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Abstract

Bluck-legged Kiltiwakes Rissa tridactyla are widely
distributed in the subarctic North Pacific and adjacent seas, with
a total breeding population of about 2.6 million individuals.
Red-legged Kittiwakes R. brevirostris breed in four locations,
and at least 95% of their estimated world population of
230 000 birds nest on one island (St. George, Pribilof Islands).
Compared to Black-legged Kittiwakes in Britain, both species
in Alaska have exhibited poor productivity since at least the
mid-1970s. The situation worsened during the 1980s, with
recent (1985-1989) estimates of annual productivity averaging
0.19 young per nest. The frequency of “colony failures™ (0.1
voung per nest) exceeded 50% in Alaska between 1985 and
1989, Low: productivity has involved, to varying degrees, the
faiturc of many birds o lay eggs, reduced clutch sizes, low
hatching success, and poor chick survival. There is evidence

-~ of population declines in some colonies of Black-legged

Kittiwakes, but other colonics appear to be stable or increasing,
High adult survival may account for the relative stability of
Black-legged Kittiwakes, but widespread declines are
anticipated unless productivity improves. The evidence
suggests that peor productivity results from low surface
availability of key prey species.

Résumé

La Mouette tridactyle Rissa tridactyla est tres répandue
dans les eaux subarctiques du Pacifigque Nord et dans les mers

- voisines. On évalue d environ 2,6 miltions d’individus la
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population totale de nicheurs, On sait que la Mouette a pattes
rouges R. hrevirostris se reproduit 3 quatre endroits différents
et qu'au moins 95 % de sa population mondiale, évaluge a

23¢ 000 individus, niche dans I'fle St. George de ’archipel
Pribilof. Par comparaison avec la Mouette tridactyle de
Grande-Bretagne, les deux espéces de |’ Alaska affichent une
faible productivité depuis le milieu des années 1970, au moins.
La situation s’est aggravée dans les années 1980, au point que
les estimations récentes (de 1985 4 1989) de la productivité
annuelle font état de 0,19 poussin par nid. Entre 1985 et 1989,
la fréquence des échecs de renouvellement des colonies ( < 0,1
poussin par nid) a dépassé 50 %, en Alaska. Selon des degrés
varjables, la faible productivité se traduit par I'incapacité de
pondre, un moins grand nombre d’oeufs par couvée, un faible
taux d'éclosion et le faible taux de survie des oisitlons.

Certaines colonies de Mouettes tridactyles présentent des signes

évidents de déclin, mais d’autres semblent stables, sinon en
croissance démographique. Le taux élevé de survie des adultes

peut expliquer la stabilité relative de la Mouette tridactyle, mai-
il faut s'attendre au déclin généralisé de 'espeee, d moins que
sa productivité ne s’améliore. Les auteurs atiribuent la faible
productivité de I'oiscau marin  la diminution des especes-
proies essentielles dars les eaux de surface.

1. Introduction

The genus Rissa includes the Black-legged Kittiwake
R. tridactyla, which has a circumpolar range and two
subspecies, and the Red-legged Kittiwake R. hrevirostris, a
monotypic species endemic to the Bering Sea. Few studies of
the breeding biology of Red-legged Kittiwakes have been
conducted—most have occurred since the mid-1970s. In

contrast, detailed information is available on the ecology and
population dynamics of Black-legged Kittiwakes in the North

Atlantic (e.g., Barrctt et al, 1985; Coulson and Thomas 198S;
Danchin 1988; Chapdelaine and Brousseau 1989; Wanless and
Harris 1989). Since the early 1970s, Black-legged Kittiwakes
have received more attention than other seabird species in
Alaska because their colonies are numerous and relatively easy
to observe,

We review the ecology and population parameters of
Pacific kittiwakes, placing special emphasis on the analysis anc
interpretation of breeding productivity, which is low and
apparently declining. We offer an evaluation of several

hypotheses to account for poor productivity ih Pacific
kittiwakes and make recommendations for further study.

2. Distribution and abundance

Black-legged Kittiwakes breed on islands and mainlanc
sites from southeastern Alaska to Cape Lisburne in North
America, and from the Kuril Islands to northeastern Siberia
along the Asian coast (Fig. 1). Mure than 260 colony sites have
been identified in Alaska (Sowls et al. 1978). Most colonies
contain fewer than 10 000 birds, but a few of the larger colonie
support 50 000 or more (e.g., Middieton Island, Semidi Islands
St. George Island, St, Matthew Island; refer to Fig. 2 for colony
locations mentioned in the text). We estimate that there are 2.6
miilion Black-legged Kittiwakes at colonies in the North Pacifi

- and adjacent seas (Sowls et al. 1978; Golovkin 1984; Shuntov

1986).

Black-legged Kittiwakes, mostly immatures, are regular
summer visttors in the southeastern Beaufort Sea, where there
are no colonics (Frame 1973: Johnson and Herter 1989). In
winter this species occurs throughout ice-free regions of its
summer range, south to the East China Sea and the coasts of
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Table 1 .
Lﬂ".dllﬂnh and sizes of breeding colonies of Red- lcggcd KIIIIWﬂkEb
T Estimated
population Year of
Location (individuals) estimmate  Reference
St Paull. ) 2 200) 1976 Hickey and
- Craighead 1977
5t. George: [ 220 000 1976 Hickey and
. - ' | Craighead 1977
Onert. 2300 198¢ Byrd 1984
Walrus . ) () 1987 _Byrd, unpubl. dala
Pribilot subtota 222 43() |
Bogoslot |. _ 200) 1973 Byrd 1978
Buldir 1. 4 4(X) 19?6 Byrd and Day 1986
Armi Kamen | [600  1969-1973 Firsova 1978
~ Bening and Medni Iy, 2400-3400 1969-1973  Firyova 1978
Cominander subtotal 4 O00--5 (G

Girand total 231 0030--232 (30

ettty s . s s '

' Counted 230 individuals and the species was “present’” at two other
subvolontes. ’

southern California and Mexico (Kenyon 1949; Shuntov 1972,

Harrington 1975; Briggs et al. 1987; Morgan et al. 1991). In

myctophids.

