N—“ﬂ. ey ptiente b “'_.I- S — ; .

*The percentage of chicks thal Hedged.
b Moean number of chicks Redging per breeding atiempt made.

1986, 1987). From southern British Columbia to Califormia
some birds visit nesting areas and freshwater takes throughout
the year (Carter and Sealy 1986: Hobson 1990).

44, Kittlitz's Murrelet

Kittlitz's Murrelets nest on rocky ground usualiy high
on barren north-facing slopes above the timber line. Nests
{ound thus far have been solitary, but it is possible that loose
nesting aggregations could occur in the most favoured arcas.
The nest depression is usually in a gravelly substrate or in short
around vegetation, and is often situated at the base of o large
rock. Day et al, (1983) summarized known nest detaits,
revealing a mean elevation of 570 m above sea level (range
230-1070 m) and a mean distance inliand ol 16 km (max.
75 km),

5, Breeding biology and mortality

3.1, Pigeon Guillemot

Compared with other inshore Pacific aleids, this species
has been relatively well studied. The following summary of
breeding biology is drawn from studies carried out in Califormia
(Ainley and Lewis 1972, 1974: Osborne 1972 Follett and
Ainley 1976; Nelson 1987; Ainley and Bockelheide 19901,
Oregon (Scott 1973), Washington (Thoresen and Booth [U3R),
British Columbig (Drent 1965; Aitchison 1972: Kochink 1972
Emims 1987; Emms and Verbeck 1989; K. Vermeer et al.,
unpubl, data), Atuska (Lehnhausen 1980: Oukley 198 1: Kulety
1983), und the Commander Istands, Russia (Mikhtaryants. no
date),

The timing and success of breeding vary markedly
amongst studies (Table 3), due to factors such as weither
conditions, food supply, availability of nest sites. and predation,
Guillemots are sensitive to human disturbance (¢.g.. from
researchers trapping breeding adults, purticularly during the
carlier stages of incubation) and this fuctor may have influenced
breeding statistics in some cases (Cairns 1980: Ainley and
Boekelheide 1990). There is frequently ax much variation i
breeding output between years at the same site as there S

hetween sites, so no generatizations can he made trom regional
comparisons of breeding success. This has been wel demaon
strated on the Faratlons, where average reproductne outpat
varied from seru to 1.6 Redehies per pasrin the study vears
herween 1971 and 1982, associated thamby wath waem-water
events and their effect on the food suppiv EAinkey and
Bockelheide 1990, Birds associate with breeding arcas Trom
late March i most of the range, with onshore activity from latke
April to carly September recordid in British Columbng, |

[ years of food scarcits csuch s dunng B Nao
warm-water eventsy fewer adults make @ breeding attenipt and
staryvation may be a major cise of brecding fadure and aJu i
mortality (Hodder and Ciray bl 19550 Aanles and Boekethende
1990y, Flooding of nests close to the plash zonc o wregulag
catse of failure, but predation of eggs and cncks by mamials
or hirds often causes b v losses ona lodal soatle (e L
mink Masreta vison, crnne Moermined. Nt'ﬂ'ﬂmx‘h{crn_{ oW
Corviy caurinus, Raven C. corav, Black ifled Magpe Prou
pica, or Glaucous-winged Gull Faras elanceveensy, In Bosh
Columbia large numbers of small chichs were caten by prarter
snakes Thanmophis elegans on Mitttenatch Ishand sEmms and
Morgan 19849y, | -

There are no survival estimates for Pigeon Guidiemots,
but fife history pasameters are likely semdar to those Jor Black
Guillemots (see Ashirk 19793, The oldest banded bird on the
Farallon Islands was T4 years old in 1990 (W J. Svdeman, pers.
comimui ). The 19R2-823 El Nifne event caused sigruficant adult
mortality (via chianges (o the food supply)n Orepon (Hodder
and Graybill 1988) und at the Faralion Idands (Amfev etal
1ORS: Stenzel et al, TURR: Ainley and Boekelheide 1990),
Recorded predatots of full-grown birds meiude Hald Fagle
Huliaeetus leucocephalus, Peregrine Falcon Fulce peregrinus,
giant Pacific octopus Ocfopus dofletni maroring, and hjler |
whale Orcinns orva (Yermeer et al. T9R9: Sharpe et al. 1990: -
Stacey of al., in press). Substantial gilinet mortlity of Pigeon
Guillemots was noted in central Calitorma from 979 to JUKT
(California Department of Fish and Game 9873, but his
not been reported elsewhere. Mortality in oil spiiages his
undoubtedly been high in some arcas. ¢.g.. the Faratlon stands
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(Ainley and Lewis 1974). Of the approximately 30 000 car-

