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I. SUMMARY OF OBJECTIVES, CONCLUSIONS AND IMPLICATIONS WITH RESPECT
TO OCS O1L AND GAS DEVELQOPMENT.

The purpose of our work is to identify those aspects of the biolosgy
of wildfow which deserve careful consideration in order to avoid
unnecessary damage in the course of development associated with the
extraction of oil. Qur objectives are to locate major concentrations
of seabirds, waterfowl and shorebirds in space and tine; to establish
the numbers involved and the circunstances under which the gathering
areas arc inportant; tc learn the relation of selected species of
seabirds to the oceanic ecosystems by measuring the birds' reproductive
rates and food dependencies; and to investigate the relation of’ biolog~
ically important areas to the geography and ecologv of the Northern
Bering Sea, =such as location of nesting cliffs, feeding grounds at
sea, and tundra nesting habitats, as well as those wetlands and mud-
flats which are used for feeding and escape {rom hunting pressure.

These studies to date have consisted of, first, a general inven-
tory and, second, analysis of the breeding biology of selected species.
The anal ytical studies are intended to prepare generalizations about
the relations of seabirds to their habitats, because there is not
enough time or noney to nake studies of all the species which may be
affected or to prepare nodels which include the necessary environnental
parameters to allow prediction of ecosystem effects ahead of tine.

In our work at the cliffs at Bluff, Square Rock and Sledge |sl and,
we have concentrated on studies of Pelagic Cornorants, daucous Qulls,
Ravens, and especially on Bl ack-1egged Kittiwakes and Commpn Murres.
The results of these studies, when added to the knowledse of the sane
species obtained in other parts of Alaska's Quter Continental Shelf”
and in the North Atlantic, forma basis for interpreting the results
of short term observations nade where seabird cliffs are inhospitable
or remote. They have al so provided a set of techniques for nmaking
measurements Of popul ation size and breeding success of seabirds when
only a short tine is available.

Qur work indicates that both Bl ack-legged Kittiwakes and Conmon
Murres are sensitive to changes in the food supply available in Xorton
Sound. Thus they offer the possibility of acting as indicator species
for negative changes in the trophic structure of the sea. Qur work
al so suggests that Ravens and d aucous Gulls may act as indicator
species, but of a different sort. These two species seemto benefit
from organi ¢ wastes supplied by humans and thus to benefit from
devel opnent . The contrast in the effects of devel opment offered by
these two pairs of species indicates that it may be dangerous to
assign_a priori, definite boundaries to the relation between a given
speci es and what we consider to be its habitat or ecosystem  Unfor-
tunately, the way species are'coupled' to their ‘systens’ remains one
of the major unanswered questions of ecology. For exanple there is
now a good anount of information on the food of murres and Kittiwakes
in North Atlantic and North Pacific, Bering and cChukchi Seas which
indicates that the food used varies considerably between geographic

515



o

regi ons and between years. Yet the formand habitat of the prey
remains consistent to a large extent. At this point detailed studies
of food can be expected to docunment this variation in food resources
and opportunismin the choice of prey. Hence we conclude that unti
detailed studies can be run by specialists in fish and crustaceans,
closely coordinated with the studies of oceanic structures, sea bird
research should concentrate on feeding actions of the birds and the
details of their spatial distribution at sea, rather than spending
more than passing tinme on studies of prey itens in the sea. W point
out below that birds at sea are distributed in patterns that suggest
i mportant oceanographic features (see also the Annual Report for R.U.
447) . The reported distribution should be confirmed, because it is
directly applicable to defining the area of sea which nust be included
as part of the habitat of the major seabird nesting islands in the
Nort hern Bering Sea.

work in Alaska and in the Nortn Atlantic indicates that unwanted
effects can be anticipated during the process of devel opnent. we
list three and suggest how know edge al ready gained in northwest
Al aska can be used to clarify the processes involved and hence to
prevent or mtigate the damage. In other parts of the world, economc
devel opnment has been characteristically acconmpanied by (a) direct
reduction of popul ations of sone native species, by (b) increasing
activities of people at breeding sites and the introduction of carni-
vores that are escaped pets, and by (c) rapid growth of aggressive
species (e.g. daucous Gulls and Ravens) which benefit by shoddy
di sposal of wastes and which conmpete for nest sites or exert increasing
predation pressure on vul nerable species.

a) The work of Springer and Rozeneau (NOAA, 1978) indicate that
the popul ations of Common and Thick-billed Mirres have decreased by
half at the cliffs at Cape Lisburne and Cape Thonpson since Schwartz
(1966) made counts in 1959 - 1961. CQur counts at Little Dionede
Island (see report for R.U. 447) suggest that there may have been a
decrease in the numbers of murres since counts were made by Kenyon in
1958 (Kenyon and Brooks, 1960). This situation offers an opportunity
to observe the short termeffects of the |owered population and to
follow the rate of population recovery. However, our counts of the
popul ations o-f murres on the cliffs at Bluff suggest that the situation
may be complex. In a good year, 1975, we counted al nbst an order of
magni tude nmore murres than we did at a low count in a poor year, 1976.
During other years our counts have varied between 30,000 and 60, 000.
Some of these differences are due to variations in nunbers during the
course of the day or the season, but it is clear that many nore birds
are on the cliffs in a 'good' year than are present when reproduction
is poor. Springer and Roseneau have appreciated this and applied
corrections for diurnal variation, but reproductive success observed
by Schwartz was very much higher in the late 1950s than in the md
1970s and it may not be possible to make reliable judgementsof the
changes in population until another ‘good year' occurs
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b) King Island offers an opportunity to observe the effects of
the presence of people and their pets on a seabird colony, because the
nati ves of Ukivok have not occupied the village except tenporarily
since the mid-1960s. Furthernore, Arctic Foxes come to the island
each spring on the sea ice and breed. Experience in eastern US. and
el sewhere has shown that foxes and domestic dogs have virtually the
same effects on the behavior of breeding seabirds at their col onies.

King Islanders Ed Muktoyuk, John Pullock and M ke Saclamana report
that murres and kittiwakes now nest on many | edges which were barren
of breeding birds when they were children collecting eggs on the island.
The changes shoul d be docunented and further changes followed as an
experimental case (although in reverse) of the inpact of heavy human
usage and the rates of recovery.

We have observed that Arctic Foxes have an observable inpact on
breedi ng parakeet Auklets and the gskimos believe that they affect
Tufted Puffins even nore. The people of Little Di omede believe that
the reason there are many tines nore Tufted Puffins on Fairway Rock
than on Little Diomede is the absence of foxes fromthe Rock which is
too small to support a fox over the summer. Arctic Foxes should be
renoved annually fromking Island and the changes in the seabird popu-
lation monitored.

¢) There are good reasons to expect that an increase in human
popul ati on or further devel opment will be acconpanied by an increase
in gulls and ravens, both of which benefit from food supplied by wastes
and garbage. Studies of the effects of G aucous Glls and Common
Ravens begun in 1977 at Bluff diffs should be expanded to a general
study of this problemin several parts of Alaska, because the problem
of gulls displacing other seabirds has proven to be serious in Europe,
Fastern U.S., Australia and New Zeal and.

d) Finally our studies tend to confirm the hypothesis which was
offered at the start of Research Unit 237, namely that there are impor-
tant oceanographi c differences between Norton Sound and the Chirikov
Basin which are reflected in the action of water masses, primary pro-
ductivity, the detritus/benthic fauna, the crustacea and fish, nekton/
pl ankton fauna, the marine mammals and the marine birus. The area of
the Norton Basin which is approxinmately the size of the Qulf of Maine
supports a population of sea birds in the order of 4,000,000 individ-
uals. This nunber is at least twice the population of seabirds in the
western Atlantic seaboard including Labrador, Newfoundl and, the Gulf
of Saint Lawence, Nova Scotia and the Gulf of Mine. Because this
area is clearly on the line of transportation of heavy equipnent to
the oil fields on the north slope and increasing secondary devel oprment
in the Nome area, we should know nore about the basic structure, and
the simlarities and dissinilarities of the natural geographical and
ecol ogical units of Norton Sound and the chirikov Basin. This requires
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that attention be given to the previously little-studied oceanographic
zone between 6 neters and 60 nmeters depth, and that ‘studies be coordi-
nated among experts on organisns at the several “places” to the food
chains as well as chenical and physical oceanography. But to under-
stand the biological oceanography, coordinated studies of physical and
chem cal oceanography should be directed towards answering the ques-
tions posed by the distribution of organisns. Although considerable
progress has been nade in the coordination of oceanographic studies
during the Quter Continental Shelf Environmental Assessnment Projects
there is still little use made by physical and cheni cal oceanographers
of what is known about the distribution of organisms in order to ident-
ify and circunmscribe physical problems that need answers.

[f, as we understand it, a primary goal of OCSEAP is to devel op
insight into what factors may be inmportant in order to make ecosystem
model s that will predict the inpacts of developnent, it would nake
sense to address sone obvious differences already provided by natura
conditions or previous human activities.

[1. 1 NTRODUCTI ON

A General Nature and Scope of the Research. W have discussed the
nature and scope of this work in sonme detail in other reports. W are
gathering data to document the distribution in space and time of the
seabirds, shorebirds and waterfowl on the south shore of the Seward
Peninsula. We are collecting evidence on why the areas where these
birds gat her are i nportant and how they nay be vul nerable to direct

and indirect effects of developnent. W are also working to gain
insight on what factors may be inportant in predicting the inpact of
devel opment ahead of tine. But neither tinme nor noney is available

to develop the know edge of all the ecosystem factors that control bird
popul ations. Also we do not believe that the nodels of population
behavi or prepared for terrestrial game species, song birds and insects
will necessarily prove instructive in interpreting the ecology of wld-
fow . Thus as we pointed out at the synposium on the Conservation of
Marine Birds in Seattle in 1975, it is nost efficient to pick a few
critical aspects of the biology of a few key species and study themin
detail in order to make generalizations applicable to other seabirds
and waterfowl. In that paper we also sketched out sone of the charac-
teristics of seabirds which distinguish them from other birds.

Experience gained in studying the inpact of hunting and of chem-
ical pesticides indicates that environmental influences on reproductive
rate are nore inmportant in the survival of a population than direct
massive nortality. Hence it is generally agreed that studies of repro-
ductive biology and breeding success are pronising ways to identify the
pl ace of individual species in ecosystem nodels. We have therefore been
maki ng detailed studies of promising species of seabirds at a few breed-
ing cliffs, gathering data and fornulating our interpretations which
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shoul d apply to other places. W have concentrated on Commopn Murres
and Bl ack—l egged xittiwakes studying activities at mapped nests, the
foods brought in and the effects of the predators, Arctic Foxes,
Ravens and G aucous @Qulls which live at the seabird cliffs

B. Specific Objectives.

Marine Birds

1. To deternmine the nunber and distribution of seabirds relative to
peri ods of the breeding season and to characteristics of available
habitat within a colony or study area.

2. To provide estimates of nesting success of principal species.

3. To establish and describe sanpling areas which nay be used in
subsequent years or by other persons for nonitoring the status of
popul ati ons.

4.  To determne the amount and kinds of foods used by the principa
species, and tn determine the foraging patterns, when possible, to
determine the relationship of food selected to that available.

5. To describe the chronol ogy and pherclogy of events in the biology
of breeding birds, including changes in population from the beginning
of occupation of sites in the spring through departure in the fall.

6. Toprovide conparisons of current data with recent historical data.
Waterfow and Shorebirds

1. To deternmine the number and distribution of principal species at
spring arrival, during the breeding season and in fall gatherings, as
these are related to characteristics of available habitat within the
area.

2. To establish and describe sanpling areas which may be used in
| ater years or by others for nonitoring the status of popul ations.

3. To provide a conparison »f current data with recent historical
data.

c. Relevance to Problens of Petrol eum Devel opnent.

The primary purpose of this work is to identify those aspects of
the biology of wildfow which deserve careful consideration in order
to avoi d unnecessary damage in the course of devel opment associ ated
with oil extraction. Furthernore we feel that we should suggest manage-
ment techniques and political institutions which nay function to prevent
or to mtigate unwanted effects.
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The wildfow resource has a direct political value which can be
measured in terns of the number of people who conmplain and the inten-
sity of their response if birds are harmed. The birds also have a
val ue, being at the tops of marine food chains, as indicators of
changes in the effectiveness of energy transfer from one trophic |evel
to another. An illustration of this sort of phenonmenon is supplied by
the differences in the seabird fauna between Norton Sound and the
adj acent region from Saint Lawence Island to the Bering Strait. W

have di scussed these differences in detail in other reports. We review
certain aspects of those differences in th next section.

[11. CURRENT STATE OF KNOALEDGE

We reported on the general state of know edge of seabirds in our
report for 1976 (Steele and Drury, NOAA 1978). In this section we wll
include sunmaries of: A) what we have observed as to the geographical
and faunal differences between Norton Sound and the waters between
Saint Lawrence |sland and the Bering Strait; and of B) what is known
of the breeding biology of Black-legged Kittiwakes in the waters of
the Al askan Continental Shelf.

A, Contrast Between Two Geographic Regions in the Northern Bering Sea.

As one goes west from Cape Nome along the southern shore of the
Seward Peninsula, a nunmber of biological changes can be observed. The
natives of the region, speakers of Inupiat, traditionally depended
primarily on the hunting of marine mammals and seabirds for their food
and clothes. At sea, the great whal es (Bowhead, Fi nback, M nke and
Gey Wales), smaller whales (Belukhas and porpoises) , walrus and
Bearded Seal s becone nunerous and are inportant food itens as are the
smal ler seals (Ringed and Spotted). Migratory seafowl (King Eiders,

O dsquaws and Bl ack Scoteis) are numerous in spring. Auklets are a
conspi cuous el ement of the seabird fauna and Thick-billed Mirres are

a major percentage of the nurre population. On land, tundra vegetation
beconmes progressively lower and nore scattered and the waterfow of
fresh water and | ow and tundra becone progressively sparser.

As one goes east from Cape Nome and Safety Lagoon, one finds that
the native people are speakers of vupik who have traditionally depended
on fishing and on caribou hunting. COher than small seals, occasional
wal rus and Belukhas, marine manmals are inconspicuous and nost water-
fow migration consists of geese and. fresh water ducks. Virtually all
murres are Common Murres. They, Black-legged Kittiwakes, Pelagic
Cornmorants and Horned Puffins make up the seabirds, as auklets are
absent. Seabird nesting colonies are snaller and scattered. along the
coast on small headlands. Instead of nesting in isolated pairs, Arctic
Terns gather into a large colony. Aleutian Terns are present as well.
Chum and Pink Salnmon run the rivers in early sumrer, andas aconsequence
3 aucous Qulls gather conspicuously along the rivers and shoreline in
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md and late sunmer. Whistling Swans, Canada Geese, Pintail, Bal dpate
and Greater scaup are nunerous in the lower reaches of rivers that
flow into salt marshes or send out distributaries onto broad mudflats.
These waterfow congregate in late July and large nunbers can be found
into late Septenber. On the uplands, the tundra vegetation is wetter
and taller as nore shrubs, including blueberries, grow, and East of
Golovin, White Spruce is found.

The predoninance of fish-eating seabirds and virtual absence of
crustacean eaters (with the exception of snmall nunbers of Parakeet
Auklets, a species of catholic tastes) would appear to be related to
the different system of current flow in Norton Sound as conpared to
the chirikov Basin. Coastal water, largely maintained by outflow of
major Al askan rivers , enters Norton Sound and forms a counter-
cl ockwi se gyre moving cut northwest past Nome and Sledge Island. The
eastern third. of the sound appears to be removed fromthis flow and
it appears to be dominated by flow fromlocal rivers. The lack of
zooplankton eaters, suggests a |ack of zooplankton, herce a lack of
suitable floating green plants for Copepods, Euphausiids and Mysids
to feed upon. Some planktenic food nust be available to small ‘silver
fish" . These small fishes, Herring, Rai nbow Snelt, Sal non snelt,
Saffron Cod and especially Sand Launce provide food for the Common
Murres , Horned Puffins and Kittiwakes. This conspicuous difference
“in seabird species abundance reflecting their differing feeding strat-
egies (which nust have extensive ramfications in the biological and
physi cal oceanography of the region) still remains to be studied under
t he auspi ces of OCSEAP.

Such conspi cuous faunal differerces, especially since they are
associated with distinct ecological structures, provide a natural basis
for categorizing regions of Alaska's Quter Continental Shelf. It
woul d seem efficient to base further devel opment of the environmental
assessment program on investigating the simlarities and dissimlar-
ities between neighboring systems such as these

B. Know edge of the Breeding Biology of Black-legged Kittiwakes in the
Waters of the Alaskan Continental Shelf.

The following observations result from a workshop on geographical
variation in the reproductive success of Black-legged Kittiwakes togeth-
er with papers on the food, foraging patterns, winter activities and
mortality of this species. The reports were part of the Pacific sea-
bird Goup Meetings.

1. Black-legged Kittiwakes have a nunber of characteristics that nmake
them nore easily studied at their breeding sites than other cliff-,

burrow, or rubble-nesting species. They may prove useful as an indi-
cater of indirect effects of oil spills. Because they are relatively
insensitive to the direct and catastrophic effects of oil spills, their
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nunbers remain relatively constant, and they are relatively inexpensive
to nonitor.