Alaska add British Columbia, wintering birds are most
frequently encountered over outer shelf and deep ocean habitats
(Gould et al. 1982; Zweitelhoter and Forscll 1989, Morgan el

al. 1991,

Red-legged Kittiwakes are known to breed on eight
islands at five locations in the Bering Sca (Fig. 1). Ninety-six
percent of an estimated population of 230 000 adults breed on

- St George Island in the Pribifofs (Table 1). There are tew

records of wintering Red-legged Kittiwakes—most are of
scattered individuals in the northern Gulf of Alaska (Kessel and
Gibson [978). Shuntov (1972) concluded that imost Red-legged
Kittiwakes lcave the Bering Sca in-winter, and Firsova (1978)
stated that their fal! migration from colonies on the Commander
[slands is mainly toward the southeast to a wintering area in the
northeastern Pacific. There is one September record of Red-
legged Kittiwakes feeding at a salmon stream on Admiraity
Island, southeast Alaska (Siegel-Causey and Mechan 1981),

3, Feeding ewlogy'

Kittiwakes obtain food at the ocean’s surface by
dipping. surfacc-seizing, or plunge-diving (Ashmole 1971). In
sununer, both species feed primarily on fish, The most common

prey in Alaskan waters are Pacific sand lance Ammodytes
“hexapterus. capelin Mallotus villosus, cods (Gadidace), and

lanternfishes (Myctophidac) (Hunt et al, 1981a; Springer et al,
1984, 1986, 1987: Sanger 1986, 1987). Myctophids were the
major prey of Red-legged Kittiwakes at the Pribilof Islands in
the 1970s (Hunt et al. 1981a) and at Buldir Island in 1988 and
1989 (J.F. Piatt and A.M. Springer, unpubl. data). At the
Pribilofs, Red-legged Kittiwakes also preyed heavily on
walleye pollock Theragra chalcogramma, the predominant prey
of Black- legged Kittiwakes there. Black-legged Kittiwakes
took myctophids at'Buldir, but fed on other species of fish more
often than did Red-legged Kittiwakes. In general, there appears
to be substantial overlap in kittiwake diets in areas of sympatry,
although Red-legged Kittiwakes may rely more heavlly on

Sand lance are important prey of Black-legged
Kittiwakes at many colonies in the Gulf of Alaska (Sanger
1986) and also at Bluff and St. Lawrence Island (Springer et al.

1987), Cape Peirce (Lloyd 1985), and Agattu Island (A.M.
Springer and J.F. Piatt, unpubl. data) (Fig. 3). Capelin were the

dominant prey in nearshore waters of Kodiak Island in 1977-78
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Figure 3
Major fish prey of Black-legged Kithwakes during the breeding scason in

coastal arcas of Aluska (modified from Springer and Byrd 1988)
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(Krasnow and Sanger 1986). Pollock are the major gadid prey
at colonies in the southeastern Bering Sea, wheteas arctic cod
Boreogadus saida and saffron cod Eleginus gracilis are taken in

‘Norton Sound and waters north of the Bering Strait (Springer et

al. 1984, 1986, [987; Fadely et al. 1989), Black-legged
Kittiwakes have been observed feeding on Pacific herring
Clupea harengus at Cape Thompson (Fadely et al. 1989) and
in Prince William Sound (G.A. Sanger, pers. commun.,
[rons, unpubl. data),

Invertebrate prey such as squid and euphausiids are
taken frequently by Red- and Black-legged kittiwakes at Buldir
Island (J.F. Piatt and A.M, Springer, unpubl. data) and have
also been noted in some years at the Pribilof Islands (Preble and
McAtee 1923; Hunt et al. 1981b). Euphausiids and polychaetes
were prominent in the diet of Black-legged Kittiwakes on St.
Matthew Island in 1982 (Springer et al. 1986), as were
cuphausiids on Middleton Island in 1978 and 1989-{Hatch et ul.
1979; B.S. Fadely and Hatch, unpubl. data}. Black-legged
Kittiwakes obtain some epibenthic and benthic prey by foraging
in association with diving species such as murres Uria spp.
(Hunt et al. 1988) and gray whales Eschictius robustus (Obst
and Hunt 1990),

Most information on kittiwake diets in Alaska pertains

~ to the chick-rearing period (July-August). There are few data

on diets earlier in the breeding cycle or in winter, but it appears
that Black-legged Kittiwakes rely more heavily then on
invertebrate prey, especially squid (Baltz and Morejohn 1977,
Krasnow and Sanger 1986).

The two kittiwake species forage both in daylight and at
night, when vertically migrating myctophids and squid arc
available near the surface. Differences in eye structure suggest

- Red-legged Kittiwakes are the more specialized of the two for

nocturnal foraging (Storer 1987). Both species have been
observed to fly south from colonies in the Pribilof Islands
toward the continental slope in ¢vening, where they remain
until daybreak, apparently foraging on myctophids (Hunt et al.
1981b). Bldck-leggcd Kittiwakes exhibited similar behaviour at

the Semidi Islands in April and May 1981 (Hatch, unpubl.

data). y
Foraging ranges of 55 km and 27 km were calculated for
Black-legged Kittiwakes at two c¢olonies in the northeastern

Atlantic (Pearson 1968; Fumess and Barrett 1985), and adults
are known to travet up to 95 km from their nests 4t one colony

in Prince William Sound (Irons, unpubl. data). Substantial
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differences appear between cofonies and possibly between
species in this respect, At the Pribilof Islands, Red-legged
Kittiwakes showed a strong preference for waters at or beyond
the shelf break 60~110 km southeast of their breeding sites,
whereas Black-legged Kittiwakes foraged more over shallow

waters to the northeast (Schneider and Hunt 1984),

4, Breeding productivity

4,1.  Means and variability

We assembled 162 estimates of annual productivity in
Black-legged Kittiwakes, representing 28 colony sites (Fig. 2.
Table 2), Each value is an estimate of young fledged per nest
started, including the empty nests built by nonbreeding pairs.
Data range in quality from detailed, season-long studies to
short-term observations made at varying stages during chick-
rearing. Most estithates pertain to a single colony, but in some

instances (Prince William Sound, Kachemak Bay, Chinitak Bay,

Shumagin Istands) they are averages of two or more colonics,
An important feature of these data is the frequency of
total or near-total breeding fatlures, particularly in recent years,
We define a colony failure as an overall productivity of
<0.1 voung per nest, There were 63 (39%) failures in 162
observations between 1960 and 1989, Productivity averaged
0.4-0.5 young per nest in the 1960s and 1970s, but declined in
the 1980s to less than 0.2 young per nest. Colony faslure
increased in frequency during each of three five-year periods
beginning in 1975, approaching 50% in 71 observalions since
1985. Overall, productivity in the Pacific region (0.31 voung
per nest) 18 markedly lower than productivity in Britain, where
Biack-legged Kittiwakes commonly rear more than one chick

per nest (Coulson and Thomas FY8S: Harris and Wanless 19490),

Colony failure is not a new phenomenon in Alaska--il
was reported from Chisik Istand as carly as 1970, The recent
record of fatlure at some colonies, however, is imspressive, For
example, few or no young were raised in five of seven conseen-
tive years (1983--1989) at Middleton Island, the Semidi Istands.
or Chiniak Bay (Gulf of Alasku). and the colony on Round
Island (Bristol Bay) had only moderate success in one of vighl
yeirs from 1982 to 1989. Few. if any, colonies are exempt from
occasional breeding failure, but the northernmost sites (Blutt,
Cape Thompson, Cape Lisburne) seem to fare better than
others. There are also some small colonies in Kachemak Bay
and Prince William Sound that often produce above- average
humbers of young.

