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EXECUTIVE SUMMARY

The U.S. Minerals Management Service (MMS) has begun to monitor
populationé of seabirds in the Bering Sea in order to determine if any
future population changes that occur are caused by OCS petroleunm
development operations. MMS desires that the initial monitoring studies
investigate seabird abundancé, productivity and diet; compare new findings
with findings of previous studies; discuss the significance of population
trends observed; and develop strategies for future monitoring. Seabird
colonies at Cape Peirce on the Alaska mainland and at the Pribilof Islands
have been designated to be the focus of initial investigations. Several
studies have been conducted at each location in the past, but the results
of past studies are frequently not suitable for long-term monitoring
studies because of different objectives.

Eleven species of seabirds are common in the colonies of interest
(including both sites); the Pribilof Island colonies support a more
diverse species assemblage than does Cape Peirce. Species potentially
useful for population monitoring include black-legged and red-legged
kittiwakes; thick-billed and common murres; red-faced, pelagic and double-
crested cormorants; and parakeet, crested and least auklets.

Black-legged kittiwakes number from 1-4 million in the eastern Bering
Sea in summer and fall. They nest abundantly at both Cape Peirce and the
Pribilofs, varying greatly in reprod_uctive success from year to year.
Non-breeders are widely dispersed in the Bering Sea in summer; most move
south in winter. They feed mainly on fish at or near the surface.

Red-legged kittiwakes nest abundantly (88% of the world population of
250,000) at the Pribilofs, but do not nest at Cape Peirce. Their breeding
success is highly variable annually. Feeding birds in summer concentrate
south and west of the Pribilofs, most moving south in winter. These birds
feed mainly on fish at or near the surface.

About 5.3 million murres breed in the eastern Bering Sea; common
- murres are the only species at Cape Peirce and thick-billed murres
predominate on the Pribilofs. Murres are long-lived, slow-reproducing
birds with less annual variability in breeding success than the
kittiwakes. In summer most concentrate to feed near the colonies; most
also winter in the Bering Sea. Both species eat mainly fish; common
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murres depend largely on nearshore mid-water fishes and thick-billed
murres depend largely on demersal fishes and crustaceans in deeper waters.

Of the cormorant species, the red-faced cormorant is the-only one
nesting at the Pribilofs, and pelagic cormorants dominate at Cape Peirce.
Red-faced cormorants are year-round residents at the Pribilofs. All the
cormorant species feed largely on fish, which they catch by diving in
waters near their breeding colonies.

The three auklet species are extremely abundant breeders in the
eastern Bering Sea, with estimated populations of 6 million (least
auklet), 2 million (crested auklet) and around 0.5 million (parakeet-
auklet). All are long-lived and reproduce slowly, but data on
reproduction are difficult to gather because many nest deep in crevices.
Most individuals of all species concentrate near their breeding colonies
from May to September, but mostly move out of the Bering Sea in winter.
Least and crested auklets dive to moderate depths to prey on zooplankton.
Parakeet auklets feed at varying depths and on a greater variety of prey
than do the other two species.

This first-year monitoring program includes studies of three major
topics--population estimates, productivity estimates, and food habits.
Based on the results of our studies and on information collected by

others, we have made recommendations for monitoring strategies.
Population Studies

The objectives of our population studies were (1) to determine if
seabird population size had changed on the Pribilofs and at Cape Peirce
since previous studies, and (2) to estimate seabird population size

The population studies focused on a few key seabird species, and
included two main strategies--visual counts of seabirds on plots studied
in previous years, and intensive sampling of portions of plots using time-
lapse photography. e :

Our research was focused on four areas: the documentation of diurnal
trends in abundance, seasonal trends in abundance, among-year trends in
abundance and analysis of methods to improve population estimators.

Most species of seabirds exhibited distinet diurnal cycles .in

attendance that were not in phase with each other. These cycles were
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pronounced early in the season but diminished as incubation got underway.
In general, plot censuses should be conducted during the mid-incubation
period, when numbers of birds are most stable and counts may be made over
a broad segment of the day.

The influence of seasonal trends (variation in attendance over the
course of the breeding season) in counts of seabirds may be very important
in assessing among-year trends in population size. When a large seasonal
component of variation exists (as was found for several species) several
replicate counts are necessary to distinguish among-year from within-year
components of variability. Unfortunately our baseline from the Pribilofs'
is 1imited to single counts sampled over a broad time period (up to one
month) thus preventing the elucidation of unambiguous among-year
components of populaton changes.

For many species the counts on the Pribilofs in 1984 were lower than
counts made in 1976 or 1982, and usually much lower than in 1976. These
changes were more pronounced on St. George than on St. Paul. The most
convincing evidence for a substantial decrease in population trend was for
red-faced cormorant, on both islands. For other species (1) apparent
changes in abundance were not significantly different among years (common
murre and red;legged kittiwake), or (2) t.heré were significant changes in
abundance but counts in 1984 indicate recovery relative to 1982 (northern
fulmar), or (3) different trends occurred on the two islands (black-legged
kittiwake and thick-billed murre), suggesting that seasonal changes
(sample dates) might be responsible for the significant test statistics.

We found that the method of stratification originated by Hickey and
Craighead (1977) is useful in improving population estimates based on
changes in occurrence or density of some species among strata. To
increase precision, our population estimation analyses describe maximum
likelihood estimators that optimally fit the seabird data to mathematical
distributions of known properties. An important investment of time in
future studies would be to accurately determine the area of study plots
. and the area of the cliffs (proportion of the total cliff area) occupied
by birds to improve extrapolation procedures.

Our cluster counting and maximum likelihood estimator procedures
always 1mprowied our estimates (increased the precision and reduced the

confidence intervals) of population size over methods previously used,



i.e., mean density/area estimators (Hickey and Craighead 1977, Craighead
and Oppenheim 1982). Our ability to estimate populations ranged from
very good for thick-billed murres (+ 10%) to poor for red-faced cormorant
(+ 100%).

In summary we feel a more critical examination of the seabird
monitoring strategy be undertaken before the MMS program becomes firmly
established. A monitoring program demands that studies be comparable
among years; however an uncritical philosophy of repeating prior baseline
studies (often designed with different research foci) may preclude meeting
current objectives. We recommend that emphasis be placed on determining
the most effective means of monitoring trends. To achieve this,
improvement in plot selection, sampling intensity (spatial and temporal)
and analytical procedures all need to be addressed. A lower, albeit
important, research priority should be to improve the technique for

estimating actual population size.
Productivity Studies

The term "productivity"®, in this study, is the mean number of chicks
per nest (or site, in the case of murres) still alive in study plots at
the termination of field investigations, All complete nest platforms were
considered kittiwake nests; all sites on cliffs where murre eggs were Seen
were considered murre nests. Productivity estimates, when compared with
those of past years, showed that productivity has been low for the past
few years, including 1984, for most species.

Estimates of black-legged kittiwake productivity were very low in
1983 on St. George (0.14) and St. Paul (0.06) islands and at Cape Peirce
(less than 0.01). Likelihood Ratio Tests indicated that 1984 was among
the poorest of years measured for black-legged kittiwake productivity and
reproductive success in the southern Bering Sea. Comparisons over recent
years at other colonies in the Bering Sea indicate that black-legged
- kittiwake productivity has been depressed for three years at many
important colonies (St. George, St. Paul, Cape Peirce, St. Matthew and
possibly St. Lawrence).

Red-legged kittiwake productivity was very low on St. George and St.
Paul islands in 1984 (0.13 and 0.09). Likelihood Ratio Tests indicate
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that on St. George Island, where about 80%f of the world population nests,
productivity has been low for at least the last five years when data were
obtained.

Estimates of productivity of thick-billed murres in 1984 were much

higher on St. George Island (0.31) than on St. Paul (0.03); it has been
speculated that human disturbance at St. Paul may have the effect of
depressing seabird productivity. Productivity of thick-billed murres was
markedly higher in 1984 on St. George than Craighead and Oppenheim
recorded in 1982. '
V Maximum estimates of productivity of common murres at Cape Peirce in
1984 were only 0.05, lower than recorded in 1976 and 1981. During the
studies in 1984 and 1976, common ravens preyed heavily on eggs of common
murres and black-legged kittiwakes at Cape Peirce. During years when
productivity is depressed (when breeding birds may be stressed, as in
1984), ravens may be more effective predators of eggs and chicks.

There were no significant differences in productivity among different
elevational strata or among different plots for any key species of seabird
studied :lh 1984 on the Pribilof Islands or at Cape Peirce.

Sufficient time should be budgeted in seabird colony studies so that
productivity (mortality) of eggs and chicks can be tracked through the
entire breeding season (until surviving chicks are large). Studies that
end early run the risk of' inaccurately estimating productivity.

