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SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH RESPECH
TO OCS OIL AND GAS DEVELOPMENT

The objective of this project was to 1nvéstigate the
reproductive ecology bf’the seabird cohmunity nesting on the
Pribilof Is]anﬁs and to identify aspects}of their biology sensitive
to oil development activities. To this end, data on the seasonal
timing of reproductibn, productivity, growth rates of young,
food habits énd foraging areas were obtained.

The Bering Sea supports the largest aggreqgation of breeding
seabirds-in the northern hemisphere. Nesting seabirds are
concentrated into avfew very large co]onies (Figure 1; Hunt et al.
1980b); the Pfibi]of Islands are one of these large colonies.

The colony on St. George Island contains ah estimated 2.7 million
birds (Hickey\and Créighead 1977); and is probably the largest
Thick-billed Murre colony in the world. St. George is also the
primary nesting area for most of the world's population (88%)

of Red-]eéged Kittiwakes.

The breeding season at the Pribilofs begins with the arrival
of many seabird species {n April. Most species lay eggs in June
and have yoﬁng by August. The period from 1ate June through early
September is the most critical period for Pribilof seabirds; at
this time the rigors of chick-rearing place maximum energetic
stress on nesting birds. During chick-rearing, breeding adults are

largely confined to foraging in areas near the colonies due to the

frequent feeding required by young. Several species are finished

nesting by the end of August, and by October the colonies are

virtually empty.
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Little recent information is available on the winter
distribution of seabirds around the Pribilofs, although early
accounts (Coues 1874, Preble and McAtee 1923) suggest that a number
of species overwinter near the islands. The lack of data on winter
use is a serious gap in our knowledge of the biology of Pribilof
seabirds.

Estimates of average‘productivity were made for Northern
Fulmars (0.3 chicks fledged/mean no. adults), Red-faced Cormorants
(1.3 chicks fledged/nest attempt), Black-legged Kittiwakes (0.5
chicks fledged/nest attempt), Red-legged Kittiwakes (0.4 chicks
fledged/nest attempt), Common Murres (0.6 chicks fledged/egg laid)
and Thick-billed Murres (0.6 chick fledged/egg Taid) (Hunt et al.
1980c). Values found at the Pribilofs for most species were within
the range of productivity found elsewhere in the Bering Sea, except
that productivity of Black-legged Kittiwakes at the Pribilofs was
higher, on average, than elsewhere in the Bering Sea. However,
Bering Sea Black-legged Kittiwakes in general showed depressed
productivity relative to kittiwakes nesting in the Chukchi Sea
(Swartz 1966), Gulf of Alaska (Baird et al. 1979) and the North
Atlantic (Coulson and White 1958).

Average growth rates of young were estimated for Red-faced
Cormorants (60 gm/day), Black-legged Kittiwakes (14 gm/day),
Red-Tegged Kittiwakes (12 gm/day), Common Murres (9.8 gm/day),
Thick-billed Murres (11 gm/day) and Horned Puffins (11 gm/day).

At the Pribilofs, Black-legged Kittiwake growth rates are similar
to those found in the Chukchi Sea (Swaftz 1966) and Gulf of Alaska

(Baird et al. 1979) but appeared to be lower than values from

the North Atlantic (Coulson and White 1958).
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As a whole, the seabird community at the Pribilofs relies
on a few prey species: juvenile walleye pollock (Theragra

chalcogramma) are used most heavily, while amphipods (Parathemisto)

and euphausiids (Thysanoessa) are also of considerable importance.
Myctophid fishes and calanoid copepods, although not important

to the seabird community as a whole, are a major part of the diet
of particular seabird species.

Around the Pribilofs, foraging seabirds are concentrated .
within 50 km of the islands, although a few species (e.g. Northern
Fulmar, Red-legged and Black-legged Kittiwakes) forage at greater
distances from their colonies. Crucial foraging areas for Pribilof
seabirds are located at the shelf break southeast of St. George,
on the shelf 100 km east of St. Paul, and genéra]]y within 50 km
of the islands. The reduction of‘food fesources, br the occurrence
of 0il spills in these areas would affect a great humber of birds.

The potential for an o0il spill to have devésting effects
on the Pribilof seabird communify is greatest during the peak
of the breeding season, particularly if important foraging areas
near the islands are impacted (Wiens et al. 1979). A]ong with
the dangers of oil spillage, oil deve]ophent activities‘neaf the
colonies may lower productivity through increased levels of
disturbance. Aircraft disturbance is a primary concern; our
limited experience suggests that both fixed wing aircraft and
helicopters flying over colonies may céuse major .losses of eqggs and
young (Hunt et al. 1978).‘ Murres, who lay their eggs on precarious

ledges, are particularly vulnerable to disturbance. Chronic

disturbance during the nesting season could significantly lower




‘murre productivity in affected areas to the point where future
recruitment to the population was affected.
Some species, by virtue of their life history strategies,
‘are more vulnerable to spilled il and disturbance than others
(King and Sanger 1979). Fulmars and cormorants are intermediate
in their sensitivity to oil. Alcids are particularly sensitive
because of the time they spend on the water and their generally
low productivity. It is likely that the qulls, including
kittiwakes, are relatively insensitive to spilled oil because
of the comparatively little time they spend on the water and their
higher reproductive potential. The Red-legged Kittiwake is a
possible exception due to it§ restricted breeding range and low
reproductive potential.

Vulnerability of a species to 0il spills or disturbance at
the colonies is increased when a large proportion of the population
is concentrated in a small area. Several species have a large

" proportion of their Bering Sea population concentrated at the
Pribilofs: Northern Fulmar, Red-legged Kittiwake, Thick-billed
Murre and Parakeet Auklet. Other species with large populations
at the Pribilofs also have large colonies elsewhere in the Bering
Sea: Black-legged Kittiwake, Common Murre, Crested Auklet and

Least Auklet. Horned Puffins, Tufted Puffins and Glaucous-winged

" Gulls have only small populations at the Pribilofs. Storm-petrels

and shearwaters occur in large numbers around the Pribilofs, but
do not nest on the islands. Substantial numbers of storm-petrels
are dispersed along the shelf break. Their large numbers and close

association with the water surface make them vulnerable to oil.

18




However, their dispersion over a large area makes it unlikely

that many would be affected by a single spill. Shearwaters occur
in large flocks, occasionally numbering up to a million birds.
These flocks are concentrated shoreward of the 50 m isobath

during summer and over the shelf break in the fall. The large
concentrations of shearwaters and the time they spend on the water
make them particu1ar1y vulnerable to spilled oil. Shearwaters
nest in the southern hemisphere during our winter, spending the
summer in the Bering Sea. A spill in the Bering Sea affecting
shearwaters would impact ecosystems in both the northern and |

southern hemispheres.
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INTRODUCTION

Confronted with the prospect of oil exploration and its
associated hazards, it is necessary to study and understand the
status and natural fluctuations of populations which may be
affected. Marine birds are an integral part of ecosystems in
the Bering Sea. The seabird community of the Bering Sea is rivaled
in numbers only by those in the Antarctic. »

The Pribilof Islands lie in a rich oceanic community associated
with upwéaling at the outer front (Kinder and Schumache} 1980) and
the continental slope. This region combines the abundant fisheries
of the southeastern Bering Sea shelf with the complex invertebrate
fauna of the shelf break and oceanic regions. The Pribilof Islands
are known for their large populations of marine birds and mammals.
The seabird colonies, with high species diversity and large numbers,
are among the most important in the Northern Hemisphere. In
'addition, Red-legged Kittiwakes and Northern Fulmars, which have h
resfricted breeding distributions in the Bering Sea, have large
populations at the Pribilofs.

The goal in studying the reproductive biology of each species
of seabird was to establish the timing of breeding, the number
of eggs laid, productivity, growth rates of young, and the timing
and reasons for reproductive failure. These factors are indicative
of the health of seabird populations. Knowledge of when and why
normal stresses in the breeding cycle occur facilitates predictions
of the effects of o0il spills or other perturbations on these systems.

Nesting seabirds are particularly vulnerable because they are

concentrated in colonies and are dependent on foraging areas within
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a limited distance of the colonies. Fledglings are unusually
vulnerable to oil on the sea hecause of their inexperience ih
feeding and locomotion. |

Data on the foods and foraging areas used by seabirds were
collected in order to determine in which ocean areas oil spills
would be particularly damaging to Pribilof seabird populations.
Knowledge of the food chains on which seabirds depend is necessary
to establish the role of seabirds in marine ecosystems, and to
predict the direct and indirect effects of petroleum devélopment
on the availability of food organisms, and hénce on seabird
populations. |

This report summarizes the knowledge of the numbers,
distribution, reproductivé biology and foods of seabirds nesting
on the Pribilof Islands. Many of the.previous years;data have

been reanalyzed for this report to reflect our improved analysis

schemes. Hence, this final report supercedes our previous reports.




CURRENT STATE OF KNOWLEDGE

Colony Studies

Baseline studies sponsored by OCSEAP have helped to identify
regidns of the Bering Sea that may be particularly vulnerable to
0il spills. MMulti-year colony studies (Drury 1976, Drury and
Stee]er1977, Biderman and Drury 1978, Ramsdell and Drury 1979, Hunt
1976, 1977, Hunt et al. 1978) have provided information on average
productivity and natural fluctuations in population numbers.

The Berjﬁg Sea synthesis projects (Hunt et al. 1980a, b, c)
indicate which oceanic regions and prey species are of primary
importance for seabirds, as well as the relative importance of
different colonies in sustaining Bering Sea seabird populations.

Before 1973; information on seabirds breeding in the Bering
Sea was derived from short visits to colonies, and consisted of
narratives, brief species accounts, and population estimates. Only
the northern auklets had received extensive study (Bedard 1967,
1969a and b; Sealy 1968; Sealy and Bedard 1973). Information on
cliff-nesting species was more limited; Dick and Dick (1971)
provided considerable comparative information on seabirds nesting
at Cape Peirce, and Fay and Cade (1959) reported on the colonies of
St. Lawrence Island.

Although the colonies at the Pribilofs are among the largest
in Alaska, surprisingly Tittle was known about them prior to this
study. Preble and McAtee (1923) provided a summary of knowledge
of the Pribilof avifauna, including fragmentary information on
numbers, timing of breeding and food habits, and the only data on

spring arrival and fall departure dates. In more recent studies,
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Kenyon and Phillips (1965), Sladen (1966)vand Thompson and DelLong
(1969) provided updates on the records of unusua] species visiting
the islands. The work of Kenyon and Phillips (1965) gave comparative
information on the breeding biology and numhers of the two species

of kittiwakes. DelLong and Thompson (1969) have scattered data on

the numbers and phenology of some species nesting at the Pribilofs.
In comparing estimates of current seabird populations at the Pribilofs
(Hickey and Craighead 1977) to earlier accounts (Kenyon and Phillips
1965, Gabrielson and Lincoln 1959, p. 501), it appears that the
numbers of some species have changed; In particd]ar, Crested and
Least Auklets and Common Murres may have declined, while Black-legged
Kittiwakes may have increased in numbers.

Pelagic Studies

The pelagic distribution of seabirds is relevant to OCS oil
production because their at-sea distribution will affect their
potential vulnerability to oil spills. The relationship between
the distribution of marine birds in the North Pacific/Bering Seé
and the oceanographic features of these waters has been studied
in recent years. Kuroda (1960) attempted to correlate numbers
of seabirds with food availability and sea surface temperature,
and Shuntov (1972) stressed the importance of upwelling near the
shelf break, as well as the higher productivity and larger bird
concentrations of the shelf waters. .Swartz (1966) discussed bird
distribution in the Chukchi Sea and Bering Strait regions.

Prior to OCSEAP cruises, knowledge of the pelagic distribution
of seabirds over the eastern Bering Sea shelf was limited. Irving

et al. (1970), Bartonek and Gibson (1972) and Wahl (]978) reported
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on birds seen in the course of single cruises, made for other
purposes, which spent only brief periods in shelf waters. Wahl
found a marked change in the density of birds and their species
composition as he crossed from the deep oceanic waters to over
the shelf break. In particular, storm-petrels were less common
over the shelf, while murres and shearwaters increased in density.
Wahl estimated a density fo 3.9 birds/km2 for the oceanic waters
compared to 14.9/km2 for shelf waters. These values were similar
to those .obtained by Shuntov (1972) of 2.7/km2 and 18/km2,
respectively. Sanger (1972) provided estimates of pelagic bird
densify over the Bering Sea shelf and oceanic basin based on
extrapolations from other ocean regions. Most recently Iverson
et al. (1979) have shown that seabird densities over the south-
eastern Bering Sea shelf are related to frontal systems. In a
series of cruises, bird densities were highest from the Outer Front
(Figure 85), at the 200 m isobath, shoreward to the Middle Front,
at the 100 m isobath.
0il Effects

A vast literature exists on the effects of oil pollution
on seabirds. Vermeer and Vermeer (1974) provide an annotated
bibliography. More recently Holmes and Cornshaw (1977) have
reviewed the biological effects of petroleum on birds with
particular emphasis on physiological effects. OCSEAP sponsored
studies have investigated the effects of 0il on seabird reproduction
(Patten and Patten 1977, 1978).

There are conflicting reports as to the behavior of seabirds

when encountering oil slicks; Curry-Lindahl (1960) reported that




O0ldsquaw were attracted to slicks. In contrast, Herring Gulls,
Black-legged Kittiwakes and Common Murres are reported to leave
slicks once they encounter one (Bourne 1968a). Differences in
the reaction of birds to oil slicks affects the vulnerability
of a species and the potential for population loss when oil
is spilled.

Other studies have concentrated on the effects of 0il spills
on popu1at}ons. Milon and Bougerol (1967, in Vermeer and Vermeer
1974) document changes in populations of seabirds on the Ile

Rouzic in France subsequent to the Torrey Canyon disaster. Within

a month the populations of Atlantic Puffins and Razorbills were

reduced by 88% while the population of Common Murres was reduced
by 75%. Populations of fulmars and gqulls were affected to only

a minor degree. Studies by 0'Connor (1967), Phillips (1967)

and Monnat (1967) report on the effect of the Torrey Canyon

spill on alcids and gannets at other locations. The lack of

a baseline hindered the study of effects of the Torrey Canyon

spill on seabird numbers and reproductive success.

These studies, although fragmentary, show that alcids and
sea ducks are particularly vulnerable to oil. King and Sanger
(1979) developed an oil vulnerability index for marine birds
for the North Pacific and Bering Sea regions. The sensitivity
of alcids to oil pollution is a critical problem in relation to
Alaskan oil recovery, as the large colonies are predominately
populated by alcids. In fall and spring, sea ducks may occur in
vast numbers, also creating the potential for the devastation of

populations. Wiens et al. (1979) have modeled the effects of oil
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spills under various conditions on the Pribilof seabird colonies,
and made predictions abbut the time for popufatibn recovery.

Sublethal doses of oil may affect reproduction; Patten and
Patten (1978) found that injested oil caused aberrent incubation
behavior in Herring Gulls, which included a failure to replace
lost eggs. Grau et al. (1977) reported that injested o0il caused
inhibition of egg-laying or altered yolk structure, while oil
transfered from the plumage of adults onto eggs greatly reduced
their viability (Macko and King 1980).

Sublethal doses of oil may also lower the viability of adults
by ruining the insulation provided by the feathers (Hartung 1967,
McEwan and Koelink 1973). Since oiled birds usually stop eating

(Hartung 1967), starvation, accelerated by depletion of fat reserves

for thermoregulation, rapidly follows oiling.




METHODS

STUDY AREAS

In our studies of the reproductive biology of Pribilof
seabirds, we have focused on the two large islands, St. Paul and
St. George, which support the largest seabird colonies. The two
smaller islands which make up the Pribilof group, Walrus and Otter
Islands, have only been briefly surveyed.

The productivity of Pribilof seabirds was investigated by
following the progress of nesting from before egg-laying to fledging
for a minimum of 100 nests for each species we studied. This goal
was largely attainable for Black-legged Kittiwakes, Red-legged
Kittiwakes and Thick-billed Murres, and to a lesser exfent for
Red-faced Cormorants and Common Murres. For these species, we had
a number of study sites around the islands, each containing 15
to 20 nest sites (Figures 2-3). We were limited in our choice of
sites by a requirement for good visibility from a safe vantage
point on the cliff top within about 50 m of the nest. In addition,
we required sites which could be reached within‘aifew hours. This
was a greater consideration on St. George Island where the road
system is less extensive than on St. Paul Island. Despite these
constraints on our choice of study sites, we believe our sites
were sufficiently diverse so that no systematic bias was.introduced.

For our investigation of chick growth and chick foods, we
required concentrations of nests within feaCh of our ladders, that
is, within 20 feet of the cliff base. On St. Paul Island, we located
ladder-accessible sites for Black-legged Kiftiwakes, Red-1legged

Kittiwakes and Red-faced Cormorants at Tsammana, for Thick-billed
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Murres and Horned Puffins at Ridge Wall and for Common Murres at
Zapadni cliffs. On St. George Island, ladder sites were located

at Tolstoi for Red-faced Cormorants, Black-legged Kittiwakes,
Red-leqged Kittiwakes and Thick-billed Murres, and at Staraya Artil
for Red-legged Kittiwakes, Black-legged Kittiwakes, Thick-billed
Murres and Common Murres.

We were not able to locate more than a féw nests for many
of the crevice-nesting species, including Least, Parakeet and
Crested Auklets, Horned and Tufted Puffins. However, we were
able to mist-net large numbers of Least Auklets at East Landing
beach on St. Paul and Village Beach at St. George and made
inferences about Least Auklet nesting phenology based on the
presence of brood patches, gonadal state and the presence of food
in the gular pouch.

To suppTement our studies of the reproductive biology of
Pribilof seabirds; we collected food samples. On St. Paul Island,
birds were shot at Southwest Point and at the base of Zapadni
cliffs, near Antone Lake, as they returned from foraging at sea.

On St. George Island, birds were collected at Staraya Beach and at
Zapadni Bay Beach.

In order to determine the‘important foraging areas for Pribilof
seabirds, we surveyed the waters around the Pribilofs from ships
and from aircraft. The cruise tracks were designed to determine
the 1ocdtion of major concentrations of seabirds near the Pribilofs
and to search for flight lines suggesting the existence of important

foraging areas at greater distances from the islands. In addition,

we surveyed the St. George Basin in order to assess the seabird use




of this potential lease-sale area. For the most complete coverage
Bf our study area, we have included transects near the Pribilofs
from other investigators' work in our analysis. These other
‘transects were obtained through the NOAA data base and came chiefly

from U.S. Fish and Wildlife Service pelagic surveys as well as

:fhose of Juan Guzman.




PELAGIC “STUDIES

The pelagic distribution of seabirds around the Pribilof
"Islands was studied on 15 shipboard cruises (Table 1). Additionally,
data for the area around the Pribilofs gathered by other Research
Units -and available on the NOAA data base were used to supplement
our data. Figures 4-13 illustrate the sampling distribution and
the number of transects in each 10° by 10° block of latitude and
longitude. A shipboard helicopter, available in 1977 and 1978,
allowed us to further supplement our observations with aerial
surveys, which are not subject to inflation of density estimates

due to ship-following birds.

Table 1. Cruises made during RU 83 to study the pelagic distribution

:of seabirds.

Year Dates Cruise No. Vessel
1975 20-23 Aug UCI501 Discoverer
1976 2-4 June UC1601 Moana Wave
1976 7-12 July uUC1602 Moana Wave
1977 7-11 July UCI701 Surveyor
1977 7-11 July UcI704 helicopter
1977 1-5 Aug ucI702 Surveyor
1977 1-4 Aug ‘ UcI703 helicopter
1978 5 9-28 April Uc1478 T.G. Thompson
1978 %25 april-

2 May ucI8ol Surveyor
1978 30 April-

1 May uc1808 helicopter
1978 26 May-

12 June uc1802 T.G. Thompson
1978 18-28 June uc18o4 T.G. Thompson
1978 3-10 July UCI805 T.G. Thompson
1978 10-15 Aug ucl1803 Surveyor
1978 22-27 Sept uC1806 Discoverer

32




€€

b1

»?

£

34

+73

174

79

2

Vi

2

172

.t2
. ) .€3 e
) 168 _;::———f'. \ 5
: \ \

‘\
__._-————‘\"’"
1
13 \ X
s s vt -
R T IR KN
1ge H 24

17e s

SIGHTINGS EFFCRT PLCT
ALL SURVEYS - FEBRUARY’

FIGURE 4



vt

FIGURE 5

51GHTINGS EFFORT
oL SUAVETS - A




Ge

e

S

ufs

1]

X2 3

vi2 i

168

vie

SIS KA FITES

s r"""" )

PRSI

SIGHTINGS EFIORT PLOT
MmyoLuUBVETS - AFRIL

FIGURE 6




54

T

SIGHTINGS LTFOAT PLOT
Ll SURVEYS - MAY

FIGURE 7




LE

HY :
. 164 —
s e 1s . ) ren ity isr e ‘vL—_ S
ire il V10 IR
! [ R
i
' ! |
l ! '
|
! | ,
! i * ' !
;_\L [ ] L
! P '
" | , 2 IR ]
$ t 4
o
‘ ' ' a2 T3t
! ! l ' 2, 3
.’ ’ " E 2R B 3 L ’ 2
| .
! | ; S
' i ’ E]
i l
i l . EN w4
l " H A 2 ]
L '
S '“___L ] 2 '
i ; 3 1
| 2
i |
' H
] f
|$ |
T
I
|
175 i 173 172 v 170 ea

SIGKTINGS EFFoaT p
ALL SURVETYS - gunp

FIGURE 8




8¢

%9

e

$7

6

L3

54

Vs

17¢

170 169

SIGHIINGS EFFORT PLOT
il SURVFYS - JULY

FIGURE 9




6¢

"

59

57

5

375

- 98

o4

1Y

174

179

182
163

. 184 9
87 166 18
112 N 17 189 168 5
> ’ s '
] ’ . s Vi R .
]
. s 3 : :
N s B f [ se
s s 2t : LI i : ’
3 LR 3 L] N s
. 33 PR s
arta 1 ? EER s

g3 2 R ses? s

')
saqe s 3 [ 1 s} 57
C? 2
‘.’III'.lll.l‘ l‘l'.l'lll.‘ll
3 'EERE Tae s '
3 T 1337 l"'!!li
as ¢ g2 82383 13w il [ '
caeed s frer?? 7 ¢ ’ \ Ve '
g s
. ]
PEELE NPT TR e U . .,.nl\“" 56
llll lllﬂ
1 s 33 . ‘,(:’lnu;:l_l"_u_‘ s p N ‘,\ :
248 °? 2388 . \ . ]
4
) ') s v1°¢ 22 \ R :
2 ] 1 2% V2 1 . 10\ 7,
s ’ i
1 b TR 3 R .
H . 5
s 38 3 s 2 2 Lt P S 55
YRR L 12 R R ‘O
13
T e Iy s ¥
: ' ps st R
3
s 2 32 L O
4
. R 4 .
3 ?
. 3 8 . . 3 s
3 ] . 3 4
1 2 54 163 162
2 '
164
165 d
12 n 170 169 168 157 166

. S1GHTINGS EFFOAT P
PLOT
ALL SURVEYS - AUGUST

FIGURE 10




0%

»a

uE

57

i1e n

It 18 (R X N
S
i ‘
'
i
!
;
) R
1} Ve s
i |
I ’. >
: N X3
i s
; R EEERNK
]
! e
H —
|
3
i
In
- 169
) 110
175 174 193 172 '”

SIGHTINGS EFFORT PLOT
ALl TURVEYS - SCPI1CMBER

FIGURE 11




f o
" /, o /\\\\\\\\...H_.q\\\\\.\
e 2
i
S \ o
, ﬁ\\ :
LT T
I
]

-
a
}

41

173

55

PR

SIGHTINGS EFFORT PLOT
ALL SURVEYS - OCTOBER

FIGURE 12




th

e

5%

EL

17 124
]

et

iy 114

173 112

vh

1te

12
16

A

ur

Vot i
\
3 11 ? \
v l k] C“é;(};\! 54

gAY
2 Y W2
(=7 = 1c4
W
166

S1GHYINGD rrrori prol

msuURvImL NUvVEMBER

FIGURE 13




Sampling Technique

Seabird observations were taken almost continuously during
daylight hours when the ship was near the Pribilof Islands. Our
observations were made from the flying bridge (eyelevel 10 m above
water for the Moana Wave and 13 m for the Discoverer and the
Surveyor). Birds were counted within 100 m zones, out to 300 m
from the ship. Counts were made on one side of the vessel only,
from dead ahead to 90° to one side. At the time of observation,
data were transcribed onto data forms. We recorded species, number,
behavior, such as feeding, sitting on the water, flying and flight
direction. At the start and end of each transect, time, ship's
position, oceanographic and meterological data were recorded. To
avoid inflating our estimates of seabird density, we aftempted to
count ship-followers only once; for the same reason, ship personnel
were asked not to dump garbage over the side during transects.