Information on the productivity of Red-legged
Kittiwakes is limited to four locations (Table 3). Mean
productivity of this species was (.23 young per nest in 28
colony-years, and nine (32%) of the breeding attempts were
failures (0.1 young per nest). At St. George Istand, data for 14
consecutive years (1976—1989) indicate that success was lower
after 1980 than in previous years (x° = 66.4, P < 0.01). Mean
productivity was only (.14 young per nest from (981 10 1989
compared to (.30 young per nest from {976 to 1980 (Table 3).

4.2.  Components of productivity

In Alaskan colonies, only 65% of nest-butlding Black-
legged Kittiwakes produce eggs in an average year (Table 4).
Those that lay have an average clutch of 1.5 eggs and hatch
57% of their eggs. Fifty percent of the chicks are fledged,
resulting in an overall productivity (<) of 0,32 young per nest.
In poor years (oS 0.1), fewer than half of the nest-building
pairs lay eggs, clutch sizes are smaller, and only 6% of the cggs
laid result in fledged chicks. There have been instances of

nearly compiete failure to produce eggs in a colony--- for

cxarnple, at St. Lawrence Island in 1976 (Scaring 1977 and at

St. George Istand in 1989 (Dragoo ¢t al. 199]).

To identify the stage or stages of breeding at which
tailure is most prevalent it is useful to calculate the maximum
productivity of which Alaskan kittiwakes are theoretically

~cupable. This “"maximum potential productivity™ (1,92 young

per nest) would occur 1tF 97% of the pairs in o colony prodoced
cggs (the highest proportion observed in any study ). their
clutches averaged FOR egps (the fargest mean cluteh size
observed), and every egg Luid resulted in a Hedged chick

(1004 hatching and Hedeing success), Relative to that st .

cpu production (or the absence of i gecounts tor hadl of the
unrealized potential for fledged voung ina typical vear
(Table $). When colones fa) (<< 0.1, two-thirds of then
potential productivity is removed by a combimation of non-
breeding and reduced cluteh sizes. Even during the mod

productive years (=2 004y, the loss of patential production from

the Farhure to produce eges is about.equal to the numbuer of
chicks fedged. Bis Clear that Kittiwake producthivity in Aliaska
is Jimited primarids by the nability of many paies to achivse
brecding condition, and sccondarily by therr poor suecess ot
hatehing cegs and rearing Chichn,

The above statements deseribe the mean ettects on
overatt productivity of failure to lay, clutch size, hatchang
stccess, and Hedeing success, but it s alsoamportant o
consider the rebattve vanabhuy of cach component. For |
example. there is an 189 ditterence between mean cloteb vres
recorded dunng “pood” vears < 040163 cpes per clutch)
and “had” vears (=< 001 L3 e per Clutch) The ratio ol
breeding o nonbreeding pars dechines 400 i bad vears,
whereas haitehing sucvess and Nedgmg wecess dechine 654 and
706, respeetively. Thus the Ladlure to produce vegs tukes the
fareest toll onaverage, but fater stages of breeding are maore
variable i outconke fromescar o sear, The same conclusion s
evident iy "ut'np"ll‘iﬂL cocthicients ot vanatian n't‘.-lnpt:lul Fior
each component across all colontes and scar (Fable 3

FFes datie wre anvailable on the compuonents of prinduc e
iy in Red-legged Kutiwakes, but the tendenoy of this species 1o
Ly asingle-cge clutch s well docamented chrrsova 1978 Hung
otal, 19X 1e; Byrd and Douglas 198 Cunousiy, Flhot (1882
stated thiit Red-legied Kattswakies on the Pribvlot Iands Yad
WO eggs ) ciutch most commonts and sometimies three,
Byrd and Day (19801 ebserved several fiests contisming two
cpgsal Buldit Island 1 the mird- 19705, but there are mo recest
observations of two-epp clitches m Red lepged Kntaaakes.

4.3, Geograpiue and species concondancy
Although breeding faslure was reported for at feast ong
locality tn nearly every year from 1976 10 1O80 CFable )1

wils more widespread 1 some vears than others, The patterns m

some years suggest regronal ditteranees petween the Gult ot
Alaska and waters to the north. In TO7R Tor instance, most
colonies farled in the Gult of Alkasha, whereas those observed in

the Bering and Chukchi scas were relitively productive (g, 4,

The opposite was frue i FY8d. A rare example o moderite to

goad production of Black-legged Kstrwakes throughout Alaski

ocvurred in 1YRK. In the following vear there

wils breeding
Fatlure at thost of the same colones., 3

When kittiwakes do poorly, do other spectes breeding i

the same locations also fail? We exanuned ths question with
reference to piscivorous diving birds- -Common and Thick
billed mwirres (Uria aalge and U lomvia), Tulted and Horned

puffins (Fratercula cirrhata ..th- COrni ulata), and Pelagic

BR
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Table 2 -

Productivity (number of young per nest) of Black-legged Kittiwakes at North

Pacific colonies from |960 through 1989*

Yeur

* el - -IJIJ - =
o . .

b e

Location 1960 1961 1970 1971 1973 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 [989 Mcan n(ym)
- Coulf of Alaska“ |

~ Middleton 1. —_— e e e e e — D14 —  —2047 030 003 076 004 005 0 021 0.02 0.20 10
_ Hinchinbrook 1.4 — e e — — 2003805180 — e = e — 028 - - — —  — 022 4

Wooded Is. e e e e 033 063 — = e e e e e e = e (048 y)

Prince Wm. — —_ — — —— —_— e e — e — — 035 0.25 031 034 033 034 0.32 6

Saund” |

§ Chiswelllst = 0 — — o~ — e e e e e —m e e — — — — 0 - — () I
6. Kachemak Bay' i e e e e e e e — - — ()TR 0,22 055 0.02 0.61 0.29 041 {
7. Chisik [F — e 0 0 150 — -~ — 00 032 — - — 0 — — (125 0 — — 026 8
8. Barren 1" e e = 090 013013 - - e = — 0 — — — 002 §
9, Chiniah Bay' e e e — e 123077 - - - - } 042 0 0 0 026 009 0.3 9
1. Cathedral b, —_ — e —  — = = 0 017 — = e = e e e e e e — (46 2
11, Ugaiushak [ —_ = = e — DOT 0N = - = = e = = e = - = = 02 2
12, Semidi Is) —_— e e — = (.29 0.62 0 03 03 104 — 0 — { 0 0 0 } (.24 I
13, Shumagin st . e e e 09— — — — _ - — 0018 — — — 012 3
14, Midun 1. e e e = =~ — e = =~ 00260 — — 013 2
Bering/Chukchi seas | *