Analysis of time-lapse photography shows great promise aé a todl for
documenting trends in colony attendance, which may be related to
reproductive status. Detailed computer analyses of time-lapse photograpt_:y
may help determine the number of breeding murres (especially common
murres) on crowded ledges where eggs and chicks (breeding pairs or active
sites) often are difficult or impossible to detect by customary visual

methods.
Feeding Studies

Food habits studies of 10 seabird species at the Pribilof Islands
showed that some specialized in fish and others ate predominantly pelagic
invertebrates. In 5 species (northern fulmar, both kittiwakes, parakeet
auklet, tufted puffin) fish comprised greater than 80%.of wet weight diet.
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In three other species (common murre, thick-billed murre, horned puffin)
fish comprised 25-T70% of diét wet .weight, with the remainder being
primarily crustaceans (in murres) or squid (in horned puffins). In the
remaining two species (least and crested auklets), fish comprised less
than 2% of diet wet weight, and crustaceans comprised greater than 94%.

Differences in the diets of birds grouped by age, time during the
breeding season, or island (St. George or St. Paul) were found in 3 of the
ik species studied in detail. Oniy in least auklets was the diet similar
between months and islands. Hence, if the diets of seabirds are to be
useful at all in monitoring studies, it is important to control
collections for various attributes of the birds' ages, collection
locations and times of sampling.

Wet weight measurements of food samples were more rapid, more precise
and more consistent than were volumetric measurements. Wet weights are
recommended as the preferred method of measuring the amounts of food eaten
by seabirds. Although no statistical evaluation was made, non-parametric
statistical methods probably are more appropriate for analyzing
differences in the amount of food eaten than are parametric methods.

Monitoring Strategies

The objectives of a seabird monitoring program are to measure trend
in populations and to determine if observed changes in trend are
development-related. Potential items to be monitored include population
numbers, productivity, and seabird diet.

Past research at some colonies has demonstrated that small to
moderate changes in numbers and annual production of seabirds at colonies
can be documented. Causes of change have been more difficult to
determine, though changes in food availability, resulting from sgch things
as fishing by man, large-scale shifts in ocean circulation or climatic
changes, have been implicated. There is no indication from the literature
: that any activities related to OCS development, except for oil spills,
have caused population changes to seabirds.

Based on an analysis of available literature and an evaluation of
results from this program, a combination of two general approaches seems

desirable for monitoring studies--(1) repeated measures of population
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numbers over time at selected colonies to determine population trends, and
(2) experiments at sites of 0OCS activity to determine whether .the
activities affect annual productivity. Trend measurements alone cannot
isolate causes of change, and results of experiments at sites of 0OCS
activities cannot, without trend measurements, be readily translated into
regional population-level effects. It does not appear that food habits
studies would contribute a great deal to determining whether bird
population numbers change or to establishing whef.her 0CS activities caused
any changes. However, catastrophic diet changes have been linked to major
population changes in some species of seabirds. If diets of seabirds are
not monitored systematically in similar situations in the Bering Sea,
similar changes could be attributed arbitrarily to OCS activities.

For measuring regional trends in population numbers over time,
monitoring should focus on species that are abundant, .w:ldespread, and
easily sampled and that have several years of historical data at the
colonies to be monitored. Species that are endemic to the area also are
of particular interest. At least one species from each major foraging
type (e.g., benthic, surface, nearshore, offshore) should be included if
possible. In the Bering Sea, the five most suitable species are, in
approximate order of suitability: red-legged kittiwake, black-legged
kittiwake, thick-billed murre, least auklet, and red-faced cormorant.
Colonies that would be most suitable as trend monitoring sites, based on
the number and diversity of seabird species present, ease of study, and
amount of historical data available, are those on the Pribilof Islands,
St. Lawrence Island, Bluff, St. Matthew/Hall islands, and Cape
Peirce/Shaiak Island. Other colonies are considered less suitable.

The primary variable of interest for trend monitoring is population
numbers, and several considerations apply. Two measurements are
desirable: (1) the number of birds in attendance and (2) the number of
nests or breeding birds. Distributional characteristics of most seabirds
in colonies suggest that the best enumeration techniques involve
- stratifying cliff faces on which birds occur, counting of birds on sample
plots, and accounting for clustering of birds in statistical treatment of
data and deriving maximum likelihood estimators that optimally fit the
Seabird data to mathematical distributions of known properties. Patterns
of temporal variability in bird attendance at colonies suggest that at
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least ten replicate counts should be made. Counts should be designed
(e.g., collapsible into simpler forms) so that data collected can be
readily compared with data from previous studies.

For determining whether OCS activities contribute to seabird
population changes, site-specific studies of the effects of selected
activities on productivity are recommended. Studies with spatial controls
should be designed around specific activities that occur near seabird
colonies or feeding areas. The measured effects of these activities on
colony productivity should be translated into potential long-term effects
on regional population numbers so that correlations may be made with
results of the trend monitoring studies (see above). Unfortunately, the
activity most likely to affect population numbers is probably an
accidental oil spill, effects of which would be difficult to
experimentally evaluate because locations of spills are not predictable.
The most that can be hoped for in such a case would be to quantify oil-
caused mortality to the extent possible and attempt to relate mortality
level to observations at trend monitoring stations (e.g., at colonies).

Productivity data collected on test and control sites should be
amenable to rigorous statistical tests for differences among locations and
years., Passive methods for determining productivity (e.g., observations
from a distance) are recommended to prevent reduced productivity as a
consequence of the research activity. Automatically-controlled camera
systems to regularly photograph sanplg plots offer promise in both
population and productivity studies.
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INTRODUCTION

The United States Department of the Interior (USDI), Minerals
Management Service (MMS), contracted LGL Ecological Research Associates,
Inc. (LGL) to design and implement a seabird monitoring program at two
colonies in the Alaska Bering Sea--the Pribilof Islands and Cape Peirce
(Fig. 1). MMS wishes to monitor seabird breeding colonies because
seabirds are highly visible, major components of marine ecosystems, and
because they may be vulnerable to Outer Continental Shelf (0OCS)
development activity. Further, many of the seabirds occurring in the
Bering Sea are protected by treaties between the U.S.A,, Japan, Canada,
and the U.S.S.R. to conservation of migratory birds and their environment.
These treaties prohibit the disturbance of nesting colonies and directs
the contracting parties to undertake measures necessary to protect the
environment of migratory birds and to prevent and abate the pollution or
detrimental alteration of that environment.

The seabird monitoring program constitutes efforts by the U.S.A. to
better understand what envirommental factors influence seabird abundance
and productivity and to determine if seabirds are affected by OCS oil and
gas activity scheduled to occur soon in the Bering Sea.

Objectives

The purpose of the work conducted during the summer of 1984 was to
measure selected population characteristics of nesting seabird colonies at
Cape Peirce (exclusive of Shaiak Island) and on the Pribilof Islands. The
studies in 1984 are part of a long-term monitoring program, and as such,
include a re-census of colonies that have been ce'nsused before.

Specific objectives were to

(1) develop statistically valid measures of the number of
birds and the chick productivity for each major species in
the Cape Peirce and Pribilof Islands colonies, .
(2) develop estimates of kinds and amounts of foods consumed
by the major species in the Pribilof Island colony,
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Figure 1.

Major breeding concentrations of seabirds in the Bering Sea
(greater than 500,000 birds) (after Sowls et al. 1978,
Nysewander et al. 1982).



(3) compare the results of the study with those of previous
studies of the colonies,

(4) discuss the biological significance of population trends
in the colonies, and

(5) develop strategies for future monitoring efforts for the

colonies.
Sites for Study

The sites of interest are in the southern Bering Sea. Cape Peirce is
on the mainland, whereas the Pribilof Islands are remote oceanic islands
close to the shelf break (Fig. 2).

Dick and Dick (1971) and Petersen and Sigman (1977) describe the Cape
!;e:lrce area in detail, especially climatic and physiograbh:le features.
Hickey and Craighead (1977) describe the physiography and climatic
features ‘of the Pribilofs.

Aside from sporadic hunting and fishing activities near the entrance
to Nanvak Bay, and the activities of biologists there, little human use is
made of the Cape Peirce area. The nearest pemanent residents are at the
Air Porce Radar Station at Cape Newenham, about 10 km W of Cape Peirce.
The nearest village is Goodnews Bay, about 25 km N of Cape Peirce.

Two villages are located on the Pribilof Islands; the largest is on
St. Paul, where an airport and extensive system of roads and trails
provide access to most of the island. The smaller village and airport and
less extensive system of roads on St. George somewhat 1limits access to
seabird cliffs over most of this island.