As a result of the studies made in four regions (Cape Lisburne to
St. Lawrence Island, the Southern Bering Sea, Southwest gulf of Al aska
and Northeast Gulf of Alaska) over three years, we have identified the
following kinds of information, not only as inportant for understanding
the biology of Black-legged Kittiwakes, but also so that kittiwakes
can be directly useful for environmental assessment by NOAA and BLM

a. Reproductive Biology

i. There is a gradient in the date of laying of first egg and the
peak of egglaying that varies from the GOA regions to those of the
Bering Straits and Norton Sound, With those in the nerth being laid
later. (Table la) There is also apparently an historical change in
phenology, at |east at Cape Thompsor, where, in the 1960’s, (Schwartz
1966) clutches were initiated earlier than in the present studies
(1975-1977). (Springer and Roseneau 1978)

ii. There are inportant and regular variations in the size of
clutches and the percent of nests in which eggs are laid from one
region to another, with smaller clutches being laid and fewer nests
receiving eggs in the north than in the GOA  Again, historical infor-
mation suggests that in the 1950's (Pribilofs Hunt,Squilp and Peterson
1978) and 1960’'s (Cape Thompson, Schwartz 1966) clutch size nmay have
been larger than at present.

If one lists average clutch sizes fromall available data accord-
ing to date of laying (Tables la and Ib) it emerges that there is a
trend in clutch size fromlargest in the earliest laid (the first week
of May) to snallest in the latest (the first week of July). The trend
appears to be continuous for all kKittiwakes throughout the season if
data fromthe Barents Sea, the North Sea,the Qulf of Al aska and the
Bering Sea are all shown together (Table Ib). Mre data are needed
fromearly and nmiddle June to show whether this apparent trend is in
fact continuous.

iii. Important differences exist in the regularity of reproductive
success in different geographic regions as well. These differences
have, in the past three years, usually been expressed in the number of
eggs hatching per nest, either because fewer eggs were laid or because

eggs failed teo hatch. In some regions there have been years of failure
and years of greater success (high productivity) in which some pairs
even raise two chicks per nest. In other regions, reproductive success

has been consistently noderate and no parents have been able to raise
twins. . :
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iv. The reasons for reproductive failure have differed in differ-
ent regions. In the north, particularly, absence of food has been
suggested to be the prinary influence, while in the GOA, bird predators,
perhaps taking advantage in changes in Kkittiwake behavior in response
to shortages of food, are the proximate cause of reproductive failure.

Kittiwakes in other parts of their circumpolar range, e.g. the
Northeast Atlantic, where this species is reproducing very well and the
popul ation is increasing, lay earlier and |lay largerclutches than in
Al aska (Table I'b). One would presume according to theory that (Lack
1954 etsq) timng of laving of the clutch, size of the clutch, and
the percentage of nests receiving eggs all relate to the availability
of food. The above results all suggest that Bering Sea and Bering
Strait kittiwake popul ations are presently subject to stress due to
food limtation.

b. The food used by kittiwakes varies in conspicuous ways between
regions. In the GOA kittiwakes depend heavily on Capelin, which

seens to be consistently available. This resource is augmented by Sand
Launce, especially when parents are feeding young.

In the southern Bering Sea kittiwakes use a diverse food supply
wi t hout heavy dependence on a single species.

In the northern Bering Sea different colonies use different foods,
and high levels of success between 1975 and 1977 seem to have depended
upon appearance of Sand Launce in the feeding range.

Kittiwakes are evidently opportunists in their feeding. They will
become specialists if suitable prey is available. Wiether a col ony has
a consistent or “boonm bust” econony seens to depend upon the kinds and
numbers of small fish and crustacea and the phenology of those organi sns
in the surrounding area, see Discussion.

V.  sSTUDY AREA

The study areas in Norton Sound (Figure 1) were described and
illustrated in our March 1977 report. Our efforts in seabird work this
year were concentrated on intensive studies at Bluff, and short-term
surveys of the colonies at Sledge |sland, T7opkok Head, and Rocky Point.
Qur waterfow surveys covered fromthe base of Cape Spencer to the
Cape Denbigh and Shaktoolik region.

v. METHODS AND RATI ONALE OF DATA COLLECTI ON

In 1975 and 1976 we devel oped and tested various field nmethods for
censusing the Bl uff colony and sanpling reproductive success. This year
our enphasis was on applying those methods to intensive studies of the
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Table 1A. Conparison of

laying dates

and clutch sizes of Black-legged Kittiwakes in Al aska

Pl ace

Cape Lisburne

Cape Thonpson

Cape Thonpson

Sl edge Island

Bluff diffs

Cape Pierce

Saint Paul |sl and

Saint George I|sland

Sout hwest @ul f of Al aska

Kodi ak |sland Area

Approxi mate date
of starting clutch

1 July

2July

21-25 June

20 June

19-25 June

19 June

29 June-5 July

30 June-1 July

5-10 June

Nort heast Gulf of Al aska 1-10 June

Peak of laying

10-16 July

5-13 July

4-12 July

20 June

12-17 June

19-25 June

1.

Clutch size

02

.88-1.92

.53

.16-1.2

.37-1.46

. 36-1. 46

.38-1.87

.56-1.96

.76

Springer G Roseneau
(Noaa 1978)

Springer & Roseneau
(NORA 1978)

Schwartz (1966)

Drury et. al.
(NorA 1978)

Drury et. al.
(NORA 1978)

Hunt, Squib & Peterson

(1978)

Hunt, et. al.
(NorA 1978)

Hunt, et. al.
(NomA 1978)

Moe, et. al.
(1978)

Nysewander et. al.
(1978)

Lehnhausen, et. al.

(1978)
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Table | B. Conmpari son of’

May

1st wk.  2nd wk.  3rd wk.

Engl and 2.3-2.8 2.0-2.
(2.4 (23" .ot .

Russi a 2.3

Al aska

* Coulson and Wiite (1961),

+
Average clutch size.

Kittiwake clutch sizes in England, Russia and Al aska.*

4 1.9-2.31.8-2.0 1.8-2.0
9)*

2.0 1.5

1.8 1.6-2.0 1.5-1.9 1.4-1.5

Belopol'skii (1957), and Uspenski (1956).

1.4-1.5

1

.0
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Figure 1

Map of the Bering Strziv Region
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reproductive biology of the seabird species present, especially murres
and kittiwakes. #ost of these nethods are described and discussed in

detail in the March 1977 Annual Report for this research unit. Bel ow,
we shall briefly describe the nethods used this year, and nore thor-
oughly discuss new or nodified procedures.

A SEABI RDS

1. Bluff diffs and Square Rock

A party of two visited Bluff on 21-26 May and 3-11 June. From
12 June until 12 Septenber, a permanent party, usually of four,
collected data at Bluff Cliffs and Square Rock. Twenty-one study
sites were visited roughly every other day beginning 14 June. The
sites were illustrated in last year’'s annual report; in Table Ic we
list the data collected at each of these sites in 1977.

Estimates of Popul ations

W& made censuses froma small boat passing in front of the cliffs
in the sanme way as in 1976. Qur counts of the Bluff diffs (Figure 2)
were on 28 June (murres only), 7 and 29 July, and 19 August; and of
Square Rock and adjacent cliffs on 19 August.

Twenty-four Hour Counts (To determine Daily Activity Patterns)

Many investigators have noted that the number of birds occupying
the cliffs varies over the course of a day. Thus , a single count may
only reflect a percentage of the total birds actually occupying the
cliff that day. In 1976 we used counts taken at different times of the
day over the entire season to arrive at a curve for daily attendance,
However, that method does not all ow for possible changes in the atten-
dance pattern over the course of the season. In 1977 we made hourly
counts of murres and kittiwakes for 24 or 25 consecutive hours in delin-
eated count areas at Bluff diffs (Study area 14-15) and Square Rock
simul taneously. These counts were taken on 14 June, 30 June-1 July,
9,19, and 29-30 July, and 8-9 august. Increasing amounts of darkness
forced us to interrupt the late July and August counts in the early
hours. Also, we felt that the accuracy of the counts declined during
dusk hours on the counts of 19 July and after, as the birds becane
difficult to see

From these counts we calculated a correction factor relating the
nunber of birds present on the cliff aeach hour to the highest count
of birds from that 24 hour cycle. This correction factor was then
applied to censuses or counts at study sites to correct for differences
whi ch result fromthe daily activity pattern, and thus to determine the
actual population totals. diff counts were generally made on a day
adj acent to a 24-hour count.
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Table IC.  List of study areas at Bluff and data collected at each.

study Site Kittiwake Murre Puffin
count map count map count

1 X X
1B X X X
2 x¥* X
3 X X
4 X X
LB X X X
p X X X
6 X X
7 x X X
0 X X X
9 x X X
10 X X X
11 X X X
12 X X
13 X
1h X
15 x X x*

16 (not used)

17 x

18 X
19 X X X

Square Rock X X X

*Thick-billed Mirre maps (all others
are of Commpn Murres).
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Figure 2. Diagram of the cliffs at Bluff, showing locations
of study sites and landmarks used during censuses.
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a. Black-1egged Kittiwakes

We established kittiwake map areas in the sane way as |ast year.
In addition to noting on each visit the number of adults, eggs and
chicks at individual nests, we also recorded the physical status of
the nest site and the amount of material added to it. We established
three statuses: a "rock roost” or bare rock ledge with no material
on it; an “old pad" of material remaining fromthe previous year;
and a ''cup'capable of holding an egg.

b. Common and Thi ck=bi || ed Murres

i. Mps - The data and hence the estimates of breeding schedul e
and reproductive success are relatively inprecise when conpared to
the kittiwake data due to the difficulties in seeing which birds have
eggs or chicks, and to the varying nunber of nonbreedi ng and unsuc-
cessfully breeding birds. W have found that the best nethod of
following the progress of the breeding season and determ ning repro-
ductive success is by selecting a |edge which is visible fromthe
top of the cliff, and noting on a sketch nmap or photograph the
| ocations of all eggs and chicks seen, The situation at each of these
sites is checked roughly every other day. |If an adult murre does
not move so that we can see under it, the status noted at the previous
visit is presuned to still exist. Chicks are more easily seen than
eggs,especially after they have grown |arger and begun to nove around.
Using this nethod, we were able to determne the laying, hatching and
departure periods and the peak of each; and to obtain relatively
accurate figures for the number of eggs laid, chicks hatched, and
chicks fledged for each nmapped | edge.

ii., Estimates of the breeding population — This is a difficult
nunber to determne, due to varying nunbers of apparently nonbreeding
birds.(See definition and description of “breeding birds” under the
section on murre reproductive success. )

1) One way of estimating the breeding popul ation of murresis
to use counts of birds which are strongly attached to the cliffs, as
these are the birds that are probably trying to lay an egg, or are
protecting an egg or chick. The counts of birds remaining on the
c¢liffs during the disturbance caused by the cliff -ounts ,made at or
after the peak of laying, were used to get an estimte of the total
number of breeding birds. This was also done in 1976. In 1977, the
peak of laying occured from 7=10 July. The cliff census of 7 July
yi el ded 44,736 birds of which 40,000 were “persistent”, One estimate
of the numbers of breeding pairs therefore is approximtely 20,000
(hal f the number of breeding birds).
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2)A second way of estimating the total breeding population,
(al so used in 1976, see p.30op&eit), is to figure a percentage of
breeding birds to total birds present at study sites and relate this
figure to a cliff count. Table 2 shows the probable number of breed-
ing birds at each of the six map sites. (See also the discussion
under Reproductive Success on the determination of breeding birds.)
These figures taken as a percent of the season’s high counts gives
an average figure of 71%. |If we apply this percent to the highest
cliff count figure of 62,000 we get 44,000 breeding birds, again
about 20,000 pairs.

3) Breeding birds, i.e. those with eggs or chicks to protect
or strong territorial attachnments, are likely, as mentioned before,
to remain on the cliffs longer when faced with a disturbance (such
as a small boat passing the cliffs), than are non-breeding birds.
Note that in 1976, (see Table 3 and Figure 3) the percentage of
birds remaining on the cliffs varied from 50-68% while in 1977 the
percent varied from69-96% In 1977 the highest percentages of
persistent birds occured during the incubation period, which is as
expected. In 1976, the highest percentages did not occur unti
August, and there was a dip around 9-11 July which was when the
breedi ng schedul e was apparently interrupted. These findings
suggest that the number of birds remaining on the cliffs, i.e. the
persistent birds, may correlate with reproductive success. Note
that this number was nuch higher in 1977 than in 1976,

c. Horned Puffins

We made regular counts of puffins to determine their variation
in nunbers at the cliff. It is relatively dificult to obtain repro-
ductive data on puffins, because they nest in crevices in the cliff
&ce. W obtained limted data about their reproduction froma few
nest holes visible fromthe top of the cliffs.

d. Pelagic Cornorants and G aucous Gulls

We | ocated and nonitored individual nests of these species
that were visible from the tops of the cliffs.

Trophic Studi es

Throughout the season, we kept notes on feeding aggregations
that we could see fromland, and on fish that we saw murres and
kittiwakes bring to the cliffs. These notes are sumarized under
the appropriate bird species. W lacked the logistics to collect
birds for stomach contents.
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Table 2. Nunber of “breeding” birds at Mirre map areas (as a percent of the
season’s high counts)

Probabl e Number of Seasons Hi gh Percent “Breeding”
Map Area "Breeding" Birds Count Bi rds
1B 45 83 71%
4 35 58 6 0%
4B left 47 55 85%
4B inside 53 74 71%
10 139 201 69%
12 51 70 72%
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Table 3. Counts of Murres at Bluff - conparison of percentage of birds renaining
on the cliff during censuses.

1976 1977
Dat e Percent remaining Dat e Percent remaining
June 16 58%
June 28 69%
June 30 57%
July 7 93%
July 9 58%
July 11 50%
July 13 62%
July 26 55%
July 29 96%
August 12 68%
August 19 86%

Figure 3. Murres remaining on the cliff during censuses.

100 ] —————- .-

. (1976)
. —__’_\/\/

Percent birds remaining

16 24 2 10 18 26 4 12 20
June July August
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Predators

At the COctober 1976 neeting of OCSEAP Principal Investigators
working on birds, there was general consensus that Ravens played a
maj or role and G aucous Gulls a significant role in egg and chick
mortality of kittiwakes and murres. |n order to exam ne the inpact
of these predators, we kept detailed notes on the species, especially
of Ravens, throughout the 1977 season. We kept notes on the predatory
behavi or of the species and all instances in which we saw them carry-
ing seabird eggs. W also recorded the “caches” of egg shells that
we found on the tundra. In addition, we kept notes on the other
raptcrs of the area: Colden Eagle, Rough-legged Hawk, Marsh Hawk
and Gyrfal con

2. “Sledge Island

We visited Sledge Island by boat on 22-24 June and 23 August.
On each visit we circled the island in a boat and counted all species,
and also visited the two study sites established in 1975 to sanple
reproductive success of pelagic cornorants, murres and kittiwakes.

3. Topkok Head was visited by boat on 17 July and 22 August and
Rocky Point on 22 July and 20 August. on those trips, we counted
all species and sanpled reproductive success of Pelagic Cornorants
and G aucous Qulls.

B. WATERFOAL

The method of waterfow transects in 1977 was the same as in
1976. We made flights in late May and early June over the smal
sections of open water at the nouths of rivers and in tenporary ponds.
In late August we flew over the major areas of coastal wetland on the
south side of Seward Peninsul a.

These flights were not straight-line transects, but were in the
form of “reconnai ssance” surveys to | ocate the major concentrations
of waterfowl, and their critical gathering areas.

We are confident that we know where the inportant waterfow
gathering places are in our area in the fall. Using the nmaps we
have prepared it will be possible to establish fixed transects if
annual nonitoring of the populations in sanple is required.

VI. RESULTS AND SPECI ES DI SCUSSI ONS
A SEABI RDS
1. Censuses

Table 4 presents the rounded maxi mum and m ni mum counts of adu.lt
birds at the five colonies we nonitored in Norten Sound
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Table 4. Bird populations at colonies in Norton Sound, 1977.

Maxi mum and m nunum censuses and estimates shown for five localities.

535

Sl edge Topkok Bluff Square Rocky
Island Head Ciffs Rock Poi nt
Pel agi ¢ 310 - 292 - 108 - 650 -
Cor nor ant 500 331 170 920
70 nests 140 nests 70 nests 250 nest s
G aucous i 130 97 - 18 - 250
Gull 185 24
2nests 22 nests 30 nests 9 nests
Bl ack- | egged 400 - 6000 -
Kittiwake 750 8700 1210
2750 - 28,400 -
M 1
urres 6300 48. 900 7600
% Cormmon 85% 99% 100%(?)
Pi geon
Qui | | enot 7 13 2
Horned Puffin 53 115 - 813 - 400 130 -
230 1312 210
Tufted Puffin 3 11 - 6 4
31
Table 5.  Conparison of Murre numbers, 1975-1977.
1975 1976 1977
Bl uff high count 90,000 56,000 62, 000
breedi ng pairs 25, 000 13,000 20, 000
Squar e Rock 6200 4000 7600
Sl edge |sl and 2300 2900 2800 - 6000
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Significance of year—to-year variation in murre nunbers

Table 5 shows a conparison between estimtes of the nunmbers of
murres at Bluff, Square Rock and at Sledge Island for 1975, 1976 and
1977. An increase in nunbers is indicated from 1976 to 1977 at al
three places, ranging from 10-52% nore birds. This change is interest-
ing in that it suggests that total nunbers may correlate with repro-
ductive success. The highest nunbers and figures of reproductive
success occurred in 1975. Both were much Iower in 1976, and in 1977
both increased again, although not to the levels seen in 1975.

2. Reproduction and Variation in Nunbers

Bluff iffs
a. Black-legged Kittiwakes

Estimates of Nunbers

Table 6 shows the results of our three boat censuses of Kkittiwakes
at Bluff and the correction for the daily variation in nunmbers to show
the possible nmaxi mum nunber of birds. The number present in 1977 was
about the same as 1976. W presume the increase in the August count
(which occurred in counts at study sites as well) reflects an influx
of younger birds comng to the colony ( cf. Coulson & White 1958).