“casses retrieved in the four months following the Exvon Valdez
~spill in southern Alaska (Piatt et al. 1990), 2.2% were Pigeon

Guillemots. However, very few oiled Pigeon Guillemots
were found after the Nestucca oil spill off Grays Harbor,

* Washington, possibly due to the more offshore distribution of

the oil slick in that case (Rodway et al. 1989).

5.2, Spectacled Guillemot

This species remains one of the least known alcids.
Various accounts of breeding biology and incidental notes are
available for Korea (Austin 1948) and Russia (Dement’ev and
Gladkov 1951: Roslyakov 1986). but the only reasonably
detailed studies are from Peter the Great Bay (Nazarov and
Labzyuk 1972) and Teuri Island. Japan (Thoresen 1984),

ike its congeners, the Spectacled Guillemot has two
brood patches and normally lays clutches of two eggs (Nazarov
and Labzyuk 1972: Thoresen 1984), contrary to the accounts by
Dement'ev and Gladkov (1951) and Kozlova (1957), which
indicate clutches of one egg only.

Eogs and small chicks are often taken by Jungle Crows |

Corvis macrorhvichos, Ravens, and Slaty-backed Gulls Larus

schistisaens. but mammalian ground predators such as {ox and

sable (¢.g.. Martes zibelling, Lamprogale flavigula, K olnocus
vibiricay can cause abandonment of colonics. Adults are Killerd
by Eagle Owls Buho buba in Russia. Nazarov and Labzyuk

(1972 reported remains of 53 adults at one plucking post.

representing 65% of the owl's avian prey. Adults are also taken
bv Peregrine Falcon (Gizenko 1055), and in some parts of
Russia are shot itlegatly.

5.3, Muarbled Murrelet

Breeding success i a Hmited number of tree nests

sedied appears to be low, and recent observations have

recorded chicks preved upon by Raven and Steller’s Jay
Cyanocitta stefleri (Singer ¢t al., in press), and probably also
Great Hormed Owl Bubo virginianus (S.K. Nelson, pers,
commun.). In Alaska, fully grown Marbled Murrelets were the
main prey item found at some Peregrine Falcon eyries on the
southern Kenai Peninsula (J. Hughes, unpubl, data). and Bald

- Fagles can catch Marbled Murrelets on the water (K. Kuletz,

pers. commun. ). Predation by both these species has also been
recorded in British Columbia (Vermeer et al. 1989 Rodway ct

al., in press). In southern Alaska 2.2% of the carcasses retrieved
in the four months following the Exvon Valde: oil spill were of
Brachyramphus species. and local populations of Marbled
Murrefets were decimated by the oiling (Piatt et al. 1990).

6. Distribution at sea

6.1.  Pigeon Guillemot

Young Pigeon Guillemots are usually fed fish caught
within 7 km of the nest, but breeding and nonbreeding adults
may forage for themselves further {rom the colony (Thoresen
and Booth 1958; Drent 19685; Oakley 1981; Nelson 1987),

In winter. Pigeon Guillemots are widely dispersed and
favour sheltered, inshore waters, probably due to heavy seas
and prey shortages along more exposed coastlines in winter
(Scott 1973; Qakley 1981: Trapp 1985). Adults and immatures
from the Farallons move to mainland coasts after the breeding
season, with at least 30% of the winter band recoveries of
immatures in Washington and British Columbia, where
substantial areas of sheltered coastline exist (Ainley and
Bockelheide 1990). Analyses of Christmas Bird Counts and
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other partial censuses in the eastern Pacific revealed that winter
densities were highest in southern Alaska and Washington, with
relatively few birds elsewhere (Trapp 1985; Krasnow and
Sanger 1986). Pigcon Guillemots are rarely seen more than a
few kilometres from land, or in waters more than 50 m deep,
but small numbers do occur in mixed-species feeding tlocks out
to the continental shelf break (Sanger 1987, Vermecr et al.
1987). Although ice forces more northerly birds south in winter,
small groups occur up ice leads and at holes in the ice, even off
ice-bound St. Matthew Island, 2° north of the ice edge (Storer
1952; Kozlova 1957; Irving et al, 1970).