Aerial transects were taken somewhat differently; birds were
counted within a 50 m wide zone along the path of the helicopter.
"~ The helicopter maintained constant altitude, 40 m, and constant
speed, 120 kph. Position readings were taken at the beginning and
end of each transect; the helicopter's computer system provided
constant position readings accurate to 1/10 nautical mile. Data
were recorded at the time of observation onto a cassette tape and
later transcribed onto data forms.

Data Reduction and Analysis

We entered our data onto floppy diskettes using a Texas
Instrument 771 Inte]]igent Terminal and a Forms Program developed

by the Data Projects Group, Pastore Laboratory, University of
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Rhode Island (URI), which coded our data and made them compatible
with NODC format. We sent our diskettes to URI where the data
were range checked and any discrepancies were sent back to us for
correction. The data were then added to a tape containing all
previous RU 83 cruises for the year. Copies of the tape were
forwarded to NOAA and to us.

At our request, the Data Projects Group developed a graphics
program which p]otted out mean seabird density, as a graduated
symbol, within each 10° by 10° block, superimposed on a map of the
Bering Sea. They were able to produce these maps for any species
or species grouping, and for any time period. They were also able
to produce similiar maps showing survey effort (Figures 4-13).

For our analysis of seabird distribution, we obtained a variety
of seabird density maps from the Data Projects Grpup.v Another URI
product we used was a histogram plot of_seabird density at 5 km
intervals going out from the the two large Pribilof Islands, within
a 45° region centered on each of the cardinal directions (Figure 14).
Numbers of observations in each 5 km interval are indicated.

After inspecting the various URI products showihg seabird
distribution around the Pribf]ofs, we became interested in the
apparent asynmetry of seabird distributfon east and west of the
islands. We designed a series of zones dividing the waters near
the Pribilofs into shelf (east) and shelf break (west) regions.

We further divided these zones into regions close to and distant
from the islands (Figure 15).‘ Our statistical consultant, Jerry
Kaiwi, developed a program to extract observations from our data

base and classify them by zone. This program computed means and
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Zonal Analysis of the pelagic distribution of seabirds
near the Pribilof Islands. Number of observations

per zone

8
Zone 6 \ 100m
33] 17 Zone3]28 :
Zone 8 (s =
482 one;i//
200 m
FIGURE 15
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standard deviations bf the densities of different species in each
zone. A oneway ANOVA of seabird density across zones by each
species determined if there were any statistically Qignificant
differences in seabird densities among the zones (Nie et al. 1975).
Densities for each zone were compared using a modified LSD procedure
(Nie et al. 1975), with @ at 0.05 for the entire set of comparisons.
When of 1nte(gst, seabird densities in two zones were compared

using a t test. Zones were set at 20 km, 40 km and 60 km from the

periphery of the isltands, and the number of observations made in

each zone are indicated (Figure 15).




FOODS STUDIES

Sampling Technique

Our foods samples originated from two different sources:
1) shot adult or immature seabirds; 2) regurgitations of live
birds handled for other reasons, i.e., for obtaining growth rates.
We collected birds on an irregular basis throughout the summe}.
Early in the nesting season, most samples came from shot birdé.
Ethanol (70-80%) was injected down the throat of each bird and
into the-stomach to arrest digestion. Carcasses were occasionally
frozen for later processing. The carcasses were weighed to the
nearest 2% using a Pesola spring balance (300 g to 5 kg capacity).
The carcasses were opened and all food from the proventriculus,
gular pouch, and stomach was removed and p]éced in a whirl-pak
bag in 70% ethanol. Food samples were labeled with the species,
collection date, island and sample number. Bill-loads and gular
pouch contents were kept separate from stomach samples, but were
cross-indexed when samples originated from the same bird.
Supplemental data frequently, but not consistently, taken on the
carcasses included sex, brood patch state, molt, culmen length,
flattened wing length, tarsus length, fat condition and gonad
size. Most carcasses were made into study skins or skeletons
and donated to San Diego Museum of Natural History or the Los
Angeles County Museum of Natural History.

As the nesting season progressed, we were able to obtain food

samples from the chicks of many species which regurgitated when

handied, as happened when we weighed chicks to get growth rates.




Hence, we generally stopped shooting the following species when
chick regqurgitations were available: Red-faced Cormorant, Black-
legged Kittiwake, and Red-legged Kittiwake. Alcid chicks did not
regurgitate when handled, so we continued to shoot adult murres,
puffins and auklets.

e obtained the following number of food samples: Northern
Fulmar, 10; Red-faced Cormorant, 169; Black-legged Kittiwake,
605; Red-leqged Kittiwake, 376; Common Murre, 117; Thick-billed
Murre, 233; Parakeet Auklet, 55; Crested Auklet, 20; Least Auklet,
258; Horned Puffin, 39; Tufted Puffin, 23. The samples from Least
Auklets were predominately requrgitations from adults caught in
mist-nets and released.

Sample Analysis

In the laboratory, samples were sorted, identified to the

Towest taxon possible, counted and displacement volumes were
measured after draining, or estimated visually. Prey sjze was
measured in eight organisms of each taxa, picked at random from
each sample, unless there were less than eight whole prey, in
which case all were measured. Copepods, cumacea, amphipods,
euphausiids and shrimp were measured from the anterior tip to

the back edge of the telson. In crabs, the width of the carapace
was measured, and fish were measured from snout to the tip of

the caudal fin. Otoliths were measured, and identified; for some
species total fish length could be estimated from otolith length

(Frost and Lowry in press). In estimating the number of prey taken,

we countqd the number of identifiable parts (eyes, beaks, heads,

tails) and divided by the number of parts in an intact organism.
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Voucher specimens for each species identified have been submitted
to the California Academy of Sciences, San Franciso, California.

Data Reduction and Analyses

As with our pelagic data, foods data were entered on a floppy
diskette using a Texas Instruments 771 Intelligent Terminal and
a forms program developed by the Data Projects Group, University
of Rhode Island, which coded our data and made them compatible
with NODC format. We sent our diskettes to URI, where the data
were range checked and any discrepancies were sent back to us for
clarification. The data were transcfibed onto tapes and £iled
with NOAA. We received computer generated tables of the diet of
each species. Three different measures of importance of a food
in the diet were calculated: percent occurrence is the percentage
of samples in which a prey item occurs; percent volume is calculated
by the dividing the sum of the volumes of a particU]ar prey from all
samples by the total volume for all samples combined, and converted
to a percentage; percent numbef is the number of a given prey
item divided by the total number of prey items and converted to a
percentage. Percent occurrence may total more than 100 percent
because of the occurrence of more than one prey type in a sample.
These three measures provide complementary information about
seabird diets and allow comparison of our results with those of
other investigators. Percent occurrence tends to overestimate
prey with persistent hard parts. Percent volume overestimates
the importance of large prey in the diet, as well as overestimating
prey which are digested slowly. Percent number ovgrestimates the

Al

importance of small organisms in the diet. For much of our analysis
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we have used percent volume, which we feel gives the most accurate
picture of the relative importance of prey species in the diet.

We analyzed differences in the diet of seabirds throughout
different phases of the nesting cycle, between the sexes, between
adult (stomach) and chick (requrgitations) diets, and between birds
nesting on St. Paul versus St. George Island. To determine whether
differences in diet occurred, we ranked the major prey types (5%
of the diet by volume or greater) and performed a median test (Chou
1969, p. 467). The median test, which is based on a x* statistic,
has a number of degrees of freedom equal to the number of prey types
minus one and is a conservative test. For many of our analyses, we
had only 5 prey categories rendering the test relatively unpowerful.
The solution to this problem is to retrieve the foods data by
individual samples, rather than usihg a compilation, and to apply
analysis of variance to determine whether there are differences

in diet. We intend to reanalyze the data using this technique,

but to date, time has not permitted this analysis.




REPRODUCTIVE BIOLOGY STUDIES

Sampling Techniques

“In our studies of reproductive biology we used two basic types
of study sites, visual sites and disturbed sites. Disturbance was
due to either purposeful scaring of birds off their eggs, as in
our early studies of murres and cormorants, or because we were
climbing up to nests in order to weigh chicks. Although disturbed
sites allowed the exact determination of thebhumbers of eggs and
young and hatching dates, we were concerned about the exposure of
eqggs and chicks at sites where adults were scared off their nests.
For murres, disturbance significantly lowered productivity and
so disturbed sites were not used in determining productivity when
data from non-disturhed areas were available.

We followed the fate of individual nest-sites from the first
sign of nesting activity in late spring or early summer, until
the nesting attempt had clearly failed, or chicks fledged. After
1975, we used 8 x 10 inch black and white‘photographs of the study
sites as maps. On each, we marked the perimeter of the study area
and identified the nest-sites we were studying. At ladder accessible
sites, we also marked nest numbers on the cliff with paint.

At each site visit, we recorded time, weather conditions, the
number of birds in the study area and information on individual
nests. The time spent at each site varied considerably among
observers and there was a trend for visits to become longer in
succeeding years. For kittiwakes and cormorants, the optimum time

spent at each site was around a half hour. However, this was not

the case with murres and fulmars; a observer could spend up to 2.5




hours at a site and still not see uynder more than a few birds.
We visited sites at 3 to 4 day intervals with some exceptions.

We used 30 foot extension ladders to reach nests at our
ladder accessible study sites. We weighed chicks to the nearest
2% using bags and Pesola spring scales of 300 g to 5 kg capacity.
The weight of the bag and any requrgitated food was subtracted from
the gross weight of the chick. In nests with more than one chick,
or on murre ledges, we banded chicks with a numbered plastic leg
band. In 1978, chicks were weighed only until they showed the
characteristic drop in weight that precedes fledging. In previous
years, chicks were weighed until they flew off. We stopped this
method, since we were concerned about causing premature fledging.
In cormorants, chicks were weighed only until they reached 1000
grams, also to prevent premature fledging. Chicks were weighed
approximately every 3 to 4 days, with the exception of Horned
Puffins which were weighed at weekly intervals and some Black-legged
Kittiwake chicks on St. George Island in 1978 which were weighed
until they reached 100 grams and not again until their plumage
indicated they were near their peak weight. This was done as a
check to see whether our handling of chicks reduced their growth
rates. We found no significant difference in weights between
chicks given frequent weighings and those not handled so frequently
(t test, tyq =2.04, P > .05).

We also investigated patterns of adult nest attendance
while attempting to estimate foraging time. Sites for attendance

watches were chosen so that a reasonable number of nests at which

adults could be marked were visible. Attendance watches were made




for Black-Tegged Kittiwakes, Red-legged Kittiwakes, Thick-billed
Murres and incidentally for Horned Puffins. Adults were marked
with picric acid (yellow) or rhodamine-B dye (red) sprayed from

a spray qun. Observers recorded times of arrival and departure
of marked adults in addition to trade-off times and feeding of
younqg. Attendance watches lasted from 31 to 46 hours. In 1978,
we used\a time-lapse camera (provided by G. Lapienne of NOAA)

at two Black-legged Kittiwake nests; frames were taken every 20
seconds. - We also studied the attendance patterns and the roles
of male and female Thick-billed Murres in raising young. Several
pairs of Thick-billed Murres at Ridge Bottom and at Zapadni cliffs
on St. Paul Island were sexed by laporotomy, and foraging trip
length and parental attendance data for each sex were gathered.

Data Reduction and Analysis

Phenology

Since we visited our sites only every 3 to 4 days, our phenoloqy
estimates contain an uncertainty of similiar length. For these
estimates, we used eggs or young which showed a transition (laying,
hatching) between one visit and the next. Nests where the contents
could not be seen at a critical visit were not used for the phenology
studies unless a known date of laying or hatching allowed us to
calculate, or bhack-calculate, the predicted date of hatching or
laying. For species which lay multiple egg clutches, we determined
laying and hatching dates only for the first egg or chick.

In presenting our findings, we used two different graphical
presentations. The figures, "Percent of active nests with eggs

or young," reflects the nesting status of the population, and will
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be particularly useful for comparisons with spot checks of the
birds in the future. The "Initiation of laying, hatching and
fledging" fiqures show the peaks of initiation of laying, hatching
and fledging in the population. In these figures, the histograms
labeled "calculated" refer to the estimated date of laying based
on a known hatching date or vice versa. Our phenology tables,
"Mean dates of laying, hatching and fledging" assign dates and
standard deviations to the peaks illustrated in the "Initiation"
fiqure.

Incubation periods were calculated for egqs when both the
laying and hatching dates were known. Similiarly, fledging age
and the length of time spent in the nest were calculated for chicks
when both hatching date and fledging date were obtained.

Productivity

Our measures of productivity include data from all study sites.
We looked for differences in productivity between study sites using
a one-way analysis of variance, but found no significant differences.
Hence, we combined data from all sites for our analysis and
presentation; we give productivity estimates for each island as
a whole. We used two different subsets of our data in calculating
our productivity parameters. In calculating mean clutch size,
hatching success (chicks hatched/egg laid) and fledging success
(chicks fledged/chick hatched), we used nests for which we knew
the number of eggs, chicks or fledglings. We did not include nests
without eggs in our estimation of mean clutch size. Ranges in our
estimates of hatching and fledging success reflect our uncertainty

about the fate of eggs which disappeared within 5 days of their
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estimated hatching date, and for young which disappeared close to
their predicted fledging time. Although the ranges are inconvienent,
we feel they present a more accurate picture of reproductive success
than a single number. In estimating overall productivity we used

the total number of chicks fledged in a study area divided by the
total number of nesting attempts in that area. We deffned a nest
attempt as a pair holding a territory on the cliff, or any trace

of nesting material from the current nesting seaéoh;

" For some species, assessing productivity as we have defined it
proved to be difficult, and for this reason, slightly different
measures were used. For murres, the number of eggs within a study
area was often unknown, due to the difficulty of seeing under
sitting murres. To avoid biasing our estimates of hatching and
fledging success, we excluded nest sites where a chick was seen,
but not the egg from which it hatched. Since many non-breeding
murres occupy the nesting ledges and murres do not build nests,
we were unable to accurately estimate the number of nesting attempts
in a study area. We estimated the number of breeding pairs by the
mean number of adults on the study area and divided the total number
of chicks fledged by this estimate to obtain a productivity estimate.
This estimate is conservative for two reasons. It is possible for
murre chicks to go to sea before we have seen them, since they
stay on the cliffs for a minimum of 4 to 5 site visits, hence we
probably underestimate the number of chicks fledged. In addition,
there are probably fewer nesting pairs than the average number of
adults in the study area; this again causes us to underestimate

productivity. The same problem arose with fulmars, for which we

applied the same solution as with murres.
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Frequently, judgement was required to determine whether a chick
had actually fledged. We used the following minimum criteria for
fledging: fulmar, down present on the crown with only minor patches
elsewhere, and/or the tips of the folded wings extend nearly to the
tip of the tail; Red-faced Cormorant, flight and contour plumage
- complete with traces of down on the neck only; Black-legged Kittiwake,
no down present except on the nape and possibly on the belly, and/or
the chick is known to be older than 35 days; Red-legged Kittiwake,
same as for Black-legged Kittiwakes except chick is known to be
older than 30 days; murres, chicks are feathered and show white in
the cheek and throat regions, and/or chick is known to be older than
15 days. Occasionally, kittiwake chicks had not fledged by our
last check; we assumed they fledged if they had tail feathers, as
we found that the mortality of chicks which had attained this stage
was quite low.

Growth rates were computed for Red-faced Cormorants, Black-
legged Kittiwakes, Red-legged Kittiwakes, Common Murres, Thick-
billed Murres, Parakeet Auklets and Horned Puffins. Kittiwake,
cormorant’and puffin chicks showed a linear growth rates from shortly
after hatching until reaching a peak weight just prior to fledging,
after which weight decreased. We determined grbwth rates by
subtracting the peak weight from the initial weight and dividing
by the number of days between these two observations. For
cormorants, and occasionally for kittiwakes, the last weight was

used when the chicks had not attained their peak weights. Murre

chicks at the Pribilofs show a two stage growth curve (Figure 16);

for our analysis we used the growth rates from hatching to the




Observed growth curves for murre chicks
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FIGURE 16
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first peak in the growth curve. Since we weighed chicks at 3 to
4 day intervals, we sometimes missed their peak weights, in which
case, we approximated peak weight by using the weight marked x in
Figure 16. Fledging weight was approximated by the last weight
of a chick bhefore fiedging. Additionally, jumping weights were
measured in serveral murre chicks caught on the water immediately
after jumping from the cliffs.

Productivity and growth rates for species’were compared among
years and between the two islands using a two-way ANOVA and a
mutliple classification analysis to obtain the amount of variation
explained by the analysis and the main effects, island and year
(Nie et al. 1975). VYears were compared using an LSD procedure (Nie
et al. 1975). When significant interaction was present, years were
analyzed for each island. In comparing 3 years at a given island,
the two years with similiar productivty or growth rates were compared
using a t test. If no significant differences were found, then the

two similiar years were combined and tested against the third using

at test.




PROCELLARIDAE

Species in the family Procellaridae are surface-feeders
or pursuit-plungers, using only the upper portion of the water
column for foraging (Ashmole 1971, Ainley and Sanger 1979).
The Procellariids range farther from their colonies to obtain
food than the diving seabirds. Long flight ranges and slow chick
growth rates have evolved in this family ‘as adaptations to patchily
distributed food (Boersma and Wheelwright 1979). The Center of
distribu%ion is in the southern hemisphere; the Northern Fulmar
is the only representative of the family breeding in the Bering

Sea. Short-tailed (Puffinus tenuirostris) and Sooty Shearwaters

(P. griseus), which breed on islands off Australia, New Zealand,
and South America, spend the austral winter over the Bering

Sea. The biomass of the shearwaters in the Bering Sea during
the northern summer warrants their consideration as the most

important seabird species in the area (Sanger and Baird 1977).

Northern Fulmar (Fulmarus glacialis)

Numbers

Northern Fulmars occur throughout the northern regions
of the North Atlantic and Pacific Oceans. Inbthe Bering Sea,
they nest at St. Matthew and the Pribilof Islands. The colonies
on the Pribilofs contain an estimated 70,700 fulmars (Mickey
and Craighead 1977), amounting to about 5% of the population
in the eastern Bering Sea (Appendix 1).

Pelagic Distribution

The pelagic distribution of Northern Fulmars around the

Pribilof Islands is given in Fiqures17-19. We have presented
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aerial and shipboard surveys separately since shipboard surveys

tend to overestimate fulmar density due to the propensity of

fulmars to join ships (Hunt et al. 1980c). Aerial surveys show

that fulmars normally occur at low densities; high densities
recorded on aerial surveys were always generated by large flocks
associated with fishing vessels., Although ship surveys produce
inflated density estimates, the patterns of pelagié distribution are
simitar for both ship and aerial surveys. These pattérns are most
readily seen in the shipboard surveys, due to the larger data base.

Information on the seasonal distribution of fulmars,
particularly in early spring, has been gathered on PROBES cruises
and will be presented in detail in future PROBES reports. Fulmars
enter the Bering Sea in March and April with light phase birds
predominanting at first. Numbers increase throughout the summer
with peak densities in July and August, when dark phase birds
are most common. Numbers decrease rapidly in fall.

Fulmar concentrations are greatest near the shelf break;
relatively few are seen over shelf waters less than 100 m in
depth, except in the immediate vicinity of the Pribilofs. North
of the Pribilofs, over the shelf, fulmars were sighted less
frequently and many transects recorded no fulmars at all. The
concentration of fulmars along the shelf break may reflect the
distribution of prey populations on which fulmars depend, or the
distribution of the fishing fleets. Since fulmars take larqge
amounts of offal from vessels, they may restrict their searching

for food to those areas where they have a high probability of

encountering fishing vessels.




Fulmar distribution in relation to their colonies on the
Pribilofs are shown in Figure 20. These histograms reinforce the
conclusion that fulmars are concentrated near the shelf break and
are relatively scarce over shallow, shelf waters. Interestingly,
there is no indication of an increase in density approaching the
~colonies at St. George and St. Paul. The implication is that
foraging fulmars quickly leave the vicinity of the colonies and
spend the major portion of their time near the shelf break. We
analyzed the pe]égic distribution of fulmars by zones around
the islands (Figure 21), and found that densities were low near
St. Paul Island while they were high near St. George Island,
particularly on the southern side of the island nearest to the
shelf break. Densities away from the islands were low over the
shelf and high over the shelf break. The differences in mean
density were statistically significant (Modified LSD Procedure,

P < .,05).

Light and dark phase fulmars appear to have diffefent patterns
of distribution (Figure 22). Light phase birds predominated near
the Pribilofs, particularly near St. George, while dark phase birds
predominated at the shelf break. However, light phase fulmars
are more common relative to dark phase fulmars north of the Pribilofs
than they are in the vicinity of the shelf break. These results
suggest an increase in the proportion of dark birds in the study
area since the surveys made by Shuntov (1972) in the 1960's. The
dark phase fulmars are coming from colonies in or southeast of

the Aleutian Islands, or represent non-breeding birds, since the

fulmar colonies on the Pribilofs are over 99% light phase (Hickey

and Craighead 1977).
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Distribution of Northern Fulmars by zones
near the Pribilof Islands 1975-1979 (Xts)*

- ' Zone 7

317
Zone |
/A ~

Zone 5
A 2+4 100
m

Zone 6 z N

. one
12+£45 ] 947, A
Zone 8 4-81 \ =
. 2257 Zone &

200 m

ANOVA across all zones, Fy, 5,3,=16.731, P= 0.00001

Homogeneous subsets by modified LSD Procedure, a=0.05
Subset 1 Zones 1,5,2,7,3
Subset 2 Zones 2,7,3,6
Subset3 Zones 3,6,4
Subset4 Zones 4,8

*rounded to whole numbers

FIGURE 21
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Diet

Northern Fulmars have the potential to foraqe far from their
colonies. In the North Atlantic, Fisher (1952) found nesting
fulmars foraging 1200 miles from the nearest colony. In the
Rering Sea, fulmars are widely distributed, but the greatest
concentrations are found along the shelf break. At the Pribilofs,
fulmars forage near the shelf break, which is 100 km from the
co]onies. \

Fulmars obtain their food at or near the sea surface. We
made little effort to collect this species because of their
dependence on offal in the North Atlantic (Fisher 1952). The
few birds we to11ected showed a variety of naturally occurring
prey (Figure 23). Further study of fulmar diet in the Bering
Sea is needed; our data represent only 10 individuals, of which
only 5 are from the Pribilofs.

Although fulmars used cephalopods more extensively than
other species studied, they also used a considerable amount of

walleye pollock (Theragra chalcogramma) (Figure 23). The pollock

may have been caught by fulmars or scavenged from fishing operations.
The pelagic distribution of fulmars coincides with an area in

which one might expect large numbers of pollock, based on fishing
effort. Ve are 1eft without a good fdea of the natural diet of
fulmars because there is no way of distinguishing food obtained in

conjunction with fishing operations and that ohtained independent

of man.
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Nesting
Hahitat

Fulmars nest on cliffs in association with other cliff-nesting
seabirds, such as murres and kittiwakes. On fox-free islands,
fulmars generally nest on the upper, vegetated slopes of cliffs,
while on islands with mammalian predators, fulmars nest on nearly
vertical portions in small caves or on bedrock ledges. At the
Pribilofs, most fulmars nest at elevations greater than 61 m.
St. George Island has a large number of high cliffs and this
may explain their abundance on St. George relative to St. Paul
Island.