Daily Attendance at the diffs

The results of our 24-hour counts are shown in Figure 4. W
conclude fromthese data that the daily schedule of kittiwakes varied
over the course of the season, and that the schedule was different
between. Square Rock and the Bluff Ciffs. W should test in future
seasons Wwhether the variation is the same from year-to-year. How
ever, we have indications, discussed below, that sone of the changes
in the kittiwakes' attendance pattern are correlated with events
surrounding the poor reproductive success.

The percent fluctuation in the nunber of birds present over the
course of a day was |ower during egg-laying but increased again in
md and late July, to reflect departure of a large percentage of the
birds during the night hours. There is sone effect of the increasing
amount of darkness on the ability of an observer to count all of the
birds on the cliff, which mght make the number | ower, but neverthe-
less the drop in kittiwake nunbers at nighttine was dramatic, espec—
ially on 29-30 July. During that count, only 10% of the highest
count at study site 15 was present at 01:00. we checked the kittiwake
map zrea at study site 14 at the same time, and found that only three
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Table 6. Estinmates of total nunbers of Black-legged Kittiwakes, Bl uff 1977.

(counts made froma boat passing in front of the cliffs)

Section of 7 July 29 July 19 August
aiff max. mn. max. mn. max. mn.
A tocC 1440 1270 1800 1080 1775 1600
C to D 1370 1300 1700 1500 1670 1575
D to E 550 540 800 790 1310 930
E to F 950 890 980 760 1420 1300
FtoG 520 440 650 610 740 690
G to H 300 280 210 160 440 360
H to I 750 571 966 856 950 870
I to J 150 120 280 270 280 260
TOTAL 6030 6011 7386 6026 8585 7555
(Ato J)
Percent on 100% 86% 99%
cliff*
CORRECTED 6030 6011 8588 7007 8672 7631

* at same time during nearest 24-hour count
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Number of birds and pairs

Figure 4.  Twenty-four hour counts = Kittiwakes
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Figure 4 (cont.). Twenty-four hour counts — Kittiwakes
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birds were present out of a normal count of 40. By 02:30 there was
a visible stream of kittiwakes coming in tothe cliffs from al
directions. By 05:00 nunbers had built to a first peak, yet the
maxi mum nunber of birds present at the end of the count at 11:00
was only 60% of the number at the beginning of the count.

Reproductive Success

The 1977 season was another poor one for Black-1egged Kittiwakes
at Bluff, although not as poor as the near total failure in 1976
We have analysed the events surrounding the reproductive season, and
believe we have identified a period of stress simlar to, but |ess
severe than the one that evidently occurred in 1976.

The reproductive season consists of a series of events during
any of which a disruption nay depress total breeding success. The
events that we consider are: how many birds cone to the cliffs and
how many build nests in tinme for themto be productive; how nany
eggs are laid and when, how many hatch, when are eggs |ost; and,
finally, how many chicks fledge. In our detailed study we are able
to show when a disruption occurred and to speculate as to what
environmental event at sea might have affected the kittiwakes.
These' data ultimately are useful in determining what changes in kitti-
wake popul ation size and reproductive success nean as indicators of
events in the marine ecosystem

(i) Significance of Nest Site "Status

This year, part of our data are on nest-building and the physica
status of a nest site, which we use as indirect indicators of the
| evel of reproductive effort. W have given special attention to
territorial establishment and nest-building because a |arge percent-
age of the birds we have studies have not “progressed” beyond that
stage of the reproductive cycle. We know from our own observations
from ot her kittiwake studies (cf. Coulson & Wite 1956) , and from
studies of other gulls, that nest-building occurs late in the court-
ship sequence, primarily after copulation (we have seen pairs copu-
lating on bare rock |edges before any nest material was placed on the
site) . Building activity then indicates at |east that the site has
a pair on it. The largest burst of building on a site general ly
pccurs just before an egg is laid: therefore, building activity is
gn indication of a high level of motivation on the part of the occu-
pants to reproduce. Figure 5 shows the percent of all sites that were
i nproved during the season. The first peak in building occurred just
before the peak of laying. The seccnd peak, in August, occurred
foll owi ng the occupation of new sites and reoccupation of sites that
had been attended earlier in the season and then abandoned
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Fipure 5. Nest-building activitv in Black-lepped Kittiwakes.
Percent of Type 2 nest sites at five study arcas recciving
newnest mat.trial.
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At the Dbeginning of the season, sone kittiwake sites are
bare rock roosts, while others have old pads of nest material
froma previous season. W found that only nine of the
55 sites that received eggs (17%) originated as
rock roosts. There are two possible reasons: an old pad may indicate
that the site is physically stable, by virtue. of the persistence
of material on it; and/or, old pads nmay be occupied by ol der, nore
experienced birds. Sonme rock roosts are obviously inferior sites
(e.g., on seaward-sloping |edges, or loose dirt or unstable boul ders)
and many are not built on until late in the season

For the purpcse of a detailed estimate of degrees of reproductive
success, we have defined three” types of sites we think indicate three
parts of the breeding population. This analysis can be used only
when observations are nmade throughout the season. Future investigators
may want to see if the percentage of each type of site is different
in years when kittiwakes are more or |ess productive. W have excluded
fromthis analysis sites that we saw occupied infrequently. These
sites may have been used by loafing birds or birds prospecting for a
site.

Type 1. Sites inproved on or before the peak of laying should
indicate all those pairs that were both highly notivated and on
schedul e so as to have a chance at being productive.

Type 2. Al inproved sites includes those devel oped late in the
season. This nunmber is biologically significant, in that it includes
all those sites occupied by birds that were definitely paired, and
where the pair was highly enough notivated as to build or begin
building a nest even though they may not succeed in reproducing.
Additionally, this nunber should be close to the number of “nests”
that one would count when sanpling reproductive success from the top
of the cliff or froma boat in |ate August or early Septenber.

Type 3. Al regularly attended sites includes the sites that
were attended on at least half of our visits, but npt inproved, including
those seen occupied only by single birds. Few other studies of sea-
bird reproduction try to include these birds, but we feel the per-
sistent attenders at the cliff should be noted.

Qur main argument for this analysis is that there is no single
figure for reproductive success; and that the figure arrived at is
affected by how we define what we are neasuring and with what part of
the popul ation we are concerned.

(ii) Reproductive Data

Table 7 shows data for reproductive success as obtained at seven
study sites along the Bluff diffs, study site 19 on the cliffs oppo-
site Square Rock, and a section of the north side of Square Rock.
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Table 7. Reproduction of Black-1egged Kittiwakes at Bluff and Square Rock,

1977.
St udy
Area Square All
Bluff diffs 19 Rock Sites
Type 1. Sites im
proved on or be-
fore peak of |ay- 152 20 27 199
ing
Type 2. Al improv- 215 32 32 279
ed sites.
Type 3. All regu-
larly attended 234 34 32 300
sites.
eggs 64 13 26 103
cl utches 55 10 21 86
chi cks 18 1 15 34
br oods 17 1 14 32
fledglings* 12 0 15 27
br oods 11 0 14 25
eggs/ cl utches per 1. .42/ . 36 . 65/.50 .96/.78 .52/ .53
2. . 30/.26 .41/ .31 .81/ .66 .37/.31
3. L2710 .24 .38/.29 .81/ .66 .34/.29
chi cks/ broods per 1. .12/ 11 .05 .56/ .52 .17/. 16
2. .08/.08 .03 L4T71. 44 .12/ .11
3. .05/.05 .03 47144 J11/.11
fl edglings
giing o 1. wwy 07 0 56/.52 14/ 13
br oods /
2t 06/.05 0 L47]. 44 .10/. 09
3. .05/.05 0 47144 .09/.08
chi cks per egg .28 .08 .58 .33
fledglings per egg .18 0 .58 .26
fledglings per chick .67 0 1.0 .79
avg. clutch size 1.16 1.30 1.24 1.20
avg. brood size 1.06 1.00 1.07 1.06

(at hatching)

+ fledglings per Type 2 site is figure conparable with usual .'chicks. per nest"
* nunber of fledglings is the nunber of chicks known to have fledged or still
in their nests as of 11 Septenber.
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Table 8. Reproductive success of Black-1egged Kittiwakes as neasured in

| arge sample counts of nests and chicks,

no. nests*

sanmpl ed

no. chicks:
broods

chi cks/ broods
per nest

Bl uff Ccliffs

3 Septenber 1977.

bet ween bet ween Square Rock and All
D and G Hand J study area 19 areas
705 514 138 1357
72 61 32. 165

72 60 31 163
»10 12 .23/.22 012
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On 3 Septenber we wal ked nost of the length of the cliff at the crest.
At each place where we coul d see a sanple of 25 or nore nests we
stopped and counted the “nests” andnestlings visible. Table 8 shows
the results of this sanple.

In 1975, we estinmated .48 chicks produced per nest at Bluff,
and in 1976, .02 chicks per nrest. In 1977, .08 chicks were produced
per inproved kittiwake site at Bluff Ciffs, and .12 at Bluff and
Square Rock combined. Thus the 1977 season was about four or five
times more productive than 1976, but still only one fourth or one
fifth as proactive as 1975.

The difference in success between Square Rock and Bluff Ciffs
i s conspicuous and apparently inexplicable. Egg laying and hatching
success per nest at Square Rock were about twice that at Bluff, and
fl edgi ng success three to four tines higher. Study site 19, on the
cliffs next to Square Rock, had egg production higher than did Bl uff
Ciffs. However, high egg nortality caused total reproductive
failure.

In Table 8, the fledging figure is lower than in Table 7 because
the sanmple includes sites outside of those that were followed during
the season, but the total figure for Square Rock and site 19 conbi ned
is the same as that obtained over the season for Type 2 sites. The
north-facing side of Square Rock that we studied is presumably shel-
tered fromthe effects of bad weather, which cones prinarily from
the southeast. However, two sheltered north-facing areas at Bl uff,
the “Rope Stack” and “Thunb Stack”, produced .07 and .10 chi cks per
nest respectively, so it does net seemthat shelter was the main
factor that increased success at Square Rock.

The productivity figure for Bluff diffs fromour larger sanple
in Table 8 is higher than the one obtained at study sites over the
season, and the difference is not ascribable to chick nortality
(recorded at study sites) after the sweep sanple of the entire cliff
was taken. However, +the figure for Square Rock and site 19 was the
same as that for Type 2 sites over the season, and the figure for
Bluff cliffs and Square Rock combined is between the figures obtained
for Types 1 and 2 sites. W conclude that sanples taken from the
top of the cliff at the end of the season will yield estinmtes of
reproductive success which are probably as representative of the
cliff as a whole as are study sites,

Al though egg production at Bluff was |ower than it nust have
been in 1975, it was considerably higher than in 1976. The major
cause of failure =zppears not to have been in egg production, but in
egg nortality, as only one third of all eggs laid ever hatched. In
the next section, we present the data on phenology of the season
and following that we postulate a mechani sm and a cause of the
| owered reproduction

545



18

Phonol ogi cal Events Relating to Lowered Reproduction

(i) Laying and Hatching

The number of eggs laid and the number of chicks hatched at
Bl uff and Square Rock are graphed for four—day periods in Figure 6.

In cases where we could not obtain an exact laying date, and the
egg eventual |y hatched, we extrapolated a laying date by calculating
back fromthe hatching date. We used 27 days as the standard incuba-
tion period. On several eggs that we followed fromlaying to hatching
the period was 26 to 28 days (the variation may be because we visit
the sites every other day), and Coulson and Wite (1958) reported an
average incubation period of 27.3 days.

The shapes of the curves reflect the nornal dis-
tribution we would expect, which is in distinct contrast to the
layi ng curve obtained in 1976 at Bluff Ciffs, which peaked nornally
but then plumeted abruptly (Figure 7). Too few chicks hatched in
1976 to make a useful graph

“(ii) Changes in Numbers-of Adults in the Course of the Season.

In Figure 8 we have graphed the totals of adults at five
study sites as a percentage of the sum of the high counts for the
season at those sites, over four-day periods. This technique enables
us to show general trends in the mean nunmber of kittiwakes present
wi thout the inevitable “noise” in the raw data, and allows us to use
data for days when not all the study sites were counted.

There was a first peak in attendance at about the peak of |[aying,
but then a gradual decline to a |ow point between 18 and 25 July.
Attendance then increased to a new high point in early to m d-August,
when renewed nest-building occurred. In Figure 9 we show the sane
information for 1976. A simlar drop in attendance occurred then,
only the decline in nunbers was earlier, nore rapid and deeper. This
correlates with ‘“the rapid drop in egg-laying that occurred in 1976

(iii) COccupation of Nest Sites Over the Season.

In Figure 10 we show the percentage of kittiwake nest sites in
our map areas that were occupied by days during the 1977 season.
These data have been corrected to reflect the maxi num percentage of
attendance recorded in the closest 24-hour count. In sone cases the
correction factor resulted in a figure greater than all the sites we
know to have been occupied at the study area: such cases are shown as
100% attendance. The' graph shows a conspicuous period of abandonnent
between 18 and 26 July at Bluff Ciffs and study site 19, but at
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Figure 6 Egg | ayi ng and hatching of Bl ack-legged Kittiwakes;
Bluff diffs and Square Rock, 1977.
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kgglaying of Black-legged Kittiwakes; Bluff Ciffs, 1976.
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Figure 8. Variation in numbers of Black-legped Kittiwakes at the Bluff Cliffs, 1977.

Mean numbers of adult kittiwakes at five study areas, shown

as a percentage of the s highest counts.
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Figure 9. Variation in numbers of kittiwakes at Bluff Cliffs 1976
Data shown as in Figure 8.
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Figure 10. Attendance at nest sites by kittiwakes.

Percent of Type 2 sites occupied by one

or two birds each day,

corrected to 24-
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Square Rock, the nost productive of our sites, attendance never
dropped bel ow 80% and stayed at 100% during the tines when ot her
sites were being abandoned. It appears that not only did birds |eave
the cliffs whose reproductive efforts had already failed, but some
birds which still had eggs also did so. This does not help us to
explain -why the Square Rock site was not disrupted as the others were.

(iv) Egg Mortality and Events Surrounding Failed Eggs.

Egg nortality at Bluff and Square Rock is shown in Figure 11 as
a proportion of all the eggs present at the study sites. The daily
percent nmortality is greatest between 13 and 24 July. The data for
1976 (Figure 12) al so shows a peak of mortality in this period, but
al so severe early nortality and even nore severe nortality at the
peak. The times of nortality coincide with the times of |ower
attendance at-the cliffs in both years.

These data indicate that many nests with eggs apparently were
abandoned.  Abandonment of a nest also gave G aucous Gulls and Ravens
opportunities to take the eggs. O 51 nests that |ost eggs, 15%
were seen unattended before the egg was |ost, 27% were unattended at
the time the loss was noted, and 35% were unattended on at |east two
of our next four visits to the site and frequently for several visits
afterward. Fifty-five percent of nests that |ost eggs were seen to
be physically deteriorated whether or not they were seen unattended.
Physical deterioration of a site suggests that material has been
stolen fromit, which occurs to nmpbst sites when they are rot occupied.
We have observed a kittiwake stealing material froma nest with an
egg in it while the nest was not attended. The kittiwake doing the
pilfering repeatedly stepped on the egg and occasionally bunped it.
The egg was missing at our next visit, but the pilfering continued.
On the visit after that, all material was gone fromthe site.

The data indicate that there was a period (presumably of stress)
during mid to late July which caused the kittiwakes tenporarily to
abandon their sites, including some with eggs. High egg nortality
in this period appears to have depressed reproductive success in a
major way. W do not know why birds on the north side of Square
Rock were not affected simlarly.

Feedi ng Behavi or and Food Sources

The following data are what we observed fromland, and are
prelimnary, because we did not make observations of birds at sea.

Throughout the season we saw mélées of feeding kittiwakes. During
t hese observations, we were able to define three types of feeding
behavior: “-""one in which the birds swimon the surface of the water and
peck at the surface shallowy; a second in which they land gently on
their breasts and upper bellies in the water and peck bel ow the surface,
sometimes subnerging their entire head, then flutter up out of the
wat er and repeat the action; and a third, in which they make tern-1like
dives below the surface fromsix or nore feet above the surface of the
wat er .
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Number of €eggs

Figure 11. Number of kittiwake eggs present and amount of nortality,

BrU Ccliffs—and sSquar e Rock, 1977,
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Table 9.

JUNE

JULY

AUGUST

SEPT.

Summary of Bl ack-1egged Kittiwake feedi ng behavior -observed near Bluff diffs during

the sunmmer of 1977,

First Wek Second Week

Third Week Fourth Week

Infreq. i N groups

of 50-100 with Glau-
cous Gulls, taking

2 to 8 in. fish, some
Eleginus. Dive from

air.
one melee of 400 G oups 100-200 feed
birds with Glau~ using shal | ow dabs
cous Qulls, take at surface.
4 in. fish.
Chicks fed awo Frequent melees 100-
dytes. Goup of 500 birds making shal-
100 adul ts seen | ow and deep dives.
meki ng shal | ow School s of Ammdyt es
dives apparently Moving 1nto
vicinity.

One nelee of 75
kittiwakes naking
deep dives.

Infreq. in mxed G oups 100-300 feed

groups. Dive from on surface or make

air. shal | ow dunks - food
too small to see (snall
crustacea? )

Continued i nfrequent
mel ees taking indiscern-
ible food by shallow dabs.

Massive schools of  Melees over Ammodytes
Amodytes visible  school s contT'_nﬁ,_lbe_-
close to cliffs. come smaller, fever,
School s often close ppre dispersed.

to surface allow

ing kittiwakes to

catch multiple fish

at surface. Frequent

si mul t aneous nel ees

of 100 birds each

along entire length

of cliffs.
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Qur observation of feeding mél€es are summarized in Table 9.
Alnost all of these feeding bouts occurred within a nile of the shore.
Apparently, the mixed aggregations we saw in early and m d-June were
feeding on schools possibly of Saffron Cod (Eleginus), small trout,
and young salnon. In July, the food used was crustaceans judging
from the feeding behavior used (predominantly the first nmethod des-
cribed above and occasionally the second).

