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Abstract

The Common Murre Uria aalge. Thick-billed Murre
L' Jomvia. Rhinoceros Auklet Cerorhinca monocerata, Tufted

Pulfin Fratercata cirrhata. and Homed Puffin F. corniculata

comprise a guild of offshore fish-feeding seabirds that numbers
approximately [7 million breeders in the North Pacitic Ocean.
It appears marres have declined in the eastern Bering Sca and i1
portions of the west coast of the continental United States
within the past 15-20 years. but stable or increasing populations
have been noted along the arctic coast of North Amertca and

~Asit. in the western Gulf of Alaska, and in the western Aleutian

Islands. Rhinoceros Auklets seem to be increasing recently in
several areas, but the quality of monitoring data 1s poor. There
are few data for judging widespread trends in Tufted and
Horned puttins. |

Reproductive success for all species varies among years
from nearly total failure to over 70% of the eggs producing
fledglings, but no temporal trends have been detected. In the
majority of years roughly 40-60% of the nesting pairs of
murres and putfins fledge young. Egg predation and scarcity of
food near colonies are the factors most frequently listed as
causes uf reduced success.

Reésume

La Marmette de Troit Uria aalge, la Marmette de
Briinnich U. lomvia. le Macareux rhinocéros Cerorhinca
monocerata. e Macareux huppé Fratrercula cirrhata ¢t e
Macareux cornu F. corniculata forment une grande confrérie
d'oiscaux marins, qui péchent au large et gui compient environ
17 millions de nicheurs dans le Pacifique Nord. Il semble gue le

‘nombre de marmettes ait diminué, au cours des 15 4 20

derniéres annces, dans la partic est de la mer de Béring et dans
certaines régions de la céte ouest des Etats-Unis. Le long du
littoral arctique de 1"Amérique du Nord et de I’ Asie, dans la
partie oucst du golfe d’Alaska et dans la partie ouest des iles
Aléoutiennes, les populations sont stables ou en expansion. Les
populations de Macareux rhinocéros semblent augmenter dans
plusicurs régions, mais les données de surveillance ne sont pas
de bonne qualité. Pour ce qut est des Macareux huppés et des
Macarcux cornus, on ne dispose pas d’une information
suffisante pour établir des tendances valables.,

- Pour toutes les espeéces, la réussite de la reproduction est
variable d'unc année & I'autre. On observe tantdt un échec
presque complet et tantdt un taux d’éclosion de plus de 70 %
des oeufs, sans jamais pouvoir établir de tendances temporelles.
En régle générale, de 40 a 60 % des couples nicheurs de

1989).

marmettes et de macareux produisent des oisillons, Pour
expliquer P'échec relatif de la reproduction, les causes les plus
souvent mentionnées sont la prédation vis-d-vis des oeufs et lu
rareté de la nourriture prés des colonies,

. - Introduction

The offshore fish-feeding alcids include five species in
the North Pacific area: Common Murre Urid aalge. Thick-
billed Murre U, lomvia, Rhinoceros Auklet Cerorhinca
monocerata, Tufted Puffin Fratercula cirvhata, and Homed
Puffin F. corniculata. The murres (tribe Alcini) and the puffins
(tribe Fraterculini), including Rhinoceros Auklet, represent two
distinct and widely separated phylogenetic lincages (Strauch
1985). However, these species comprise a single ecological
guild that preys primarily on fish by pursuit diving (Ashmole
1971). often at relatively g.-zat distances from breeding colonies
(Schneider and Hunt 1984), Murres and puffins have delayed -
matutity, are refatively long-lived with high adult survival rates
(Hudson 1985), and nest colonially in large concentrations. In

~all five species mating systems are monogamous, and females

lay a single egg that is incubated alternately by both parents.
The male and female coordinate their brooding and
provisioning of the chicks so that one parent is always present.
at the nest site until the chick is ready to depart (Ydenberg

Alcids are vulnerable to local perturbations because they
tend to be concentrated at breeding colonies and foraging arcas.
These species include open-ledge nesters (murres) and crevice
nesters (puffins), species that are active at breeding colonies
primarily during darkness (Rhinoceros Auklet) and those thal
are active throughout the day (murres).

Although offshore fish-feeding alcid populations are
large in the North Pacitic, they are subject to substantial losses
from gill nets (DeGange et al., this volume), oil (Burger and
Fry, this volume), predation by exotic predators (Bailey and
Kaiser, this volume), and reduction in food sources caused by

~overharvesting of marine resources (V. Vader, unpubl. data) as
- well as natural environmental perturbations (Vermeer et al.

1979).