Phenology

Our phenology estimates for fulmars are not as accurate as
for other species. Fulmars build no nest and rarely moved off their
nest site, hence, nesting fulmars were virtually indistinguishable
from the numerous non-breeding birds on the cliffs.

Fulmars arrive at the Pribilofs in March or April (Preb]e
and McAtee 1923), although arrival dates appear to be quite
variable. Fulmars were not present on the islands when we arrived
in May 1976 and none were seen until 26 May. However, egg-laying
was well underway in 1977 when we arrived in late May. Fulmars
lay a single egg and incubate it for an average of 48 days (Hatch
1979). Temporary'desertion of eggs, apparently due to lack
available food, was a common occurrence in fulmars nesting on
the Semidi Islands in 1976 (Hatch 1977). The fact that egg neglect

has not been observed in the Pribilof population may indicate

a better food situation. Our earliest observations of chicks




were in late July. Hatching continued into the second week of
August. Young fulmars remain at the nest site for a mean of 53
days (Mougin 1967, Hatch 1979). Fledging normally began around
18 September, although we observed instances of fledging as
early as 5 September. Once fledged, the young are independent.
Daily Activity Patterns

Hatch (1979) found large seasona] variation in colony attendance
of fulmars at the Semidi Islands in the Gulf of Alaska. At the
Pribilofs, colony attendance was reqular once incubation had
bequn (Hickey and Craighead 1977). Numbers of fulmars on the
cliffs rose rapidly in the morning and maximum numbers could be
found between 1000 and 1900 hours (Hickey and Craighead 1977).
e did not investigate patterns of nest attendance. Hatch (1979)
found incubation shifts of 3.5 to 7.5 days at the Semidis.

Productivity

Table 2 shows fulmar productivity at the Pribilofs. A minimum
value of reproductive success for population maintenance was
estimated to be about 0.16 young fledged per nest (Hatch, pers.
comm.). Ry this estimate, fulmars on the Pribilofs probably
produce more than enough younq to maintain their population.
The figures for the Pribilofs represent a minimum estimate of
reproductive output, since an unknown number of adults were
undoubtably non-breeding birds. The index "young fledged/mean
number of adults in the study area" was used to estimate "young
fledged/nest" since the actual number of nests was unknown.

Productivity of fulmars at the Pribilofs averaged 0.28

(young fledged/mean number adults in the study area) between
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1976 and 1978 (Table 2). »The larger fulmar colony on St. George
appeared to be more productive than the smaller colony on St. Paul.
Finally, although the Pribilof fulmar population is comprised
of light phase birds, most fulmars on the southeastern Bering
Sea are dark phase, the predominant color in the Aleutian Islands
and Gulf of Alaska. If, as Fisher (1952) suggests, nesting fulmars
have a foraging range of 2400 miles, then fulmars nesting in the
Aleutians and Gulf of Alaska may be coming to the St. George Basin
to forage. This would explain the occurrence of the long incubation
shifts, low growth rates and egg neglect observed by Hatch (1977)
in the Semidi fulmar population during 1976, features which

are absent in the Pribilof population.

TABLE 2

Reproductive success of Northern Fulmars at the Pribilof Islands,

1976-1978
ST GEORGE
ST PAUL ISLAND ISLAND OVERALL
1976 1977 1978 1977 1978
MINIMUM NO. EGGS 14 22 21 46 42
MINIMUM NO. CHICKS 13 20 17 38 40
MINIMUM NO. FLEDGED 10 15 15 37 38
CHICKS FLEDGED/ 0.15 0.30 0.27 0.34 0.29 0.27

MEAN NO. ADULTS
IN STUDY AREA
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Shearwaters (Puffinus sp.)
Numbers

Short-tailed (P. tenirostris) and Sooty Shearwaters (P. griseus)
both occur in the Bering Sea, with Short-tailed Shearwaters greatly
predominating. Since these species are often difficult to
distinguish in the field, many field investigators did not attempt
to separate them and data for both species are combined for this
account. Both species nest in the southern hemisphere during the
austral summer and parts of their populations spend the southern
winter in the Bering Sea. Shuntov (1972) estimated about 8.7
million shearwaters occur in the Bering Sea in summer. Sanger and
Baird (1977) estimated a total of 10 million. Regardless of the
estimate used, the Short-tailed Shearwater is the most abundant
bird species in the Bering Sea from June through September.

The most striking feature of shearwater distribution is its
patchy nature and the frequent occurrence of flocks of tremendous
size. When foraging, the birds in these flocks churn tHe sea
surface as they make shallow plunge-dives; at other times, they
rest on the surface in densely backed flocks that may extend
for many kilometers.

Shearwaters are most common over the continental shelf waters,
particularly along and inside the 50 m isobath (Figure 24). Only
moderate numbers were encounfered along the shelf break. Shearwaters
were rare over waters deeper than 2000 m.

Although shearwaters were generally not present in high
concentrations near the Pribilofs, occasionally large flocks were

encountered. Zonal analysis of shearwater distribution around
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Distribution of Shearwaters by zones N
near the Pribilof Islands, 1975-1979 (X +s)

\ 100m
3t Zone 3

cne 4

200 m

ANOVA across all zones, F7,2131 =3.078, P=0.0031

Homogeneous subsets by modified LLSD Procedure,a =005

Subset 1 Zones 3,4,1,6,7,5,8
Subset 2 Zone 2

*rounded to whole numbers

FIGURE 25

the islands (Fiqure 25) showed low densities near the islands and
no significant difference between zones, except that zone 2, vhere
large flocks were encountered once in 1975, had higher mean values.
Diet

We obtained no data on the diet of shearwaters. Information
on shearwater diet for the Bering Sea has been synthesized by Hunt

et al. (1980a).
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HYDROBATIDAE

The storm-petrels are small, pelagic seab{rds that feed on
small crustaceans or zooplankton at the sea surface. This family
nests in polar and temperate areas of the Pacific from Antarctica
north to the Aleutian Islands. Two species are known to breed
in the Gulf of Alaska: the Fork-tailed Storm-Petrel (QOceanodroma
furcata) and Leach's Storm-Petrel (0. leucorhoa). The northern
limit of the known breeding range for this family in the Pacific is
the Aleutian Islands; as yet there is no evidence that storm-petrels
nest in the Bering Sea. Like the Procellariids, the storm-petrels
have long incubation and nestling periods and have the potential
to forage long distances from their colonies. It is not known why
storm-petrels do not breed in the Bering Sea; Boersma and Wheelwright
(1979) speculate that short nights and the frequent occurrence
of storms in the southern Bering Sea may restrict their foraging

and the ability of this nocturnal species to visit their colonies.

Fork-tailed Storm-Petrel (Oceanodroma furcata)

Fork-tailed Storm-Petrels breed on the Kommandorskie and
Aleutian Islands, at the southern horder of the Bering Sea.
Hunt et al. (1980c) estimate 4 million storm-petrels forage over
the eastern Bering Sea, predominately Fork-tailed Storm-Petrels.
Leach's Storm-Petrels are relatively uncommon in the Bering Sea
and hence will not be covered in this report. The estimates of

Hunt et al. (1980c) are based on aerial and shipboard pelagic

censuses.




Pelaqgic Distribution

The pelagic distribution of Fork-tailed Storm-Petrels around
the Pribilofs in summer is given in Figure 26. Although shipboard
surveys of this species may produce elevated density estimates
relative to aerial surveys because storm-petrels are attracted
to ships, we could find no consistent differences in our data
between the two survey methods. Hence, we have combined aerial
and ship surveys in our analysis. Since Leach's Storm-Petrels
are rare in the study area, Figure 26 and the following discussion
applies almost exclusively to the Fork-tailed Storm-Petrel.

Storm-petrels do not appear in the study area from September
through May. Fork-tailed Storm-Petrels apparently invade the
Bering Sea rapidly in June and depart just as rapidly in late
August.

During the summer months, the pelagic distribution of Fork-
tailed Storm-Petrels is centered between the 100 and 2000 m
isobaths. They apparently avoid the waters of the middle shelf
domain (Figure 85; Hunt et al. 1980c). Relatively few are seen
in shallower waters. Storm-petre1s were encountered as solitary
individuals or in small flocks, usually in transit, or in large
flocks resting on the water.

Examination of histograms of storm-petrel distribution
around the Pribilofs provided little information of value. Zonal
analysis showed that storm-petrels.were rare near the islands,
particularly on the north side (Figure 27). The differences
in mean density between zones were not statistically significant

(Modified LSD, P > 0.05).
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Distribution of Storm Petrels by zones
near the Pribilof Islands 1975-1979 (X ts)

201120

200m

ANOVA across all zones, F, 2154=3.718, P=0.0005
Homogeneous subset by modified LSD Procedure,a=005
Subset 1 Zones 2,1,3,4,5,7,6,8

FIGURE 27
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Diet

Fork-tailed Storm-Petrels forage by dipping and seizing
prey while sitting on the water's surface. In the southeastern
Bering Sea, they concentrate their foraging seaward of the 100 m
isohath, and are seldom seen north of 57°N. One stomach sample
of this species was taken during this study; the sample consisted
entirely of squid. Preﬁ]e and McAtee (1923) sampled another |
petrel at the Pribilofs and found traces of fish., - Clearly we
need more data on the diet of this species in the Bering Sea.
Our observations of their ship-following tendencies suggest that
they may take offal as well. Ainley and Sanger (1979) reviewed

the literature for this species in the eastern North Pacific

and added euphausiids to the items already mentioned.




PHALACROCORACIDAE

Three species of this family of diving seabirds breed in
the Rering Sea: Pelagic, Double-crested and Red-faced Coromorants.
The Red-faced Cormorant is the most numerous and is endemic to the
Gulf of Alaska and southern regions of the Bering Sea. The Pelagic
Cormorant has the widest distribution, reaching into the Chukchi
Sea and south to the Channel Islands in California. Double-crested
Cormorants in the eastern Bering Sea are confined to Bristol Bay.
Cormorangé make up a small portion of the large, multispecies
colonies. They are numerous in coastal waters and bays and are
rarely seen more than a few kilometers from land. Unlike the
Procellariids and the Alcids, they lay several eqgs and have a

correspondingly high reproductive potential.

Pelagic Cormorant (Phalacrocorax pelagicus)

Numbers

Pelagic Cormorants occur in coastal waters throughout the
Pacific, including the Bering Sea. There are an estimated 48,000
Pelagic Cormorants in the eastern Bering Sea (Appendix 1). Pelagic
Cormorants do not nest on the Pribilof Islands, although they have
been sighted there irregularly, and there are reports of nesting

early in century (Preble and McAtee 1923).

Pelaqgic Distribution

This species was not observed during our pelagic surveys

near the Pribilof Islands.
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Diet

No samples of Pelagic Cormorant diet were obtained by OCSEAP
investigators working in the Bering Sea. Preble and McAtee (1923)
collected 21 Pelagic Cormorants at the Pribilof Islands during
winter. Based on that sample, 74 percent of the diet was fish and
26 percent was crustaceans. Of the fish, Cottids were the most
frequently taken. Shrimp were found in 86 percent of the stomachs.
then éompared'to the diet of the Red-faced Cormorant, there
appears to"be some difference in the sbecies of Cottids taken by
the two cormorants at the Pribilofs (Preble and McAtee 1923), but
'wfkhout quaﬁtitative data it is 1mpo$sib1e to assess the importance
of these differences{

. Fish and shrimp were the principal components of the diet of
Pelagic Cormorants at Cape Thompson, based on two samples (Swartz
1966). In general, the findings from the Pribjlofs and Cape
Thompson agree with the summary of the foods of Pelagic Cormorants

provided by Ainley and Sanger (1979).

Red-faced Cormorant (Phalacrocorax urile)

Numbers

The distribution of Red-faced Cormorants is centered in the
Aleutian Islands and extends intd the Gulf of Alaska (Gabrielson
and Lincoln 1959). They nest on the Aleutian and Pribilof Islands
and along the shore of Bristol Bay (Sowls et‘al. 1978). Like
other cormorants, their distribution is typified by numerous
small colonies. The eastern Bering Sea population of Red-faced
Cormorants is estimated at 41,000 (Appendix 1). The cormorant

colonies at the Pribilofs are among the largest in the Bering
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Sea, and account for about 18 percent of the population in the
eastern Bering Sea.

Pelaaic Distribution

The pelagic distribution of Red-faced Cormoranté around the
Pribilofs is shown in Figure 28. Aerial and shipboard éurveys
produced similar results so both methods were combined in this -
analysis.

Red-faced Cormorants remain near the Pribilof Islands thkqugﬁdut
the year when open wéter is available. We have few rebbrts_of
this species away from the islands, except in fall whén édfmdradts -
may have been migrating frdﬁ northern‘waters. As éxpected, We:
found similar distributioﬁ patterns for this“species jn;spring,‘
summer and fall. |

The pé1a§1c distribution of Red-faced Cormoranfs is centeréd
around the Pribilof Islands. Most;cérmorants_aré fdund within
1 to -2 km and rarely out to 5 km from the is]ands;.cpfmoraﬁts
were not encountered in water deeper than 100 m.

Diet

Red-faced Cormorants obtain their food by diving, Eapturing
“fish and crustaceans near the bottom. Cormorants usually forage'
in the immediaté vicinity of their cb]onies or roosts, a result
of their nced to leave the water for frequent periods to dry
their feathers (Rijke 1968). |

Figure 29 summarizes the diet of Red-faced Cormorants at the
Pribilofs between 1975 and 1978. Their primary source of food
was fish, and of the remains identified, Cottids were taken

most freaquently. A wide variety of large decapods were taken,
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including shrimp and crabs. Preble and McAtee (1923) found in

5 stomachs collected at the Pribilofs, that 58 percent of the

diet was fish, while shrimp were the most prevalent invertebrates.‘
A1l indications are that Red-faced Cormorants foraje near the

sea bottom, close to land, and probably have little effect on

the marine ecosystems of the Bering Sea as a whole.

Within the diet of Red-faced Cormorants, we found significant
differences between the diets of adults (stomach samples) and of
young (requrgitations) (Median test yz = 6.0, P < 0.025). Cottids
were overrepresented in the diet of young, while adults subsisted
on a larger percentage of invertebrates, mostly crabs. Belopol'skii
(1957) and Hunt (1970, 1972) have suggested that invertebrates are
nutritionally inferior to fish for the purposes of raising young.
Nesting

Habitat

Red-faced Cormorants nest in scattered pairs or small groups
among other cliff-nesting seabirds. At the Pribilofs, they show
a preference for the lower sections of cliffs and are rarely
seen above 122 m (Hickey and Craighead 1977). It is common for
Red-faced Cormorants to change the location of their nests from
year to year. We foﬁnd that many cormorant sites occupied in
1975 were abandoned in 1976 and new areas were colonized.

Phenology

Cormorants are year-around residents of the Pribilof Islands.
They are also among the earliest seabirds to begin nesting. Only in
1977 and 1978 did we arrive at the island early énpugh to document

eqg-laying and even then we missed the first eggs. Egg-laying
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begins in early May, with the peak of laying occurring in mid-May
(Tables 3 and 4). Incubation lasts an average of 31 + 5 days
(n = 5). The peak of hatching cccurs in late June (Figure 30).
Chicks remain in the nest for an average of 59 + 5 days and
~ fledge in late August (Figures 31 and 32). Cormorants on St. Paul
Istand consistently showed earlier phenology than cormorants‘nesting
on St. Georqge Island (Tables 3 and 4).
Daily Activity Patterns

The-numbers of Red-faced Cormorants on the cliffs are quite
variable throughout the season and throughout the day (Hickey and
Craighead 1977). Since this species is present in comparativefy
small numbers, their patterns of colony attendance were not
investigated.

Productivity

Productivity in Red-faced Cormorants did not differ
significantly between islands despite the greater potential for
competition on St. George Island. Since there seemed to be
substantial variation in productivity from one year to the next,
our analysis of island differences also had to take yearly variation
into consideration. We analyzed productivity using a two-way
analysis of variance to segregate the effects of islands and
years on productivity and also to determine the degree to which
island differences depend on years. Productivity in Red-faced
Cormorants was largely independent of both island and year effects
(r2 = 0.13, P > 0.5). Reproductive success in cormorants averaged
1.25 chicks fledged per nest (Table 5). Average clutch size

was 2.84 eqggs per nest, with a range of 1 to 4 egqs (Table 5).
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68

Phenology of Red-faced Cormorants on St. Paul Island, 1975-1978

FIRST EGG OBESERVED
CLUTCH INITIATION 7'1_5
(st egg of clutch)

N=

FIRST CHICK OBSERVED
HATCHING Y'i_S :
(1st chick of brood)

N=

FIRST FLEDGING OBSERVED
FLEDGING X + S

- N=

*  first observation date
** missed late fledgings

TABLE 3

1975
22 June*

- n - -

25 August

21A + 5%
50

19?6

25 June*
13M+2
7

5 July

13 Jn + 2
7

24 August

15+9
50

1977

21 May
30M+8
22

21 June
1J1 +3
11

19 August

25 A +5
29

1978

5 May

19 M+ 11

45

7 June

19 Jn + 5
7

5 August

22 A+8
32
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Phenology of Red-faced Cormorants on St. George Island,

FIRST EGG OBSERVED
CLUTCH INITIATION'Y.i S
(1st egg of clutch)

N=

FIRST CHICK OBSERVED
HATCHING'Y_i S

(1st chick of brood

N=

FIRST FLEDGING OBSERVED

FLEDGING X + S
N=

* calculated from date of first hatching

TABLE 4

1976

7 July

25 August

4S+8
5

1977
27 May*
4 Jn + 6
15
10 July
3J1 +6
7

25 August

29 A + 6
13

1976-1973

1978

22 May*
2Jdn + 7
28

24 June

4 31 +7
28

16 August

20 A + 7
44
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IABLE 5

Reproductive biology of Red-faced Cormorants at the Pribilof Islands,

ST. PAUL ISLAND

1975
X CLUTCH 3.00
N= 33
HATCHING SUCCESS 0.38-
(chicks hatched/ 0.44
egg laid)
REPRODUCTIVE 1.31-
SUCCESS 1.38
(chicks fledged/
jncubated nest)
PRODUCTIVITY 1.20-
(chicks f]edged/ 1.24
nest attempt)
N= ~ 88
CHICK GROWTH RATE 61.8.1
(grams/day) 10.2

N= 8

1976
2.89
19
0.25-
0.40

1.52

1.46

1977
2.75
a1

0.45

1.27

1.20°

54

61.7 +
8.1

1978
2.62
42

0.51

1.09

1.00 -

90

72.0 +
2.8

ST. GEORGE ISLAND
1976

3.00
10

0.57

1.60

1.45

1975-1978

1977
2.83
51

0.59

1.39

1.23

27

59.8 +
6.9

14

1978
2.78
18’

0.64

1.62

1'25

53

56.1 +
5.1



Losses of eqgqs and chicks were primarily due to desertion by the
parents; the causes of abandonment are not known. Gull predation,
an important cause of mortality in other Alaskan cormorant colonies
is neqligible on the Pribilof Islands. Other causes of mortality
include fox predation and hunting by Aleuts. Death of young in
theAnest was encountered with some frequency, but the causes are
unknown.

Cormorant chicks.qn St. Paul consistently showed higher
growth rates than cormorant chicks on St. George Island (Table 5).
We applied the same-analysis of variance procedure to growth
‘rates as was applied to productivity.v The analysis was significant
(nz = 0.51, P < 6;005). However, the difference between mean
growth rates on the two islands depended on the years (significant
interaction component, P = 0.05). Hence, we analyzed yearly
differences for each island separately. On St. Paul Island, growth
>faﬁes averaqged 63.8 gm/day (T test, 1976 to 1977, P > 0.5), except
for 1978 whén rates were significantly higher (T test, 1976 and
1977 éombihed, compared to 1978, P < 0.005). On St. George Island,
growth rates averaged 53.5 gm/day for 1976 and 1978 (T test, 1976
compared with 1978, P = 0.5), but growth rates were significantly
higher in 1977 (T test, 1976 and 1978 combined compared with 1977,
01 <P< .005). In 1977, St. George growth rates rivaled those
from St. Paul (T test, St. Paul 1977 compared with St. George
1977, P = 0.2). The fact that the highest growth rates for
cormorants on the two islands camein different years suggests

that populations of this species on the two islands are behaving

independently.




LARIDAE

Eight species of Larids nest in the eastern Bering Sea; these
are the Herring, Mew, Glaucous and Glaucous-winged Gulls, the
B]ack-]eggéd and Red-leqgged Kittiwakes, and the Arctic and Aleutian
Terns. 0Only the two kittiwakes and the Glaucous-winged Gull nest
at the Pribilofs, hénce only these species will be discussed in this
report.

Two»types of feeding strategies are e*emplified by the members
of the Laridae: the gulls are scavengers, eqg p?edators, or coastal
foragers; while the pelagic kittiwakes feed at the:surface of
oceanic waters. The Black-legged Kittiwake is the most numerous
Larid in the Bering Sea, while the large gulls comprise only a
small percentage of large seabird colonies. Although the status
of Bering Sea populations of the large qulls is unknown, we may
expect their populations to increase as waste food from man becomes

more available with continued coastal development.

Glaucous-winged Gull (Larus glaucescens)

NMumbers

Glaucous-winged Gulls nest throughout the North Pacific, from
Washington State north to Nunivak Island in the Bering Sea (Gabrielson
and Lincoln 1959). The populations of Glaucous-winged Gulls in the
eastern Bering Sea is estimated at 84,000 birds (Appendix 1). A
few hundred, mostly immature gulls, are present at the Pribilofs
throughout the summer. Two to four pairs were found nesting on
Shag Rock in 1977 and 1978, 500 m east of Garden Cove, St. George

Island, and one pair was seen nesting on a low cliff ledge at the

west end of St. Paul Island in 1976.
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Pelagic Distribution

We did not investigate the pelagic distribution of Glaucous-
winged Gulls around the Pribilofs since they occurred in such low
numbers. In general, they were concentrated near the islands
or around ships in the arca.

Diet

We made no effort to investigate the diet of Glaucous-winged
Gulls at the Pribilofs; however they were frequently seen foraging
in the dumps, at the fur seai ki]]ing'fie1ds and in the fur seal
rookeries on St. Paul and St. George Islands.. We refer the reader
to Patten and Patten (1977) for a discussion of the diet of Glaucous-~

winged Gulls.

Black-legged Kittiwake (Rissa tridactyla)

Numbers

The Black-legged Kittiwake occurs throughout thé northern
oceans. In the Bering Sea, their breeding colonies are widespread:
the largest of these is located at Cape Peirce (Sowls et al. 1978),
The Pribilof Islands support as estimated 108,000 Black-legged
Kittiwakes (Hickey and Craighead 1977). This amounts to
approximately 12 per cent of the estimated population in the
eastern Bering Sea (Appendix 1). The Black-legged Kittiwake
colonies at the Pribilofs are probably insignificant in terms of
world numbers, although they may be important in sustaining Bering
Sea numbers (Hunt et al. 1980b).

Pelagic Distribution

The pelagic distribution of Black-legged Kittiwakes is

presented in Figure 33. This analysis combines the results of
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ship and aerial surveys since the two methods produced similar
results. We have included unidentified kittiwakes under Black-legged
Kittiwakes, although near the Pribilofs, where observers familiar
with the two species did most surveys, very few kittiwakes were
not identified to species.