15, Round .M = T 0 ) () 0 0 008 054 008 0.09 R
16, Cape Peiree” —_ — 015 — 0 - 016 0 — — — 06 - — 001 0.0 G 002 0.16 0.06 0.08 ]
17. St George 1LY — e e == - -— 062 045 022 040 038 0.07 001 0.1 014 012 0.26 () .40 0 022 14
1%, St Puul ILF e e e~ — — 044 052 043 036 04 —~ @ — @ — — 006 027 631 024 053 004 0.0 1
L9, St Mathew LY — = = = = e e = — = = — 0 — % Y - — = 00 4
200 St Lawrence | — e = e 0 - — — — 08 - - —_— - — (P ~ — 03 1
21, Blott — e —  —  — 040 004 0.1l 082 1.07<094<070 — 027 0 0 <0.38 0.65 0.61 0 043 4
22, Cape Thompson' 110 068 — - — - 0 064 G50 LYW LIS - — @ — — = — — I — 066 8
33 Cupe Lisbume® e e e - e (014 061 078 170 153 136 — (6] 0 620 090 — — — (078 It
24 Cuape Stoletiva’ i e 0 () I
W. Aleutians/Commander Is. ) T '

25, Buldir 1" — = e e e e ek e — — — — e — — e e 2 027 005 0416 2
26. Agatu 1.V — e e — e e e e e — e — e e — — (0,30 028 029 2
27 Bermg 1, —_— = — 03 - - —-— = - e e - e - = e = — 0506 l
Sea of Okhotsk -
>R, Talan 1.' e mm e e e e s e e e e e — — (.61 [.OO 0.81 2
M 16 0.65 0.08 028 080 042 020 059 033 670 086 0.67 008 0.10 026 009 023 0.12 0.38 0.15 0.3

n {cotonics) . | 2 2 2 2 12 13 12 8 3 7 4 9 11 14 15 4 12 18 162
Five-year means _. Overall.
n (coloty years) 8 47 16 71 63 failures/162
Colany futlures 3 {38%) 4 (19) 16 (44%) 35 (49%) Eulnny-ycﬂrlx
Productivity 0.51 0.44 0.36 0.19 = 39%

__—___'_—__—_W_
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T Missing values indicate no data.

P Data tor Gulf of Alaska colonivs in 1976-1978 in Nysewander (1986). Other sources as noted helow,

- Nysewander et al. (1986) Haich, B.D. Roberts, und B.S. Fadely (unpubl, dat),

rons et al. (1987); Trons (unpubl. data).
" L. Cathn tpers, commun,),
' Nishimoto and Beringer (1989, 19901,

 E Snarski (1974); Nishimoto et al, (1987) Beringer and Nishimoto (1988),

" Hlaieh tunpubl. data); DR, Nysewander {pers, commun. ).

"Krasnow ¢t al. (1983); D.R. Nysewander (pers. commun, ); D. Zwietelhofer (pers, commun.).

PHateh and Hateh (1990) Hatch (unpubl. data); Baggot et al, (1989).
* Moe and Dav (19793 E.P. Bailey (pers. commun.); Hatch (unpubl, data).
'Hateh (unpubl. data).

" C. Zabel (pers. commmun.); Sherbume (1988); K. Taylor (pers. commun.).

" Haggblom and Mendenhall (1991).

“Dragoo etal. (1941).

" Dragoo ct ab. (1989); D. Dragoo (pers. commuz, ).

4 Springer et al. (1985a) Murphy et al. (1987).

" Searing (1977); Springer et al, (1985b); Piait et al, (1988).
> Drury etal. (1981); Murphy et al. {1991),

' Swartz (1966): Springer et al. (1985¢); Fadely et al. {1989). Young fledged per nest with ¢

(.9 cgg-taying pairs per nest built,

Y Springer et al. (1985b); Byrd (1986a),

¥ Kondratyeyv (1990),
" Byrd and Climo (1988). Byrd and Douglas (1989).

* Firsova (1978}, Reported valued is a composile estimate of productivity in four years between 1969 and 1973,

grs (Swartz 1966) adjusted to young fledged per nest built assuming
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Table 3
Productivity (number of young per nest) of Red-legged Kittiwnkes it North

Pacific colonices®

L

_—#

Year _L.tmniiun No. nesls Young Nedged/nest
969-1972 Commander Is, 54 ().1y
975 51 Paul 50 (1,34
976 St. Paul 76 0.61

St. George RE (.18

1977 St. Paul 74 ().34

St, George 240 .54

1978 3t Paul 112 .19

| SI. George 238 043

1979 St Puwl 56 (.54

St. George 52 1K

V80 St Cleorge 123 .27
YR| St Georgy 79 0.1
982 St. George P (1.0}
1983 St. George P (.01
1984 5, Puu! 19 (0.{9
St. George F4Y (13

{085 St. Paul 70 ¥
St George 259 (.07

1986 St. Paul 67 (1,25
St. George 256 ()20

(987 St. Paul 61 0
St. George 250 (.13

| U8R St Paul s (.40
St. Greorge 230 (154

Buldir {44 (1,18

RLL Si. Paul - ()
St. George 1K) f)

- _Buldir _ 233 0.1
Unweighted mean — — (23

(n = 28 years)

"Sources: 1969-1973 (Firsova 1978); 19751979 (Hunt et al. 198 1hy,

1O80-- 1982 {Lloyd 198S5) 1983 (L. Merculief, pers. comnun.y, 1984 tJohnson

and Baker [985). 1985 (Byrd et al, [985) 1986 (Byvrd [U86h), 1987 (Byrd
1ORY). [Y8K (Pribilofs: Dragoo et al, 1989; Buldir: Byid and Climo 1U8%),

{ORY (Pribiloly: D, Dragoo, pers, commun,; Buldir: Hu rd and Douglas B8O}
" Nearly all nests were empty at a stige when chicks should have been present.