A great deal has been learned about alcids in the North
Pacific region in the past 15 years. It is likely that most large .
breeding colonies have been identified, particularly on the
castern side of the region (e.g., Sowls ct al. 1978), and this
information has been used to place the majority of important
nesting areas under some form of protection, 3eneral aspects of
the breeding ecology of most species have been described (¢.8.,
Hunt et al. 1981), although much of the detailed information
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Table 1

Estimates® of numbers of breeding murees and puffins in the temperate North

Pucific (expressed in thousands, rounded to nearest thousamd)
....-—____—————————_—____.._— ——— . )

§pecies” L
Region * CUMU_IEE_!\_dU UNMU TOMUTRHAU TUPL HOPE
Californin 363 0 ~— }d <2 <} ()
Oregon 426 0 — 426 l 5 (i
Washington 3l ) - 31 61 23 ()
British Columbin b <| — 6 446 17 <]
Southeastern Alaska 1} 2 s o { 1{) Y7 <l
South-centenl Afaska R} <i . %() 6 0% A
Alaska Peninsula 334 40 1257 161] 5 [OON 760
Aleutiun Is. 4} (% Yl 245 <| 1332 G
Alaska Bering Seq 1323 1641 16003 4537 (} By &y
Siberiun Bering Sea 1200 1200 () 59 30
Arclic Oeenn 110 W) S62 96D () 4 X
Sea of Okhotsk 60 I S 1§ ¥ I 800 00
Kuril [s. 3150 350 1 200 4
Sea of Japan/ l | 114 <l ()
Hokkaido h _
Totals 3137 2382 8065 10744 7% 3803 13300

2 References: Calitornia (Sowls et al, 1980; 11 Caster, pers. commuon. ), Oregon
(R. Lowe, pers. commun,), Washington (§peich and Wahl 1989y, British
Columbia (Campbell et al. 1990: Kaiser, pers. conmun.), all parts of dlaska
(U1.S. Fish and Witdlife Service Seabird Colony dali based, Sibeni
(Kondratyey, pers. commun.), and Shibaey (pers. commun, ). Kuril Tshnds and
Sea of Japan (Golovkin 1984; Shuntov 1986, Hokkaido (3 asegawa 984

| Fujimaki F9%6),

" COMU=Conumon Murre, TEBMU=Thick -biled Murre, UNMU=unidentitied
murre. TOMU=total niurres, RHAU=Rhinoceros Auklet, TUPU=Tufled
Puffin, HOPU =Homed Puttin,

¢ Sum of the {irst three columny,

remains unpublished. Monitoring programs have begun which
are designed to provide information about long-term trends in
nopulations and reproductive performance. This information
will be used to identify problems so that rescarch can be
focused on factors causing changes (Byrd [989),

© In this report we have tried to assemble available
information on populations and reproductive performances of
murres and puffins in the North Pacitic and provide a basis tor
directing future studies to {ill obvious gaps.

2, Breeding distribution and population levels

It is estimated that roughly 17 mithon murres and
puffins breed in the North Pagitic region (Table 1. The murres
are circumpolar with slightly higher populitions in the North
Atlantic than in the North Pacific (Nettleship and Evans T983),
The Rhinoceros Auklet, Tufted Puffin, and Hormed Puttin are
confined to the North Pacific (American Omithologists™ Uniton
1983),

2.1.  Murres

About 11 million murres niest in the Morth Pacific region
(Table 1, Fig. 1). Common Murres tend to range farther south
than Thick-billed Murres. Common Murres prevall in warmer.,

- more coastal locations whereas Thick-billed Murres are

restricied to colder waters (Tuck 1961).

Within the North Pacific region, the largest numbers of
breeding murres are found in the Bering Seit (Table 1), and the
highest concentrations exceed one miltion individuals (¢.g.. the
Pribilof Islands, Hickey and Craighead 1977). Colonies extend
as far north in the region as 71°N (Wrangel Island. Kondratyev
1986) and us far south as 36°N (northern purt of the Big Sur
coast of California, Sowls et al. 1980),

2.2, Rhinoceros Auklet

Estimates of breeding birds in the North Pacitic region
approach one million (Table 1), The greatest concentrations are
in o band of latitude between 44°N and §5°N (Fig. 21, The
largest single colony 1s-on Teurt Island. Japan, where ncarly
350000 birds occur (Watanuki 19873, The largest North
American concentration is on Storm and Pine islands 10 Britsh
Columbia where about 280 000 birds breed (Bertram i |
Kaiscr 198X). ‘The northernmost colony of Rhinoceros Auklets
on the castern side of the Pacitic s on Middieton Island, st
south of 60°N fatitude, and i stnall growp s becomsing
reestablished in the Farallon Ishands. about 37N (Sowhk ¢l al
19R0). That is the southernmost colany in North Amenca. In
castern Asia, the species brevds at feast as far north as central
Sakhalin (49°Ny and as fur south as the Viadivostoh arca |
(43N} (Shibaeyv {9875 | '

