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colonies pourraient foumtr des renseignements précoces sur

Abstract . -
| I'évolution de la situation démographique du Fulmar boréal. 2

in the North Pacific, the breeding distribution of .
Northemn Fulmars Fulmarus glacialis includes about equal 1. Introduction -
numbery of very large colonies (50 (000-500 (00 individuals) | -
and relatively small ones (5-5000 individuals). The almost

In the subarctic Pacific, the Northern Fulmar Fulmarus

complete segregation of light and dark colour phases between glacialis is the only breeding species of the Procellariidae, a
adpacent colonies in the Bering Sea and Sea of Okhotsk family of tube-nosed birds whose diversity and abundance are
suggests there 1s Ligtle gene flow among the major colonies, gredtest in the southemn hemisphere, Until recently (Hatch 1979,
Annual productivity averaged (.42 chicks per breeding pair in 1985}, information on the breeding biology of Pacific fulmars
1O vears at one colony i the Gult of Alaska; adult survival was was virtually nonexistent, although their pelagic distribution
- 0.97 per vear over five years at the same location, There is no and movements were known (Bent 1922; Kuroda 1958, 1960:
clear indication of population change at either of two large Gabrielson and Lincoln 1959, Sanger 1970, 1972; Shuntov !
colonies studied. but several small colonies m the western 1972, Wahl 1975, 1978; Ainley 1976), b I
Aleutians and northern Gulf of Alaska have increased since the An Atlantic subspecies of the Northem Fulmar Y :
 nnd- 1970s. Fulmars appear to have low vulnerability to oil F. g. auduboni has undergone a remarkable expansion of its r_
poliution and drifting gill nets, but they are relatively heavy population size and treeding range over the last 200 years.
consumers of | Lstic debris. Introduced predators probably An extensive literature documents this phenomenon and its =
reduced tulmar populations in the past, Population monitoring  ~ possible causes (e.g., Fisher and Waterston 1941: Fisher 1950, i . r
v recommended for one or more of the large Pacific colonies 1952a, 1966; Salomonsen 1965; Brown 1970; Cramg et al. lt :
and several of the smaller ones. Small colonies may provide 1974). The monograph by Fisher (1952b) is still a standard . |
‘early indications of changing population status, | reference on the breeding of fulmars outside of their Pacific | t
- range. Other contributions include reports by Dunnet and his - X
Resume | coworkers at the University of Aberdeen (reviewed by Ollason (l
| | - and Dunnet 1988), banding and behavioural studies by |
Dans le Pacifique Nord, la distribution géographique des Macdonald (1977a, 1977b, 1977¢, 1980), and a comparative ’
otseaux nicheurs de U'espece Fulmarus glacialis comprend un study of Atlantic fulmars and the Antarctic Fulmar :
nombre presque égal de colonies imposantes (de 50 000 F. glacialoides by Mougin (1967). )
4 500 000 individus) et de colonies relativement petites (de § | The purpose of this review is to summatize information
a 3 000 individus). On peut déduire de la ségrégation trés nette on the natural history and population dynamics of Northemn
- des phases de couleur claire et foncée, entre colonies voisines Fulmars in the Pacific. The main topics addressed include
dans la mer de Béring et dans la mer d'Okhotsk. que le flux geographic variation, distribution and abundance, feeding
genetique est restrelnt parmi les principales colonies. La ecology, breeding biology, and population parameters. I also
productivité annuelle moyenne, sur une période de 10 ans, offer an assessment of potential management problems and
- s’établit a 0,42 poussin par couple nicheur, dans une colonie du recommendations for research. |
goife d’Alaska. Au méme endroit, on a évalué 1a survie des
- adultes a 0,97 an, sur une période de cinq ans. Rien n'indique 2, (eographic variation
une modification de la population dans les deux grandes
colomies étudices. Cependant, plusieurs petites colonies ont Voous (1949) considered that the Northern Fulmar
augmenté en norbre, depuis le milieu des années 1970, dans forms a superspecies with its close austral relative, the Antarctic
les iles Aléoutiennes occidentales et dans le nord du golfe Fulmar, from which it bably a Plei ’
d’Alaska. Les fulmars semblent Inérables 3 | _ ar, 5 probably a Pleistocene descendent. He
peu vu ¢s a la pollution surmised that fulmars followed cool waters along the west coast
par les hydrocarbures et aux filets maillants dérivants. Ils sont, of America to colonize the North Pacifi q % ntl
lﬂ_lf:!eftms, relati?e:;}ent friands de débris de plastique. Les ~entered the North Atlantic through the ﬁi;'cat':c g)l::es;lql'il?he tywo
ateu : . t '
gi’:nin:ﬁ;sn';:; n ‘EE:?; I;“égffg?:lﬁTW provoqué une fulmar species remain outwardly similar, although the Northern
de surveiller lesp:(?pulaliﬂns dans au moin:l:ltﬁ:r :ec{:lmmalnd? Fulmar has & comparatively short, broad bill (Voous 1949).
et dans plusieurs petites colonies du Pacifian. Lge san fif: onie N Unlike its southern rqlatlve. the Northern Fulmar
| . que. ‘ peliles exhibits plumage polymorphism. Body plumage varies from

uniformly dark gray to nearly all-white, individuals of the latter
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Figure 1

Distribution and relative sizes of breeding colonies of Northern Fulmuars in the
North Pacific. Numbers refer to locations listed in Tabie . Question marks
indicate uncertainty about relative colony size,
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type huving at least a small amount of gray feathering on the
mantle. The gradation in colour is continuous, although
observers have generally employed a classification of two or
more discrete types (e.g., Fisher 1939; Franeker and Watte!
1982; Hatch 1991).

Three subspecies of the Northern Fulmar are
recognized: K. g. glacialis, a short-billed, polymorphic form
inhabiting arctic regions of the North Atlantic: £ v, anduboni. a
large-billed. monomorphic (light phase) form characteristic of
boreal Atlantic waters; and the Pacific tulmar F. ¢. rodeersit,
which iy intermediate in bill length and strongly polymerphic
(Wynne-Edwards 1952; Salomonscn 1965; Francker and Watiel
1982). The Pacific fulmar has greater extremes of light and dark
colour phases than occur anywhere in the Atlantic. The validity
of the two Atlantic subspecies has been questioned (Franeker
and Wattel 1982) because of considerable overlap in
morphology.

Geographic variation in body size is less well
documented than variation in bill morphology ind plumage
colour, At the Semidi Islands in Alaska (Fig. 1), males (n = 47)
averaged 643 £ 7.2 (sk) g and females (n = 57) averaged 871
£ 6.2 g in the breeding scason, May through August (Hateh.
unpubl. data). Boreal Atlantic fulmars are heavier, 30 males and
28 females averaging 863 £ 14.7 g and 705 £ 9.4 g, respectively
(Dunnet and Anderson 1961). Atlantic fulmars from the high
Arctic may also be heavier than the Semidi birds (meitns of 728
£ 4.7 g for five males and 577 £ 3.8 g for seven females:,
Wynne-Edwards 1952; Watson 1957). Thus, Pacific fulmars in
the Gulf of Alaska scem to have relatively small body mass.
Light-phase fulmars from the northernmost Pacific colonies
may bridge the difference, however, Portenko (1981) coliccted
seven males and four females near a colony at Cape Stoletiya.
Chukchi Peninsula, that weighed 734 £258 gand 616 1 19,1 g,
respectively. Portenko collected in May, when fulmarsare
i;pected to be leaner than they are in midsummer (Hatch

90a), |
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J. Distribution and abundance

The breedmy distribution of Fulntars in the North Pacili
includes about equat numbers of vers Targe colonies and |
relatively small ones (Fig, T Tuble Ty In Alaskas, hore than
YO ot the populition breeds in volomes Contaming oy
SO 000 birds, and cge-Tay ing has not been venhied at seme of
the simall colomes te.g numbers 12 06,7 8 and W by 1,

Colony 26 {Terpenie Capelmay noonger exist It was reported

i TYSS by Chizenko tin Nechaey THXGY but no Fulars werg
seen there duning a June 1951 vinat (Nechaey 19X6
A reasonable estimate of toral populaion size tor th

North Pacific s 32 3.5 nindhion binds, caclding age ‘!:_mui‘ﬁ that
do not return to fand i summer However, most large colonies
dare 1 need of nnprmml CORSUN N 111 ;'r;ll‘lh-'ul;ni present |
mfornution provides oniy st general picture of disteebtibion and
abuntdance in the Kunil Ilands, pasaobiy the most heavis
poputated areiof the specres” range i the North Pacibie