All four islands in the Pribilof group--St. Paul, St. George, Otter,
and Walrus islands--support seabirds; however, only the first. two have
large breeding populations and have been the subjects of intensive study.
Cape Peirce has more than one colony--Cape Peirce proper and nearby Shaiak
Island. ‘

The species present in the four colonies and their estimated
population sizes are listed in Table 1 (Sowls et al. 1978). Several major
differences are evident between the species compositions of the two areas.
At the Cape Pe:l.rt_:e colonies, two species--common murre and black-legged
kittiwake--account for most of the birds. The tufted puffin and glaucous-
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Table 1. Population estimates (birds) of seabirds in study areas (from
Sowls et al. 1978).

—Pribilof Islands Cape Peirce
St. George St. Paul Cape Peirce Shalak Island
Northern fulmar 70,000 700
Red-faced cormorant 5000 2500 15
Double-crested cormorant 600
Pelagic cormorant T00 100
Glaucous-winged gull x x 20 500
Black-legged kittiwake 72,000 31,000 200,000 20,000
Red-legged kittiwake 220,000 2200
Common murre 190,000 39,000 500,000 50,000
Thick-billed murre 1,500,000 110,000
Pigeon guillemot 300 x
Parakeet auklet 150,000 34,000 100 x
Crested auklet 28,000 6000
Least auklet 250,000 23,000
Horned puffin 28,000 3300 900 x
Tufted puffin 6000 1000 100 80,000
TOTAL 2,519,000 253,800 702,187 115,800




winged gull are also very common but are restricted primarily to Shaiak
Island. -

In contrast, the Pribilof Islands support a much more diverse
assemblage of species. Eleven species may be considered very common--
northern fulmar, red-faced cormorant, black-legged kittiwake, red-legged
kittiwake, common murre, thick-billed murre, parakeet auklet, crested
auklet, least auklet, horned puffin, and tufted puffin. In all cases much
larger populations exist on St. George Island than on St. Paul Island.
But, except for northern fulmar, each species is numerous on both islands.

BACKGROUND

Previous Studies in the Areas of Interest

Several studies of seabirds have been conducted at each study site
prior to 1984; these are summarized in Table 2. At the Pribilof Islands,
the data for productivity are the most comprehensive, but good data for
food habits are also avalilable for several years. At Cape Peirce,
population estimates form the most extensive data sets, followed by
productivity estimates.

Two important points need to be made regarding these earlier studies.
First, there is tremendous variability in the scope and spatial and
temporal extent of the investigations. Some studies concentrated on only
a few of the species present, others on most species. For example, some
studies in the Pribilof Islands examined both major islands, others only
one. 3Similarly, at Cape Peirce, studies are divided between Shaiak
Island, Cape Peirce proper, and both. Some studies lasted single days,
others for entire summers., Fortunately, to maximize the compatibility
among studies, most recent investigations in the same areas focused on the
same study plots that were used by earlier investigators.

The second important consideration is that results of many of the
- studies (Table 2) remain unpublished. Our preliminary inquiries indicated
that most unpublished studies were available; in this report we have used
summaries of the most intensive unpublished productivity research (e.g.,
D.S. Lloyd, Univ. of Alaska, 1980-81, both study areas).



Table 2. Seabird studies corducted at the Pribilof Islands and Cape Peirce.

1970

1973

1975
1976
1977
1978

1979
1980
1981

1982

Pribilof Islands

Population

%\mwm%mwm

Hunt et al,
1978

Hickey and
Craighead 1977

study plots
Hunt et al.
1978

Hunt et al.
1981

Hunt et al. 1982
Lloyd unpubl.

Lloyd unpubl.
Roby unpubl.

study plots

Craighead and
Oppenheim 1982
Roby unpubl.

study plots

yes yos

yes yes

yes

yes
RLKI

yes
least auklet

least auklet

Dick and Dick
1971

Divoky unpubl.

Diok unpubl.

Petersen and
and Sigman 1977

Petersen unpubl.

Lloyd unpubl,

Cape Peirge
Population
non- limited
systematioc :
rough ocensus
1 day
? ?

study plots yes

(1 day)

study plots yeos

limited

limited




Biology of Key Species

Analysis of previous studies suggests that 11 species are common in
the study area (including both sites). Summaries of the biology of the
most common species (those emphasized in this study) are presented below.

Kittiwakes

Kittiwakes are small, pelagic gulls. Two species occur in the Bering
Sea--the black-~-legged kittiwake (Rissa tridactyla) and the red-legged
kittiwake (B. brevirostris). Black-legged kittiwakes are circumpolar in
distribution and are numerous in the eastern Bering Sea, where a minimum
breeding population is estimated at 750,000 (Sowls et al. 1978).
Population indices derived from aerial and shipboard censuses indicate the
presence of 1-3 million black-legged kittiwakes in summer and 3-34.5
million in fall over the eastern Bering Sea (Gould et al. 1982). Red-
legged kittiwakes are endemic to the Bering Sea. They are known to breed
only at Buldir and the Bogoslof Island group in the Aleutians, in the
Commander Islands, and in the Pribilof Islands. About 88% of the estimated
world population of about 250,000 birds breeds at the latter site.

Black-legged Kittiwake. The breeding distribution of black-legged
kittiwakes in the'Bering Sea is depicted in Figure 3. Black-legged

kittiwakes typically nest on ledges on vertical faces of cliffs, although
they may nest on gradual slopes if ground predators are absent. They lay
clutches of one to two (rarely three) eggs (Hunt et al. 1981c) in the
Bering Sea.

At Buldir Island from 1974-76, peak laying of black-legged kittiwakes
occurred between 13-23 June, peak hatching occurred i‘rom 11-21 July, peak
fledging was from 7-25 August and departure took place between 15-=30
August (G.V. Byrd, USFWS and R.H. Day, Univ. Alaska; unpublished data).
.. At the Pribilof Islands from 1975-79, mean date of clutch initiation was
about 1 July, mean date of hatching was about 24 July, and mean date of .
fledging was about 11 September; the period of residency extended from
mid-April to mid-October (Hunt et al. 1981b). Nesting at the northern

‘colonies may be delayed in cold years due to ice cover on the seas and
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Figure 3. Breeding distribution of black-legged kittiwakes in the
Bering Sea (from A.L. Sowls et al. 1978, AINWR 1981, D.R.

Nysewander et al. 1982, F.H. Fay pers. comm.).
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snow cover on nest sites (D.G. Roseneau, LGL Alaska Research Associates,
Inc., pers. comm.).

Black-legged kittiwakes vary considerably in reproductive success,
both among years and among sites. Reasons for the high annual variability
in kittiwake reproductive success are not fully understood. Weather is
presumed to play a part, either as a long-term mediator of prey
production, as an influence on phenology of prey availability in a given
year, or in Iinterfering with foraging efficiency of the birds during key
periods in the reproductive cycle. At present there are insufficient data
to test various hypotheses.

In Britain, black-legged kittiwakes first breed at three to five
years of age (Coulson 1966). At onset of breeding, life expectancy is 5.3
years for males and 7.1 years for females (Coulson and Wooler 1976).
These estimates may not be valid for the Pacific population.

Non-breeding birds in pelagic habitats are widely dispersed. 1In the
southeastern sector of the Bering Sea, Hunt et al. (1981¢c) described a
tendency for higher densities between the 100-m isobath and deeper waters
of the shelf break, and for lower densities between the 50- and 100-m
isobaths.

In winter, most of the breeding population leaves the Bering Sea,
though some spend the winter north of the Aleutians, on shelf break and
oceanic waters north to the Pribilofs (Shuntov 1972). Observations along
the ice-front indicate that kittiwakes are not particularly abundant there
relative to their abundance in areas south of the ice pack (Divoky 1981).
Gould et al. (1982) described kittiwakes as virtually absent from shallow
waters of Bristol Bay in winter, but present in "fair numbers"™ over shelf
break and oceanic waters,

The feeding method of kittiwakes is primarily dipping; however,
surface-seizing and occasionally shallow pursuit-diving is employed (Hunt
et al. 1981a). Fish are the primary prey, but crustaceans (euphausiids,
amphipods) and éephalopqu are also consumed. In the Pribilof Islands,
- the most important prey reportedly has been walleye pollock, but other
fish such as capelin, sand lance, and myctophids also are preyed upon;
Hunt et al. (1981a) noted an increase in the proportion of fish
(especially pollocg) taken as the breeding season progressed and a

corresponding decrease in use of crustaceans. In other regions, sand
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lance and capelin predominate over pollock as principal prey items, and in
the northern Bering, arctic cod is also important (Drury et al. 1981). In
the Bering Strait and Seward Peninsula region, kittiwakes may prey heavily
on crustaceans in July of some years (Hunt et al. 1981a). The presence of
sand lance (and presumably capelin) seems to be important to high

reproductive success (Murphy et al. 1980).

