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. SUMMARY OF OBJECTI VES, CONCLUSIONS Anp | MPLI CATIONS W TH RESPECT TO
OCS OL AND GAS DEVELOPMENT .

bjectives: 1) To learn what species of seabirds occur, where
and in what nunbers in the Bering Strait Region; 2) to locate the feed-
ing areas, breeding areas, gathering areas and other areas of great
inportance; 3) to learn by trophic and other ecol ogical studies what
factors are inportant for reproductive success and what factors cause
stress ; 4) to identify those human activities directly and indirectly
associated with mneral devel opment which may dimnish the seabird popu-
lations of the area; 5) to prepare recommendations for stipulations
for the guidance of industrial activities in order to prevent or mti-
gate damage.

Conclusions: 1) In the area between Cape Lisburne and Saint

Lawence Island there are 3,725,000 to 4,000,000 seabirds. 2) Little
Dionede Island, the subject of this study, is anmgjor seabird colony and
the northern-most nesting colony of Parakeet, Crested and Least Auklets.
3) Drastic population reduction or steady declines are possible results
of development. It has been suggested that popul ations be reduced at
experimental colonies in order to establish the rate of recovery. Al -
though the evidence is not clear, there is a suggestion that numbers of
murres at Little Diomede Island have decreased since the late 1950s.
If real, a decrease is consistent with the decrease of nurres observed
during the same period at Cape Thonpson. Sinmilarly, there is evidence
that the nunmbers of Crested Auklets have decreased, which would be con-
sistent with the reports to that effect by Oville Ahkinga and John

Ayapana of Ignalook. 4) It is generally believed that arctic birds
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are subjected to stress by the extra effort required for breeding. Any
further stress introduced by the inpacts of devel opment upon their food
sources are likely to cause some degree of reproductive failure. It

is inportant, therefore, to record the stresses to which the |ocal popu-
| ations are exposed and to establish their tolerance to further stress.
At Little Diomede, as at other colonies in the northern Bering Sea,
absence of adult kittiwakes during the incubation period in July is
associated with |osses of eggs, a mpjor factor in |owered reproductive
success. 5) An inportant aspect of OCSEAP is defining differences in

bi ol ogi cal oceanographic structures of the Bering Sea. Differences in
the relative proportions of species anmong the several seabird col onies
in the northern Bering Sea, such as an unusually high proportion of
kittiwakes, Horned Puffins and Least Auklets at Little Diomede are
presumably, a response to |ocal oceanographic conditions, but those
structures are not known. 6) Seabirds have been observed to gather to
feed in several rather well-defined areas north of Saint Lawence Island
and in the vicinity of the Bering Strait. These places suggest turbu-

| ence and shearing between the ocean currents which become progressively
confined as they nove northward.

Inplications with Respect to OCS Ol and Gas Devel opnent:

1) Disturbance by the chronic effects of through traffic, by secondary
effects such as helicopter operations and coastal devel opnent, by direct
damage fromoil spills or by indirect effects on the food of the sea-
birds will affect an area that is conparable to the plains of East
Africa among the mjor natural wonders ‘of the world. The breeding sea-

birds of this area, nunbering in the several mllions, are an inpressive
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presence. The disturbance can take two forms at |east:

a. The Bering Strait will alnost undoubtedly becone a major
route for shipping of heavy equipnent to the developing oil fields on
the North Slope of Alaska

h. The ocean current systens in the northern Bering Sea vir-
tual ly guarantee that a major oil spill anywhere in the Norton Basin
wll find its way to the heart of the feeding and breeding areas.

2) Serious damage to the seabird popul ations can be expected to rel ease
a tide of public indignation which will scarcely be stemmed by cosnetic
actions such as attenpts to clean up the coastline and to rehabilitate
the victins.

3) It behooves planners to institute strict protocols and econom c

puni shments that will make an accident as much of a disaster for the
industry that causes it as it would be biologically and politically.
Political institutions designed to mtigate the negative effects m ght

i ncl ude:

a. Conditions for approval of transit of the Strait can be set,
such as double shell construction of the vessels to prevent |eakage of
bilges or damage to inner hulls, simlar to the engineering requirenments
of ships meking their way through the ice. Passage through the Strait
can be allowed only during the daylight.

b. Technical inprovements alone have not prevented spills in
the past, because technology works only as well as the will to do a
good job. It is reported that 95% of oil spills result fromhuman “error”
and that some conpanies have excellent safety records while others have

poor ones. Yet the only measure of qualification for, as an exanple,
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oil exploration, is the amount of noney offered as the bid at a |ease
sale. If administrators have the will, they can establish a stepwise
system by Whi ch conpanies with a good safety record are favored over
those with bad records, and in this way make the probabilities of

accident work in favor of quality instead of .measures of inevita-

bility,
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1. I NTRODUCTION -- THE BERING STRAIT, TRANSPORTATION TO THE NORTH
SLOPE, Anp | MPLI CATI ONS.

A, CGeneral Nature and Scope of the Research.

The work at Little Diomede Island in 1977 is part of a larger
study of seabird biology in the Bering Strait. Studies nade in Cape
Li sburne and Cape Thonpson by Schwartz (1967) and by Roseneau &
Springer (NOAA 1978) belong within this area in its broad context as
wel | as studies made at Saint Lawence Island by Bédard (1969), Scaly
(1973), Searing (1978), Johnson (1372), Friedmann (1932) , and Fay &
Cade (1959). CQur own studies aSledge Island and at the cliffs at
Bluff in 1975-1977 contribute to defining one of the edges of the area.

This report is witten largely from hi-mnthly sumaries pre-
pared in the field by the menbers of our field party, who were Benjamin
B. Steele (26 June-12 August), Alan Watson (19 May-4 August), and
Edward T. Steele (19 Muy-12 August).

The Bering Strait will become a major avenue of transportation
of heavy equipment to the western Arctic as the oil fields of north-
western Canada and the North Slope of Alaska are devel oped. Further-
nmore, because ice conditions periodically prevent the passage of ships
past Point Barrow, staging areas for ships waiting to move northward
wi |l be needed in places such as the roadsteads at Nonme and Port O arence.

A relatively dense Eskinp popul ation and concentrations of
marine manmals and birds in this area are associated with a funnel-Iike
t opography in the Chirikov Basin,, Although ice novenents in the |ate
winter are predominantly southward, during summer northward-flow ng

ocean currents are progressively confined as they nmove through the
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Chirikov Basin and Bering Strait, then are released. The surveys re-
ported in this Research Unit were planned to |ocate the areas critica
towldlife, to assess their vulnerability, and to consider how to
prevent or mtigate damage

The Bering Strait area should be considered both as an area
whi ch may becone subject to heavy industrial devel opnent and as an area
which is an ecological unit defined by ocean current, nmarine producti-

vity, wildlife and the traditional economy of the natives.

Potential devel opment and sea traffic. Heavy through traffic of ships

related to North Slope development will presunably enter the area al ong
| anes running east of Saint Lawence Island. The traffic will pass
through the Chirikov Basin and nunbers of vessels will have to stop
many weeks in Nonme or Port Clarence; traffic that has passed through
the Bering Strait may have to wait further in Kotzubue Sound as
vessels did during the sumer of 1975.

Local gas and oil development is predicted to be relatively Iight
according to present estimates. Perhaps only gas wells will be involved.
One can predict that extensive secondary devel opment will occur in shore

facilities for staging and transshipping in western Seward Peninsul a.

Environmental Considerations. The Eskinmpbs of the area perhaps set the

scene by their unusually highly devel oped culture dependent prinmarily
on sea mamuals and seabirds. Native settlenents in this area consisted
of relatively large (100-250 people) settlenents and many small nobile
groups of single or several famlies. The large permanent settlenents

depended on hunting large marine mammal s especially on moving sea ice.
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Whal ing was inmportant at western Saint Lawence Island and at Point Hope
but according to Ray (1976) whaling was relatively uninportant in the
settlements within the nore narrow sense of the Bering Strait (that is,
King Island, the Diomede Islands, and Wales). The people of King Is-
l'and reportedly left the island in the summer, dispersing to use
resources on the western coast of Seward Peninsula; but the other settle-
ments were reportedly permanent.

Qur observations of the distribution of wildlife suggest, as is
only common sense, that natives gathered near dependable sources of
gane, and hence that critical sites for wildlife are the sane as tradi-
tional native settlenents. However, major feeding grounds of marine
mammal s and birds are not necessarily close to the nesting grounds of
seabirds. W can draw sone straightforward conclusions fromthe tradi-
tional distribution of native settlenents, yet there are nmjor features
of the distribution of wildlife resources which still need to be clari-
fied, especially those which were beyond the access of hunters before
the arrival of nodern transportation.

Whal i ng was pursued by the Eskinos at both limts of this area
at Saint Lawence Island in the south and Point Hope in the north.
However, the |anguage groups of the two are different. The people of
Poi nt Hope, Kotzebue Sound, the Dionede |slands, Wales, King Island
and the west coast of Seward Peninsula as far southeast as Cape None
speak Inupiat, the |anguage of the Eskimo of the arctic coast of North
Anerica. The people of Saint Lawence Island speak a Siberian form of

Yupik.
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It seens probable that this separation depends on relatively re-
cent tribal novenents, for despite this difference in |anguage, there
is an evident simlarity in cultures and the food basis of the cultures.

The region of the Saint Lawence Island waters, Chirikov Basin,
Bering Strait and southern Chukchi Sea is unified by being the site of
spring gatherings of tens of thousands of Walrus and summer gatherings
of Gray and Finback Whales. Bearded, Ringed and Spotted Seals are
nunerous on the winter ice and formed the staples of the diet of the
Bering Strait Eskinmps. These concentrations of marine mammals reportedly
extend into the southern Chukchi Sea. The Strait appears to form, ON
average, the southern limt of wnter distribution of Polar Bears.

Anot her conspicuous wildlife element in the area is the severa
mllions of seabirds. Mirres, kittiwakes and puffins otherw se wdely
distributed in. all northern seas have their northern breeding limt at
Cape Lisburne. Black Guillenpts, an eastern arctic species (Schwartz
1966) and sporadically south to Saint Lawence Island (Bedard 1966) ,
extends south to Cape Thonpson thus overlapping the northern range of
the Pigeon Guillemot, a closely related menber of the Pacific fauna
The Dionede Islands, King Island and Saint Lawence Island form the nost
northern cluster of nesting sites of mllions of Least, Crested and
Par akeet Auklets. These seabirds are endemic to the region of the
western Qulf of Al aska, the Bering Sea and Sea of Okhotsk.