The distribution of codour phases w Pacific colones is
well established (Table 1 Over the North Pacific as o wholy
dark-phase tulmars are predominamt. comprising perhaps 80
of total numbers, Except for the Semdh Isblands, Larpe colonies
leiid to be monomorphic, or neatly so. Dhieht- phase fulmars are
largely contined to breeding sites inthe Beting Seaand
northern Sea of Okhotsk (Fig. 1), All colonses of predotimnanii
light-phase fulmars are located on mantand stes ar portions of
the continental shelves that were ice-covered or fandiochad
during glactal penods of the Pleistocene iHophains 1476,
Potentially. then, most dark-phase cotomes have vxisted at thew
present sites longer than have light-phase colonies, |

Fulmars cegularly occur in winter as far south as W N
on the Asian and American coasts and to the subtropreal frond
in the central Pacific (Gould and Piatt, thes volumer Individuals
ovcasionally venture into the tropics (Shuntov 19725 The
northern limit of the winter range includes ee-edge hatntags
and open water arcas of the Bering Sea and Sca of Okhotsi
(Trukhin and Kosygin 1986, 1987). Light and dark phases

K



Teble 1 | |
Breeding sites, colony sizes, and colour phascs of Pacific Northern Fulmars

L I ey _ ﬂ%

'-_—-——_—'_*_—__-_ﬂ_————-——u—-——-_.m_

! Colony numbers correspond to locations identified in Ffigure 1,

! ocation? | Population (individuals) Proportion durk phasc (%) Source(s) o
| Triamgle i - 4 75 Vermeer ¢t al, 1976
3 Peret 1, 150 >90 DeGunge et al. 1977
Y Chiswell Is, 40 “most”’ Bailey 1977
3 Barren ks, 120 ca. 8BS Bailey 1976; Manuwat 1980; Hatch, pers, obs,
< Semidi I, 440 000 85 Hatch and Hatch 1983
¢, Castle Rock | 20 100  E.P. Bailey, pers. commun.
* Ryd 1 - 20 100 E.B. Builcy, pers. commun,
S Cape lrigan I _ - 6 %0 Nysewander et al. 1982
9 Owhull | - 4 75 Nysewander et al, 1982
18 l'_:hugui';lk 3 - | 500 000 99 Bailey and Trapp 1986; Hatch, pers, obs.
11 Amuhtal 3000 99 Bailey and Trapp 1986
T — 1RO 100 Sowls et al. 1978; Day et al. 1978
1 Garelon |, 5920 “great majority” Day ct al. 1978
'3 Davaded | o 20 106 J.L. Trapp, pets. commun,
S Haldir | . | 240 >99 Byrd 1978; Byrd and Day 1986
e Pamglot b 79 700 0.2 Craiphead and Oppenheim 1985
7S Matthew 1 | 450 (0 0 DeGange und Sowis 1978
Subtowd, BO and Alssha { 480424 L L _ o
in Poramtoshiru b ' “hreeding” 100 Y amashina (in Fisher 1952b)
‘G Farehima 1 | ~ plentiful” | [(X) Snow (in Fisher 1952b)
MY Shiruthg | - “hreeding” 1) Yamashina (in Fisher 1952b)
S 2 Mot 1 . “greal numbers” 100 Yamashina (in Fisher 1952b)
2 Raikoke | - “great numbers” 100 Yumashina (in Fisher 1952h)
EAEREY KT NTIOWE o .' “large colony” 1 () Bergman (in Fisher 1952b)
38 shisdury L | “hundreds of thousands” 1{X) Snow (in Fisher 1952h)
B Owerbey t - . “very plentiful™ ___ 100 Snow (in Figher 1082b) -
Suptodal. Rent b | 500 000 100 Golovkin 1984; Shuntov 1986u T
2o Tomene Cape | <1007 45 Gizenko 1938 (in Nechaev 1986)
20 dong i | 70 000 99 Oolovkin 1984; Shuntov 19864
I Wt 50 000 0 Golovkin 1984; Shuntov 19864
24 Skala | < |{X) () E. Lobkov, pers. commun.
Wi Rermy | “large colonjes™ QY Stejneger (in Fisher 1952b)
WA Sedi | - “large colonies™ 99 Steineger (in Fisher 1952b)
e haraginsha 3o 0 Gerasimov 1986; Shuntov 19864
3 Verkhoturosa o 20 0 Vyutkin 1986; Shuntov 1986a
3 dren Cape | 34 000 0 .S, Vyatkin, pers. commun,
S Qlutordy Cape | 36 000 0 P.S. Vyatkin, pers, commun,
W Shaliny Cope 40 000 ca. 0 P.S. Vyatkin. pets. commun.
7 Cape Stolet o | __ 80000 . 0 N. Konyukov, pers. commun,
subtotal. Russia 960 000 (plus Bering and Medni islands) -
Grrand wtal ca. 3.0-1.5 nullion o T T o

ho, . : i ; .
(neenho fin Nechaey 1980/ reported small numbers breeding in 1948; could not be confinmed by Nechaev in {981,
- Includes 14 “colones™ clustered in Iwo portions of the coast between Cape Stoletiva and Cape Enmelyan (N. Konyukov, pers. commun.).

oceur throughout the pelagic range, alihough light-phase
- lulmars predominate in northern waters during fall and winter
(Shuntov [986b. 19884, 1988b).

In summer. the pelagic distribution moves generally
northwards. but fulmars continue to occur regularly off northern
Japan and central California (Shuntov 1972). Birds are also
cncountered well north of their northernmost breeding sites in
summer. Fisher (1952b) provided records of occurrence up to
500 miles (8({) km) north of Bering Strait, although fulmars arc

uncomnon in the Chukchi Sea south of Cape Lisburne (Swartz
1967 Piatt et al. 1991) and they rarely enter the Beaufort Sea
(Divoky 1983: Johnson and Herter 1989). Portenko (1981)
reported that fulmars oceur in small numbers near Wrangel
Iskand. western Chukchi Sea. in summer.

4. Feeding ecology

4.1. Diet

~ Analysis of stomach contents indicates that fulmars are
omnivorous, taking crustaceans and other zooplankton, fish.
cephalopods, and offal in varying amounts (Table 2). The major
component of the diet on the Pribilof Islands has been reporied

variously as fish, squid, and offal, suggesting possible annual or
tong-term changes in food habits there. At least 10 families of
squids and oclopods have been identified in the diets of Pacific
fulmars (Hitls and Fiscus 1988). Squids are reported in most
studies, and they appear to be the main food type off the Pacific
coast of North America in winter, The importance of
cephalopods may be exaggerated because of the relatively long

retenlion_limes of beaks in the gut (Furness et al, 1984),
Fishes commonly identified in fulmar stomachs from

‘Alaska include Pacific sand lance Ammodytes hexapterus,

capelin Mallotus villosus, walleye pollock Theragra
chalcogramma, and lanternfishes Myctophidae (Hunt et al.
1981a; Sanger 1987; Hatch, urpubl. data). Crustacean prey
reported from Pacific sites include amphipods, decapods,
copepods, and euphausiids (Bradstreet 1985: Sanger 1986,
1987). Fulmars are avid consumers of jellyfish, especially large,
brown-rayed types such as Chrysaora species (Preble and
McAtee 11923; Hunt et al. 1981a). At the Semidi Islands, some
meals delivered to chicks consisted entirely of jellyfish (Hatch,
pers. obs.).