We found 1ittle variation in Black-legged Kittiwake distribution
or densities between spring, summer and fall. In all three
seasons, this species was generally found in low concentrations,
with occasional large flocks associated with fishing vessels.
Generally, Black-legged Kittiwakes were widely dispersed over the
area surveyed. Small flocks frequently formed around local
cdncentrations of food, but quickly dispersed as food was depleted.
B]aék-]egged Kittiwakes are the major catalysts for the formation
6% mixed species feeding flocks in Alaskan w?ters (Wiens et al.
1978). In our study aréa,the}e appearéd to be a trend toward
higher densities of Black-legged kittiwake§ over waters from 100
to 2000 m, particularly in spring and summer, a]though We‘are
not certain why this occurs.

Histograms of Black-legged Kittiwaké densities around the
Pribilofs show virtually no increase in density close to the
islands (Figure 34). Density increases near the shelf break, but
is consistently Tow in 311 other areas. Examination of Black-
legged Kittiwake densities by zonal analysis also shows consistently
low densities (Figure 35).

Diet

Except for their occasional participation in feeding flocks,

Black-legged Kittiwakes generally forage in low densities. Kittiwakes

are restricted to foraging within about 0.5 m of the surface.

99




BIRD DENSITY (birds/km2)

B8IRD DENSITY (biwrds/¥m2)

o a
fo
"o
RS RN

BIKD DENSITY (birds/km?)

G000 N

N

seyquhgYugIIRe

IR IR R Q
TEUITITOVETOIT T AT FITYrITe

DISTRIBUTION OF

S
BIRD DENSITY (birds/km2)

FIGURE 34

100

sj_LJ_x.I.J.J_LL.LLa‘-Lé-L‘L)L(J)J_LLé)J_LL
CEEEFERFERERERLY

\ -{400
' H BLACK-LEGGED KITTIWAKES 1.,
AROUND S1. PAUL ISLtAND 47
]| ' Heco
/ .
'] / - 41)0%
'ﬂ / :‘.'z(.’l3
' J J2002
y / Jiwo &
: :160 ')-
' >
N /—‘;NO ]
A Pt
i e Jioo &
i Pt e o
4 PPt Jeo g
\:‘ ‘,"‘ 3 Ry
! - {2
. . STITTTLIITI IO ey O
3= E
20}
40:
SO
[:Te] 23
1o ;
120; :
1a0f i
160: :
180} i
200F H
220: rl
240:
260F  xNO DATA / E \
zaoE ° 50 J \
300 hilomelers I’ ‘\
YNNI YW NN 2.0 111 A1)
Q o O -] )
REFEREEEEEERRLEEE
BIRD DENSITY (birds/km?}
BIRD DENSITY (birds/km2) N
L -
l QISTRIBUTION OF Jsoo
3 BLACK-LEGGED KITTIWAKES 00
: AROUND St GEORGE ISLAND =
3 ’ . 260 &
- / 240 €
- 1 -,
z / . 220
r f Jaco B
200 2
-] / 180 2
:, & II : :160 >
4§ J Jiao £
Fa s -3 @
. J120 4
1 Joo g
4e0
Jeo &
jod
Jo
3] 20
= - ©
23 J.u.x.-“.-.nu‘rrnfr?\x} E
201 - \_,'\
«f ; PN
8o ,’c -
, h
Ll ) -
‘OC: ‘—l
120} d ¢
o v i -~
ICO: ” +
160F ; |
1801 ’ :
200 . '
o /
220F / 4
240 ! Y \ 20,
scf  «NO DATA K ' kK N
200 o 50 ) ;l Y
B — /
sook e . N



Distribution of Black-legged Kittiwakes by zones
near the Pribilof {slands, 1975-1979 (R£s)*

Zone 7
2+4

100m

200 m

ANOVA across all zones, F-, 2150° 2 120, P=0.0029
Homogeneous subsets by modlfled LSD Procedure, a=0.05

Subset 1 Zones 5,7,8,3,6,2,1
Subset 2 Zones 3,6,2,1,4

*rounded to whole numbers

FIGURE 35
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Figure 36 summarizes the major components of the Black-legged
Kittiwake diet at the Pribilofs between 1975 and 1978. Fish were
by far the most important food source, and walleye pollock was

the predominant fish in the diet. Capelin (Mallotus villosus)

and myctophids were also taken, but less frequently than pollock.
Preble and McAteeA(1923) collected only 3 Black-legged Kittiwake
stomachs at‘thevPrihiTofs and one at St. MattheW'Is}and, and
provide feW'data.of.QaWue. |

There was a marked seasonal variation in Black-legged
Kittiwake diet at the Pribi]ofé (Mediaanest xi = 8.94, P < 0.05).
The diet showed a heavy dependence on jnverteérates early in the
breeding season, but switched to fish 1éter (Figure 37). In June,

before eqgs were laid, amphipods (Parathemisto) and euphausiids

(Thysanoessa) were the primary food source for Black-legged
Kittiwakes. In July, once incubation had begun, walleye pollock
was the primary food source, with myctophids and euphausiids
contributing to a lesser degree. In August and Septembér, when
most food samples were obtained as requrgitations from chicks,
walleye pollock and capelin predominated.

One exp1anafion for the shift from invertebrates to fish is
that kittiwakes may preferentially feed their young on fish,
which are thought to be nutritionally superior'to invertebrates
for raising young (Belopol'skii 1957, Hunt 1970, 1972). Another
explanation is that the diet reflects the changing abundance
of prey types in the foraging areas. A third explanation is

that Black-leqgged Kittiwake forage in different areas early and

late in the breeding season. Initially, Black-legged Kittiwakes

e
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forage near the shelf break, feeding on oceanic species such

as myctophids and the euphausiids T. inermis and T. longipes.

In August and September, the oceanic species are replaced by
shelf species such as walleye pollock and T. raschii, suggesting
that long foraging trips are avoided due to the time constraints
of chick rearina.

The size of walleye pollock taken by Black-legged Kittiwakes
changes throughout the breeding season (Figure 38). In July, fish
13 - 18 em in length were common in the food samples and were
probably year old fish (Cooney et al. 1978), although smalier
fish seemed to be taken preferentially. In August and September,
the small fish predominated in the diet. These fish belonged to
the current year class, which had now attained a length of 6 - 8
cm. The shift to yonger and smaller fish probably reflects the
increased availability of young pollock in August and September.

It is not known why pollock and other fish were not used
more extensively in June; it is possible that they were not
available. An alternative explanation is that the invertebrates,

Parathemisto and euphausiids were easier to obtain, or that

there was less competition for this type of prey. Alternatively,
invertebrates may be taken in preference to fish until a point
in the breeding cycle when the higher nutritional values of fish
are required for feeding growing young.

In discussing the competitive relations between species in
seabird colonies, Belopol'skii (1957) comments that invertebrates
were less xa]uab]e than fish for raising youpg. He found that

when kittiwakes in Barents Sea colonies were forced to rely heavily
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on invertebrates, they laid smaller clutches (p. 267) and had
Yower chick survival rates {p. 262). Thus, although Black-legged
Kittiwakes take a great variety of foods, they may also be some
important restrictions on the tyvpes of foods they must have if
they are to reproduce successfully.
Nesting
Habitat

Black-legged Kittiwakes nest on small ledges on the vertical
portions of cliffs. On the Pribilof Islands, they prefer thé
lower sections of the cliff-face and are rarely found above
180 m. Black-legged Kittiwakes are strictly cliff-nesters at
the Pribilofs, but elsewhere they are reported to be somewhét-
flexible in their habitat requirements. There are repbrts that in
predator-free areas, Black-legged Kittiwakes will nest on gradual
slopes (Sowls et al. 1978) or on deserted bui1dings (Coulson 1974).

Phenoloqy

Residents of the Pribilof Islands estimate that Black-legged
Kittiwakes arrive in mid-April. Preble and McAtee (1923) report
arrival dates of Black-Tegged Kittiwakes as early as 8 April
and as late as 24 April. When we arrived, as early as 2 May,
the kittiwakes were already holding territories on the cliffs.
Although some nest-bui1ding occurs in May, it does not begin in
earnest until the second week of June. The first eggs were
laid about a week later (Tables 6 and 7) and the peak of clutch
initiation is in late June (Figures 39 and 40). The eggs are
incubated for approximately 27 days. The peak- of hatching occurs

around 29 July (Tables 6 and 7). Chicks are nestbound for 43 days,
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TABLE 6

Phenology of Black-legged Kittiwakes on'St. Paul Island, 1975-1979

1975 1976
FIRST EGG OBSERVED 15 June 18 June

CLUTCH INITIATION Y'i_S 5J1 + 4.4 29 Jn + 3.9
(1st egg of clutch)

N= 43 46

FIRST CHICK OBSERVED 24 July* 22 July
HATCHING X + S 2A+ 4.7 29J1+2.8
(1st chick of brood)

N= 33 23

FIRST FLEDGING OBSERVED 1 Sept 1 Sept
FLEDGING X + S 9S+59 15S+5.2
N= 47 48

1977

21 June

30 Jn + 4.7
49

20 July

28 J1 + 4.9
60

31 Aug

7S + 5.6
126

* actual first date of hatching probably earlier than reported

1978 ,

18 June

30 Jn + 4.8
73

21 July

28 J1 + 5.0
39

26 Aug

125 + 4.7
33

1979

21 July
29 J1 + 4.3
19

OVERALL
18 June
1 July
211

22 July
29 July
174

30 Aug

11 Sept
254
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TARLE 7

Phenology of Black-legged Kittiwakes on St. George Island, 1976-1978

FIRST EGG OBSERVED

CLUTCH INITIATION X + S

(1st egg of clutch
N=

FIRST CHICK OBSERVED
HATCHING X + S

(1st chick of brood)

N=

FIRST FLEDGING OBSERVED

FLEDGING X. + S
N=

1976

18 June
1J1 + 6.6
21

23 July

28 J1 + 6.1
17

3 Sept

11 S + 6.2
20~

1977

20 June

30 Jdn + 5.2
53

14 July

27 J1 + 4.6
63

10 Sept
7S+ 4.6

52

1978

15 June
3J1 + 6.0
45

21 July

1A+ 5.0

32
28 Aug

155 + 4.6
34

OVEPALL

21 June
1J1 + 6.6
119

19 July

29 J1 + 6.1
112

3 Sept

11 Sept
106

OVERALL
BOTH ISLANDS

22 June
1 J1
330

21 July
29 J1
286

1 Sept

11 Sept
360
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and remain in the vicinity for about 10 days after they are
capable of flight. Black-legged Kittiwakes are common on the
Pribilofs until mid-October; they are occasionally sighted though
the winter and early spring (Preble and McAtee 1923).

There are no apparent differences in the timing of breeding
betWeen'B]ack-1egged Kittiwake colonies on the two islands. Figures
‘ 41‘and 42 summarize the breeding phenology of Black-legged Kittiwakes
at\the,Pribi1ofs for 1975 through 1979. Phenology has been remarkably
consistent throughout our study despite widely varying weather
conditions and'levels of reproductive success (Tables 6 and 7).

Daily Activity Patterns

The numbers of Black-legged Kittiwakes on the cliffs are
fairly constant throughout the day (Hickey and Craighead 1977).
Maximum numbers occur between 1100 and 1900 hours, with fewer
birds staying on the cliffs overnight. Apparently, there is no
movement of Black-legged Kittiwakes to or from the cliffs at
night (Ron Squibb, pers. obs.).

The amount of time an adult attends the nest varies depending
on the stage of the nesting cycle (Table 8). Adults continuously
océﬁpy their nests during incubation and when they have small
chicks. During incubation and the small chick stage of nesting,
adults trade-off attending the nest throughout the day, with peaks
of trade-off activity occurring around 0700 and 1700 hours. Males
and females share equally incubation and brooding activities.

After chicks hatch, adults may make more frequent foraging trips
(Table 8). When kittiwakes have large chicks, their visits become
even shorter and the chicks may be 1éft alone for long periods. In
1977, over half of the large chicks were unattended overnight.
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TABLE 8

Nest Attendance Patterns of Black-legged Kittiwakes at the Pribilof Islands, 1977-1979*

Stage Period of Watch No. nests Nuration of Adult Proportion of  Feeding Trip time (hrs)
Attendance (hrs) . time nest s Rate x x + s (n)
x + s (n) unoccupied (daylight)***
Incubation
1977 STG 2030 1-0900 3 JQ] 6‘ 6.9 - 6.1 (32) 0 - 3.2 - 2.7 (13)
1977 STP 1730 14-1500 16 Jul 8 14.1 - 8.1 (23) 0 - 9.8 (2)
1979 STP 0700 9-2230 10 Adg 3 6.9 - 4.9 (8)** 0o - 3.5 - 3.1 (9)
Small Chick
Ei 1977 STG 1600 28-1130 30 Jul 8 8.7 - 7.5 (43) 0 0.21 3.1 - 2.5 (14)
1977 STP 2000 1-1530 3 Aug 7 5.8 - 4.0 (5) 0.02 0.36 4.6 - 2.5 (21)
1978 STP 1700 26 Jul-2400 4 Aug 2 4.6 - 3.6 (18) 0 - 2.7 - 1.4 (14)
1979 STP 0600 4 Aug-1305 5 Aug 29 3.4 - 2.0 (91)* 0 - 3.4 - 2.0 (9)
Large Chick
1977 STG 1600 18-1200 20 Aug 6 2.1 - 3.8 (69) 0.48 0.17 1.9 - 2.0 (32)
1977 STP 1300 20-2100 21 Aug 7 2.2 - 3.3 (37) 0.63 0.18 2.2 - 2.3 (22)
1979 STP 0612 20-1701 20 Aug 5 4.6 - 1.6 (8)* - - 4.6 - 1.6 (8)

* pata for Small Chick, STP, 1978, 1979 and Large Chick, STP, 1979 from Braun, in prep.
** not watched overnight
x**oxcludes trips less than 15 minutes




The mean period of nest attendance during incubation actually
may be longer than indicated in Table 8. Visits of over 20 hours
were common and in one instance, we observed an adult incubating
for over 41 hours. However, our observations only lasted 31 to
46 hours.
Productivity

The reproductive success of Bering Sea kittiwakes shows
large yearly, fluctuations, sensitive to variations in foraging
ability as influenced by weather, competition and prey abundance
(Hunt et al., 1980b). The Pribi]bf colonies, located near the
productive waters of tHé shelf break have the most stable levels
of Black-legged Kittiwake productivity found in the eastern Bering
Sea (Hunt et al. 1980b). Other Bering Sea colonies show large
variations inh productivity from one year to the next.

During our study mean clutch size of Black-legged Kittiwakes
was stable at about 1.4 eggs/nest (Table 9); in the early 1900's,
there were reports of 3 egg clutches from the Pribilof Islands
(Preble and McAtee 1923). Outside the Bering Sea, kittiwakes
lay clutches of 1 to 4 eggs (Belopol'skii 1957, Coulson 1966).
In recent years, Bering Sea kittiwakes have laid a maximum of 2
eggs/nest. In 1978, when fewer kittiwakes nested and productivity
was depressed, clutch size was only slightly lower than normal,
suggesting that when conditions are unfavorable, kittiwakes fail
to lTay egqgs rather than reduce their clutch size. Ramsdell and
Drury (1979) have also found that kittiwakes failed to lay when

conditions were poor at Bluff colony in Norton Sound.
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TABLE 9

Reproductive success of Black-legged Kittiwakes at the

X CLUTCH
N=

HATCHING SUCCESS
(chicks hatched/
egg laid)

FLEDGING SUCCESS
(chicks fledged/
chick hatched)

REPRODUCTIVE SUCCESS
(chicks fledged/
nest, known clutch)

PRODUCTIVITY
(chicks fledged/
nest attempt)

N=

1975

1.42
85

.60-

.82

A7-
.64

.55

.44

185

ST. PAUL ISLAND

1976 1977 1978 1979
1.49  1.52  1.33  1.47
70 102 110 87
JJ2- .59- 74 L73-
.88 .85 .84 .88
57— .52-  .58-  .50-*
.69 .74 .66 .60
.74 .67 .65 .64%
.52 43 .36 .54%
127 157 203 158 %%

Pribitof Islands, 1975-1979

ST. GEORGE TSLAND

1976 1977 1978
1.42 1.46 1.20
19 /8 68
./0- .73- .57-
.93 .94 .77
.60- 41- .51-
.79 .53 .72
.79 .56 .48
.62 .45 .22
34 110 229

OVERALL
(excluding 1979)

1.41

.66-
.86

.52-
.68

.63

* number of chicks fledged in 1979 is projected from the number of chicks at last check (16 Aug), using
1975 to 1978 data to calculate mean survivorship of chicks by age.

**number of nest attempts estimated from the number of nests with known clutch using mean value of the

ratio:

number nests, known clutch/number nest attempts for 1975-1978.




The variability in Bering Sea kittiwake productivity arises
from the number of young fledged rather than an adjustment of
clutch size (Table 9). Siblicide is one mechanism that seabirds
use to reduce their brood size (Nelson 1978). Siblicide has been
documented in Bering Sea Black-legged Kittiwakes (Braun in prep.,
Ramsdell and Drury 1979) and appears to be triggered by hunger of
the oldest nestling; it is sensitive to lowered food availability
and interruptions in feeding due to storms (Braun in prep.).
Siblicide occurs during a critical two week period immediately
after hatching. The conditions which prevail during this period
determine whether siblicide occurs and hence the level of
productivity achieved. Siblicide commonly occurred during our
study. We did not observe any kittiwake nest with two fledglings
until 1978. 0On the whole, 1978 was a bad year for kittiwake
productivity, although a few pairs did remarkably well. In 1979,
approximaté]y 10 pgr cent of the kittiwake nests in our study
area fledged two young; The survival of 2 young in a nest implies
that the food supply to the chicks was sufficient and without
interruption.

Productivity of Black-legged Kittiwakes was tested for variation
among years and between the two islands using a two-way ANOVA. The
kittiwake colonies on the two islands did not differ significantly
in their productivity (Island efféct, Pl = 0.02, P = 0.148). Major
diffefences in Biack—]egged Kittiwake productivity occurred among
years (Year effect, rl = 0.32, P = 0.013). Productivity was similar
in 1976 and 1977 when it averaged 0.51 chicks fledged/nest attempt.

Productivity was significantly depressed in 1978 when it averaged
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0.29 chicks fledge/nest attempt (LSD, 1976 and 1977 combined versus
1978, P = 0.05). An obvicus difference between 1978 and the previous
years was the weather; 1378 was much windier and rainier. When
compared to the thirty year average, rainfall in 1978‘was normal,
while average wind speed was much higher than normal.

We tested whether wind or rain had the greater effect on
productivity by comparing the proportion of days with high winds
or rain against a measure of productivity. For the hatching
pefiod we compared weather between 15 June and 15 July to hatching
success (chicks hatched/eqg Taid), and for the chick phase we
compared fledging success {chick fladged/chick hatched) to weather
during the period 15 July to 15 August. Rain had little effect
on either hatching or fledging success (x? = 5.21 P > .10).

Hatching success was inversely related to the occurrence of high
winds (x3 = 18.58 P < 0.001), although winds had little effect
on fledging success.

Black-legged Kittiwake chicks on St. Paul Island consistently
showed higher growth rates than chicks on St. George Island (Table
10). Kittiwake chicks on St. Paul grew at a rate of 14.7 grams/day,
while St. George chicks grew at a rate of 12.8 grams/day (Table 10).
This difference may reflect the greater competition with murres
and other kittiwakes on St. George Island. Belopol'skii (1957)
stated that Black-legged Kittiwake productivity and growth rates
were lower when kittiwakes had to compete for food with murres.

He suggested that competition with murres forces kittiwakes to
use more invertebrates, with lower nutritional value than fish,

resulting in lower chick growth rates and productivity. The ratio
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TABLE 10
Growth Rates and Fledging Weights of Black-leqged Kittiwake Chicks

at the Pribilof Islands, 1975 - 1979

Growth Rate (day) Fledging Weight

1975

St. Paul 14.6 + 2.3 (34)

St. George
1976

St. Paul 12.8 + 4.9 (33) 469.9 + 52.4 (14)

St. George 11.5 + 2.6 (24) 413.8 + 46.4 (8)
1977

St. Paul - 14.5 + 1.6 (22) 434.2 1_25.2 (20)

St. George 13.8 + 1.8 (21) 431.6 + 41.8 (20)
1978

St. Paul 15.1 + 2.5 (16) 463.1 + 30.9 (15)

St. George 13.0 ¥ 2.2 (16) 478.1 ¥ 49.6 (16)
1979

St. Paul 16.6 + 2.9 (14)* -
Overall 14.0 448.5

St. Paul 14.7 455.7

St. George 12.8 441.2

* Rates appear to be higher than they actually are because they

were taken over a shorter period than in previous years.
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of murres to Black-legged Kittiwakes on St. George Island is
23.5 : 1, whereas on St. Paul Island, the ratio is only 4.8 : 1.

We infer that there is some competitive depression of growth
rates on St. George Island, but the added stress is not great
enough to depress productivity. Consistent with this hypothesis,
we find no competition effect on fledging weight. Neither island
differences nor year differences explained the variation§ observed
in fledging weight (Two-way ANOVA, explained variation ré = 0.05,
Island effect P = 0.205, Year effect P = 0.276). These results
suqgest that the effects of competition, or temporary food limitation
on growth rates and fleding weight of kittiwake chicks at the
Pribilofs are ameliorable.

There is a large amount of variation in growth rates that
we are unable to explain by island and year (unexplained variation,
1 - r8 = 82%). We did find significant differences in growth
rates between islands, but not between years (Island effect
2 = 0.15 P < 0001, year effect r2 = 0.01 P = 0.412), just the
opposite of our findings for productivity. The lack of difference
in growth rates between years despite substantial differences
in productivity suggests that Black-legged Kittiwakes adjust
to a variable environment by changing the number of young they

raise rather than by changing growth rates.

Red-leqged Kittiwake (Rissa brevirostris)

Numbers
Red-legged Kittiwakes are endemic to the Bering Sea and
even within this region, they have a limited range. This species

nests only on the Pribilof Islands, Buldir and Bogoslof Islands
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in the Aleutian Chain and the Kommandorskie Islands (SoWls et al.
1978). The Pribilof Island support an estimated 222,200
Red-legged Kittiwakes, 220,000 of which nest on St. George Island
(Hickey and Craighead 1977). The Pribilof Island population
accounts for 89% of the Red-legged Kittiwakes in the eastern
Bering Sea (Appendix 1). There are no current estimates of the
population size for this species in the western Bering Sea and
their nesting status there is presently unclear. The Pribilof
Island population represents the major portion of the world
population of Red-legged Kittiwakes.

Pelagic Distribution

The pelagic distribution of Red-legged Kittiwakes is given
in Figures 43. Again; for this species both aerial and shipboard
surveys were combined. Near the Pribilofs, most surveys were done
by observers who were experienced with both kittiwake species.
Although the two methods of censusing produced similar results,
there is the possibility that Red-legged Kittiwakes weré over-
estimated in ship surveys since they are attracted to ships. Since
most of the data comes from shipboard surveys, it is possible
that our density estimates are slightly inflated.

On the basis of our data, we can say relatively little
about the seasonal changes on the abundance or distribution of
Red-leqgged Kittiwakes. According to Shuntov (1963), Red-legged
Kittiwakes move out of the Bering Sea in winter. Although we
encountered fewer areas of moderate density in spring and fall
than in surmer, this does not necessarily mean that they were
moving out of the area. In addition, our sample sizes for spring

and fall are sufficiently small to preclude meaningful comparisons.
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The overall pelagic distribution shows a marked concentration
of Red-legged Kittiwakes in the general vicinity of the Pribilofs;
few birds were sighted more than 120-150 km from these islands.
Around the Pribilofs, there is a marked asymmetry in the distribution
of this species. Densities are generally an order of magnitude
higher south of St. George Island and along the edge of the
continental slope, than they are north of the islands.