CQur watches indicated that rates of feeding varied wdely during
the season. On 29 July, concurrent with a 24-hour count, we observed
a chick in a nest at study site 14 for about 45 minutes out of every
hour. W did not see it fed once during the entire day, even though
an adult was present nost of the time, and there were several changes
of adults. However, on 2 and 4 August we observed three nests with
chicks at study site 17, and saw them fed several timec.

At all tines when the food exchanged has been identifiable, it
consi sted of small Sand Launce (Ammodytes). Apparently, Amodytes
began to nove into the waters off Bluff Giffs in early August.

W saw groups of diving kittiwakes m xed with »uffins and murres on

5 August. On 13 August there were large m&l&es visible “everywhere”.
This period of abundant food reached its peak between 21 and 24
August, when schools of Ammodytes of 10 nfor greater in surface

Size were swinming within a quarter of a mle of the cliffs, and some
al ong the base of the cliffs. Murres and puffins attacked these
school s from underneath, which may have driven sone of the fish close
to the surface, as the kittiwakes frequently caught nore than one
fish in single shallow stabs. These Amodytes were nostly one and
one half inches |ong.

W believe as we have said before that the phenology and abun-
dance of Ammodytes may be critical to the reproduction of kittiwakes
in the northern Bering Sea area, but there is an unfortunate dearth
of information on the biology of this nmajor marine resource

h. Common and Thick-billed Murres

Esti mates of Nunbers

Table 10 shows the results of the four cliff
counts made at Blutf in 1977. A correction factor derived fromthe
nearest 24 hour count (see Methods) was applied to the cliff counts
to get an estimate of the total population. Table 11 shows the results
of the three censuses done at Sguare Rock, and those done at Sl edge
Island. The first estimate at Sledge is probably high; the second
is closer to, although still higher than, the 1976 estimates which
were about 1500 birds. The count made at Sl edge in August of about
3000 birds, is close to the estimtes nade before 1975 by menbers of
the Al aska Departnent of Fish and Gane.
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Table 10. Estimates of total Murre nunbers at Bluff, 1977.
(counts made from a boat passing in front of the cliffs)
Section of June 28th July 7th July 29th August 19th
aiff max. mn. max. mn. max. mn.
A 1150 890 1570 940 1050 1020 1950
A to 5200 4460 7760 4170 6800 5050 5000
C to 14,600 9750 14,830 7670 15,600 10, 600 11, 875
D to 4340 3180 3688 2890 4580 4200 4220
E to 5660 4820 5320 4900 7260 5380 6040
F to 2360 1530 1965 1635 2670 1960 1355
G to 2090 1510 2480 1930 2490 1750 2060
H to 5480 2720 4290 3830 4300 2820 3240
| to J* 485 450 560 430 495 554 370
TOTAL 41, 365 29,400 42,500 28, 400 45, 250 33, 250 36, 100
(A to J)
Percent on
cliff * 87% 95% 88% 100%
CORRECTED
TOTAL 47, 545 33,800 44,736 29,900 62,132 48, 900 36, 100

* at sane time during nearest 24-hour count
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Table 11. Murre

Squar e Rock*

May 22

June 4

August 19

Sl edge Island
June 21-24
August 23

o
w

Direct counts

censuses — Square Rock and Sl edge

3,330
4,800

7,600

6000°

28007 %

"Hi gh count rounded off

& &

Di rect count
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The highest counts of murres occurred twice during the 1977
season. On 21 May 61,900 murres were counted in the leads in front
of the Bluff Ciffs. Again on 29 Jguly a cliff count yielded 62,000
birds. These figures support the observation also made in 1976 (see
p.40 of the report for the 76 field season), that most of the birds
associated with the golony arrive early, and that nany | eave before
the breeding season starts, to return later in the season.

We have no data on the total nunbers of Thick-billed Murres at
the Bluff diffs as they are inpossible to distinguish from Comnon
Murres When counting from the base of the cliff in a small boat.

The percentage of Thick-bills is very small, however; it is probably
l ess than 1%.

Daily Activity Patterns

The changing patterns of daily attendance at the cliffs were
observed in the course of the 24 hour counts. These were done six
times during the 1977 seascn at 10 day to two week intervals. Two
different sites were used, Sites 14/15 at the Bluff diffs, and
Site 19 and Square Rock. Fading light made it inpractical to con-
tinue these counts past early August. The graphed results of the
24 hour counts of murres at Study Sites 14-15 and Square Rock are
shown in Figure 13.

Early in the season (mid-June), the attendance patterns at
Sites 14/15 and contrasted sharply with those at Site 19 and
Square Rock. At 14/15, murres Were present on the cliffs all night
and in the very early norning and |late evening (peaking at 0400 and
2300), and were all gone in the niddle of the day (from1lloo to
1700) . At Square Rock, murres were present on the cliffs nost of
the day but were all gone in the very early norning (0100 - 0500).
At this early part of the season the changes in nunbers occurred
rapidly, and during certain portions of the day, all the birds left
the cliff, Fighting and territorial defense behavior occurred when
the birds were on the cliff, but this was apparently not yet a full=
time commitnent.

After egg-laying began, conplete desertion of the cliff no
| onger occurred. The variation in nunmbers dropped to 40-60% in late
June and early July. Presunably the birds were remaining to protect
their territories and eggs. Also, the patterns of attendance at the
two count areas becanme simlar with a majority of birds present gn
the cliff in the early norning [from 0400 to 0800), and evening
(0800-1200). The birds left the cliff at night, (wth nunbers de-
creasing after 2000, and increasing after 0100), and again at nidday.
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Fi gure 13.
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Figure 13 (cont.). Twenty-four-hour counts — Murres
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The changes in nunbers did not occur as abruptly as they did earlier
in the season. The variation in nunbers remained near 40-50% in

md and late July, but decreased to 15-30%in early August. This may
be due to an influx of young birds"prospecting"for future nesting
sites.

Seasonal Variation in Attendance

Seasonal variation in attendance of Conmon and Thick-billed
Mirres at the cliffs is shown in Figure 14. The variation is shown
as a percent of the season’s high counts at several study sites.

The pattern of variation is simlar in the two species. There was
a first, low peak in nunmbers in mid-June, when 40-55% of the maxi num
popul ation of birds were on the cliffs. In late June nunbers
decreased and only 20-30% of the birds were present. At the peak of
| ayi ng, about 7-11 July, 70% of the population was present. This
figure probably represents those birds nost highly notivated to a
reproductive effort, i.e. the “breeding population”. Total nunbers
increased slightly after the laying peak until maximm nunbers were
reached in md to late August. These |ate season increases were

due to the arrival of young birds breeding for the
first time, and then due to the arrival of nonbreeding young birds
prospecting for future sites. Nunmbers declined after the third week
ih August as chicks began to depart along with the breeding and non-
breeding adults. By the tine we left Bluff on 12 Septenber, the
cliffs were 99% enpty of Murres.

Repr oductive Schedul e

Arrival and Early COccupation of the Ciffs — \Wen we flewin to
Bluff "on 21 Nay, we counted 30-40,000 murres on the water. a count
fromthe top of the cliff yielded a total of 62,000 murres on the
water. The birds were flocking at the base of the cliffs; some were
flying to and fromthe cliffs, however those that |anded did not
remain long and were very easily scared off. Some fighting and cop-
ulations were noted anmong birds on the cliff.

At 1000 on 22 May, nurres were seen flying en nasse to Square
Rock which they occupied until 2i00, when all left. These changes
approximate the pattern of daily activity shown by the 24 hour count
made in the mddl e of June.

On 23 May no murres were seen at Bluff or at Square Rock all
day, which suggests that their ties to the cliffs were still rather
| oose.

On 24 May at 1045 nurres were present in the lead in front of

the cliffs, but were not hugging the inshore edge. At 1930 a count
was made of 2600 murres on the water in front of the Bluff Ciffs.
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Figure 14.
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Birds started “flying in thousands” to the Bluff Cliffs at about 2000,
(which is approximately when they were seen | eaving Square Rock on

22 May). A total count of 12,000 birds on the water was made at this
time,

A count at 0645 on 25 May showed about 17,000 birds present on
the water near the Bluff diffs. very few birds were actually on the
cliffs at this time. A count made fromthe air on 2 June at 1820
yielded the simlar figure of 19,000 birds.

The high count of 21 May was not repeated until the end of July,
suggesting that nany (nonbreedin,g)birds arrive early along with those
that are going to breed, and that the nonbreeders |eave before egg
| ayi ng begins and return later in the summer.

These early observations, and the 24 hour count of 14 June show
that the patterns of attendance at the Bluff Ciffs and at Square Rock
were, at this time, nearly opposite even though they are within three
mles of one nother. This suggests that they exist (to sone ex-
tent) as separate col onies.

Layi ng and Hatching - Figure 15 shows the reproductive schedul es
of Common and Thick-billed Murres. These data come from the |edges
at which murres were individually mapped. Since it often takes many
hours of observation to deternine whether a nurre in an incubating
posture actually has an egg, the first sightings of eggs were usually
|ater than the actual laying dates. Qur data on hatching and departure
dates is much nore reliable. We therefore calculated the laying curve
from these, using Tuck’s (1960) figure of 33 days as the length of the
average incubation period. The calculated |aying curve corresponded
closely to the curve derived from observed |aying dates which were
known to be accurate. (See figure 16)

The first egg Shells were seen on 21 June near a Raven's nest.
Eggs were seen on tae top of Square Rock on 22 June. These were
heavily preyed upon by G aucous @Qulls and Ravens. The earliest eggs
are particularly vulnerable to predation because the majority of birds
without eggs were easy to flush fromthe |edges, leaving the few with
eggs nmore open to attack. The peak of laying occurred from 7-10 July
for Common Murres.

Qur sanple size for the laying period of Thick-billed Murres was
smal|l (a total of 33 eggs were mapped at two sites), but within this
sanple the laying peak occurred from 15-18 July. W saw new eggs
until the nmiddle of August; however these |ate eggs al nobst certainly
failed to hatch.
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Figure 15. Reproductive schedule - Common and Thick-billed Murres.
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Figure 16. Calcul ated versus observed |aying dates - Commbn Murres.
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The first chicks were seen on 30 July at Square Rock, and on 3
August in the map areas at the Bluff Ciffs. The reproductive schedule
of the murres at Square Rock seemed to be consistently a few days
ahead of the birds at the Bluff diffs; further evidence that they
exi st as separate colonies. The peak of hatching occurred from 8-12
August for Common Murres, and (in our small sanmple) from 16-20 Aug-
ust for Thick-billed Murres. Hatching continued until 28 August, wth
the exception of one or two very late chicks (which failed to survive)
that didn't hatch until the first week of Septenber.

Fl edging of Chicks - Departure dates are probably the nost
reliable data we have for the murre breeding schedul es, because as
the chicks get larger and nearer to junping age, they nove around
more and often stand away from the parent naking them easier to keep
track of. On the map areas, we usually knew to within a day or so
when each chick disappeared, and whether it was old enough to have
jumped. We used Tuck's (1960) estimate of 18-25 days as the average
age of chicks old enough to leave the cliffs. Chicks that were known
to be less than 18 days or which still |ooked very small and i mmature
when they disappeared were assumed to have been lost. Those ol der
than 18 days were assumed to have fledged successfully.

The first Common Mmurre chicks junped on 20 August, and the peak
of jumping occurred from 1-5 Septenber; nost of the chicks junped
after 24 August. The first Thick-billed Murre chick also junped on
20 August, and their peak also occurred from 1-5 Septenber. These
data on departure dates suggest that the Common Murre and Thick-billed
Murre schedul es corresponded rather nore closely than the data on
laying and hatching would indicate, but the sample may be too snall
to be truly representative.

A few days prior to jumping frecmthe cliff, chicks would begin
to stand apart fromtheir parents. Junping usually started just
after dusk and would continue into the darkness. The chicks are very
vul nerabl e to predation at this tine; the darkness affords them sone

measure of protection

Large groups of adults congregate at the base of the cliffs when
the chicks are ready to junp. One adult usually acconpanies each
chick as it makes its. junp, and it is surrounded by many adults after
it hits the water, presumably providing nore protection from predators,
The chick and a group of adults then begin to nmove directly out to sea.
Chicks were sonetines seen in the water at the base of the cliffs
surrounded by adults during the daytime; they apparently also junmp in
the daylight although they are nuch nmore vul nerable then

\ We left Bluff on 12 Septenber in 1977, and by this date, 99% of
the adults and chicks had left the cliffs.
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Identifiable Stages of Chick Devel opnent — We have recorded
the follow ng stages in the devel opment of murre chicks. At first
the young do not raise their heads and are a uniformy |eaden color
with speckles of white on the head and neck. Next the young birds
rai se their heads and stand up. At this tinme the head and neck are
covered with characteristically pointed feathers speckled with white
at the tip resenbling “pepper and salt”. Next the bird is much
larger, just less than half the length of the adult’'s white belly,
and shows a white chin, but the cheeks are still dark or “pepper
and salt". At the last stage before junping, the chick has a white
chin and "halfmoon'" white cheeks. It stands for hours at a tine
beside its parent and often can be heard peeping when fed. oOcca-
sionally it gives the ringing double note associated with a chick
which is just about to, or has,jumped fromthe | edge. Qur obser-
vations indicate that the first two stages occupy 8 or 9 dass and
so do the last two. The last stage may be quite prolonged in the case
of some chicks.

Late Season Territorial Activity — The anount of fighting among
murres appeared to decline after egg laying and incubation began
As new birds began to arrive in early August however, there seened
to be a resurgence of fighting. These incoming birds were often seen
loitering on the cliffs, yet some were seen in the incubation posture.
Toward the end of August, fights were sonetinmes seen at reoccupied
sites after chicks had left.

Reproductive Success - Reproductive Success, for both Common
and Thick-billed Murres, was much higher in 1977 than in 1976. While
the deternination of the reproductive success of nurres is difficult,
by expanding our use of detailed mapping of murre | edges (see descrip-
tion of this method under “Methods”) this year we were able to get
much nore conplete data than we have had in the past. Al of the
cal cul ations of murre reproduction came from mapped areas.

W had eight murre map areas at the Bluff diffs in 1977, two
of which (at Study Sites 2 and 15) were only Thick-billed Murres.
There was a total of 184 Conmon Murre “sites” (places at which an
egg was seen on a |edge) and 33 Thick-billed Murre sites. (See Table
12). The map areas were chosen, and their boundaries determn ned
mainly by their visibility fromthe top of the cliff. The nost
reliable data come. fromthe small, narrow |ledges where it is much
easier for the observer to keep track of each bird, hence to check
whet her it has an egg or chick. The wider and nore crowded the | edge
the nore difficult the area is to map accurately. Qur results there-
fore, do not reflect differences in reproductive success that may be
caused by differences in ledge type. W suspect that such differ-
ences My exi st.
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Table 12. Nunmber of sites nobnitored within each Murre map area.
( Conmon

Study area durres)  Dumber of sites
1B 15
4 9
4B |eft 20
4B inside 26
10 82
12 32
Tot al 18—4—

(Thick-billed
Murres )
2 16
15 17
Tot al _Sé_

Table 13. Nunbers of “breeding” birds present at Murre map areas.

(probabl e nunber of hi ghest number of

Study area July 6-10 counts average “breeding” birds) i ncubators recorded
1B 35, 43, 56 45 40
4 27, 34, 44 35 17
4B left 40, 54 a7 26
4B inside 48, 53, 59 53 32
10 136, 135, 2. 41, 144 139 75
12 52, 51, 49 51 22
2 17, 15, 24 19 17
15 15,17,17,13 16 17
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The map areas at Stakes 2 and 15 were chosen for their high
concentration of Thick-billed murres. ComoDn murres were not included
in these nmaps although they were interspersed with the Thick-bills.
Thick-billed murres nest on small and narrow | edges, which makes them
relatively easy to map. So, although our sanple is small, it is
probably characteristic and fairly precise. W mapped and counted
Thick-billed nurres only where they were concentrated; thus our data
are not useful in determining the total population of Thick-bills.

The biological meaning of “incubating murres" is not yet clear.
We have found no very consistent relation between the nunber of
“incubators” and the nunmber of eggs actually present on the |edge.
Therefore, estimates of reproductive success for 1977 were not based
on the nunbers of birds in incubation posture (see discussion pp
26-27,57 of report for 1976 field season) present in murre count
areas, as was done in 1976.

The nunber of “breeding birds” at the cliffs is difficult to
deternmine due tc the presence at various tines of “loafing” birds
who do not seemto be involved in a breeding attenpt. We believe
that the level of commitnent of birds to a breeding effort is re-
fleeted in the strength of their attachment to the cliffs, as shown
by their defense of territories, naintenance of the incubating posture
and, of course, production of eggs and chicks. By “breeding birds”
we refer to those birds which have the highest level of attachnent
to a specific site on a ledge at the cliff. The reasoning is recog-
nizably circul ar.