~ As natural scavengers of food sources such as the
floating carcasses of birds and mammals, fulmars were
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Table 2 . — ] ‘ | o

Summary of Northern Fulmur diet information from various locations in the
North Pacific

pliinlaliranilh =

Pn:y use*

e e . ;
. ol i L + - T p—

L.ocution Sampling period Fish Cephalopods Crustaceans  Caerion/offal Other C Sourceis)

Pribilof Is. brecding season P T T Preble and MoAtee joan T
Pribilof Is. breeding scason 4+ +4 s 44 - o Huntetal 19814 |

Pribilof Is. July + ++ + #4740 Bradsireet 19%5

Kodiuk L/Gulf of Alaska  spring--fall + +44 + o Sattger 1986

Semidi Is. Jul.-Aug. +4+4 ++ *+ + Hatch, unpubt ditg - .
Washington Feb.~Mar, + +44 4 - Hurringion-Twert 1979 Flills and Fracus 1948
Monterey Bay, Calil. Sep.—-Apr. 4 +44 ~ Balu and Morvjoha 1977 -

re————

" 444 mujur use: ++ moderate use; + finor use; blank, nu f{!pllnﬂlf use. Qualitative assessiments based on repered !'rt:qu!:m‘ii:'-; of oceurrence or prrcentage.of toll

weight or volume of stomach contents.
P Unidentified gastropods.
* Nereid polychactes, unidentified bivalves.

d {inidentified jellyfish,
® Unidentifiable invertebrite remitins.

preadupted for taking the byproducts of fishing and whaling
operations (Fisher 1952b). In the North Pacific. however, the
importance of offal in the diet of fulmars is largely
undocumented, except by the observation of fulmars associated
with fishing vessels in the southeastern Bering Sea (Hunt et al.
[981¢) and off the Washington coast (Wah! and Heinemann
1979). Several fulmar stomachs from the Pribilof Islands
contained large chunks of fish flesh assumed 10 be offal
(Bradstreet 1U85), whercas none of the fish remains I found in
more than 200 regurgititions of adults and young on the Semidi
Islands appeared to be offal (Hatch, unpubl. duta).

4.2,  Feeding behaviour

Fulmars obtain food by dipping. surfuce seizing. surface
plunging, scavenging. and pursuit diving (Ashmole 1971
Prince and Morgan 1987). By suspending baits at known
depths, Hobson and Welch (in press) found that fulmars can
dive 1o 3 m, but this feeding method seems to be rarcly used
(Wahl 1984),

Fulmars probably rely to some degree on olfactory cues
tor locating food. They have a well-developed olfactory bulb
(Bang 1966) and show a positive attraction to food-related
odours at sea in controlled experiments (Hutchinson and
Wenzel 1980; Hutchinson et al. 1984), [t is also likely that
fulmars do much of their foraging at night, when mesopelagic
fish and cephalopods are available at the sutface (Hills and
Fiscus 1988). Attendance patterns at breeding sites suggested
hocturnal feeding at a Scottish colony (Furness and Todd 1984)
and also at the Semidi Islands (Hatch, unpubl. data). In British
Columbia, fulmars were observed feeding at night on Pacific
saurtes Cololabis saira that were attracted to the lights of a
stationary vessel. Fish were obtained primarily by surface
seizing and, to a lesser extent, by surface plunging (Vermeer ot
al. 1989). P.J. Gould (pers. commun.) observed fulmars sufface
{Jlunging for undetermined prey at night near the Pribilof
stands,

4.3.  Foraging habitats and range

Ship and aerial surveys in the southeastern Bering Sc:
indicate that fulmars are most numerous over the shelf brouk
from the Aleutian Islands to the Chukchi Peninsula (Shuntov
1972; Hunt et al, 1981c). In the Guif of Alaska. they occurred
roughly similar densities in continental shelf, shelf break, and
occanic habitats but were more uniformly distributed in the
latter two zones than over the continental shelf (Gould ¢t al.
1982). Concentrations encountered over the shelf and shelf

break may be associated with nearby breeding sites or the
presence of Lishing fleets tHuat eral. 198 1¢; Gould et al 1082
During spring and late fall, Tulmars were most abendan along
the seaward edge of the shelf break off the coast of Britssh
Columbia iMorgan et al. 1991, Thes moved inshore 1 Lite
summer. apparently attracted o the abundant oftal descharged
from forel gh [actory shipa i Vermeer et ol 1ORT), |

AL the northern finats of ther wanter range. fulman
show a strong affinity for ice-edge hibitats They were absent.
it dense 1ce arcas and were snecommon over we- tree deep water
areas of the Sea of Okhotsk and western Benmg Sea ¢ rukhin
and Kosygin F986, 19873, On a small spatial seale, Haney
(1989 observed intensive feeding by fulmars ina ndal eddy o
the northwest cape of St Lawrence Isfand in May

The potential foraging range of breeding talmar 18
large because adults are often awan from there breeding sares tor
d week or longer cHatch 1990b) and the average groand = poed
of & fulmar in Hight 15 47 kA iPenmyownck 19K7y There s,
however, littie direct information on foraging range. Macdonald
(1977¢) noted band recoverties of adult Nubmars in SUITHTICT U o
8OO Kkm from known breeaimg sites. Souch dista must be
tnterpreted cautiousdy because band recovenes can include
“otled breeders or birds that did not breed durmg the sear ot
recovery. However, one breedimg fulmar whose chick
eventually fledged was Tivetrapped at sea and released about
460 km from its breeding site in Ochnes (Duaeet and Ollgson
19R.D). Observations of dye-marked adults and dasls activits
patterns sugpested most foragimg during chick reanig ocearred
within 1 km of another colony i Scothamd tFurness and Toddd
1984, | |

s Nesting habitat and phenology

The Northern Fulmar is primiitily a chif-nesting species
and all colonies in Alaska are onastands with rugged and |
precipitous chifs, At the Semidi Ishands, the nesting habitat of
fulmars rarely overlaps with that of murres, Kittiw akes. or
cormorants, These other Clift nesiers use mainly biire ledges of
bedrock, whereas fulmares dominate the higher. vegetated
portions of ¢liffs, In contrast, fulmars on St. George Island in
the Pribilofs use mainly the lower strata of high cliffs iHickey
and Cratghead 1977), possibly because arctic fuxes Alopey
lagopns have access to the higher ledges. Most nest sites at the
Semidi Islands have a soil substrate and a lush plant cover: but
some cggs are laid on bare ledges or in arcas of unconsolidated



~ Figure 2
Distribution of egp-laving dates
during ~ix years, [976-81

in Northern Fulmars on the Semidi Islands
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sand and rubble {Hatch 1985). Wherever the base matenal 1s
friahle. the birds scratch out a simple nest cup.

" The timing of egg-laying varies little from year to year
and 18 farrly synchronous within years at the Semidi Islands,
Ninety pereent of the eggs aid in six years appeared in the
interval from | 1o 16 June (Fig. 2). The prelaying period of
colony occupation (tirst fanding 10 first eggs) was aboul seven
weeks inone year at the Semidis (Hatch and Hatch 1990a).
Attendance during that period was intermittent and highly
swnehronized (Hatch 19%9), Similar to other petrels (Warham
19643, individual Fulmars stay at sea for two to three weeks
immediately before aying (Hatch 1990a). Copulation occurs at
the nest site belore the prelaying absence (Hatch 1987a), and
sperm are stored in the oviduct tor fertilization of the egg while
e female is away (Hatch 1983). The breeding cycle from
laying to tledgiig averages about 102 days, including 49 days
tor incubation (Hatch 1979) and 53 days for chick rearing
{ Mougin 1967).

6.  Population parameters

6.1.  Productivity |

Breeding success (chicks fledged per egy laid) averaged
42% in 10 vears on the Semidi Islands (Table 3). In addition (o
annual variability (range 7-729%), individual variation in
breeding success was substantial-—some pairs tended
consistently to raise young while others repeatedly failed
(Hatch 1988). Pairs that laid early had lower success than those
that laid in the rmddle or laie portions of the period for nest
inthation (Hatch 1990c¢),

Five years™ data indicate that 75% of prefledging
mortality occurs during the egg stage, the remainder after
hatching. A plot of daily egg and chick survivorship shows that
cgg losses were especially high during the first two weeks after
laying (Fig. 3). The mortality of chicks from four to six weeks
old was very low, suggesting most would survive to fledge
- about eight weeks after hatching. | |

Hatching success was highly variable from year to year
and was the key factor accounting for annual variation in
overall productivity (Hatch and Hatch 1990b). A relatively
constant proportion (87%) of potential breeding sites were

occupied by fulmar pairs at the Semidis, and about 85% of the

" site-holding pairs produced eggs each year (Table 3), Because

neither parameter exhibited much antiual variation, neither was

responsible for much of the annual variation in breeding success,

Comparable data from other Pacific colonies are
unavailable. Hunt et al. (1981b) expressed fulmar productivity
as the number of chicks fledged divided by the mean number of
adults counted on study plots it the Pribilof Islands. The
estimates from three years on St. Paul (1976-78) were 0.15,
0.30. and 0.27 chicks per adult. Two estimates from St, George
(1977-78) were 0.24 and (.29 chicks per adult. Byrd (1986)
obtained comparable estimates of 0.39 chicks per aduit on St.
George and 0.38 chicks per adult on St. Paul in 1986.
Productivity has also been assessed as chicks fledged per active
site, the latter being defined as sites occupied by one or two
adults on 250% of visits to a study plot. By that measure,
breeding success on St. Matthew Island was 0.45 in 1985 and

.37 in 1986 (Murphy et al. 1987),

6.2. Postfledging survival
The mean annual survival of adults at the Semidi Islands

wits 0,969, with no detectable differentce between the sexes
(Hatch 1987b). I estimated that 90% of adult mortality occurred

- outside of the breeding season, and the overwinter montality of

failed breeders was substantially higher than that of successful

breeders (Hatch 1987b).
Mortality is probably high in the first few weeks after

fledging. Recoveries of fulmars banded in Britain in the first
month after they fledged comprised nearly 30% of all
rccoveries obtained through four years of age (Macdonald
1977¢). Presumably, mortality at this stage depends on weather
conditions and food availability as young fulmars make the
iransition to seif-feeding.