2.3, Tufted Putfin

Nearly 3.5 milhion Tufied Putting breed i the North
Pacific region (Table 1) The Ataska Peninsula and Alcutun
[<lands contain the highest concentrstions (kg 3), Severad
colonies exceed 100 OB birds ce g, Fee Istarsd, o the castern
Aleutians, Nysewander et al. TO82), Relativeby tew Tutted
Putfiny nest in the regions ot the Bering Sea and Arcne Ocean
(‘Table 1) or south of Triangte \and. Brnipish Cotamisae
(Vermoeer 197900 Nevertheless, small groups and sobiars aests
have been Found as Tar south as Bre Sur, Caddornsa iSowdv et al,
FOROy, and the species breeds as far south in sz as Ko

Infand near the south tip of Hokkado dFupiiake 19861

4. Horned Puttin |
The breeding population of Horaed Patfins in the North
Pacitic is estimated at over 12 mullion S able T Bus spevies
has i more northerly distribution tharts congenee thig b
atthough the centre of abundance s saprlar ¢ v the Ak
Peminsuli. The largest single colony, Sukbik fslaid, 1 the
Semitdis, contains 30 000 yrds (Sosdvetal 19750 The
species has attempted (o breed as fag northeas Cooper bstand i
the Beautort Sca tover 71 NG Divoky s pers commnan ),
Horned Puttins brecd as far south as the contral Nleuatians
(2N 10 Alashat, northwestern Vaoncows o Ishind £50 N
British Colutmbi, amd Cape Terpene G889 N0 Sakhalin amd,
I Asnt (Nechiey 19R6), | -

3, Population trends

. Murres -
| Nfost dada sets thiat may beoascd [ assess teinds i
numbers of murres at saeus sites w the Noeth Paaohe date
back only as far as the mpl 170N CFable 1 One exeepiion i
for the Farallon Kands, Cahtorma, where intormanon dJates
hack 1o the 18308, Commion Murres these have changed in
response to human disturbanee. From 1850 1530 murry
papulations dechned from roughly J00 00 1o GO0 ¢ Adnley and
Bockelheide 1990, Following protection and removal of
introduced preditors, populations mereased o over SO 00 by
the carly 198OS, Since then numbers have agam declined |
probably due to gillnet mortality {Carter et al. 1YAHY: 'lfuLt'kuwu .
et al., in press). The recent declines documented m the Faratlons
have not been seen in northern Califormia, Oregon, or Brtesh
Columbia. but apparently Common Murres at most colonies i
Washington have declined within the past decade (Table 2y

In Alaski, no trends are evident st Middicton Isiand or
in the Semidi Islands in the Gulf of Alaska region, but 10 the

| 77



Figure 1 N |
Breeding distribution and abundance of Thick-bitled and Common murres in the
North Pacific. Abundances in North America plotted relative to 1:500 000-scale
map areas, with approximately oqual resolution on the Asian coast (one dot per

1° tatitude x 3° Jongitude block).

Sources: Campbell et al. (1990), Fujimaki (1986), Gerasimov (1986), Johansen .
£1961), Kondratyev (1986), R. Lowe (pers. cominun.), Nechaev {1986), | -
Shuntov (1986), Sowls et al. (1978, 1980), and Vyatkin (1986).
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Figure 2 | | o |
Breeding distribution and ubundahce of Rhinoceros Auklets in the North

Pucific. Abundances v North America plotted relative to 1:500 000-scale map *

arcas, with approximately equal resolution on the Asian coust (one dot per A

1* latitude x 3° longitude block). ]

Sources: Campbetl et al. (1990), Fujimaki (1986), R. Lowe (pers. commun.),

Shibacv (1987, pers. commun.), Sowls et al. (1978, 1980), and Watanuki (1987). L
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Figure 3 ' | e - |
Brecding distribution and ubundunce of Tulted Puffins in the North Pucific, :

kX Ahundances in North America plotted relative to 1:500 000-scale map arens,
g with approximately equitl resotution on the Asian coast (one dot per
o 1° tatitude x 3° Jongitude block),

g ";,; Qources: Campbedl ¢t al. (1990), Fujimnaki (1986), Kondratyev (1986), R. Lowe
g (pers. comimun.), Mikhtaryantz (1986), Nechaev {1986), Rosiyakoy (1980),

:5% Shuntoy {£986), Sowls et al, (1978, 1980), Speich and Wahi (1U89), and

i Vyatkin (1986),
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N Breeding distribution and abundance of Horned Puftins in the North Pacitic.
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Table 2 ' | |
Trends in murre populations in various North Pacilic locations

E———— e

e aey— el L — s

Range of
Location yeirs? Trend ~ Reference
California |
Faratlon 1s, 1850-1950 Decrease Ainley and Bockelheide 19%)
19501982 Increase Ainley and Bockelheide 1990
- 19K2-199]  Decrease Takekawa ct al.. ii press
N. Calit, FOON:-1980  Increase Sowts ct ul. 1980
19801989  Increase Carter et al. 1990
Oregon |
ntire coast Insufficient R. Lowe, pers, comimun,
data
Washington
© Tatoosh 1 1956- 1970 Slable Paine et al. 1990
1979--1989  Incréase Paine ¢t al. 1990
Other islands” 19791989 Decrease Speich and Wahl 1989,

U. Wilson, pers, commun,

[EE——— p— WFE_) I

British Columbia
Toangle .