Ve presunme that there are ecol ogical reasons for the marked
differences in the seabirds between Norton Sound and the rest of the
area. 1) The three species of auklets are present in large numbers in

the Bering Strait region; however, there are no breeding col onies
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containing auklets in the Norton Sound area, i.e., at Sledge Island or
at Bluff. 2) Presumably for ecological and habitat reasons, the propor-
tion of kittiwakes to murres and the proportion between Common Murres
and Thick-billed Mirres also varies wdely among the col onies over the

| arger Bering Strait region. For exanple, there are about 80,000 murres
at Little Dionede, King Island, and at Bluff. However, there are about
35,000 kittiwakes at Little Diomede but only 3500-4000 at King Island
and Bluff., The nurres at King and Little Dionede Islands are half
Common Murres and half Thick-billed, but at Bluff the population is 99%
Comon.

The larger marine vertebrates that provided food for natives of
the Bering Strait are dependent upon the same food base. Although
scattered neasurenents of primary productivity have been nade and some
sanmpl es of benthic aninmals reported ( Alton, in Hood & Kelley 1973),
little is known of the inportant fish or invertebrate species used as
food by seabirds. It is not yet clear what is the distribution of pro-
ductivity and feeding areas for the region. These feeding centers are
presumably indispensible parts of the habitat of the |arger vertebrates
and until they are mapped we do not know the location or extent of
critical parts of the system

The currents and water masses which pass northward through the
Strait have been described in general terns ( Hughes et. al., in Hood ¢
Kelley (1973) and Aagard (1975)). Evidently water enters the Chirikov
Basin both fromthe Qulf of Anadyr and from the coastal waters dom nated
by the Yukon and Ruskokwim Rivers. These masses shear against each other

and becone progressively confined as they approach the funnel-like
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structure of the Bering Strait. Mich of the water passes through the
relatively deep channel between Cape Prince of Wales and Little Dionede
Island yet the effects of mixing on primary productivity are also evident
west of Big Dionmede where very high levels of primary productivity have
been reported (Hood & Relley 1973).

One inportant inplication of the northward novement of water
during the ice-free seasons is that virtually any pollution which gets
into the waters of the northern Bering Sea (except for the eastern end
of Norton Sound) will be carried through the Bering Strait and into the
sout hern Chukchi Sea-Kotzebue Sound. Moreover, “lenses” (a discrete
vol une) of Bering Sea water nmove past Cape Lisburne and Point Barrow

into the southern Beaufort Sea

B. Specific Objectives of This Research Unit.

1) To learn what species of seabirds occur where and in what
numbers in the Bering Strait region;, 2) to locate their feeding and
gathering areas and to identify other areas of great inportance; 3) to
| earn by trophic and other ecological studies what factors are inportant
for reproductive success and what factors cause stress on seabirds; 4)
to identify those activities associated with nmineral devel opment which
may di mnish the seabird populations of this area; 5) to recomend stipu-
lations to mtigate the negative effects and to maxinize the positive

effects of industrial devel opnment.

Il . cURRENT STATE OF KNOW.EDGE
This section was considered in detail in the report for the 1976

field season.
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IV. STUDY AREA -- LITTLE DIOMEDE | SLAND.

Little Dionmede Island lies within the narrowest part of the Bering
Strait (Figure 1). It is at 65°45' N lat., 169% |ong., 20 nautica
mles (37 km west-northwest of Cape Prince of Wles, two nautical mles
(3.7 km) east of Big Dionede and 23 nautical mles (45.6 km southeast
of Cape Dezhneva, Siberia.

The island (Figure 2) is characterized by steep sides, a flat top
about 400 m above sea level, and a large drainage basin (area approxi-
mately 65,500 nf) on the east side (“East Valley”). The Eskino village
of Ignalock iS at the base of a boulder fan on the northwest corner. A
shal | ow bar extends toward Big Dionede fromthe town and the Eskinos say
this goes nost of the way to Big Dionede. The north-flow ng current
passing over this bar results in a rip or turbulence visible in al nost
any weather. It is a popular feeding area for Kkittiwakes.

The sides of the island slope at 35°-40°(Figure 2). They consi st
of a mixture of 1) rock faces, 2) vegetated slopes, and 3) talus of
boul ders. The major areas of talus are on the west side, 1000 mto the
north and south of the village, and in the East Valley. The |ower 30-50
mof the sides consist of nearly vertical wave-cut cliffs. These |ower
cliffs are nearly” continuous around the island except for many smnal
gullies and the areas near Ignalook and the nouth of East Valley where
the talus reaches the shore. The bedrock outcrops on the east side are
more friable than the ‘massive face on Fairway Rock or the great slabs and
arétes on King Island. On the north end of the island some of the vege-

tated slopes have poor drainage and are too wet for Parakeet Auklets to
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nest. Near the southeastern corner there are large areas of bare soil.
QO herwi se the vegetated slopes are uniform

The flat top of the island consists mainly of mat plants on large
boul ders. In general, the soil is too wet for burrownesting birds
Murres and kittiwakes nest mainly on the |ower rock faces. Auklets
nest under the boulders in the talus and puffins nest on the |ower cliffs
and hi gher bedrock outcrops.

Banks of unstable snow made travel on the island dangerous in
May and the first half of June, but shore-fast ice provided a useful
avenue of travel until the sea ice broke up at the end of June, by which
time snow had disappeared fromall but the deep shaded gullies. Traces
of old trails were found on all parts of the island. A trail north
fromthe town is still used and provided access to the cliffs where
nurres and kittiwakes nest.

Big Diomede (Siberia) appears to be generally sinmlar to Little
Di onede although nuch bigger, 8.5 kmfromnorth to south. C ouds of auk-
lets can be seen over the island but Al bert Ayahuk of Ignalook reported
that there are many fewer Crested Auklets than on Little Diomede. The
east side of the island (the only shoreline visible) is generally very
steep and appears to have densities of nesting murres and kittiwakes
simlar to those on Little Diomede. A talus slope extends down to the
water in the mddle of Big Diomede's east shore. The Eskinps said that
the slopes are gentle fromthe top to the north and northwest.

Fairway Rock is a truncated cone 534 ft (165 m) high, 8 nautica
mles (15 km) southeast of Little Diomede. The top is an outcrop of

massi ve bedrock, apparently granite. The middle slopes are thickly
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covered with grassy turf and the |ower slopes junmbles of boulders and

rock faces.

Break-up and Mvenent of Sea |ce.

On our arrival on 19 May the sea ice was continuous around both
Di omredes and extended unbroken to the north. There was a strip of open
water extending for many mles to the south, which the Eskinmpbs told us
was a product of the prevailing northerly wind. On 20 May a southerly
wind closed this lead for as far as we could see. Several small |eads
opened off the “North Point” on 23 May, and on 26 May ice on the north
side of these |eads began to nove north. The leads continued to w den,
and much open water was present to the north and west of the Dionedes
on 10 June. On 11 June there were still aprons of shore-fast ice sur-
rounding and connecting the islands. W were able to make our [ast walk
around the island on the shore-fast ice on 15 June, after which the ice
became unsafe. On that date a |ead formed between the two islands. On
17 June the pack ice on the north side of the strait between the islands
broke off and noved north, and the southern pack broke and drifted north
on 19 June. Bits of ice still clung to the shore of Little Dionede by
this time, and either nelted away or broke off in chunks

Currents.

During the summer, northward-flow ng ocean currents are confined
asthey pass through the chirikov Basin and Bering Strait.

During the 1977 season there was a consistent northward flow of
several knots on both sides of the island. Back eddi es sonetines occur-
red in-shore on the slightly indented eastern shore of Little D onede.
The Eskinos say that the northward set reaches 3 knots (6 km per hour)

in the main current between the island and \al es.
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Figure 2 North Point
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Figure 2
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These currents and the associated turbulence are presumably respon-
sible in part for the very high productivity of the waters and hence rafts
of feeding seabirds are to be seen on the water for tens of kiloneters in

all directions fromLittle Dionmede

V. SOURCES, METHODS AND RATI ONALE OF DATA COLLECTI ON

Mappi ng the Island and Estinating Areas of Habitats.

We made a rough working map of the perineter of Little Diomede
by taking conpass bearings and pacing distances along the shore-fast
ice around the base of the island. In preparing this nap we | ocated
and named promnent features on the island for points of reference and
measured the distances between them W have prepared a map from a BLM
aerial photograph and marked on it those |andmarks (Figure 2).

Because it is inpossible to nmake direct counts of birds nesting
underground in the grass or talus slopes, we sanpled the number of birds
per unit area of a habitat type and multiplied that figure by an esti-
mate of the anount of each habitat type available. W defined three
maj or habitats: green slopes, cliffs, and talus. To arrive at an esti-
mate for the areas of habitat, we did the follow ng:

1) W calculated the area of slope around the sides of the is-
land. We estimated the slope of the side to average 37° except on the
talus slope above the village, where it was nearer 30°, and the height of
the island to be roughly 400 m between North Point and South Guard Rock
and 330 mon the east side. W then calculated the distance fromthe
bottomto the top of the slope by trigonometry and multiplied that

figure by the length of each of the sections as paced between |andmarks
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Table 1. Area of slopes and percent habitat type.

Habitat Type (% of total area)

*
Section of diff Bf%ggth (m) Sigggth (m) TX%%% (m2)A¥gfus ATeass ARSAK ApRer T

Town to 60% of

di stance to ist Bluff 585 732 428 000 77 23 0 0
To 1st Bluff 390 610 238, 000 55 38 7 0
To S. Quard Rock 975 610 595, 000 25 42 33 0
To South Point 562 610 343, 000 20 37 43 0
To Bi g Dicmede
Vi ew Poi nt 637 610 389, 000 17 37 46 0
To SE Point 487 610 149,000 17 37 46 0
To SE Corner 262 610 80, 000 10 43 40 7
ToCave Cliff
Cor ner 600 500 300, 000 23 40 37 0
To Red cliff Rock 487 500 244,000 33 33 33 0
To East Valley 637 500 239, 000 25 58 17 0
To NE Indentation 1012 500 426, 000 28 62 10 0
To North Point 637 500 239, 000 10 28 37 25
To Half Parapet 750 610 378, 000 3 10 47 40
To N. @Guard Rock 600 610 366, 000 7 60 17 16
To 1st Bluff North 525 610 320,000 15 50 23 12
To G eens 675 610 412, 000 23 64 13 0
To Town 375 732 275, 000 47 40 13 0
East Gully 65, 500 50 50 0 0
Tot al 5, 486, 500 26.8 41.8 25.6 5.7

* Cal cul ated using figures for height and degree of slope as mentioned in text,
P- .
" Gravel and wet grass sections.

172



Figure 2A. Schematic diagram of Little niomede used in alterna-

tive estimate of the area of the slope. (see text)

i
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at the bottom of the slope. The area above each paced section was assum
ed to be rectangular, except for two areas nore clearly trapezoidal and
two triangular, which were cal culated as such.