Examination of the histograms of density around the islands
and the zonal analysis of pelagic distribution reinforce this
interpretation (Figures 44 and 45). The density of Red-legged
Kittiwakes in any direction is low except near the shelf break.
Around St. George Island south to the shelf break and in waters
up to 2000 m in depth, the densities of Red-legged Kittiwakes are
significantly higher than in other zones (Modified LSD Procedure,
P < 0.05). The higher density of this species over the shelf
break relative to the shallower shelf waters undoubtably is a
function of the food preferences of Red-legged Kittiwakes. Unlike
the Black-legged Kittiwake, which feeds on a wide variety of prey
frequently captured near their colonies, the Red-legged Kittiwake
specializes on deep-water myctophid fishes, which are found
at and beyond the shelf break.

Red-legged Kittiwake densities are low in the immediate
vicinity of St. Paul Island while they are high near St. George
Island, reflecting the relative sizes of the Red-legged Kittiwake
colonies on the two islands. The colony on St. Paul is an order
of magnitude smaller than the colony on St. George Island (2,200
versus 220,000) (Hickey and Craighead 1977).
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Distribution of Red-legged Kittiwakes by zones
near the Pribilof Islands 1975-1979 (Xts)*

Zone 7

100m

200m

ANOVA across all zones, F., 2154 =24.479, P=000001
?

Homogeneous subsets by modified LSD Procedure, @=0.05
Subset 1 Zones 7,1,5,2,3
Subset 2 Zones 3,8
Subset 3 Zones 8,6
Subset4 Zones 6,4

*rounded to whole numbers

FIGURE 45
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Diet

Red-legged Kittiwakes forage in the top 0.5 m of the water
column by dipping and shallow pursuit-plunging. At the Pribilofs,
Red-legged Kittiwakes are usuaily found foraging near the shelf
break and rarely join the large mixed species foraging flocks near
the islands. There are indications that this species forages
largely at night.

The types of foods used by Red-legged Kittiwakes (Figure 46)
are generally similar to those used by Black-legged Kittiwakes
at the Pribilofs. Fish is the principal food source for Red-
legged Kittiwakes, and like Black-legged Kittiwakes, walleye
pollock is used extensively. However, there are some Striking
differences in the particular food types used by the two kittiwakes.
In particular, Red-leqged Kittiwakes use myctophids extensively,
which undoubtable accounts for their concentration along the
shelf break.

Preble and McAtee (1923) examined 15 stomachs of Red—]egged
Kittiwakes taken form St. George Island. Seven of the stomachs
contained only squid mandibles. In the eight stomachs containing
measureable food volume, 25 per cent of the food was squid, 36.5
per cent crustacea and 37.5 per cent was fish. The crustacea
were chiefly euphausiids from the genus Thysanoessa. These
results differ from our own, but the differences may result from
their small sample size, or may reflect seasonal differences

in prey availability, since they did not specify the dates of

collection.




MAJOR COMPONENTS OF THE DIET OF

RED-LEGGED KITTIWAKES

ouwwD1booIDyo pIbDIAY [

appiydosohkin _

snisjdpxey Ssajfpowny

f

SNSOJ[IA SN{OlIDW _m

HSId 17V
3pplisnobydn3 m

w» E
w9 ppodjyduy fj
oa o
5%
xo g ppodojoyda) m
ow 2 .
o -
o™ 8
m 8 applasaN m

SALVYE3LYIANI 17V E
I p_D i 1
e ® g & °
B

128

FIGURE 46



Data on seasonal changes in Red-legged Kittiwake diet during
the period 1975 to 1978 show a drop in the use of cephalopods and
an increase in the use of 7ish, particularly myctophids, as the
season progressed (Figure 47a). This shift was not statistically
significant using the median test; however, this test is
comparatively insensitive. It is interesting that there is an
apparent sharp drop in the use of poliock through the season,
followed by a sharp increase in September. This pattern differs
from that seen in B]ack;iegged Kittiwakes. Pollock occurs in the
diet of Red-legged Kittiwakes in June, but is conspicously absent
from the diet of Black-legaed Kittiwakes in that month. The early
season use of pollock by Red-legged Kittiwakes may reflect their
use of more oceanic foraging areas than Black-legged Kittiwékes,
or differences in prey availability at the surface due to foraging
at night.. Red-legged Kittiwakes showed a much lower use of P.
1ibellula, a shallow-water eastern shelf amphipod (Motoda and
Minoda 1974), than Black-legged Kittiwakes, particularly early
in the breeding season, again suggesting an oceanic foraging
distribution.

Through the four years of our study, Red-legged Kittiwake
diet has shown an increasing use of polleck (Figure 47b), probably
reflecting the opportunistic use of pollock when unusually large
year classes were available (Smith 1979). 1In 1977, there was an
unusually high survival of pollock larvae (Cooney et al. 1978).
Since kittiwakes take pollock up to 28 cm, presumably representing

2 year old fish (Smith 1979}, the high survivorship of pollock in

1977 could account for a higher percentage of pollock in Red-legged




SEASONAL VARIATION IN RED-LEGGED KITTIWAKE DIET - % OF DIET BY VOLUME

MONTH JUNE JULY AUGUST SEPTEMBER
FOOD TYPE
ALL INVERTEBRATES
Nereids
Cephalopods
Amphipods
Euphausiids

Mollotus vilfosus P
Therogra chalcogromma ] - —

Myctophids ) )
Ammoedyles hexcpterus

o}
[
ALL FISH T ) | psiesoserseaser I NEI NS |
-
—

T T T T T T T 1
% 50 100 50 100 50 100 50 100
VOLUME OF FOOD 42 ml 438mi 1075 ml 1475ml
NUMBER OF SAMPLES 43 69 124 108

YEARLY VARIATION IN RED- LEGGED KITTIWAKE DIET - % OF DIET 8Y VOLUNME

YEAR 1975 1976 1977 1978
FOOD TYPE
ALL INVERTEBRATES ] 4 1 3
Cephalopods p
Amphipods 1]
Euphausiids

ALL FISH
Mallotus villosus
Theragra chalcogramma 1] —
Myctophids ] SE— —
Ammodytes hexaplerus

il

1 1 T 1 T 4 N T 1
% 50 100 50 100 50 100 50 100

VOLUME OF FOOD 76 ml 837ml 1566m 770m!
NUMBER OF SAMPLES 12 97 178 89
FIGURE 47

130



Kittiwake diets in 1977 and 1978. Alternatively, this shift may
also be due to a decrease in the availability of myctophids.
Nesting
Habitat

Red-legqged Kittiwakes nest on vertical cliffs of islands
near the continental slope (Hunt et al. 1980b). On the Pribilof
Islands, Red-legged Kittiwakes nest on small, narrow ledges
frequently sheltered by an overhang, either on low cliffs among
numerous Black-legged Kittiwakes or on the highest cliffs in
large, single-species aggregations.

Phenology

Preble and McAtee (1923) report that Red-legged Kittiwakes
arrive at the Pribilofs as early as 8 April and as late as 22 April.
In 1977, Red-legged Kittiwakes were in the vicinity of St. George
Istand by 1 April and were well established on the cliffs by the
middle of the month. The first eggs are laid in mid-June, with
the peak of laying occurring in the first week of July (Tables 1
and 12, Figures 48-50). Red-legged Kittiwake phenology is about
a week behind that of Black-legged Kittiwakes at the Pribilofs
(T Test, P < 0.001). Phenology differs between pure Red-legged
Kittiwake nesting areas and those where they nest among Black-legged
Kittiwakes. In pure colonies, mean egg-laying is earlier than
in mixed colonies (T Test, P < 0.001), but egg-laying is less
synchronous (F Test, 0.01 > P » 0.005). Pure colonies have higher
nesting densities than mixed colonies. Coulson and White (1960)

have reported similar phenology differences between dense and

less dense sections of Black-legged Kittiwake colonies. These
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TABLE 11

Phenology of Red-legged Kittiwakes on St. Paul Island, 1975-1979

1975 1976 1977 1978 1979 OVERALL
FIRST EGG OBSERVED 25 June 29 June 21 June 1 July =---- 27 June
CLUTCH INITIATION X E:S 6 J1 + 2.0 3J1 + 4.5 25 Jn + 4.8 10J1 + 5.6 =----- 3 July
(1st egg of clutch)
N = 6 51 17 10
FIRST CHICK OBSERVED 30 July 27 July 16 July ~ 5 Aug 6 Aug 29 July
HATCHING X + S 31 J1 + 0.0 31 J1 + 4.7 27 J1 + 6.7 13 A+ 11.9 1 A+ 3.8 4 Aug
(1st chick of brood)
N = 3 41 10 7 12
FIRST FLEDGING OBSERVED 10 Sept 10 Sept 29 Aug 2 Sept =mm-- 5 Sept
FLEDGING X +S  ====- 15 S + 6.5 6S + 4.5 15S + 4.3 ----- 13 Sept

N = 39 54 9
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TABLE 12

Phenology of Red-legged Kittiwakes on St. George Island, 1976-1978

FIRST EGG OBSERVED
CLUTCH INITIATION'Y.i S
(1st egg of clutch)

N =

FIRST CHICK OBSERVED
HATCHING X + S

(1st chick of brood)

N =

FIRST FLEDGING OBSERVED

FLEDGING X + S
N =

1975

-on - -

1976

27 June
7391 + 6.0
41

23 July
5A+6.3
35

10 Sept

18 S + 6.6
35

1977

15 June
491 + 7.2
104

9 July

31 J1 + 8.3
93

21 Aug

10 S + 4.6
83

1978

15 June
741+ 11
51

28 July

10 A + 10.1
25

10 Sept

16 S + 3.7
19

OVERALL
19 June

6 July

21 July
4 Aug

4 Sept

15 Sept
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differences may also reflect microclimate differences, since pure
colonies occur at high elevations while mixed colonies occur at
low elevations, where snow is likely to persist.

At the Pribilofs, Red-legged Kittiwakes incubate their eggs
for approximately 30 days. The peak of hatching occurs around
4 August (Tables 11 and 12). Chicks are capable of flight after
37 days in the nest but typically remain in the vicinity for a
week to ten days during which time they are fed by the parents.
Red-legged Kittiwakes leave the Pribilof Islands in September
(Preble and McAtee 1923) although a few may remain during fall
and winter.

Daily Activity Patterns

Numbers of Red-leqged Kittiwakes on the cliffs varied
throughout the day, with peak numbers occurring around 1500 h.
Nesting kittiwakes continuously occupied their nests up to and
sometimes after the young fledged. Adults trade-off attending
the nest throughout the day, with a peak of trade-off aétivity
occurring in the morning. Unlike the Black-legged Kittiwake,
trade-offs do occur during darkness. The night trade-off
probably relates to the Red-legged Kittiwake's use of myctophids
in the diet. These fish come to the surface at night where they
are available to foraging kittiwakes. Another indication that
Red-leqged Kittiwakes feed at night is that nesting adults rarely
spent two consecutive nights on the nest, whereas it was a
relatively common occurrence for Black-legged Kittiwakes.

Table 13 summarizes the attendance patterns observed during

the different stages of the nesting cycle. Like the Black-legged
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Kittiwake, attendance bouts became shorter as the season progressed.
However, Red-leqged Kittiwakes were much more attentive to their
young. Black-legged Kittiwakes leave their large young alone in
the nest 55 per cent of the time and start leaving them unattended
at an earlier age than Red-legged Kittiwakes. Normally, Red-
legged Kittiwake chicks were first observed alone in the nest
at an average age of 41 days. However, in 1978, a poor reproductive
year for Red-legged Kittiwakes, chicks were first observed alone
at an average age of 25 days and in one instance a chick was left
unattended at twelve days of age.

Productivity

Red-leqgged Kittiwakes are as productive as their congener,

the Black-legged Kittiwake despite the fact that at present they
lay a single egg at the Pribilofs versus the 2 eggs laid by
Black-legged Kittiwakes (T Test, P > 0.5). (There is a report
of 2 egg clutches in Red-legged Kittiwakes at the Pribilofs
(E1Tio0tt 1875). 1In addition, Denby Lloyd (in 1itt) reported a
Red-legged Kittiwake nest containing 2 eggs on St. George Island
in 1980). Patterns of reproductive success are similar for the two
species, with both showing large yearly fluctuations (Table 14).
We analyzed productivity for variations due to years and islands
(Two-way ANOVA, explained variation rl = 0.80). We found no
significant differences in productivity between St. Paul and
St. George Islands (Island Effects rl = 0.0, P = .965). There
were significant differences in productivity between years (Year
effects, rl = 0.73, P = .0001). However, a significant interaction

prevented further analysis. Both for Red-legged and Black-legged
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TABLE 13

‘Nest Attendance Patterns of Red-legged Kittiwakes at the Pribilof Istands, 1977 - 1979.

Incubation
1977 STG
1977 STP
1979 STP

Small Chick
1977 STG
1977 STP

Large Chick
1977 STG
1977 STP

Period of Watch

2030 1-0900 3 Jul
1730 14-1500 16 Jul
0600 4-1305 5 aug

1600 28-1130 30 Jul
2000 1-1530 3 Aug

1600 18-1200 20 Aug
1830 20-2100 21 Aug

No.

nests

13

Duration of Adults
Attendance (hrs)
x +s (n)

8.6 + 8.3 (54)
17.2 + 10.2 (24)
2.8 + 0.6 (2)

10.9 + 8.6 (29)
8.4 + 5.0 (25)

5.2 + 6.0 (56)
3.1 + 5.0 (38)

Proportion of
time nest is
unoccupied

0.3
0‘4

Feeding
Rate
X

0.4
0.2

0.2
0.2
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TABLE 14

Reproductive success of Red-legged Kittiwakes at the Pribilof Isltands, 1975 - 1979

X CLUTCH
N =

HATCHING SUCCESS
(chicks hatched/
egg laid)

FLEDGING SUCCESS
(chicks fledged/
chick hatched)

REPRODUCTIVE SUCCESS
(chicks fledged/
nest, known clutch)

PRODUCTIVITY
(chicks fledged/
nest attempt)

N =

* number of chick fledged in 1979 estimated from numbe
compared to numbers on same date in previous years w

1975

1.00
23

.78~
9

50

ST.
1976

1.00
56

.88-
.93

.92-
.98

.86

.63

76

1.00
57

.82-
.91

.81-
.89

.74

.54

78

1.00
24

.54-
.71

«65-
.85

.46

.10

12

1979
1.00
24

.63-
JJ1*

. 34*

56

ST. GEORGE_ISLAND

1976

1.00
39
.79~
.87

.76-
.84

.67

1977
1.00
168
. 18-
.85

. 79"
086

.68

.54

240

1978
1.00
72
¢57-
.81

. 53-
.76

.43

.13

235

OVERALL

1.00

o7-
.86

.-
.87

r of eggs and chicks at last check
hich fledged at end of season.



Kittiwakes, productivity was similar in 1976 and 1977 but was
depressed in 1978. Yearly differences were more pronounced in
Red-legged Kittiwakes. Between 1975 and 1977, productivity averaged
0.40 chicks fledged/nest attempt; in 1978 productivity averaged
0.12 chicks fledged/nest attempt, a 30 per cent reduction from
previous levels (Table 14).

The fact that both kittiwake species were affected in 1978
makes prey scarcity an unlikely cause of Towered productivity,
since the two species depend on different prey, and the major
prey they shared in common, walleye pollock, was abundant in 1978
(Smith 1979). However, the kittiwakes are similiar in their flight
capabilities and both appear to be inhibited in their foraging
by high winds. Red-legged Kittiwakes were particularly strongly
affected in 1978. One possible reason why Red-legged Kittiwakes
were more severely affected than Black-legged Kittiwakes might
be their longer foraging distances; these birds typically feed
along the shelf break, a minimum distance of 30 km. Another
reason might be that the 2 egq clutch of the Black-legged Kittiwake
acts a buffer, the second egg being insurance against loss of
the first. Red-legged Kittiwakes, with their single egg, lack
such a buffer and can only replace lost eggs early in the breeding
season. Any event causing egg loss or chick mortality would then
be expected to affect Red-legged Kittiwake productivity more
severely.

Growth rates of Red-legged Kittiwake chicks are given in
Table 15. Red-legged Kittiwake chicks have typically grown

at rate of about 13 grams per day, except in 1976 when growth
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TABLE 15

Growth Rates and Fledging Weights of Red-legged Kittiwake Chicks

at the Pribilof Islands, 1975 - 1979

Growth Rate (g/day) Fledging Weight (g)

1975

St. Paul no nests in reach no nests in reach

St. George 13.2 + 1.9 (16) 376.6 + 33.9 (16)
1976 -

St. Paul 1.7 + 1.2 (4) 410.8 + 37.9 (4)

St. George 10.5 + 2.1 (12) 378.6 + 47.4 (28)
1977

St. Paul 13.6 + 2.5 (3) 397.3 + 14.1 (3)

St. George 13.1 + 2.3 (42) 404.1 + 47.4 (29)
1978

St. Paul no nests in reach no nests in reach

St. George 13.1 + 2.2 (13) 385.9 + 35.1 ()
1979

St. Paul 12.3*
Overall 12.53 392.2

St. Paul 12.65 404.1

St. George 12.48 386.3

* growth rate for one chick taken over short period (less than 1 week )
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rates were lower (T test P < 0.01). Growth rates were similar
on the two islands (T test P > 0.5). Although productivity
suffered in 1978, growth rates were equal to 1975 and 1977 levels
(T test P > 0.5). Red-leqged Kittiwake chicks fledge at about
390 grams (Table 15).

Like Black-legged Kittiwakes, nesting Red-legged Kittiwakes
have few predators on the Pribilof Islands. Mortality of eggs
and chicks was about 20 percent for all nests, except in 1975 when
it was about 40 per cent and 1978 when it was over 50 per cent.
Most mortality occurs during the eqgg stage. Aleuts shoot flying
young and adult Red-legged Kittiwakes for food. On St. Paul
Island, Aleuts may shoot the eQuiva]ent of the entire Red-legged
Kittiwake reproductive output for the year due to the small
numbers nesting on the island and the accessibility of their
nests. Most shooting occurs during the fall, rather than during
the nesting season. Numbers of Red-legged Kittiwakes on St. Paul
Island appear to have remained constant since at least the 1950's,
so shooting has not caused the population to decline. On St. George

Island, the large numbers of Red-legged Kittiwakes and their

inaccessibility combine to make the effects of shooting negligible.




ALCIDAE

The North Pacific is the center of adaptive radiation for
this family of diving seabirds (Bedard 1969c) that occupies the
ecological foraging zone of the subsurface waters. The range
of sizes and the variety of 1ife history strategies among the
species make this family of seabirds one of the most interesting.
There is differentiation between the species in foraging areas;
moreover, the distribution of alcid nesting colonies may reflect
the availability of preferred foods, which in turn are restricted

to particular water masses or ocean environments.

Common Murre (Uria aalge)
Numbers

The Common Murre is a widespread species, occurring throughout
the northern oceans. The Pribilof Islands support an estimated
229,200 Common Murres, a small portion of the estimated 4.9 million
in the eastern Bering Sea (Appendix 1).

As recently as 1949, Walrus Island in the Pribilof group
supported one of the largest murre colonies in the world (Kenyon
and Phillips 1965, Preble and McAtee 1923). Since that time,
Steller's Sealions have displaced the murres on Walrus Island.

The only remnant of this once immense colony is a group of about
200 murres who nest on a small offshore rock at the north end
of the island.

Pelagic Distribution

The pelagic distribution of murres is given in Figures 51-53.
Aerial and shipboard surveys are combined as both methods provide

reasonably unbiased data on distribution and numbers. Data on

144



Gyl

L]

$7

56

55

54

53

172

AR R AP

MURAFS (ALL)

LSUBVEYS

O MORCIE - MAY

FIGURE 51

160

QENSIIT eanisy
e BIRGS Pre %M
g.1- 5 C PIPLY
S.1- 150 BI®Co
15.1- 2C.C EI®GS
3g8.1- 79.C 2Ivl5
75.1-25C. 0 B1RLS

280. ) €8 “CRF B2




W12 il

59
td *»
O Ooco . s ooy 3]
o | o | ol Pl -
\nuoom, D e o | el vt 1 o ¢
s¢ R 4 2O & ° e .
2\ e oD |6 20000eD o * ) o \d .
- *]
Oe G | Goedeisd o s 0 >* .
| o ® ¢ ~
o ole e O !yo:-eoo [V Qﬁ)’ oo > v - o 57
. -, - - =, >
b o RIAERT TSN « “°
s P S s ¢ . . o o o
5 coe (;j‘f ﬁ‘jy’v‘?'j < °
F’v -’.,:ép. X X .
57 QJ'&'/b' g f dooode {20 ° L4 .
’} oo alseDe . . so ® °
.
: s eGelr ° el o STAPGL CEBEITY A%eTrs
“ 2 o | °’ ° - hd 56
o> s i,
— RO PO "‘Zh’ S e ' FIJ . T 2180y erm w2
L3 il g
e P P
= oo ool ® > °® C1- 5S¢ grees
(o) 56 " cosaels N R A o
. o LR . -
v ae conln bo»- RO B o MR, & 5.1-45.¢ eIoCs
e slo oo ofe & e e/ .
. .ee<'>"“ * Y S&% oo ° 55 O i5.1- 3C.C eracs
a0 o PR b"(]b e g 8
P oo
P PR e P TIR '3 XD ¢ @ 3C.1- 75.¢ ereCs
.
° - TR UM
° Y - ®
s e et ® > ¢ <> 75.1-253.C B13S
o o s ot sl oow ot > N
Ty - bed> os . 7}< 252.1 C® MCRE PrAgs
P - -
. & S S S¢
P I AN a0 e 1 S
& s & - % o";}‘bo.. O deo-°°°vg .
o -
T s
,% O o PP
94 = t-yZ -, s e o - £-4 -
Pee
D 7
7 F .
(r"‘q o //V- 53
160
161
. 0 162
164
o < ics
53 L = pros o7 166
12 i ;

HMURRES (L1
RIA & SHIP SURVEYS : IUNE - AUGUST

FIGURE 52




A

59

¢

57

56

5

54

53

162 i6l Py
63
1) Al
oo o 166 16y "
2 in e 69 <
D o eer |*° *° . le e ® ¢
- so * * * Py o * . e .
. SO - . . e * .--"°. -
. .
. . .
. -
N . > 2 .\ . "
¥ 2 ~ " T -
. o 0
’ . . ° ® :
. - .
. oo o le oo 0 . e
A .. . Osgs o feoode . A o s . * s?
te o cod ‘e ha .
oo cN: el eoes e © ;._' "0”' hd Zw O ' M
ﬁ_?:'o--- . 1 e .o
~ . - ? . L d . - o o Soe
o lo O . X3 . o |*
.O\A\um- e o Sl .o e e 6
R0 K < TR - %
\L o A o |0 Y
e T T . )
b o\
A - 3
.o . . . C&Q
S ol ~
- . o . Neoes . ,), q}iq 55
> o <
°* oo 4 -
. . £
. . é . o see * )
. * 'R
hd ol 00O . b
¢ cocefe e [
. y * RZT IR 224 s S; .
. e U gV 2 . e . s¢
. vee 0% Wo Jdoo P
. \\ c 27 .o . .
LX) 2
( \’\ )
. o
o \e
ﬁ% 9 . eneet 53
o ofs i . (‘JJ = 160
cese . > ros 162
164
s *° e 57 166 168
17 17 1e 169

MURRES (ALL)

AIA & SHIP SURVEYS :SEPTEMBERA - NOVEMBER

FIGURE 53

XSO0 0 0 - - f

CEASTiT 258G

BI%L5 PF® XMg

¢

c.1- 5.

LR LS
i1s.4- 3C.
L. .- 5.
75.1-2>C.

¢
c
c

<

[

elegs

BloC,

250. . C% NCoF g1c




both Common and Thick-billed Murres are combined, as specific
jdentification in the field, particularly in aerial surveys is
often not possible. Near the Pribilofs, 80 percent of all murres
are Thick-billed Murres; near the mainland coast, most murres

are Common Murres.