and Red-faced cormortants (Phalacrocorax pefagicus and P
urile). The available data are summarized in Table 6, which
compares the performance of these species during years when
kittiwakes failed with their performance during years when
Kittiwakes did relatively well. Individually, some of the spevies
examined have done worse when Kittiwakes fail, others have
done better, but none of the species shows significant variation
in productivity corresponding to that of Black-legged Kitn-
wakes. Apparently, these diving species are fargely unattected
by the factors causing breeding taiture in Kittiwakes,
Concordance betwenn Red- and Black-legged Kittiwakes
is high. Data from three locations (St. Paul Istand. St. George
Island, and Buldir) constitute 24 colony-yeurs of paired
observations (Tables 2 and 3). The Spearman rank correlation is
0.81 (P <0.001: r, = 0.84, P < 0.001, n = IS colony-years with
data from St George and St. Paul islands combined before
analysis) and the mean productivities of Red- and Black-legged
kittiwakes do not differ significantly (Wilcoxon signed ranks
test; P =().21). Data are also available to examine the relation
between kittiwake productivity and that of another surfuce
feeder on macroplankton and niekton, the Northern Fulmar
Fulmarus glacialis. The productivitics of Black-legged
Kittiwakes and fulmars were positively correlated (r. = 0.70,
P < 0.01, one-tailed test) over 11 years in which both species
were observed at the Semidi Islands (Hatch 1987a; Baggot et .ll.
1989).

L N Pustﬂedging mortality

Estimates of annual survival of adult Biack- leggred
Kittiwakes dre available from studies coriducted on Midilicton
[sland (Hatch et al.. in pressy. In four years (198K, 1991, the
mean annual survival of breeding mules (n = 473 bird-vears)
was (1928, and survival of breeding females (n = 398 hird.
years) averaged 0,937, Survival rates did not differ sigmficantly
between the sexes: the combined estimate of annual aun ival in
four years was (0.028: S

[t appears that under normat conditions most mortalty
in adult kittiwakes occurs duning the winter months, vt
large-scale mortality of Black-legped Kittiwakes occurred in
the period from mid-July through late September in it Lo
three years during the J1OR0s-— 1981, 1983, and 19RY, In 1081,
the dic-01f was reported oply from the Kamchatka coast
(Lubkov 1986). The 19K event was probably the most severe
Beginning in mid-July, large aumbers of Kittiwihes were townd
dead or dving, apparentiv from <tarvation, on beaches from the
northern Guif of Alaskha CvVhddicton Blandy, west 1o the |
Kamchatka coast and Sakhadin Island (Sca of Okhotsk oy, and
north to Katzebue Sotund (Chukebi Seio. Tens ar hundreds of
thousands of birds nuay have been involved INyVsew ander and
Trapp 1984, Revently tledged young were included m a dic ol
during late August and September JORO (DR Ny sewaunder,
pers, commiun. ), and starvation was again identified as Bie tond
likely cause of death (Paitt ot al. 199(h, The 1989 avemt |
encompassed at least the arca from \hdtlklun Isfandd 1o the
central Alaska Pemnsula, |

6.  Population irends in Black-legged Kittiwakes

Information on annal and longer-term vavaation i
numbers of Black-legued Kottis ahes s now avinlable Trom g
few colonmes in Alaska tbigs 3y, The interpretation of temporal
patterns depends partiy on the goahits of d i avatlable and the
rhethods used it different sates. |

6.1, Middicton Island o

Ratsch £ 103K) reported there were “several thagsand™
Black-fegeed Kittiwakes on Middicton Ntand i 1956 an
estinuite he Liter retined fo 100000 15 000 birds (R, Rausch,
pers, cominun.), Between 1036 and 1974 this colony ey ased
to more thian 70 000 nests (10 000 byrdss: it staved an
approviontely thit fevel through JUR2. but a decling i the
LOROs removed about lalt of the carhier gaons by J1OXG
(Nysewander et al, 1986; Hatch, unpuhl* data,

6.2, Prince Witlam Sound |

Twenty -four colonies, most containing fewer than 1000
nests, were vensused annuilly i Prince Witliam Sound from
[ORS to 1KY, In the aggregate. there was much annual vanation
in the number of nests burlt but po apparent change from the
1972 fevel. There is circumstantial evidenee, bowever, of Jarge
interannual movements of breeding adults among mlnnwu I
the sound {lrum unpuhl dita).

6.3, Chiniak Hny . . |

As in Prince Willigm Sound. nest counts s Chiniak Bay
include a number of island and muinland sites. The vensas toga
for 20 colonies increased markedly between the tate 19708 and
mid-1980s and his remiained it the higher level through 19RY
(Nysewander (986, pers. commun.). -
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Table 4

- Components of produuwuy in Black-legged Kittiwakes dunng years wilh

vnrzmg levels of brr:t,dmg_:.uc:.un

. wml

_Overall productivity (<)

Y Data from colonies 1=4, 7-13, 15-23, and 25-26. Sce Table 3 for references.

Component of productivity® Low (<< 0.1) Intermediate (0.} € oc<{().4) Higp (2 (,4) Average
Clutches/nest (A)

Mean - 0.484 0.682 0.801 0.644
n fcolony-years) 27 27 23 71
Std. error ' ' | (.0377 (10380 .0254 0.0249
Range 0.04-0.81 (0.24-{1.95 0.54-0.97 | 0.04-0).97
Coetl, of var. _ — — ~— 338
Clutch size (B) | | '

' Py[cun | o 1.326 I.SIS 1.625 1-48{1
n (colony -vears) 32 28 3] i
Std. error 0.0400 0.0477 (0L.0367 0,027
Range 1.00-1.79 1.00-1.94 |.18-1.98 1.OO-1.98
Coeft. of var, - . — —_ o 17.4
Egps hatched/eggs Laid (C) |
Mcun (.269 (0.596 | (0.763 0.569
11 (colany - yeirs) | 19 18 27 54

Std. error | | .0526 (0.0432 0.0224 0,038
Rangpe ()-0.64 0.24-0.81 0,37-0.94 0-0.94
Cocft. of var, _ — — — 47.6
Chicks Nedged/eggs hatched (D)7 | | |
Mean 0.217 0.446 0.711 (3.499
nicolony -vears) 16 1Y 26 O
Std. error (L0553 (0L0550 0.0253 - 0.0357
Range 0-0.74 0.10-0.92 0.47-0.95 (.95
Coett. of var. | i _ — - — 3

-~ Chicks Nedged/nest {«) |

Mean 0.023 (.235 0.715 0.321
n {colony-vears) | 34 ) 33 98
Std. ¢rror | o - 0.005] 0.0140 (.0404 0.0329
Range 0-0.09 0.11-0.36 (0.40-1.23 0-1.23