Red-legged Kittiwake. The breeding distribution of t‘he red-legged
kittiwake in the Bering Sea is depicted in Figure 4. Red-legged

kittiwakes nest on cliff ledges (Hunt et al. 1981c). Single-egg clutches
are the rule, although two-egg clutches have been reported (Hunt et al.
1981b).

Red=legged kittiwakes arrive at the Pribilof Islands in early to late
April and most leave in September (Hunt et al. 1981d). At Buldir Island,
1974-76, the peak laying period was 20 June to 2 July; peak hatching was
21-30 July; peak fledging was 20 August to 10 September; and departure
occurred 10-25 September (G.V. Byrd, USFWS and R.H. Day, Univ. Alaska;
unpublished data). On St. George Island, 1976-78, mean date of clutch
initiation was 34-7 July; mean date of hatch was 31 July to 10 August; and
mean date of fledg:lng was 10-18 September. '

On the Pribilof Islands, chicks fledged per nest attempt ranged from
0.3-0.6, except during 1978 when this value fell to 0.10-0.13. Fledging
success for hatched chicks was high, averaging T0-87% .(Bunt et al. 1981a).
On St. George Island in 1981, productivity fell below 0.10 chicks per nest
attempt, and many pairs did not build nests (D.S. Lloyd, unpub. data).
Reasons for breeding failures of this magnitude are not known. Hunt et
al. (1981b) thought poor breeding success in 1978 resulted from bad
weather that interfered with feeding, but this reasoning may be
insufficient to explain the 1981 breeding failure (R.H. Day, Univ. Alaska,
pers. comm. 1982).

In summer, red-legged kittiwakes are concentrated over the shelf
- break west and south of the Pribilofs. Few ar.e sighted in water shallower
than 100 m and very few are recorded north of 599N or east of 165°W (Hunt
et al. 1981d).

Little is known of the winter distribution of this species. Shuntov
(1972) stated that many, if not most', red-legged kittiwakes leave the
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Breeding distribution of red-legged kittiwakes in the Bering
Sea (from A.L. Sowls et al. 1978).
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Bering Sea. Records from the Gulf of Alaska in fall and winter (Kessel
and Gibson 1978) support the hypothesis that dispersal out of the Bering
Sea occurs before winter.

Feeding is by dipping or surface-seizing (Ashmole 1971). Hunt et al.
(1981a) found myctophids (lantern fish) to be an important food item at
the Pribilof Islands; walleye pollock were also taken at the Pribilofs.
Cephalopods were the most important prey item other than fish. Hunt et
al. (1981a) noted a trend towards increased use of fish from June to
September. In the Aleutians, red-legged kittiwakes were found to feed
primarily on fish and crustaceans, and secondarilj on cephalopods (Day
1980).

Murres

Two species of murre, thick-billed (Uria lomyia) .and common ({.
aalge), occur in the Bering Sea; both are widely disfr:lbuted in the North
Pacific and the North Atlantic. The eastern Bering Sea reportedly
supports a minimum of 5.3 million breeding murres (Sowls .et al. 1978)
(Fig. 5).

Because the two species are similar in appearance, many observers
have not distinguished between them in pelagic censuses; however, the
relative abundance of the two murres at their breeding colonies is better
known. Common murres predominate at the mainland coastal colonies of the
Bering Sea such as Cape Peirce, whereas thick-billed murres predominate in
the Aleutian, Pribilof, and other offshore islands and in the northern
Bering Sea (Roseneau and Springer 1982). They are often found nesting in
mixed colonies. Life histories of the two species are similar in many
respects; unless indicated otherwise, "murre® in the following accounts
refers to both species.

Murres lay a single egg on the bare rock of cliffs. Common murres
tend to use broad ledges and flat areas, whereas thick-billed murres tend
- to use narrower ledges on steep cliffs.

In the southern Bering Sea, murres begin to aggregate on waters near
the colonies in late March and April (Hunt et 'al. 1981b). Laying begins
from early June (Cape Peirce) to late June, and peaks from mid- to late
June. Peak hatching in the Pribilof Islands occurs from late July to mid-
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August, and peak fledging occurs from mid-August to early September (Hunt
et al. 1981b). Breeding phenology is generally later in northern areas
such as St. Lawrence Island and Norton Sound than in the Pribilof Islands.
But among-site differences in timing of breeding activities are sometimes
obscured by large interannual differences, such as a 2.5 week difference
between peak laying in 1977 and 1978 at Bluff in Norton Sound (Drury et
al. 1981).

Young murres "leap” from their natal cliffs at about three weeks of
age and glide to the sea. They remain in the water for an additional
three weeks or more before they are capable of sustained flight (Tuck
1960). Adults accompany the chicks at sea at this time; here the adults
undergo molt and are incapable of flight for about two weeks (Roseneau and
Springer 1982).

Murres probably do not breed until their fifth year (Birkhead and
Hudson 1977). Average life expectancy for adult common murres in Wales
was estimated to be 11 years, and adult survivorship was 91.5% (Birkhead
and Hudson.1977). Estimates of reproductive success of murres from
various locations in the Bering Sea have ranged-from 0.3-0.7 young fledged
per egg laid (Hunt et al. 1981c).

At the Pribilof Islands, relatively high densities of murres are
found near the breeding colonies (Fig. 6) (Hunt et al. 1981b) and along a
hydrographic front located 55-60 km from the Pribilof Islands (Kinder et
al. 1983). It is not known what proportion of non-breeding murres are
associated with the colonies in summer, although peak numbers in both
early and late summer may represent periods when birds prospecting for
nest sites (including sub-adults) are present at the colonies (Tuck 1960).

Murres are distributed in fall over shelf waters from the Gulf of
Anadyr to Bristol Bay. They may remain in northerly areas of the Bering
Sea until forced south by advancing ice (Shuntov 1972). Thick-billed
murres are known to winter in leads and polynyas north of the ice-front
(Roseneau and Springer 1982), and both species have bgen recorded along
- the ice-front; murre densities to 1000/km2 at the front are common, and
concentrations of 10,000/km2 and a total count of 25,000 individuals in
one flock have been recorded (Divoky 1981). As the ice-front advances
southward, murres tend to concentrate in the southeastern Bering Sea,

where extensive shelf areas remain ice-free (Roseneau and Springer 1982);
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Figure 6. Pelagic distribution of common and thick-billed murres in the
Bering Sea, March-November (after G.L. Hunt et al. 198la,
G.L. Hunt et al. 198lc).
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numbers appear to increase in the eastern Aleutians and Unimak Pass during
the fall (Shuntov 1972). o

Murres feed by diving and may attain depths of 110-130 m (Forsell and
Gould 1980). Fish are the principal prey, but invertebrates are often an
important constituent of the diet. Common murres tend to feed within a
few km of shore in water 50 m or less in depth, whereas thick-billed
murres may.feed tens of kilometers to sea in deep water (Roseneau and
Springer 1982). Thick-billed murres also take a greater variety of prey
(with a greater proportion of invertebrates in the diet) than do common
murres.

Common murres are dependent on nearshore mid-water fishes, whereas
thick-billed murres use demersal fishes. Common murres in the Bering Sea
feed on a variety of fish :I.nclt_x_'ding cod, sand lance, capelin and
pricklebacks (Stichaeidae); the latter is used principally as food for the
chicks. Thick~billed murres frequently prey on all of the above fish
(except pricklebacks) and also take sculpins, which occur near the sea
bottom (Roseneau and Springer 1982). Invertebrates consumed by both
species include, in approximate order of importance, shrimps, amphipods,
euphausiids, cephalopods and polychaetes (Roseneau and Springer 1982).
There is considerable regional variability in diet; murres on the Pribilof
Islands take walleye pollock extensively, whereas murres in Norton Sound

are dependent on sand lance and arctic cod (Hunt et al. 1981a).

Cormorants

Figure 7 depicts distribution and relative abundance of the three
cormorant species found in the eastern Bering Sea. The red-faced
cormorant (Phalocrocorax urile) is mostly confined to the Aleutian Islands
and the Alaska Peninsula. Its breeding range extends from the Commander
Islands through the Aleutian Islands, north to the Pribilof Islands (Sowls
et al. 1978) and east along the Gulf of Alaska coast to Prince William
- Sound, where the population appears to be increasing (Kessel and Gibson
1978). About 160,000 pelagic (Phalocrocorax pelagicus) and red-faced
cormorants are estimated to occur in the eastern Bering Sea. The
relative proportions of the two species have not been determined for
several colonies. Only red-faced cormorants breed on the Pribilof Islands
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Breeding distribution of double-crested, red-faced, and
pelagic cormorants in the Bering Sea (from A.L. Sowls et al.
1978, AINWR 1981, D.R. Nysewander et al. 1982).

