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SUMMARY OF OBJECTI VES, CONCLUSI ONS AND | MPLI CATI ONS W TH RESPECT
TO OCS OL AND GAS DEVELOPMENT

A, bjectives

The general objectives of this research unit are to 1) describe
rel ati onships of seabird popul ations and seabird food webs to regiona
physi cal processes and environmental variation, and 2) to provide a data
set which will ensure that future changes in numbers of thick-billed
murres (Uria lomvia]l, common nurres (Uriaaalge) and bl ack-1 egged
kittiwakes (Rissatridactyla)at maj or breeding colonies in Al aska can
be detected, and that the significance of the changes can be properly
i nterpreted.

B. Concl usi ons

A major decline in nunbers of nurres occurred at Cape Thonpson between
1960 and 1976, and numbers continued to steadily decline there between
1976 and 1979. A simlar downward trend in nunbers of murres has occurred
at Bluff in Norton Sound since 1975. That trend was still apparent in
1981. Nunbers of nurres at Cape Lisburne and nearby Cape Lewi s have not
appeared to decline during recent years. The nunber of nurres in one
colony on St. Lawence Island, the only colony for which we have nore than
one year of data, was considerably lower in 1976 than in 1972; but 1972
and 1981 nunbers were conparable, suggesting a short-term fluctuation in
the size of the breeding population in the md-1970's at a time when
environmental conditions were unusually cold.

Environnental fluctuations during the 1970’s had inportant repercussions
on the breeding biology of nurres, black-legged kittiwakes and | east
aukl et s (Aethiapusilla)i n northern Al aska by affecting supporting food
webs.  Breeding phenology and reproductive success of kittiwakes in the
eastern Chukchi Sea, and of kittiwakes and conmmon murres in Norton Sound,
were strongly correlated with climatic conditions. Hstorical data in-
dicate that the spring and sunmer periods during about two decades pre-
ceding the nmid-1970's were relatively cold. After 1976 the spring-sumrer
periods becane warmer. Breeding phenology was |ater and reproductive
success was lower in colder years when conditions were |ess favorable
for sone prey popul ations. Breeding phenology was earlier and reproductive
success was higher in warner years when prey availability was higher.

Bel ow average natality between 1959-1976, a relatively cold period in
northern Al aska, could have led to declining nunbers of nurres in recent
years. Kittiwake and nurre reproductive success has been high since 1978
when spring-sumer periods have been warm A prelimnary sinulation

anal ysis has predicted that nurre numbers should increase over the next
several years, beginning in 1982, if differential reproductive success is
responsi bl e for the nuneric changes (see Springer et al. 1982). Regional
differences in physical processes and food web stability appear to account
for changes in kittiwake productivity and could account for differences in
nuneric trends of |ocal breeding populations of nurres in northern Al aska.



C. Inplications with Respect to OCS G| and Gas Devel opnent

Information of the kind we are obtaining on seabird biology will help
us differentiate between future changes in seabird popul ations that m ght
result fromQOCS oil and gas devel opnent, and changes resulting from
environmental fluctuations unrelated to OCS activities.

[1. | NTRODUCTI ON
A General Nature and Scope of Study

Seabirds occupy top positions in nmarine food webs and thereby integrate
many el ements of regional ecosystens. Anpng the many species of seabirds,
murres and kittiwakes are easily studied and are sensitive to changes in
the environment. Qur studies take advantage of these characteristics to
exam ne spatial and tenporal differences in several marine food webs, and
the rel ationshi ps between these food webs, regional physical processes
and seabird biol ogy.

Substantial declines in murre populations during recent years in northern
Al aska have demonstrated the need for a systemthat will permt future
nmonitoring of colonies as resource exploration and devel opment increases
on Alaska's outer continental shelf. Therefore, our studies are designed
to provide methods for reliably censusing murres, thus establishing useful
indices of murre numbers at major breeding colonies in Al aska.

B. Specific Objectives

Qur initial plans for the FY81 field season called for colony studies
at St. Lawence Island, Little Dionmede Island and Cape Thonpson. The
Surveyor woul d have been used to transport people and equi pnent to those
| ocations. The Surveyor was unavailable for that purpose, and it
was necessary to nodify our plans concerning field sites. W elected to
retain our first priority of visiting St. Lawence Island and to continue
work at two nore accessible locations, Bluff and Cape Lisburne/ Cape Lew s.
The specific objectives of the FY81 work remained unchanged and i ncl uded:

1. Censusing nurres and black-legged kittiwakes at each |ocation.

2. Establishing as many pernmanent murre and kittiwake census plots
as possible on St. Lawence Island for future conparison.

3. Determ ning breeding phenol ogies and | evels of reproductive
success of kittiwakes and other seabirds at each |ocation.

4, Determining growh rates of kittiwake chicks at each |ocation.

5 Collecting specimens of seabirds, primarily nurres, Kittiwakes,
crested auklets (Aethiacristatella) and | east auklets, for food
habits data and as a means of sanpling local marine organisnms
for distribution and relative abundance.



6. Obtaining data on other species of seabirds that would provide
useful information on local marine systens.

C. Relevance to Problens of G| Devel oprent

The success of OCSEAP will depend in part on an ability to detect
changes in marine biological systems and in part on an ability to
separate naturally occurring changes from changes that mght result from
resource development in Alaskan waters. OCSEAP sponsored studies of sea-
birds in the Bering and Chukchi seas have shown that popul ation paraneters
such as nunbers, breeding phenol ogy and reproductive success can vary
consi derably between years. Such marked natural variation could make it
difficult to determine if developmental activities were involved in bio-
| ogi cal changes that mght be detected in future years.

Qur studies have shown that annual variability is not random but is
predictable from annual changes in the physical environnent and in regional
food webs. Information of this kind is relevant to problens of OCS

devel opment because it provides the neans to nmore clearly differentiate
between natural phenomena and changes resulting from resource devel opnent.
This aspect of our work is acquiring added inportance because of the recent
declines in nurre nunmbers that we have docunmented at two nmajor col onies,
one in the eastern Chukchi Sea and the other in the northeastern Bering Sea.

Seabirds are appropriate species to study not only because they are
sensitive indicators of changes in the environnent, but also because they
are relatively easy to study, especially by conparison to other high profile
marine vertebrates such as seals and whales. They also offer an excellent
means of sanpling lower trophic levels that often defy scientific sanmpling
met hodol ogi es.  Therefore, seabird studies can provide a great amount of
relatively inexpensive information on marine ecosystem dynamics. The
monitoring of seabird populations at strategic locations in Al askan waters
may be one of the nost effective neans of detecting significant changes
resulting from OCS devel opments and activities.

[11.  CURRENT STATE OF KNOW.EDGE

Prior to OCSEAP-sponsored studies, seabird colonies at Cape Lisbhurne
and nearby Cape Lewis in the eastern Chukchi Sea, and at Bluff in Norton
Sound in the northeastern Bering Sea had not been investigated.” Field
work in 1981 at Cape Lisburne and Cape Lewi s extended OCSEAP studies
conducted there between 1976-1979 and previously reported by Springer
and Roseneau (1977, 1978), Springer et al. (1979) and Mrphy et al. (1980).
Field work in 1981 extended other OCSEAP studies conducted at that site
in 1975-1978 and previously reported by Drury (1976), Steele and
Drury (1977), Biderman et al. (1978), Ransdell and Drury (1979), Murphy
et al. (1980) and Drury et al. (1981).

"Some general information on the relative sizes of these col onies was
obtained by aerial surveys in 1970-1973 (see Bartonek and Scaly 1979).



Most previous seabird work on St. Lawence Island has enphasized
auklets (e.g., Scaly 1968, 1975, 1981; Bédard 1969a, 1969b; Scaly and
Bédard 1973; Searing 1977). Reports on other species, particularly nurres
and kittiwakes, which are the next nost abundant birds on the island, have
tended to be general in nature (e.g., Mirie 1936, Fay and Cade 1959,
Thompson 1967, Johnson 1976, and Bartonek and Scaly 1979) , although one
study provides considerable information on horned puffins (Fratercula
corn-ieuZata) (Scal y 1973).

S. R Johnson (unpubl. data) censused nurres along a portion of the
west coast of St. Lawence Island in 1972. He reported data on growh
rates, heat regulation and the timng of nurre chick sea-going, and on
nmetabolismin adult murres (Johnson and West 1975). Searing (1977) visited
the island in 1976 and censused nurres at the sane |ocation counted by Johnson.
Searing also obtained data on murre and kittiwake breeding phenol ogy and
success in 1976. Aerial surveys were nade at St. Lawence Island in 1977
and 1978, and provided sone information on seabird nunbers, colony |ocations
and offshore feeding areas (Ransdell and Drury 1979, Drury et al. 1981).
O fshore concentrations of birds in the vicinity of the island were also
reported by Gould (1977), Harrison (1977), Biderman and Drury (1978) and
Hunt et al. (1981). Sowls et al. (1978) reported colony |ocations and numbers
of seabirds on St. Lawence Island based on the above studies. In 1979,
F. Fay (pers. comm) made a rapid boat-based estinate of seabirds al ong
a portion of the northeastern sector of the island. Data relevant to our
studies on nurres, kittiwakes and auklets from these earlier investigations
are included in follow ng sections of this report.

Iv. STUDY AREAS

The |l ocations of the 1981 study areas are shown in Figure 1. Details
of the Cape Lisburne, Cape Lewis and Bluff study areas were reported
previously by Steele and Drury (1977), Bidernman et al. (1978), Springer
and Roseneau (1977, 1978), Ransdell and Drury (1979), Springer et al. (1979),
Mirphy et al. (1980) and Drury et al. (1981) and we refer readers to these
reports for additional information on them

St. Lawence Island is shown in detail in Figures 2, 3 and 4. Fay and
Cade (1959), Thonpson (1967), Scaly (1968, 1973, 1975), Bedard (1969a,
1969b), Scaly and Bedard (1973), Searing (1977) and Drury etal.(1981) have
provi ded various descriptions of the St. Lawence Island study area. W
have drawn on these accounts and other reports relevant to the region
(e.g., Hood and Kelly 1974; Coachman et al. 1975, Brewer et al. 1977a, 1977b;
Hood and Cal der 1981) in preparing the follow ng discussion.

St. Lawence Island in the largest island in the Bering Sea. It
is about 160 km long and varies between 18-40 km wide, with an approxi mate
surface area of 5100°km It lies north of the continental shelf break about
220 km south of Bering Strait, 60 km southeast of Chukotsk Peninsula
(US S R), and 200 km sout hwest of Seward Peninsula, Al aska (Figure 1).



12°w

176° w

I§8° W 164°W 160°W

I

70°N

g/s « »°

209 LEGEND

0 50

STUDY AREAS
+ O

100 l;O
Cape Lisburng “ N

[¢.Point Lay

s || oo

Kilometers

$%+

B
o

68B°N

66|

64°f

62°1

\
X

%?/h Cape Lewls i
Point Hope®<s, -
Cape
+ Thompson

Kivalina” &,

Aoy
?eéae b S
G So{”’a’
2 -'.‘-.':' 3
) o 66*N
f T <=3

VR
. geward Peninsul@

F Bt Wy

Nome 64°N

62°N

T
168°w

Figure 1.