In 1976, three possible neasures of the nunber of breeding pairs
were conpared and found to be in good agreement with each other.
These were 1) the average nunber of birds present on the cliffs in
late June (representing the birds attenpting to breed); 2) the nunber
of birds present at the peak of laying in late July;, and 3) the highest
nunbers of incubators recorded

It seens reasonable to assune that birds highly notivated to |ay
eggs will be present at the cliffs around the peak of laying. In
1976, al though egg-laying began in late June, the actual peak of |aying
did not occur until late July due to an interruption of the breeding
season (which happened around 8-11 July). The laying peak occurred
from 7-10 July in 1977. An average of the counts made at the nap
areas during this period gives a figure which we believe approxi mates
t he number of breeding birds, and which is conparable to the 1976
figures. Qur estimates of the numbers of breeding birds present at
each site are shown in Table 13. In five of the eight map areas, the
hi ghest count of birds in an incubating position is approximately 50%
of the average of the July 6-10 counts. This nmakes sense as only one
of a pair of murres car incubate at a tine, and the 6-10 July counts
are of nunbers of “breeding” “birds” (not pairs).
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Tabl e 14 shows the probable nunber of “breeding” birds at each
site, and the number of eggs observed, chicks hatched and chicks
fledged. Table 15 shows murre reproductive success for 1977.  Conmon
Murre reproductive success (chicks fledged per breeding pair) varied
from.14 to .53 according to the study site. It is difficult to tell
how nuch of the variation in success is due to the differences in
| edge type and it's suitability as a breeding ledge, or to differences
in our ability to measure reproductive success on these |edges. The
low figure of .14 occurred at Stake 4 where the mapped | edge was wide
and crowded, making it difficult to keep track of individual birds
eggs and chicks. (See disc. on p. 60 of report for 76 field season)

Qur figures for eggs produced per breeding pair are probably
| ow because on the nore crowded | edges sone of the eggs were nost
likely never seen. We have little data on egg | oss and repl acenent.

Compari sons of Reproductive Success in 1976 and 1977 are shown
in Table 16. Although our data from 1976 are much | ess precise sone
general conparisons between the years are possible. Qur estimtes
of eggs produced per breeding pair are sinmilar for 1976 and 1977,
however there is a large difference in the figures of eggs hatched/
eggs laid, and of chicks fledged/breeding pair between the years
The low figure of reproductive success in 1976 was therefore not due
to a failure to lay eggs. Qur data show that the interruption of
egg-laying in 1976 resulted in | ower hatching success. Although
simlar numbers of eggs were laid many of the eggs were laid nmuch
later in 1976. These late eggs had a |ower rate of hatching.

In 1977, 65-100% of the common murre eggs that were |aid, hatched
successfully at the different sites, average being 85%  This figure
is probably high, as it is certain that we nissed some eggs that were
| ost or replaced. O those chicks that hatched 82-100% f| edged success-
fully, averaging 87%

O the Thick-billed murre eggs laid, 69-91°4 (of those nonitored)
hatched. O these Thick-billed murre chicks .91-100% fl edged success-
fully.

As nentioned earlier, it is probable that we never saw a numnber
of eggs that were laid and lost or replaced. Table 17 summarizes
our egg loss data. Qur figure for percent of eggs lost is undoubtedly
low. The data we have adreuseful to sone extent though, in show ng
the degree to which egg-loss can be attributed to various factors.
Those eggs |ost whose “fates” we did not know were nost likely | ost
through either falling off the |edges or by predation. By “sterile”
eggs we nean those which continued to be incubated, but which did not
hatch until the adult finally gave up late in the season. Sone eggs
were not incubated; npbst of these were eventually taken by d aucous
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Table 14. Nunmbers of Eggs, chicks hatched and chicks fledged at Murre map areas.

Common Murres

Nunmber of Nunber of Nunber of
Study area eggs seen chi cks hatched chicks fledged
1B 15 14 14
4 9 b 5
4B left 20 20 20
4B inside 26 20 20
10 82 71 58
12 (32*) 32 27
Tot al 184 157 137

Thick-billed Mirres

2 16 11 10
15 17 15 15
Total s 33 26 25
Conmon Murres Thick=billed Mirres
Total éggs 184 33
Total chicks hatched 157 26
Total chicks fledged 137 25

* Eggs were not noted in this map area, chicks only were noted. This figure
represents the mninum nurber of eggs present.
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Table 15. Murre reproductive success

Cormon Murres

Nunber of Eggs/ Chi cks hatched/ Chicks fledged/

Study area “breeding” birds breeding pair breeding pair breeding pair

1B 45 .33 231 31

4 35 .26 17 .14

4B left 47 .43 .30 .28

4B i nsi de 53 .49 .38 . 38

10 139 .59 .51 , 42

12 51 (#) .63 .53
Tot al 370 .48 42 .37

Thi ck-bill ed Murres

2 19 .84 .58 .53
15 16 1.06 .94 .94
Tot al 35 .94 .12 .69
Comon Murres Thi ck=bi | | ed Murres
Hat ched/ | ai d -85 .76
Fl edged/ I ai d 74 .14
Fl edged/ hat ched .87 .96

* Eggs were not noted in this map area, chicks only were noted. This neans
that the figures for hatched/laid, and fledged/ laid may be slightly high.
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Table 16, Conparison of Murre reproductive success, 1976-1977.*

Common Murres 1976 1977
Eggs/ breeding pair 45— 47 .48
Chi cks fl edged/ breeding pair .06-.09 37
Eggs hatched/eggs laid .29-.48 .85

Thi ck-bi || ed Murres

Eggs/ breeding pair 1.05-1.137 .94
Chi cks fl edged/ breeding pair .29-.40 . 69
Eggs hatched/eggs laid . 26-. 37 .76

* Conparisons cannot be exact as the nethods and results from 1976 are |ess
precise than in 1977.

See p.g1-62 in 1976 report on egg replacenment for explanation of these figures.
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Table 17. Egg | oss summary.*

Total eggs observed 217 Fate unknown 9 (26%

(at map areas)
Never hatched (sterile) 5 (15%

Total eggs known | ost 34
Unincubated 6 (18%)

Percent egg | 0ss 16%
Preyed upon 2 (6%

Crushed (no chick seen) 2 (6%

Data from Murre maps only.

Figure 17. Dates of egg |oss.
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Table 18. Mirre chick |loss summary. -

Total chicks hatched 183 Age of “lost” chicks

1-6 days 7
Total chicks |ost 21 7-12 days 8
Percent chicks |ost 11% 13-18 days** 6

* Data form Murre map areas only.

*'” Chicks over 18 days assumed to have fledged successfully.
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@Qlls or Ravens., Sone apparently rolled into places which were
i naccessible for incubation by the adult, such as in a crack or
behi nd a rock

By far the heaviest egg loss occurred during the peak |aying
period, from 6-11 July. (See Figure 17) The data we have shows that
5 of the 12 eggs whose ‘ages’ when |ost are known, (42% were |ess
than 10 days ol d when they disappeared. Tuck’s (1960:153) findings
agree that egg loss is apt to be highest soon after the eggs are |aid.
He states that this is because eggs are often laid in precarious
positions, and because eggs stabilize as incubation progresses due
to movenent of the enbryo towards the small end of the egg. This
causes the radius of the circle in which the egg will roll if dis-
turbed to decrease.

Data on loss of chicks are summarized in Table 18. We assumed
that chicks which reached 18 days of age fledged successfully. Chick
| osses are mainly due to exposure, predation and falling off the
ledges. O the 183 chicks we nmonitored in our map areas, 21 were
| ost (or 11%). We know the fate of only 3 of these 21. Two were
seca dead on the |edge, possibly due to exposure or disease. These
chicks were both 18 days old. One chick was seen taken by a @ aucous
Gull. Seven, or 33% of the chicks lost were less than 6 days ol d.
According to Tuck (1960), chicks are npst vul nerable to exposure
during their first 6 days. O the chicks which died 38% were 7-12
days old, and 29% were 13-18 days old. After 30 August, the nunber
of birds left on the cliffs began to decline, |eaving the remaining
chicks without the protection of many other birds. Chicks remaining
|ate in the season are nore vulnerable to predation. Six chicks
which were not from a mapped area, were seen (dead) on the beach
above the high tide mark on 29 August. They were eventual ly taken by
G aucous @ulls.

If 50% of the breeding pairs produced eggs, and there were
approxi mately 20,000 breeding pairs at the Bluff diffs in 1977, then
about 10,000 eggs could have been laid at the cliffs. According to
our data about 42% of these eggs hatched, naybe 4,200 chicks,and of
t hese maybe 3,700 fledged.

Feedi ng Behavi or and Food Sources

Qur data on food sources of murres is again limted but it indi-
cates that prickleback (Lumpenus) is by far the primary food brought
to chicks on the | edges. HMurres are seen also with Sand Launce
(Ammodytes), With a fish that was probably Saffron Cod, and with a
species of Herring.
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We often saw adult murres bringing fish to the cliffs in their
bills. They would either swallow these fish or feed themto a nate
or chick after a long period of standing beside their mate, bow ng
and | ooking away. Oten the fish were left lying on the |edges
Murres bringing in a fish would sonetines be attacked bv another

murre attenpting to steal it.
Several times adults were seen attenmpting to feed a chick

that we knew had been lost. The adult would poke the fish down in front
of another bird in an incubation posture, but would sooner or |ater
usual ly drop the fish. This suggests that the parent had fed itself
fully before bringing load to the young

We saw nmurres, usually in small nunbers, feeding in association
with kittiwakes and puffins in “feeding méiges'". It was usually
not possible to tell what sort of small fish the birds were feeding
on, though they were probably Sand Launce (Amodytes). These '"mélé&es"
were observed at the base of the cliffs and as far as 1 or 2 mles
of f shore.

c. Qher Species

Pelagic Cornorant and G aucous Gull

The reproductive success of these two species is sunmmarized
in Table 19. Their approximate breedi ng phenologv at Bluff is shown
in Figure 18.

We followed five of 22 nests of cornmobrants to positive fledging.
The others were checked until the chicks were well developed. The
figure for fledgings in the first colum of Table 19 is for those
that positively fledged; the figure in the second colum, is for the
nunber of chicks seen at the last visiit; we are assuming that these
chi cks fledged.

In the case of daucous Qulls, it was inpossible to see some
clutches because of obscured vision. The figure for eggs per nest
is determned from known clutches and by assuming that the nunber
of chicks that hatched in the other nests was equal to the nunber
of eggs. In the second colum, the fledging rate is calculated for
all nests, including those that did not hatch, for which clutch

sizes aren’t known.

The inpact of d aucous Gulls as predators is discussed in the
section on predators bel ow.
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Table 19. Reproduction of Pelagic Cornorants and d aucous Qulls at Bluff

Adiffs,

d aucous Gullx
Pel agi ¢ Square
Cor nor ant Bluff Rock All
prod. al | prod. _all prod. al |

no. nests 22 6 13 5 9 11 21
moni t or ed
eggs/ nest 3.55 1.30
chi cks/ egg .78 77
chi cks/ nest 2.77 1.66 .92 2.2 1.22 1.91 1. 05
fl edge/ egg . 67 .54
f 1 edge/ chi ck . 86 .70 . 66 .72 73 .71 .70
fledge/nest 2.41 1.16 .62 1.6 .89 1. 36 .13

*Data for

and al |

whose clutch sizes are known,

Clutch
Si ze

d aucous gulls i S separated by the nests that produced chicks

nests that produced eggs for which clutch sizes are not known.
Eggs per nest and chicks and fledglings per egg are shown for those nests

no.

Pel agi ¢ Cor nor ant

1

1

and assuni ng.

the nunber
nests with clutch

d aucous @l |

hatched = clutch size.

The assunption that the nunber of chicks hatched = clutch size

is arbitrary but nay be nisleading.

. , Am)n? ge
50% nortality occurs clueing a ten day perio

hat chi ng.
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Fi gure 18. Breedi ng phenclogy of Pelagic Cornorants and @ aucous
Qulls at Bluff, 1977.
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Horned Puffin

Figure 19 shows the number of puffins counted from day to day
at five study sites as a percent of the highest nunber counted at

those stakes. It has been our experience at every colony we have
worked in that the nunber of puffins from dav to day and between
weeks fluctuates widely. we have found that

in general an on-shore wind will bring nmore puffins to the cliffs,
but this is not always the case. W believe that npst of these
birds are nonbreeders, since they have no particul ar persistence
at the cliff, and since many occupy |edges or boul ders that do
not have burrows near them

Because of the inaccessibility of their nests, we have linited
information on puffin reproduction. At Study Site 18 the five
burrows in which eggs were visible fromthe top of the cliff were
first seen to contain eggs on 1 July. Only two cf these eggs
hatched; the other three were noted mssing on 9, 16 and 27 July
respectively.

The chicks had hatched by 31 July. On that date, we renoved
one fromits burrow It still had its egg tooth, weighed roughly
60 grams, and its exposed culmen was 18mm | ong. Both chicks were
noted gone fromtheir burrows on 9 Septenber.

Tufted Puffin, Pigeon Guillenot, and Parakeet Auklet are present
in low nunbers at Bluff. Tufted Puffins are seen in suitable holes
inthe cliff, so we suspect that they do breed here. (On 29 August
an apparently flightless juvenile guillemt was found dying on the
beach; this constitutes the first breeding record of the species
inside Norton Sound. We counted a maxi num of 36 Parakeet Auklets
at Study Site 18 on 26 June and 40 on 10 August; a group of auklets
was usually present at this site in the norning throughout the season,
general |y numbering around 20. They were nost frequently seen in
the water, but a few were occasionally perched at two places, one
near the top of the cliff and another about one third of the way

up, where there is dirt and broken rock. W do not know if they
nest ed.

3. Oher Localities in Norton Sound

a. Sledge Island

Sledge Island, is accessible in our small boats only on calm
days. The owner of the one large boat for hire that we found in
Nome woul d not go except on days when we could go just as easily
in our small boat. ThuS, Sledge continues to be a relatively diffi-
cult place to work. W had a party of two on the island on 21 to
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Figure 19. Variation in numbers of Horned Puffins at the cliffs: Bluff. 1977.
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24 June, and another party of two visited the island for one day on
23 August. The infrequency of our visits gives us linited data on
reproductive success. W have used the data we have to calculate
reproductive success in ways that will be conmparable to data obtained
on future short visits.

Table 20 summarizes reproductive success for murres, Kittiwakes,
and cornorants in 1977, and the nethod by which the figures were
obt ai ned.

Bl ack-1egged Kittiwakes reproduced about as well as they did at
Bluff diffs. The data for murres do not allow us to make conpari -
sons; however, our party counted nobre murres at Sledge in June of
this y=ar than we had ever counted there before. The figure for
cornorants is nmade without knowi ng the nunber of chicks that had
already fledged and left the nest. However, the second nunber
provides a rough estimate for cormorant reproduction. In either
case it is lower than the productivityat Topkok Head and Bl uff,
but possibly the sane as or higher than productivity at Rocky Point.

b. Topkok Head and Rocky Poi nt

We visited each of these col onies by boat twice.

Pel agic Cornmorants — The best tine to sanple cornorant repro-
duction fromthe water is when the chicks are old enough to be up-
right and visible, but are not yet fledged. Storny weather during
two Wweeks in the mddle of August kept us fromvisiting the col onies
at the ideal time; by late August nmany juvenile cornorants were
already in the water. It is difficult to distinguish fledged juveniles
fromadults when they fly away together at some distance fromthe
boat. The figures for reproductive success (Table 21) are our best
estimtes. W have counts fromlate July, when not all chicks
were visible, and counts ‘remlate August, when many chicks had
fl edged.

The higher estimate for reproductive success of the Topkok Head
cornorants is close to that obtained at Bluff, but at Rocky Point
our estinmate shows productivity of only about half that at Bluff
or Topkok. This may be an artifact of the data.

G aucous @lls — W were not able to see gull nests fromthe
water at either locality, but we did census adults on both visits,
and we counted airborne birds of the year on our August visits.
we were able to count adults incubating in nests at Topkok during an
airplane flight in late June. These data are summarized in Table 21.
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Table 20. Estimates of reproductive success of cornorants, murres,
and kittiwakes at Sl edge Island, 197T.
Esti mat ed
Reproductive Dat a
Speci es Success Used
chi cks/ nest
.76 counts at study sites:
42 chicks (August), 5k nests (June)
(does not include fledged chicks
Pel agi ¢ that had left nests)
Cor mor ant
1.6 censuses around island:
roughly 160 birds of the year (August)
roughly 100 nests (June)
.05 counts at study sites in August:
Bl ack- | egged 6 chicks, 122 nests
Kittiwake
.10-.15 count from boat of nests, chicks, and
birds in brooding posture in August:
317 nests, 31 chicks, 17 “brooders”
.22 counts at study sites in August:
Commmon 100 chicks, 450 pairs (900 adults)
Mirre
.18 study site 1:
425 pairs (max.adult count in June
= 850)
75 chicks (max.count August)
Thi ck=bi | | ed .33 count at study site 2 in August:
Mirre 7 chicks, 11 adults
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Table 21. Estimates of reproductive success of Pelagic Cornorants
and G aucous Gulls at Rocky Point and Topkok Head, 197T.

reproductive success
chi cks/ nest

M Topkok
Pel agi ¢ .81 - 1.04 -
Cor nor ant 19 ) 4
d aucous 15 juveniles

aull on 20 August - 1.4%
no nests seen

*31 birds of the year (22 August),
froman airplane 15 June.
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B. PREDATORS

There are two classes of predators at Bluff based on what they
take; egg-chick predators, and predators of the adult birds. The
egg—chi ck predators include the raven (Corvus corax principals) ,

d aucous Qulls (Larus hyperboreus), and perhaps the Red Fox (vulpes
fulva) , the Arctic Ground Squirrel (Citellus parrvii) and the short-
tailed Weasel (Musteia ermines). The predators on adults are the
Golden Eagle (Aquila chrysaetos), the Peregrine Fal con {Falco
peregrinus), the gyrfalcon (F. rusticolus), and the Rough-Iegged
Hawk (Buteo lagopus). These-predators have varying ettects on the
murres and ot her seabirds depending on the extent and the timng

of their predation

Egg—chi ck predators

1. Ravens
a. Bluff birds

There were three active raven nests on and around the cliffs
at Bluff (see Figure 20) and three inactive nests. Going from east
to west, there was one nest at Square Rock that fledged three young
The next nest was on the Bluff diffs and was inactive. This nest
was not noticed until July 24 and never showed any signs of use while
we were there. 1t may have been used for a short time early in the
season before we arrived at the cliffs. Ravens are known to have
multiple nest sites that are used in successive years on a territory
(Ratcliffe, 1962). This nest, however, |ooked new and was probably
built this year. The next nest to the west was |ocated near an old
m ne shaft, and was occupied by a pair that fledged four young, This
nest was only 100 yards from a site used last year. Judging from
this, and fromthe reports of the fidelity of ravens %o their terri-
tories (Ratcliffe, 1962, Coomnbes, 1948), this is probably the same
pair that nested nearby |ast year. Mst of our 1977 data on ravens
comes fromthe pair at this nest. Myving west to Study Site 7, there
was a nest that had five eggs in it on May 24. On our next visit
on 12 June, a raven flushed off the nest noisily and scolded us from
a perch on the cliffs. W did not check the nest for eggs on that
visit but the raven appeared to be incubating. Wwen we returned
again on the 15th of June, the nest had been abandoned and the eggs
were gone. A fox or some other predator (another raven) may have
stolen the eggs. However, even if the birds had eggs on 12 June,
they nay have been sterile since the other two nests had hatched
their young al nost three weeks before. Alternatively, this may
have been a young pair that nested late, and were driven out by the
nore experienced pair fromthe east at the nine shaft. There was
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one other nest built on the cliff near stake 2. On 24 My, nelt water
was dripping into the nest and adults were never seen tc occupy this
nest. Presumably it was abandoned when the snow started to nelt.
The third active nest was never found, but we deduced its presence
from,one, the persistent attendance of a pair of ravens at the west
end of the cliff who regularly flew northwest carrying murre eggs
and two, the presence of a family of seven (5 chicks) later in the
season in this sane area of cliff and west along the beach beyond
the cliffs. In 1975 a pair of ravens raised a brood of 4 young in

a large wooden structure at the mouth of Daniels Creek, the western
edge of the cliffs.