2) W estimted the percentage of each habitat type in each de-
fined part, On 15 July we circled the island in a boat and each of
three observers estimated for each section the percentage of the three
mej or habitat types. The percentages varied generally by no nore than .
10 points, and frequently by as few as five

3) We took the average of the three estimates in step (2) and
multiplied it by the area in step (I). By adding up the areas so de-
rived for each section, we arrived at a total figure for the area of
each type of habitat. These results are presented in Table 1.

As an alternative method of calculating the area of the slope
around the island (see (1) above) we schematized the island to appear
in plane-view as in Figure 2A, tapering as a cone to an abbreviated
flat top. Thus the sides of the island would be composed of: (1) a
section of a cone representing the curved west side (half a large cone
with base at sea level, mnus half a cone with base at the top); (2) a
plane on the straight east side; plus (3) two “quarter-cones” at the
NE and SE corners. By estimating the height of the island as 350 m on
the west and 320 mon the east, the slope as 37°, and the dianmeter as
3600 m we calculated the area of the slope on the perineter of the is-
land as about 3.4 x 10°ni, in contrast to the estimate of 5.5 x 10°nf
fromthe method above. The difference probably lies in that this latter
met hod makes more enphasis of the tapering quality to the sides of the
i sland, whereas the former nmethod assumed sections of the slope to be

rectangul ar pl anes.
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We have used the first, nore detailed, method of calculation in
maki ng our estimtes of auklet populations. Qur method is only as accu-
rate as our estimate of the consistency, suitability and anount of habitat.
The data are useful for future conmparisons in two ways: a) if revised
calculations are made of the habitat, our figures for average bird den-
sity can be applied to them and b) future counts of bird density can be
applied to our habitat estinmates. We believe the estimates are within a
tol erabl e range of accuracy because the menbers of our field party were

very famliar with all parts of the island.

Censuses of total popul ations.

Aukl ets. An estimate of the auklet popul ati on was obtained by
sanpling their density on plots of talus and multiplying by the total
cal cul ated amount of habitat. Between 16 and 24 June we made counts of
Least and Crested Auklets on 20 paced sections of talus slope. Since
aukl ets are very active, and often fly around and nmove in and out from
under rocks, we counted the same patch repeatedly between 19:00 and 22:00,
when the greatest number of auklets were present. Ve tried at the same
time to include birds that had gone under boul ders and renained there.

The hi ghest nunmber of auklets per nf was used in the extrapolation.

On 10, 14, and 20 July we wal ked 30mwi de transects that ran up
the grassy slopes to the top of the island and counted Parakeet Auklets.
The transects were chosen to represent all sides of the island. Areas
of talus within the grass-slope transect were subtracted. W assumed
that Parakeet Auklets perched on rocks were nesting on the grassy slope.
These densities multiplied by the total area of grassy slope area yield

a population estimate for Parakeet Auklets and an additional number of
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Least and Crested Auklets that was added to the estimate of hirds on
tal us.

Cliff-nesting species were censused froma boat on 21 June (murres

only), 15 July and 5 August. Murres and kittiwakes were counted by tens,
Pel agic Cornorants, G aucous Gulls and Pigeon Quillenots individually,
and Horned and Tufted Puffins on the lower cliffs individually. Since
murres and kittiwakes generally nest no nore than 70 m above the water,
they are visible and readily counted. Thus these nunbers are directly
comparable to those we have obtained by the same technique at other col on-
ies. Horned Puffins, however, and a very few Tufteds, nest in cracks in
rock outcrops all the way to the top of the slope. In order to estimite
the nunbers of puffins nesting on high rock faces, we nmade sanple counts
of puffins on 42 such faces, estimted the area of the face, and deter-
mned the nunber of birds per nf. This figure was then nultiplied by the
area of rock outcrop estimated for the whole island.

On 22, 23, 31 July and 2 August we counted Thick-billed and Common
Murres on 120 different areas of cliff to determ ne what percentage of
the total popul ation each species conposed. This ratio was applied to the
wta CENSUS  figure. The areas counted were selected to include all ex-
posures, rock types and elevations. The number of birds counted was 30 %
of the entire population, so error should be small. These counts were
made at a tinme when birds closely tied to breeding efforts on the cliff
should all be present and should be representative of the ratio of breed-
ing birds of each species.

Fairway Rock., W visited Fairway Rock by boat on 25 June. W at

first landed on the rock and clinbed it to count birds on the water,

then circled the rock three times in our boat, counting all species.
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Br eedi ng_Phenology, Seasonal and Daily Activity Patterns, Reproductive

Success.

Events over the course of the season were nmonitored in the fol | ow
ing ways:

-- Between 20 May and 15 June, 25 circumavigations of the island
on the shore-fast ice were nade. Ve established 15 count areas in sec-
tions of the cliff faces where we nade day-to-day counts of murres and
kittiwakes.

-- Study sites visible fromthe tops of the cliffs were set up
after travel by foot on the island had becone safe and practical. Five
sites were established on the west side of the island north of the village
on 19 June (16, 16B, 17, 18, 24) and were visited 20 times until 11 August,
approxi mately every other day; six were established on the west side on
20 June (19, 198 - 23) and were visited six nore tines.

At these sites we followed procedures simlar to those used at
Bluff, described in detail in the annual report for Research Unit #237
in 1976. W made counts of adult murres, kittiwakes and puffins in de-
fined areas; drew sketch maps on which were located individual Kittiwake
nests that were nmonitored for nest-building activity, eggs and chicks;
and | ocated murre | edges on which we could count birds in an incubating
posture, and locate individuals with eggs. In addition, we irregularly
moni tored several nests of Pelagic Cormorants, @ aucous Gulls, and Ravens,

- To deternine the daily activity pattern of nmurres and kittiwakes,
we made hourly counts at a study site over 26-hour periods on 1-2 July
and 14-15 July. To determine the daily schedul e of auklets, we made
hourly counts in three defined areas of talus slope above the village

for 24 hours on 5-6, 7-8, and 16-17 July.
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Gt her Resident and Non-resident Species

Throughout our stay on Little Diomede, Wwe Kkept miscellaneous notes
on the resident non-seabird species, especially predators (Snowy OW,

Raven), as well as on transients.

Distribution of Birds at Sea.

Methods. W used a Cessna Skymaster for our overwater transects
during 1977, except for one flight in a DeHaviland |slander in mddle
May. CQur protocol was to fly at 120 feet altitude and at 120 knots. In
practice neither of these was precisely maintained. W had a different
pilot for” each of our sets of flights, and until he learned of the im
portance of maintaining the same altitude, each was subject to |apses
of attention. Also our speed over the water changed because w nd direc-
tions and speed change significantly during the course of a transect: In
practice our altitude varied between 90 feet and 130 feet, 80% of the
time between 100 and 120 feet. Qur speed over the water varied as much
as 40 knots, but to avoid the effects of this we divided each segnent of
our transects by a sliding scale adjusted to the known positions at the
start and finish of each line run.

In practice it is unrealistic to claimany greater precision, so
we must adjust our expectations of the results. The differences between
the nunbers of birds seen in Norton Sound and those seen south of King
I'sland are obvious. W& have chosen increnments of 5-15 birds per kn?, 25~

50 birds per knf; and 100 birds per kni, for purposes of conparison
During most of our flights in 1977 we used four observers. W\

soon learned that in order to calibrate among observers, the nost
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inportant step is to ensure that times are uniformy recorded. W used
a standard kitchen timer that rings a bell at the end of a given length
of tine. This tine varies over alnost a minute in practice, but at |east
everyone's segnents are the same. W have conpared the records of the
observers on the sane side of the airplane and find that there is good
agreenent. Cccasionally the two observers’ records are conpletely con-
tradictory, but the reasons are usually easily found. Identification
of the species of auklets variesenough that we believe it is best to
lunp all species of auklets together. On certain segments we were able
to separate Least Auklets fromthe others, but changes in altitude have
an unexpectedly large effect. W believe that our separation of auklets
frommurres is reliable. In a small percentage of cases we can see that
some nmurres are black and others are coffee-brown, but we cannot separate
Thick-billed from Common Murres consistently. The chief reasons for
di fferences between observers, one forward and one aft, are 1) the forward
observer has .l arger field of view, being able to look forward as well
as down, and 2) each observer occasionally msses a flock that the other
notices. It is not possible to establish whether the differences between
observers in such a case is greater than would be the differences between
repeated sanples taken by the same observer.

V¢ can also conpare the differences in the records of observers on
opposite sides of the plane, and find that in general these nunbers are
also simlar. They give the sane indications of changes in mjor concen-
trations. COccasionally the observer on one side will see several flocks
not seen on the other, which suggests that sonme feeding aggregations are

very local. Wen there are major differences they reflect the effects of
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glare on the water and the state of the sea. W believe that it is valua-
ble to have an observer on each side, but that it is not that much nore
hel pful to have two observers on each side.

W believe it is necessary to make generous use of common sense
in using data gathered and to draw only general conclusions, not only be-
cause of unevenness of the data but also because of irregularities in
the distributions of the birds at sea.

We need next to sanple the tines spent on the surface and conpare
these with tines spent under water for the several species. W believe
that these differences nmay matter in air censuses, while surface trave

is so slow that these differences do not matter.

v-1. RESULTS Anp SPECI ES DI SCUSSI ONS.
CENSUSES

1. Little Dionede

Data for our censuses of cliff-nesting species are shown for
each species by section of the island and are total ed

in Table 2. Since the nunber of birds counted is affected by the

time of day, we have shown in Table 2 the extrapol ated nunbers that
may have been on the cliff, based on the data on daily attendance patterns
of nmurres and kittiwakes obtained in the previous day’s 24-hour count.

The extrapolated total for puffins on rock outcrops and the tota
for the entire population are shown in Table 3. The results of our
sanpl e counts for the percent conposition of the murre population is sum
mari zed by area of the island in Table 4.

The average densities of each species of auklet and the extrapo-

lated figures for their total population are shown in Table 5.
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Table 2. Census figures from 15 July island count.

Area
Village to South
Guard Rock

South Guard Rrock to
Rin NDiomede View Pt.