20



although pelagic cormorants were reported from the area earlier in the
century. Both pelagic and double-crested (Phalocrocorax auritas):
cormorants are relatively common at the Cape Peirce colonies (the former
at the Cape, the latter on Shaiak Island) and red-faced cormorants are
scarce.

In the Pribilof Islands, the nests of red-faced cormorants are
scattered on the lower portions of cliffs (Hunt et al. 1981b). Hunt et
al. (1981c) recorded clutch sizes of two to three at several locations on
St. Paul Island. Broods of one to four were recorded in the western
Aleutians in 197% (Trapp 1975).

At St. Paul Island from 1975-78, the mean date of clutch initiation
ranged from 13-30 May, the mean date of hatch ranged from 21 June to 5
July, and the mean date of fledging ranged from 5-24 August. Breeding
phenology at Buldir Island, 1973-76, was similar to that recorded at St.
Paul. Red-faced cormorants are year-round residents at the Pribilof
Islands (Hunt et al. 1981b) and probably throughout most of their breeding
range. ’

On the Pribilof Islands, the average number of young fledged per nest
attempt was 1.25; young fledged per successful nest (fledg:lng at least one
young) was 2.0. The primary cause of egg and chick loss was desertion by
the parents; reasons for nest desertion were unknown (Hunt et al. 1981b).
Nests left unattended by adults were heavily preyed upon by foxes on the
Pribilof Islands (Hunt 1978). Survivorship trends and age at first
breeding are not known, but the related double-crested cormorant generally
breeds at three years (Palmer 1962).

Nesting cormorants feed near shore in shallow water, seldom more than
a few km from their breeding colonies. Their feeding method is pursuit-
diving (Ashmole 1971). Fish, mostly sculpins, are the primary prey, but
decapods (shrimp and crab) and amphipods are also eatén (Hunt et al.

1981a).

- Auklets

Parakeet (Cyclorrynchus psittacula), crested (Aethia cristatella), .
and least (A, pusilla) auklets are common seabirds of the eastern Bering

Sea. The least auklet is the most abu'ndant, with an estimated population
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of six million in the eastern Bering Sea. The crested auklet is often
found in association with the least auklet in breeding colonies, but is
less abundant, with an estimated two million occurring in the eastern
Bering Sea. Thei'e are on the order of 300,000-600,000 parakeet auklets
in the eastern Bering Sea (Sowls et al. 1978).

All three species are similar in many aspects of their behavior, food
habits and natural history. They all forage on crustacean zooplankton and
nest in crevices on talus slopes or rocky shorelines, often in mixed
species colonies. Because of these similarities, the natural histories of
these three species will be desecribed together. '

The breeding distributions of the least, crested and parakeet auklets
in the eastern Bering Sea are depicted in Figures 8 and 9. All three
species lay single-egg clutches and are believed to first breed at three
years of age (Sealy and Bedard 1973).

Least and crested auklets nest in crevices in talus formations
(either coastal slopes or up to 1 km inland), among bouiders on beaches,
in cavities in cliffs, or (in the Aleutians) in lava rubble (Sealy 1968).
Searing (1977) found greater numbers of least auklets in areas of steep
slopes, angular rocks and deep talus, whereas numbers of crested auklets
were highest on slopes that faced the sea and had larger boulders. Sealy
(1968) and Knudtson and Byrd (1982) found that the talus slopes occupied
by crested auklets on St. Lawrence and Buldir islands tended to have
larger boulders and crevice openings than those occupied by least auklets.

On St. Lawrence Island, parakeet auklets are largely scarp-face
nesters (not talus nesters like the Aethia auklets), and when they do nest
in talus, it is primarily in grassy areas or turf-covered slopes (Bedard
1969a). On the Pribilof and Aleutian islands, parakeet auklets nest
beneath large boulders or cavities in cliffs (Sealy 1968).

Phenological data for all three species at St. Lawrence Island and
Buldir Island are presented in Table 3. The extent of snow cover on the
nesting grounds is thought to influence the timing of breeding (Sealy
1975).

Because nests are often deep in crevices, it is difficult to gather
data on reproductive success for these species. Sealy and Bedard (1973)
calculated the reproductive success of parakeet auklets at St. Lawrence
Island to be 0.52 young fledged per nest (n = 31). Hatching success was
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Breeding distribution of crested and least auklets in the
Bering Sea (from A.L. Sowls et al. 1978, AINWR 1981, R.H.
Day, Univ. Alaska, pers. comm. 1982, G.F. Searing 1977, F.H.
Fay, Univ. Alaska, pers. comm. 1982).
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(from A.L. Sowls et al. 1978, AINWR 1981, R.H. Day, Univ.
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Table 3. Phenology of arrival and nesting on St. Lawrence and Buldir islands for three species of
: auklets ocourring in the Bering Sea.

Arrival
Offshore
Least auklet
St. Lawrencel 10 = 15 May
Buldir2, Late April?
Crested Auklet
St. Lawrence! 13 - 18 May

Buldir2,4 Late April?
Parakeet auklet
St. Lawrencel,3 04 - 13 May
Buldir2,4 Late April?

Arrival
On Cliffs
20 - 29 May
15 - 18 May
18 - 29 May
15 - 18 May
19 - 24 May
15 -

18 May

~Peak Laving
06 Jun - 02 Jul
28 May - 06 Jun
24 Jun - 03 Jul
28 May - 05 Jun
21 Jun - 25 Jun
02 Jun - 11 Jun

-Peak Hatching.
22 Jul - 01 Aug
30 Jun - 09 Jul
29 Jul - 11 Aug
05 Jul - 12 Jul
26 Jul - 30 Jul
03 Jul = 15 Jul

~Peak Fledging
20 Aug - 01 Sep
29 Jul = 12 Aug
03 Sep - 09 Sep
29 Jul - 15 Aug
29 Aug - 0T Sep
29 Jul - 15 Aug

1Searing 1977.

2G.V.'Byrd, USFWS and R.H. Day, Univ. Alaska, unpublished data.

RSealy and Bedard 1973. ‘ '
Knudtson.and Byrd 1982. '



68% and fledging success (n = 21) was 76%. Based on a small sample size
(n = 16) of least auklets, Searing (1977) estimated young fledged per nest
with eggs to be 0.34. On Buldir Island the same parameter for crested
auklets was 0.43 (n = 9) and for least auklets 0.43 (n = 14) (Knudtson and
Byrd 1982). At St. Lawrence Island in 1981 (D.G. Roseneau, pers. coamn.
1982), seven of thirteen nests with newly hatched young of known fate
survived to fledging weight; if this survival (54%) is taken as equivalent
to fledging success, then the estimate is close to Searing's (1977) value
of 56% fledging success for least auklets., At Buldir Island, all chick
mortality occurred within the first week of hatch (Knudtson and Byrd
1982). Young are able to fly quite well upon leaving the nesting
crevices. They are able to dive almost immediately and appear to be
independent of the adults. However, strong onshore winds can cause sea-
going chicks to be blown back onto land, resulting in some mortality
(Sealy 1968).

From May to September, auklets are concentrated near their breeding
colonies. At the Pribilof Islands, Hunt et al. (1981a) found that crested
and least auklets usually foraged within 5 to 10 km of shore, whereas
parakeet auklets were observed foraging “several tens of kilometers™ from
the colonies. At St. Lawrence Island, the auklets from colonies at
Northwest Cape and Southwest Cape often feed in an area 30-50 km (or more)
north of Gambell; birds from Southwest Cape must travel at least 70 km to
reach this feeding area (D.G. Roseneau, pers. comm. 1982).

Data are insufficient to describe the winter distribution of auklets.
Shuntov (1972) stated that most small auklets leave the Bering Sea in
fall, wintering-along the Aleutian chain and in the open North Pacific.
The water surrounding Kodiak Island is a known wintering area for crested
auklets (Gould et al. 1982). All three species occur around the Pribilof
Islands in winter (Sealy 1968), but in small numbers. Large
concentrations of least auklets have been seen in spring along the ice
edge north and east of the Pribilof Islands (Gould et al. 1982), and all
- three species raft in dense flocks in leads near St. Lawrence Island
during the spring (Bedard 1967).

The auklets feed by diving (Ashmole 1971). Least and crested
auklets specialize in preying on zooplankton at moderate depths (Hunt et
al. 1981a). At the Pribilof Islands, least auklets prey primarily on
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calanoid copepods, with anphipods comprising a relatively minor portion of
the diet. Crested auklets take mostly euphausiids, with secondary
reliance on amphipods (Hunt et al. 1981d). Searing (1977) and Bedard
(1969b) arrived at similar conclusions with respect to food habits of
least auklets; however, Searing's results indicated that crested auklets
were almost completely dependent on calanoids. These auklets tend to
maintain a more varied diet in early summer, but both species depend on
their respective favored prey during the chick-rearing period.