If we tentatively locate this undiscovered nest near the air-
strip northwest of the mine canp at the west end of Bluff, the three
active raven nests space out at about 3 mile intervals. Ravens are
very territorial (Goodwin, 1976) and we saw frequent aerial “dog
fights” between pairs of ravens on the east side of the high Bluff
near stake 5. These were never injurious to either party, but both
pairs eventually retreated in opposite directions. The evidence of
regul ar spacing and territorial aggression both support the presence
of another nest to the west. Ratcliffe (1962) has seen both boundary
clashes and regular spacing in his British ravens.

There is also evidence fromBritain that ravens nest in trees
(Holyoak and Ratcliffe, 1968). Qur unlocated nest is probably in a
tree. The other nests are on the cliff and usually built underneath
an overhang. The nest with nmelt dripping into it is an exception.
This suggests that one function of an overhanging |edge as a nest
site is to protect against the nelting snow.  The ravens build their
nests and lay eggs before the snow has nelted (see b. below).

The ravens at Bluff nolted during the sunmer. Later in the
season, this was a convenient way to tell adults fromthe fledged,
fully feathered young. The primaries nolted first starting with #1
and proceeding out to the end of the wing; the tail nolted next and
then the secondaries. The ravens were conpleting the nolt of their
secondaries through August.

h. Breeding season events
Period of eggs and nestlings

Goodwin (1976) reports an incubation period of 18-20 days for
ravens in Germany. The mine shaft raven nest had small young on
24 May, and using Goodwi n's incubation period, this means the eggs
were laid during the end of April or the first week in May. Allow ng
one week for the construction of the nest, the fact that nests are
conmpl eted one week before eggs are laid (Goodwin, op. cit.) , neans
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that the ravens wer= on their territories by early to middle April
These are approximate dates but illustrate the fact that the ravens
start their breeding season at a tine when the weather is foul; when
blizzards and high w nds are common

Al though we did not see the ravens hatch, we can infer Fromthe
24 May observation of very new young in the nest hatching is around
the end of the third week in Nay. The nmine shaft raven chicks clinbed
out of their nests and up to the top of the cliff (25 -30" up) five
to six weeks after hatching, on 28-29 June. They could not fly mnrre
than a couple of feet at this point but did use their wings for bal-
ante. A week |ater however, they were flying in earnest. This
schedule is in rough agreenent with Gainner’'s (in Goodwin 1976) Gernan
birds who fledge at 6 weeks of age. The four young seen at Daniels
Creed in 1975 were clinbing but not yet flying on 3 July. An addi-
tional 2-3 weeks is needed to perfect their coordination in the air,
and especially landing. They are very ungainly at first and seem
prone to predation at this point (see below, for interaction with fox).
The few days after the chicks clinmb out of the nest and wal k around
flightless at the cliff edge offers a good chance to net and band
them W managed to get only one this year befere they could escape
us

Period inmmediately follow ng fledging

We sat inablind, and later in the open on the tundra, to watch
feeding and daily habits of the raven famly. The chicks could be
told apart by the different patterns of black and flesh tones on the
bill. The bill becarme solid black as the season progressed so the
birds nust be seen every two days or so to keep them straight over
long periods. On June 21 the chicks were fed 28 times in 5 hours
(5.8 feedings/hour) and each chick was fed about the same nunber of
times. (The anount given each chick may have been different however.
On 29 June, a four hour watch revealed a feeding rate of only 1.25
feedings/hour. One chick was not fed on either of those two days
and was noticeably smaller than his three siblings. He was also the
last one to leave the nest. The first three left the nest on July 29
and were on the cliff top on the 30, but the small one spent 3-4 days
clinmbing to the top. One reason he was not fed was that the nore
active chicks were always higher on the cliff and begged | ouder and
| onger than he did. By nid-afternoon on the 30th, the bird stopped
beggi ng al t oget her and was apparently going to die. However, on 4
July, he had joined the others at the top and he subsequently progresed
nornal | y.
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It may be evolutionarily expedient for the ravens to protect
t hensel ves agai nst a season of sparse food supply by hatching their

young asynchronously. Theoretically, in a poor season, the youngest,
smal | est chick, will die off first, leaving a fanmily of more manageabl e
size to rear. If the food supply is plentiful, all of the chicks may

survive., Oher factors besides food supply, such as the experience

of the adults, may be conpensated for in this way. This may be the
situation for the ravens at Bluff. There are many reasons why the
smal | chick was not being fed at the sane rate as the cthers including
size, amount of begging, position on the cliff, etc. “but ultimtely

it my be because it is younger, having hatched later than all the
others. There are conflicting reports on asynchronous hatching in
ravens in the literature. Lockie (1955) states that ravens in Britain
start incubating with egg-laying and the young hatch asynchronously;
But Gwinner (in Goodw n, 1976) reports that the female raven sinks
the eggs into the nest lining until incubation begins.

All four chicks survived however, and rapidly began to increase
the area along the cliff edge that they used. By July 9, the chicks
were very persistent in their begging and began to follow the adults
as they left after a feed. The chicks bLegan to fly down to the cliff
| edges and | and beside the adults as they take murre eggs, and even
eat the eggs directly fromthe shells after the adult has broken them
open. Also, the adults were observed to fly Iow over the chicks with
food in their bill and fly off inland. The chicks responded by begging
loudly and taking off after the adult, but following it for only about
20 feet and then landing. By the 16th of July, the fanmily abandoned
the cliff edge as the center of activity and ranged inland over the
tundra. They now spend nights away fromthe cliff also. It is diffi-
cult to tell whether the chicks initiate this change with eager begging
or the adults do so by encouraging themto follow Both of these
behavi or patterns occur together and lead to the expansion of the
chick's- range. During this stage, the chicks’ voices change. They
devel op a hoarse “crawl”, deeper in tone than their juvenile screans.

Period of free flying young, flocking.

Around the first of August, the chicks are seen hunting al one,
or in pairs, on the-cliff. This is the time that we saw the fanly
of seven (5 chicks, 2 adults) cone in fromthe west, confirmng our
hunch that there was a nesting pair west of the seabird cliffs. At
this same date, strange ravens begin to nove through the area, most
of them coming fromthe east. At first they were just additions to
the two fanilies nmaking flocks of 8 to 10 which would shortly split
up presumably into the famly group and the interlopers. These
intruders were mostly chicks, identified by their new set of feathers
and were not treated with any aggression by the residents. As the
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month progressed, the size of the flocks becane larger, culninating
with a flock of 40-50 seen in early September. After the first week
in August the mine shaft family was not seen together, or at |east
could rot be identified as such though it may have teen part of a
|arger group. Loose flocks of 8-15 were the rule during nost of
August at Bluff. During any one short observation of these flocks,
pairs are apparent; but if a pair is followed for a length of time
(~n~ 15 min.), it may not remz2in together. Perhaps the ravens tend
to interact in a pairwise fashion within the flock. Coonbes (1948)
reports that some birds within his nonbreeding flocks “seemto be
paired'.

Several ravens were seen carrying both murre and Kittiwake chicks
during August. In 1975, a flock of 25--30 was seen around a walrus
carcass. Thus, these late season flocks we see may congregate at the
concentration Oof food found at the cliffs. However, none of the
flocks that we saw appeared to be hunting; they were playing ir the
updrafts created by the high cliffs. Again, we did not see terri-
torial aggression against these birds by the resident breeders, as
we did between pairs of breeders.

Coombes (op. cit.) reports the existence of “floating flocks”
of ravens during the breeding season in Britain. These flocks are
nonbreeders that wander atout the hills loafing for the nobst part,
but hunting occasionally and roosting together at night. coombes
postul ates that these birds are breeding surplus that stay in a flock
for a few years before breeding. Ratcliffe (1962) also postul ates
a breeding surplus based on the rapidity with which birds that | ose
their mates find a new one. The flocks we see may al so be breeding
surplus. Qur identification of nost of themas birds of the year
based on plumage could be faulty since nonbreeding adults may have
a different nmolt schedule than breeders. W never saw signs of these
flocks earlier in the season than aAugust at the cliff, or on our few
excursions inland, and we have seen them every year at the sane tine.
This suggests that they may be juveniles who are dispersing away from
their nests. However, Goodwin (1976) states that chicks “remain nore
or | ess under parental care for 5%-6 nonths”. The evidence we have
does not support this, but we could not follow the nine shaft famly
beyond the first week in August.

c. Diet

Ravens are ravenous omivores. They eat Arectic Ground Squirrel,
Tundra Hare (Lepus othus), smal|l passerine, and the eggs of all the
seabirds on the cliff; puffins, murres, Kittiwakes, Pel agic Comorants,
and even daucous Qulls. They will eat carrion including dead walrus
and seals, and murres that the Col den fasle has kill ed. Bl ueberries
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and probably other plant naterials are eaten as well. The ravens
carry food in their beak or in their feet and sonetimes switch from
foot to beak to opposite foot while flying. They also have a gular
pouch that +they use to carry food to their young.

Early in the breeding season the ravens hunt on the tundra and
take nostly Tundra wkares and ground squirrels. They are known to
cache food (Goodwin, 1976) and they may do so at Bluff. Oten the
adult raven was observed to fly to specific spots on the tundra in
between feeding the chicks. No food cache was ever found however,

In the mddle of the breeding season, starting around the first of
July, murre eggs becone a |arge percentage of their diet. As we

wal ked along the cliff top, we recorded and then crushed egg shells
each tine we passed and fromthis can calculate a rough histogram

of frequency of egg predation through the summer (see Figure 21).

The ravens ate nost of their eggs within 50 of the cliff edge
usual Iy on an exposed patch of tundra. They also frequently flew
inland with eggs, thus the histograms not a full neasure of predation.
Egg predation dropped off around the time when the raven famly noved
away fromthe cliff to hunt inland, as would be expected. This curve
al so roughly follows the egg-laying curve for the murres. Later in
the season, the cliff was still being exploited, but to a smaller
extent than during md-season.

d. Effect on murres

The total egg production for the murres this season was on the
order of 10,000. We crushed a total of 275 eggshells and assumi ng
that this figure is about half of the total number of eggs taken by
ravens, then the ravens tood 5-6% of the murre egg production.
However, the ravens are the first ones to find murre eggs. We
usually see a raven carrying a murre egg 3-4 days before we see eggs
on the cliff. Thus, because they are |ooking hard for the eggs to
appear they trimoff the ones laid early. This may constitute a
pressure on the murres for synchrony of egg production within the
colony of murres. The female murre has a very loud "pa-daahh!" cal
that is given during copulation, and this advertisement may be a
mechani sm for colony breeding synchrony. Mre evidence is needed
to substantiate the function of this call and the effect of raven
predation on the eggs. Also, the raven takes sone murre chicks in
August but this was observed very infrequently relative to egg
predati on.

Eggs and chicks are nost often taken fromlone nurres. The
raven’s strategy is to land on a ledge with a lone murre and try to
push it off its egg. Usually both birds go tunbling off the cliff
and the nore agile raven can turn right back and grab the egg while
the murre is taking 400 years to circle back. Mirres are hefty and
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have sharp beaks and they can defend the egg if they hold their ground,
but often they fall off the cliff trying to do so. Some egg |oss
occurs when eggs are knocked off the cliff during these fights. It is
interesting and probably significant that when even a single murre
chick remains on a ledge in Septenber, 10-20 adult murres cluster on
the ledge or near toit. If a late nester still had a chick after

hi s neighbor’s chicks had junmped and all the “associated” birds had
left also, the chick would be especially vulnerable. Even so, late
nesters are nore likely to be preyed upon than early nesters so ravens
may exert some pressure on the timing of the breeding season at the
end as well as at the beginning.

e. Interactions with other seabird predators

One of the nost conspicuous of events at Bluff were the aeria
“dog fights” between the raven and the Golden Eagle. Both birds were
seen to initiate these fights and neither was consistently the victor.
Most fights seenmed to dissipate without a winner being established
The eagle and the raven overlap in diet (Arctic Gound Squirrel
Tundra Hares and carrion) and may conmpete in this way. The adult
ravens stole fromthe eagle chick after it fledged and was being fed
on the tundra (see below). One day, even the raven chicks tried to
move the eaglet off a dead murre. The adult eagle protected the
eaglet by diving at the ravens.

The eagl e-raven antagoni sm may also reflect the fact that the
eagle is a casual predator of the raven. A raven chick was found
killed above the eagle nest and eviscerated in typical eagle fashion
on 11 August. This was probably one of the ravens fromthe flocks
meving through, since the resident ravens were very aware of the eagle's
presence. Eagles are said to be “dom nant conpetitors” of ravens
in Britain where they have been observed to displace ravens fromtheir
breeding cliffs (Holyocak and Ratcliffe, 1968).

Ravens al so had occasional encounters with foxes. A pair of Red
Fox was very visible all sunmer at Bluff. They were seen wal king
along the edge of the cliff on June 30 the day after the raven chicks
clinbed out of the nest. The adult ravens stood their ground while
the chicks clinbed down the cliff. The adult erected every feather
on its body, the tail was spread and held up and the wists were held
down and out, with the tips of the primaries on the ground — an
i npressive show of force. The fox came within 6 feet of this raven
and hacked off as the raven made short lunges at him  The raven
bounced around and often pecked at the ground, remniscent of grass-
pulling in gulls, during this display. The fox may have taken the eggs
fromthe raven nest at Study Site 7.
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There were only rare antagonistic encounters with G aucous
Gulls. Q@lls chased raven chicks a few times when the cnick was
first starting to hunt the cliff alone. @Gaucous Gulls were also
somewhat parasitic on hunting ravens. A Gaucous Qull is not able
to move a murre Off its egg and often waited unti: d raven had done
so and then stole the murre egg. The ravens were seen eating a
G aucous Qull egg early in the season; their relationship is not a
sinple one. The Gvrfalcons at Square Rock (see bel ow) sonetines
harassed the Square Rock ravens. A raven was once seen to chase a
Peregrine at the Bluff Ciffs.

The raven’s diet overlapped with other raptors somewhat depending
on the predator and the season. But the nobst aggressive interactions
were with the Golden Eagle who is a cometines predator of the raven.

2. daucous @ulls
a. Bluff birds

There are three age cl asses of gulls at Bluff that are easily
di stinguishable early in the season; 1st year birds (pink-beige
plumage), 2nd year birds (all white plunage), and adults. As birds
in subadult plunages both molt they becone harder to distinguish as
the season progresses.

There are around 20 breeding pairs at Bluff. Wen we arrived
in late May, they had set up and were definding territories. Eggs
were |aid around the 1oth of June and they hatched between the 8th-
12th of july. W had a mixed Herring Full -G aucous pair at the
Bluff diffs which produced offspring this year. At the west side
of Rocky Point, we observed a Slatybacked Gull (Larus shistisagus)
apparently holding a territory, but no nest was seen.”

b. Diet and effect on murres

Claucous Qull's are ommivorous. They eat fish, (commonly robbing
kKittiwakes in t'ceding melées), carrion from dead seals and wal rus
washed Up on the beach, blueberries, kittiwake chicks, and murre eggs
and chicks,

In general, they are unable to nove a murre off its egg so they
rely on disturbances at the cliff that scare the murres away and then
they steal eggs. Their habit of parasitizing a raven’s hunting efforts
was described above. They also take eggs when an airplane flies close
to the cliff or when we go close to the ¢liff in our outboard. The
sulls fol |l ow our boat along the cliff during a cliff census, taking
eges fromeach newy disturbed section of cliff. Thus, ¢laucous Gulls
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are opportunistic hunters of the cliff. Their standard hunting strategy
is to soar along the edge of the cliff until they spot an unattended

egg and then swoop down on it. They take the egg off to another |edge
on the cliff (rarely up to the cliff edge) and either swallow it whole
or peck a hole in it and scoop up the contents

The ampbunt of predation that the G aucous Gulls do on murre €ggs
and brcoded chicks is dependent on the amount of disturbance of the
murres and the nunber of gulls around the cliff. (Gulls from Rocky
Point may cone this far west to hunt the Bluff diffs.) @ aucous
Gulls do consistent damage to the murre's reproductive effort at the

“time when the chicks junp off the cliff into the water. If a chick
lands in the water and is not inmediately joined by an adult, the
chick stands a good chance of being eaten by a gl aucous gull. an

adult murre can defend the chick in the water against &laucous Qulls.
It is very difficult to see the junping murre chicks since they' prefer
to junp at dusk. Thus, an estimte of the rate of predation by gulls
on junping chicks is difficult to get.