T
i72°W

Study areas visited in 1981.



No€9

Nob =

*Je3rqey Surisdu parqeds Tedpurid o SUOTIBDOT <ue EOIR Apnils PUBRTS] 9ousAME] *3§ oyl ‘7 °anSTj

o691 Mo 0Ll Malll MaZl

(S3103dS ONILS3AN-44170 H3HLIO GNV ‘SINVMILLIN ‘SIHYNW) LVLISVH 411D VIS =~ e

edog zo.z:.a.m”... . . (SL3TNNY) LYLIGYH 3dOTS SNV.L--- T

. R

+ +

spuDjs| .
ynun

.

TS .\w\(
‘oybinybodiuiy <

R

A
54

Ry,
8doD ISDeyIONT %

b © dwpy i .
. ; & %D}|100mOg: . .
L © . L Aog
. moe &M@v . yoybuoy
(]
1o @ dwo)

nysoog

’ "7
edoy 0dyjbus A,

syo0y 1q1015™* X
#aybnpAp adog

. S e
. isquish  ISSMULION
SHIALIWOTN
e = + + +
032 G2 0 ¢

Mmo69 MoOLi Moldl Mocli

NQES

NS

10



Booshu Cornp

OWALIT COLONY]
plots & IB.. -
" L ield Cump

o o (
$°°eo* P

IVEKAN “ COLONY .
plots 3-7 - :

LT /ﬂ

5 0

5 10

SOUTHWEST COLONY
plots 1-2

KI'LOMETERS

i Apatiki Comp

Figure 3. Mirre and bl ack-1egged kittiwake col onies in the southwestern

sector of St. Lawence

| sl and.

11



SAVOONGA COLONY
.« plot "33.

MYAUGHEE CoLoNny
plots 34-35

< :.Cope Myaughee

Eevwak
. Point

KANGEE COLONY:: s~
plots 19-32 By

STOLBI COLONY
, StoiibiROCKS

KITNIK COLONY

.-Cape

0

5
(== ¥
KILOMETERS

Figure 4. Mirre and bl ack-1egged kittiwake colonies in the north-central
sector of St. Lawence Island.

12




The island has an arctic-maritime climate and seasonal weather typical
of much of the northern Bering Sea region (see Brewer et al. 1977a, 1977b).
Summers are short and tend to be cooler than in nearby continental areas.

M d- sunmer tenperatures of 10-15"C, and occasionally 20°C, are typical,

and noderate to strong winds from southern quadrants are especially conmon
during June-August. Cloudy skies, fog, drizzle and rain are also comon

t hroughout spring, sumrer and fall. Wather tends to be especially poor
during late summer, fall and early winter when large, often violent storms
track northward through the region. Wnters are long, but somewhat mlder
than in nearby continental areas, and surrounding waters are ice-covered
during nuch of the year. Snowfall is frequent and wi nds from northern
quadrants are common. Blowing, drifting snow is typical of many w nter days.

The highest point on St. Lawence Island is about 670 m above nean sea
 evel (msl); however, the majority of the island is low (60 m msl or |ess)
and wet (Figure 2). Mst of the upland areas are found in the southwestern,
north-central and eastern sectors. The southwestern sector, domi nated
by the Poovoot Range, and the north-central sector, domi nated by the
Kookooligit Mountains, provide alnmost all of the ‘rock-pile,’ talus-slope
and sea-cliff nesting habitat on the island (Figures 2-4; see also Fay and
Cade 1959).

Sea-cliffs in the southwestern and north-central sectors of the island
(Figures 3 and 4) are predomnantly of volcanic origin and are relatively
stable by comparison to cliffs at nmany of Alaska’ s northern mainland seabird
colonies (e.g., Cape Lisburne, Cape Lewis and Cape Thonpson in the eastern
Chukchi Sea and Bluff in Norton Sound). They range in height from about
10 mmsl to about 300 m msl and are typically highest in the southwestern
sector between Booshu and Powooiliak canps where nost cliffs rise about

50-200 m above the sea. In conparison, nost sea-cliffs between Kangee
Canp and Canp Iveetok in the north-central sector are about 10-30 m high,
al though some rise to heights of about 75 mmsl in the central portion

of Kangee Col ony.

St. Lawence Island s size, location and orientation relative to the
Siberian and Al askan |andmasses and to prevailing ocean currents influence
biota in the region, including seabirds. The western end of the island
is separated from Chukotsk Peninsula by 60 km wide Anadyr Strait (Figure 1).
Shpanberg Strait, 110 km wi de, separates the eastern end of the island from
the mainland of Alaska. The island’s long axis (160 km, equivalent to
about one-third of the 430 km distance between Chukotsk Peninsula and the
delta of the Yukon River,is oriented perpendicularly to an ocean current
flow ng northward out of the Bering Sea through Bering Strait into the
Chukchi Sea. Cold Bering Shelf Water and cold Anadyr Water pass through
Anadyr Strait (see Coachman et al. 1975, Kinder and Schumacher 1981), and
other elenents of Bering Shelf Water, influenced by warner, less saline
Al askan Coastal Water, pass through Shpanberg Strait (see Coachman et al.
1975, Ingraham 1981). The flow of water past the island affects sediment
deposition, and long, linear shoals are present off its northeastern and
northwestern flanks (Nelson et al. 1981). Currents are most pronounced
t hrough narrow Anadyr Strait, and an area of particularly intense bottom
current activity is present north of the island’s western end(Larsen et al.
1981).
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The strong currents entering Anadyr Strait transport |arge seasonal
popul ati ons of zooplankton, including a variety of endem ¢ oceanic Bering
Sea species donminated by copepods, such as Eucalanus bungii, Calanus
eristatus, C.plumchrus, Acartialongiremis and A. clausi (See Cooney 1981),
fromthe region of the shelf break past the western end of St. Lawence
Island during ice-free nonths. These currents, richly laden with zooplank-
ton, and the turbulent mxing and upwelling northward of the island's
western end create an annually inportant feeding area for |arge popul ations
of seabirds breeding on the island and al ong the coast of Chukotsk
Peninsula. The mpjority of seabirds from St. Lawence Island, especially
the alcids, forage north of Gambell (Northwest Cape) downstream in the
current flow during nost of the breeding season (Bédard 1969b, Searing 1977,
Drury et al. 1981, Hunt et al. 1981). Many alcids favor this area well into
fall, and during |ate summer sone northern fulmars(Fulmarusglacialis)
are also present there (Harrison 1977). Gt her large popul ations of
transient seabirds, primarily shearwaters (Puffinus spp.), enter the
northern Bering-eastern Chukchi region annually (Gould 1977).

These birds may al so feed heavily in the out-flow of Anadyr Strait when

they are present in the area, but nmobst of them have been observed downstream
of the island's eastern end during late summer and fall (Harrison

1977, Hunt et al. 1981).

St. Lawence Island is also a dom nant geographic feature affecting
regional patterns of winter ice cover. North winds are prevalent in wnter,
and as the ice front advances southward into the Bering Sea, ice converges
agai nst the island’ s northern shore and a large, persistent polynya forns
off its southern shore (Shapiro and Burns 1975a, 1975b, McNutt 1981).
Dynami ¢ zones of fractured, divergent ice are also created on either side
of the island (McNutt 1981). The polynya south of St. Lawence Island
is inmportant to wintering oldsquaws (Clangulahyemalis) and ei ders
(Somateria spp.) (Fay and Cade 1959, Divoky 1981). Murres (presumably
thick-billed murres), pelagic cornorants (Phalacrocorar pelagicus) and
some large gulls (Zarus spp.) also frequently winter there (L. Iyakitan
pers. comm.) . Large nunbers of sea ducks (especially oldsquaws) and nurres
have al so been observed in the zone of divergent ice south and west of the
island (F. Fay pers. comm.).

V. SOURCES, METHODS AND RATIONALE OF DATA COLLECTI ON

Field efforts during 1981 began on 10 July and continued until 15
August . One two—man teamvisited Bluff from 10 July to 22 July, Cape
Lisburne from 25 July to 5 August, and nade a short trip to Cape Lew s
(18 km south of Cape Lisburne) on 2 August. A second two-nman team visited
St. Lawence Island from1l4 July to 15 August. Boat trips were made al ong
the north coast of St. Lawence Island between Gambell and Cape Myaughee
on 18-19 July, and between Gambell and Kaghkusalik Point on 12 August.
Most effort was concentrated in the sout hwestern sector of the island between
Booshu Canp and Powociliak Canp; a field canp at Kongkok Bay served as
base of operations from21 July to 10 August.
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A total of 65 thick-billed murres, 42 common murres and 72 bl ack-1egged
kittiwakes was collected at varying intervals at St. Lawence |sland, Bluff
and Cape Lisburne. Ten least and 12 crested auklets were also collected
at St. Lawrence Island, and the regurgitated contents from gular pouches
of other least and crested auklets were obtained by flushing perching
adults after they returned from foraging at sea. Data on weight, breeding
condition and fat condition were taken fromall birds within two hours of
col l ection and stomach contents and gular pouch contents were preserved
in 70% ethanol for future identification.

Conpl ete censuses of murres and kittiwakes were made at Bluff and Cape
Lewis using previously established plot boundaries (see Springer and
Roseneau 1978, Mirphy et al. 1980). Mirres and kittiwakes were also censused
on 10 of 75 plots previously established at Cape Lisburne (see Springer and
Roseneau 1977). Six of the 10 plots were counted on two separate occasions.
Six of 10 colonies (see Figures 2-4) of murres were conpletely censused
at St. Lawrence Island. The six colonies were divided into 35 plots at
the time of census, and include all murre breeding areas on the island
except those between Ataaka's Canp and Canp Iveetok, and one offshore
| ocation on Stolbi Rocks. The boundaries of these plots were photographed
for future reference.

The censuses of murres at all sites followed previously established
met hods, and all counts were timed to occur between md-incubation and
first sea-going of chicks, dates comparable to those of previous censuses
(see Murphy et al. 1980). In all but one case, two observers counted
murres sinultaneously on each plot with the aid of binoculars froma small
boat stationed offshore. The exception occurred at Bluff, where only one
observer was able to count nurres. Each observer estinmated the number
of murres by 10's at all census plots except plots 1-5 on St. Lawence
Island. These five large plots at Southwest Colony and Ivekan Col ony
bet ween Powooiliak Canp and Bunnel|l Cape were counted by 100’s. Estimation
by 100's at these particularly lengthy sections of cliff allowed the
observers to conplete the census of nurres in the southwestern sector of
the island before a major storm system arrived. During each census
observers intermttently counted 10 or 100 individual birds in areas of vary-
ing densities to maintain accuracy and precision. The scores of individual
observers were not conpared until after all counts of nurres were conplete
at each col ony.