Big Diomede View Pt.
to Sout heast Point

Sout heast Point to
Cave diff Corner

Cave Ciff Corner to
Red diff Corner

Red diff Corner to
Fast Qully

East Gully to
Northeast | ndentati on

Nort heast |ndentation
to North Point

North Point to
North Guard Rock

North Guard Rock to
Village
Total s

Extrapol ati ons of Total

Horned Tufted Pel agi ¢ d aucous Pigeon
Murres Kittiwakes  Puffins Puffins Cor nor ant s Gulls Cui | | enot
1745 1310 1142 47 3 7 14
2925 3030 1031 92 7 6 19
2800 1350 520 55 0 4 3
6075 1230 1100 91 26 14 30
6035 1670 200 33 9 14 19
8275 1430 160 19 48 29 15
4380 450 1120 43 29 11 51
3975 620 805 114 16 13 31
8195 4110 1521 118 21 33 58
2070 2190 475 53 0 5 35
46,075 17,390 8074 665 159 136 275

Murre and Kittiwake Numbers (from 7/15 Island Count and 7/14-7/15 24 tour Count).

Murres — Island Count total : 46,000
24 Hour Count 1700-1900 Average Count 400

Hi ghest Count

Ratio : 2/3
Extrapol ati on 46, 000 + 15, 000 61, 000

Kittiwakes -

| sl and Count total
Count

Extrapol ation :

17, 400

1900- 2100 Average : 300
Itighest Count : 600
Ratio : 1/2

17,400 + 17,400 =

35, 000
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Table 2 continued. Census figures from 5 August island count.

Hor ned Tufted

Area Murres Kittiwakes Puffins Puffins
Village to South

Guard Rock 2410 710 1290 94
South Guard Rock to

Rig Diomede View Pt. 5390 2770 720 41
Big Dionmede View Pt.

to Southeast Point 4700 1320 ﬁ
Sout heast Point to

Cave diff Corner 6310 1100 1450 79
Cave diff Corner to

red diff Corner

15420 4630 ]

Red diff Corner to

East Gully 290 18
East Qully to

Nort heast |ndentation 4880 610
Nort heast |ndentation

to North Point 2990 1000
North Point to

North QGuard Rock 9160 4650 1680 97
North Guard Rock to

Vil l age 3160 3400 865 66

TOTALS 54420 20190 ° 8485 521



Table 3. Estimate of puffin populations on Little Diomede.

Total area of rock outcrop = 1.407 X 192m
Sanpl ed area of rock outcrop = 20,540 m (1.5% of total)

Hor ned Tufted
Puffin Puffin
Nunmber count ed
on rock outcrops 255 3
Average density on
rock outcrops
bi rds/ m . 012 . 0003
Extrapol ated total
birds on rock
out crops 16, 884 422
Total birds on
cliffs
15 July census 4,749 349
Total birds flying
15 July census 3,325 316
TOTAL POPULATI ON 24,958 1,087
rounded estinate 25, 000 1,100
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Table 4. percent conposition of Murre species (by area of the island).

Thi ck-billed Murre Common Murre

Nort hwest Side 41% 59%
(From 1st Bluff North to
North Point)

Nort heast Side 52% 48%
(From Northeast |ndentation
to East Valley)

Sout heast Side 35% 65%
(From Cave Ciffs to

, Sout heast Point)

Sout hwest Si de” 35% 65%
(From South CGuard Rock to
First Bluff South)

Total Birds Counted — 16,380 (30% of total nurre popul ation)

Thi ck—bill ed Murres — 40%  (6552]

Common Murres - 60% (9828)
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Tabl e 5.

Estimates of auklet popul ations on Little Dionede.

Area of grassy slope = 2.294 x 1@ m2

Sanpl ed area of grassy slope = 69,825 nf for Least and Crested
Auklets
139,215 nifor Parakeet Auklets

Area of talus slope = 1.470 x 19 n?

Sampl ed area of talus slope = 38,000 m2i
Least Crested Parakeet#
Auklet Auklet Aukl et

Sampl ed density
on talus sl opes
birds/m?

Extrapol ated nunber
birds on talus

Sanmpl ed density

on grass sl opes
birds/m?

Extrapol ated nunber
birds on grass

TOTAL PCPULATI ON
ESTI MATE

Rounded estinate

. 645 .079
948, 150 116, 130
west. side: .0052
014 - 008 east side:. 011
32,116 18, 352 west side: 6,567
east side:11,341
980, 226 134, 482 17,908
980, 000 135, 000 18, 000

* W have separated our sanples of Parakeet Auklets on the east and

west sides of the island,

as dividing boundaries.
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Table 6 . Census and estimates of birds at Fairway Rock, 25 June 1977.

Nunber
Counted
Pel agi ¢ Cor nor ant 8
8 nests
d aucous Gull 51
29 nests
Bl ack- | egged
Kittiwake 640
Common and

Thi ck—=billed Miurres 130

Pi geon Cuill enpt 86
Horned Puffin 12 (1 ower sl opes)
Tufted Puffin 62

Least Auklet

Crested auklet

Par akeet Auklet

Commor: Raven 2

Peregrine Fal con 2
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Estimate of
Total Population

20

125 - 150

500-1000

4000 on cliffs*
20,000 on water*

100- 500
.15, 000
10, 000

500

* estimate made from airpl ane
22 June



22

2. Fairway Rock

The data fromthe census of Fairway Rock are shown in Table 6.
At the time we visited Fairway on 25 June, the nunbers of murres were at
a low point on Little Dionmede; thus we believe the figure for Fairway
Rock on that date does not reflect the true size of the population. For
other species on the table, we have also distinguished the actual nunber
counted from our estimate of the probable number of birds represented

by our counts.

SPECI ES ACCOUNTS

In these accounts, the English name of the species is followed by

a phonetic spelling of the name used by the Eskinmos of Ignalook.

CGeneral Breedi ng Phenology

The reproductive phenology of the seabirds breeding at Little
Dionede is shown in Figure 4. The egg dates for auklets and puffins were
obtained nostly by noting the days Eskinmo children brought back eggs they
had found. Thus they are accurate only within a range of about a week
or so. W have limted information on Pelagic Cornorants and G aucous
@l I's because of the irregularity with which these nests were checked,
but we have extrapolated from estimtes of the ages of chicks to identify
l'aying and hatching dates. Dates for the kittiwakes and murres are based
on observations at the study sites. Qur field party left Little Dionmede
on 12 August before any murre eggs were seen to hatch, and before all
kittiwakes had hatched. Thus, we have no fledging or departure dates.

Kenyon & Brooks (1960) noted different arrival dates for seabirds

during the two seasons -- 1953 and 1958 -- when they were on the island.
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Figure 4. Approxi mate breedi ng phenology of seabirds at Little Di onede Island, 1977
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Table 7. Arrival dates of birds at Little Dionede.

Spmecies

Kittiwakes
Murres

Par akeet Aukl et
Crested Aukl et
Least Aukl et
Horned Puffin

Tufted Puffin

¢ Kenyon and Brooks,

%
1953

May 15
May 21

April 27
May 3
May 29
May 22
May 18
May 25

June 2

June 2

1960.

1958"

May 14
May 20

May 16
May 20

May 26
May 20
May 23
May 27

June 2

May, 26

1977

May 27
May 29

May 27
May 30
May 26
May 207F
June 1

June 10

June 15

Remar ks

First sighted
First on cliffs

First seen
First on cliffs

First on rocks

First seen

First seen by Eskinos
First on rocks

First seen

First seen
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Arrival is apparently associated with how soon |eads open near the island
However, they noted that “breeding activities commenced at about the same
time” both years, regardless of when the birds were first seen. W found
1977 to be simlar to 1958 when Kenyon observed few |arge areas free of

ice until the latter half of My (Table 7).

Pel agic Cornorant (PAH-ma-sluk)

W first saw cornorants on the cliffs on 20 May, and we found one
nest (enpty) on 28 May. They nest on large |edges on the nurre-Kkittiwake
cliffs and on rock stacks.

On 23 June We found a nest on the Half Parapet (Figure 2) wth
three eggs in it. The nest contained three naked chicks on 10 July.

Al three had nearly fledged by 2 August.

In a sanple taken at the end of July and beginning of August,
four nests contained a total of 11 chicks, and one nest contained one
chick and two eggs. There were three other nests which were all enpty.

Ve often saw cormorants feeding on either side of the bar which

extends west fromthe village.

d aucous @il (KAY-pok)

G aucous CQulls were already present when we got to Little Dionede
on 19 May. In addition to the breeding birds on the island, there appears
to be a large nunber of transient non-breeding birds, including sone sub-
adults. The gulls often collect in groups of up to 50 around the piles
of garbage thrown fromthe village onto sea ice, and around the dis-
carded walrus and seal remains. In one such aggregation in early June,

we saw 9 subadults in a group of 48 gulls.
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They nest on top of rock stacks, high outcrops, and flat grassy
|l edges. Ve found a nest with one egg on 18 June, and we saw two nests
each with three eggs on 23 June.

W saw an all-downy chick in a nest on 1 July. Eleven chicks
were produced from the seven nests we followed. At least one three-egg
clutch was lost, and another produced one chick.

d aucous Gutl pellets that we found contained songbird feathers
and small bones. W saw sonme nurre eggshells and a few Pel agi ¢ Cornorant
eggshell's in the vicinity of gull nests. Al though we have seen the gulls
feeding on Crested Auklet carcasses, we found nany dead puffins and auk-
lets that were untouched. Although the gulls clearly are predators, we

could detect no serious inpact of their predation on the seabirds.

Bl ack- legoged Kittiwake (KAY-po-suk)

Seasonal and daily changes in nunbers --

W saw kittiwakes first on 27 May. They settled on the cliffs on
29 May. The nunber present from day to day fluctuated widely until 15
June (Figure 5). On 31 May we counted roughly 12,000 on a trip around
the perineter of the island.

Al though we had the inpression of a nobre stable popul ation present
after md-June, the nunbers we counted at study sites (shown in raw
formin Figure 6) varied widely. Counts at study sites were nmade nostly
at the same tinme of day (mid-to-late afternoon) so should be conparable
between proximate dates. The number of birds present rises to a peak
just after the peak of laying, but then drops by 25% two days later. Al-
though subsequent peaks are all around 700 birds, there are conspicuous

drops which we are unable to correlate with environnental events. The
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Number of birds

Figure 6. Number of kittiwakes counted at study sites 16-18.in raw form
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Figure 7. Four-day ranges and neans of nunbers of kittiwakes counted at
study sites 16-18
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ranges and means of these nunbers over four-day (usually two-visit)
periods are shown in Figure 7.

The results of our two long counts to deternmine the kittiwakes'
daily schedule are shown in Figure 8. The graphs show that the pattern
changed between early and mid-July, which is consistent with our obser-
vations at Bluff in 1977. This neans that censuses, if they are to be
corrected to the daily activity pattern, should be made in close proxi-
mty to the daily activity count.

Nesting Habitat

Kittiwakes are found on the lower cliffs; alnmost none are above
50 mover the water. Although |arger nunbers are present on the south
end of the island, they appear to be nore densely packed on the north and
nort hwest sides, where there are many large, sloping ledges that are built
up with pads of old nest material. Some of these pads are as nmuch as one
foot high.