Parakeet auklets at both St. Lawrence Island and the Pribilof Islands
are more diverse than least and crested auklets in their feeding habits.
At the Pribilof Islands they fed on euphausiids, fish larvae, polychaetes
and amphipods. Fish are less important in the diet at St. Lawrence Island
than they are at the Pribilof Islands (Hunt et al. 1981a).

The Bering Sea distribution of parakeet auklets differs from that of
the Aethia auklets in that parakeet auklets are found in a greater number
of locations (particularly in coastal waters along the mainland) but in
lower densities. Several authors have suggested that this distributional
difference is a reflection of d;fferences in food dependencies-~the
parakeet auklet depends on a more varied and widely distributed food
supply, which includes epibenthic invertebrates, than do the Ag&hia
auklets, which prey on patchily abundant zooplankton species (Bedard
1969b, Hunt et al. 1981d). '

SUMMARY

The U.S. Minerals Management Service (MMS) desires to carry out a
program to monitor populations of seabirds in the Bering Sea, and to
determine if any population changes that occur are caused by OCS petroleum
development operations., It is desired that studies in the first year of
this program investigate seabird abundance, productivity and diet; compare
new findings with findings of preVidus studies; discuss the significance
- of population trends observed; and develop strategiés for future
monitoring. ' '

MMS has selected the seabird colonies at Cape Peirce on the Alaska
mainland and at the Pribilof Islands for the initial investigations.
Several studies have been comducted at each location in the past, but the
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results of past studies are frequently not suitable for making inter-study
comparisons.

Seabirds of 11 species are common in the colonies of interests, if
both sites are included. The Pribilof Island colonies support a more
diverse species assemblage than does Cape Peirce. The species potentially
amenable to monitoring studies include black-legged and red-~legged
kittiwakes; thick-billed and common murres; red-faced, pelagic and double-
crested cormorants; and parakeet, crested and least auklets.

Black-legged kittiwakes number from 1-3 million in the eastern Bering
Sea in summer and fall. They nest abundantly at both Cape Peirce and the
Pribilofs, varying greatly in reproductive success from year to year.
Non-breeders are widely dispersed in the Bering Sea in summer; most move
south in winter. They feed mainly on fish at or near the surface.

Red-legged kittiwakes nest abundantly (88% of the world population of
250,000) at the Pribilofs, but not at all at Cape Peirce. Their breeding
success is highly variable annually. Feeding birds in summer concentrate
south and west of the Pribilofs; most move south in winter. They feed\
mainly on fish at or near the surface. .

About 5.3 million murres breed in the eastern Bering Sea; of the two
species, common murres predominate at Cape Peirce and thick-billed murres
predominate on the Pribilofs. Murres are long-lived, slow-reproducing
birds with less annual variability in breeding success than the
kittiwakes. In summer most concentrate to feed near the colonies; most
also winter in the Bering Sea. Both species eat mainly fish; common
murres depend largely on nearshore mid-water fishes and thick-billed
murres use demersal fishes in deeper waters.

Of the cormorant species, the red-faced cormorant is the only one
nesting at the Pribilofs, and the pelagic cormorant is dominant at Cape
Peirce. Red-faced cormorants are year-round residents at thé Pribilofs.
All the cormorant species feed largely on fish, which they catch by diving
in waters near their breeding colonies.

The three auklet species are extremely abundant breeders in the
eastern Bering Sea, with estimated populations of 6 million (least
auklet), 2 million (crested auklet) and around 0.5 million (parakeet
auklet). All are long-lived and reproduce slowly, but data on
reproduction are difficult to gather because many nest deep in crevices.
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Most individuals of all species concentrate near their breeding colonies
from May to September, but move out of the Bering Sea in winter. Least
and crested auklets dive to moderate depths to prey on zooplankton.
Parakeet auklets feed at varying depths and on a greater variety of prey

than do the other two species.
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INTRODUCTION

The objective of a population monitoring program is to document
population levels over time. The experimental design of a monitoring
program should be such that it minimizes (1) the sampling effort required
and (2) the magnitude of change (or difference) among populations required
to detect changes. One of our goals in this study was to use a variety of
techniques for sampling and analyzing seabird populations at coloﬁies in
order to explore possible improvements in seabird population monitoring
strategies. Limits on our experimentaﬁion were established by the need to
maintain compatability of our results with those of prior investigations
at the study colonies.

The principal parameters of concern in this monitoring study are
population size and trend, i.e., (1) how many individuals are present, and
(2) is the population growing, stable, or shrinking? Although closeiy
related, size and trend are distinct parameters that should be estimated
independently. In the context of a monitoring program per se the
estimation of trend, or change'over time, is of greatest interest.
Measurement of trend in populations does not necessarily require knowledgé
of the actual population size, and may be considerably easier to estimate.
However, knowledge of population size as well as absolute estimates of the
magnitude of change (as opposed to trend information only) may both be of
considerable value to resource managers.

In this report, we describe the procedures and results‘of population
monitoring studies conducted in seabird colonies at Cape Peirce and the
Pribilof Islands. The objectives of these studies were to

(1) document trends in seabird populations,
(2) estimate seabird population sizes, and
(3) improve methodologies for deriving estimates necessary for
the first two Objectives.
Sample Design Considerations
Trend in the sizes of the populations of seabird species breeding at

a colony is the usual measurement of interest when monitoring the health
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of the populations. Rapid changes in population sizes of adults and
subadults might occur because of catastrophic events such as oil spills in
areas where birds congregate on the water. Monitoring of bird numbers
should be able to detect large changes caused by such events.

Though catastrophic changes in colony size can be detected fairly
easily, slower, steady changes often are more difficult to detect. Such
changes may result if environmental perturbations affect productivity or
survival rates of a population. Many seabirds are long-lived and it may
take many years for changes in the productivity of populations to cause
appreciable changes in colony size. Because of the need to detect these
more subtle changes, it is important that estimates of population size be
as statistically precise as possible.

Hickey and Craighead (1977), the most detailed seabird population
estimation study available for the Pribilofs, estimated the 95% confidence
interval for the common seabirds at the colonies to be + 50% of their
population estimates. Craighead and Oppenheim (1982) revised this
precision to + 36%. Unless the precision of these estimates can be
improved significantly, it will not be possible to show that any but
catastrophic changes in colony size have occurred.

Many methods have been described for estimating population sizes of
seabirds to monitor for population changes. Some attempts have been made
to standardize census techniques (e.g., Birkhead and Nettleship 1980,

Harris et al. 1983, Nettleship 1976); however, most field investigators

adopt their own methods, perhaps because of variations among studies in
logistics support, time constraints, population parameters of interest, or
differences among investigators in their appreciation for the statistical
limitations of the various approaches. Thus, in terms of designing a
monitoring study one must look very carefully at historical (existing)
studies to determine the utility of these data in tracking the parameters
of interest.

One of the major confounding factors in attempts to estimate
. population sizes at colonies is the variability in colony attendance that-
occurs independently of variations in size of nesting populations.
Reported causes of this variability include seasonal trends and diurnal
cycles in attendance, tidal cycles, and weather-induced .variations (Slator
1979, Harris et al. 1983, Gaston and Nettleship 1982). Large, unexplained,
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short-term changes in attendance (e.g., large differences in counts
between days at the same site) have been observed to occur, without
apparent cause. It is important to recognize this variability, because
its occurrence invalidates many attempts to test for changes in size of
breeding populations.

To test for differences among samples, or in a sampled population
over time, it is necessary that the among-sample variability be much
larger than the measurement error associated with each sample (i.e., the
precision of the measurement being taken). If a point-in-time count is
being used to represent the number of birds occupying a cliff face for a
particular yeaf', then this error term includes errors in counting
(probably trivial) and temporal variability in seabird attendance over the
portion of breeding season when the population of interest is assumed to
be present. The largest measurement errors are caused by the variability.
in bird attendance at study plots. In many studies this error is ignored.
This is acceptable only if the magnitude of this error is known to be
small. Unfortunately, we know that attendance patterns of seabirds at
breeding colonies is quite variable, and that corrective measures, such as
standarization of time of day and season when the count is made, cannot
completely eliminate or reduce this component of variability to an
acceptable level.