The censuses of kittiwakes at Cape Lisburne, Cape Lewis and Bluff also
followed previously established nmethods. These censuses were conducted
in the same manner as the nurre censuses; however, both individual birds
and nests were counted, and all counts were by 1's.

To allow later evaluation of differences in counts of nurres and
kittiwakes between observers, we have adhered to and extended the notation
for observers used in earlier annual reports (e.g., Mirphy et al. 1980).

As used in this report and applied to the field crews in 1981, the notations
are:
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Code Name

C A. M Springer
E D. G Roseneau
F E. C. Mirphy
K R: Mulé

Four of six small study plots established by Searing (1977) were
successfully located at Owalit Col ony, . Lawence Island. Murres,
‘kittiwakes and Kittiwake nests were counted by 1's by either one or two
observers from the sane approximate land or sea position used by Searing
Addi tional kittiwake nesting areas were al so photographed for future
ref erence

Kittiwake nests were examined at varying intervals at Cape Lisburne,
Bluff and in the southwestern sector of St. Lawence Island. On 12 August
we also had an opportunity to exam ne a large nunber of kittiwake nests
near Kangee Canp in the north-central sector of St. Lawence Island
Visits to kittiwake nests at varying intervals provided data fromthe tine
of hatching through the period of maximm growh of chicks., Ratios of
enpt y/ occupi ed nest were obtained at each location, and clutch size,
hat chi ng success and wei ghts of chicks were recorded at each nest. Al
chicks were encouraged to regurgitate food prior to weighing. In the few
i nstances when chicks had food in their crops and did not readily regurgi-
tate it, the weight of the retained food was estimated on the basis of
known weights of simlar volumes of food. Regurgitated food from chicks
was col | ected and preserved in 70% ethanol to  supplenent other food
habits sanpl es

Kittiwake chicks were wei ghed on Pesola spring balances. Gowh rates
were cal cul ated for each chick by determ ning the slope of the regression
equation relating all of the respective weights taken between the first
wei ghing and the highest weight recorded that was |ess than. or equal to
300 g A prelimnary analysis indicated that growth rates of nost chicks
renmai ned linear through 300 g (al so see Coulson and Wite 1958, Maunder and
Threlfall 1972).

Because we visited nests every several days, we frequently did not know
the exact hatching date of particular chicks. In such instances we esti-
mated the hatching date if the chick was weighed two or nore times before
attaining 300 g. Using the regression equation for daily growth rate, we
cal culated the date on which the chick would have weighed 35 g and used that
value as the estimated hatching date for that chick. In sone instances
chicks were first weighed nore than ten days later than the estimated
hatching date, and we elimnated such individuals from the data base on
hat chi ng phenology. This method is unbiased if the growh rate is linear,
or approximately so, between hatching and 300 g. Various studies (e.g.,
Coulson and White 1958, Maunder and Threlfall 1972) indicate that the
growth rate of kittiwakes is linear fromthe time of hatching until about
three weeks of age.
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We |ocated several |east auklet nests in Kongkok Basin at |vekan
Mountain, St. Lawence Island. These nests were found just prior to
hatching or within a few days after hatching, and chicks were subsequently
wei ghed and measured on several occasions for growth rate informtion.

(bservations of flight directions of nurres, kittiwakes and auklets
departing and returning to their colonies were made regularly during
of fshore collecting trips, boat trips along the coast, and from the beaches
and cliff-tops at all colonies.

VIi. & VII. RESULTS AND DI SCUSSI ON
A Mirres
Census

Results of murre censuses taken at St. Lawence Island, Cape Lisburne,
Cape Lewis and Bluff in 1981 are presented in Tables 1-4. Table 5
sumarizes all censuses taken at all four locations and at Cape Thonpson
since 1960.

St. Lawrence Island

Al previous estimates of the size of the nurre popul ation of St.
Lawr ence |sland have been general approximations. The estimates include
an average of about 200,006 individuals during the 1950's (Fay andCade 1959);
a range of about 102, 000-360,000 individuals obtained during aerial surveys
in 1977-1978 (Biderman and Drury 1978, Ramsdell and Drury 1979, Drury et al.
1981); and an estimte of about 300,000 individuals derived from the aerial
estimtes and from Searing’s (1977) census of one colony and general
observations at others in the southwestern sector of the island in 1976
(Sowls et al. 1978) .

We conducted censuses of murres at six of the 10 breeding colonies at
St. Lawrence Island® (Table 1). W were unable to visit the four remaining
col oni es at Singikpo Cape, Cape Kitnik, VABM Bluff near |veetok Canp and
Stolbi Rocks, offshore of Singikpo Cape (see Figure 4). Some recent obser-
vations at those colonies and the results of our censuses at the other six
col oni es suggest that the total population of nmurres on St. Lawence Island
is larger than was previously thought.

Aerial estinmates of numbers of all species of birds at Singikpo, Kitnik
and Ilveetok colonies in 1977-1978 incl uded 10, 000- 50, 000 murres. F. Fay
(unpubl. data) tried to quickly estimte nunbers of all species of birds

Isowls et at. (1978) reported the presence of nurres at an eleventh |ocation,
t he Punuk |slands, based on Thonpson's (1967) observations of a few indi-
vidual s; however, even though a few murres are occasionally present, they
do not breed there (B. Kelly, L. Iyakitan, V. Slwooko pers. comm.).
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at these sane colonies froma passing boat in early July 1979. H s esti-
mates of nurres, including birds in the air, on the water and on the cliffs,
totaled 76,000 (x50%). Stolbi Rocks al so provi de habitat for at |east a
few t housand murres (Drury et al. 1981).

The attenpts to determine the number of murres at Singikpo, Kitnik,
Iveetok and Stolbi col onies were not plot-by-plot censuses. Furthernore
the estimates were made quickly and were directed sinultaneously toward
all species present, including hundreds of thousands of auklets. Still,
the estimates clearly suggest that a conplete census of the four col onies
woul d have increased our raw score (unconpensated for daily or diurna
di fferences in numbers, see Springer et al. 1982) of about 329,000 nurres
by several tens of thousands of individuals.

Owalit Colony (Figure 3) is the only location on St. Lawence Island
for which good historical data on nunbers of murres are available. The
colony was censused in 1972 by 8.R. Johnson {unpubl. data) and in 1976
by Searing (1977). The unconpensated results of these censuses, which were
conducted simlarly to ours, were about 32,000 and 16, 000 i ndividual s,
respectively (Table 5). Qur count in 1981 total ed 34,000 murres. Searing
(1977) reported the results of Johnson’s census as about 60, 000 individuals.
That nunber is incorrect, and an explanation of the problemis presented
in the Appendix.

W believe that the differences in nunbers of murres between 1976 and
the other two census years were real because the colony is not difficult
to count, and because the observed changes in. nunmbers there were large
in both cases. Some of the difference between 1972 and 1976 may be explain-
ed in part by a rock-fall that occurred in a densely occupied portion of
the colony after 1972, but before 1976 (Johnson per.comm.). However.,
our observations of the cliffs suggest that rock-falls could not account
for nost of the apparent change between those years. The simlarity in
nunbers of murres present in 1972 and 1981 al so suggests that other
factors were responsible for the changes

W believe that nmost of the differences in nunbers of nurres at Owalit
Colony between 1972 and 1976, and bet ween 1976 and 1981, are best ex-
pl ai ned by the unusually cold environnmental conditions that prevailed in
t he Bering—Chukchi regi on in the nmid-1970's (see Niebauer1980, 1981a,
1981b) . The unusually cold environment nay have affected the presence of
breedi ng murres at Owalit Colony in several ways. Local conditions may
have nmade it physically difficult for murres to nest. Searing (1977)
noted that snow cover persisted on the breeding ledges at Owalit Col ony
in spring 1976, and he descri bed how the presence of snow night have
affected the presence of murres on the cliffs. Also, the annually cooling
climatic conditions preceding the unusually cold year of 1976 may have
i nfluenced seabird food webs. Searing (1977) noted a high usage of inverte-
brate prey by murres at Owalit Col ony in 1976, a phenonenon that also
occurred at Cape Thonpson during the same year (Springer et al. 1982).
Because murres feed predonminantly on fish during the breeding season, the
hi gher incidence of invertebrates in murre diets in 1976 indicates that fish
bi omass was relatively low that year. Such changes in food webs may have
i nfluenced the nunmber of nurres attenpting to breed at Owalit Col ony in the
mid-1970's.
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The effect may have been especially great on common nurres, which depend
even nore on fish than do thick-billed nurres (Swartz 1966, Springer et al.
1982) .

Regardl ess of the specific reasons for the presence of fewer nurres
at Owalit Col ony in 1976, the nunber of nurres present on the cliffs in
1981 was about the same as adecade ago. The simlarity in nunbers between
1972 and 1981, both climatically mld years, and the cold environnenta
conditions that coincided with the 1976 breeding season suggest that the
1976 popul ation decrease was a short-lived event rather than an actua
decline-in the popul ation.

Cape Lisburne and Cape Lewis

Results of our censuses at Cape Lisburne and Cape Lewis (Tables 2 and 3)
suggest that nunbers of nurres have remained relatively stable at these
two colonies since the md-1970's (Table 5). In contrast, nurres declined
atCape Thonpson between 1960 and 1976, and between 1976 and 1979 (see
Murphy et al. 1980). The apparent stability of populations of nurres at
Cape Lisburne and Cape Lewi s conpared to decreasing nunbers at Cape
Thonpson are discussed by Springer et al. 1982

Bluff

Qur earlier analysis of pre-1980 census data indicated that the nunber
of murres declined at Bluff during 1975-1979 (see Murphy ¢ al. 1980). Data
we obtained in 1981 indicate that the nurre population is still decreasing
(Tabl e 5).

The rate of decline of murres at Bluff was fairly steady during 1975-
1981, and nearly the same as the rate of decline previously docunmented for
nmurres at Cape Thonpson during 1976-1979 (Murphy et al. 1980). W are
presently exam ning two possible reasons for these decreases, which involve
effects of a changing environnent on: (1) natality of nurres and (2) winter
nmortality of murres. A thorough discussion of these possibilities is
presented in Springer et al. 1982.

Phenology

Dates of first hatching of murre eggs and first sea-going of murre chicks
at . Lawence Island, Cape Lisburne, Bluff and Cape Thonpson since 1959
are summarized in Table 6. Based on hatching dates, nurres at St. Lawence
sl and bred about one week earlier in 1981 than did murres at Cape Lisburne,
but about one and a half weeks later than murres at Bl uff.

Hat ching of thick-billed nmurre eggs at Owalit Col ony, St. Lawrence
I sland commenced about 20 July. On 23 July, a ledge used predomi nantly
by common nurres contained 21 unpipped eggs, 1 pipping egg and 2 small
chicks estimated to be about two days old. Several other chicks, approxi-
mately 2-5 days old, were seen on |edges where thick-billed murres pre-
dom nated. Chicks were numerous on many |edges by 30 July and hatching
appeared to peak about 1-2 August, but was still occurring on 10 August.
Some of the earliest chicks seen were well-devel oped and appeared ready to
go to sea on 10 August. Sea-going may have commenced as early as the
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eveni ngs of 10-11 August, but probably did not peak until about 15-16
August

The first common nurre chick was seen at Bluff on 11 July. Mst chicks
hat ched between 14 July and 22 July. Our early departure prevented us
fromdeterm ning the full extent of the hatching period at Bluff in 1981.