Breeding Schedule --

W observed pairs of kittiwakes “choking” on nest sites the first
day they landed on the cliffs. Nest building did not begin until after
15 June. We saw copul ations first on 21 June. W found the first egg
28 June, and by 1 July several nests had two eggs. The first hatching was
on 24 July. It appears that the breeding chronology of kittiwakes at
Little Diomede was similar to that at Bluff in 1977, However, the l|arge
percentage of eggs still unhatched on 11 August suggests that the season
on Little Dionede was later than Bluff for a large nunber of birds.
Figure 9 shows the nunber of new eggs and chicks seen on each visit to

the study sites. W evidently mssed seeing some eggs when they first
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Number of birds

Figure 8. Daily attendance pattern of Black-legged Kittiwakes at Little
Diomede Island. (Study sites 17 and 18.)
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Fi gure 9.

10—

Laying and hatchi ng of Bl ack-l egged Kittiwakes, Little Diomede,

1977.

Number of new eggs and chicks seen on each visit to study sites
16-18. Clear bars represent eggs; cross-hatched represent chicks.
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appeared, so Figure 9 does not show conplete laying or hatching curves.

Al'so as at Bluff, the Dionede kittiwakes had a second pul se of
nest-building activity, occurring in late July. Many sites that previous-
ly had not been devel oped received new material, and many old sites had
additional material added to them W saw groups of 10 to 15 kittiwakes
pulling grass off the slopes above the cliffs in this period. Oville
Ahkinga of Ignalook told us that this second building peak occurs every
year.
Reproductive Success --

Table 8 summarizes Kkittiwake reproduction at Little Diomede in
1977 as determined at study sites. Note that the sites on the east side
of the island were visited only seven times over the season, because of
their relative inaccessibility. Thus it is possible we missed recording
eggs that were laid and disappeared before we saw them The data from
the east side may show higher success for that reason, and have been kept
separate in the table. In the follow ng discussions, we will refer to
our nmore thorough data fromthe west side.

W have data only up to 11 August , which was before all kittiwake
eggs had hatched, and before any chicks had yet fledged . It seens that
reproduction to that point was better than it was at Bluff in 1977, and
certainly better than the near total reproductive failure throughout
the northern Bering Sea in 1976 (Searing; Springer & Roseneau; NOAA 1978).

The main cause of |ow reproduction in the kittiwake col onies of
the northern Bering Sea during 1976 and 1977 has been poor egg production;
i.e., far fewer sites receive eggs than are occupied. At Bluff in 1977,

26% of nests that were at some time built upon received eggs; at Square
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at Bluff in 1977 was simlar, and took a sharp rise after 24 July,

peaking in early August at a nunber higher than the earlier peak. W do

not know the shape of the graph after we |eft Diomede, and whether the
nunbers increased in August. There may in fact have been a period of stress
through July during which the nunmber of birds at the cliffs was depressed.
However, poor weather does not seem to have occurred on the days when
attendance dropped, and food (see below) seems to have been abundant

close to the island.

Feedi ng and Food Sources --

We sel dom saw feeding behavior close to the island until the end
of June when |arge aggregations of feeding kittiwakes began to form over
the bar that juts out west of the village. On 4 Julywe counted 4200
kittiwakes feeding there; on 15 July we counted 8000 at once. (ccasion-
ally in the first half of July we saw Gray Whales also apparently feeding
inthe vicinity of the bar. W assume that the current upwelling over
the shallow bar makes it a convenient place to catch small crustacea
When feeding at the bar, kittiwakes landed in the water to the south of
it and allowed the current to carry themover it. They repeatedly dipped
their bills shallowy into the water as they drifted. \Wen they were
down-current of the bar, they flew to the south of it again and repeated
the process. W interpreted the presence of red guano under many kitti-

wake nests to be evidence of crustacea in their diet.

Mirres -- Common _and Thick-billed (AHK-puk)

The arrival of murres, according to the Eskinps, occurs as soon as
| eads open near the island. Renyon and Brooks (1960) sawmurres noving

north past the island before any birds settled onto the cliffs. This
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year none landed on the cliffs until 27 My, although they flew near the
cliffs on 26 May. The first birds on the cliffs were Thick-billed. W
did not see any Common Mirres until 31 May.

The nunber of murres present fromday to day was erratic, fluctua-
ting between counts of zero and 2000 until 24 June, after which there
were birds present continuously and the overall population appeared to
increase. Figure 10 shows the variability in nunbers of nurres counted at
sites visible fromthe ice before md-June; Figure 11 shows the number
of nmurres counted at cliff-top study sites near the village from md-
June until early August. The peak numbers get larger as the season
progresses. We found this to be the case at Bluff as well in 1977.

VW made two day-long counts of nurres, one in early July and one
inmd-July (Figure 12). The erratic nature of the murres' daily sche-
dule, seen as a 30% fluctuation in Common Mirre nunbers between hours,
makes it difficult to predict a preferred tine for censusing, However,
the census of 15 July was made just after the conclusion of a daily
activity count, so we feel confident in using that count to extrapolate
to the maxi mum and m ni mum nunber of nurres from the nunber we counted.
Nesting Habitat

Most nurres on Little Diomede nest on the |ower half of the cliffs;
few (except for some on the north end of the island) are higher than 70 m
fromthe water. Thick-billed Mirres are seen on small, narrow |edges,
whereas Conmons are found on broad, densely-packed |edges. Thick-billed
Mirres are nost numerous where the cliffs are conposed of broken rock
| edges. The predom nance of such cliffs on the east side may account for

the relatively higher proportion of Thick-bills there. Simlarly, the
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Table 8. Reproduction of Bl ack-I|egged Xittiwakes on
Little Dionmede Island. 1977.

West Side East Side
(Study sites 18, (Study sites 198, 20)
16B, 17, 18)

nests 116 46
eggs 57 27
clutches 45 23
chi cks known hat ched 23 3
broods 20 3
As of 11 August:

eggs remaining 20 20

clutches 20 19
chi cks remai ning 19 3
br oods 18 3
eggs per nest .49 .59
clutches per nest .39 .30
ave. clutch 1.27 1.17
chicks hatched per nest .20 .07
broods per nest 17 .07
surviving chicks per

nest .16 .07
surviving broods per

nest .16 .07
surviving chicks per

egg .33 11
surviving chicks per

clutch .42 .13
As of 11 August:
surviving eggs and

chi cks per nest .34 .50
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Rock near Bluff, the figure was 48%  Square Rock exhibited reproductive
success four tines higher than at Bluff Ciffs. At Little Dionede, about
40% of nests received eggs -- a figure closer to the one at Square Rock --
SO we presune success to have been higher

Egg nortality has also been shown to be a major cause of |owered
reproductive success in Alaskan kittiwake colonies. W have evidence at
Bluff in 1976 and 1977 that a period of stress during incubation forced
adults to leave their nests. At Little Diomede in 1977, 33% of the eggs
that were laid had hatched and 35% had not hatched and were still in
their nests on 11 August, while at Bluff on 11 August, 28% of eggs had
hatched, and 14% had not hatched and were still in their nests. It
could be that some eggs at Dionmede proved to be infertile after 11 August
and some may have been lost after hatching. If this was the case, pro-
ductivity was at a maximumtw ce as high as that at Bluff (68% vs. 33%
surviving) and at a mninmumidentical. It is probable, however, that the
best explanation of these differences is that the breeding season on
Little Dionmede was |ater than at Bluff.

Despite the conparatively low rate of egg nortality at Little Dio-
mede, We do have indirect evidence of sone period of stress occurring in
md-July. W saw several. nests with eggs |eft unattended for periods of
10 to 15 mnutes during visits to our study sites between 10 and 15 July.
This was the time when the nunber of Kkittiwakes counted at study sites
dropped sharply before rising again. Nevertheless, alnmost no egg nortal -
ity occurred in this period.

The mean number of kittiwakes counted at study sites (Figure 7)

shows a general decrease followi ng the peak of laying. The data obtained
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1-15 to 15 June.

Figure 10. Nunber of nurres counted at study sites
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Figure 12. Daily attendance pattern of Conmpn and Thick-billed wmurres at
Little Diomede Island.  (study sites 17 and 18.)
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structure of the ledges on Fairway Rock may account for the overwhel nm ng
nunerical superiority of Thick-bills there.
Reproductive Success --

V¢ have no criterion on reproductive success as our field party
left the island on 11 August, by which tine no murre eggs had yet hatched.
According to these data, hatching was at |east two weeks later than at
Bluff, and roughly the sane as at the Cape Thonpson area to the north
where Springer & Roseneau (1978) report 50% hatched by 20 August 1976.
Breeding Schedule --

The first copul ations were observed on 21 June. By 24 June, murres
were harder to flush off the cliffs, which led us to believe it was close
to egg-laying time. On 28 June, an Arctic Fox was seen carrying what
may have been a nurre egg, but the first Thick-billed Mirres in an incu-
bating posture were not seen until 3 July, and Conmon Murtes on 5 July.
Ve definitely saw Thick-bills with eggs on 3 July, and Conmons with eggs
on 10 July. By 15 July there were many eggs; sone of those collected by
Eski mos had devel opi ng enbryos
Feedi ng and Food Sources --

V¢ have commented el sewhere on the relative abundance of Thick-
billed Mirres in the Bering Strait as conpared to Norton Sound. At Cape
Thompson, Springer & Roseneau (1978) reported that Thick-billed Mirres
had nore diverse food sources in 1976 than did Commons, including a high
percentage of invertebrates, especially shrinp, in their stomachs. W
saw few fish brought to the ledges by murres at Little Diomede, and were
unable to identify those that we did see, but Thick-billed Murres' drop-

pings were primarily red in color, as distinct fromthe greenish-yellow
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of Conmon droppings, probably indicating a higher concentration of crus-
tacea in the Thick-bills' diet. Several authors (Tuck 1960, Uspenski
1956 , Belopolski 1957) have observed that Thick-billed Mirres include
nore crustacea in their diet than do Conmon Mirres.
Birds visible in the leads early in the season seem not to spend
nuch time feeding, and later in the season nost feeding seemed to be done

away from the island.

Pi geon Guill enpt (SIK-vuk)

Quillemots were first seen on the water on 26 May, and perched
on rocks on 27 May. W found they were usually in pairs, and nested
among the boul ders at the base of the island. W saw a copulation on 20
June. In a search anmong | ow boul ders at the southeast corner we found

much guano but ‘no nests.