- Coetlof var. - _ L e L 101.0
AXBxCxD 0.037 0.275 (.706 0.273

" Calculation excludes colony-years (or which component C (eggs hatched/eggps laid) was zero.
" The product A x B x C x 1 should equal overall productivity (e<). Discrepancics arise becuuse of incomplete data, i.¢., not all components were measured at every

calony i all years,

Table 5

~ Factors limiting the productivity of Black-fegped Kittiwakes: relative

contnibutions (% reduction of potential productivity) al three levels of breeding
suceessy®

il "l " . ki inialiak- ik

__Productivity -
| tHhigh (=<2 0.4) Low («x<0.1) Average

Limiting fac ll]l'b ‘

LEggs not k& ad® . 3.2 66.6 49 Q
Nonbreeding pairs' (159) {44. N (29.9)
Reduced cluteh sizes” {16.3) (21.9) (20.0)

eps not hatched (6.1 24.4 21.6

Chicks not tfledyed 14.9 1.0 14.3

Chicks Nedged 36.8 2.0 T 142

Total potential productivity 100.0 100.0 100.0

* Percentages express the oss of potential praductivity attributed to each factor.
dee text for definition of maximum potential productivity,

" Potential eggs not laid () caleulated as 100 [1 = (BoCo/BnCal). whete
B. = vbserved prportion of pairs laying eggs, Co = observed clutch size,
Be: = maxunum proportion ol pairs laying eggs (0.97), Cm = maximum clutch
size (1,98),

“ Contribution to eggs not laid attributed to nonbreeding calculated as
[le BalCol/H(Crm ~ Co)Bo + (B - Bo)Co}. Symbaols defined as in footnote b.
4 Comtribution 1o eggs not laid attributed to reduced clutch sizes calculated as

| (i ~ PU}B"III{CF“ ~Co)Bo + (B - Bu}CnI S}'Mbﬂh dﬂﬁnﬂ_d s in footnote b,

6.4. Semidi Islands
| A five-year study from 1977 to 1981 dﬂcumented
changes in the mean attendance of kittiwakes on study plots (up

‘to 20% in consecutive years) but no sustained trend (Hatch and

Hatch 1988). Recent data indicate no change between 1981 and
1989 (Baggot et al. 1989) '

6.5, Pribilof Islands

Patterns observed on the two main islands, St. George
and St. Paul, suggest downward trends in both kittiwake species
between 1976 and 1989 (Dragoo et al. 1991). Caution is
dictated, however, because the trends are largely defined by
early, nonreplicated counts of adults (Hickey and Craighead
1977, Craighead and Oppenheim 1985). Such counts are
subject lo the sampling error associated with daily varlatlcm in

| atlendance (Hatch and Hatch 1988).

6.6. Cape Peirce

Recent counts (1985-1989) of birds at Cape Peirce
display considerable annual variation but no apparent trend
(Haggblom and Mendenhall 1991). There is no definite change
in population size since the colony was first censused in 1976
(M.R. Petersen, unpubl. data).

6.7. Bluff
Between 1975 and 1989, annual counts of nests showed

wide variation on five study plots at Bluff (Murphy et al. 1991).
The highest count (in 1988) foltowed the lowest (18% of the

~ maximum) by only three years, which suggests the data may

track variation in breeding effort more closely than they track
adult population size. |

6.8. Cape Thompson

The first quantitative data for any Alaskan colony were
obtained at Cape Thompson in 1960 and 1961 (Swartz 1966).
Later observers recensused many of Swartz's plots, but data
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Figure 4 |
Uusugruphiu concordance of breeding failure and success of Black-tegged

Kittiwakes al North Pacific colonies
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" Mean kittiwake productivity for colony -years included in this analysis: failures, 003 young/pait 0 = i siceesses. 065 young e th = L

* Signiticance of Mann-Whitney U test of the ditference between group pieans,

4 Colonies from which data are included in the analysis are identified by number in Figure 2osee Table 3 for felerences

available for comparison consist of nonreplicated counts ot
birds from boats offshore. Census totals are highly variable
because of differences in breeding effort and daily variation in
altendance. There is no evidence of a long-term trend,

6.9.  Buldir Island

There was a large increase in nesting Bluck-legged
Kittiwakes at Buldir between the mid-1970s and late 1980
(Byrd and Day 1986; Byrd und Climo 1988 Byrd and Douglas
1989,

fn summary. the evidence Tor populistion tends in
Black-legeed Kittiwakes is equivocal, 1appears that a dargo
decline has occurred on Maddicton Tsland atd possihly on the
Pribilofs. but there are examples.of population growth
elsewhere (Chipiak . Bay, Buldir Istand). Most colomes eximbi
substantial annual variation in nest-butlding and attendance,
which increases the difficulty ol racking populiation vizes
(Hath and Hatch 988, o
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Figure § o
Population trends of Red- and Black-legged Kittiwakes at selected colonies in
the North Pacific. Sample sizes (number of counts) are indicated for sites where
birds were the courting units. Dati refer 1o Black -legged Kitliwake only except
where noted. BLK1 = Black-legged Kittiwake, RLKI = Red-legped Kittiwake,

/ Nmgy * 82 900 nests

g LI TR0 RIS T ¥ S SR S DRI DRI I W SN SRS W T ERR VS NUN VNS T S

100,
| . _‘//\3...4—.

50t prince Wiligm Sound
A Nmgy " 20 643 nethy

O ey Ay el " A A . " S | k e ek 4 4 A

10(3

/‘

}.

HQF Chinek #Byy
Angs © 2181 nests &—

DL-L-chn-.-.-.*H o 1 L i i k i A I i i i i i o i i

5
——?
LA
(
S
iy

o ! 2y % 80

A 50#‘ Sem-di |y,

::(‘_'J, L nﬂ'I'ﬂl 1 "30 b'rd‘

q-:. .

o & Y SN NP [ R W S G 1 L A i 4 .

5100

_ !

.;'S L St Genrge !