These data and consi stent differences among the |ocations in
previous years (Table 6) probably reflect the typically warner, earlier
spring conditions at the nore southern latitudes of Bluff (~64°30'N) and
St. Lawrence |sland (~63°30'N) conpared to the |ater, cooler spring
conditions at the nore northern latitudes of Cape Lisburne (~68°50'N)
and Cape Thonpson (~68°10'N) (see Brewer et al. 1977a, 1977b).

Phonol ogi cal changes anong years at each location also follow a con-
sistent trend (Table 6). Murres nested latest in the nid-1970's and
earliest in the late 1970's. Changes in phenology at all murre
col onies occurred conconitantly with changes in regional physical conditions
(Figure 5). Relationships between phonol ogical changes, reproductive
changes and physical conditions are discussed in greater detail in Springer
et al. (1982).

Foragi ng Areas

Observations of the flight directions taken by nurres as they commuted
between offshore foraging areas and nesting areas at St. Lawence Island,
Cape Lisburne and Bluff in 1981 are sunmarized bel ow.

St. Lawrence |sland

The majority of murres nesting at Owalit, Ivekan and Sout hwest col onies
clearly fed in Anadyr Strait and its out-flow north of Northwest Cape,
where Anadyr Water nixes with Bering Shelf Water and where strong currents
result in turbul ence and upwelling in the vicinity of shoals (see Nel son
et al. 1981). Throughout the day, flocks departing from colonies in the
sout hwestern sector paralleled the coast between Boxer Bay and Booshu Camp,
where they tended to disperse toward Anadyr Strait (Figure 6). Departing
flocks, typically small (often only 5-30 individuals), fanned out toward
the north and north.west; some flew within sight of the coast as far as
Gambell, where they were lost from sight as they continued northward. In-
bound flocks were typically nuch larger (often hundreds of individuals),
and nearly unbroken strings of murres returned to the vicinity of Sevuokuk
Mountain at Northwest Cape fromnorth and northeast of the island during
eveni ng hours® (Figure 6). Flocks of murres flew past Northwest Cape and
paralled the island's western coast as they returned to Owalit, Ivekan and
Sout hwest Col oni es.

‘These returning flights of murres were acconpanied by |arge nunbers of

| east and crested auklets and small nunbers of parakeet auklets
(Cyclorrhynchus psittacula), horned puffins, tufted puffins (Zundacirrhata),
someki ttiwakes and occasional pelagic cornorants and pigeon guillenots

(Cepphius columba) .
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Table 1.

Mrre CENsus results from St. Lawence Island, 1981 .2

hserver oserver
col ony Plot Dat e Ti me’ ¢ E H
south stde Of island

Sout hwest  Cape 1 1 August 17:45 56, 000 58,950 57,475
2 1 August 19:25 16, 200 14,100 15, 150
Subtotal s 72,200 73,050 72,625
Ivekan M N, 3 % ﬁugustt 14:25 31,5888 19,%00 %g g(())%

4 ugus 13:40 , , ,
5 2 August 10:40 59, 500 (3)% 588 63, 500
b 2% July 17:58 11,400 11,240 11, 320
1 24 July 17:37 4,180 4, 350
Subtotal s 126, 220 135,720 130, 970
Owalit Mtn. 8 24 July 17:30 500 500 500
9 2 July 372 361 367
10 2% Jul'y 53 1 255
11 24 July 16:00 8,280 10, 050 9,165
12 24 suly 15:10 8,920 9,630 9,275
13 24 July 14:47 6, 120 1,220 6,670
14 24 July 14225 5,080 3,570 4,325
15 24 Juy 14:04 880 870 875
16 24 vy 13:52 1,710 1,815 1,763
17 24 3uly 13242 150 175 163
18 24 uly 13:25 590 607 599
Subtotal s 32, 855 35, 055 33, 957

Forth side Of 4sland

Kangee 19 19 July 14:20 5,390 5,420 5,405
20 19 July 14:15 1,580 2,040 1,810
21 19 July 13:45 4,030 6, 860 5,445
22 19 July 13:40 4,300 2,410 3,355
23 19 July 13:20 3,230 2,840 3,035
A T

1 12:46 , , )
B 1 JulY 12510 12/ 580 7 18 1885
2 19 July 11:40 6, 960 10, 540 8, 750
28 19 July 11:15 4,760 5,930 5,345
29 18 July 21:25 150 130 140
30 18 July 21:15 2,470 2,870 2,670
3l 18 ruly 20:30 9,080 10, 910 9,995
32 18 July 20:10 1.310 1,220 1,265
Subtotal s 66, 200 78,510 72, 355
Savoonga 33 18 July 19:30 _4,080 4,310 4,195
Subtotal s 4,080 4,310 4,195
Cape vysughee 34 18 July 18:50 5,080 6, 350 5,715
35 18 July 17:50 7,170 10. 880 9,025
Subtotals 12,250 17,230 14,740
TOTALS 313, 805 343, 875 328, 840

“sstinstes are by 10'S ofbirds except: plots 1-5 by 100's; plots 9 and 16 by 1'sen Several
dates at varying times and numbers given heré are averages of those counts.

DTimes are times at start o count, Bering Daylight Tinme.
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Table 2. Murre census results from Cape Li sburne, 1981. 2

25 July 2 August

Plot Ti ne’ bserver F Cbserver K x Ti me’ Observer F Observer K X
i1 1815 950 737 844 2000 1,340 1, 260 1, 300
12 1840 1, 550 1,624 1,587 2015 1,950 1, 980 1, 965
25 1910 695 624 660 2030 1,170 1,220 1,195
26 1920 1,010 769 890 2045 1, 240 1,110 1,175
30 1935 3,130 2,850 2,990 2100 3, 930 4, 430 4,185
32 1950 1, 890 1,773 1,832 2140 1,530 1,670 1, 600
65 2020 2,140 2,276 2,208
66 2045 1, 450 1,450 1, 450
70 2100 1,070 1,200 1,135
72 2110 700 583 642

Total 14, 585 13, 886 14, 238 11, 160 11, 670 11, 420

8Estimates are by 10’s.

bTi mes are Bering Daylight Tine.



Tabl e 3. Murre census results from Cape Lew s, 1981.a

2 August

Pl ot Ti me (hserver F Cbserver K X
1 1055 580 640 610
2 1115 2,050 1,610 1,830
3 1140 700 720 710
4 1150 1,030 960 995
5 1200 1, 960 1,320 1, 640
6 1220 1, 260 1,060 1,160
7 1230 1, 800 1,510 1,655
8 1255 2,480 2,890 2,685
9 1315 3,370 3,090 3,230
10 1330 200 290 245
11 1345 1,120 990 1,055
12 1355 1,070 1,200 1,135
13 1410 1, 850 2,120 1, 985
14 1430 1, 540 1,720 1,630

Tot al 21,010 20,120 20, 565

‘Estinmates are by 10’'s.

bTi mes are Bering Daylight Tine.
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Tabl e 4. Murre census results from Bl uff, 1981.a

15 July 19 July
Section Observer F Observer F
End- C 7,410 5, 080
CD 8,485 8, 415
D-E 3, 900 3, 820
E-F 3,750 3,990
F-G 1,520 1, 280
GH 1, 230 1,430
H- | 3, 400 3, 630
[-J 280 200
Tot al 29, 975 27, 845
Time at end
(Bering Daylight Tine) 1010 1110
Time at J
(Bering Daylight Tine) 1935 1900

‘Estinates are by 10's.
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TABLE 5 Summary of census results of murres in northern Alaska.

Cape Lisburne Cape Lewis Cape Thompson! Riuff St. Lawrence Is.?2

Year Raw Standardized Raw Raw Standardized Averaget Paw
1960 251,000 357,000

1972 32,000
1975 70,000

1976 130,000 184,000 157,000 199,000 50,000 16,000
1977 131,000 184,000 19,000 143,000 171,000 38,000

19785 126,000 172,000 40,000

19795 142,000 246,000 114,000 149,000 35,000

1980° 173,000 174,000 31,000

1981° 149,000 153,000 21,000 29,000 34, 000

Ipata for 1960 are from L.G. Swartz (unpubl. data).

2Owalit Mtn. study area only: data for 1972 are from S.R. Johnson (unpubl. data); data for 1976 are from Searing (1977).

3pata have been Standardized for differences in counting times during the day (see Springer and Roseneau 1978 and Murphy et al. 1980).

“Average of two or three complete counts (see Murphy et al. 1980): data for1975-1979 are from Pruryet a?.1981.

Sestimate based onpartial census.



Table 6, Murze Dreedi NQ phenology: dates offirst hatching and first ses~godng at CoOlONi€s in
€ northetn Bering OEA and eastern Chukchi Sea. ®

A First Hatching

Year Cape Lisburne® cspe Thonpson’ st Lawrence | sl and’ Bl uff
1959 — ~4 aug® — —
1960 -- 30 Jul, — —
1961 — 27 i - -
1972 -- 30 ul, -
1975 -— — ~2 Jul
1976 ~6 Aug 9 Aug 31 gu --27
1977 1 Aug 1 Aug — 3 Aug
1978 21 ~23 Jul ——— 15 w1
1979 22 22 14 - ~ 15 a1
1980 1 Aug -- — <19
1981 26 ol — 20 2 11 m
B. rirst Sea-goi ng

Year Cape Lisburne® Cape Thonpson’ St. Lawrence istend Bl uff°
1959 - 25 Aug -

1960 - 18 Aug -— —
1961 — 19 Aug -

1972 ——— 18 Aug

1975 --- - -- ~10 Aug
1976 28 Aug *-30 Aug 21 Aug ~14 Aug
1977 20 Aug 23 Aug 20 Aug
1978 11 Aug 13 Aug —— 31
1979 14 Aug 11 Aug -— 2 hug
1980 “2 Aug -— »26 Jul
19681 ~ 16 Aug - ~11 Aug ~29 Jul

“nm for 1959- 1961 &t czpe Thonpson are from swa n 5( 196
erence tsland @re fromJohnson an st ( 197
a: u976are from Drury ‘Fgé“r’n dat %n 1 7 )t
Luff
Q7877 Cass 2t 95g" O e A0 g (1T

6 and wopurl, data); data for 1972 at

{ and S Ftp Johnson unpuhl rt; at7a7 for 1975
avrre ce Islan are f fo arr daea
ata f 77 « BlUff are from Bideman et al.
Drury

ta for ceps Tho SON g Ca%e ushurne ar € fOr thick-billed mrrea. Approxr mte dates wee
cul ated fro irst NALCNING OF sesegotng vstng QN AVErage chick age Of 22 days.

pata fOr 1t f are fOr comon murres. Apf()roxr met e dates were calculated fromfi rs t hatching or

sea- gol ng dat es L}SI ng an average chjck age of ayS (see Ramsdert and dwury 1979). Wherever approst-
nate dates df € given netehing aNd Sea-goi ng rn the same y€ar, daleS Were eestinated f1OM

what ever i nformation the authors provides.