According to Shuntov (1972), murres spend their winters
on the open waters of the continental shelf. In late March
and April, murres begin to concentrate around their colonies,
but there are still large numbers over shelf water, particularly
in the outer shelf domain (Appendix 2, Figure 1). By May, most
murres are concentrated near the colonies and relatively few
areas of high density are found more than 100 km from their
colonies (Appendix 2 , Figure 2). This pattern persists through
August. In late Auqust and early September, when murres are
finished nesting, they rapidly disperse (Appendix 2, Figures 3-6).
Thus, there are very large and highly vulnerable concentrations
of murres near their colonies in summer.

During the breeding season, the major concentrations of murres
around the Pribilofs were found between 56° 10'N and 57° 30°'N,
168° 30'W and 171° 10'W, an area within approximately 50 km of the
islands (Fiqures 53 and 54). One exception to this pattern is the
area east of St. Paul Island, where large numbers of murres were
seen out to 100 km from the island (Figure 54). The distribution
of murres on the water, which reveals the location of important
foraging areas, reinforces the impression that the area northeast
of St. George and east of St. Paul is a particularly critical

foraging zone for murres during the breeding season (Figures 56
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and 56). Southwest of the islands, densities are much lower
and larce numbers of murres on the water were rarely encountered
more thzn 50 km from the colonies (Figure 54). We rarely
encounte~ed groups of adults and fledglings on the water and
thereforz we do not know if there are important "nursery" areas.
The zonal analysis of murre distribution around the Pribilofs
. shows large concentrations of murres near the islands which drop
off rapiZly with distance (Figure 57). In the most distant zones,
murre de~sities were greater over the shallower waters to the
north an< lower over the deeper waters of the shelf break. These
differences were statistically significant (T-Test, Tggq7 9 = 3.95,
p < 0.00C1). Densities were greater around St. George Island
than around St. Paul, reflecting the larger population of murres
nesting cn St. George Island (Modified LSD Procedure, P . 0.05).
The overall picture that emerges from this analysis is that
foraging nurres are highly concentrated close to their breeding
colonies and that moderately high concentrations may be found
out to 100 km or more. However, the distribution of murres
around the island was not symmetrical. Rather, most birds were
found to the north and east in waters less than 100 m deep.
Murre densities dropped off rapidly to the south and west over
deeper waters. Since some deep-water areas with low murre densities
are closer to the colonies than some of the shallow-water areas
with high murre density, it is reasonable to believe that murres
are constrained from using these deep-water areas because foraging
there is unproductive during the breeding season. However, at

other seasons, murres are found foraging in moderate numbers over
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Distribution of Murres by zones near .
the Pribilof Islands, 1975~1979 (X +s)

Zone 7
13+23

100m

200 m

ANOVA across all zones, F7,2,28=9.084, P=0.0001

Homogeneous subsets by modified LSD Procedure, a=0.05

Subset 1 Zones 8,7,6,5,2,1
Subset 2 Zones 2,1,4
Subset 3 Zones 3,4

*rounded to whole numbers

FIGURE 57
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vaters between 100 and 200 m deep (Figures 51, 53, 56, 58)
suggesting that water depth is not the critical feature determining
the asymmetrical distribution of murres around the Pribilof Islands
in sumer.

Diet

Common Murres dive to obtain their prey, often at considerable
depths (60 m, Stettenheim 1959). They forage over the continental
shelf, generally close to their colonies. At the Pribilofs,

Common Murres are rarely encountered more than 100 km out from
the islands.

Figure 59 summarizes the major foods used by Common Murres at
the Pribilofs. Fish were the principal component of the diet and
walleye pollock was the single most important species. Invertebrates
comprised less than 5 per cent of the diet by volume (Figure 59).
Invertebrates, particularly euphausiids, attained importance only
in June (Figure 60). This trend of dependence on invertebrates
early in the breeding season and dependence on fish later is similar
to the pattern found in the diets of other Pribilof seabirds.
Unfortunately, the small number of Common Murre food samples for
June and September precludes the meaningful application of
statistical analysis.

Preble and McAtee (1923) reported on the contents of 18
stomachs of this species taken from the Pribilof Islands, mostly
in winter. In contrast to our results, the 12 stomachs with food
contained almost exclusively amphipods, particularly Pontogenia.
One stomach contained nereid worms. Only the nearly empty stomachs

had traces of small sculpins (Cottidae). These data differ from
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MAJOR COMPONENTS OF THE DIET OF
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SEASONAL VARIATION IN COMMON MURRE DIET - % OF DIET BY VOLUME

MONTH JUNE JULY AUGUST | SEPTEMBER

FOOD TYPE

ALL INVERTEBRATES
Cephalopods P
Amphipods
Parothemisto libellula
Euphausiids
Thysanoessa inermis

0

oo v

ALL FISH , - T b

Mallotus villosus 3 8]
Theragra chalcogramma
Stichaeids 3

Stichaeus punctatus I
Ammodytes hexapterus

U
U

T T T T T ¥ T 1
% 50 100 50 100 50 100 50 100
VOLUME OF FOOD 75 ml 47 ml 341 ml 3imi
NUMBER OF SAMPLES 15 56 32 10

YEARLY VARIATION IN COMMON MURRE DIET - % OF DIET BY VOLUME

YE AR 1975 1976 1977 1978
FOOD TYPE
ALL INVERTEBRATES b 3] 8]

Cephalopods
Amphipods I

Parathemisto libellula
Euphausiids )

ALL FISH ey — ————— ey
Maoltlotus villosus )} 1]
Theragra cholcogramma — — »)
Stichaeids
Ammodyles hexaplerus

i

1 | T \
%o 50 l(')O 50 100 50 100 50 100

VOLUME OF FOOD 59ml 203m 212m) 123 ml
NUMBER OF SAMPLES 22 37 18 39
FIGURE 60
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ours, which were gathered mostly in summer. The question remains
as to what these differences mean.

At St. Lawrence Island, Searing (1977) found Common Murres
using both invertebrates and fish (N = 5). Ramsdell and Drury
(1979), working at Bluff on the south coast of the Seward Peninsula,
found adult Common Murres feeding on small sand lance (Ammodytes)
3 to 5 c¢cm long. However, they brought prickliebacks (Lumpenus)
to their chicks. Ramsdell and Drury made no mention of the use
of invertebrates. Further north, at Cape Thompson in the Chukchi
Sea, Swartz (1966) examined 86 Common Murre stomachs. The diet
of Common Murres there, similar to the Pribilofs in summer, was

almost exclusively fish, with Boreogadus saida replacing the

related walleye pollock as the single most important food species.
At Cape Thompson, the diets of adults also contained significant
amounts of sand lance, which was not the case at the Pribilofs.
Ammodytes was also used extensively by Black-legged Kittiwakes
in_the northern colonies. This use of Ammodytes in the northern
colonies probably does not represent a north-south difference
in the distribution of Ammodytes, but rather their greater abundance
in the coastal versus pelagic habitat. The data on Black-legged
Kittiwake food habits from the Bering and Chukchi Seas are similiar
to those obtained by Belopol'skii (1957), working in the Barents
Sea. He found that 95 per cent of the diet in Common Murres
consisted of fish.
Nesting
Habitat
Common Murres nest on the tops of predator-free offshore

rocks and islands or on wide ledges of sea cliffs. Their densely
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packed and typically remote and inaccessible nest sites made the
Common Murre a difficult species to monitor on the Pribilofs.
Their productivity is very sensitive to disturbance due to the
crowded conditions on their nesting ledges. The sensitivity to
perturbation and crowded nesting conditions combine to make
phenology and productivity estimates crude, at best. A few Common
Murres nest on narrow ledges among numerous Thick-billed Murres.
For much of our study, we have used these atypical Common Murre
sites because of the greater observational accuracy they afford.
However, the productivity and phenology of Common Murres nesting
in these atypical areas may not accurately reflect the biology
of the larger population (Birkhead 1977).
Phenology

Common Murres were well established on their ledges when
we arrived at the Pribilofs, as early as 3 May. Our least reliable
estimates are for laying phenology. We think that the first eags
are laid in early June (Tables 16 and 17), with the peak of laying
occurring in late June through early July (Figures 61-63). Murres
incubate their eggs for an average of 31 days. The peak of hatching
occurs around 5 Auqust (Figqure 63). Chicks remain on the nesting
ledges for an average of 21 days, during which time they grow
contour feathers. Chicks jump from the cliffs in late August
(Tables 16 and 17) at one quarter of their adult weight. Once at
sea, murre chicks continue to be fed by a parent until independent.
Common Murres leave the Pribilof cliffs by 10 September, although
they remain around the islands through fall and winter. During

these seasons, they outnumber Thick-billed Murres.
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TABLE 16

Phenology of Common Murres at St. Paul Island, 1975 - 1978

1975 1976
First egg observed 7 July 24 June
Clutch initiation  ----- 8 J1 + 8.1
X+S
N = 61
First chick observed 21 July 24 July
Hatching 17 A+ 1.2 2 A+ 6.9
X +S
N = 3 3
First fledging observed = -=---- 10 Aug
Fledging -===c 24 A+ 7.3
X+S
N = 15

* calculated from known hatching dates

** first chick observed in 1979 was seen 27 July

1977

21 June

14 J1*

14

22 July

14 A + 6.0
14

28 Aug

2S5 +7.0

17

1978

8 June

24 Jn + 6.5
58

17 July**
25 J1 + 4.7
7

13 Aug

24 A + 8.5

N

23 June
5 July

21 July
7 Aug

17 Aug

27 Aug




[91

TABLE 17

Phenology of Common Murres at St. George Island, 1976 - 1978

1976
First egg observed *
Clutch initiation *
X+S
N =
First chick observed 31 J1
Hatching 3 A+ 3.7
X+S
N = 9
First fledging observed 19 Aug
Fledging 23 A+ 3.4
X+S
N = 6

¥ observations started after egg-laying

1977

26 June
3J1 + 8.0
14

27 J1

1978 Overall

18 June 22 June

30 Jn + 11.5 2 July

15

18 J1 25 July
2 A+ 9.9 3 Aug
13

13 Aug 19 Aug
25 A + 6.7 27 Aug
7
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Nue to the uncertainty in Common Murre data and our small
sample size, we were not able to determine whether there are
phenological differences between St. Paul and St. George Islands,
or if phenology varies between years.

Daily Activity Patterns

e have Timited data on the daily attendance patterns of
Common Murres. However, their numbers appear to vary less during
the day than do those of Thick-billed Murres (Hickey and Craighead
1977). Me did not have access to a Common Murre nesting area where
birds could be marked and nest attendance patterns could be
investigated.

Productivity

Within our observational error, the productivity of Common
Murres averaged 0.62 chicks fledged/egg laid at sites that were
studied with a minimum amount of observer-initiated disturbance
(Table 18). However, reproductive success varied from site to
site depending on factors such as nesting ledge structure, numbers
of murres and the degree to which an observer could conceal
his presence. We suspect that productivity of the more typical
sites which we did not study may have been substantially higher
than our reported average due to the combined effects of low
nesting densities (Birkhead 1977) and observer disturbance.

Given the observational error and the effects of disturbance
on murre productivity, alternative measures of murre nesting
success are the growth rate of chicks and chick jumping or departure

weights (Table 19). We analyzed growth rates and jumping weight

by year and by island using a two-way analysis of variance.




TABLE 18
Reproductive success of Common Murres at minimum-disturbance

sites, Pribilof Islands, 1976 - 1978

ST. PAUL 1S.  ST. GEORGE IS.  OVERALL

1976 1978 1978

NUMBER OF EGGS 16 76 10 102
HATCHING SUCCESS .75 .72 .80 .76
(chicks hatched/

eqg laid)

FLEDGING SUCCESS .75 .84 .87 .82
(chicks fledged/

chick hatched)
REPRODUCTIVE SUCCESS .56 .61 .70 .62
(chicks fledged/

eqgg laid)
PRODUCTIVITY .16 .14 .26 .19

(chicks fledged/
mean no. adults
in the study area)
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TABLE 19

Growth Pates and Fledging Weights of Common Murre Chicks at the
Pribilof Islands, 1976 - 1978

Growth Rate (g/day) Fledging Weight (g)

1976
St. Paul Is. 8.1 + 3.5 (5) 207.8 + 18.8 (5)
St. George Is. 7.0 + 2.9 (4) 182.3 + 13.1 (4)
1977
St. Paul Is. 9.1 + 1.3 (9) 192.4 + 17.2 (1)
St. George Is. 6.9 + 1.2 (3) 162.3 + 21.7 (3)
1978
St. Paul Is. site abandoned due to early disturbance
St. George Is. 7.1 + 3.6 (12) 165.1 + 21.1 (12)
OVERALL 7.8 + 2.8 (33) 182.1 + 24.2 (36)
St. Paul Is. 8.7 + 2.2 (14) 197.6 + 18.4 (17)
St. George Is. 7.0 + 3.1 (19) 168.3 + 20.2 (19)
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The analysis of growth rates was not significant and explained
only 12% of the observed variation, meaning that growth rates were
fairly consistent from year to year and there was no discernable
difference in growth rates of Common Murre chicks on the two
islands. The analysis of jumping weight was significant, accounting
for 46 per cent of the observed variation. Common Murre chicks
on St. Paul Island had significantly higher jumping weights than did
chicks on St. George Island (Island Effect, Pl = .29, P = 0.001).
We would expect growth rates and jumping weights to be higher on
St. Paul than on St. George, due to the large number of murres on
St. George Island, where we would expect, and did find, competitive
depression of fledging weight. We do not know why growth rates
were similar on the two islands, or how fledging weights could
differ given that the chicks on the two islands left the cliffs
at the same age.

As diving birds, murres have access to food throughout much
of the water column. Under conditions of prey scarcity or
unfavorable surface conditions, murres might be expected to have
an advantage over surface-feeding seabirds. Murres are not immune
to the effects of weather and prey scarcity (Birkhead 1976), but
they should be less vulerable to fluctuations than the surface-
feeding kittiwakes. Therefore, we would expect productivity or
other measures of reproductive success in murres to be less variable
on a year to year basis. At the Pribilofs, this appears to be
the case, as both species of kittiwakes suffered a poor reproductive
year in 1978, while murres were virtually unaffected by the

unusually high winds that year.
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Thick-billed Murre (Uria lomvia)
Numbers

Thick-billed Murres occur throughout the northern oceans
(Tuck 1960), compared to the Common Murre, they have a more
northerly distribution. The Bering Sea supports an estimated
population of 4.9 million murres (Appendix 1). Over 1.6 million
nest at the Pribilof Islands (Hickey and Craighead 1977).
St. George Island harbors 1.5 million Thick-billed Murres and is
the largest murre colony in the Bering Sea, if not the world. The
Pribilof population of Thick-billed Murres accounts for 33 per
cent of the estimated population in the eastern Bering Sea, and
is probably also important in terms of the world population of
this species.

Pelagic Distribution

The pelagic distribution of murres is discussed under Common
Murres.

Diet

Thick-billed Murres obtain their food by diving, with dives
recorded as deep as 73 m (Tuck and Squires 1955). Compared to the
Common Murre, it has been suggested that Thick-billed Murres may
forage at greater depths (Spring 1968) and at greater distances
from their colonies (Spring 1968, Swartz 1966). At the Pribilofs,
Thick-billed Murres are fregently found out to 105 km, foraging
over both the shelf and the shelf break.

Figure 64 summarizes the major foods used by Thick-billed
Murres on the Pribilof Islands. Although fish, particularly walleye

pollock, were the principle component of the diet, invertebrates
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SEASONAL VARIATION IN THICK-BILLED MURRE DIET - % OF DIET BY VOLUME
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also figured significantly. Invertebrates made up roughly one
quarter of the diet by volume, with amphipods occurring most

frequently (Figure 64). Parathemisto libellula, a shallow-water

eastern shelf amphipod, was the predominant invertebrate.

Our data indicate that the diet of Thick-billed Murres may
vary seasonally (Figure 65), although the trend was not statistically
significant using the median test (y? = 3.2, P > 0.1). Early
in the breeding season, before egqs are laid and late in the season
after chicks had fledged, invertebrates assumed an important role
in the diet and fish dropped from more than 70 per cent of the diet
by volume to under 30 per cent. The heavy use of fish in late
July and August probably represent preferential feeding of fish
to murre chicks. Early in the breeding season, the most common
invertebrates were euphausiids and amphipods, but cephalopods
vere the most common late in the season, if our scanty data from
this period is representative.

Preble and McAtee (1923), working at the Pribilof is]ands
found Thick-billed Murre diet to be comprised of 49 per cent fish,
26 per cent squid and 25 per cent crustacea (N = 6). However,
the dates of collection were not given, so we do not know whether
the differences between our data and theirs represent seasonal
differences, chance or a change in diet. Swartz (1966), working
at Cape Thompson in the Chukchi Sea, found that Thick-billed
murres depended on invertebrates in addition to fish as they did
at the Pribilofs. Again the principle fish was a gadid, B. saida.
Unlike Thick-billed Murre diet at the Pribilofs, the principle

invertebrates used at Cape Thompson were polychaete worms. Searing
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(1977) obtained 12 stomachs with food from Thick-billed Murres
on St. Lawrence Island which were collected mostly in June. At
this time, invertebrates were the primary food source, with the

decapod Eualus fabricii and the amphipod Anonyx nugax occurring

most frequently. Fish were present in only three of the birds.
Apparently, fish is the principal food for Thick-billed Murres

in the North Atlantic Ocean and in the Barents Sea. Tuck (1960)
reports that invertebrates made up 6 per cent of the diet in the
North Atlantic, while in the Barents Sea, invertebrates constituted
between 5 and 15 per cent of the diet (Belopol'skii 1957). 0gi
“and Tsujita (1977), working in the Okshotsk Sea found geographical
variation in the diet of Thick-billed Murres. Murres feeding over
the continental shelf fed primarily on fish, those feeding in
slope areas contained significant amounts of invertebrates in
addition to fish, while those feeding over abyssal waters were
taking primarily euphausiids.

A comparison of the diets of the two species of murres
demonstrates clearly that Thick-billed Murres use more invertebrates
than Common Murres. Swartz (1966), Tuck (1960) and 0gi and
Tsujita (1977) as well as this study found similar patterns of
greater reliance on}invertebrates by Thick-billed Murres than by
Common Murres. This conclusion agrees with that of Spring (1971)
drawn on the basis of morphology. No difference was found by
Belopol'skii (1957) in the percentage of invertebrates in the

diets of the two murre species in the Barents Sea.

0gi and Tsujita (1977) examined the stomachs of 163 murres

caught in high seas gillnets in the eastern Bering Sea between




June and August in 1970 and 1971. Since these authors did not
distinquish between the two murre species, their data is of
limited value. However, they did show that of 131 stomachs
containing food, 44 per cent contained fish, 26 per cent had
euphausiids and 11 per cent had squid. On a per cent weight
basis, fish were by far the most important prey taken. Species
of fish taken included walleye pollock, sand lance and capelin.
Two species of euphausiids were used, T. raschii and T. longpipes;
T. inermis, the important euphausiid at the Pribilofs, was not
found.
Nesting
Habitat

Thick-billed Murres nest on narrow ledges on the face of sea
cliffs. In the absence of predators, they will also nest on
low, rocky islands.

Phenology

Thick-billed Murres were present on the cliffs in large numbers
as early as 15 April (Preble and McAtee 1923). The first eggs were
laid in mid-June (Tables 20 and 21, Figures 66 and 67); the peak
of laying occurred around 27 June (Figures 68 and 69). Eggs were
incubated for an averaqe of 34 days. Chicks were first seen around
21 July with the peak of hatching occurring around 30 July. Chicks
remained on the cliffs for about 22 days, during this time they
grew contour feathers. Chicks jumped off the cliffs in the evening,
beginning in mid-August, and were accompanied to sea by a male,
presumably the father (Melody Roelke, pers. comm.). The peak

of fledging occurred around 2 August (Tables 20 and 21). Females
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IABLE 20

Phenology of Thick-billed Murres on St. Paul Island, 1975 - 1978

FIRST EGG OBSERVED
CLUTCH INITIATION
X -5

N =

FIRST CHICK OBSERVED

HATCHING
X -5
N =

FIRST FLEDGING OBSERVED

FLEDGING
X - S
N =

1975

21 July

29 J1 + 6.6
23

12 Aug

28 A + 8.6
21

1976

17 June

30 Jn + 7.8
123

22 July

31 J1 + 6.4
83

14 Aug

20 A + 6.0
55

1977

14 June

24 Jn + 4.7
109

22 July

30 J1 + 5.7
34

11 Aug

17 A + 2.5
48

1978

11 June

25 Jn + 7.3
102

20 July

26 J1 + 4.8
50

11 Aug

18 A + 4.7
97

OVERALL
20 June

26 June

21 July
29 July

12 Aug

21 Aug
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TABLE 21

Phenology of Thick-billed Murres on St. George Island, 1976 - 1978

FIRST EGG OBSERVED
CLUTCH INITIATION
X -S

N =

FIRST CHICK OBSERVED

HATCHING
X -S
N =

FIRST FLEDGING OBSERVED

FLEDGING
X - S
N =

1976

19 June*
2J1 + 9.8
40

23 July
3A+9.1
26

7 Aug

27 A + 8.3
22

* pack calculated from laying date

1977

14 June

29 Jn + 8.2
53

20 July

5A+ 8.3
43

10 Aug

25 A + 7.5
23

1978

15 June

23 Jn + 4.9
50

20 July

29 J1 + 5.0
36

9 Aug

19 A + 7.2
69

OVERALL
16 June

28 June

21 July
2 Aug

9 Aug

24 Aug
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remained on the cliffs until early September (Melody Roelke, pers.
comm.) Thick-billed Murres have been found around the Pribilof
Islands in small numbers throughout the fall and winter (Preble
and McAtee 1923).
Daily Activity Patterns

There are marked daily and seasonal changes in the numbers
of Thick-billed Murres present on the cliffs, with maximum numbers
found during the egg-laying period (Hickey and Craighead 1977).
During incubation, maximum numbers of birds were present on the
cliffs around 1400 h (Hickey and Craighead 1977). Melody Roelke,
working with known-sex birds on St. Paul Island, found that females
were present on the cliffs in the morning during the chick phase;
males arrived in mid-afternoon and remained on the cliffs with
the young overnight (Figure 70, Roelke and Hunt 1978). Both sexes
shared chick brooding and feeding. Table 22 gives trip times
for known-sex birds in 1978 (Roelke, in 1itt.). 1In 1979, adults
frequently returned with fish in less than 20 minutes, although
sample sizes were small, trip times seemed to be generally shorter

than in previous years (Figure 71), suggesting that food may have

been more plentiful in 1979.
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TABLE 22
Time spent away from the nest for known-sex Thick-billed Murres at

St. Paul Island, 1978 (M. Roelke, 1978, in 1litt.).

MALES FEMALES
TRIP LENGTH (hrs)
X+ S (N)
A1l Trips 3.1 + 2.2 (16) 1.3 + 1.5 (26)
Return with fish 2.3 + 2.3 (12) 2.6 + 2.1 (10)
Return without fish none observed 0.4 + 0.1 (5)
Productivity

We estimate overall productivity of Thick-billed Murres
between 0.49 and 0.62 chicks fledged/egg laid for sites studied
with a minimum of observer-initiated disturbance (Table 23).

The ranges in this estimate reflect the potential for chicks to
hatch and disappear from the nesting ledge without our knowing
whether the chick successfully fledged. Hence, these ranges
reflect minimum and maximum productivity. As with Common Murres,
the productivity of sites not studied was probably higher than
our estimate. Within our range of error, we are not able to
detect any difference in productivity between St. Paul and St.
George Islands, or between productivity in the different years
studied.