Hor ned Puffin (KLANG-uk)

Seasonal and Daily Numbers --

Horned Puffins arrived on 10 June, when we saw both species in
the water and on the island. Throughout the season, the largest nunbers
were on the island in the evening, arriving after 15:00 and | eaving the
next morning by 1i:00. Fromday to day, as has been our observation at
other colonies, their nunbers were extremely erratic. In general, nore
seemed to be present on foggy days.

Nesting Habitat

Horned Puffins nest in crevices at the top of the kittiwake/nurre

cliffs, and in rock outcrops all the way fromthe beach to the top of

the island.
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Breeding Schedul e --

Ve first discovered eggs in burrows on 9 July, and found nore ia
the same area on 27 July. None of these eggs had hatched, and severa
had been lost, by 11 August.

Reproductive Success --

Of 12 occupied nest holes into which we could see, two definitely
| ost eggs, and four others that were consistently occupied produced
nothing. The remaining six eggs had not hatched by 11 August, It is
not apparent to us how a puffin loses its egg

W found that frequently there were no suitable burrows near
where Horned Puffins perched on outcrops, and that apparently suitable
crevices were unoccupied. 1In many areas of outcrop where we made
t horough searches after flushing puffins, we could find no nest holes.
Ve conclude fromthis that a large percentage of the puffins perching
on the island were non-breeding birds. The same has been reported to be
the case by OCSEAP workers in other colonies, and should account for the

wide fluctuations in the number of puffins seen from day to day.

Tufted Puffin

W have little information on Tufted Puffins because of their
relative scarcity. They were first seen on 15 June, and by 23 June were
occupying some of the sane areas as Horned, as well as the grassy slopes.
Tufted Puffins occur mostly on the lower part of the island, and are
sel dom found above 100 m Their |ow nunbers on Dionede suggests that
their nunbers are limted by Arctic Foxes, since the proportion of
Tufted Puffins is so much greater on Fairway Rock, where there are no

over-sumering foxes.
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Least Auklet (AH-po~-lik) and Crested Auklet (TAy-ak)

Seasonal and Daily Changes in Nunmbers --

W first saw Crested Auklets in small groups on the water on 26
May. The Eskinos reported first seeing Least Auklets flying over the
water on 20 May; we first saw Least and Crested Auklets in a massive
flight to the talus slope above the village on the evening of 1 June
During this flight, the sky becane darkened wth uncountable nunbers of
birds circling in a gyre that swept past the slope. As the flocks passed
sone woul d break off and land, until nost were sitting on the slope.
These flights to the island in droves, which continued throughout June
started about 18:00 and peaked at 21:00 or 22:00, The auklets woul d
start to leave in md-nmorning, and would nostly be gone by 11:00. On
days of inclement weather in the first half of June, either small flights
or no flights at all occurred.

During the early part of the season, the auklets were very active
and vociferous after they had |anded, exploring under rocks and display-
ing, and were easily provoked into mass fly-offs. This makes them diffi-
cult to count, but in early June we nmade a rough maxi mum estinmate of

three Least Auklets per nf on the talus above the village. The nunber of

aukl ets appeared to decrease after the first week of June and the propor-
tion-of Crested Auklets rose. 1f the departing birds were those who for
some reason woul d not breed that summer, then our density counts which
were nmade in late June, should be close to the density of birds that were
br eedi ng.

Throughout the season, the auklets were nmost numerous on the is-

land at night, generally arriving after 19:00 and departing before 12:00.

808



34

Figure 13 shows their daily schedule as determined during daily activity
counts nmade in July.
Nesting Habitat --

Least and Crested Auklets appear nost dense on talus slopes with no
surface soil. Cresteds tend to nest in deeper, denser talus (children
are able to get few eggs conpared to the nunber of Least eggs they find)
and a few nest among broken rocks in the grassy slopes. Virtually none
nest on the flat plateauson top of the island, probably because of the
poor drainmge under rocks there.

Reproductive Success -- no information
Breeding Schedule --

W saw Crested Auklets engaging in fights and nutual preening
from15 June to 6 July. W first heard auklets under the rocks during
daytime hours on 17 June, so it is possible egg-laying began close to
that date. Eskinmo children collected their first Least and Crested Auklet
eggs on 5 July and continued taking sone until 15 July, when they said
“eyes” (enbryos) were developing. Oville Ahkinga reported hearing
chicks under the rocks on 30 July. W found three downy Least Auklet
chicks of about three inches in length on 4 August.

Feedi ng and Food Sources --

Al1 three auklet species seened to feed far fromthe island;, we

sel dom saw feeding nearby. In early July we saw a group of 80 Crested

Auklets in the water near NE Ciffs. They repeatedly dove in unison and

stayed submerged for about 60 seconds.
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Least Auklets at
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Figure 13A. Daily attendance pattern of
(On talus slope above the village. )
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Nunber

F gure 13B. Daily attendance pattern of Crested Auklets at Little
Diomede. (On ta.us slope above the cillage.)
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Par akeet Aukl et (SAH-gi-uk)

Seasonal and Daily Numbers --

We first saw Parakeet Auklets on 29 May on the water; 30 May on
the cliffs. They were not nunerous until 9 June. Conpared to Least and
Crested Auklets, the Parakeet population is small. On their arrival at
the beginning of June, the grassy slopes on which they nest were stil
snow covered; thus the auklets spent their evening hours on the edges of
the murre and kittiwake cliffs and the daytime hours scattered anong
murres in the leads. They arrived on the cliffs about 23:00 to 01:00 and
were gone by 11:00. By the first half of July, the anount of tine they
were evident on the island increased, with the peak between 03:00 and
09:00. Some remained around until after 12:00, By late July, they were
nunerous on the island until 15:00 and after
Nesting Habitat

Parakeets nest in burrows dug under rocks on the soft, grassy
sl opes. They are concentrated on the lower third of the slope, wth
some at the top, except at the south end of the island where they are
distributed evenly along the entire height.

Breeding Schedule --

V¢ have scant information about their reproduction. W discovered
a feweggs on 9 July, but have no laying or hatching data.
Feedi ng and Food Sources --

They apparently feed away fromthe island.
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Conmon_Raven

Several were present at the time we arrived. The maxi num we saw
at once in early June was five, but it was difficult to census the birds
because they were active in foraging.

Ve found one nest on the Half Parapet; there may have been anot her
nest at the south end of the island. On 26 May there was an adult sitting
tightly on the Half Parapet nest; on 23 June we saw four small downy
young; on 14 July there was one fledged young perched bel ow the nest,
and two nearly fledged ones init. On 10 August, we saw two adults and
t hree immatures on top of the island, so we suspect one nest on the is-
land fledged three young. OQther predators on Little Diomede are Snowy OMs

(possibly two pairs) and Pergrine Fal con.

OBSERVATI ONS on tHE DI STRI BUTI ON OF BIRDS AT SEA

Oour maj or observations are the same as those of 1976, that there
is a lack of birds in Norton Sound and a concentration of birds in the
Chirikov Basin. East of a line drawn fromthe east end of saint Law ence
Island to Cape Spencer (Figure 14) most periods of observations have no
birds. West of that line onc nay see as many as 200 birds in a five-
mnute period. Very few periods have no birds at all. Five-mnute per-
iods at 120 knots, using our angle of sight, represents 1 square kil o-
meter of ocean surface. The dataare presented of Figures 15A-D.

There is an oval area wWith gaps that extends 100 kmt the south
of King Island, to the International Date Line and beyond to the west,
barely 25 kmto the east of King Island and north to the Bering Strait,

i N which one can expect to see 10 to 50 birds per square kil onmeter.
Inside that limt there is a smaller area, perhaps 75 kilometers from
King Island to the south in which one can expect to see densities of up

to 100 birds per square kiloneter.
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A simlar area of high concentrations, 50-100 birds per square kilo-
meter, exists extending 50kilometers north of Gambell With a zone of
noder ate density, 10-50 birds per square kiloneter, extending out 90
kil ometers from Gambell and 50 kil ometers from Savoonga.

Anot her area of high density is found from 25 kilonmeters south of
Fai rway Rock to 25 kiloneters north of Little Diomede, up to 209 birds
per square Kiloneter; and an area of |esser density, 10-5CI birds per
square kiloneter, extends another 50 kilometers to the north of Little
Diomede | sl and.

we have specul ated el sewhere (Annual Reports and Proposal s) on
the general reasons for the spectacul ar differences in the concentrations

of birds at sea in the chirikov Basin as contrasted to Norton Sound. The

flights in 1977 have let us outline the eastern edge of the zone of
concentration nore carefully, as nentioned previously, as a line ex-
tending fromthe east end of Saint Lawrence Island to Cape Spencer.
Fast of this [ine, one nust be within 10 kiloneters of the cliffs at
Sledge Island or 20 kiloneters of the cliffs at Bluff to find concen-

trations as high as one finds 100 kil oneters offshore to the west.
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VIT & VITI. DISCUSSION ANp CONCLUSI ONS

| nportance of the bhird popul ations at Little Di onede.

The marine birds of Little Dionede are notable for the follow ng:

1) The island supports the major kittiwake colony in the
northern Bering Sea Region (pending a nore thorough estimate of the num
bers at the Southwest Capes of Saint Lawence Island), and has a rela-
tively high proportion of kittiwakes to murres on the cliffs;

2) There is a tremendous nunber of Least Auklets on the island,
nunbers of Crested Auklets is four times and of Parakeet Auklets is half
the nunbers of the respective species on King Island;

3) The number of nurres is relatively small conpared to the
200,000 at Cape Thonpson and Cape Lisburne, but is conparable to the
numbers at King Island and at Bluff, i.e., 50,000 to 75,000. The pro-
portion of Thick-billed Mirres to Common Mirres is about equal, as is
the case at King Island.

4) The nunbers of Tufted Puffins, Pigeon Quillenots and Pel agic
Cormorants are small. The nunber of Horned Puffins is relatively large

5) Although the breeding population of G aucous Gulls is about
what one woul d expect, the nunber of non-resident birds is large, pre-

sumably a partial result of the supply of human wastes and garbage.

Conparisons with Kenyon and Brooks estimtes fromthe 1950s.

There are famliar difficulties in making conparisons of nunbers
of seabirds estinmated by our party with those estimted by Kenyon and

Brooks twenty years earlier.

W asked Kenyon directly how he had made his estinates and

| earned that his systemwas very simlar to ours, i.e., walking around
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the island on the ice and clinbing over the island counting and estimat-
ing nunbers on each section of cliff and slope. He told us that he
reported the totals which he got by this nethod as the minima in his
paper and that he gave the maxima as an indication of the difficulty of
getting precise figures.

W& agree with Kenyon that getting rigorous results and even
estimating error is very difficult when numbers are so large, but we
nust devel op sone way to conpare between years if these data are to be
useful. W believe that one way to treat this difficulty is to repre-
sent nunbers of birds on a logarithmc scale (Figure 16).