The 0.969 value for adult survival corresponds to a
mean adult life span of 31.8 years, Survival and longevity may
be overestimated if the years of study (1977-81) did not include
the occasional year of exceptionally high winter mortality, as
occurred, for example, off the Pacific west coast in 1976
(Harrington-Tweit 1979). Other episodes of elevated mortality
occurred duting late summer and fall in at least two years since

1981 (Nysewander and Trapp 1984; Lobkov 1986, Piatt et al,
1990). |

6.3.  Age structure

The age of first breeding is unknown for Pacific
fulmars, but it is probably similar to the modal age of eight
years reported for Atlantic fulmars (Ollason and Dunnet 1988).
An estimated 30% of the birds on or near the Semidi Islands in
1981 were of prebreeding age (Hatch 1987b).

6.4,  Population trends

Mean attendance of fulmars on study plots at the Semidi
Islands increased between 1976 and 1981 and wus also high in
1989 (Fig. 4). Fulmars with eggs spend more time at their

breeding sites than failed breeders, and egg losses were lower in

the later years of the 1976-81 study period. Furthermore, failed
breeders and nonbreeders spend more time at the colony in
years when breeding success is high (Hatch 1990a). The
combination of those factors produced a positive correlation
between mean plot counts and the percentage of nests still
active at the end of the census period in six years (Fig. 4; r =
0.76, P < 0.04). Breeding success was above average in 1989
(0.47 chicks per egg; Baggot et al. 1989) and the mean plot
count that year was not significantly greater than the 1981 mean
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Table 3
Components of productivity in Northern Fulmars breeding on the Semidi Islands® | - o | *
B e T L —— - ma P, —

Parumeter __ Niycary) n (sites or pairy) Mean t SE? - Runge oV

(1) Occupied sites (pairs)/site* s 1913 0866100061 - OKSIOHRY  jan
(2) Breeding pairs/occupied site 3 1658 0848200046 - . 0RO2-DNTY | AN
(3) Eggs hatched/eggs laid 5 1778 063120.1036 (0.226-0.790 36,70
(4) Chicks fledged/eggs hﬂtcdhed 3 1196 0809 2 0.046Y 0.660-0 97 1298

(5) Chicks fledged/eggs laid 10 si7 0.418 2 00,0700 00664 716 Ry
(6) Chicks fledged/occupied site® b/ 2545 0.451 T 0.0896 0.119-0.625 | 4442

* Data from Hatch (1987b) and Baggot et al. (1989),
b Unweighted means of annual estimates.

* Sample of potential breeding sites includes all sites regutarly occupied by u single fulmir or pair in at feast one season of & five-year study.
4 Includes data for years with assumed numbers of eggs luid. |

® Computed as the product of (2) and (3), which were based on different samples in each of five years.
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1 (t=1.65, 34 df, P = 0.11). Thus, although the unqualified (Hatch 1989), as well as possible differences between years in
% census results suggest an upward trend in fuimar numbers, there breeding effort and attendance. There is thus no !-ehuhlc
X i3 4s yet no definite evidence of population growth at the evidence of changing populations on the Pribilofs. o
Semidis. Recent observations at Buldir Island (colony 18, Fig. 1)
i3 Plot counts from several years are also availabie for provide a clear indication of population growth in this small
. cach of the two large islands in the Pribilofs (Dragoo et al, colony. Observers estimated there were at least 1200 fulmars on
1989, 1991). The data suggest an increase in numbers on St. Buldir in 1979, compared to 100200 in 1972 (Byrd and Day
Paul and a decline on St. George between 1976 and 1982, 1986). By 1988, the area used for nesting had expanded on ..
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subject to errors associated with daily variation in attendance The density of fulmars was also up within ;l:c core nesting area




on Buldir's northeast cape in 1989, although no recent estimales
of total colony size are available (G.V. Byrd, pers. commun.).
' There are indications that a small colony on East
Amatuli in the Barren Islands (colony 4, Fig. 1) is also growing.
D.G. Roseneau (pers, commun.) saw no fulmars nesting on East
Amatuli during a five-week visit in 1965. Bailey (1976)
. discovered a smalf population (estimated at 10 pairs) in 1975,
and Manuwal (1980) noted an increase from 15-2§ pairs in
1977 1o 60 pairs in 1978, In 1979, a small group (13 pairs) was
breeding at a new location about 1.5 km from the previously
- used site on East Amatul (Manuwal 1980).
| Two small colonies were recently established in the
Shumagin Islands. About 10 pairs of dark-phase fulmars were
noted on cliffs at Bird Isfand (colony 7, Fig. 1} in 1984, where
none were present in the mid-1970s (E.P. Bailey. pers.
commun.). Similarly. in 1990 Bailey (pers. commun.) saw
about 10 pairs of dark-phase birds a1 Castle Rock (colony 6,
Fig, 1), where fulinars were not in evidence during thorough
surveys conducted in 1984, Egg-laying has not yet been
confirmed for cither colony in the Shumagins,

To summarize, at least four small colonies of Pacific
tulmars may be recently established and growing, but the data
from two large colonies are inconclusive with respeet to
changes in population size, Trends are casier to detect in small
colonigs, where even qualitative observations are often
adequate 1o document growth or decline. We cannot, however,
reject the possibility of population stasis in the North Pacific
without ¢lear evidence to the contrary trom the major colonies.

6.3 Lafe table analysis

With a mean breeding success of 0.4 18 chicks per ycar
and an annual survival rate of .969 (see above), a pair of
tubmars would fledge 13.3 young in a litetime, Two of those
offapring (15.0% ) would survive to breed in a population at
cquiltbrium. Coaven @ mean age at first breeding of cight years
tOlason and Dunnet 1988). the calculated annual survival rate
of préhrccdcrn ts 1.782. On the assumption that juvenile
suevival after the first year approximates that of adults (Lack

1966. Nelson 1966: Potts et al. 1980), survival from fledging to

ape one would be (0,188, Juvenile survival exceeding those
tevels should result in population growth.

7. Conservation problems

(hl poliution, plastic debris, entanglement in fishing
eear. introduced predators, and human disturbance at colonics
- are potential threats to the well-being of Pacific fulmar
populations (Lensink 1984). Because most fulmars breed in a
tew large colonies, the possibility exists for serious damage to
result from a single adverse event. For example, a catastrophic
ol spill near one of the major colonies could conceivably kill or
tmpair the breeding of a large fraction of the population in a
region such as the Gulf of Alaska or Aleutian Islands. There has
been no eritical test of that possibility—the closest approach to
date was the Exvon Valdez spill in Alaska, which extended to
within 100 km of the Semidi Islands in April and May 1989
(Pratt et al. 1990). Fulmars constituted only a small part of total
scabird mortality, however, and they had one of the lowest
- mortalities of any species relative to the number of birds
considered to be at risk. Aerial foraging probably reduces the
vulnerability of fulmars to oil slicks; the birds may also be able

to detect petroleum by smell and avoid it (Hutchinson-and
Wenzel 1980).

Ingestion of plastics by seabirds is a growing concern,
and fulmars are among the heaviest consumers of plastic debris
in Alaska (Day 1980; Day et al. 1985). A high incidence of
plastics in fulmar stomachs is also reported from both
industrialized and remote regions of the North Atlantic
(Francker 1985). Day et al. (1985) found a 54% mean

~ frequency of plastics in seven studies of Atlantic and Pacific

fulmars, including 58% occurrence in Alaska (h = 38
individuals). They attributed high ingestion rates in fulmars and

~ other planktivorous seabirds to the resemblance of floating

plastic particles to some of the birds’ natural prey. The effects
of plastics are largely unknown, although Bourne (1976)
described ulcerations of the stomach mucosa in fulmars
resulting from ingested plastics. In general, the quantity of

‘plastic consumed by fulmars scems minor compared with

indigestible prey parts such as cephalopod beaks, but plastic
particles may be more resistant to abrasion and therefore have &
fonger residence time in the gut.