As we found with Common Murres, growth rates and fledging
weights may be sensitive indicators of the well-being of Thick-
billed Murre colonies. In Thick-billed Murres, we find both yearly

differences in growth rates and fledging weights as well as island
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TABLE 23

Reproductive success of Thick-billed Murres at minimum-disturbance sites,

NUMBER OF EGGS

HATCHING SUCCESS
(chicks hatched/
egg laid)

FLEDGING SUCCESS
(chicks fledged/
chics hatched)

REPRODUCTIVE SUCCESS

(chicks fledged/
egg laid)

Pribilof Islands, 1976 - 1978

ST. PAUL ISLAND

1976

47

.85

.85

.72

1977
102
.66-
.84
A2-
.84

.35-
.62

1978 1977
114 51
.74- .59-
.79 .84
J7- .35-

N .97
.61- .29-
.68 .57

ST. GEORGE ISLAND

OVERALL

1978

90

.61- .69-.79
.70

.70- .62-.89
.86

.49- .49-.62
.52




Growth Rates and Fledging Weights of Thick-billed Murre Chicks

1975
St.
St.

1976
St.

St.

1977
St.

St.

1978
St.

St.

1979

St.

TABLE 24

at the Pribilof Islands, 1975 - 1979

Paul Island

George Island

Paul Island

George Island

Paul Istand

George Island

Paul Island

George

Paul Island

Growth Rate
(g/day)

14.6 + 3.3 (6)

M.7 + 3.1 (16)
6.0 + 3.0 (23)

12.2

|+

3.1 (17)
7.9 + 3.2 (34)

14.8 + 3.0 (16)
9.3 + 2.2 (25)

8.25 + 2.7 (15)*

* taken over a shorter interval
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Fledging Weight
(g)

215.0 + 22.3 (6)

218.6 + 28.8 (16)
147.8 + 26.0 (23)

194.6 + 19.5 (17)
159.9 + 23.9 (34)

235.0 + 25.6 (16)
173.8 + 21.4 (25)



differences (Table 24). Fledging weights and growth rates were

both lower on St. George Island than St. Paul (Growth rates r2

= 0.48, Island effects rz

= 0.38, p = 0.0001, Fledging weight,
r2 = 0.58, Island effects rl = 0.48). Among years, 1976 and 1977
were similar, while 1978 growth rates were higher {(growth rates,

2 - 0.10, fledging weights year effects rl = 0.10).

year effects r
As expected, we see a competitive depression of growth rates and
fledging weights on St. George Island, even though chicks on the
two islands fledge at the same age. It is interesting that Thick-
billed Murres like Common Murres did better in 1978, which was

a poor reproductive year for kittiwakes, suggesting, again that

food resources were more available to murres in that year.

Parakeet Auklet (Cyclorrhyncus psittacula)

Numbers

The distribution of Parakeet Auklets is centered in the Bering
Sea. Within this area, their colonies are ubiquitous but generally
small, with an estimated population in the eastern Bering Sea of
530,000 (Appendix 1). The Pribilof Islands support 184,000 Parakeet
Auklets, approximately 35 per cent of that population,which is
probably an important part of the world numbers of this species.

Pelagic Distribution

The pelagic distribution of small auklets is given in Fiqure
72. Data for Parakeet, Crested and Least Auklets have been combined,
as the distribution patterns of these three species are very similar

around the Pribilof Islands. Parakeet and Crested Auklets are

relatively scarce, when compared to Least Auklets. Data for aerial

and shipboard surveys were combined for this analysis. Auklets
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were not attracted to ships, and both methods of survey probably
underestimated true numbers of small auklets. These small birds
are easily overlooked, especially when they are present in small
numbers. Auklets were concentrated close to the islands, and
since NOAA ships were unable to approach the islands closely,
the density of these birds was probably underestimated not only
because of their size, but also because of sample distribution.

In spring, small auklets, the majority of which were Least
Auklets, were found concentrated in the vicinity of the islands
and near the Pribilof Canyon and the shelf break. Small numbers
of Parakeet Auklets were seen near the islands, while virtually
no Crested Auklets were recorded. In summer, most records of
auklets come from waters close to the islands. Only Least Auklets
were reported in high concentrations, and again, they occurred in
high numbers only close to the islands. Scattered records of all
three species occurred away from the islands, but the concentrations
of birds along the shelf break found in spring were absent. In
fall, our much lighter survey coverage failed to reveal any areas
of major concentration of auklets. Rather, scattered birds were
seen over the shelf and along the shelf break.

Examination of the histograms of Least Auklet distribution
around the islands reinforces the notion that auklets are
concentrated near the islands, becoming scarce at even moderate
distances from the islands during the breeding season (Figure 73).
This conclusion is strongly supported by the zonal analysis (Figure

74), in which large numbers of small auklets were seen within

the first zone around each island and very few beyond the 20 km
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Distributicn of Small Auklets by zones
near the Pribilof Istands 1975-1979 (X¢s)™

Zone 7
Otl

Zone 5

1+ 4
Zone 6 \
2+9 Zone 3

100m

N NZED
Zone 8 333 ‘:—/G\ -

15 S \Zone 4

L

\Zoo\m
ANOVA across all zones, F7 2154=1O.8?O, P=000001

Homogeneous subsets by modified LSD Procedure, a=0.05
Subset 1 Zones 7,8,5,6,2,1,3
Subset 2 Zones 3,4
*rounded to whole numbers

FIGURE 74
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ring. Concentrations, as expected, were much greater around St.
George Island (Modified LSD Procedure, P < 0.05).

Diet

Figure 75 summarizes the most important foods used by Parakeet
Auklets on the Pribilof Islands between 1975 and 1978. These
results can be compared with those of Bédard (1969a) for St.
Lawrence Island, the only other Bering Sea location for which
extensive data exist on the food habits of these small auklets.
Data from the Pribilof Islands were gathered primarily during the
chick phase and represent gqular pouch Toads being brought to chicks.

At the Pribilof Islands, Parakeet Auklets used euphausiids
and polychaetes extensively and made moderate use of fish larvae
and amphipods. The euphausiids, T. inermis and T. raschii, were
the primary prey species, while nereid worms (polychaetes) were of
secondary importance (Figure 75). Pollock was the most important
species of fish in the Parakeet Auklet diet. However, fish were
less important than invertebrates, amounting to only 26 per cent
of the diet by volume.

Bedard (1969a), at St. Lawrence Island found Parakeet Auklets

to be feeding generalists, taking a wide variety of midwater and
epibenthic prey, particularly calanoid copepods, euphausiids and
amphipods. On St. Lawrence Island, fish were only a minor component
of the diet, although Parakeet Auklets there consumed more fish

than Least and Crested Auklets. Comparison of data from the Pribilof
Islands and St. Lawrence Island show some important features of the

food habits of Parakeet Auklets. At both sites, Parakeet Auklets

take a wide variety of plankton, invertebrates and fish larvae,




allowing them to exploit both neritic and oceanic water masses.
This broad diet, undoubtably accounts for their very widespread
distribution throughout the Bering Sea (Hunt et al. 1980b).
Nesting
Habitat
Parakeet Auklets nest in crevices and small caves in coastal
cliffs or in crevices between boulders in talus slopes or boulder
beaches. They nest in scattered pairs.and are the least colonial
of the Bering Sea auklets.
Phenology
Parakeet Auklets are present on the Pribilof Islands from
April to the last week in Auqust. Our phenology estimates suffer
from a small sample size due to the limited number of accessible
nests. The following information is based on 6 nests found in
1976. Hatching occurred in the last week of July and we extra-
polated back from hatching dates to estimate that egg-iaying
probably occurred during the third week of June, based on an
incubation period of 35 days (Sealy and Bédard 1973). Chicks
fledged after about a month in the nest and apparently were
independent after fledging.
Daily Activity Patterns
Colony attendance patterns are quite variable in this spécies.
Hickey and Craighead (1977), working on St. George Island, found
auklet numbers were low in the morning, with peak numbers occurring
between 1500 and 2300 h, at least in August when the watches were
conducted. 0On St. Paul Island, we found low numbers in the morning,

with maximum numbers were found between 1100 and 1700 h during
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a watch on 19 July. On 26 July, peak numbers did not occur until
1500 h. Later in the season, on 13 August, maximum numbers of
auklets on St. Paul were found at 2000 h.
Productivity

In the 6 nests studied in 1976, four chicks fledged. Given
the inaccessibility of Parakeet Auklet nests to observers and to
predators, we could expect productivity to be relatively high
even though they lay a single egg. Two of the chicks in our sample
were weighed and growth rates of 11.0 and 10.6 grams/day were

obtained. Fledging weight for one chick was 295 grams.

Crested Auklet (Aethia cristatella)

Numbers

The breeding distribution of Crested Auklets is centered
in the Aleutian Islands and Bering Sea. They nest on "oceanic"
istands, typically in large colonies. An estimated 1.2 million
Crested Auklets occur in the eastern Bering Sea (Appendix 1).
The Pribilof Islands support a small colony of 34,000 Crested
Auklets, which is an insignificant number when compared to the
large colonies on St. Lawrence Island and the Diomedes.

Pelagic Distribution

The pelagic distribution of Crested Auklets is discussed
along with that of the other species of auklets under the pelagic
distribution of Parakeet Auklets.

Diet

Crested Auklets obtain their prey by diving, perhaps to
40 m (Bédard 1969a). At the Pribilofs, they are found foraging

within a few kilometers of their colonies. Here, they specialize
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on euphausiids, which constitute over 68 per cent of the diet
by volume (Figure 76). The most important species in the diet
were the euphasiid T. inermis and the amphipod P. libellula.
Our few samples (N = 20) were mostly taken while auklets had
chicks and represent stomach and gular pouch samples.

Comparative data for this species are available from the
studies of Bédard (1969a) and Searing (1977) on St. Lawrence
Island. Bédard (1969a) found Crested Auklets specialized on
Thysanoessa, as we found at the Pribilofs. In August, 1976,
Searing (1977) collected a small number of Crested Auklets and
found calanoid copepods predominating in the diet with little
use of euphausiids. Although Bédard (1969a) found moderate
use of calanoid copepods, they were conspicuously absent from
the diet of Crested Auklets on the Pribilofs. On St. Lawrence
Island, there appear to be substantial seasonal and yearly shifts
in the species composition of the diet of Crested Auklets (Bédard
1969a, Searing 1977). The differences between our findings on
the Pribilofs and data from St. Lawrence Island may reflect
seasonal or yearly differences, or they may represent real regional
variations in prey availability. More data are needed on the
diet of Crested Auklets at the Pribilofs before conclusions can
be drawn.

Nesting
Habitat
Crested Auklets nest in crevices and interstices between

boulders in talus slopes and in boulder beaches and less frequently

in crevices in coastal cliffs.
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Phenology

Crested Auklets are present on the Pribilofs from April
to the middle of August. We have no information on the phenology
of this species because no nests were accessible. The behavior
of this species prevented us from mist-netting large numbers
and following phenology indirectly through changes in brood
patches, etc.

Crested Auklets were present on the‘co]ony in large numbers
at mid-day‘or late afternoon. The exact timing of peak numbers
is variable; in four counts during July and August, maximum
numbers were found as early as 1200 h and as late as 1900 h.

Productivity

The nests of Crested Auklets were equally inaccessible to
predators as they were to us. Although Crested Auklets lay a
single egg we expect that their productivity is relatively high
because they are protected from predators and disturbance at the

nest.

Least Auklet (Aethia pusilla)

Numbers

Least Auklets are endemic to the Bering Sea. They nest in
the western Aleutian Islands as wé]] as on the "oceanic" Bering
Sea Islands. The population of Least Auklets in the eastern
Bering Sea is estimated at 4.5 million (Appendix 1); this eStimate
does not include the vast numbers of Least Auklets that nest on
Big Diomede Island, which lies in Russian waters. The Pribilof

Islands support a population of 273,000 Least Auklets (Hickey

and Craighead 1977) which accounts for only 6 per cent of the
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population in the eastern Bering Sea. The Least Auklet colonies
on the Pribilofs, although large, are probably insignificant
in terms of the Bering Sea and total numbers of this species.

Pelagic Distribution

The pelagic distribution of Least Auklets is discussed
along with that of other auklets under the pelagic distribution
of Parakeet Auklets.

Diet

At the Pribilof Islands, Least Auklets are generally found
foraging within a few kilometers of the islands. They dive to
obtain their prey which consists primarily of copepods and
amphipods, at least when feeding chicks (Figure 77).

Comparative data for the diet of this species are available
from St. Lawrence Island (Bédard 1969a, Searing 1977). Our data
closely agree with those of Bédard (1969a) and Searing (1977)
for the chick phase. At this stage in the reproductive cycle
Least Auklets specialize on calanoid copepods. Apparently, the
auklet colonies on the Pribilofs and St. Lawrence Islands depend on

the same copepod, Calanus marshallae (Bédards's.g. finmarchicus,

Frost 1974). Our data suggest that adults may feed more on
euphausiids for themselves, while preferentially feeding their
young Calanus.

Bédard (1969a) found seasonal shifts in the prey taken by
Least Auklets. Early in the breeding season, the auklets used

a wide variety of invertebrates, but in July and August, when

they had chicks, they switched to monophagy. Unfortunately,

we do not have data on Least Auklet diets early in the season.
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This information would be interesting to have, since we have
hypothesized (Hunt et al. 1980b) that the auklets on St. Lawrence
Island depend on the arrival of Calanus carried on currents from
the Bering Slope region. If this were the case, we would expect
Pribilof Auklets to show heavy use of Calanus early in the breeding
seasons since these colonies are very close to the supposed source
of the Calanus.
Nesting
Habitat

Least Auklets nest in crevices in taius slopes and boulder
beaches and in cliff faces. On St. Paul Island, they nest in dense
colonies among the boulders below the surface of three rocky barrier
beaches (East Landing, Antone Lake, Salt Lagoon); others nest in
the rocky rubble at the base of cliffs or in small holes in the
cliff face. On St. George Island, there are over a quarter of a
million Least Auklets. Half of these nest in an intand talus siope.

Phenology

Least Auklets are present on the Pribilof Islands from
mid-April until the last week in August. We infer from the
presence of brood patches on birds collected in mist-nets, that
the first eggs are laid in early June (Figure 78). Incubation
in Least Auklets lasts approximately 31 days (Sealy 1968).
During the second week of July, birds captured in mist-nets
had full gular pouches, an indication that they were bringing
food back for their chicks. Chicks fledge at about 30 days

of age, and most chicks have fledged by the middie of August.

After the last week of August, Least Auklets are uncommon on the
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water close by the Pribilofs, although a few late breeders may
remain into early September.
Daily Activity Patterns
In July, Least Auklets were present on the beaches in
maximum numbers at 1300 and 2100 h. This bimodal pattern of
attendance peaks was found consistently throughout July but
broke down in August, at which time attendance patterns became
quite variable. Because of the inaccessibility of nests we
were not able to investigate nest attendance patterns.
Productivity
We were unable to obtain any information on productivity of
Least Auklets due to the inaccessibility of their nests. Although
they lay a single egg, we would expect Least Auklets to have fairly
high productivity, because their nests are inaccessible to predators,
with the exception of microtine rodents. Microtine rodents are
a problem on St. Lawrence Island, and many Least Auklets chicks
are lost to them (Sealy and Bedard 1973). On the Pribilofs, the
only possible predators are the St. Paul Island shrew (Sorex

pribilofensis) and the Black-footed Lemming at St. George Island

(Lemmus nigripes). We have no data on the impact, if any, of

these species on nesting auklets. As with productivity, the
inaccessibility of nests precluded the gathering of data on chick

growth.

Horned Puffin (Fratercula corniculata)

Numbers
Horned Puffins occur throughout the Bering Sea, southern

Chukchi Sea and Gulf of Alaska. The eastern Bering Sea supports

203




an estimated population of 200,000 (Appendix 1). The Pribilof
Islands have a population of 32,400 Horned Puffins (Hickey and
Craighead 1977), 28,000 of which nest on St. George Island. The
Pribilof population of Horned Puffins accounts for approximately
16 per cent of the population on the eastern Bering Sea, but is
probably insignificant in terms of world numbers.

Pelagic Distribution

The pelagic distribution of Horned Puffins in the vicinity
of the Pribilofs is given in Figure 79. Air and ship surveys
are combined to give the best possible coverage of this relatively
scarce species. No figure is presented for spring, as virtually
no Horned Puffins were seen in the study area at this season.

In summer, Horned Puffins were spread fairly evenly over the
water to a distance of 40 or more km from the islands. In the fall
our surveys suggest that the birds are more concentrated near the
islands than in summer. Examination of the histograms of
distribution around the islands provided little information of
value due to the uniform and extremely low densities of this
species around the islands. Therefore, histograms for this
species are not included. Zonal analysis of Horned Puffin
distribution (Figure 80) show somewhat elevated densities near
the breeding islands, and extremely low densities away from the
islands (Modified LSD Procedure, P  0.05). Horned Puffins appear
to spend relatively more time near the islands than Tufted Puffins.
Diet

Horned Puffins obtain their prey by pursuit diving. During

the breeding season, they forage near their colonies, often within

2 km of shore (Wehle, in prep.).
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Distribution of Horned Puffins by zones
near the Pribilof Islands, 1975-1979 (xts)”

10Om

200 m

ANOVA across all zones, F, 515, =24.861, P=0.00001

Homogeneous subsets by modified LSD Procedure, =005
Subset 1 Zones 8,7,6,5,1,2
Subset 2. Zones 1,2,4
Subset3 Zone 3

*rounded to whole numbers

FIGURE 80
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Figure 81 summarizes the foods used by Horned Puffins at the
Pribilof Islands between 1975 and 1978. Fish were the principal
food source, with shallow-water, subtidal forms predominating.

In addition, Horned Puffins made moderate uSe of a variety of
invertebrates. Preble and McAtee (1923) reported the use of isopods
at the Pribilofs in their sample of a single Horned Puffin. We
found evidence that young are preferentially fed fish, particularly

Hexagrammos and Ammodytes. We frequently observed Horned Puffins

returning to their nests carrying squid, although squid did not
occur in our recovered bill-loads.

Swartz (1966) provided data on eight full stomachs of Horned
Puffins collected at Cape Thompson in the Chukchi Sea. Fish were
found in six of the stomachs and invertebrates in five. Of the
fish, gadids were most common, and polychaetes dominated the
invertebrates. Given the small sample size, it is difficult to
judge the significance of these data, but Horned Puffin diets
at Cape Thompson appear less dominated by inshore, subtidal
forms than Horned Puffins diet at the Pribilofs.

Nesting
Habitat

On the Pribilof Islands, Horned Puffins nest in natural rock
crevices in cliff faces and secondarily in talus and boulder rubbles
beneath cl1iffs. Horned Puffins nest in association with other
cliff and crevice-nesting seabirds rather than in the large, single-
species colonies typical of their congener, the Common Puffin.

Phenology
Horned Puffins were present on the Pribilof Islands from

May to October. Egg-laying occurred between mid-June and mid-July.
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Eggs were incubated for approximately 42 days (Sealy 1973). Our
laying dates were calculated from a known hatching date (Table 25).
The first chicks were seen in late July (Table 25), and hatching
continued into early September. Puffin chicks fledge at about
42 days of age (Sealy 1973). Using these data and projecting
from known hatching dates, the last chicks in our study areas
should then have fledged by mid-October. Horned Puffins nests
were checked only once a week in 1975 and 1976, and less frequently
in 1977. _ Any differences in phenology less than 10 days shod]d
be interpreted with caution.
Daily Activity Patterns

Hickey and Craighead (1977) found a bimodal pattern of colony
attendance in this species on St. George Island, with maximum
numbers occurring around 1200 and 1900 h. On St. Paul Island,
however, we found a unimodal pattern of colony attendance, with
a single peak in the afternoon occurring between 1500 and 1800 h.
The exact shape and timing of this peak varied through the
breeding season.

Incidental information on nest attendance was taken on

one nest in August of 1979. Trips away from the nest averaged

1.6 + 1.1 hours (n = 8 trips) and adults brought food back at

a rate of 0.36 feedings/daylight hour.
Productivity
We estimate that Horned Puffins on the Pribilof Islands
normally fledge 0.8 chicks/egg, as seen in 1977 (Table 26).
The lower productivity seen in 1976 and 1975 probably reflects

the higher degree of disturbance during the egg phase caused by




TABLE 25

Phenoloqy of Horned Puffins on St. Paul Island, 1975 - 1977

FIRST EGG ORSERVED

CLUTCH IMITIATION
X+S (N)

FIRST CHICK OBSERVED

ﬂATCHING
X+ S (N)

FIRST FLEDGING OBSERVED

FLEDGING

X + S (N)

1975

25 June**

8 J1 + 8.5
(1)

28 July

19 A + 8.8
(11)

9 Sept

22 S + 7.9
(5)

1976

14 June*¥*

28 Jn + 13.9
(6)

31 July

30 A+ 14.3
(6)

none fledged

by 16 Sept
18'S + 13.97
(6)

1977

15 June

29 Jn + 7.9
(4)

3 August

10 A + 7.9
(4)

* back calculated from hatching using a 42 day incubation period

(Sealy 1973).

** gbserved on first nest check

+ calculated from hatching using a 40 day nestling period
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TABLE 26

Reproductive Success of Horned Puffins on St. Paul Island,

1975-1977
1975 1976 1977
NUMBER 0OF NESTS 1 25 10
WITH EGGS

HATCHING SUCCESS 1.00 0.56 0.90
(chicks hatched/

eqq laid)

FLEDGING SUCCESS 0.45- 0.79 0.78-
(chicks fledged/ 1.00 0.89
chick hatched)

PRODUCTIVITY 0.45- 0.44 0.70-
(chicks fledged/ 1.00 0.80

eqg laid)
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regular nest checks. Wehle (in prep.) states that Horned Puffins
are very sensitive to disturbance at the nest during incubation,
with disturbance often resulting in 1owefed productivity or
desertion.

Growth rates allow a comparison of productivity between years
without regard td disturbance. Puffin chicks grew at an average
rate of 11.5 grams/day (Table 27). No significant differences
were found in growth rates among years (T test, 1975/1976 T14 =
1.03 P = .3, 1976/1977, Ty, = 0.42, P = .6, 1977/1978, Tg = 0.46,
P=.7).

TABLE 27

Growth Rates of Horned Puffin Chicks on St. Paul Island, 1975 - 1978

(g/day)
1975 © 1.1 + 1.3 (8)
1976 12.0 + 2.1 (8)
1977 11.5 + 2.3 (6)

1978 10.7 + 0.6 (2)

Tufted Puffin (Lunda cirrhata)

Numbers

The distribution of Tufted Puffins is centered in the Aleutian
Islands and northern Gulf of Alaska. An estimated 1.4 million
Tufted Puffins occur in the eastern Bering Sea (Appendix 1). A
population of 7,000 nests on the Pribilof Islands; this population

is probably insignificant in terms of Bering Sea and world numbers.
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Pelagic Distribution

The pelagic distribution of Tufted Puffins is given in
Figure 82. FEven though this species tends to approach and circle
ships, data from shipboard and aerial surveys were combined to
give the best indication of distributional patterns. However,
because of the tendency to follow ships, the densities illustrated
may be somewhat exaggerated.

In spring, relatively few Tufted Puffins were seen, and the
largest concentrations were distant from the islands. In summer,
low densities were seen hoth close to and far from the islands.
Although the zonal analysis (Figure 83) shows a significant
increase in density around the Pribilofs (Modified LSD Procedure,
P < 0.05), neither the plot of density (Figure 82) or the histograms
(not shown) show of an area of marked concentration around the
islands. Rathef, Tufted Puffins appear to have relatively uniform
distribution from the Pribilof Islands out to at least 80 km. In
fall, some indication of aggregations of higher density were found
near the shelf break and in the outer.shelf domain (Figure 82).
Diet

Tufted Puffins obtain their food by diving, and their pelagic
distribution indicates that they are primarily offshore feeders
at the Pribilofs. The diet of Tufted Puffins at the Pribilofs
between 1975 and 1978 1s‘summarized in Figure 84, Fish made up
the major portion of the diet; walleye pollock represented close
to one-half of the fish taken. Inshore, subtidal species,

predominant in the diet of Horned Puffins, were absent from the

diet. Nereid worms (Polychaeta) were the predominant invertebrate

in Tufted Puffin diets at the Pribilofs.
213




21

|
!