W made sone observations on the junping of murre chicks on six
nights in Septenber of 1975. During that period our set of obser-
vations recorded 38 chicks junping and four taken by daucous Qulls.
We saw gulls carrying three other chicks in the same cove in the same
period. It is dangerous to generalize fromthis smll sanple, but
at the time we suggested that very few murre chicks junped unaccom
pani ed by an adult, perhaps one in lo-15. W estinmated that gulls
took about one in three of the chicks which junped al one, which in-
cludes those we saw on the water. According to our observations at
that time, even the chicks which junp off the ledge alone are soon
joined by an adult fromthe groups of adults which loiter at the foot
of the cliffs. W have described the behavior of those birds else-

wher e.

The Glaucous Gulls which were hunting murre chicks defended
sections of the water at the foot of the cliffs, each occupying a
shallow cove. In this way the gulls spaced thensel ves out so that
fewer than thirty gulls were effectively hunting chicks. W esti-
mated in 1975 that gulls might take 2000 chicks a year under condi-
tions favorable to the gulls.

3. Qher "Egg-chick Predators

Foxes can reach only a few of the |edges that murres nest on by
clinmbing down fromthe top since. the cliff is generally sheer
A fox has been seen only once down on the cliff so he is surely not
a heavy egg-chick predator. Arctic Gound Squirrels and Short-tailed
Weasels will eat eggs but no evidence of predation on nurres by these
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ani mal s has been observed. In 1976 we saw an Arctic Gound Squirrel
(sik-sik) working up and down a steep slope close to where a Horned
Puffin carried food to a crevice at Study Site 7. It may be that

ground squirrels destroy eggs in puffin burrows near the tops of the
cliffs.

Predators on adults

1. Colden Eagle

The nost spectacul ar predator at the cliff is the eagle when he
folds his wings and plunmets wth anmazing acceleration into a flock
of kittiwakes which scatter in all directions. There was one pair
nesting at Bluff, another at Rocky Point and perhaps a third at Topkok,
making 3 pairs in about 30 mles of coastline.

The Bluff pair were very nottled, both male and female, and we
were able to tell themapart by their white markings. Their nest
was 100" or so from last year’'s and, about halfway up a 150' cliff.
The nest, a huge bunch of twigs, was apparently built this year.

The eagles hatched two chicks but only fledged one. The first one
died fairly early inits life. The surviving chick was well fea-
thered on the 27th of June, with only a few tufts of down left on
its head. The eagles were very wary of us at this time of the year
SO0 we were reluctant to disturb them On the 17th of July, the
chick, now fully feathered, was seen in the nest but he was probably
already flying. On July 24, he had definitely fledged. After the
time of fledging, the adults becane nore tame but the chick was very
wary.

The Golden Eagles at Bluff took many different kinds of prey.
One day's walk along the cliff edge passing all of the eagles’ eating
perches revealed the carcasses of 3 Tundra Hares, 1 ground squirrel,
14 murres and 1 kittiwake. There were also twelve spots of feathers
on the tundra indicating twelve murres had been recently eaten. This
tally can suggest only the range of food itens taken and a crude
relative frequency. |If the eagles took five birds per day per bird for
three nmonths, the total is 1350 murres taken by eagles in a season.
This is an inconsequential 2% of the population of 50,000 to 60,C00
murres. The predation rate was nowhere near as high as 15 birds per
day, (Eagl es al so take an occasional raven, (see above), and may take
ptarm gan.)

Il.  Gyrfalcon
The other major predator on the adult nmurres at Bluff was the

resident pair of gvrfalecons. Their nest was at Square Rock and hatched
two chicks but oniy fledged one this year. The adults were very wary
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and were not often seen. The nest was inaccessible so we could not
i nspect the remains of prey there. Wwe did find one or two feeding
perches where ptarmi gan remains were always evident. One day, we
saw the Gyrfalcon below the main cliffs at Bluff standing on a
freshly killed murre on the beach. It is difficult to nmeasure the
rate of the Gyrfalcon predation on the murres. They do take sone
but we only rurely saw them at the cliffs and we nost often saw the
adults flying north towards the interior or coming fromthat direc-
tion. This gyr pair probably takes about half murres and half inland
species, especially ptarmigan. Cade (1960) reports that the gyr
population in Alaska is divided into two groups with the coastal
group taking seabirds and waterfow alnost exclusively, and supple-
menting their diet with inland prey (ptarmigan and ground squirrels)
if they are locally abundant.

Cade also reports that the Gelden Eagle and gyrfalcon are com-
petitors and the gyrs "fear and hate Golden Eagle with equal intensity”.
We never saw any interactions between the gyr and the eagle. The
Gyrfalcon was observed diving at the ravens, however, that were
“nesting not nore than 100 yards fromthe gyr nest.

3. Rough-legged hawk

There were two breeding pairs of rough-legs at Bluff. One at
the west end of the cliff laid 3 eggs, hatched 2 young, but fledged
only one. The second young was al nbst certainly eaten by anot her
family menber judging fromthe presence of the talons and leg bones
of the chick in the nest on the 19th of July. The same eating of a.
younger by an ol der chick happened in 1975. The second nest was on
the cliffs near Square Rock. This pair hatched and fledged two chicks
on August 7.

The rough-legs were eating small rodents and Tundra Hare for
the nmost part judging fromthe remains visible in the nest. The
Square Rock pair also took puffins. We often saw one or two pairs of
red feet and some colored bills Iying around the nest. The nest was
pl aced on a section of cliff where there was a |large nunber of nesting
puffins. Puffin remains were not seen at the nest-on the west end of
Bluff, although that area also has a large popul ation of puffins.

-4, Other predators

A Peregrine Falcon was seen occasionally, roving along the edge
of the ciiff. He probably took a few nurres but did not nest at Bl uff
this year. The pair of Red Foxes probably could not catch adult murres
but may be able to get puffins as they conme out of their burrow
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There were 2 fanilies of harriers, one in Koyana Creek and one
in Daniels Creek, fledging 4 and 5 young respectively. Al'so, a
tong-tailed Jaeger nested on the tundra nearby. This pair fledged
one chick. These two predator species did not take seabirds, but
may have conpeted for rodents with the seabird predators who took
rodents: i.e. the ravens, Gyrfal cons, and Rough-legged Hawks.

c. WATERFOAL

1. Spring mi ration.

We arrived in the field in spring of 1977 while nost of the
sout hern Seward Peninsula was still under snow,and made flights
bet ween Nome and Point Spencer, and between Nome and Bluff. Water-
fowl gathered in the first pieces of open water, usually the mouths
of rivers whether they were enptying into the sea or into a lagoon.
These were the woolley Lagoons, |agoons between Nome and Cape Noa. ,
the | ower reaches of the Flambeau and Fldorado Rivers, and where
Pine Creek enpties into the lagoons between Bonanza River and 7::!-r
Lagoon. In addition water collected in a nunber of tenporary ponds
where creeks or rivers in spring freshet overwhel med the capacit:s of
the road culverts.

Wil e nost of the sea was frozen, ducks such as O dsquaws, Red-
breasted Mergansers, and Black Scoters were to be found in the fresh
wat er lagoons behind the sea beaches. Harlequin Ducks and Conmon
and King Eiders were not seen on such fresh water.

By early June it was clear that 1977 was an unusual year for
waterfowl on the southern shore of the Seward Peninsula. Species
sel dom seen in the aresa such as Lesser Scaup were seen in small
ponds east of Nome, and Mallards and Redheads were seen in the rivers
and | agoons around Safety Lagoon. By the middle of the nonth excep-
tionally large nunbers of Pintails and Shovel ers appeared in the
| oner reaches of Flambeau River, at Bonanza and Taylor Lagoon and
at the head of Golovin Bay. The nunbers of Canvasbacks did not seem
to be unusually large. W saw one bird that appeared to be a Trunpeter
Swan.

After talking with R Jones on the Yukon Delta who reported an
influx of Pintail there and remarked that the birds did not seemto
be breeding, we surveyed the ‘prairie ducks’ to see whether this was
also true in our area, in the course of air travel planned for other
purposes.  Qur observations indicated that the ‘extra ducks were
virtually all still in mxed flocks of males and fenmal es on the open
wat er where ducks gather on migration. The Pintails on smaller ponds
away from the coast were nearly all single nmales, and this observation
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applied all the way to the north end of the Kougarok Road. In late
June we did see 3 broods of Pintails on ponds in nine tailings. Each
brood had 5 ducklings. The Shovelers, Mllards and Redheads seened
to follow the sane generalization as did the Canvasbacks in Tayl or
Lagoon, although the Canvasbacks in the flats west of the Flambeau
River seened to be breeding. W interpret these observations as
being consistent with the idea that the ‘prairie waterfow ', which
had extended their spring migration to the northwest because of
drought in the northern prairies, did not breed in our area.

2. Fall migration

The fall migration is usually first indicated by the gathering
of waterfow in the salt narshes at the |ower reaches of rivers such
as the Bonanza on the east end of Safety Lagoon. Martin O son comented
that the ‘Sprigs’ (Pintail) gathered there unusually early and in
especially large nunbers in 1977. Martin has lived near the Bonanza
River for more than thirty years. W did not have sufficiently regular
flights over the area to be confident, but our experience suggests
that a novenent of Pintails began in late July, built up to a peak in
m ddl e August and noved out about August 20-25. This novenent may
have been |ocal, however, because we found |arge numbers of Pintails
on the mudfalts at the nouths of the Fish River, Kwik River and Koyuk-
Inglutalik Rivers at ‘low tide between August 26 and 31. Further-
more we noticed that if we surveyed a |arge-group of ducks closely
on our way to None, when we came back three hours later the ducks had
di sper sed. Qur surveys were nade over several days and we do not
think that this effect has influenced our counts.

3. Distribution of waterfow gathering areas over the southern part
of the Seward Peninsul a

Between August 26 and August 31 we flew waterfow census flights
over the area between Point Spencer in the northwest and Shaktoolik
in the southeast. In 1977 we flew census flights over the flats north
of Imuruk Basin, up river past Mary's Igloo and across the divide and
down the Niukliuk River, over the Fish River flats and (as in previous
years) over the flats around the |ower Fish River south of Wite
Mount ai n. The distribution of waterfow was as foll ows:

Sparse nunbers (nost ponds enpty, few birds on ponds and snal |
lakes) : on the coastal tundra west and northwest of None; over nost
of the flats east of the Imuruk Basin, in the tundra ponds back of
the coast southwest of Wiite Muntain; in the tundra ponds in back
of the coast along the Kwik River, Koyuk R ver and between the Ing-
lutalik River and-Cape Denbigh.
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Moderate nunbers (several ponds with flocks of tens of waterfow,
nmost ponds enpty): at the base of Cape Spencer, around the Wooley
Lagoons near to the Kuzitrin River (in the lower flats east of the
Imuruk Basin); in the tundra ponds along the coast from Cape Wooley
to sinuk and al ong Safety and Taylor Lagoons.

Large nunbers (flocks of hundreds or thousands): in the |ower
Flambeau River; the |ower Bonanza River; at Golovin Lagoon a:t. on
the mudflats at the nouth of the Fish River; at the nouth of the
Kwi k River and behind Mses Point; at the nouths of the Kovuk River
and the Inglutalik River.

The areas inland and those to the northwest of Nome were
censused in the course of a general survey. The coastal areas
including Safety Lagoon and the coast to the east were censused in
detail. In this entire area during the period of August 26-31 we
counted, in order of frequency:

Pintail 28, 000
Canada Goose 15, 000
Bal dpat e 2,500
Wi stling Swan 1, 350
G eater Scaup 1, 050
G een-wi nged Teal 210
Mallard 150
Lesser Scaup 30
Shoveller 8
Canvashacks 8
Redhead 4
Sandhill Crane 400
Long-billed Dow tcher 1, 300
Wi nbr el 1, 800

These sane areas, except for the inland areas al ong Imuruk River,
Kuzutrin River and Niukluk River, were flown looking for waterfow in
1976. Qur experience in both years is consistent with what Jim King
of the U.S. Fish and Wldlife Service told us in 1975, that in general,
productive waterfow habitat decreases progressively as one goes
northwest from Safety Lagoon. (See Figure 22)

The techniques used in taking these censuses, the areas censused
and graphs of the relative frequencies of species within areas are
shown in the 1976 report. The graphs on Figure 22 represent our best
estimates of total nunbers of birds within the designated areas.(As

opposed to nunber of birds seen per mnute of transect as was done
in 1976.) Qher than the noticeably high nunbers, our observations

for 1977 agree with those of 1976. Table 22 shows the August 1977 data
in tabular form
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Figure 22. (On next*page) Major coastal waterfow habitat areas.

Fromright to left (east to west) on the follow ng map, the outlined areas of
maj or waterfow habitat are:

--the base of Cape Spencer

--the wooley Lagoons

- - Cape wWooley to Sinuk

—~Flambeau River to Bonanza River
--Bonanza River to Taylor Lagoon
—the Fish River flats

-—Golovin Lagoon

— Moses Point to the Kwik River
--Koyuk River to the Inglutalik R ver

--the flats behind Cape Denbi gh and Shaktoolik
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Figure 22, Numbers of waterfowl in
major coastal habitat.

Key: Each block on bar graph = 1000 birds.
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Tabl e 22. 1977 Waterfow censuses.

All Canada Whistling G eater
Area Speci es Goose Swan Pintai 1  scaup Bal dpate
Base of Cape
Spencer 650 200 b
Wooley Lagoons 132 106
Cape Wooley to
Sinuk 570 347 16 56
Flambeau Ri ver
to Bonanza River 2351 2 1808 40 314
Bonanza River to
Tayl or Lagoon 1950 375 57 905 245 380
Fish River Flats 2753 87 35 1430 880 140
Golovin Lagoon 14,000 5620 1050 6940 105 573
Moses Poi nt 9021 1630 25 7516 2 1093
Koyuk t0 Inglutalik
Ri ver 5475 719 149 3415 256 302
Cape Denbigh Fl ats,
Shaktoolik River Flats 1758 854 118 343 73 60
Total s 38, 660 9940 1456 22413 1601 2862
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4. Reproductive success of Wiistling Swans

Young cygnets stay with their parents until they fledge. The
young can be identified by their brown or usually gray plumge.
During aerial surveys we counted the numbers of swans in flocks and
recorded each single or pair of adults on the tundra ponds. For
each family group we recorded the nunmber of adults and young.

Fl ocks of swans which we regularly saw at the sane place, such
as the western part of Taylor Lagoon,were not included in our esti-
mates of reproductive success. For the sake of our calcul ations,
we assumed that all single birds or pairs seen on tundra ponds
represented breeding pairs that had failed and that all groups of
three or nore without young were nonbreeding individuals.

The total reproductive success for 1977 between Teller and
Shaktoolik was 1.4 young per pair. This conmpares to total success
of 1.5 in 1976.

In 1975 we censused only the area northwest of None and found a
reproductive success of 0.9 for 49 pairs and 43 young. In 1977 in
this area we found only 15 pairs, but they had 8 young for a success
of .5. In 1977, east of Nome we found 39 pairs of swans and 69 young
for a rate of success of 1.8.

VIT & VITI. DI SCUSSI ON AND CONCLUSI ONS

The bird cliffs at Bluff have special advantages for detailed
study of seabird biology. These advantages include convenient
| ogi stical support; confortable, though primtive, living facilities
ease of access to study sites, excellent visibility of sections of
the cliff fromthe cliff top; and, dependably good weather. Al though
there appears to be a conflict between the Native Land Caims and
Federal requests under ‘d-2' lands, the political situation appears
to be very favorable for continued study. The cliffs are less idea
for other aspects of OCSEAP work. The seabirds nesting at the Bluff
Giffs are not typical of the northern Bering Sea in that the nurres
are nore than 99% Common Mirres whereas the general proportion is
50% or nore Thick-billed Murres. Mreover virtually no auklets nest
at Bluff and auklets are a mmjor conponent of the northern Bering
Seabird fauna. The cliffs are high and precipitous and because of
the effect of stormwaves, few birds nest near the base of the cliffs.
This makes it hard to get access to nests in order to weigh nestlings
or to band adults or young.
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We have used our time at Bluff first to record the species using
the area, their comings and goings and che breeding biology of those
speci es accessible to continuous studies. These studies have turned
into a systematic search for techniques which will be useable for
gathering key biological. data at colonies which are | ess accessible
and to which students will be able to pay only short visits. Wth
this in mind we have concentrated on detailed studies of the breeding
bi ol ogy of murres and kittiwakes in order to deternine when and how
to estimate the nunbers of birds nesting on cliffs as well as when
and how to measure reproductive success

A, Techniques for neasuring biological characteristics

1. Censusing. |t is necessary to recognize that the nunbers
of the birds at the cliffs are in flux. Nunbers vary w dely accord-
ing to the hour of the day and the day of the year. At the Bl uff
cliffs we have counted 10, 400 murres and 92, 000 nurres, alnbst an order
of magnitude difference. An additional problemis that it is not
cl ear which counts represent “the population”. Apparently competi-
tion for nesting sites is intense and as a result many birds which
come to the cliff are not able to establish a breeding territory.
Moreover, sonme birds that are able to assert thenselves and estab-
lish a site do not succeed in laying eggs. It is not clear at any
given seabird cliff without detailed study what proportion of the
birds present are in these two categories, which are excluded from
traditional systens of measuring reproductive success.