Fulmars are captured incidentally in drift gill nets, but
their method of surface feeding reduces their risk relative to that
of diving seabirds. DeGange et al. (1983) estimated that about
2000 fulmars were killed annually in the Japanese salmon
maothership fishery between 1981 and 1984, a roughly similar
number may be taken in the land-based gillnet fishery
(DeGange and Day 1991). Those levels constitute less than 2%
of the total seabird kill in each instance, and fulmars are greatly
underrepresented relative to their at-sea densities in the fishing

- areas (DeGange et al. 198)5).

By using only inaccessible sites, fulmars coexist with
mammalian predators on some islands (e.g., St. Matthew [Island
and the Pribilofs). However, introduced foxes may have
reduced or eliminated fulmars at other Pacific colonies in the
late 1800s and carly 1900s, Murie (1959) mentions three
possible instances of this in the Aleutian Islands (Gareloi,
Unalga, and Agattu islands), and there is little doubt that
colonies on the Semidi Islands were also affected. Free-ranging
arctic foxes and red foxes Vulpes vulpes were introduced to
several of the Semidi Islands beginning in 1885 and supported a
successful fur-ranching business there until about 1914 (Bower
and Aller 1917). Foxes apparently died out naturally after
caretaking was discontinued in 1907, Today, extensive use of
accessible nesting habitat on the Semidis suggests a full
recovery from what was possibly a much reduced population
during the era of fox-ranching.

Incubating fulmars that are unaccustomed to low-flying
atrcraft or the approach of human observers on foot often leave
their nests temporarily unattended, risking egg foss to aerial

predators (Ollason and Dunnet 1980; Hatch, pers. obs.).

Habituation plays an important role in reducing such losses

(Dunnet 1977). In Aiaska, at least, most fulmars breed on
remote islands that rarely receive human visitors or air traffic

(the Pribilofs being a notable exception), and disturbance does
hot secmn to pose a significant threat to any colony.,

All known colonies of fulmars in Alaska are included in
the Alaska Maritime National Wildlife Refuge, and a system of
regulatory laws und nature preserves for the protection of
fu'mars and other seabirds exists in Russia (Golovkin 1984),
This, combined with the low vulnerability of fulmars to most

- identifiable threats in the North Pacific, encourages optimism

that healthy populations will persist for the forseeable future.
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8, Recommendations for research

It seems likely that the locations of all fulmar colonies
in the North Pacific are currently known, Sample plots for
monitoring population trends have not been established in most
aress, however, and estimates of population size for many of
the largest colonies are crude, Thus, major changes in
population may go undetected or may be erroneously inferred
on the basis of future censuses. This is especially true of the
large colonies on Chagulak Istand and in the Kurils, for which
better estimates of population size are desirable.

Unlike fulmars in the boreal Atlantic, Pacific fulmars
have not as yet exhibited profound changes in distribution and
abundance. Nevertheless, observations on productivity, adult
survival, and age structure at one colony (the Semidi Istands)
suggest potential, if not cutrent, population growth in the
Pacific. Changes in the Pacific population may be casiest to
detect ut small, possibly recently established colonies such as
Buldir, the Barren Islands, the Shumagin Islands. or the
Chiswells. At these sites, a complete and accurate annual
census of the breeding population is possible. Regular sampling
is also advisable to monitor population trends and breeding
productivity in at least one of the major Pacific colonies; the
Semidi Islands probably offer the most amenable study sites,

Life table caleulations for Pacific fulmars may be wrong
if the assumption of equilibrium is incorrect. Indeed. if juvenile
survival after one year is equivalent to adult survival, it can be
shown that only 17% of the birds in a stable colony should be
prebreeders (Hatch 1987b). Thus, the estimate of 309 pre-
breeders at the Semidi Islands suggests a growing poputation.
The importance of age structure to life table calculations and
the low precision of the only existing information underscore
the need for closer study of prebreeding survival and behaviour.,

Where nesting habitat is casily accessible, as on the

Semidi Istands and Chagulak, it is feasible to mark thousands of

young annually, using unigue combinations of coloured leg
bands for each colony and cohort. Fulmars are casily attracted
Lo stationary vessels at sea, and the presence of leg bands on
swimming birds can be readity observed at close range. A
coordinated program of cohort banding at selected colonies and
resighting at sca could provide detatled information on age- and
stte-specitic patterns of migration and mortality during the
juvenile period.

Acknowledgements

[ thank my wife, Martha Hatch, for indispensable
assistance at the Semidi Islands. Field work there was funded in
part by the Alaskan Outer Continental Shelf Environmental
Assessment Program (OCSEAP), administered by the U.S.
Bureau of Land Management and National Oceanic and
Atmospheric Administration (NOAA). | am grateful (o
C.R.Ely, R.W. Furness, and J.F, Piatt for suggestions on

improving the manuscript.
Literature cited

Alnley, D.G. 1976. The occurrence of seabirds in the coustal region of
California, West, Birds 7:33-68,

Ashmole, NP, 1971. Scabird ecology and the marine environment. Pages
223286 in Farner, D.S.; King, J.R. (cds), Avian biology. Yol. 1, Academic

Press, New York and London,

Baggot, C‘M'.: Bain, B.K.; Nysewander, D.R. 1989 Changes in s:nluny.#u.t'
und I‘cpfmlm:lwu success of seabirds at the Sermidh Islands, Alaska, 1977 - 19R9,
Unpublished report. LS, Fish and Wildlife Servive. Homer, AK,

Balley, E.P. 1976 Breeding brrd distribution and abundance in the Barten
Islands, Alaska. Murrelet §7:2-12. E |

Hulk'y. E.P. 1977 Distribution u‘n_ll abundance of marine birdds and mummals
Wong the south side of the Kenai Peninsula, Alaska. Murrelet SK S8 77

Hulley, £.P.: Trapp, LL.. 1986, A reconmapssince of brecding rmanne bitids ang
mammals in the cast-central Aleutian lands  Kasaochs o the Ilands of Four
Mountans —summer 1982, wiily notes on othet species. Unpublivhed weporg
LS. Fish and Wildlife Service, Ang horiige, AK |

Bultz, DML Morejohn, (.¥, 1977 Food habats and v he everlup of sedbisds
winlening on Monterey Hay. Calitornia Auk 04:506.848

Bang, B.0:, 1966 The oltactony upparatus of whenosed birds Acta Ana
6S:391..415, | ' |

Hent, ALCL 1922 Life hstories of North Amencan petrebe and pedicans and
their allies, U8, Natl, Mus. Both. No, 121 t

Hourne, W.R.P, [976. Scatardy aned pollution Pages 408 A02 1 Johnvon R

[

ted ), Marine pollution. Acadermic Press, Sew York

Bower, W.T.: Aler, H.D. 1917 Alaskan fishers gl tar uu_hhtrrﬁ TIRARE I
.S, Dep. Commer . Bur, Fish.. Wastungion, D - -

Bradstreet, MUS. W, 1988 Fecding studivs Pages 287 Wi g fohnion, S R

(ed o, Poputlation estamatinn. ;Hmim'mn} Jid Tood habits of Nt seabieds o |
Cape Peirce und the Pabiof fslands, Bering Sea F S Misierabh Munagetent
Servive, QS Study MMS 850065 Apchorpe, AK -

- Brown, R.G.BT970 Falmuar distribunen. s Canadian petspevtine Thiy

[ 1244 8]

Hyrd, GOV 1978 Birds of Bubbe INamd, ALk sih notes on abuendaiie s anid
nesteng chronology Lnpubiished repert U S e and Wildlite Senoe,
Anchonige, AK

Byrd, GV, 1986 Roesulis o <caburyd mondoring i the Prsbntod InLads i 1484
Unputdished report. U S, Fachandg Waldbite Seryos - Homee, AR |

Bard, GV Climo, LA 198K The statun of Jedve-nesting seabinds i the
woster Ateutian Bands . Adaska i sosnnes TI8S Unguhlysheed reps AT O
Fish and Waldlite Service. Honmwer, AK :

Byrd, GV Day RHLDIBO. Phe avitauna of Bubdir Island. Aleatum [stands,
Abaska - Arche W s | o

(,‘I'Hiﬂht'ﬂd. Fl.: “ppl‘ﬂhl‘ilﬂ.]. [ONS Pupl.l]dll;m AT ,ﬁn! Erm[_m;,r“i -
tremds of Pritufor Bland seaturds £8 Dep Comner . NUYAAUH SEAP Fnal
Rep. MY, 307 156 - .