T

i gy

178
1UFTED PUFFIN
: MARCh - MAY

A1] A SHIP SURVEYS

158

Etd

o«
-

}14

S5

54

|
e oo * et
.

172

171 178

’ N
PP \‘v.;:_u..

>

H i : P
: , \
! | i : e
z . )
‘ ot

63 5 .-l oAt
(o8 5..- 22 % =
o PEUNET R S

iv2

ate g oMiP LY "..’:""1.“""3 SLOLEMBER

FIGURE 82




Distribution of Tufted Puffins by zones .
near the Pribilof Islands, 1975-1979 (X +s)

Zone 7
ot

100m

200 m

ANOVA across all zones, F7’2]5, =4.752, P=0.0000!

Homogeneous subsets by modified LSD Procedure, a=0.05
Subset 1 Zones 7,8,5,16,2
Subset 2 Zones 1,6,2,4,3

*rounded to whole numbers

FIGURE 83
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Information on Tufted Puffin diets from elsewhere in the
Bering Sea and North Pacific is summarized by Wehle (in prep.).
Unpublished data from Sanger (U.S. Fish and Wildlife Service,
Anchorage, Alaska) supports the contention that in the south-
western Bering Sea gadids, particularly walleye pollock, are
important in Tufted Puffin diets, as are nereid worms and sand
lance.

Nesting
Habitat

On the Pribilof Islands, Tufted Puffins nest in burrows
whiéh they excavate in grassy slopes, generally surrounded by
steep sections of cliff. On fox-free islands, Tufted Puffins
are not limited to cliffs, but will burrow in any grassy area.

Phenology

Tufted Puffins are present on the Pribilof Islands from May
to October and possibly later. No nests were accessible to us
and the behavior of these birds prevented their being mist-netted.
Our information from collected birds and observations suggest
that Tufted Puffins begin bringing fish back to the burrows near
the end of August; the first observation was on 31 August. Tufted
Puffin§ carrying fish became more common in early Séptember. These
observations suggest that Tufted Puffin chicks do not hatch until
late Auqust. If this is the‘case, then laying would occur in
mid-July and chicks would not fledge until mid-October.

Daily Activity Patterns
Tufted Puffins showed a bimodal pattern of colony attendance

in July, with a peak of attendance in the morning, around 0700,
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and a peak in the evening, between 1700 and 2000 hours (Hickey
and Craighead 1977). Our watches in August found attendance was
much more variable. Other investigators have found complex
patterns of colony attendance in this species, with 3 to 4 day
cycles of maximum numbers (Wehle 1978). Our study of attendance
was not detailed enough to determine whether puffins on the
Pribilofs also showed such intricate patterns.
Productivity

We have no data on the productivity of Tufted Puffins on
Pribilof Islands, due to the inaccessibility of their nests.
Tufted Puffins seem to be more vulnerahle to fox predation than
Horned Puffins. In surveying fox dens, Tufted Puffin carcasses
were common, whereas only one Horned Puffin carcass, out of
approximately 60 puffins carcasses, was found (Zoe Eppley, pers.
obs.). We also frequently observed foxes traversing the gentler
slopes in which Tufted Puffins nested. Under the circumstances,
we would expect Tufted Puffins to have comparatively greater

mortality of both adults and nestlings than Horned Puffins.
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DISCUSSION
Reproductive ecology and variability

In comparing the productivity of the Pribilof colonies
to other colonies in the Bering Sea, it is useful to put the
productivity of Bering seabirds in a broader perspective. In
particular, for some marine bird species with multiple eqg clutches,
populations in the North Pacific and North Atlantic have been
found to have larger clutches, faster chick growth rates, and
greater reproductive success than populations of the same species
in the Bering Sea (Hunt et al. 1980b). Species for which this
generalization appears to hold include Pelagic Cormoranfs,
Glaucous-winged Gulls and Black-legged Kittiwakes.

Several factors may interact to cause depression of the
productivity of marine birds in the Bering Sea. First, a number
of the Bering Sea colonies are larger or denser than other northern
hemisphere seabird colonies, and the potential for competitive
depression of growth rates and productivity may be greater in
large colonies. A second difference between the Bering Sea and
the North Pacific and North Atlantic is sea temperature. The
Bering Sea is much colder, and the energetic costs of survival
are likely to be greater. Third, in the southeastern Bering Sea,
frequent storms and bad weather may reduce the productivity of
birds by interferring with their ability to obtain food. In
contrast to the southeastern Bering Sea, in the northeastern Bering
Sea, weather is generally good; but food resources appear to
fluctuate greatly in abundance from year to year. Productivity

in the northeastern colonies appears to depend on the migrations
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of fish schools into waters near the colonies. When food is
available, productivity in these colonies is as high as in the
colonies outside the Bering Sea. In other years, producfivity

is extremely low. Productivity of marine birds which lay a
single eqg, including the alcids and the Northern Fulmar, appears
to be more consistent both within the Bering Sea and between

the Bering and other regions than for species with multiple-egg
clutches. However, we have much less information on the alcids
and such conclusions may be premature.

Within the Bering Sea, our best comparative data are for
Black-legged Kittiwakes. This species has been studied at the
Pribilofs for five years, at Bluff in Norton Sound for 4 years
and at Cape Peirce on the coast of Bristol Bay for 2 years. At
Cape Peirce and Norton Sound, Black-legged Kittiwake productivity
shows large fluctuations, ranging over as much as 3 orders of
magnitude in 3 years. At the Pribilofs, kittiwake productivity
is more stable. At Norton Sound, fluctuations in productivity
appear to be caused by changing food supplies. Theée colonies
depend on the migration of schools of sand lance (Ammodytes)
into waters near the colonies. When large schools of fish are
present, productivity is the highest seen in the Bering Sea
(Hunt et al. 1980b). In years when the fish schools do not
approach the colonies, productivity is abysmally low.

The interpretation of fluctuating kittiwake productivity at
Cape Peirce is less certain, as there are no data on the foods
used by Black-legged Kittiwakes at this colony. In addition,

only 2 years of productivity data are available, so we do not
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know whether the low productivity seen in 1977 was a rare

or frequent occurrence. However, an important Herring spawning
and nursery area is located near Cape Peirce, and the location

of spawning is affected by the southern 1imit of the ice-edge and
sea temperature in the spawning season (F. Favorite, pers. com.).
It is possible that the observed fluctuations in productivity

of Black-legged Kittiwakes at Cape Peirce are also food related,
and depend on the location of fish spawning areas and indirectly
on weather.

At the Pribilofs, fluctuations in kittiwake productivity
appear to be caused by weather. Specifically, productivity is
depressed in years of unusually strong winds. During periods of
high winds, food delivery to young may be reduced while energetic
demands for survival are increased. In these periods, siblicide
is increased (Braun, in prep).

There are at least two reasons why Pribilof Black-legged
Kittiwakes show smaller fluctuations in productivity than kittiwakes
elsewhere in the Bering Sea. First, tﬁe Pribilofs are located
in one of the richest regions of the Bering Sea with large fish
and zooplankton resources which, because of a multiplicity of
year classes and apparently stable distribution patterns, provide
consistent food resources. This abundance of food encourages
high and stable productivity. Second, the consistently poor
weather of the region interfers with the adults ability to deliver
food to young at a rate sufficient to insure the survival of
two young. The net result of these two opposing factors is a

relatively stable but moderate level of productivity.
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At present, the only other species for which sufficient
-data exists to-allow a comparison of productivity within the
Bering Sea are the two species of murres. Fluctuations in murre
productivity were not as pronounced as in kittiwakes, partially
because murres lay only a single egg and the potential for
variation is less. In addition, the insensitivity of our measures
of murre reproductive success preclude detection of small
fluctuations in productivity. Because we did not findvpara11e1
fluctuations in kittiwake and murre productivity, and because
we lack adequate data for other‘species, we are not confident
about generalizing from kittiwake data to the reproductive status
of other species of marine birds.

Having placed the Pribilofs within the broader perspective
of northern hemisphere and Bering Sea colonies, we are now in a
position to compare productivity on St. Paul and St. George
Islands. When we look at various reproductive parameters such
as clutch size, growth rates, and fledging weights, many species
showed larger values for their population on St. Paul than for
their population on St. George. Rarely, these differences were
manifested in lower productivity for the population on St. George.
These two islands are similar in weather and location, except
St. George is closer to the rich foraging waters of the shelf
break. Hence we might have expected birds to have done better
there. One major difference between the two islands is the
amount of cliff space; St. George Island has more space for
cliff-nesting birds than St. Paul. The greater cliff area on

St. George Island accounts for the seabird population being ten
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times larger there than on St. Paul Island. The larger numbers
nesting on St. George Island increase the potential for competition
in the waters near the island. We believe that clutch size,

growth rates and fledging weights for some species are depressed

on St. George Island relative to those on St. Paul Island due

to competition among birds foraging near their colony. Although
productivity is not depressed, lower fledging weights may reduce
post-fledging survivorship (Lack 1966) and thus affect population

dynamics.”

Trophic Dynamics

Within the Bering Sea, there are few studieswhich combine
seabird productivity studies with studies of food webs used by
the birds. We have suqgested how the size and location of prey
populations may enhance or depress productivity in the colonies.
Knowing the prey taken by seabird communities, and the stability
of these prey resources is an integral part of understanding
the natural fluctuations in seabird productivity and populations.
Although our knowledge of the dynamics of the prey populations
on which the Pribilof seabirds depend remains scanty, we do
know something about the prey types taken and the flexibility
of seabird diets.

As stated previously, the Pribilof Islands lie within a
particularly rich region of the Bering Sea. The Quter Shelf
Domain (Figure 85) is known for its large populations of fish and
plankton, as well as for its high diversity of speices. Despite a
wide variety of food resources, the Pribilof seabird colonies as

a whole rely on comparatively few prey species (Figure 86).
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SUMMARY OF SEABIRD DIETS AT THE PRIBILOF ISLANDS, 1975-1978

RED-FACED BLACK-LEGGED RED-LEGGED THICK- BILLED

CORMORANT KIT TIWAKE KITTIWAKE COMMON MURRE MURRE
ALL INVERTEBRATES mul
Polychasia L]
Capholopoda *

e

§
|

Euphouslidae
T. inermis
T. rosenii
other euphousiids | «
Decopoda

ALL FISH | ]
Osmeridos
M wiiosus *
Myctophidoe ]
Gadidoe

*ee
LR R ]

Q]

VOLUME OF FOOD 4929 m! 6784 mi 3249 mi 596 m| 6 mi
NUMBER OF SAMPLES [ ] 608 3re nr 233

PARAKEET CRESTED
HORNED PUFFIN TUFTED PUFFIN AUKLET AUKLET LEAST AUKLET

Amphipoda
Pereteavsio =

A a oy

ALL FisM | ——]
Oumaridae

M. vittosvs =] =1

VOLUME OF FOOD 183 mi somi 268 mi 252mi 312m
NUMBER OF SAMPLES 39 23 88 20 258

¢ 03% OF DIET, OR LESS

FIGURE 86
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Considering the diet of the species, without compensation for
bird biomass or residency time, we find that 84% of the seabird
community diet is fish and 16% is invertebrates. The single
most important prey species is walleye pollock, followed by

Thysanoessa, Parathemisto, Calanus and myctophids. If we weigh

the percentaées of prey taken by the different seabirds by the
biomass of the birds and the residency times of their populations
at the Pribilofs, pollock makes up 41% of the food consumed, P.
1ibellula makes up 8%, and euphausiids account for 6% (Table 28).
Although myctophids, euphausiids and cephalopods together are

only a small portion of the biomass consumed by Pribilof seabirds,
they must be seen as critical foods because they are of major
importance to one or more species.

The emphasis of the bird community as a whole on a single
prey species, walleye poliock, would seem to make the community
particularly vulnerable to prey shortage§. We have looked at
the year classes of po]]ock-takenvby Black-legged Kittiwakes
at the Pribilofs. This species takes as many as 3 different
year classes of pollock at the begjnning of the nesting season,
but as the season progresses and young-of-the-year pollock become
available, kittiwakes increasingly select a single year class
(Figure 38). Black-legged Kittiwakes may reduce their
vulnerability to pollock shortages by spreading their consumption
over three year classes. If pollock reproduction was poor one
year, Black-legged Kittiwakes would be forced to take older
and larger fish. Other seabirds which rely on pollock may also

use this strategy. Murres and puffins carry bill l1oads of whole
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Table 14. A comparison of bird nest densities on a mainland tundra plot and a barrier island
tundra plot in the Simpson Lagoon-Jones Islands area of Alaska (1977-1978).

Pingok Plot 2 (0.300 km?) Miine Pt. Plot (0.250 km?)
1977 1978 1978

Species #Nests Density* Fate§ #Nests Density Fate§ #Nests Density Fate§
Pintail '_ - - - - 1 4.00 +
King Eider - - - - 1 4.00 +
Spectacled Eider - - - - 1 4.00 +
Baird's Sandpiper - - - - 2 8.00 +
Dunlin 3 10.00 - 2 6.67 + 1 4.00 +
Semipalmated Sandpiper - - 2 6.67 + 1 4.00 +
Buff-breasted Sandpiper - - - - 1 4.00 +
Pectoral Sandpiper - - - - 1 4.00 +
American Golden Plover - - - - 1 4.00 +
Lapland Longspur 8 26.67 5+ 2 6.67 + 5 20.00 +

TOTAL N 36.67 6 20.01 157 60.00

*A11 densities are per km?,

+Within a linear distance of approximately 2.50 km E and 0.25 km S, W and N of the Milne Pt. tundra plot,

an additional 18 nests were recorded. These included nests of the arctic (1) and red-throated (1) Tloon,
white-fronted goose (1), king eider (2), spectacled eider (2), dunlin (1), oldsquaw (2), Sabine's gull (4),
arctic tern (3) and snow bunting (1). No additional nests were either observed or suspected in areas
similarly adjacent to the comparable tundra plot on Pingok Island. Al1 densities are per km2.

During 1978, no evidence was found of predation or desertion of nests on mainland or barrier island tundra
plots; apparently all of these nests were successful. During 1977 all three dunlin nests were destroyed
by predators and three of the eight longspur nests were destroyed by predators.
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fish to their young and may be unable to utilize the larger
pollock for feeding their young. However, adults may consume
them on the feeding grounds. Thus, depsite heavy reliance on a
single prey specie;, Pribilof seabirds are able to reduce the
effects of ocsillations in prey availability by spreading their
consumption over seyera] year classes; this adaptatidn may;

to a large degree, account for the stable productivity at the
Pribilofs.

Although seabirds show a considerable amount of overlap in
diet, this overlap does not preclude resource partitioning among
the species. Fiqure 86 diagrams the diets bf seabirds at the
Pribilofs. Species with similar morphology and foraging methods
might be expected to show the greatest similarities in diet.
However, if we compare the diets of Black-legged and Red-legged
Kittiwakes, we see that their major prey afé different; Red-
leqgged Kittiwakes dépend on myctophids while Black-legged
Kittiwakes depend on pollock. Common and Thick-billed Murres
share pollock as thefr major prey species, hut Thick-billed
Murres are less dependent on fish than Common Murres, and

Parathemisto is the second most important prey for Thick-billed

Murres. Horned and Tufted Puffins also show major differences
in diet; the primary prey of Horned Puffins are hexagrammids,
while Tufted Puffins rely on pollock. Although Black-legged
Kittiwakes, murres and Tufted Puffins all share pollock as their
primary prey, these species forage at different times, locations

and have access to different portion of the water column, thereby

reducing competition.




The three species of auklets stand out among the Pribilof
seabirds because pollock is not an important part of their diet.
Bedard (196%a) has found major differences in the sizes of prey
and taxa of prey taken by these three species at St. Lawrence
Island. We found similar differences in the diets of the auklets.
Fish are virtually absent from the diets of Least and Crested
Auklets, while fish are a significant part of the diet of Parakeet
Auklets. Crested Auklets depend on euphausiids as their primary
prey but the major prey for Least Auklets are calanoid copepods.'
Where substantial overlap occurs in the diets of the auklets,
they further partition resources by taking generally different
sizes of prey. In general, Parakeet Auklets take the largest
prey while Least and Crested Auklets take the smallest prey.

For the prey taxa which both Least and Crested Auklets take in
large numbers, Least Auklets tend to take smaller individuals
than Crested Auklets.

Although prey resource partitioning appears to predominate
at the Pribilofs, multi-species foraging flocks are seen around
the islands in summer. Local concentrations of prey at the
surface are spotted by Black-legged Kittiwakes, and other species
soon join the melee. We have seen multi-species foraging flocks
composed of up to eight different species. These foraging flocks
are only found within a few km of the islands, usually within
sight of the colonies, and are conspicuously scarce away from

the islands.

The previous discussion has portrayed seabird diets as fixed

and immutable, when, in fact we find substantial evidence of




opbortunism among Pribilof seabirds. For Black-legged KittiWakes,
Red-1egged Kittiwakes, Common and Thick-billed Murres, we have
enough data on their diets to compare years. For all these
species, we find an increased use of pollock in 1977 and 1978
’compared to previous years. This increase of pollock in the
diet accompanied an increase in the availability of pollock in
1977 and 1978 relative to 1975 and 1976 (Table 29, from Smith
1979). In both 1977 and 1978, due tothe absence of storms
during a-critical hatching period for pollock, there were strong
year-classes produced (Cooney et al. 1978). Figure 87 shows
that the distribution on young pollock in the eastern Bering

Sea is clustered around the Pribilofs (Smith 1979).

TABLE 29

Indices of relative abundance of Pollock age classes, measured by

NMFS Crab-Groundfish research vessel surveys within a central area

of the eastern Bering Sea during June to mid-August, 1975 - 1978
(108 individuals per 159,000 km?) (from Smith 1979).

Age Classes (yr)

Year 1 2 3
1975 758 - 402 614
1976 729 500 430
1977 2242 630 146
1978 nn 400 806
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o 1978 Midweier sighting

® 1979 Midwater sighting

. D Overall apparent range

;53 Area of Common occurrence in
: - stomachs of fish predators

| e .
180 175

Distribution of 2 to 4 month old pollock over the eastern Bering Sea

shelf during June to mid-August (from Smith 1979).
FIGURE 87
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Pelagic Distribution

The pelagic distribution of birds is influenced by many
factors: the location of oceanic regimes and their associated
food webs, the size of seabird populations and the magnitude
of competition, the predictability and variety of resources
and the energetic constraints of species which may limit théir
traveling distance from nesting sites. At the Pribilofs, most
birds are found within 100 km of the islands (Figures 88-90).

But within thié regﬁon, there are distinct differences in the
distributional patterns of species. Least, Crested and Parakeet
Auklets are commonly found within 20 km of the islands, but are
rare outside this zone. The radial distribution of murres is
intermediate. Murres are concentrated within 50 km of the isiands,
except for east of St. Paul Island where high densities of murres
are found out to‘100 km. This area appears to be particularly
important foraging area for a number of species.

Northern Fulmars, Red-legged Kittiwakes and Black-legged
Kittiwakes forage at considerable distances from their colonies.
Northern Fulmars and Red-legged Kittiwakes are generally
concentrated near the shelf break, whiTe Black-legged Kittiwakes
are evenly distributed over the ocean within 150 km of the islands,
except for their short-term participation in foraging flocks.

In summary, the critical foraging areas that support the
Pribilof Island seabird colonies are the ocean areas within
50 km of the islands, the shelf bireak to the south and east of
St. George, and east of St. Pau];where murres forage in large

numbers. These areas and the food resources within them should

receive protection.
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Distribution of seabirds by zones .
near the Pribilof Islands, 19751979 (Xts)

100m

Zene 6
67 %124

Zone 8
69+190

200 m

ANOVA across all zones, F7,2]25=9.854, P=0.0001

Homogeneous subsets by modified LSD Procedure, a=0.05

Subset 1 Zones 7,5,6,8,1,2
Subset 2 Zones 2,4
Subset 3 Zones 4,3

*rounded to whole numbers

FIGURE 90
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SUMMARY

OCSEAP studies have shown that the Pribilofs, particularly
St. George Island, are among the largest and most diverse seabird
colonies in the Bering Sea. Comparative data on the reproductive
success of seabirds nesting in the Bering Sea exist for Common
and Thick-billed Murres, Horned Puffins and Black-leqged
Kittiwakes. Productivity of the first three species at the
Pribilofs is similar to that found in Norton Sound and at Cape
Peirce, -with relatively modest year to year variation. In
contrast, productivity of Black-legged Kittiwakes nesting at
Bluff in Norton Sound and at Cape Peirce is typified by boom and
bust years, with reproductive success varying over orders of
magnitude. Productivity of Pribilof kittiwakes differs from this
pattern in that they have moderate and fairly stable success.

The location of the Pribilof Islands, close to the shelf -break
may be critical for support of not only the large populations of
seabirds, but also their moderate and steady level of reproductive
success. Between the shelf edge and the Pribilofs, shelf and oceanic
faunas merge into a diverse and complex community (Motoda and
Minoda 1974), combining the zooplankton resources of the shelf-
edge with the vast fish populations of the shelf. The birds of
the Pribilof Islands rely on the few dominant species of this

unique food web. Walleye Pollock (Theragra chalcogramma), a gadid

fish; Thysanoessa raschii, an oceanic euphausiid, and Parathemisto

libellula, and amphipod inhabiting the shelf, account for 41, 6
and 8 perfent, respectively of the prey taken by Pribilof seabirds.

Most foraging by seabirds is concentrated within 100 km of the
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islands, a reflection of the proximity of rich food resources.
In many cases, immense flocks of seabirds are found on the water

within a few kilometers of the islands.

Implications for Management

The size and diversity of the Pribilof seabird colonies,
as well as their unique popﬁ]ation of Red-legged Kittiwakes
comples their protection. However, if protection is to be
effective, three concerns must be addressed: 1) minimizing
adult mérta]ity away from the colony; 2) ensuring food resources
remain adequate to sustain not only the adult population, but
also reproductive efforts, and 3) minimizing disturbance of
breeding birds at their colonies.

Almost certainly the greatest threat to the survival of
the Pribilof seabird colonies is the possibility of increased
mortality of adults at sea. Numerous studies have identified the
vulnerability of seabirds to floating oil (Vermeer and Vermeer
1974) and King and Sanger (1979) have shown that certain groups
of Alaskan seabirds, notably the alcids, are particularly vulnerable.
Wiens et al. (1979) have shown that the recovery time of Pribilfof
seabird populations, if reduced in numbers would be linked to
reproductive rates, which are lowest in the alcids and the Red-
legged Kittiwakes. While Wiens' group addressed questions Fe]ated
to major, catastrophic oil spills, evidence from England (Bourne

1968, Clark 1973, Wilson and Hunt 1975), Denmark (Joensen 1972),

and South Africa (Westphal and Rowan 1970, Frost et al. 1976)

shows that repeated small spills and chronic fouling have

significant detrimental impacts on seabirds (see also Vermeer and .

3
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Vermeer 1975). Therefore, as oil extraction and related shipping
traffic increase in the Bering gea, it will be critical to guard
against chronic low-level 0il pollution as well as against major
0il spills within 100 km of the islands, a region which our
OCSEAP sponsored studies have shown is used extensively by
seabirds.

The second concern is that there be adequate food supplies
for Pribilof seabirds. During the non-breeding season, these
birds have considerable latitude in choosing foraging areas.
However, during the breeding season, theyare tied to their nesting
colonies, and most foraging is done within 20-50 km to 100 km
of the islands, depending on the bird species involved. Our
studies have shown that the Pribilof seabird colonies largely
depend on a single prey, walleye pollock, which is also the
mainstay of a large fishery effort. It is critical that fisheries
management decisions take into account the needs of other seqments
of the ecosystem as well as the needs of man. The implementation
of a maximum sustainable yield (MSY) fishery causes fish abundance
to fall to half its pre-expioitation levels, substantially lowering
food availability to seabirds. The collapse of somé ééabird
populations is likely as fish abundance approaches or falls below
MSY levels (MacCall 1979). This implies that fishery management
decisi