It appears however that there are ways by which one can identify
the main el ement of breeding birds. Wen the birds first come back
in the spring, nost of the population, including ‘nonbreeders’ arrive
at the cliffs; in the weeks just before laying of eggs, many birds
may | eave and spend the tinme at sea. During the height of the egg-
laying period only the highly notivated birds are present. That
seens to be the time when one can neke the nost direct counts of the
breedi ng popul ation. Toward the end of the incubation period and
when the young are in the nest an increase of birds at the cliffs
becomes evident and another peak in counts occurs.

The nunbers of birds at the cliffs also varies with tine of day.
The high and | ow counts vary between regions and may show marked
contrast even between cliffs that are near to each ether as our
conpari sons of nunbers of murres between Bluff (Study Site 14/15)
and Square Rock (Study Site 19/ Sqg.Rk.) showed during June in 1977.
Once eggs have been laid the peak nunbers usually are present in
the late evening.
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Optinmal tinmes for censusing breeding adults:

There is anmple evidence for murres and Kkittiwakes at Bluff,
that the nunber of birds present at the peak of laying is closest
to the nunber of birds attenpting to breed. However, our three
years of study have shown that the peak of laying may shift between
"good” years for reproduction (1975) and poorer years (1976, 1977).
The delay presumably reflects the environmental stress to which the
birds are subject that causes their poor reproduction. Springer
and Roseneau (NOAA 1978) found the laying peak of Kkittiwakes in
t he Cape Thonson area, where the birds have been experiencing
simlar |ow reproductive success, to be later than during the pros-
perous years of the late 1950's (Schwartz 1960). However, counts
taken in the first week of July should be close to the laying peak
for both murres and Kittiwakes.

There does not seemto be any suitable single time for counting
Horned Puffins because their nunbers at the cliffs are so erratic
(Figure 19). Even a count at the peak of laying may not deal with
true breeding birds because the breeders may for the nost part be
inside their nest hole.

Counts of daucous Gulls and Pelagic Cornmorants are best made
when clutches have been conpleted and the birds are incubating.
In the case of cornorants, late June is ideal; for G aucous GQulls
most clutches are conplete in early to md-June

Any single count of cliff-nesting seabirds wll be affected
by the circadian variation in attendance at the cliff, which evi-
dently shifts over the course of the season, and by the seasona
variation in nunbers of birds at the cliff, which apparently changes
depending on the relative breeding success the birds are experiencing.
It is necessary to make studies comparing variations within and
bet ween years in order to establish the range of variation wthin
whi ch single censuses fall. Studies made in England show that it
is advisable to nake several (a mininumof five) counts to encompass
unpredicted variation. (Lloyd 1975)

2. Measuring reproductive success. We have found that the
nunber of birds regularly resorting to the cliffs during the egg-
laying period is a good indication of the total of breeding birds
among murres and Kittiwakes.

It is possible to make some additional tests with murres: a)
a certain number of birds take on an ‘incubating posture’ (illus-
trated in report for 1976). Al though this nunber of birds is much
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hi gher than the nunmber of eggs laid, the nunber appears to be close

to the number of breeding birds i.e. twice the nunber of pairs.

b) During counts of the bird cliffs in July made from a boat, a certain
proportion of birds fly off the cliffs as a boat approaches. If

these “fliers” are omtted and only the birds which persist on the
cliff are counted one gets a nunber which, again, is close to the

total nunmber of all breeding birds. It is worthwhile noting that
during the years 1975-1977, there was an approximate correlation
between the percent of “fliers” vs. “persistent” birds and the degree
of reproductive success.

Among kittiwakes there is an arbitrary standard for inclusion
of a pair of birds among the breeding popul ation; which is those
birds who build a nest which contains a substantial. amunt of material.
Even though as many as 60% of these birds may not lay eggs in such
nests , and as high as 20% may ‘incubate’ enpty nests or eggs that
have failed to hatch, this count gives a figure that can be used to
make conparisons between areas and between years.

Qur studies suggest that the best time for counting the nunber
of murre and kittiwake chicks on sanple areas of the cliffs is in the
last two weeks of August. At this tine kittiwake chicks are large
and stand apart fromtheir parents as do those of murres. The kitti-
wake chicks are large and distinctive enough to be counted from a
boat before the cliffs, but the murre chicks nust be counted from
sites at which a detailed exanmination of each bird on the length
of a study ledge can be made. The best time to count chicks of
Cornmorants and @ aucous Gulls is between 1o and 20 August.

W have identified age classes for chicks, which will allow
the observer to establish within approximtely 4 days the date of
hat ching, even on only one visit, provided a good sanple of chicks
is seen.

Qur studies also suggest that it may be possible to predict
whet her a reproductive catastrophe is in progress by counts of the
nunbers of birds which stay at the |edges during the mdnight or
m dday hours in the niddle of July. During the years when reproduc-
tive success has been |ow many birds left the cliffs in the early
hours of the norning even though they had eggs.

3. Food . The reproductive success of kittiwakes and murres has
varied in similar ways between the three years of our study, and the
birds seemto be affected sinilarly by an apparent shortage of food
in Norton Sound even though the food which the two species use appears
to be different. The items which Common Murres bring to the cliffs
are alnost entirely Prickle-backs even when there are large schools
of Sand Launce close in front of the cliffs. Kittiwakes do not seem
to use Prickle-backs presumably because they are bottom fish.
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When a | arge school of Sand Launce is found, kittiwakes gather in a
feeding mé1de and puffins rush to join, sone nurres are occasionally
attracted too. one seldom sees murres bringing Sand Launce to their
chicks, however.

Kittiwake reproductive performance, as noted in the section on
Current State of’ Know edge, seens to be closely correlated with the
appearance of $and Launce in the area and hence in their diet. Sanger,
Gill and Moe suggested that Sand Launce is inportant in the Kodiak
area even though kittiwakes there feed consistently on Capelin.
springer and Roseneau’s (NOM 1978) observations at Cape Lisburne and
Cape Thompson nost closely resenble ours. They saw al nost no Sand
Launce in the year of reproductive disaster, 1976. During 1977,
when Kittiwakes in their area did moderately well, they saw kittiwakes
commuting many mles to feed on Sand Launce, found Sand Launce to be
conspi cuous in the stomachs of birds they collected, and saw the
bl ack nasses of Sand Launce nove southward past the cliffs followed
by the feeding flocks of kittiwakes. In our own experience in ]975
whi ch was a good year for kittiwakes, we saw feeding mélfes of kitti-
wakes and puffins first off Sledge Island in late June then, further
east off Safety Lagoon in md-July, then off the Bluff Ciffs in
August. Kittiwakes conmuted to the mélées and brought Sand Launce
back to regurgitate to their chicks. Nearly all the fish left on
ledges near nests or regurgitated by kittiwake chicks which we handl ed
wer e Sand Launce.

B. The general application of studies of seabirds to OCSEAP probl ens

Dr. Ceorge Hunt has prepared a short paper on the use of seabirds
for interpreting conditions of the sea as part of the assessment of
Al aska’s Quter Continental Shelf. we subscribe to the conclusions
which he presented, and will devel op sone ideas which apply to studies
to be made at seabird col onies.

The nain reason for pursuing the study of seabirds is their
accessibility for study. It has been this characteristic which has
allowed bird biologists to examine in detail the actual behavior of
specific species and thus to test whether the ecol ogical functions
assigned to them by general theorists are valid. In fact in many
cases it has been students of birds who have offered new and inportant
insights into the operation of biological systems because of the
directness of their studies and the rigor of analysis which that close
contact allows.

Certain species and certain colonies are well qualified by their
characteristics to be used for continued nonitoring or continued
study to clarify the neaning of general phenomena observed at |ess
hospitable sites. The kittiwakes in the northern Bering Sea are
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a convenient group for the study of interactions with their prey and

t he mechani snms involved in reproductive disasters. Their part in

t he ecol ogi cal system seens to be conparatively sinple and straight
forward. It is inportant, of course, to acknow edge that each col ony
of seabirds has its own peculiar characteristics in the way that

i ndi vidual animals do. The birds at some col onies reproduce consis-
tently well each year, as seems to be the case at the Pribilof |slands.
Some col oni es occasionally do very well. Qhers consistently do
poorly and one presumes that the individuals occupying these col onies
do not reproduce well enough to replace thenselves by young, hence
that the coleny nust be maintained by inmgration from other col onies
whi ch have a surplus of young. W have noted el sewhere that this

is the case for Herring Gulls (Drury and Nisbet, 1972) . This well known
observation is the basis for the classical “Fraser-Darling Effect”.

It is inportant for future nonitoring of populations, measuring
impacts and predicting effects on populations, to know which col oni es
produce young at a rate higher than annual adult nortality so that
they, in effect, export young. It is also inmportant to identify
t hose col onies which do not produce enough young to maintain the
popul ation, hence, those col onies which depend upon immgration of
young. This information is needed to determ ne what colonies are
critical and at what rate a population is able to increase. Future
work should identify (1) which colonies produce an excess of young
and whether the fledging weights of those young are high enough to
ensure post-fledging survival. W also need to determne (2) the
degree of exchange of kittiwake chicks among col onies and regions
and (3) the |ife-expectancy and total life-long production of young
per kittiwake pair.

In order to make a predictive nodel of population structure
locally and regionally a banding program should be undertaken at
several colonies which are dispersed anong the regions. The purposes
of a banding program are

1. To neasure |life expectancy and winter nortality by age
groups in order to prepare a life table and hence predict rates and
directions of popul ation changes.

2. To identify site tenacity and performance of individua
birds and pairs.

3. Toestablish whether low rates of production of young are
associated with lengthened adult |ifespan (Presumably reflecting
| ack of stress from conpetition fcr resources).
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4, To identify the rates, directions and distance of novement
among col oni es.

Detail ed studies of breeding biology are not needed every year
once an intensive study has first bees nade to establish the baseline,
but these should be repeated often enough to detect systematic shifts
in breeding biology and popul ati ons.

1. The studies should include close attention to details of
phenology, clutch size, hatching rate, fledging rate, growth rate,
and wei ght of chicks at fledging.

2. The studies should also include foods used, patterns of
foraging, and feedi ng behavi or

Some studies of basic biological questions can profitably
acconpany these studies of direct application to OCSEAP.  Such
studies include: What are the behavioral inplications of nesting
failure when coupled with the heavy conpetition for nesting sites?
why , in terms both of natural selection and in ternms of hormonal
(physi ol ogical) effects, do birds persist so actively on the |edges
after failing? Wat age groups are represented anong the birds
that occupy sites without building nests? Wiat are their ages and
weights relative to the weights of the birds which lay eggs and %o
those which build nests but do rnot |ay eggs?

This information should contribute answers to some additional
i nportant questions such as: Does the especially heavy conpetition
for nest sites among kittiwakes indicate that sites would remain
occupi ed even if an inportant percent of the population di ed? How
readi |y woul d Kittiwakes recover from'a decline to resttain present
or meximum n'unbers? Wwhat studi es shoul d be undertaken on the distri-
bution, numbers, behavior, fced, foraging patterns and feeding be-
havior of these birds on the wintering grounds? (The birds spend
2/3 of their lives away from the breeding grounds where our efforts
are concentrated.)

¢c. Primary and secondary effects of oil devel opnent

1. Ol spills and seabirds

The special characteristics and problens of oil spilled c¢n the
sea have been discussed by many authors in many places. The problem
was recogni zed as serious in the North Atlantic and especially in
the Eastern North Atlantic nany years before Americans took notice
The neetings of the International Committee for the Protection of
Bi rds gave special attention to problens of oil at the annual neetings
at Helsinki, Finland in 1958. At that time Tuck enphasized the
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serious inpact of oil spills fromtanker and general sea-going
traffic on the seabirds of the Newfoundl and and Labrador coasts.
Recently Hunt in these annual reports has discussed the hazards to
seabirds; and Paul Adamus of the Center for Natural Areas has pre-
pared a table of relative vulnerability of seabirds on the Atlantic
coast for BLM as part of the studies for the CQuter Continental
Shel f Environmental Assessment on the East Coast of the United
States. Verneer and Vermeer(1974) have al so published a review

The special vulnerability of sonme species of birds to oil, the
predi ctabl e disaster which oiling causes and the special circum-
starces which nmakes oil spilled onto the sea virtually uncontroll -
abl e has convinced nmost of those concerned with both oil traffic
and seabirds that extraordinary steps should be taken to =zvcid
the transport of oil at sea if transport on land is practical..

2. Secondary devel opnent

The waters off Bluff have been suggested for a deep water
port to serve the Seward Peninsula. The seabird cliffs at Bluff are
critical to the popul ation of murres and kittiwakes in Norton Sound,
but are not critical to the popul ations of Pelagic Cornorants,
Horned Puffins or daucous Gulls. The cliffs at Bluff have popul ations
of murres and kitti-wakes conmparable to those in the Saint Lawr ence
Island waters, but |ack auklets. Thus one could say that the cliffs
at Bluff were less serious a loss than the others if cne set of
cliffs had to be expended. On the other hand the cliffs at Bluff
are unique in the nearly pure population of Commobn Murres at a very
high latitude. |If one includes the cliffs at Topkok Head and Rocky
Point the Bluff area supplies breeding sites for nost of the birds
of Norton Sound,

The effects of secondary devel opnent at Bluff would doubtless
have an inportant effect on the towns of Wite Muntain and Golovin.
In this way devel opment would have a large effect e¢n the mudflats
at the nouth of the Fish River at the head of Golovin Bay. These
are especially important waterfow flats, probably the nobst inportant
areas for waterfow in all of the Seward peninsul a.

I f development were to occur at Bluff, roads for transportation
of heavy goods would b= required between there and Norme. A
hi ghway system would make the area accessible and therefore nuch nore
heavily used than it is now.  Such access would have an inportant
effect on the public use ¢f the area, increasing the hunting pressure
on waterfow, and presunmbly elinminating the thriving popul ation of
Gizzly Bears between Bonanza and Golovin.
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We have commented in our report for R.U. 447 that future traffic
of heavy equi pnment through the Bering Strait will have an inescapable
inpact on that area. It would seemto nake sense that some facilities
will be established in Port Clarence for large ships waiting for the
sea ice to clear Point Barrow Port Cl arence appears to provide
much better protection for ships and seems to be a more suitable
place for port facilities than Bluff. Developnent in Port Clarence-
Grantley Harbor would affect relatively small populations of Pelagic
Cornorants and Horned Puffins. The thaw ponds and salt narsh pans
at the base of Point Spencer are used by conparatively small nunbers
of waterfow and noderate numbers of Geese on fall migration. The
serious inplications of developrment in the Teller-Port Carence area
is the danger of contamination of the really inportant seabird
colonies at King Island and the two Diomede Islands, and the effect
on the rich fauna of marine mammal s which occupy the waters that flow
north of Saint Lawence Island through the Bering Strait and into
t he southern Chukchi Sea.
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[X.  SUMVARY OF FOURTH QUARTER ACTI VI TIES

A. Ship or Laboratory activities
1. Ship or field-trip schedule. Not applicable.
2. Scientific party.

WIlliamH Drury, Principal I|nvestigator Col | ege of the Atlantic
Bar Harbor, ME

John O Biderman, Research Assistant

Sar ah Hinckley, Research Assi st ant

John B. French, Jr., Project Assistant, University of Wsconsin

3. Field sanpling or |aboratory analysis. NA
4, Sanple localities. NA

5, Data anal yzed or collected.
Data anal yzed were collected during the field season of 1977.

6. Mlestone chart and digital data subm ssion schedul es.

A neeting was held in Boul der, Colorado on 20-22 March 1978todi s-
cuss the digitizing of data for the NOAA OCSEAP archives. Those at
the neeting agreed upon the kinds of data and the formats for entering
data collected at seabird colonies. Followi ng the neeting at Boulder,
other neetings were held in Calfornia to arrange for getting equip-
ment for direct entry of digital data and for having suitable prograns
prepared for the direct entry process.

Entering our data will be greatly facilitated by use of this equip-
ment, but the submission will be delayed until the equipment and pro-
grans beconme available during the summer (May - Septenber).

7. Meetings.

a. Drury attended the neetings at the Pacific Seabird Goup at Vic-
toria, British Col onbia, in January, and took part in a work-
shop on the breeding biology and variations in reproductive suc-
cess of Black-legged Kittiwakes. There was also a workshop on
the breeding biology of puffins.

b. Drury also attended a synthesis neeting for OCSEAP studies of the
Beaufort Sea and north coast of Al aska, in Point Barrow, AK

B. Probl ens Encountered

The |ease of a vessel which we had arranged for the summer of 1978 was

cancelled in January by the owner of the-vessel. \& have sought other
transportation and have tentatively arranged to use a NARL vessel during
August .
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The | ease was arranged so as to study seabirds feeding away fromtheir
colonies. This study requires close cooperation of research from several
areas of biology, such as studies of crustacea, fish, and primary produc-
tivity, as well as oceanographic structures, to be carried out properly.
Such cooperation seems to be of highest priority in the OCSEAP now. Be-
cause seabirds are readily visible, it would seem obvious that seeking

their concentrations is an effective way to find structures within the

ocean which deserve study because of their biological inmportance. So far in
NOAA OCSEAP in the northern Bering Sea, neither the cooperative studies nor
sui tabl e vessel s have been avail abl e.
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