Cramp, S.; Bourne, W.R.P.; Saunders, D 1974 The seabinds of Britan and
Ereluwd. Taphager Publ. Co o New York g

lluj. R.H. 1980 The sxovurrence Jand sharacicsishivs of plastic poliution in
ALtsha s marine brds. MSe theas, Uiy of Alaskda, Finrbanks |

Day, R.H.: Farly, T.4.; Knudtson, E.0% 1978 A brd i mammal survey of
the ssesteentrid Alvutions, suonmer, (977 Unpubhished oport. B8 Fishranul

Wildhite Service, Aoachorage, AK.

DEI!’. R-”.: “’.t‘hlt‘. I)Hh; ('ulrmﬂn. "'{ . Iﬂ“ Iﬂgt‘\hun ! FI.'I'-'II{ ™ ‘“lﬂil“h
by marime birds, Pages W4 380 44 Shomuara, K S Yodhda, HO igdug,
Procecdings of the work<hop on the fute and impact of mapne debrs 108 Dep
Commer.. NOAA Tech, Meme NOAATMNMES SWE(- 44,

DeCGiange, AR Day, R.H. 1991 Mortality of veabirds oo the Japanese
land-basced gill-net fishery for sulmon, Copdor 93- 241 358

DeGunge, AR, Sowls, AL, 1978 A faunal reconnaissamee of the Bening Ses

National Wildlife Refuge. Unpubhisted report 1S Fash and Wildhie Service,
Anchorage, AN, S

qu-_‘ .



‘DeGuange, A.R.: Prossardt, E.E.: Frazer, D.A. 1977. The breeding biology of
seabirds on the Forrester Island National Wildlife Rct‘u_ge..lﬁ Muy‘ to 1
September 1976. Unpublished report. U.S. Fish and Wildlife Scrvice,

Anchorage. AK,

_ DeGange, A.R.: Farsell, D.).; Junes, L.L. 1988, Monality of HEHb‘il‘dﬁ in the
high-scas Jupanese salmon mothership fishery, 1981-1984. Unpublished mmﬂ.
LS. Fish and Wildlife Service, Anchorage, AK. |

liimk}', G.J). 198, 'fhc pelagic and nearshore birds of the Alaskan Beaufort
Sea. U.S. Dep. Commer.. NOAA, OCSEAP Final Rep. 23: 397-513.

Dragoo, D.E,; Bain, B.K.; Sowls, A.L.; Chaundy, R.F. 1989, The status of -
clHT nesting seabirds in the Pribilof Islands, Alaska. 1976 1988: a summary.
Unpublished report. U.S, Fish and Wildlite Service, Homer, AK.

Dragoe, D.E.; Schuimeister, $.1).; Bain, B.K.; Mendenhall, \f.MT 1991.
St. George Island. Pages 12-39 in Mendenhalt, V.M. (ed.), Monitoring of
populations and productivity of seabirds at St. George Island. Cape Peirce, and
Biuft, Alaska. U8, Minerals Management Service, OCS Study MMS 90-0049,

Anchorage. AK.

Dunnet, G.M. 1977, Observations on the eflects of low- flying sircraft at
ceatmrd colonies on the coast of Aberdeenshire, Scotland., Riol. Conserv. 12:

§5.63.

Dunnet, G.M.: Anderson. A. 1961, A method for sexing living Fulmars in the
hand. Bird Study X119 26, |

Dunnet, G.M.: Ollason, J.C. 1982, The lecding dispersal of Fulmars Fudmarus
siaciadiy in the breeding seison. $his 124:359- 361, '

Fisher, J. 1939, Distribution of the colour phases of the Fulmar Fuimarus
vlacialis, Nature 14941 '

t7isher, J¢ 1950, The changes inthe distribution of the Fulmar Fulmarus
olaciglis. Proc. Int, Omatbal. Congr. 1H2449-401.

wisher, J. 1982a. A huistory of the Fulinar Frdmarus ¢lecialis and its population
problems, 1his 94:334-354. .

Fisher, J. 1982b. The Fulmar. Collins, London.

Fisher, J. 1966. The Fulhie population of Britain and rekand, 1959, Bird Swdy
t3:8..7h, S

Fisher, J.; Waterston, G. 1941, The breeding distribution, history and |
population of the Fulmar Fulmaris vlacialis i the British Istes, ). Anim, Ecol,
200272 |

Franeker, J.A. van. 1988 Plastic ingestion tn the North Atlantic Fulmar, Mar,
Pollut. Bull. 16:367- 369, '

Francker, JoA, van; Wattel, J. 1982, Geographical variation of the Fuimar
Fuatmarus elacialis w the North Atlantic, Ardea 70:31~44,

Furness, B.L.; Laugksch, R.C.; Duffy, D.C. 1984, Ccphulﬁpod beaks and
studies of seabird diets. Auk 101:619-620,

Furncss, R.W.: Todd, C.M. 1984, Dicts and feeding of Fulmars Fulmarus
¢lacialis dunng the breeding season: & comparison between St. Kilda and
Shetiand colonies. This 126:379-387.

Gabrielson, LN.; Lincoln, ¥.C. 1989. Birds of Alaska. Wildl. Manage, Inst.,
Washington, DC. .

Gerasimov, N.N. 1986. Colonial seabirds on Karaginskii Island. Pages 94-113
in Litvinenko, N.M. (ed.), Seabirds of the Far East: collection of scientific
‘papers. Far East Science Center, U.S.S.R. Academy of Sciences, Viadivostok.
Translated from Russian by Can. Wildi. Serv. (1988).

(olovkin, AN. 1984. Seabirds nesting in the US.S R the status and
protection of populations, Pages 473486 in Croxall, J.P.; Evans, P.G.H.;
Schreiber, R. W, (vds.), Status and conservition of the world's seabirds. Int.
Counc. Bird Preserv. Tech. Publ, 2, Cambridge, UK.

Gould, PJ.; Forsell, D.J).; Lensink, C.J. 1982, Pelagic distribution and
abundance of seabirds in the Guif of Alaska and eastern Bering Sea, U.S. Fish
Wildl. Serv. FWS/OBS-82/48. -

Haney, J.C. 1989. Foraging by Northem Fulmars (Fulmarus glaclalls) at a
nearshore anticyclonic tidal eddy in the northern Bering Sea, Alaska. Colon.

Waterbirds 11:318-321,
Harrington-Twelt, B. 1979. A seabird die-off on the Washington coast in

“mid-winter 1976, West, Birds 10:49-36.

Hatch, S.A. 1979. Breeding and population ecology of Northern Fulmars
(Fuimarus glacialis) at Semidi Islands, Alaska. MSc thesis, Univ, of Alaska,

Fairbanks.

Hatch, S.A. 1983, Mechanism and ccological significance of sperm storage in
the Northern Fulmar with reference to its occurrence in other birds. Auk

100:593-600.

Hatch, S.A. 1988. Population dynamics, breeding ecology, and social behavior
o! the Northern Fulmar (Fuimarus glucialis). PhD thesis, Univ. of California,

Berkeley.

Hatch, S.A. 1987a. Copulation and mate guarding in the Northern Fulmar. Auk
104:450-461,

Hatch, S.A. 1987b. Adult survival and productivity of Northern Fulmars in
Alaska. Condor 89:685-696,

Hatch, S.A. 1988, Testing for individual variation in breeding success. Auk
105:193-194,

Hatch, S.A. 1989, Diurnat and seasonal patterns of colony attendance in the
Northem Fulmar, Fulmarus glacialis, in Alaska, Can. Field-Nat. 103:248--260.

Hatch, 8.A, 1990a. Time allocation by Northern Fulmars Fulmarus glacialis
during the breeding season. Ormis Scund, 21:89-98.

Hatch, S.A. 1990b. Incubailon thythm in the Fulmar Fulmarus glacialiy:
annual variation and sex roles, Ibis 132:5158-524.

Hatch, S.A. 1990¢. Individual variation in behavior and breeding success of
Northern Fulmars, Auk 107:750-7535.

Hatch, S.A. 1991, Evidence for color phase effects on the breeding and life
history of Northern Fulmars, Condor 93:409-417.