5 SO Mgy * 897 birds (BLKY) B
5

r
1
\

t Pmgr * 3926 birds {RLXI)
0

E | I o » & i L A 'y i i P | i i i L L ;. A 3. |
> 0o, s RLKI |
"3 : [ "~ el s
E: S Pay! o+,
2 50) npa 2497 birds (ALK
| E . Prgs " 115 birds (LK)
| E} OL*'L'I'P'I f pde ke 4 A L A | I Y I A L X i i i 3 daaad
q_- 20
Cj _ M
O ‘ :.: 3 N 8
Ef“ S Cope Perce
L Paget 1295 bivgy
{_}-_.lq | O JER T i N L | N | A -k L L L I i L i i i n i '
00

50[“8’”” \/—‘vv\/ﬂ
Mmor ¥ 299 nasty

e 4 I S NS S—

f' Cape Thompson ™~ l
l; fmgs = 9088 birdsy |
4

H’—‘-—-—-—v‘*:" | A A b B e e L i A 1 1l ' & I F J

Byidr |
F Pmgy = 9130 nests {BLKY)
O Nmge * BEG nesty (RL K1)

-
-
-
u"'—-
-
[

&--- 0

-
Om*-rhélna-a_-; 4
o L 0 A QO
o G OAN I OL0NA
I8 08

7. Population trends in Red-legged Kittiwakes

Historical accounts suggest there has been a substantial
reduction in numbers and distribution of Red-legged Kittiwakes
in the past 100 years. In the late 1800s this species was con-
sidered an abundant breeder in the Near Island group of the
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Aleutians, where it outhumbered Black-legged Kittiwakes
(Turner 1885, 1886). Similarly, Prentiss (in Preble and McAtec
1923) indicated that Red-legged Kittiwakes accounted for half
the kittiwakes nesting along the west side of St. Paul Island in

1895, and he also noted the species nesting on other parts of the
island. In the 1980s few Red-legged Kittiwakes nested any-

where on St. Paul except along the west cliffs, where they werce
much less common than Black-legged Kittiwakes (Byrd,
unpubl. data),

In the late 1800s Red-legged Kittiwakes bred at Akutan
and possibly Sanak in the eastern Aleutians, and were
considered common west of there (Tumer 1886), Apparently
they were once the predominant kittiwake species on the
southerh end of Beting Island (Stejheger 1885), but they were
scarce there by the mid-1970s (Firsova 1978). Firsova (1978)
also reported the establishment of & new colony near the north
end of Bering Island, which she thought became occupied in the
1940s or 1950s. 1t 1s unciear whether there was a net change in
overall abundance on Bering Island.

Where Red-legged Kittiwakes have been recently
monitored, they show patterns similar to Black-legged
Kittiwakes. In 1989 their population was down by 50% at the
Pribilofs but they were more numerous at Buldir than in the
mid-1970s (Fig. 5).

8. Life table analysis | *

A life table can be constructed for Black-legged
Kittiwakes using productivity data {Table 2) and estimates of
adult survival from Middleton Island. We assume a mean age at
first breeding of 4.9 years as reported from Britain (Wooller and
Coulson 1977}, because there are no data from the Pacific. Our
current estimate of annual survival (0,926) predicts & mean
reproductive life of 13.0 years, This estimate assumes a stable
age distribution or age-constant mortality. Because neither

~ condition may be true for Pacific kittiwakes, the following

anatysis must be viewed as an approximation,
Given the productivity observed during the most recent

f Ive-year interval (0.19 young/pair/year), a pair of kittiwakes
- would be expected to fledge 2.47 young in a lifetime. Two

offspring (81.0%) would have to reach maturity in a stable

population (net replacement rate equal to 1,0). Thus, the mean

annual survival of juveniles (fledging to age five) would be

0.957. Under the assumption that juvenile survival from ages

one to tive approximates the adult rate, survival in the first year

after fledging would have to exceed 1.0, which is impossible.
We therefore conclude that recent levels of productivity are b
inadequate to maintain the population. It should be noted, 5
however, that a sustained productivity of 0.31 young per pair
(the grand mean from Table 2) predicts, at equilibrium, a mean
juvenile survival rate of 0.869 and a minimum first-year
survival of 0.674. Those values are arguably within the
expected range—Coulson and White (1959) estimated first-year
survival to be 79% in one British colony. Thus, the near-term
future of Pacific kittiwake populations may hinge on whether
recent conditions (1985-1989) persist or improve.
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9, Possible explanations of hreeding failure in Pacific
kittiwakes B

There is no generally accepted explanation for the 3
repeated and widespread faiture of kittiwakes to raise young in 3
Pacific colonies, Primary or contributing causes could include ;
disease, contaminants, predation, or an inadequate food supply. *
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Some of the symptoms of kittiwake breeding fuilure
(e.g., failure to lay, depressed clutch sizes) suggest the
posaiblluy of pathogens, notably avian influenza virus (AIV),
which in domestic turkeys tends to lower breeding potential but
not the survival of infected individuals (Ensterday and Hinshaw
1990). Tracheal and cloacal swabs were obtained from adults

and downy chicks on Middleton istand in 1988, a year of poor
productivity (0.21 young per nest island-wide, zero in the
sampled areas). Laboratory analysis failed to find any evidence

of infection with AlV, other myxo viruses. or paramyxo viruses

(V.S. Hinshaw et al.. unpubl. data). Similarly. necropsies uf
dead or dying Black-legged Kittiwakes (three adults and four
chicks) on 8t. Paul Island in 1987 revealed no evidence for
disease as a cause of death (T, Spraker and Byrd. unpubl. data).
These limited investigations reduce but do not eliminate the
likelihood of disease as a contributing factor in kittiwake
breeding failure,

Ohlendorf et al. (1982) reported generally low
concentrations of organochlorines in scabird eggs from Alaska,
including 62 eggs of Black legged Kittiwakes collected in
1973-1976 from eight colonies in the Gulf ol Alaska. Aleutian
Islands, Bering Sea, and Norton Sound. Residues in Kittiwakes
were among the lowest in 19 species examined, Concentrations
of DDE and PCBs in eggs of Black-legged Kittiwakes were
considerably higher along the British coast (Parstow in
Ohlendorf et al. 1982) than in Alaskan eges. as were egg. liver.,
and muscle loads 1in Kittiwakes from other locations 1n the
North Atlantic (Nettleship and Peakall 1987). Thus. it appeurs
unlikely that contaminants have seriousty affected Kittiwike
reproduction in Alaska,

Avian predators such as gulls, raptors, and corvids
annually remove it large share of Kittiwake eggs and young in
many Alaskan colonies (Bonficld 1986; Nysewander 1986;
Irons 1988), Where predation is prevalent, however, it is
important to distinguish whether it is oppottunistic ot torcible
(Hatch and Hatch 1990). Opportunistic predation occurs when
incubating or brooding kittiwakes leave their nests unattended.
For example. nest-leaving during incubation was seen
commonly at the Semidi Islands in 1978, a year that ended in
complete breeding tailure for Black-legged Kittiwakes (Hatch
and Hatch 1990). Poor incubation behaviour--hirds standing
over rather than sitting on their cggs-—has been noted in some
colonies (Hatch, B.D. Roberts, and B.S. Fadely, unpubl. data),
The contents of the affected nests are uswtdly lost within a few
days after the appearance of such behaviour, presumably due to
opportunistic predation.