Fluctuations Rodway O]
but no trend

No obvious

1979- 1989

(Rher areas Campbell ¢t al, 1990

) B - trends . _
Guif of Alaska '

Middicton L 19741990  Stable Dragoo and Bain 1990
Bering Sea

Cape Perce 1985-1989  Deecrease Haggbtom and Mendenhall

| O)
TBMU® decling, Dragoo et al. 1990
COMU stable |

De roase

St. OGeorge l. 1976 [1HRY

1976-- 1988 Byrd 1089; A. Sowls, pers.

COMMmain,

SL Paul L

Blutt! 1975- 1981 Decrease Murphiy et al. 1980
|987--1989  Stable Murphy, unpubl. data
Chukchi Sea ,
Cape Thompson 1960-1979  Decrease Fadely etal. 1989
L9RG- 1988, Stable Fadely et al, 1989
_Cape Lisburne  1976- 1087 Increase _
Ateutians |
Buldir |, 1976 190 Increase Hipfner ct al. 1991
Agatu i PY79-1990  Increase Hipiner et at. 1991
Stherhi
RN [TARWEHEY 10331985 Increase’ Kondratyev 1986
Tvulenii |, 1950 - 1960 Decrease Shuntov 1986
1960 -1980  Stabje Shuntov (Y86

' Inesact references like nd- 19708 are recorded as 1975, late 19805 ax 1989,
L

¥ Most major colonies on the coast.

“TBMU = Thck-billed Murre, COMU = Common Murre.

* Near St Paal in the Pribilofs, |

* Apparently murres have “widened™ their range in “recent time.”

Bering Sea numbers of murres have been lower at most

~ colonies in recent years than in the mid-1970s (Table 2).

Further. a1 Cape Thompson in the Chukchi Sea, a large decline
apparently occurred between 1960 and 1976, but numbers have
remained relatively stable since about 1982, A slight increase
has been recorded in the past 15 years at Cape Lisburne 1n the
Chukchi region. and murres have increased in the western
Aleutian Islands since the 1970s (Table 2),

On the arctic coast of Russia, the distribution of both
species apparently has extended further north and west in recent
years. Since 1974, Kondratyev (1986) has recorded murres at -

‘colonies along the northeastem Chukotka Peninsula where no

birds were found in the 1930s. In addition, Common Murres
were absent on Koluchin Island in 1972-1974 but present in
1984--835. and Thick-billed Murres apparently first bred on

' Shalauro Island in the late 1970s (Kondratyev 1986).

180

For Tyulenii Island in the Sea of Okhotsk, Shuntov
(1986) reported that human disturbance caused a large decline
in murres. Roughly 650 000 murres were present at Tyulenii in

the late 1940s, Apparently there was a concerted effort to
commercially exploit the large murre colony including hunting,
egging, and destruction of cliffs. By 1960, when the planned
exploitation stopped, only 140 000 murtes remained. The
population has remained at approximately 130 000 since thay
time. This example, along with the Faratlon experience,
demonstrates that murres are vulnerable to direct disturbance
such as ol spills and gillnetting, but it is less clear how
populations are affected by more indirect human influences like
modifications to food webs by commercial fishing, marinc
poltution, and the cumulative effects of human activities near
colonies. Furthermore, natural perturbations in the environment
(c.g., El Nifio southern oscillations) obyiously affect
populations of murres at least temporarily, and more subtle
shifts in' temperature, current, or other oceanogruphic
characteristics may affect food availability and therefore
reproductive performance and ultimatety populations. It is
unclear what has caused recent declines in murres at study
colonies in the Bering Sca.

Puffins

Generally, historic data on populations of puffins at
most locations in the temperate North Pacific are insufficient to
determine trends. Nevertheless, available data suggest several
recent patterns of change.

In California, a decline in Tufted Puffins has occurred
since 1900 (Sowls et al, 1980), Apparently the Faralion Island
population in particular was much larger historically than it is
today (Ainley and Lewis 1974). A similar pattern also occurred
on Alaskan islands where Tufted Puffins were extirpiated by
introduced arctic foxes Alopex lagopus by the latc 19308
(Bailey and Kaiser, this volume). In contrast, Tufted Puffins
have begun to nest again on several islands following removal
of foxes (e.g., Agattu Island, Byrd and Douglas 1990).