Hatch, S.A.; Hatch, M.A. 1983, Populations and habitat use of tharine birds in
the Semidi Istands, Alaska, Murrelet §4:39-46.

Hatch, S.A.; Hatch, M.A. 1990a. Breeding seasons of oceanic birds in a
subarctic colony. Can. J, Zool. 68:1664-1679.

Hatch, S.A.; Hatch, M.A, 1990b. Components of brecding productivity in a
marine bird community: key factors and concordance. Can. J. Zool,
68: 16801690,

Hickey, JuJi; Craighead, F.L, 1977, A ¢ensus of seabirds on the Pribilof
Istands. U.S, Dep, Commer,, NOAA, OCSEAP Annu. Rep. 2:96-195.

Hills, S.; Fiscus, C.H. 1988, Cephalopod beaks from the stomuchs of Northern
Fulmars (Fulmarus glacialis) found dead on the Washington coast. Murrelet
69:15-20,

Hobson, K.A.; Welch, H.E. In press. Observations of foraging Northem
Fulmats (Fudmarus glacialis) in the Canadian high Arctic. Arctic.

Hopkins, D.M. 1976. Sea-level history in Beringia during the past 25,000 years.

Pages 3-29 in Kontrimavichus, V.L. (ed.), Beringia in the Cenozoic era. U.S,

Dep. Commer., Nutl. Tech, Inf. Serv., Springfield, VA. Translated from Russian

(1984),

Huu}, G.:L. Jr.; Burgeson, B.; Sanger, G.A. 1981a. Feeding ccology of
seabirds in the eastern Bering Sea, Pages 629-647 in Hood, D.W.; Calder, J.A.
(eds.), The eastern Bering Sea shelf: oceanography and resources. Univ, of

. Washington Press, Seattle,

Hunt, Gl Jr.; Eppley, Z.; Drury, W.H. 1981b. Breeding distribution and
tl'uproduclwe biclogy of marine birds in the eastern Bering Sea. Pages 649-687
in Hood, D.W.; Calder, J.A. (eds.), The eastern Bering Sea shelf: oceanography
tnd resources, Univ, of Washington Press, Scattle.

SR S L

r -, 3
. ak, Afw g [
- - - -

- -|.-:|l .‘:._"',‘_r a . r . - - & v - mt at
W AR TCL PP, R Y SO L TR Lt T

i

L.

=2 —rmyrr g -

S

Pk kTS ¢ g Sk PR

, & -

CF -
re
-:'#-T.-m"i‘

1-';.'.#. -

._ ....
- 10 2

. wr—-
..i..r i i . .
- iy .. . .
r.oer "h-l-ﬂ.-ltﬂql‘:ﬂ r "!-nl_-lli--;: -




P,
L I‘i F‘.

S e A e R AT

[

= =2 —rmyr g -

N

o kI r g Rk [ S

-

L T e
R

Hunt, G.L. Jr.; Gould, P.J.: Forsell, 1).J.: Peterson, H. Jr. 1094, Pelugic
distribution of marine birds in the castern Bering Sea, Pages 689-715 in Hood.
N.W.: Culder, A, (cdy.), The custern Bering Seu shelf: ocennography and
resources, Univ. of Washington Press, Scattle,

Hutchinson, L.V.: Wenzel, B.M, 1980. Olfuctory guidance in foraging by
procellariiforms. Condor 82:314-319,

Hutchinson, L.V.; Wenzel, B.M.; Stuger, K.E.; Tedford, B.1.. 1984. Further
evidence for olfactory foraging by Sooty Shearwaters and Northermn Fulmass.
Pages 72-77 in Nettleship, D.N.; Sunger, G.A . Springer, PoF. (eds.), Marine
birds: their feeding ecology and commercial fisheries relationships. Can. Wildl.
Serv. Spec. Publ., Ottawa.

Johnson, 8.R.; Herter, D.R. 1989. The birds of the Beaufort Sea. BP
Exploration (Alaska) inc., Anchorage, AK.

Kuroda, N. 1958, Observations of pelagic birds of the northwest Pacific.
Condlotr 57.290-3X),

Ktutroda, N, 1960. Analysis of scabird distribution in the northwest Pacific
Ocecan. Pac. Sci. 14:55-67,

Lack, D, 1966. Population studies of birds. Oxford Univ. Press, London and
New York.

Lensink, C.J, 1984, The status and conservation of seabirds in Alaska. Page.
13-27 in Croxall, J.P.; Evans, P.G.H.; Schreiber, RW. (eds ), Status and

conservation of the world’s scabirds, Int, Counc, Bird Preserv, Tech. Publ, 2.
Cambridge, UK.

1.obkov, E.G. 1986. The targe-scale death of scabirds on the Kamehatka cogst
in the summer. Puges 166-189 in Litvinenko, N.M. (ed.). Scabirds of the Far

East: collection of scientific papers. Far East Science Center, U.8.8. R, Academy

of Sciences, Viadivostok. Translated from Russian by Can, Wildl, Sery, 1 1988),

Macdonald, M.A. 19774, The prelaying exodus of the Futmar Futmaris
glaciais (1..). Ornis Scand, 8:33..37,

Macdonatd, M.A. 1977b. Adult mortality and fidelity to mate and nest-site o a
group of marked Fulmars, Bird Study 24:165-168.

Macdonald, MLA. 1977c. An anaiysis of the recoveries of British-ringed
Fulmars, Bird Study 24:208-214,

Macdonald, M.A. 1980. The winter attendance of Fulmars at land in NE
Scotland. Ornis Scand. 11:23-29,

Manuwal, D.A. 1980, Breeding biology of seabirds on the Barren Islands,
Alaska. Unpublished report. LS. Fish and Wildlife Scrvice, Anchorage, AK.

Morgan, K.H.: Vermeer, K.; McKelvey, R.W. 1991, Atlus of pelagic birds of
western Canada, Cun, Wildl, Serv. Occas. Pap. No. 72, Ottawa,

Mougin, J.-L. 1967. Eiude écotogique des deux especes des Tulmars: fe fulmar
atlantique Falmarus glacialis et le Tulmar antarctique Fulmarus glacialoides,
Oiseiu Rev, Fr. Omithol, 37:57-103,

Murle, O.J. 1939 Fauna of the Aleutian Islands and Alaska Peninsula, North
Am, Fauna No. o6,

Murphy, E.C.; Cooper, B.A.: Martin, P.D.; Johnson, C.B.: Lawhead, B.E.;
Springer, A.M.; Thomas, DL, 1987, The population status of seabirds on 8t.
Matthew and Hall islands, 1985 and 1986. U.S. Minerals Management Service,
OCS Study MMS 87-0043, Anchorage, AK.

Nechaev, V.A. 1986, New dula about veabirds on Sakhalin Island. Pages
[24-151 in Litvinenko, N.M. (ed.), Scabirdy of the Far East: collection of
scientific pupers, Far Hast Science Center, U.S.S.R. Acidemy of Sciences,

- Viadivostok, Translated from Russiun by Can, Wild). Sery, (1988),

Nelson, J.B. 1966. Population dynamics of the Ganinet Stde bassanag ot the Bass

Rock, with comparative information from other Sulidac. J. Anint. Evot.
35:443-470.

Nysewander, D.R.; Trapp, J.L. 1984, Widespread mortality of adult seabinds
In Alaska, August-Sepiember 1983, Unpublished repont. U.S. Fish and Wildlife
Service, Anchoruge, AK.

Nys.wander, D.R.; Forsell, D.J.: Baird, P.A.: Shields, D.J.: Weller, G ).
Kogan, J.H. 1982, Murine bird and mummal survey of the cuvtern Alcutian
Istunds, summers of 1980-K1, Unpublished ceport. £LS. Fish and Waldlite
Service, Anchorge, AK, S

Oltuson, J.C.; Dunnet, G.M. 1980 MNest Tuilures in the Fulmar: the elfect ol
abservers. J. Field Omithol. $1:39..84 | -

Ollason, 1.C.; Dunnet, ;.M. 1988. Varation hrecding sicerss i Fulmars,
Pages 263278 in Clutton-Brook, T H. ivd ), Reprodisc tive sticcess: studhies of
individual variation in contrasting brecding sydems. Univ of € hicago Press,
Chicago, 1., | * |

Pennycuick, C.J. 1987 Flight of auks (Alcidae) and ather northern seihds

compared with southern Procelfanifones: ormithodolie oservations ). Fap.
Biol. 128135447, - '

Platt, LF.; Lensink, (). Butler. W.: Kendriorek, M. “Wysewander, DR,
1990 Immediate impact of the “Exvon: Vildes' o spul o manine bitds Auk
H17-187-397.