V¢ know that the nunmbers of some species vary widely, some nore
than others. For exanple, Gaucous Gulls will aggregate in numbers tens
of times the figure for the local breeding population. Horned Puffins
appear around the breeding cliffs in August in numbers several tinmes
those found in June. The nunbers of nurres also increase as the season
progresses until about md-August. The nunbers of kittiwakes, however,
are nore stable, but even their nunbers may vary over 30%to 50% during
the course of one 24-hour period.

Vi have recorded the variation anmong counts of the murres on the
cliffs at Bluff (Table 9). These counts indicate the magnitude of varia-
tion and we have confidence in each of these counts because of the con-
veni ence of the study area. The figures in Table 9 are untreated for
variation during the 24-hour period and for birds flying off the cliffs.
The majority of our counts at Bluff fall between 30,000 and 45,000 murres.

W\ presune, for conparative purposes, that Xemyon and Brooks’

| ower figures for Little Diomede are analagous to our counts of 27,000-
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Fi gure 16.

(next

page)

Compari son of nunbers of seabirds at Little
Dionede Island in the 1950’s (Kenyon and
Brooks) and 1977, with counts and estinates
represented on a logarithmc scale.

Range given by Kenyon & Brooks (1960) for
1953 and 1958.

Range determined in 1977. For Kkittiwakes
puffins and murres, the lower end is
the raw count of 15 July, and the up-
per end is the extrapol ated estinate.
For auklets, the upper end is the fig-
ure derived fromthe larger estimte
of the total ag a of the island' s
slope (55 x 10™ nf), while the |ower
end is the figure derived fromthe
smal | er estimate of the slope (3.3 x
10°m?) as di scussed under “Methods.”
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Tabl e 9.

1975
1976

1977

Ranges of Murre counts at the Bluff cliffs.

Low
Extrene

9,040

Nor mal Range

27,000-57, 000
32,000-56,000

28, 000-60, 000
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Extrene
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Table 10. Conparison of seabird numbers at Little Dionede in 1958 and 1977.

1958 _ 1977
Minimum Maximum Min. Direct Count Max.

Pel agi ¢ Cor nor ant 100 200 160
G aucous Qull 100 500 135
Bl ack- 1 egged Kittiwake 20,000 100,000 20,000 35,000
Murres 50,000 200,000 45,000 60,000
Pi geon Gui | | enot 200 500 275
Par akeet Auklet 10,000 20,000 11,000 18,000
Crested Aukl et 100,000 500,000 80,000 135,000
Least Auklet 500,000 1,000,000 588,000 980,000
Horned Puffin 5,000 10,000 15,000 25,000
Tufted Puffin 500 1,000 600 1,000

* Kenyon and Brooks, 1960.
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35,000 at Bluff, and that their upper linits are equivalent to our count
of 90,000 or, potentially, an even higher nunber representing all the
birds which may cone to the cliffs (including sonme over-estimation).

Maki ng conparisons using Table 10, we would say that there is no
evi dence of change in numbers of Pelagic Cornorants, daucous Qulls,
Pigeon Quillenots and Tufted Puffins. W believe that we can make no
conmpari sons between our high counts of Horned Puffins made in August and
those of Kenyon and Brooks's because theirs were made in June before the
mgjor influx of Horned Puffins takes place in August. However, our
party’s count of 8000 birds made on 15 July is within the spread
they suggested. (See also Figure 16.)

Differences seemto be suggested in the larger nunbers: kitti-
wakes, murres, and Parakeet and Crested Auklets. The nunbers of Parakeet
Auklets estimted in 1977 are suggestively close to Kenyon and Brooks’s
upper limt, while the nunbers estimated for Crested Auklets and murres
in 1977 are suggestively close to his lower limt. Least Auklets, whose
swarns boggle the observer’s mnd, appear in 1977 to be at the uppernost
limt of Kenyon and Brooks's numbers. Kenyon hinself doubted that we
could draw any conclusions that species nunbers have changed in this

peri od.

Historical trends in nunbers.

The nunmber of Least Auklets on Little Diomede is so vast that it
woul d require exceptionally detailed efforts to inprove oﬁithe accuracy
or confidence limts of the present data. However, we can draw a few

concl usions about nurres and Crested Auklets, even though our estimates

fall within the sane range as those of Kenyon and Brooks.
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There was a major decrease in the number of murres at Cape Thonpson
between the early 1960s (400,000 fide Schwartz 1966) and the |ast few
years (200,000 fide Springer & Roseneau 1978). The fact that our esti
mate of nurres is at the mninum of what Kenyon and Brooks estimated, makes
It reasonable to expect that there has been an historical decrease.

Al bert Ayahuk and Orville Ankinga said Crested Auklets have de-
creased in the last several decades and commented that 1977 was a parti-
cularly lowyear. It is likely that natives have noticed changes anobng
the Crested Auklets because they were an inportant part of the traditiona
diet and are still involved in a notable comunity hunting effort in
whi ch the auklets are frightened fromtheir burrows and caught in hand
nets. The Dioneders say that their hunting effort has declined over the
years, and our observation of their hunting techniques suggests that the
i mpact of natives is mnimal

In 1976 there were repeated helicopter trips to the island during
the summer while a new school was being built, and in 1977 a helicopter
was meking trips to the island between 25 July and 5 August for installa-
tion of a telephone antenna on the top of the island. W have observed
at both King Island and Little Dionede that helicopters cause particu-
larly severe disturbances at the colony, scaring nost of the birds off
the island. W saw also at Bluff in 1977 that helicopters passing even
at considerable distance fromthe colony would cause a massive fly-off
greater than that caused by a close-flying fixed-wing aircraft. The
Eskinos’ observation of |ow Crested Auklet nunbers at Little Diomede in
1977 may in part be a result of the repeated helicopter disturbance in
1976. Qur discovery of several rotten eggs in apparently abandoned

burrows from the previous season suggests the sane.
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Furthermore, our estimate for Crested Auklets falls at the |ow
end of the range given by Kenyon and Brooks, whereas the nunber for
Least Auklets is near the top of the range. The latter seens to be
explainable in ternms of the differences in techniques, because the
process of extrapolating the average density of birds on their habitat
to the total amount of habitat should yield an estimate higher than
woul d pure visual inpression. Qher investigators have noted histori-
cal decreases in the number of Crested Auklets on Saint Lawence |sland
t he Pribilofs, and the Quter Al eutians. Thus the evidence is that the

nunber of Crested Auklets has probably declined.

The 1977 Reproductive Season.

Al though the breakup of the sea ice was late in 1977 and so was.
the arrival of nesting birds, breeding schedule and success did not seem
to have been affected by the late start.

Kittiwakes at Little Dionmede appear to have had a good reproduc-
tive year as compared to the performance of kittiwakes in other areas in
the northern Bering Sea region, although our data at Little Dionmede do
not tell us how many young fledged. Fromwhat we can tell, the murres
did at least better than the general failure we observed during 1976.
Horned Puffins at the island during 1977 appear to have done no worse
than puffins appeared to do at other seabird colonies (Reports at the

wor kshop on puffins, Pacific Seabird Goup Meeting, January, 1978).

Feedi ng ecology as it applies to Bering Sea seabirds

Observations in Aaska and-in northern Siberia enphasize the

point that the food items of seabirds conform to categories of (a) form
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(b) abundance , and presumably (c) behavior. The food species used in
different areas in the same year vary, and those used in the same area
between years vary as well, Moreover, in 1976 nmurres and kittiwakes ex-
perienced poor reproductive success from Norton Sound to Cape Thonpson
whi ch we suggested may have resulted froma shortage of a critical food
resource. These facts illustrate that the distribution and reproductive
success of seabirds are linked closely to their feeding ecology. In the
following discussion, we will try to show how theory about feeding
strategies applies to our studies, and to point the direction for future

wor k.

A Theoretical Framework

The theory devel oped from observations of rigid patterns of court-
ship behavior, fromthe work of students of sinple predatory behavior
anong shrews (Helling 19s8) and raptors (L. Tinbergen 1943) and from
“CGame Theory’, is that stereotyped actions and search patterns are com
bi ned through individual experience into a pattern of feeding behavior
which will maximze the ratio of the food used to the energy expended
(Royama 1966) .

In the first case, Luuk Tinbergen's study of the interactions be-

tween European Sparrow Hawk (Accipiter nisus) and House Sparrows (Passer

donestics), Chaffinches (Fringilla coelebs), Geat Tits (Parus major)

and Coal Tits (Parus _ater) indicate that the predator species has species-
specific hunting techniques and each individual develops routes along
which it hunts. The behavior of certain potential prey species makes
them nore (House Sparrows) or less (Coal Tits) vulnerable to the hunting

t echni ques and routes used.
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Therefore, we doubt that there are many determnistic interspecific
interactions between species on different trophic ‘levels’. But we can
predict certain types of probabilistic interactions which"integrate' the
“specific search image” with abundance and with a factor that.represents
cost/benefit ratio of energy expended to energy gained. There are also
general i zations based on the observations that predators are prudent
(whether sea gulls or VIl Street financiers) to keep a ‘mixed portfolio'.
Predators can be expected to use several species as prey, to search over
several different habitats (habitats defined by the habitats used by
the prey species) and to nove anong several geographic regions. One can
expect these patterns to be expressed over both space and tine.

In order to investigate the feeding techniques of seabirds in our
area, we need to observe how far and in what directions seabirds go to
feed, how long they spend and what they do while they are feeding.

In the second case, T. Royama's study of changes in prey of.

Geat Tits (1966) showed that efficiency of effort plays an inportant

part in the feeding ‘strategies’ of birds. Royama observed that parent

Geat Tits feeding thenselves and their young used strategies that ‘in-
tegrated” abundance and size of the prey itens taken. They nmight feed
thensel ves or take to their nest small caterpillars when their young
were small, but as the young grew the parents fed on the small items
themsel ves and carried only larger items back to feed their nestlings.
When the young fledged, the parents used snaller, more abundant, prey
again, ‘because’ the young acconpanied them on feeding forays.

One presunes that the early departure of nurre chicks, at about

18 days, facilitates the nurre parents’ problens by shortening the
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di stance that food must be carried. CQur observations that parent murres
bringing food to the cliffs, when they cannot find their young often
drop the prey instead of eating it, suggests that the parent had fed to
satiation before bringing the food itemin.

In order to investigate this aspect of feeding, which nust have an
i mportant inpact on breeding success when large prey itens are rare, we
need to observe what foods seabirds feed on themselves at sea and how
these itenms conpare with what they bring to their young.