Horned Puffins may also have declined as a result of
nredation by introduced mammals on Alaskan islands.
However, no standard method exists for estimating numbers of
this crevice-nesting species, and counts, especially at larger
colonies, may underestimate the actual number of birds
associated with colonies,

Rhinoceros Auklets may have increased in California
(Sowls et al, 1980; Carter et al. 1990), Oregon (R, Lowe, pers.
commun.), and British Columbia (Campbell et al. 1990).
Monitoring for this nocturnal species is crude, but baseline dat
are available in British Columbia (e.g., Rodway et al. 1990), In
the Soviet Far East, a drastic reduction (14 000 to 1500 birds) i
numbers of Rhinoceros Auklets was reported between 1938 and
1949, and the population has remained at low levels since
(Takahasi 1939; Gizenko 1955; Nechaev 1975). Fujimaki
(1986) suggests increases in Rhinoceros Auklets at Teuri

3.2

sland, Japan, between 1951 and the 1970s.

4. Breeding biology

4.1,  Breeding habitat

4.1.1. Murres

Common and Thick-billed murres nest on flat horizontal
ledges. Where the species are sympatric, Common Murres tend
to nest on relatively broad ledges and flat-top istets and
Thick-billed Murres nest on relatively narrow ledges (Swartz
1966; Squibb and Hunt 1983). In allopatry, both species use &
wide range of nest sites (e.g., Uspenski 1958; Williams 1974).
Harris and Birkhead (1985) point out that differences in nest
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Tuble
Reproductive SUCCess of Common Musres

Tl e -

W

— 1 -

cmrr mis - — -

Numbers of - First eggs —_Replucement cggs’ 5 ©SiHE" sueess
Location® Yeury Plots Nest sites Hateh (%) Fledge (%) n G Haleh 1% Fledge TR 1. |
.-..-l-—ll-""""_'""-—_ . * - - - * . - : _ L . R e . Tra
SE Farallon L., CA 12 | 41-173 81416 RO+21 |11 WOl T T e Teay T TR
Choweit L, AR 3 6 103-119 6yts K2+6 2.8 1527 47450 17429 Y
Agaitt {.. AK P 16--17 451-45) T+ 8 R¥+ 1) ' AR
st. Qeorge 1., AK 7 <5 1114 7549 77420 (bt L
<t Puul .. AK 6 8-10 16- 310 7614 M6 1)
s1. Matthew 1.. AK 2 I3 F17-194 55413 ¥+ d | CATi
gt Lawrence I, AK ! 2 T HR Hd 7 (T &7 8D b
Cape Peirce, AK S § . 42-290 14412 OREAS | - | SR 2700}
Bluff, AK k 7 82407 537 G| +7 - 92 337 b5y RN+ 14) SRATEEY
Cupe Thompson, AK I 9 3% XU - , |
Talan |., Siberia 2 ) R0 44 [N 6746 i ] h

-

TReferences: SE Farullon tAinley and Bockelheide 1990y, Choweit tifatch and Hach. i pressic Agattu | tByrd dand Douglas Fo%, St Georpe «Dragon et al P
g1, Paul (Byrd 1989; Dragoo ¢t al. 1989y, S1. Maithew (Murphy etal. 1987). 5t Lawrence tRitt ¢ st 1988, Cape Peirce (Haggblom and Mendenhatl 1600, Blulr
(J.H. Schauer and Murphy. unpubl. data), Cape Thompson (Fadely ¢t al. 1989, Talan | tKondratyey, unpubl. ditine | . |

b Overall reproductive seeeess (i.0., G of nest sites where an egg was litid from which achick Nedgedd . - o

Y In cases where no duta for rcplucumcnl CRES WCTIT recorded, data listed ander “hirst l..'g.j."."i“ e lude bort fiest aud replace et opys

e : _ . : |

Table 4
Reproductive success of Thick-billed Murres

) Numbers of e st e Replacement gy MteT s
|ocation Years Plots Nest sites Hatch t70y  Fledge to) I G Hakheor o Tledpo e RN
Choweit L. AR 3 fr RESEBI HErd T 06 nn EERIENE! W | 3 NUIEE e
Buidir I.. AK 2 12 137-84% Rt RO+ 7 | | ey
S1, George 1., AK ) <15 S1--18% 71+ 58 IR RN S b0
St Paul 1., AK 7 <27 2779 6O Y NEERE : | DI K?
St. Matthew |, AK 2 2! 216-142 J74 8 <774 | . SR
st Lawrence 1, AK | 2 |3 87 1 it | LU N S(1 .- %
Cape Thompson, AK i ? Xl w70 77 | - - et)”
Talan 1., Siberia 2 ? 47-70 A5+ (¥ TaH) . B

sl fesle Pl e —(

A Roforences: Choweit (Hatch and Hatch, in pressy, Buldir tByrd and Clinio 1935 Byrd and Douglus 19841 St Georpe WDragoaeet al PREY) ST Paud (Bard Hxn

Matthew (Murphy et al, 1986), St Lawrence (Prali ¢t al. 1988), Cape Thompson ¢F

adely e ab 19801 Talan tRomdrataey, unpiabl data

b Overall reproductive success (i.c., % of nest sites where miege wis kad frony whach s chick Bedgeds
“n cases where no data for replacement eggs were recorded, data listed under “Tiest egps™ nclade both tiest dtd rephawcement cpps

! Fieldwork ended during chick period,
site preferences probably refate to anatomical ditferences
hetween the species (Spring 1971).