Gare fr St Lawrence IsI and rn 1981 are f tﬁr k-hilled es, and u? for 1972 dand 197% are
assuned to berepresen tive of fhis %Jeores nson and 55 data indicate that the phensie-
esO hot secres Vere sitlar 10 1 aring (1 7) (S note any major cliff ertcs
et ween % 8eores n 1976, stnce both s Udi €S’ reported f rrs ates 0 bomevents W br as
woulrc[lng ably faVor chck-bisted mrres o5 they MY meer and go e sea slightly earlier then
N nyeres E g., Yay and Cade 1959, seartz 966)

Eswartz 1966?] reported 1 August ae e e te thick-b%llef mrpe chicks WBre fi rsft eeen i 1959
Ve adjusted CNiC 0ate o cthe bests Of & C age of 22 0ayS md the dateot {i[SL sesepoing (25 Aug)
to better ref lect the date of hateching that yeas
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Figure 5. Relationships between environnental change and murre
breedi ng phenology. (a) Sea-surface tenperature near
Cape Lisburne (mean date = 16 July, s = 3 days), and
departure from normal heating degree days in April-
July at Wome. (b) Date of first hatching of nmurre eggs.
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Smal | er nunmbers of murres nesting at Owalit, |vekan and Sout hwest
colonies departed to and returned from a southeasterly direction (Figure 6).
This flight pattern was nost evident at Boxer Bay and Sout hwest Cape, where
sonme inbound birds carrying fish turned into Sout hwest Colony and others
continued past Boxer Bay toward Kongkok Bay. Snaller nunbers of nurres
also occasionally fed directly offshore of all three col onies

Flight patterns of murres nesting in the southwestern sector of the
island did not change substantially during md-July through m d-August,
but nurres spent nmore tine in front of the colonies after the first week
of August. Activity, including sone feeding in front of the cliffs, in-
creased as the chicks neared sea-going age. Drury et al. (1981) observed
concentrations of nurres near the southwestern sector colonies after md-
August in 1978. W believe that these concentrations were also primrily
the result of sea-going activities

We al so observed the inbound and outbound flight directions taken by
murres commuting between breeding colonies in the north-central sector of
the island and offshore feeding areas on 18-19 July and 12 August. Most
murres nesting at Kangee, Savoonga and Myaughee colonies departed to and
returned fromthe north and northwest (Figure 6). The flight pattern
indicated that these birds shared the same general foraging area used by
murres nesting in the southwestern sector of the island

Movenents of nurres to and from the north-central sector col onies
occurred on a broad front. Many murres returned from the north and north-
east to the vicinity of Sevuokuk Muntain, where they turned eastward
after separating from the flocks traveling toward the southwestern sector
of the island. Murres that turned eastward at Sevuokuk Muntain rarely
intercepted the coast west of Kangee Colony; instead, the majority remained
several kilometers or nore offshore as they flew directly across the large
enbayment between Sevuokuk Mbuntain and Savoonga toward Kangee Col ony.

Many other flocks of rmurres apparently turned southeastward toward Kangee
Savoonga and Myaughee colonies at greater distances offshore. These flocks
intercepted the southeasterly flow of birds at various points along the
northwestern coast of the island. Sone nurres at Myaughee Col ony also
departed toward and returned fromnorth and northeasterly directions. W
have no information on flight directions taken by murres nesting southeast
of Cape Myaughee at Singikpo, Kitnik or Iveetok col onies, except that some
murres appeared to be flying past Myaughee Colony w thout stopping there

Flight patterns of murres at St. Lawence Island indicate that the
majority travel long distances to feed during nost of the breeding season.
Mirres from the southwestern sector colonies may regularly fly in excess of
70 km each way to forage north of Northwest Cape. Many nurres from col onies
in the north-central sector of the island may commute  simlar distances
each way to feed in the sane area. Flight patterns between the prinary
foraging area and the colonies change little fromyear to year. In 1981,
murres from the southwestern sector of the island followed the sane basic
flight pattern used in 1972 (Johnson unpubl. data) and 1976 (Searing 1977),
and indeed, as used in alnost all years (L. Iyakitan pers. comm.). These
observations denmobnstrate the annual inmportance of food-rich Anadyr Strait
and its out-flow to foraging seabirds
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Cape Lisburne

The majority of murres nesting at Cape Lisburne in the eastern Chukchi
Sea fed north and northeast of the colony during our late July-early August
visit. Mirres regularly forage northeast of the colony in Ledyard Bay °
during early and nmid-sumer, and northto northwest of the Cape after early
August (see Springer and Roseneau 1977, 1978; Springer etal.1979; Springer
et al . 1982) .

Bluff

The majority of murres nesting at Bluff dispersed widely to feed off-
shore in Norton Sound during mid-July through md-August in 1980 and
during our md-July visit in 1981, a pattern typical of past years (see
Drury €t al. 1981) .

B. Black-legged Kittiwakes
Census

Results of our 1981 censuses of black-1egged kittiwakes at colonies in
the northern Bering and eastern Chukchi seas are presented in Tables 7-9.
Al censuses of kittiwakes at these colonies, and at Cape Thonpson, since
1976 are sumarized in Table 10.

St. Lawrence i sl and

Phot ogr aphs were taken of several census plots to provide a basis for
conparisons of numbers in future years. Nunbers of birds and nests have
not yet been counted from these photographs.

Cape Lisburne

W counted kittiwakes on 10 of the 75 census plots, and recounted
kittiwakes on 6 of those 10 plots at Cape Lisburne in 1981 (Table 7).
These data were used to estimate the total nunber of birds present on the
cliffs, and the resulting estinate of approximtely 14,000 individuals
was nearly identical to our previous estimates at this colony (Table 10).
These data suggest that little change has occurred in the size of the
kittiwake population during the last five years.

Cape Lewis

W first censused kittiwakes at Cape Lewis in 1977 (Springer and
Roseneau 1978). Plots 1-7, half of all plots, were censused in 1978. That
count indicated an increase of over 100% in the nunber of Kkittiwakes
between 1977 and 1978 (Table 10). W were unable to census the colony in
either 1979 or 1980; however, brief observations of it in both years also
suggested that many nmore kittiwakes were present than in 1977. Qur 1981
census of 5,228 individuals (Table 8) confirns our previous inpressions -
over twice as many kittiwakes were present at Cape Lewis in 1981 than in
1977.
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Table 7. Black-legged kittiwakecensus [ €SUItS from Cape Lisburne, 1981.°

25 July 2 August
Observer F bserver K hserver F hserver K

Plot t im’ birds NestS birds nests =x(birds) x(nests) tiME Dirds nests Dhirds nests x(birds) =x(nests)

11 1815 201 159 196 156 199 158 2000 193 153 216 158 205 156
12 1840 164 140 227 207 196 174 2015 161 148 161 142 161 145
25 1910 41 34 40 33 41 34 2030 42 40 54 50 48 45
26 1920 281 243 205 180 243 212 2045 258 241 238 223 248 232
30 1935 112 99 137 118 125 109 2100 142 132 161 146 152 139
32 1950 48 43 41 36 45 40 2140 37 32 43 37 40 35
SUBTOTAL 847 718 846 730 847 724 833 746 873 756 Sh4 752
65 2020 309 281 310 262 310 272
66 2045 45 42 41 38 43 40
70 2100 110 109 121 117 116 113
72 2110 129 119 127 116 128 118

TOTAL 1,440 1,269 1,445 1,263 1, 446 1,270

®Counts are by 1's.

bTi MES ar € Bering Daylight Time.
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Tabl e 8. Bl ack-l egged kittiwake census results from Cape Lewi s, 2 August 1981.2

Qbserver F Qbserver K

Pl ot tine’ bi rds nests bi rds nests x (birds) x (nests)
1 1055 120 90 121 81 121 86
2 1115 339 269 342 250 341 260
3 1140 80 65 75 59 78 62
4 1150 218 181 202 151 210 166
5 1200 686 592 538 454 612 523
6 1220 259 225 263 215 261 220
7 1230 513 464 584 458 549 461
8 1255 607 543 440 363 524 453
9 1315 799 729 513 473 656 601
10 1330 74 64 68 55 71 60
11 1345 493 443 406 370 450 407
12 1355 520 478 552 508 536 493
13 1410 659 575 556 497 608 536
14 1430 198 178 224 191 211 185
Tot al 5, 565 4,896 4,884 4,125 5, 228 4,513

#Counts are by 1's.

bTi mes are Bering Daylight Time.
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Tabl e 9.

Bl ack-1 egged kittiwake census results from Bl uff, 1981.2

15 July 19 July
Cbserver F Gbserver K Gbserver F Cbserver K

Section birds nests birds nests =x(birds) x(nests) birds nests birds nests x(birds) x(nests)

End-C 2,056 1,787 2,141 1,573 2,099 1, 680 2,138 1,931 2,473 2,238 2,306 2,085
c-1) 2,037 1,716 2,107 1,809 2,072 1,763 2,341 1,975 2,384 2,049 2,363 2,012
DE 963 852 1,033 893 998 873 1,502 1,260 1,419 1,243 1,461 1, 252

SUBTOTAL 5,056 4,355 5,281 4,275 5,169 4,316 5,981 5,166 6,276 5,530 6, 130 5, 349
E-F ND ° ND 1,101 996 ND ND 1,316 1,178 1,389 1,205 1,353 1,192
F-G ND ND 830 705 ND ND 923 780 1,006 847 965 814
GH ND ND 381 325 ND ND 416 332 623 450 520 391
H I ND ND 1,209 971 ND ND 1,364 1,088 1,310 1,053 1,337 1,071
l-J 353 275 394 260 374 268 352 281 460 297 406 289

TOTAL 9,196 7,532 10, 352 8,825 11,064 9, 382 10, 711 9, 106

Time at A 11:10 Bering Daylight Tinmne 10:08 Bering Daylight Time

Tine at J 19:00 " 19:35 "

a 1

Counts are by 1's.

bND = No data (not counted or counts not conpleted).



TABLE 10. Bl ack-1egged kittiwake census summaries for colonies in
northern Alaska, 1975-1981.

Colony 1975 1976 1977 1978 1979 1980 1981
Bl uff 7,2%0 7,000 7,400 G’GQO"C 9,000 9,900 10,700
Cape Thompson ND 10,500 10,200 15,200d 16,800 ND ND
Cape Lewis ND ND 2,300 5_8cﬁﬁfe Nh_ o, ND 5,200e
Cape Lisburne ND ND 14,700 15400° 17,3000 ND 16,300

%nata for 1975- 1976 are from Steele and Drury (1977); data for 1977 are
from Biderman et al. (1978); data for 1978 are from Ramsdell and Drury
(1979).