6.2. Spectacled Guillemot

During the breeding season adults forage up to 6 km
from the nest, in shallow water (15-20 m depth recorded), ot in
tidal races. A wide range of benthic fish species as well as
sardines (Sardinops sp.), herring, and a few invertebrates are
fed to chicks. As with Pigeon Guillemots, the distribution of
foraging birds probably reflects the availability of these prey
items in suitable areas of vegetated or rocky benthos.

In Peter the Great Bay there is a distinct movement of
birds away from breeding areas in August and September,
presumably to moulting areas. Most birds breeding in the Sea of
Okhotsk are forced south by ice, which ts usually well formed
by carly December, This large exodus may account for the
influxes to the Sea of Japan in early September (Vyshkvartsev
and Lebedev 1986). Birds breeding elsewhere appear to be
more sedentary, although there is some southerly movement in
winter along the coasts of Japan, probubly mostly of immatures.
However, very little is known of the distribution of this species
outside the breeding season,

6.3, Marbled Murrelet | -

Marbled Murrelets generally forage in sheltered inshore 3
waters, usually shaliower than 50~100 m and within S ki of the
shote. They probably feed throughout the water column it
shallow arcas. In winter and early spring, adults teed on a
variety of midwater tish (mainly capelin,-Pacific sand lance, =
and herring). and invertebrates (mainly cuphausiids and mysids. l
e.g.. Thysanoessa spinifera, T. inermis, T. raschil, Acanthomysis L.
sp., Neomysis sp.). These species of fish form the bulk of the '
diet in summer, for both chicks and adults (Sealy 1975b; B
Simons 1980: Carter 1984; Sanger 1987). Concentritions of
foraging birds are regularly noted in areas fuvoured by these .
prey species. During the nestling period in Barkley Sound birds
aggregated at dawn at specific and traditional rich feeding areas
(Carter 1984; Carter and Sealy 1990). Fish for chicks were
obtained elsewhere, later in the day. Such feeding aggregations
of a few hundred birds are found in many parts of the breeding
range, but single, or pairs of, feeding birds are also regular.
Unlike other alcids, Marbled Murrelets sometimes forage in
freshwater lakes, up to 75 km inland (Kozlova 1957; Vyatkin
198 1: Carter and Sealy 1986; Nechaev 1986). Hobson (1990)
provided isotopic evidence that for some individuals freshwater
nrey may be very important for parts of the year.

In southern parts of the range, nesting areas are visited

by some birds year-round, mostly around dawn (Carter and A
Erickson 1988). In California there appears to be some E
southerly postbreeding dispersal as far south as San Diego; L
influxes occasionally occur, presumably of birds from further
north (Garrett and Dunn 1981). In British Columbia most birds ‘
vacate breeding areas on the outer coasts in late summer, and

only arrive back in April (Sealy 1974, 1975a, 1975b; Carter
1984); many probably winter in inshore waters (Rodway et al.
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1992). In Alaska, murrelets winter in large numbers in the
Kodiak Island area (Forsell and Gould 1981) and in south-
sastern Alaska (based on Christmas Bird Counts), However,
only approximately 25% of the Prince William Sound summer

population is present in winter months there (K. Kuletz, pers.

commun.). Much of the Alaskan range remains ice-free in
winter, whereas in the Sea of Okhotsk and northern Kamchatka
many birds arc forced south by the extensive winter ice cover,

6.4. Kittlitz's Murrelet

During the sumriier in southern Alaski. adults forage
closer inshore (in bays und fjords), concentrating at glacier
sutfalls (Gabrielson and Lincoln 1959), and feed primarily on
sand lance, postlarval capelin, herring. smelt, und Pacific
candfish (Sanger 1986). However, Kittlitz's Murrelet also cats
cuphausiids and gammarid amphipods. and these appear to be
more important in its diet than they are in the diet of the
Marbled Murrelet (Sanger 1986, 1987). Outside the breeding
ccason, Kittlitz's Murrelets occur in flocks of up to 300 birds
(Dement‘ev and Gladkov 1951). Kozlova ( 1957) documented
southerly movements in winter along the coasts of Kamchatka

nd the Kuril Islands. Although such movements have not been

reported in the Bering Sea or castern Pacilic, some southetly
movement from ice-bound arcas is assumed. Distribution in
winter is poorly known, although some birds reniain in Alaskan
waters, A few stragglers have been noted south to California,