4.1.2. Puffins

The majority of Rhinoceros Aukiets and Tufted Putfins
breed in earthen burrows, generally on siopes steep enou ¢h for
birds to quickly take tight and fand (Vermeer 1979 Wehle
{980). Occasionatly Tufted Puffins use rock crevices (Drent
and Guiguet 1961), and many Rhinoceros Auklets nest on
relatively level ground on forested islands (Vermeer 1979a).
The opposite pattern is true for Horned Puttins: e, they
primarily use rock crevices, but at a few colonics use carthen
burrows (Sealy 1973; Wchle 1980; Byrd and Day 1986). Onee
adult puffins have established breeding sites, they apparently
exhibit high nest site fidelity (¢.g.. Wehle 1980).

4.2,  Reproductive success

4.2.1. Murres
The single study plot on SE Furallon island provides the

longest-term data on reproduction of murres in the North
Pacific. Typically both hatching and fledging success of the

first egg are high, and about a third of the cggs lost during
incubation are replaced at this plot (Table 3). Reproductive
success declines through the scason, and success of replaccment
eggs is much lower than that of first cggs. Although sample
sizes are small, available data suggest 15-40% of lost first eggs
are replaced at other study areas (Table 3). The highest recorded
replacement rate has been at Bluft, Alaska, where up to 40% of

jost first egges are replaced. and where, everm years of fate

breeding. some of the lost replacement egpgs are replaced

().H. Schauer and Murphy. unpubl. datay.
Average estimates of hatching success for Common
Murres hive ranged trom 34 to RO Table 3. and trom 47 1o
X145 for Thick-billed Murres at ditfesent sites inthe North
Pacific (Table 4. Fledgmg success tof eggs that hatched)
“genetatly his been higher than hatching sucvess, ranging rom
67 (o 91% tor bath specics of murres ¢ Tables Yand 41, These
have been no obviods ditferences between spedies of among
locations in rales of success. -
Overall average ieproduciive Fates for Commaon Murres
have ranged from 27 1o /7%, The two eshintes beloa 57 ary
Cape Peirce. Aliska, and Talan [Jand. Russia, 1o boti cases
predation by birds (Common Ravens Corvis corgy ind
Staty-hacked Gully Larus schistisagns, respechively ) was
implicated s the cause of reduced preoductivity (Haggblom and
Mendenhal! 1990; Kondratyev, unpabl. data. Fespectivetve
Thick-billed Murres have similar rates of suceess as Comnon
Murres {Table 4). | | L
Complete reproductive failures of muores appear to be
infrequent throughout the breeding range { Tables 3and ). The
only known failure at SE Farallon [sland followed the TOR2-R3
£:1 Nifio. Reproductive success thiire was nogatively correlated

~ with water temperatures in spring and posiively correlated with

an upwelling index and abundance of juvenile rackfish tAinley
and Bockeltheide 1990). At Blufi, Alaska, reproduchive SUccess
has been highest following moderately warm springs and
lowest following extremiely cold sprngs (e.g.. Murphy et al.
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Table 5 | .
Reproductive success of Rhinoceros Auklets

I el "l

Total Halching Fledging

-

Location Source’ - Yeur cggs  SUCCESy  sUccess
Destruction 1., WA 974 70 .76 0.74
975 9 . 075 084

Protection I, WA | 975 63 (.82 (0.93
- 1976 62 (.92 0.97
Triangle [.. B.C. . 1975 50 (.80 .73
: 2 1976 47 (.94 {(0.34

2 1977 68 0.91 0.65

2 1978 47 (.83 (.83

Teun 1. Japan k) 1954 40 (.65 (.27
| -3 [U8S 45 (71 {1.56

s Codes Tor sources of information: 1 = Wilson and Manuwal 1986,
3= Vemtieer et al. 1979, 3 = Watanuki 1987.

1986): apain food availability is probably the primary factor. At
Koluchin Island. Siberia, carly build-up of ice can preclude
successtul “fledging” of chicks (Kondratyev et al. 1987).

Ia conjunction with an extended foraging range and

ability to feed throughout the water column, murres probably

have damped variability in reproductive success relative (o
species with smaller foraging zones (e.g.. Black-legged
Kittiwakes Rivsa triductvia).

4.2.2. Rhinoceros Auklet
~Daa from four study sites for a total of 1{) seasons
suggest that overall productivity can vary from less than 209%

o nearly 90¢% of the active nest sites producing a fledgling

(Table 5), Apparently there is less variation in-hatching success
than in chick survivad, and food availability is probably
cesponsible for the relatively high chick loss in some years,
Fledging success was 65% or greater in seven of the 10 cases
for which we had data.