In the third case, pearson (196S) described spatial segregation
of seabirds feeding off the Fame Islands, Northunberland, England,
suggesting that distances flown before the birds began to feed provided
an inportant mechani sm for avoiding conpetition for food despite the
fact that several species were feeding on the same prey (Ammodytes).
Cody (1972) expanded simlar ideas suggesting that spatial segregation
was a general rule for the seabirds off the coast of California in the
United States. Lack (1966) described spatial segregation and distances
flown as parts of a balanced set of social and ecol ogi cal adaptations by
which seabirds partition available resources. Ashmole (1963 described
sets of simlar feeding techniques anmong coexisting seabirds in tropical
Pacific waters as means of avoiding conpetition.

The assunptions underlying all these medels are attributable to
Gauss’'s determnistic nmodels based on closed |aboratory cultures of
Paraneci um  The concl usions which he drew and described mathematically
have, of course, beconme virtual ecol ogical dogma (as wyly observed by
Slobodkin (1960)). Reports of the feeding techniques and prey itens used

by northern seabirds present a less clear picture than the nodels night
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predict. Lack suggested that this blurring of the rules might result
fromthe birds using superabundant resources because their nunbers are
regul ated by factors in operation in other parts of their ranges or at

other tinmes of year

B. Significance to Studies of Al askan Seabirds

Specifically, published and unpublished reports show that murres,
kittiwakes and puffins use narkedly different foods in different parts of
their geographic ranges (Table 11 ). In sone cases the total l|ist of
species is the sane but a species that is a major food itemin one place
is virtually unused in another, (Table 12 conpares the Mirman Coast with
Novaya Zzemlaya)., In another case, Black-legged Kittiwakes in Al aska
whi |l e several species seemto be used as general maintenance, the abun-

dance of one single species, Ambpdytes hexapterus, was necessary for

outstanding breeding success. In the Pribilof |slands, where Sand Launce
does not seemto have ‘epidemics’ and there is a rich variety of other
prey species, the kittiwakes do noderately well every year, but do not
seem to have boom years and have not been reported as raising nore than

a single chick. In the northern Bering Sea and southern Chukchi Sea,
though in sone years 95% of parents fail , in other years a significant

percentage of parents raise two young.

In order to investigate this phenonenon we should study the food

adi fferent places, such as Cape Lisburne/ Cape Thonpson, Little Diomede

Island/King Island, Saint Lawence Island, Saint George/Saint Paul, Cape
Newenham regi on, Kodi ak Island region. The studies should include ‘good

and ‘bad’years and just different years in the same place.
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Tabl e 11. Food of murres and kittiwakes in the Bering Sea and Chukchi

Sea, showing variation among regions and between years.

Food of Murres (after Searing, NOAA 1978)

% occurrence of:

Locality fish

Bristol Bay' 44
- 2

Pribilof |s. 49
: 3

Saint Lawence Is. 33

Cape Thonpson® 74

crustacea

40

51

72

25

Food of Murres and Kittiwakes, Cape Thonpson

Percent occurrence in stomachs with any contents:

1960°
invertebrate f‘gif’sh
Thi ck=bi | | ed Murre 34 64
Commbn Murre 6 96
Bl ack-l egged Kitti- 25 91
wake
Sour ces:

Ogi € Tsujita (1973)

Preble & McAtee (1923)

Searing (NOAA 1978)

Schwartz (1960)

Springer & Roseneau (NOAA 1978)

CRON R

833

1976°
invertebrate f'%sh
78 76
33 92
53 67



Table 12. Food of Murres, Puffins and Kittiwakes on the north Siberian coast
showing variation in species of fish used anmong regions (percent
occurence) .

Kharlov | sl and to Bezymyannaya Inlet,
Thi ck=bi | | ed Murre East Murman Coast’ Novaya Zemlya

(fish species)
Anmodyt es t obyanus 23.1 0.9
(Sand Launce)

Mallotus villosus 17.9 1.7
(Capelin)
Clupea harengus 38.5 0.6
(Common Herring)
Gadus morrhua
20. .
(Common Cod) 0.5 4.3
Bor eogadus sai da - 51.3
(Arctic Cod)
Gymnelis viridis - 0.9
(Ccean Pout)
Myoxcephalus scorpius - 0.3
(Sculpin)
Seven |sl ands Ai novy | sl ands
Atlantic Puffin East Murman Cuastd West Murman Coast’
Ammodytes tobyanus 56. 8 6.3
Mallotus villosus 21.0 43. 7
Clupea_harengus 19.7 50.0
Gadus norrhua 2.5 -

Bl ack-legged Kittiwake

Fi sh 70.9 59.0
Mol | usks 12.1 9.8
Crustacea 7.8 31.2

Data from Belopol 'skii (1957), and Uspenski {1956).

Data from ' 111 stomachs
2 314 stonmachs

100 stomachs
4 39 st omachs
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In the last two cases there must be sonme selective response or
‘perceived availability’ on the part of the predator. (The foods are
observed to be different although the same prey species are all recorded
as present.) The fishes brought by the birds are often different from
those recorded in sanples of fish taken by fishermen. For exanple, in
Norton Sound, Barton (NOAA 1978) reported the common fish taken in gil
nets, and beach seines. Sand Launce was the nost numerous fish in the
beach seine hauls and is a major food item of kittiwakes and puffins.

The other abundant fishes in the gill net and beach seine hauls, however,

Saffron Cod, Eleginus gracilis, Bering Cisco, Coregonus laurettae, Least

Cisco, Coregonus sardinella, Rai nbow Snelt, Osmerus mordax, were very

rarely included in the sanples of fish which we have fromthe bird cliffs.
The fishes that were nbst numerous in the ground surveys, Arctic Char

Salvelinus alpinus, six other species of salnon and whitefish, Starry

Fl ounder, Platichthyes stellatus, were also sel dom represented except

for minor but regular representation of juvenile salnon. In contrast,
the nost inmportant food fish brought by the nost abundant bird species --

Common Murres -- was Prickle-back, Lunpenus fabricii, a species not

represented in nets and seines although it was reported by 'scuba' divers
as being anong the common fish which they saw (Cottids, Stichaeids, Gadids
and Agonids),

It is evident that there are ngjor differences between the food
species used in different parts of the same species range. There also
appears to be an inportant and consistent, though nore subtle, set of
differences in food species and abundances even within a relatively uni-

fied geographic unit such as the Bering Strait in the broad sense (from
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Tabl e 13.

Comparison of seabird nunbers at colonies in the Bering Strait region

Per cent Parakeet Crested Least Hor ned Tufted
Kittiwakes Murres billed Murres  Auklets Auklets Auklets Puf fins Puffins
Cape Lisburne 15, 000~ 200,000 70 1500-2000
25, 000
Cape Thonpson 10, 500~ 200,000 50 2000
20, 000
Cape Lewis . 3500 25, 000 50 300
Little Diomede Is. 35,000 60, 000 60 15, 000 135, 000 1, 000, 000 10,000- 1000
25, 000
King Island 4000- 6000 75,000 50 35,000 35, 000 85, 000 10, 000 1000
Sledge Island 1000 2000- 3000 15 100 200 6
Bluff Cliffs 6000- 7000 50, 000 <1 50 2000 25
Square Rock 1000 6000 400 6
Cape Denbigh 1800 10, 000- .1 5 150
15, 000
Egg | sl and 500 2000 <1 5 150
Saint Lawence 1s.
Savoonga area East 10,000 75,000 35,000 225,000 150,000 3000
West 15, 000 120,000 15,000 40, 000 65, 000 3000
Gambell area 2000 75,000 110,000 1500 500
Scuthwest Capes 15, 000 120, 000 12, 000- 190, 000 350, 000 1500 750
18,000
Total s 125,000~ 985,000~ 85,000-
150,000 1,200,000 100,000 700,000 1,760,000 50,000 3250

Total Birds - 3,725,000 (excluding Big Diomede Is.

and the coast of Siberia)

data from Bedard(1969) and Searing (NOAA 1978).
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Cape Lisburne to Saint Lawence Islands). This nore subtle effect is
reflected in differences in proportions anong the species of seabirds
(Table 13). There is,first, the change in proportion of Thick-billed
Mirres to Common Mirres from 75% Thick-billed at Cape Lisburne to 60%
at Little Dionmede, and 50% at King Island to 15% at Sl edge Island and
l ess than 1% at Bluff Ciffs and Cape Denbigh., There is, second, a
change in the number of kittiwakes as a percentage of the nunber of
murres from60% at Little Dionede and 40% at Sledge Island, to 6% at
King Island, 10% at Capes Lisburne and Thonpson, 13%at Bluff Ciffs,
167 at Square Rock, 15% at Cape Denbigh and 25% at Egg |sland, suggest-
ing a relatively uniformrelation of about 10% 20% except for the sharp
contrast between Little Diomede and Sledge as conpared to King Island
There is, third, approximtely the same nunber of Least and Crested
Auklets on Saint Lawence Island, but the Least Auklets becone many

times nore numerous at King Island and especially at Little Dionede

Needs for Further Study

A, Little Dionede Island

There is a limted nunber of study sites for nurres and kittiwakes
whi ch are accessible to us but are not disturbed by Eskino food gathering.
Thus it appears that the island does not have much to recommend it per
se as a site for detailed, continuing studies. Yet the island is a
critically inmportant seabird colony and lies on the nmajor route for
heavy ship traffic between industrial devel opment on the North Slope
and “Qutside”. It will therefore be exposed to maxi mum hazards from

transportation, and should have future work done on it for that reason
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This further work on the island should be undertaken to specify
annual and seasonal variations in the nunbers of kittiwakes, murres,
puffins and the annual variation in reproductive success of kittiwakes
and murres,

There is general need to develop techniques for estimating the
breedi ng popul ations of the three species of auklets and methods for
measuring their reproductive success. But because their numbers are so
large and that even a small percentage error nmeans a difference of a
| arge nunmber of birds, it is unlikely that the auklets will be really
useful for quantitative measures of environnental inpacts. On the other
hand, auklets are conspi cuous species and endem ¢ species and as such
deserve reasonable care in nonitoring their popul ations because of public

interest in them

B. The Bering Strait region in general.

The nost inportant next steps in the study of the area involve work
at sea, first to define more precisely those areas of the Chirikov Basin
and southern Chukchi Sea which are used by the birds for feeding grounds
second, to establish what foods are used and how do the foods used vary
seasonal |y and regionally, i.e., what are the primary resources, second-
ary resources and resources of last resort.

For an adequate understanding of the popul ations, biogeography or
trophic Structure of the Bering Strait region, we need at |east a survey
(second hand if necessary) of 1) the seabird colonies on the Siberian
Coast between the north limit of the CQulf of Anadyr and the coast north
of Mys Dezhneva; and 2) the feeding areas between the International Date

Line and the Siberian mainland.
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