Several replicates of counts of birds on study plots are required to
assess the magnitude of measurement error. Such replication has rarely
been a component of Alaskan seabird population studies. An alternative
approach for dealing with measurement error is to use a very large number
of sample plots, assuming that errors will not all tend to be in the same
direction over a significant number of plots. This approach may require a
large number of study plots in order to detect small population changes--a
requirement unavailable at a great many colonies (e.g., access problems
may limit the number of plots that can be sampled). Further, the
assumption that errors will tend in the same direction may not be valid.
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Field Methods

Terminology

The primary sample unit for the population study is the sample plot.
Plots are defined regions of cliffs within which seabirds were enumerated.
Our study plot is equivalent to the "ledge" of Hickey and Craighead (1977)
and the "colony" of Petersen and Sigman (1977). Plot boundaries were
delimited on photographs by the original investigators. These photographs
were loaned to us to aid in locating the same sample units. Usually plots
were unambiguously defined in that a discrete area of cliff was selected
for counting birds. In most cases the count area was surrounded by
uninhabited or uninhabitable areas so that decisions as to inclusion of
individual birds were unnecessary. Plots were selected based on their
accessibility and the availability of reasonable vantage points. These
units cannot be considered as random samples, although we have to assume
they are representative of the colonies they sample.

Plots were frequently divided into subplots. Our subplots correspond
to divisions of plots used by some previous investigators and could be .
used in more detailed analyses of changes in distribution of birds within
plots.

Within each plot (or subplot) birds were counted by "clusters” (=
aggregation counting). Clusters are defined as aggregations of birds
separated from all other conspecifics by at least two bird lengths or an
individual of another species.

Two units larger than plots--colony and strata--were recognized. The
colony encompasses all study plots and other portiohs of cliffs occupied
by seablirds at a study location. For this study the colonies are Cape
Peirce, St. George Island, and St. Paul Island. The two Pribilof Island
colonieé were partitioned into strata based on cliff height using the
method described by Hickey and Craighead (1976). A total of five strata

. were defined as follows:

Stratum 1 0- 200 ft 0-61 m
Stratum 2 200- 200 ft 61-122 m
Stratum 3 400- 600 ft 122-183 m
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Stratum 4 ° 600- 800 ft 183-244 m
Stratum 5 800-1000 ft >2hh m

Plots within these colonies were assigned to strata for the purpose of
population estimation. All five strata occur on St. George Island; only
Strata 1 and 2 occur on St. Paul. Only stratum 1 occurs at Cape Peirce.

Counts of seabirds were made at study plots used during previous
investigations at the Pribilof Islands and Cape Peirce. The approximate
locations of study plots are shown in Figures 1 and 2. The dates of
sampling are summarized in Appendix 1. Counts were made at approximately
the same time of day as during previous studies (afternoon-evening);
allowances were made for changes in time zones used in setting "local
time®. — _

During each census of a study plot, birds were counted by clusters.
The result of a census was a frequency distribution of the number of
“occurrences of each cluster size. This technique provided both a count of’
the total number of birds present, and an index of their aggregation.
When possible, f‘orj each cluster the number of nests with eggs, chicks,
and/or birds in incubation postures (kittiwakes) were recorded. Platforms
without eggs, chicks, or "incubating® birds were not enumerated.

We attempted to sample eaéh Plot two to five times. Because t_he
census periods were spread over a considerable period of time (e.g. eight
weéks on St. George Island) all visits may not be considered r:eplicates
because attendance patterns of several species varied over the course of
the study (e.g., auklets fledged before the study finished).

Time-lapse cameras were used to obtain a more detailed record of
attendance patterns over the course of the study (Appendix 2 describes
equipment and sample locations). Two cameras were used at Cape Peirce and
four to six on St. George Island. These cameras photographed portions of
the seabird coloniés once per hour, Later, the film was developed and
photographic images were projected onto a digitizing platten and the
. location of each bird was recorded for each hour record. Additional
information recorded from these photos included the presence of eggs,
chicks, and nests (kittiwakes). Most of this film has been archived at
LGL Ecological Research Associates, Inc. (éddress on front cover).
Detailed analysis of three camera locations--DUH at Cape Peiree; High .
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Bluff 1 and 2, and Zapadni at St. George Island--are described in this
report.

The population studies comprised four independent series of
investigations. These were (1) the assessment of diurnal trends in
attendance, (2) seasonal trends in abundance, (3) among-year trends in
abundance, and (4) estimation of population size. Methods, results and
preliminary discussions of these topics are addressed separately in the
following pages. This is followed by a concluding discussion and summary.

ASSESSMENT OF POPULATION TRENDS
Diurnal Patterns in Colony Attendance

Methods

Diurnal patterns in seabird attendance were studied using two
methods. At Cape Peirce a 24-hour watch (counts at 1-hr intervals) was
made at several nesting plots on 7 June. The most complete documentation
was obtained by analysis of the time-lapse camera record. Two types of
analyses of the time-lapse data were done. Counts of each species were
enumerated by hour. Correlations of counts at each hour were made with
counts 1 through 36 hours later (autocorrelation) to determine if there
was any periodicity in the occurrence of seabirds on the cliffs. A
diurnal or 24-hour cycle is revealed in this type of analysis by high
correlation at 24-hour lags, i.e., high or low counts are at 24-hour
intervals. Counts were also compiled as to the actual hour of the day to
produce hourly abundance summaries for each hour of the day. These
summaries were of mean + 2 standard errors of the number of birds recorded
in the study area. These summaries reveal the timing of peak attendance
and the variability of counts at the same time each day. The photo record
for each sample location ﬁas segmented into periods roughly corresponding
. to each roll of film (4-10 days). The two types of analyses described
above were done for each period. Analysis by period had two functions;
first it allowed us to investigate whether diurnal cycles persisted
throughout the breeding season. Second, changing film often resulted in a
slight change in photo boundaries and potentially the number of birds
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visible for counting. By analyzing each roll separately this potential
bias was eliminated.

Analysis was restricted to those periods where the photo record was
complete enough so that a reasonable summary was possible. In locations
where fog or other factors resulted in an intermittent record, some
periods could not be meaningfully analyzed. If a good hourly summary was
available, the hourly counts were analyzed using Kruskal-Wallis non-
parametric 'ANOVA' to determine if significant differences existed among

counts of each hour.

Results

Cape Peirce.

Pelagic cormorant--Pelagic cormorants occurred on four plots where
.le-hour watches were conducted at Cape Peirce. At two locations, BKAS and
VERT-S, occurrence was limited to sporadic appearance of only one bird.
The remaining plots, BKAN and VERT, had 4-10 cormorants regularly present.

Attendance counts are shown in Figure 3. Qualitative evaluation of
these patterns revealed no diurnal attendance schedule for cormorants.
They were present at all times (i.e., when light was sufficient to permit
censusing), and although no regular attendance trend was apparent, the

hour to hour variability was substantial.

Black-legged kittiwake--Black-legged kittiwakes were present on five
of the plots monitored hourly for 24 hours on 6-7 June at Cape Peirce.

Plots of their attendance patterns are illustrated in Figure 3. Black-
legged kittiwake numbers were guite stable during most of the day.
Between 0600 and 2300, counts showed relatively little variability and no
consistent or cyclical trends were evident. Although no counts were
possible between 0100 and 0400, the counts immediately before and after
. this period indicate that most kittiwakes were absent during the dark
hours, at least at this early breeding season date (pre-incubation for

many birds).
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Common murre--Common murre attendance was studied for 24 continuous
hours on three plots at Cape Peirce. Common murfes were present on the
plots for only a portion of the daylight hours (Fig. 4). First arrival
occurred between 0500-0600 and the last departures occurred bbetween 1600-
1900 hours. During the portion of the day that the murres were on the
plots, two types of attendance patterns could be discerned. The plots
with small numbers of attending birds (< 40) had relatively stable numbers
of birds between 0600 and 1500 hours. The single plot with numerous
murres (VERT) exhibited marked fluctuations in attendance with no obvious
pattern (Fig. 3).

A detailed énalysis of common murre attendance was provided from the
time-lapse study at DUH plot. Trends in attendance patterns were analyzed
for two periods: T7T-16 June (Period 1), and 10-17 July (Period 3).
Correlegrams for each period are shown in Figure 5. The variability in
attendance for each hour within these periods is summarized in Figure 6.

The correlegrams show a pronounced 2§ hour cycle early in the season
((7-16 June, Period 1) but that this is absent a month later. The hourly
count summaries show a similar seasonal shift. In June a regular cycle is
evident with low counts of common murres in the early morning and a peak
attendance around noon. Testing for differences in median count among
hours yielded a highly significant statistic (p<0.001). In July the mean
counts were relatively uniform throughout the day (not significantly
different), however, no counts were possible very early in the morning
(00-03) because of darkness.

An interesting feature of these graphs is that the variability of
counts at each hour is inversely related to the mean count; i.e., the
lower the count the higher the variability. This trend is oprpos:l.t.e to the
more common pattern of increasing variances with larger means.