°ND = no data.

cEstimate derived from the count of Colony 4 only. The value is the
mean (5=1900) of three estimates of the 1978 colony total. The
estimates were derived by using each of the other three years as bases
for extrapolating the colony total from counts at Colony 4 in 1978.

dEstimate derived from a count of 50% of the census plots. The value is
the mean (52380) of two estimates of the 1978 colony total. The
estimates were derived by using each of the other two years as bases
for extrapolating the colony total from partial counts in 1978.

“Estimate derived from counts of selected census plots within the colony.
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Bluff

We conpl etely censused kittiwakes at Bluff in 1981 (Table 9). The
total nunber of individuals counted, 10,711, was nearly identical to the
total nunber of individuals counted in 1980, but the population clearly
increased after 1977-1978 (Table 10).

Phenology

Mean hatch dates of black-l1egged kittiwake eggs at St. Lawence Island,
Cape Lisburne, Bl uff and Cape Thonpson are sunmmarized in Table 11.

Kittiwakes at St. Lawence Island bred a few days earlier in 1981
than kittiwakes at Cape Lisburne, but about one week later than kittiwakes
at Bluff. Hatching of kittiwake eggs at Owalit and Ivekan col onies at
St. Lawence Island began about 18 July, based on weights of chicks on
21 and 23 July. The peak of hatching occurred about 22 July. O 16 eggs
checked on 21 July, 7 had hatched, 4 were pipping and 5 were unpi pped.
Ei ghteen eggs were checked on 23 July at two other plots: 11 were hatched,
3 were pipping and 4 were unpipped. Three of the 4 unpipped eggs proved to
be addled and only 1 of them hatched at a later date. Hatching was
essentially conplete by 1 August.

Kittiwake eggs at Cape Lisburne began hatching about 21 July, based
on weights of chicks on 25 July. The peak of hatching occurred about
26 July, based on chick growth rates, but actually may have occurred a few
days later, based on direct observations. Sixty-seven of 237 eggs had
hatched by 25 July, and by 31 July 103 of 188 eggs had hatched. Hatching
was still occurring when we departed on 5 August and nmay not have been
compl ete until several days |ater.

Wi ghts taken of kittiwake chicks at Bluff indicated that hatching

commenced about 7 July, the date of our arrival. Hatching peaked about
15 July, based on chick growh rates, but may have occurred about two days
| ater, based on chick observations. Si xteen of 152 eggs had

hatched by 10 July, and 64 of 141 eggs had hatched by 16 July.
Hat ching was nearly conplete by 22 July.

Phonol ogi cal data on kittiwakes at colonies in the northern Bering Sea
and the eastern Chukchi Sea (Table 11) have foll owed the sane pattern
denonstrated for nurres (Table 6). Breeding schedules at Cape Lisburne
and Cape Thompson have been similar, but consistently later than breeding
schedules at St. Lawence Island and Bluff. Kittiwakes have always bred
earlier at Bluff than at any of the other colonies.

Phonol ogi cal changes anong years at each colony have also followed
a consistent trend. Kittiwakes bred latest in the nid-1970's and earliest
in the late 1970's and early 1980’s.

Differences between kittiwake breeding schedules at St. Lawrence Island,
Bluff and Cape Thompson/ Cape Lisburne are probably associated with latitudi-
nal climatic differences, as with murres. Average spring and early sumrer
conditions at St. Lawence Island are sonewhat warner than at Cape Lisburne
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Tabl e 11. Bl ack-1 egged kittiwake breedi ng phenology: dates of peak
hatching at colonies.in the northern Bering Sea and the

east ern Chukchi Sea.

Year Cape Lisburne Cape Thonpson St. Lawrence | Bl uf f
1975 29 Ju1?
1976 15 Aug™ 12 Aug’ 27 Jul® 30 Jul’
1977 14 Aug 3 Aug 1 Aug’
1978 6 Aug 22 Jul
1979 25 Jul 29 Jul 16 Jul
1980 26 Jul 15 Jul
1981 26 Jul 23 Jul 15 Jul

‘Dates are estimated from wei ghts of chicks when first found and from sub-
sequent growth rates, unless otherwise noted. W have standardi zed our
met hod of calculating hatching dates from chick weights and growth rates,
and this has resulted in some mnor adjustnents between dates reported
here and dates reported by Murphy et al. (1980).

‘Data are from Drury et al. (1981).
3Chi cks were not weighed; estinmate is based on sizes of chicks relative to
those at Cape Thonpson.

4Chi cks were not weighed; estimate is based on direct observation.

5

Data are from Searing (1977); estimate is based on date the first of two
total eggs was found and an incubation period of 28 days (see Swartz 1966).
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and Cape Thonpson, but all three of these locations, aligned with Bering
Strait, share typically cooler regiomalclimates than that which occurs

to the east at Bluff, in relatively well-protected Norton Sound (Brewer
et al. 1977a, 1977b).

Changes in breeding schedules of kittiwakes between the mid-1970's and
the early 1980's are clearly related to regional physical conditions
(Figure 7) (see Springer et al. 1982). Unusually cold conditions prevailed
in the md-1970's, but after 1976 conditions becane warmer and kittiwakes
nested progressively earlier each year during 1977-1979. Changes in
breedi ng schedules after 1979 continued to reflect changes in environ-
mental conditions; sea-surface tenperatures were somewhat cooler in the
nort hern Bering-eastern Chukchi region in 1980, but somewhat warner again
in 1981.

Productivity and Gowth Rates

Productivity data on black-1egged kittiwakes at St. Lawence Island
Bluff and Cape Lishurne are presented in Tables 12-14 and are summarized
in Figure 8. Gowh rates of kittiwake chicks at these colonies and at
Cape Thonpson since 1977 are summarized in Table 15

The pattern of productivity between kittiwakes nesting at colonies in the
northern Bering Sea and the eastern Chukchi Sea foll owed the same pattern
as phenology. Productivity of kittiwakes at St. Lawence Island was perhaps
slightly higher than productivity at Cape Lisburne, but apparently | ower
than productivity at Bluff. Productivity at St. Lawence Island was not
especially high or low in 1981, although it was considerably better than
in 1976 when a reproductive failure occurred there (Searing 1977). Simlar
changes in productivity of kittiwakes occurred at Cape Lisburne, Cape
Thonpson and Bl uff during the same years (Drury et al. 1981, Springer et al.
1982) .

Differences in productivity of Kkittiwakes between the md-1970’s and
the early 1980's are clearly related to regional physical conditions, just
as are differences in phenology (Figure 7). A though our neasurenents of
the physical environnent are not strictly the sanme, they are conparable to
other measurenents that have been shown to be significantly correlated in
the Bering Sea (Niebauer 1980, 198la, .1981b). Air tenperature affects
water tenperature, which is in turn related to the abundance of inportant
prey populations for kittiwakes (Springer et al. 1982).

The average growth rate of kittiwake chicks at St. Lawrence |sland
was about 47% hi gher than at Cape Lisburne, and about 35% higher than at
Bluff (Table 15). Also, growh rates at St. Lawence Island were signi-
ficantly higher during the second week of the weighing interval (22.5 g day °,
s=5) than during the first weekof theweighing interval (16.5 g day *, s=3)
(Wilcoxon Rank Sum Test, P<0,05). These data suggest that food availability
to kittiwakes during the second weighing interval was higher than during
the first weighing interval, and was higher during both intervals at
St. Lawence Island than at either Bluff or Cape Lisburne.

The average growth rate of kittiwake chicks at Cape Lisburne was about
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Figure 7. Relationships between environnental change, kittiwake nesting
phenology and estimates of kittiwake reproductive success at
Cape Lisburne and Bluff. (a) Sea-surface tenperature near Cape
Lisburne (mean date = 16 July, s = 3 days), and departure from
normal heating degree days in April-July at None. (b) Mean
date of hatch of kittiwake chicks. (c) Nunbers of kittiwake
eggs and chicks nest-1 in first week of hatch at Cape Lisburne
(as a percentage of maximum = 1.7 eggs and chicks nest™1), and
kittiwake brood size in the late chick period at Bluff (as a
percentage of maxi mum = 1.03 chicks nest-1). Data for 1980 and
1981 at Bluff are fromthe early chick period; data for 1975-
1978 at Bluff are fromDrury et al. 1981,
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Tabl e 12. Bl ack-1egged kittiwake nest contents at St. Lawence Island, 1981.

1 egg &
Dat e Empty 1 egg 2 eggs 3 eggs 1 chick 2 chicks 1 chick
21-23  July 3 4 9 0 11 9 5
30Jul y-
1 August 4 3 2 0 28 5 1
8-9 August 9 0 0 0 31 3 0
Tabl e 13. Bl ack-1egged kittiwake nest contents at Bluff, 1981.

1 egg &
Dat e Enpty 1 egg 2 eggs 3 eggs 1 chick 2 chicks 1 chick
10 July 18 53 2 2 4 6
16 July 8 15 23 2 16 19 10
20 July 9 11 5 0 46 14 6
22 July 11 8 0 0 53 10 9
Tabl e 14. Bl ack-1egged kittiwake nest contents at Cape Lisburne, 1981.

legg &
Dat e Empty 1 egg 2 eggs 3 eggs 1 chick 2 chicks 1 chick
25 July 36 39 59 1 9 24 10
31 July 51 22 24 0 42 23 15
3 August 69 13 10 0 67 15 10
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Figure 8. Contents of black-legged kittiwake nests at Bluff,
St. Lawence Island and Cape Lisburne, 1981.

20% 1| ower in 1981 than in 1980, and about 25% | ower than growth rates in
1977-1979 (Table 15).> A sinmilar trend was apparent at Bluff, where the
average growth rate of chicks was about 11% Il ower in 1981 than in 1978 and
1980, and about 24% |l ower in 1981 than in 1979. These data suggest that m d-
season food availability declined in the eastern Chukchi Sea and Norton
Sound in the cooler years following the exceptionally warm year of 1979.

The differences in chick growmh rates between Cape Lisburne and St. Lawence
I sl and, and between Bluff and St. Lawence Island in 1981 indicate that |ess
food was available to kittiwakes in the eastern Chukchi Sea and Norton Sound
than in the waters near Anadyr Strait that year. Changes in food availability
between years are related to changing environmental conditions (Springer

et al. 1982), and differences in food availability between colonies in a
single year are also probably related to annual, local differences in

regi onal physical conditions.

C. Auklets

All data on auklets are from St. Lawrence Island, the only study area
visited in 1981 where auklets breed.