There is no doubt that Larus gulls are also forcible
predators on kittiwakes. capable of displacing unwilling aduits
from attended nests (Bonfield 1986; Roberts 198R), However,
Kittiwake breeding performance is not noticeably improved
where predators are scarce. For instance, few gulls or other epg
predators are active on the Pribilof Islands, yet Kittiwake
productivity was generilly poor there during the 1980s, Many
egg losses on the Pribilofs result from adults rolling their own
cegs out of the nest (A.L. Sowls, pers. commun. ),

Indirect evidence supports the view that Kittiwake
productivity is limited primarily by the inability of adults 1o
obtain sufficient food for successtu! breeding. Apparcmb food
shortages occur at various stages of the breeding cycle from
pre-nesting through chick-rearing. The targest share of potential
productivity is lost due to the failure to lay eggs. and birds that
lay My nrovide inadequate parental carc. The second-hatched
chick in broods of two usually disappeirs in the first or second
week after hatching (Braun and Hunt 1983; Roberts [988:

Fadely et ul. 1989: Hatch and Hatch 1990y, This appears to
result from competition tor parental care and sibhicide (Braun
and Hunt 1983; Roberts [YRK). The late summer die-offs of
aduits observed in the 1980s suggest that at times food is
sufticiently scarce that Kittiwakes not only are unable to raise
young, but are also Uﬂdhlt. even o moevel lhun‘ OWN matnslenance
requirements,

Low productivity un the Pribilof Istands during the
1980s was correlated with declining uhundance of juvenile
pollock (Lloyd 1985: Springer ¢t al, 1986), However. de prossed
breeding performance has not occurred in other pollock can

“sumers such as murres, cormorants. or putfine, and kittiwake

breeding fatlures have not been limited 10 aress where pollock
I8 the most important component of the sutmmer diet. The lack
of concordant productivity in dumg and surface: feeding

. seabirds suggests the problem is not the abundance hul the

avallability at e surface of key prey species.

FI'L}' avatlabidity 1o Kittiwakes is probably deteninined by
numerons eceanographic variables, both phyvaical and biologcal
(Wooster 1983). Tt is usetul to examime temperature anomalies,
hecause temperature affects the tood uptake and growth e

~ biomass) of pollock, capebin, and other petagac Hish (Lacvastu

FOX4) as well as their vertical disteibution G g Methven and
Piatt 1991, Llovd (1983) found that kittiwakes ot St George
Isfund exhibited improved breeding performance during vears
with colder summer surface reniperatures. The oppasite etfevt is
reported tor Cape Lisburne. where kitiwake productivity was
positively correlided with nud-Tuls surface temperatures i

|1 years (Springer and Byrd 1URKY Tnthe Gult of Alaska, o
quabhitative analysis revealed no consistomt relanon between
productivity and summer (Mo - August) surtace tempertures
recorded near Kodsak (Hatch YO Ty Clearls . our under
standing of environmental controls on prey abundance and
avatfabibity in Kitiwakes isaincomplete. |

10,  Conservation problems and recommended ressarch

Steniticant threats to northern seabwrdy inchide oil
poltution. commercial fisheries, and miroduced muamimilin
predators on isfands cEensink 1984 Portunatety . kitwihes
may be hittle attected by e least two of these problens,
Kittiwakes are relativeh invalnerable to floating wil, as hown
by their underrepresentation in the toll of manne bids resuting
from the Evvon Valde: spidl in 1989 Piatt o al. 19903 Thesr
response to Iung-h;'rm Cxposire i‘*{‘ll’ﬂlt‘llm h}_dﬂﬂ"dﬂﬂlnk N
uiknown (Ohiendorf et al. 1975 Uhke some upland nesting
species (Jones and Bynd 1979), kit akes e Birgety escaped
impact from introduced mammals by pesting mannly on
inaceessible chiffs, In Alaskhit, most nesting habatit o both
Kittiwake species is now protected by inchusion o the National
Wildlile Retuge System tLensink 1984)

Few of the known prey speaies of Pacific me.ﬂuu (dT¢
currently targeted by commercial fishertes, The notable
exception is walleye pottock. but because httiwakes teed-only
on juvenile potlock, which are not harvested, no negalive
effects of fishing are vxpected uniess spawning stocks are
severely depleted in the future. Because adult pollock are
important predators on juvenile poltock (Dwyer ¢tal. 1987y and
also take other Kitiwake prey such as capélinand sand lance
(Straty and Haight 1979), the fishery could tlunmmalh_t‘;.‘cfﬂ

kittiwakes by reducing u'-m[mnum far aviatlable food,
Although there is no evidence that fishing. pollufion, or

other anthropogenic changes have substantially degraded the
environment for kittiwakes in Alaska, the causes and possible
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~ consequences of persistent breeding failure are not understood.
There is no indication to date of an.overall population decline in
Black-legged Kittiwakes, but downward trends can be expected
if recent levels of productivity do not improve. Red-legged
Kittiwakes appear to be declining on the Pribilof Islands, and
because most of this species’ world population breeds on St.
George Island, its status there is of special concern.

~ Present knowledge of population dynamics in Pacific
kittiwakes.is based on the combined efforts of numerous
observers to document productivity and population trends over
a large arca. These observations should continue, as we do not
yel know whether the poor performance of recent years is a
normal, transitory phenomenon or a serious problem for |
kittiwake populations. In addition to this broad-scale approach,
we recommend that studies be initiated or intensified in the
following arcas;

(1)~ Additional banding and resighting studies are needed to
establish whether adult survival is directiy related to
breeding success in individual kittiwakes and whether
survival estimates from Middleton Island are
representative. We expect fess geographic variaiion in
survivil than in productivity because most adult
mortality occurs outside ol the breeding season and
kittiwakes from different colonies probably share
common wintenng iareas, This assumption will remain
untested, however, until the effort to monitor kittiwake
survival rates is expanded geographically.

(2) Food abundance and distribution near selected colonies
should be measured directly using hydroacoustics or
other methods to test the hypothests that kittiwake
foraging success 1s imited by the vertical distribution of
prey. -

(3} Comparative studies of food habits, energetics, and
activity patterns in tailing and productive colonies may
help to reveal the factors limiting breeding success,

(4}~ Wherever possible, observers of kittiwake breeding
performance should also report on diving species such
as murres, putfins, and cormorants. There is much to be
learned from the comparative approach,

() Controlled studies are needed to separate predation and
tood supply as factors affecting breeding success.

In general, investigations are needed that go beyond the
~assessment of overall productivity to identify the specific
causes of breeding fatlure. Because existing information on the
status and ecology of Pacific kittiwakes raises substantial
questions about their population dynamics, the opportunity for
stgnificant ecological rescarch is clear.
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