7. Threats and conservation measures

7.1, Pigeon Guillemol

The introduction and spread of mammalian predators 1o
many islands hiave probably greatly reduced breeding numbers
of Pigeon Guillemots in some arcas of the North Pacific,
although actual data are scarce, Such eftects have been
documented Tor other aleid species in the North Pacific (Byrd ¢l
al. 1990: Springer et al. 1990).

inshore gillnet fisheries probably cause significant iocal
mortality of Pigeon Guillemots, but the only avaifable dataare
trom the central Californian gillnet fishery: between 1983 and
1986, 85 Pigeon Guillemots were reported in nets, but as for
other species entangled the actual mortahty was unidoubtedly
imuch higher, and the scale of this scabird mortality eventuatly
led 10 the closure of the fishery in 1987 (Takehaw et al. 1O
On the Farallons. interspecific competition for nest cavities N
probably causing progressive declines in the Pigeon Guitliemot
population, as numbers of Rhinoceros Auklets Cerorltined
monocerata and Tufted Putfing increase (Ainley and
Bockelheide 1990). |

King and Sanger (1979) ascribed a relatively high trdes
of oil vulnerability for this species. and indeed for all guillemol
and murrelet species. In California, breeding numbers declined
on the Faratlon [slands with the increase in oil-refated shipping
in the carly 20th century, but improved oil pollution controls
and protection of the islands as a National Wildlife Refuge have
allowed the population o recover (Table 2). In southern Alaska
aver 600 oiled Pigeon Guillemots were fourd in the aftermath
of the Exxon Valdes oil spill in late March 1989, but possibly
otly 10-30% of the birds affected were thought 10 have been
retrieved (Piait et al. 1990), Many of the Pigeon Guillemeots
affected would probubly have been local breeders, so it is likely
that the oil spill caused substantial declines in the brecding
population. Similarly, in Shetland many breeding areas of Black
Guillemots which were within the area affected by the Lsso
Bernicia oil spill in winter 1978-79 were not occupicd for it

number of years afterwards (Ewins and Tasker 1985). Oil spill
contingency plans should incorporate maps ol known concen-
trations of guillemots (for all times of year, but especially
during the breeding season and postiuptial moult peviod),
thereby increasing the chanves of effective conservation of
these populations, | o

72, Spectacled Cuillemot

| Reductions in forage fish stocks near Teur Island miay B
have contributed to the declines in breeding numbers ot -

Spectacled Cuitlemots there, but the status of mammalun
predators on the island is unknown, As with the previous
species. the introduction of fur-bearing mammals (o oftshore
islands in the North Pacific has consbtuted @ magor threet 1o
breeding populations of Spectacted Guillemots dlong Russian
coasts. Stall numbers of the Spectacled Caalleniot are <hotin
Russia, even though it is not o designaied hunting speeies.
Human disturbance at some Russtan colonies is thought fo be
relatively insignificant theeat, but devctopmuent of the ol
industry in the Sea of Okhotsk Cleardy poses o more mior
threat, The h[ﬁ?L‘iCu brecds wathin hive farge state resery ey along
the Russiin cosst, but no ofher Conen ahion measaren are
Known, | | |

7.3, Muarhled Murrelet
From southeastern Abishia o Calitomia and t the Sea

Cof Okhotsk Marbivd Murrclets appear tonest only in okds

growth forests. The continued reroval of arge arcas ot this
hahital poses a <etious threal o the futaie of many Marhled
Murrclet pﬁ|m|uliml'~ | -umluu}‘ilmli}' My BhEpOT dechnes hive
adready oveurred tsealy and Cirter TU80Carter aml Bnckson
19RK: Marshall 1988 Paton and Ralph 19850 Further, v the
outh of the breeding range, setie ot the oldest stands ot |
outitable nesting trees are withtin state parhs and other protecivd
arcas. Although this ensures the vonservation of the trees,
corvid pepulitions may well be clevated beciuse of the often
farge numbers of tourists, thereby aincreasimy the lihelihood of
predation of murrelet pests (Smger et ab o pressy.
Sigrmificant mortality has been reported in nearshoge
commercial gillnet fisheries in Alishiand 8ntish Columbig
(Carter and Seaty 1084 Sealy and Carter 1950 ad 1o
Calitornia (Carter and Erickson 1985, Manculre opetations
may kil murrefets in pets or cagesoas wellas altect prey
\Pevies fovally {Rodway el al, 19020 ke gutflends anshae
murrelets age reparded s particutar!y yainerable oo pollubon
(King and Sunger 1979}, Retatively smabl numbers have
beet recovered atter ol spills, but small alerds are preath
anderestimated m such incidents n Cibtornigand Britesh
Cotumbia such mortality was probably sipafcant to loal
populations (Carter and Erickson [0SR Pagre ot al, 199
Mortality from the Exvon Valde: ol spill has bren the worst
noted to date and aftected the core of the world population of
this species (Piatt et al. 1990 Mendenhall, i pross), |