4.2.3. Tufted and Horned puffing
| Wehle (19803 reviewed available data and concluded
that tvpreally about 50-609% of the Tutted Putlin burrows at a
given colony have eggs present i a particular year,
Neverthetess, occupancy rates as high as 75%: have been tound
(Lemon et al. 1983).

Recorded productivity for Tufted Puftins (Table 6) has
ranged from nearly complete failure to complete success (i.e..
all laying pairs producing a fledgling). The average of 23 data

sets was approximately 469 (SD = 23%). High rates of

182

reproductive faiture have been recorded at both the egg (1976)
and chick stage (1977) on Triangle Istand (Vermeer 1979b). In

~the 27 cases tor which we found data, hatching success

averaged 63% (SD = 22%), and fledging success in 26 cases
averaged 71% (5D = 23%) (Table 6).

For Horned Putfins overall productivity ranged from
complete tailure 10 77% in I8 cases, with an average of 57%
(SD = 19%) (Table 7). Hatching success averaged 76% (SD =
215 ). and fledging success averaged 71% (SD = 23%) (Table 7).

Disturbance by investigators accounted for reduced
suecess in some cases, and Wehle (1980) concluded that natural
hatching success for Tufted Putfins might be as high as

75-90%.. Homed Puftins may be less subject to desertion

because their rock crevice nests can be examined with less
disturbance.

5. Research needs

Mor.itoring needs to continue for fish-feeding alcids
because th:se birds provide an indication of the stability of the
marine food web, Fairly standard indices are being used for

tracking ctanges in populations of musres (e.g., Hatch and
‘Hatch 198; Byrd 1989) and burrow-nesting puftins (e.g.,

Nettleship 1976; Harris and Murray 1981: Rodway et al. 1990,

Nevertheiess, there are currently no standard methods for

determining changes in populations of crevice-nesting Homed
Puffins, and these need to be developed. Besides tracking
population trends, it is necessary to monitor reproductive

success and other measures of food web productivity to
understand demographic and ecological processes affecting
population change. |

In much of the range of murres and puffins, little is
known about their at-sea distribution or food habits, especially
in winter. These data gaps need to be filled to understand the
potential impacts that human activities such as commercial
fishing and oil development might have on offshore
fish-feeding alcids.

6. Summary and conclusions

Five species of seabirds in the family Alcidae comprise
a guild of offshore fish-fecders that breed on istands and coastal

“fringes in the North Pacific Ocean, Common und Thick-billed

murtres are the most abundant species in this guild with
approximately 11 million breeders in the North Pacific. Next in
abundance are Tufted Puffins with an estimated 3.5 million
breeders in the region. Least common are Rhinoceros Auklets
and Horned Puffins, each with about one million breeders in the
North Pacific.

Of the five species in the guild, the Rhinoceros Auklet i
the only species that is active primarily during darkness af
nesting colonies. This auklet also has the most southerly
distribution of any of the species, the greatest concentrations
being south of $2°N. Common Murres and Tufted Puftins
extend farther south than their congeners, but in the northern
parts of their ranges there is extensive overlap,

Few long-term studies of murres are available from
which to judge population trends. Nevertheless, data from the
past 15-20 years suggest some patterns. There have been
declines in central California and Washington, but no data arc
available for Oregon to determine whether a similar decline has
occurred there. No clear trends are evident in British Columbia
either, In Alaska, data from the western Gulf of Alaska suggest
nho significant trends have occurred in populations over the past
1§ years, but there have been declines recently at most
monitoring sites in the Bering Sea and at Cape Thompson in the
Chukchi Sea. In contrast, recent increases in murre populutions
have been recorded at Cape Lisburne in the Chukchi Sea, atong

the arctic coast of Siberia, and in the western Aleutian Islands.

Almost nothing is known about population trends in
puffins. There is a general feeling among biologists in the

Pacific Northwest (c.g., R. Lowe, pers, commun.) that
Rhinoceros Auklets are currently increasing, and an increase
was recorded between 1950 and 1970 at Teuri Island, Japan. A
major decline was reported in northeastern Siberia prior to

- 1950, and the population has remained low thereafter.

Rhinoceros Auklets probably also decreased following the

.~ introduction of arctic foxes to many islands in Alaska and north

of Japan prior to 1930, Tufted Puffins have declined since 1900
in California, and this species along with its congener was
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Table 6

Reproductive success of Tufted Puffins

——l-ﬂ_-_#__-——-_—_-- - ™ T ———

Location Source® Year Total eggs Hutching™ success
Goat I, OR I 1981 20 —
{982 26 —

Destruction 1., WA 2 19758 H 1.00
Triangle 1., B.C. 3 1975 77 081
976 70 (.04

977 11 .53

974 42 - 0.74

Basren Is., AK 4 1976 40 .40
S 1977 56 (1 50}

5 1978 50 () $3

5 1979 56 O &)
Sitkalidak 1., AK 6 1977 67 061
7 1978 &9 .