Platt, 1.6.: Wells, 11..: MucChardes, A Fadely, B.S. 199] Phe distribution

of seabirds and fish i redalion te occan artents in the votheastern ke i
Sea. Pages 21- 3 i Montevecchs, WAL Gustom, VT sodn 1 Stndies oo

high-latitude seabtrds. 1. Behasourat, encrget . and ik catopraphh aspecis of ¢

seabird fcr::hng'r.'::nlugy. Can Wiid! Serv Oeeas Pag Mo H8 M taw 4

Portenko, LA, 1981 Birds of the Chabchy Pemasata dnd Weanpcr Tdand Vol -

LoAmerind Publ. Co. Py Lid. SNew Deiby Transhaied fram Kussian

Potts, G.R.; Coulson, L.C.; Deans, LR, 1980 1 pulabon dy nannes wid
brecding success of the Shag, Phaluc o avariaiaedis, on the Fame INlaiids.
Northumberlamd. T anim, Feol 39068 384

Preble, EoA: Mo Afee, WL 1921 3 brodopical surv ey of the Pt Ihands,
Abka Part [ Brrds and rinsiminun)s ~Noerth A Faulhg “ 30 o

Prince, P.AL Morgan, RALT987 Dectand toeding cuslogy ol
Provellaritormes Papes TS 17 o0 Crosgl TP ied v Seabites teehing
ceology and ole amanne ceonysterny Cambridie Uiy Press, Cambridge,

1N

Salomonsen, F. 1968 e peoeraphoced yartieon of the Fuinng oF idene :
Cid el and the 2anes of the manine coy onment wa the Sorth Atiant, Ak

X1 A27 188

Sanger, GoAL 1978 The soaonad dranbutes of sormy seabirds off Wostigton
Aamd Udre ot wath notes on ther eqoloey aand Bebasaer Condor 72 1 147

Nunger, (AL 1972 Protammany <tarebing stiscoh ansd b cotimage s of

seabrds an the subar e Pacithie revas Pavos S%9 AT e Tabenoe A Y aeid

Brologwal owcanognsiphy of the northorn Neeth Pacibc 0o an Ademstaa Shoten,
Tokso. | '

Singer, (¢ 4 19%6 [ hets and Toal web s ltioatbees of wahinds i the Gutl ol
Ak amd adicent manne regions, U8 Ukep Coovoer . NCEVA OS] AR
Final Rep. 48631774 '

Sanger, GuAL TONT . Trophic feveis and ophe sehaonsdnes of seabists i the

G of Alasha Pages 209 287 50 Crovall, FE ccu 0 Seabsinde teeding eoidagy -

g role i marne coosystems Cambradse 1T Proes ¢ wmbrdpe. 1 K

Shuntos, V.P 1972 Sca birds and ihe bologn al stisc e o the ovean
Far-Eastermn Publshing House, Viadesostok Transbated feorn Russan iy § -
Atardt (TU7TIVINTIS T 74550, 1. ~

Shuntoy, V.P. 10860 Scatirds in the Sca ob ERBotsh Pages b 38 4
ivinenko, N.M (od v Seehinds of the Far Fast collecon of wocsitito p,':!,n:f-._
Far Last Scwence Center, S S RO Avade sy of Sownces, Vidivostok
Transtated from Russian by Can. Wikl Sein (IS

Shuntov, V.P. 19868 Numbess and patterns of distesbation of eatards i the
St of Oktosh inauiumn. Zool Zh 651302 1370 Trambted froa Kusian
by M.0), Picrson, |

Shuntoy, V. P. 1988a Abundance amd d_htr'{huhmu af seabinds ip the canten pat

of the 1S SR, far east economie Zone o autume § Seaburds of the woskem
Bering Sea. Zool, Zh, 67: 133 184K Tranvated trom Russan by MO Picrson

9



| Shunt&v. V.P. 1988b. Abundance and distribution of seabirds m the castemn
part of the U.S.5.R. far east economic zone in autumn. ]I. Seabirds of the Pacific

waters of Kamchatka and the Kuril Islands. Zool. Zh, 67: 1680-168%. Transiated
from Russian by M.O. Pierson.

Sowls. A.L.: Hatch, S.A.: Lensink, C.J. 1978. Catalog of Aluskan seabird
colonies. U.S. Fish Wildl. Serv, FWS/OBS-T8/78.

Swartz L.G. 1967. Distribution and movements of birds in the Bering and
Chukchi seas, Pac. Sci. 21:332-347,

Trukhin, A.M.: Kosygin, G.M. 1986. Distribution of scabirds in the tce of the
© Okhotsk Sea in wintet. Pages 76-93 in Litvinenko, N.M. (cd.), Scabirds of the
Far East: collection of scientific papers, Far East Science Center, U;S.S.l_{
Academy of Sciences, Vladivostok. Translated from Russian by Can. Wildl.
Serv. (TYRE. |

Trukhin, A.M.; Kosygin, G.M, 1987, Distribution of seabirds in the ice in the
western portien of the Bering and Chukotsk Seas. Pages 44 in Litvinenko,

N AL (ed. ), Distribution and hiology of scabirds of the Far East, Far East
Soence Center, U.S.S.R. Academy of Sciences, Viadivostok, Transhated from
Russian by Can. Wildl. Serv. (1989),

yermeer, K.: Summers, K.R.; Bingham, D.S. 1976. Birds obscrved af
Triangle [sland, British Columbia, 1974 and 1975, Murrefet 57:35-42,

\-‘arm&r, K.; Hay, R.; Rankin, L. 1987. Pelagic scabird poputations off
sauthwestern Vancouver Island. Can, Tech. Rep. Hydrogr, Ocean 5¢i. 87,
Sulney, B.C. |

Yermeer, K.; Morgan, K.H.: Smith, G.F.J.; Hay, R, 1989. Fall dis-:tril?uliun
of pelagte birds over the shelf off SW Vancouver [sland. Colon, Waterbirds
12207 -2 1dL |

Vaoous, K.H. 1949, The morphological, anatomical, and distributional
refationship of the arctic and antarctic fulmars. Ardea 37:113-122.

Vvatkin, P.S. 1986. Nesting cadastres of colonial birds in the Kamchatka
region. Pages 36-30 0 Litvinenko, N M. ted.). Scabirds of the Far East:
callection of scientific papers. Far East Science Center, U.S.S.R. Academy of
Sciences, Viadivostok, Translated front Russian by Can. Wildl, Serv, (1988).

Wahl, T.R. 19758, Scabirds m Washingion's offshore zone. West. Birds
6:117-134. '

~ Wahl, T.R. 1978 Seabitds in the northwestern Pacitic Ocean and south central
Bering Scain June 1975, West, Birds 9:45--66.

Wahl, T.R. 1984, Observations on the diving behavior of the Northern Fulmar,
Weost, Binds 15:131-133, | '

Wahl, T.R.; Heincmann, ). 1979, Scabirds and fishing vessels: co-occurmence
and attraction, Condor 81:390-396. -

Warham, J. 1964 Breeding behaviour in Procellariiformes. Pages 389-394 4y
Camick, R. Hoigate, M., Prevost, 1. (eds. ). Biologie Antarctigue Symp. 1.
Hermuann, Patis. |

Watson, A, 1957 Birds in Cumberland Peninsula, Baftin I<land. Can.
Field-Nat, 71:57- 118,

Wynne-Edwards, ¥.C. 1952, Geographic variation in the bill of the Fulmar
Fu!nmrus elacialis. Scot, Nat, 64:84-101.

= % =
- e . ., .-_: __-—_"-- - T ‘.-'H' "
Tepae A s r @ gwee s st J‘:n-p-'ﬁln-._...lé;i -":;-ﬂé R P
A [ '...}il-'-l- daﬂﬂ‘hﬁwdﬂ J h r . . L]

- ﬂ'-."--l- |'—-'\- ..
- wr
- R i-l-*+:,
el T B

¥

.
¥ o

-,

A

N

. %#Tp.ﬂ."‘.

T — - ——

- .
.n;.;-z_.f.: A ﬁ:};_{

- E
A

A .
L - R ar
e T .
i P -_33'?

oy U —
.l
i FFToa.

A R L T

'y

2 Bl Kiny S

—
f'.‘.

B -

Tt SR ..5;1‘?_‘.
ek Wy oot

o e T TR o A

alh- Bl I T