7.4, Kittlitz's Murrele! | |

In the absence of specific duta on pepulation changes oF
mortadity causes, it is difhoult to assess potential threuts 1o
Kittlitz's Murrelet populations. However. (he threaty af sei e
probably the same as those for Marbled Murrelets, with oil
pollution currently the most serious concer (King and Sunger
1979: Piatt et al. 1990: V. Mendenhall, pers. commun. ). |

e



8. - Conclusions

The need for specialized census techniques and the
relatively small number of long-term ecological studies and

"~ surveys available preclude definitive conclusions about the

Jatus and ccology of these inshore alcids in the North Pacific.
They occupy inshore feeding niches and are widely dispersed

“along rocky coastlines but never occur in such large concentra-

tions as many other North Pacific seabirds, Guillemots usuaily
breed in small colonies, reflecting the clumped distribution of
rocky cavities, whereas muirrelets may nest more solitarily. The
young of both genera are semi-precocial, and are fed mostly
with fish. Young guillemots leave the nest at near adult weight,
whereas voung murrelets probably do so at about two-thirds of
adult weight. Guillemots breed within a few metres of the sea
and usually forage within 7 km of the colony, and can often
raise two young. Murrelets regularly breed further inland,

~frequently up to 30 km from the sea and lay only single-egg

clutches. Presumably the single-egg clutch is better suited than
a two-egg clutch to this strategy, because a pair of adult
murrelets would be unable to provide sufficient food at nests so
far from foraging areas to raise two chicks, particularty when
most provistoning has to be done in the hours of darkness
(thereby reducing the risk of predation on adults and nests).
Limited movements southwards, or to more sheltered inshore
walers. occur in winter, but these species are relatively
sedentary compared to other Pacific seabirds. Food supply and
the availability of suitable nest sites are the key determinants of
breeding distributions,

Loss of breeding habitat via introduction of mammalian
ground predators or logging of old-growth forests (Marbled

~ Murrelet only) has almost certainly caused population deciines.
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Similarly. oif poilution, some fisheries, and oceanographic
fluctuations have caused focal mortality. These four species of
inshore aleid are endemic to the North Pacific (with the ex-

ception of small populations of Pigeon Guillemots and Kittlitz's

Murrelets along the southern coasts ot the Chukchi Sea), and so
such threats must be evaluated in relation to the survival of the

“various populations. However, despite their high vulnerability

1o oiling. these species have widespread overall distributions,
which mav render them less susceptible to major losses than
more aggregated seabird species. Clearly, the exception is those
Marbled Murrelet populations that depend upon mature stands
of trees for suitable nesting habitat; continued removal of this
habitat will reduce population sizes even further.

9. Recommendations

(1) Retine and apply census techniques for guillemots and
murrelets. Investigate nest-site attendance patterns for
all species in regions not previously studied.

(2) . Conduct systematic surveys of guillemots (prebreeding)
and murrelets (summer) along west Pacific coasts to
assess the magnitude of breeding populations.

(3)  Survey fall moult concentrations and “hot spots” of
flightless birds.

(4)  Rescarch the ecology of Kittlitz’s Murrelet and
Spectacled Guillemot.

(5)  Continue with investigations on Marbled Murrelet
distribution and ecology in the eastern Pacific. Develop
means to measure life-history parameters to evaluate
impact of mortalities and loss of nesting habitat.

(6)  Design and establish monitoring programs for all
| species in representative areas.

(7)  Review progress on North Pucific inshore alcid
research, survey work, and conservation at regular
intervals. The reviews should integrate work on other
groups of scabirds and involve cooperation amongsi all
countries bordering the North Pacific.
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