'yalues reported in Table 15 differ somewhat from those reported by Springer
and Roseneau (1978), Springer et al. (1979) and Murphy et al. (1980) because
we have revised our method of calculation (see Methods).
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TABLE15. Growth rates of black-legged kittiwake chicks in northern

Alaska.
Colony

Year Bl uff Cape Thompson Cape Lisburne St. Lawrence 1.
1977 ND? 12.6 + 3.6 (16)° 10.3 + 2.9 (18) ND
1978 17.9 + 4.1 (22) ND 19.7 £ 6.7 (21) ND
1979 20.4 + 4.4 (35) 20.2 + 4.7 (111) 18.3 *1.4 (24) ND
1980 17.6 *7.4 (30) ND 17.9 *3.7 (43) ND
1981 15.6 £ 4.5 (31) ND 14.3 = 3.0 (30) 21.0 + 7.1 (15)
4D = no data.
b

Mean growth rate (g day-1) t standard deviation (sample size).

Phenology

In 1981, hatching of |east auklet eggs in Kongkok Basin on |vekan Mbuntain
comenced about 24-25 July. On 25 July, when 11 nests were checked, 9 con-
tained single eggs and 2 contained tiny chicks estimated to be about one

day old. Seventeen nests were checked-on 28 July. Thirteen of these contained

single chicks (mean weight = 17.3g + 5.0g) and four contained single eggs.
By 5 August, hatching appeared essentially complete. The only eggs found
on and after that date were addl ed.

Searing (1977) summarized phonol ogical data on |east auklets breeding at
St. Lawrence Island. Previous dates when chicks were first found include
28 July 1964, 30 July 1965, about 27 July 1966, about 15 July 1967 and
25 July 1976. These dates correspond closely with our findings, with the
exception of that given for 1967, a year when warm spring air tenperatures
caused an early snow nelt (see Scaly 1975).

Productivity

Searing (1977) reported the fate of 16 of 34 |east auklet chi cks which
hat ched successfully at Rongkok Bay in 1976. Seven (44% died or were killed
by predators and nine (56% survived to the age of fledging (about 32 days).
The fate of 11 [east auklet chicks to an age of about 15-16 days is known
for 1981 at Ivekan Mountain. Four (36% died or were killed by predators
and 7 (64% were still alive and healthy on 8 August, by which time they
ranged in weight from52g to 82g (x = 73.39).

G owh Rates

Mensural data for | east auklet chicks at Ivekan Muntain in 1981 are
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presented in Table 16. The average rate of weight gain of seven chicks
during the interval 28 July-8 August was 4.7 g day ' (s=0.82). That rate
is 27%greater than the average growth rate of 10 chicks (3.7 g day™!)
during the period of maxi numgrowth in 1976 (Searing 1977), but is simlar
to growth rates of least auklet chicks in 1966 (Scaly 1981).

These data are the first to suggest that inportant oceanic food webs
m ght have been adversely affected by the unusually cold water tenperatures
and | ate springs of 1975 and 1976, as were neritic food webs in Norton Sound
and the eastern Chukchi Sea (Springer et al. 1982). Food brought to |east
aukl et chicks in 1976 was predom nantly Calanus plumchrus. A prelinmnary
exam nation of food brought to chicks in 1981 indicated that C cristatus
was the main itemin diets that year. If we assume that adult auklets
feed on the species of copepod whith i s most abundant in ternms of bionass,
wi t hout being too small to be taken efficiently (see Bédard 1969b), then
we woul d conclude that C eristatus was probably in | ow abundance conpared
to C. plumchrus in 1976, since the former is nmuch larger than the latter
and mght well be selected for if numbers of the two species were equal.
Al though we cannot necessarily conclude that C. plumchrus was unconmmon in
1981, or that C ecristatus was uncommon in 1976, we can be reasonably certain
that the overall bionass of copepods was |ower in 1976 than in 1981, as
indicated by differences in chick growth rates between the two years.

Gowh rates of |east auklet chicks during the interval 5-8 August
(6.7 g day~*) were si %nificantly greater than during the interval 28 July-
5 August (4.6 g day~") (Wilcoxon Rank Sum Test, P<0.05). During the
later interval, when north winds prevailed, adult |east auklets from the
Owalit Mountain and |vekan Mountain colonies fed in [arge nunbers along the
coast near Kongkok Bay. During the earlier period they regularly travel ed
long distances northward to feed in Anadyr Strait north of Northwest Cape.
It was not clear whether shorter commuting distances, greater copepod bionass,
or both were responsible for the greater growth rates of chicks during the
second interval.

Foragi ng Areas

We collected sone information of foraging flight directions of least and
crested auklets at St. Lawence Island in 1981. These data suppl enent
observations provided by Fay and Cade (1959), Bédard (1969b), Searing (1977)
and Drury et al. (1981).

Owalit Colony and Ivekan Colony

The mgjority of least and crested auklets and many parakeet auklets
nesting at Owalit and Ivekan col onies foraged in Anadyr Strait and its out-
flow between md-July and early August. The flight pattern to and from
this inportant feeding area is shown in Figure 9. Mst flocks (typically
50 or nmore birds flock-1) departed northwestward toward Cape Chukotskiy and
northward toward Northwest Cape. Huge nunbers of |east and crested auklets
and sone parakeet auklets, acconpanied by |arge nunbers of murres and
smal | nunbers of horned and tufted puffins, some kittiwakes, and occasional
pel agi ¢ cornorants and pigeon guillenots, returned from the north and
northeast toward Sevuokuk Muntain during the evening. The inbound flights
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TABLE 16.

Mensural data on | east auklet chicks at St.

Law ence |Island, 1981:

T= tarsus length (mm); C= culmen length (mm); W= weight (g).
Chi ck 28 July 1981 5 August 1981 8 August 1981
Number T c WT T c WT T c WT
1 16.0 6.0 19.5 17.5 6.5 440 17.8 7.0 52.0
2 16.5 6.5 22.5 17.8 8.3 60.0 18.7 8.2 79.0
3 16.0 6.5 22.5 18.3 6.8 56.0 18.7 7.5 73.0
3a 15.5 6.5 27.0 16.7 6.7 47.0
4 14.5 6.0 15.5 18.5 8.5 55.0 18.0 7.2 68.0
4a 19.0 8.4 78.0
5 17.0 6.7 26.0 18.5 7.4 60.0 19.4 7.5 80.0
6 14.3 5.5 13.0
10 15.0 6.0 19.5 17.2 7.2 49.0 18.3 7.5 79.0
11 14.5 5.5 10.0
12 14.5 5.5 13.5
13 14.5 5.5 13.0 17.0 8.0 55.0
14 16.0 6.5 22.5 19.0 8.5 54.0 18.8 7.6 82.0
14a 18.2 7.4 75.0
15 14.0 5.5 13.5
17 14.5 5.5 14.0




of auklets, consisting of near-constant strings of large flocks (typically
hundreds of birds flock-1), wusually commenced about 1930 h, peaked between
about 2030 h and 2300 h, and decreased noticeably by about 2330-2400 h.

The majority of flocks in the flights approachi ng Sevuokuk Muntain turned
westward to round Northwest Cape and then streaned southward along the
island’s western coast.

Qur best estimate of the magnitude of the southbound flights passing
Gambell was obtained during a generally fog-free evening period on 17 July
(Table 17). Subsequent boat trips between Gambell and |vekan Mountain,
and between |vekan Muntain and Booshu Canp provi ded additional information.
The returning flocks, formng a continuous stream of birds along the islands
entire western coast, generally maintained a flight corridor several kilo-
meters offshore of the island after passing Northwest Cape, and usually
began to intercept and parallel the coast nore closely near Booshu Canp
before rounding Owalit Mountain and |anding at the Owalit and |vekan col oni es.

The arrival of auklet flocks at Owalit and Ivekan col onies usually
comenced about 2100 h and ended about 2400 h. On 23 July, for exanple,
fl ocks began roundi ng Owalit Mountain and | anding at the colonies at 2100 h,
and by 2200 h tens of thousands of birds streamed in fromthe north to join
those milling about in the air over the colonies. Arriving birds declined
in number to about 1,000 per five-mnute count by 2330 h and few birds
appeared to arrive after about 0030 h. During the evening arrival period,
sonme auklets al so appeared to depart fromthe col onies.

A second period of intense activity occurred in the morning, usually
bet ween about 0400 h and 0800 h. Some flocks arrived at the colonies during
this period, but many small flocks appeared to depart from them dispersing
northwestward, seaward of the route used by inbound flights. Mny snall
flocks also appeared to depart throughout the renmainder of the nmorning, and
some occasionally departed or returned in the afternoon.

Al though the nmajority of auklets nesting at Owalit and Ivekan col onies
clearly fed in a major foraging area north and northwest of St. Law ence
Island’s western end during md-July through early August, small nunbers
also fed to the west. Several thousands of |east and crested auklets,
acconpani ed by some parakeet auklets, also fed southeast of Kongkok Bay.
Flights returning from the southeast intercepted the coast near Southwest
Cape, and flocks of birds with food-filled gular pouches paralleled the
i sland’s shoreline between Boxer Bay and Kongkok Bay.

Foraging flight patterns of auklets nesting at Owalit and Ivekan
col oni es changed in early August (Figure 10). After about 2-3 August,
the majority of crested auklets ceased flying to and fromthe north and
began departing to and returning fromthe west. This flight pattern was
still evident at Gambell during 10-14 August; few outbound or inbound
crested auklets passed Northwest Cape on those dates.

The majority of least auklets, acconpanied by sone parakeet auklets,
continued to travel to and from the north until 6 August, by which time
strong northeasterly w nds had devel oped. The w nds, varying between
30-80 kmh~! and often gusting to 80-120 kmh™*, prevailed between the evenings
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of 5 and 8 August. During 6-8 August, large concentrations of |east
auklets fed in and near Kongkok Bay between the surf zone and a few kilo-
meters offshore. Mst |east auklets resumed travel to and fromthe

north with the advent of calmer conditions on 9 August, but nmany fed al ong
the island’s western coast in a zone of current slicks visible fromthe
top of Owalit Mountain. On the evening of 10 August, l|arge numbers of
feeding | east auklets were dispersed over a calmsea anong these north-
south oriented slicks about 0.5-5.0 km offshore along the entire coast

bet ween Booshu Canp and Gambell. Surface waters in and near the slicks
were richly laden with pteropods, nedusae, ctenophores and other small
invertebrates. Although many flocks of |east auklets with distended
gular pouches were flying southward past Northwest Cape, nunbers were
smaller than during previous weeks. Large numbers of southbound | east
aukl ets, acconpanied by small nunmbers of parakeet auklets, passed Gambell
during the evening of 11 August, but the magnitude of the evening flights
appeared to decrease again during 12-14 August with the advent of increas-
ing northerly w nds.

Sevuokuk Colony

The mgjority of auklets nesting on Sevuokuk Muntain also foraged in
Anadyr Strait and its out-flow during md-July. Small flocks of departing
| east and crested auklets generally dispersed northwestward and northward
from the colony, and returned from northerly and northeasterly directions.
As large inbound flights approached Sevuokuk Mountain, flocks returning
there separated from the streanms of southbound auklets. Foraging flight
patterns of Sevuokuk Muntain auklets appeared little changed in m d-August.
Fl ocks of least and crested auklets were returning to the colony fromnorth-
westerly through northeasterly directions as we boated past Sevuokuk
Mountain during the evening of 12 August.