Chff 1., AK 8 1977 25 DRy
7 1978 46 [IT1

7 1983 7 —

Semidi Is., AK Y 1976 X (342
Ugaiushak 1., AK 10 1976 52 0 &1
1977 oy )%

Hall 1., AK i 976 S (63
Buldir 1., AK 10 975 26 019
12 RN 27 (7R

13 08Y 45 (.73

|4 j 900 42 )81

Kohl L., AK 13 URY 17 (1R
I4 90 kB 1713

Talan L., Siberiz 1S 988 34 078
1S 1949 V7 0.99

Commander [s., Siberia {6 1973 |8 0.66
16 1974 26 (154

6 Y78 LY, (47

* Codes for sources of information: | = Boone 1985, 2 = G. Burtell, pers. commun., 11 Wehle 1980, V= Vermeer et ol 19794 = Amaral 1977, € = Manuwal [UR6G
(disturbed und undisturbed nest sites included), 6 = Baird and Moe 1978, 7 = S_ Halch, pers. commun. . # = Nysewander and Hoberg 19784~ Leshner and Burrell
1977, 10 = Wehle 1980, 1] = Moe and Day 1979, (2 = Byrd ¢t al. [98Y, 13 = Byrd and Douglas 1990, 14 = Byrd et al, 1992, 15 =

16 = Mikhtaryantz 1986 (eggs of known fate used for calculations).

b Propartion of eggs that hatched.
* Proportion of chicks that fledged.

4 Proportion of eggs that produced fledglings.
“ Mid-puints of reported ranges were used.

W‘W”

Table 7
Reproductive success of Hormed Puffins |
Lovation Source’ Year Total eggs Hurching® success
Barren Is., AK T 1976 Y 070
2 1977 {4 {93
3 1978 | ¥ 0.8Y
Chisik 1., AK R 17N 24 {78
Semidi s, AK 4 1976 42 ¢ Th
{979 b R
198(} St 064
[U81 54 (.88
DLE {00
Uguiushak L., AK 4 1977 6 (176
Big Koniuji 1., AK 6 1976 0 ()80
Hall 1., AK 6 1976 12 0.X3
Pribilof 1s., AK 7 1976 28 0.46
1977 iy ML
Buldir 1., AK 5 1974 ! (.00
N | ORY 42 () 86
g IR by (). R4
1) 199} b1y (18]
Tuien 1., Siberia ¥ 198y :‘ 0 .84

" Codes for sources of information: | = Amaral 1977, 2 = Manuwal
6 = Moe and Day 1979, 7 = Hunt et al. 1981, 8 = Byrd el al. 1989,

" Proportion of eggs that hutched.

: Proportion of chicks that fledged.

{

Proportion of eggs that produced fedglings,
* Mid-pointy of reported ranges were used.
Reported as having nearly u complete reproductive failure in 1973,

- Fledging® s

el e Inlai B

and Boersma 1978, 12 S, Hutch, pers. commiun., & = Heich and Hatch, i preds, § = Wehle 1980,
9 = Byrd and Douglas 1990, 10 = Byrd b al. 1990, 11 = Kondrgryev, unpubl. data.

CLess * Produciivity'
- a2
- .38
.08 1 O0)
(1587 ) 4k
31 {} 0}
0. (L0
074 (.55
(.89 2K
nm {} 3
{} TH {342
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{1 KR ( %4
{} &Y .
9w {} 40}
(290 (16
(.45
[} 84 A IRE
(R (} S{
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- probably decimated by introduced foxes over 4 major portionof

1S range. |
In most cases for which we found data, reproductive
success for murres ranged from 45 to 77% of eggs producing
(ledglings. Lower success was reported in two cases where egg
predation was particularly high and in one case where an El
Nifio temporarily changed the environment drastically.

The few data sets available on productivity of
Rhinoceros Auklets suggest that reproductive success is highly

variable among years, ranging from 20 to 90% of the cggs
“producing fledglings. Food limitations in some years have been

the reported cause of poor success. Apparently, Tufted and - -
Homed pulTins also experience variable success based upon
fead availability. For 21 Tufted Puffin data sets, nearly 50% of
ceps produced fledglings on average. The average for Horned
Puffins was slightly higher, 87% in 18 cases. For all three
species of puffins, chick mortality rates tended to be more
variable than egg survival rates.

The effective management of murres and puttins
requires aceurate information about trends in populations,

tluctuations n reproductive output, and the reasons for
abserved changes. For murres, Rhinoceros Auklets, and Tufted

Putfins, monitoring methods have been devised that are
adequate to detect trends, but there currently is no standard
methad that could be expected to reliably reflect changes in
Hored Puftin poputations. Furthermore, ittle is known about
the winter ecology of any of these species. The most obvious
recent threats to these seabirds are direct mortality in gill nets.
oil spills, predation by introduced predators on nesting areas,
and faiture to produce young due to food shortages resulting
from fluctuations in the marine environment and possibly
competition with commercial fisheries. |
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