Tabl e 17. Five-m nute counts of least and crested auklets flying south-
westward past Gambell, St. Law ence Island, on 17 July
1981.%

Ti ne’ bserver Cc bserver ES X

2130-2135 20, 000 18, 100 19, 050

2200- 2205 30, 000 25, 000 27,500

‘These estinmates were obtained only fromthe eastern margin of the nmovenent.

Many other lowflying flocks were occasionally visible at nuch greater distances
of f shore.

bBeri ng Daylight Time.

‘Cbserver C estinmated by 500" s using 10x40 bi nocul ars.

dOoserver E estimated by 100°s using 7x50 binocul ars.
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Singikpo Colony

Qur observations of foraging flight patterns of auklets nesting along
St. Lawrence Island's northern coast, predominantly in the Singikpo Cape
area, are limted to 18-19 July. On 18 July between 1600 h and 1900 h in
t he Cape Mvaughee vicinity, we saw numerous small flocks of |east and crested
auklets flying southeastward. The flocks were arriving fromnorthwesterly
directions and were headed toward Singikpo Cape, the third major auklet
nesting area on St. Lawrence Island. West of Kookoolik Cape, nearer
Savoonga, few auklets appeared to intercept the island s coastline. Be-
t ween Kookoolik Cape and Kangee Canp, small flocks of eastward traveling
crested auklets were occasionally encountered between 1930 h and 2300 h.
We saw only a few snall flocks of crested auklets between Savoonga and
Sevuokuk Mountain during the nmorning and afternoon of 12 July, and between
Kangee Canp and Sevuokuk Mountain during the evening of 12 August. The
maj or auklet flight corridor leading toward Singikpo Cape apparently re-
mai ned wel | of fshore.

Qur observations of the foraging flight patterns of auklets nesting at
St. Lawrence Island’s western end corroborate other observations made
t here by Bédard (1969b), Searing (1977) and Drury et al. (1981). Cbserva-
tions in the north-central sector of the island provide additional evidence
that auklets fromall three primary nesting areas on the island feed pre-
domnantly in the sane area in Anadyr Strait and its out-flow during nuch
of the breeding season (see Bédard 1969b).

The basic flight patterns followed by auklets nesting at colonies in
the western sector of the island were typical of annual patterns that have
occurred regularly for many years (L. Iyakitan pers. comm.). The change in
aukl et foraging patterns observed after early August may al so be a
fairly regular event.
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VITI . CONCLUSI ONS

1. Nunbers of nurres have declined at Cape Thompson in the eastern
Chukchi Sea, and a simlar decline is continuing at Bluff in Norton
Sound. W are currently investigating two possible reasons for these
decreases, which involve effects of a changing environnent on (a) natality
of murres and (b) winter nortality of murres

2. Numbers of murres have not appeared tochange at Cape Lisburne or
Cape Lewis as they have at Cape Thonpson and Bluff. This difference
could be explained by the novement of birds, particularly prospecting
subadul ts, between colonies during aregional decline. Local differences
in food availability could | ead to intercolony novenents by nurres.

3. At Owalit Colony on St. Lawence Island, numbers of murres were
markedly lower in 1976 than in 1972 or 1981. Sinmilarity in nunbers of
murres between 1972 and 1981, both climatically mld years, and the

cold environnental conditions that coincided with the 1976 breeding season
suggest that the 1976 decrease was a short-lived event rather than an
actual decline in the population as has occurred at Cape Thonpson and

Bl uf f

4, Environnental fluctuations during the 1970's had inportant repercussions
on the breeding biology of murres, black-1egged kittiwakes and |east

auklets in northern A aska by affecting supporting food webs. Year-to-year
di fferences in breeding phenology and reproductive success were strongly
correlated with changing climatic conditions. Differences in breeding
phenology and reproductive success between colonies in the sane year

were probably related to local differences in regional climtes. Varia-
tions in food availability between locations in a given year are also
probably related tolocalregional climtic conditions.

5. The current data base on relationships between seabird population
paranmeters, physical conditions and food webs indicates the value of
long-term lowlevel nonitoring efforts. The results of these integrated
studies can provide the nmeans to separate natural changes from changes
that may occur as a result of resource developnent. The degree towhich
such changes can be separated will clearly nmeasure the success of

future prograns that may attenpt todetect and monitor effects of resource
exploration and extraction.

Ix. NEEDS FOR FURTHER STUDY

The data base on northern Bering-eastern Chukchi seabirds justifies
the continuation of studies tormonitor nunbers, reproductive success
and food habits of murres, black-legged kittiwakes and auklets in northern
Al aska. These studies can effectively explore relationships between
annual variability in population parameters of seabirds, physical environ-
mental changes and changes in seabird food webs. Earlier OCSEAP-sponsored
studies of seabirds in Al aska indicated that narked annual variability
occurred in several population paraneters. The current |onger-term data
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clearly show that annual variability in seabird populations is not random
but is related to and predictable from annual changes in the physical
environment and regional food webs (see also Springer et al. 1982)
Moderate | evel s of additionalresearch in the conming years would provide

a firmbasis with which to nore clearly differentiate between natural
phenomena and changes resulting from resource development. Such an
ability to separate natural phenomena from other changes is inportant to
any nonitoring effort.

Qur studies have made progress toward identifying the causes of de-
clines in murre nunbers atCape Thonpson and Bluff. Additional research is
necessary to refine and test our hypothesis (see Springer et al. 1982)

We especially reconmend an effort that will allow us to expand and test

our popul ation nodel at Bluff. Also, we have not ruled out the possibility
that simlar declines are occurring atother murre colonies in northern

Al aska. Colonies that have been censused at |east once in previous years
such as St. Matthew I sland and the Pribilof | sl ands, should be checked
again soon

A program of studies to fulfill the above needs does not have to be
especially costly; however, it needs to be well organized and designed
to run for several years. Study sites would be selected on the basis of
| ocation and past history of investigation. They should range from
northern latitudes (i.e. , the Chukchi Sea) to southern latitudes (i.e.
the southern Bering Sea and Qulf of Al aska), and should include offshore
and coastal locations. Within this framework, colonies at Cape Lisburne,
Cape Thompson and Bluff would serve as ‘hone-base’ study sites because
of the long histories of study at them their northern latitudes and their
| ocation relative to regional climatic and oceanographic conditions
Bluff has a nuch warner clinmate than Cape Lisburne and Cape Thonpson, and
it lies in Norton Sound well renoved from the nore dynanic oceanographic
conditions of Bering Strait. Cooler conditions prevail in the eastern
Chukchi Sea, and Cape Lisburne in particular lies on the edge of major
currents flowing through that region. Colonies such as St. Lawence
Island, St. Matthew |sland and the Pribilef |slands woul d serve as off-
shore study sites, and colonies in northern Bristol Bay would serve as
southern coastal |ocations.

Wthin this large region it would be preferable to visit three or
four study sites each year for several years; however, hone-base study
sites at Bluff and either Cape Thonpson or Cape Lisburne would. be visited
every study year. Only one field teamis required to acconplish the
work at home-base sites because logistics are relatively sinple and costs
are mninml conpared to many of the other colonies. One or two field
teans woul d also work at one or two other colonies each year. These
teanms would alternate annually among the suite of selected study |ocations.
Such a study design coul d:

1. Help clarify relationships between physical conditions, several
seabird population parameters and food webs.

2.Establish a repeatable nuneric nonitoring system
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3. Mnitor changes in seabird populations that might occur as
a result of resource devel oprent.

There is a special need to resune work at St. Matthew Island as soon
as possible because of strong industry interest to use part of the island
as a staging area and support base for offshore exploration and devel op-
ment in the Navarin Basin. Developnent of support facilities, including
a landing field for large transport aircraft, helicopter pads -and fuel
depots, has been proposed to begin as early as 1982. Although industry
use of the island, currently designated a wilderness area, is being
contested by the U S. Fish and Wldlife Service (E. Baily pers. comm.),
devel opnent may proceed in the near future. Mirres have not been
censused at St. Matthew Island since the first census there in 1977 (see
DeGange and Sowls 1978). By the summer of FY 1982 it will have been
five years since counts were made, an interval sufficiently long to
al low significant changes in nunbers to beconme apparent. A recensus of
murres on St. Matthew | sl and woul d be an inportant precautionary measure,
and woul d increase our understanding of declines in murres at nore
northern colonies. It would also increase our understanding of relation-
shi ps between physical paraneters, seabird food webs and seabird product-
ivity. Wth little doubt, a recensus of murres woul d have the greatest
value as an aid to understanding these changes if it were conducted before
devel opment and potential associated disturbance occurred. A recensus
of murres at St. Matthew Island i mediately prior to devel opnment woul d
provide a firmer basis from which to detect effects of human actions,
and to nore clearly separate them from natural changes.
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APPENDI X

The estimte given by Searing (1977) of 60,000 nurres at Owalit
Mount ain was derived from the unpublished data of S.R. Johnson, who cen-
sused this colony on 12 and 14 August 1972. Searing (1977) was not able
to carefully exanmine Johnson's data; only raw scores for various sections
of the colony were transnitted from Johnson to Searing (Johnson pers. comm.).
Some details of the counting procedures were apparently onitted or unclear.
Recently, we were able to examine Johnson’s original field notes. Table 18
shows Johnson’s 1972 censuses of Owalit Mountain. The 12 August census
of the cliffs was inconplete; at least one large ‘gully and sone other
simlar features which contained murres in plot D were not counted. A
compl ete re-census of the cliffs was nade on 14 August, when plot D was
split into seven snaller areas (plots DI, and K). Sone areas counted during
both censuses represented portions of adjacent air space or sea surface
(area C, 12 and 14 August; areas J and L, 14 August). Searing s (1977)
estimate of about 60,000 nurres present in 1972 was incorrectly derived
fromthe total of all nurres counted in all habitats on both dates. The
corrected estimate of approximately 32,000 murres® was derived fromthe
total of all nurres counted on the cliffs on 14 August 1972

1The 25,000 nurres reported in Johnson and West (1975) refers only to the
densest part of the Owalit Mountain Col ony.
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Law ence | sl and,

Tabl e 18. Census data for Owalit Mountain,
12 and 14 August 1972.2
Nunber of Mirres
12 August 14 August

Pl ot (Area) Flying Oh Aiffs Flying or on Water Oh diffs
A 4,000 4,500
B 8,000 6,000
(c) 400-500° 480°
D 9, 500° 2,500
E 6, 500
F 4,500
G 6, 350
H 245
I 860
(J) 1, 250d
K 375
(L) 2,000°

Tot al 400- 500 21,500 3,730 31, 830

8ata are from unpubl i shed field notes of S.R. Johnson, 1972.

b
time of census.

CThis nunber is an inconplete estimate of the cliff areas DI,

d
time of census.

This nunber is an estimate of birds on the water

bet ween areas |

This nunber is an estimate of birds flying to and fromplots A and B at the

and K

and K at the

‘This number is an estimate of birds in the air offshore of plots DI, and K

atthe tinme of census.
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