In terms of censusing murres, the implication of the results are that
some standardization of count times would be required for studies done
early in the season, but timing restrictions could be relaxed by mid-
. Season. A suitable period for early season counts, based on similar mean
counts and small, overlapping confidence intervals, would be 12:00-18:00.
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Horned puffin--Horned puffin attendance at study plots at Cape Peirce
during the 2h-hour counts is shown in Figure 7. Horned puffins occurred
in such low numbers that few generalizations can be made. This species

was recorded only during afternoon and evening.

St. George Island (Pribilof Islands)., Our investigation of diurnal

patterns of seabird attendance on the Pribilof Islands were made using
time-lapse cameras at two locations on St. George Island: High Bluff and
Zapadni (population plot #25). -

Northern fulmar--Northern fulmars were present in low numbers on one
of the camera plots, Zapadni. Autocorrelation analyses were done for
three sample periods and the resultant correlegrains are shown in Figure 8.
In the first period (23-27 June) fulmar counts were positively correlated
at all lag intervals indicating that the number of birds present was
relatively constant and noncyeclical.

This is confirmed by the actual counts-by-hour data shown in Figure
9. Note that the number of fulmars present averaged about two birds.
Therefore, few inferences should be made from these data. Autocorrelation
analyses of sample Periods 2 and 4 resulted in no evidence of a diurnal
pattern (period 2) and perhaps a weak cycle during Period y,

The count data (Fig. 9) show similar trends. During Periods 1-3 the
mean hourly counts are either relatively conétant (1 and 2) or erratic
(3).  However, during Period 4 the counts trend in an upward direction for
0900 through 2000 then start downward for 2 hours. Unfortunately fog and
darkness precluded coverage during the remainder of the day.

Analysis for among-hour similarities in median abundance for Periods
1 and 2 resulted in failure to reject the hypotheses of similar counts
during all hours (Kruskal Wallis Test, Period 1, H=5.05, df=13, p=0.97;
period 2, H=11.92, df=10, p=0.29).

i Red-legged kittiwake--Red-legged kittiwake cliff attendance was
monitored by the High Bluff camera. Unfortunately persistent fog greatly

reduced the number of usable frames resulting from this effort. The
results are therefore largely qualitative. None of the correlegrams (Fig.

10) indicate the presence of a diurnal pattern; however, early morning
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data were limited. The hourly count summaries for the first and last
periods suggest that morning counts may be low relative to those late in
the day (Fig. 11).

Thick-bjilled murre--Thick-billed murres were bresent at both St.
George camera locations, hdwever, the record available for High Bluff is
véry poor (intermittent coverage due to fog) in comparison to Zapadni and
only the latter is presented heée. The autocorrelation analyses (Fig. 12)
show that in period one (late June) a diurnal attendance cycle occurred,
but..that. this was quite weak by period 2 (early July) and absent during
Period 4 (mid-July).

The hourly attendance summaries (Fig. 13) also show the diminution of
cyclical trends in attendance. Peak attendance of thick-~billed murres
appear to occur in early morning (at or before 0700). Counts diminished
thereafter until approximately noon when they leveled out for the

remainder of the day.

Parakeet auklet--Parakeet auklets were present at the Zapadni camera
location. Autocorrelations for the first two sample periods are shown in
Figure 14. During Period 1 some periodicity was definately present. A
2h-hour correlation is évident but some shorter period trends may also be
present. Periodic trends were less pronounced during the second time
period but sliéht indication of a 2h-hour trend is still present.

The hourly count summaries (Fig. 15) show that peak numbers of
parakeet auklets were present in mid-afternoon (1200-1600). The
indistinet autocorrelations were probably because of the high variability

in counts at most hours.

Crested auklet--Crested auklets were present at Zapadni but in such
low numbers (maximum of four in the photographic record) that detailed
analysis of attendance patterns is unwarranted. They exhibited a tendency
. toward a 24-hour cycle with peak numbers (or most regular occurrence) in

mid-afternoon.

Least auklet-~Diurnal periodicity in least auklet colony attendance
was studied using two methods. Time-lapse technigues were used at Zapadni

60



HOURLY RABUNDANCE SUMMRRIES

Red-legged Kittiwake Total: Location E'Sample period 1

Ll *0%%0% %0 0% %0 %4 % %% %"

24088

1609 29829

1288

400

152

114 -

H3EWNN NU3W

Réd-legged Klit!uake Total: Location 2 Sample period 6

-

%0%4%0%°. .
L8 %0%0%0%%0%0 %0 0 0% %0 te®. 1% %% %6 %0 %a 4 2% %0 %e®

—

2400

288

1682

1200

400

1

n
Ll
-

H3GWAN NU3W

TIME OF DRY

Hourly count summaries for red-legged kittiwakes on St. George

bove s.e. bar).

1ze a

Island  (mean + 2 s.e.; sample s

Figure 11.

61 .



ESTIMATED AUTOCORRELATION FUNCTION
Speciee: Thick-billed Murre Location: 4 Sample Pgriad: 1
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Figure 12. Correlegrams for thick-billed murres on St. George Island.
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Figure 13. Hourly count summaries of thick-billed murres on St. George
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ESTIMARTED AUTOCORRELATION FUNCTION
Species: Parakeet Ruklet Location: 4 Sample Period: 1
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Figure 14. Correlegrams for parakeet auklets on St. George Island.
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whei'e least auklets were of rare but regular occurrence. An independent
survey, albeit only for one day, was made of auklets associated with the
Ulaikaia Ridge colony. .

Results of autocorrelation analyses of attendance pattern at Zapadni
are shown in Figure 16 for sample Periods 1 and 2. During Period 1 very
little evidence of any patterns could be found; however, a 24 hour
pattern was evident in Period 2. The hourly count summaries in Figure 17
reveal that least auklets peaked in abundance during the afternoon
(similar to the other auklets) but that the counts were quite variable.

Flights of least auklets passing over the St. George Airstrip enroute
to the Ulaikaia colony were observed on 7 July between 1050 and 0630 (8
July). Flock sizes were estimated and tallied for every 10-min interval
in this time range. The census point varied in space during the course of
the day as the flight corridor of the auklets shifted. Results of the
counts are illustrated in Figure 18. The distribution of the counts was
bimodal with a broad peak 'during mid-day, a late evening minimum, and a
sharp peak prior to nightfall.

The results of our counts are compared with those of Craighead and
Oppenheim (1982) in Figure 18. The 1982 counts were made approximately
three weeks later in the summer (31 July) than our counts. The two sets
of counts are quite similar in pattern, although the 1984 distribution
appears to be more peaked and to have a slight phase-shift towards earlier

times of day.

Horned puffin--Correlegrams of horned puffin attendance at Zapadni
for Periods 1 and 2 are shown in Figure 19. During both these periods
horned puffins appear to have had a diurnal (24 hr) period in their
attendance patterns. The hourly count summaries (Fig. 20) show that
counts of puffins on the cliffs increased throughout the day, peaking just

before dark.

JTufted puffin--~-Tufted puffin were regularly recorded at Zapadni but
rarely more than three birds. Only in Period 1 was the species present
before noon, thereafter birds were seen until dark in all periods. The
paucity of observations does not warrant more detailed analyses.
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ESTIMARTED RUTOCORRELATION FUNCTION
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Figure 16. Correlegrams for least auklets on St. George Island.
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ESTIMATED AUTOCORRELATION FUNCTION
Species: Horned Puffin Location: 4 Sample Pertod: 1
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Figure 19. Correlegrams for horned puffins on St. George Island.
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Discussion

As a final summary of trends in diurnal attendance patterns, two sets
of cross~correlation analyses were completed, one each for Periods 1 and
2 at Zapadni-St. George Island. These correlations are similar to the
autocorrelat.:lohs eicept that counts of species A are compared to counts of
species B (at various time lags) rather than to itself. The purpose of
the analyses is to document phase shifts in attendance patterns among
species, or alternatively, which species have similar attendance patterns.
The results are shown in Figures 21 and 22.

A high correlation 'at. lag O répresents species that have similar
attendance patterns. This attribute is shared by few species; the three
auklets have similar patterns but none of the remaining species do.

The species of greatest concern to our sampling program are the non-
cavity, cliff-nesting species, i.e., those birds whose appearance on
cliffs is most closely indicative of breeding birds. Two of these species
were present in sufficient numbers at Zapadni for analysis and
comparisons, namely thick-billed murres and northern fulmars. During
Period 1, these two species were about 8-12 hours out of phase in the
attendance patterns; however, in Period 2 no pattern was discernable.
This parallels the general loss of diurnal cycles mentioned earlier.

The topic of diurnal patterns in seabird attendance patterns is of
great importance to population studies because the existence of periodic
patterns in attendance can greatly affect the number of birds present on
study plots and influence analyses by producing spurious trends or
obscuring actual population changes.

The analyses presented above document the level of occurrence and
persistence of cycles for many species. Certainly these data could be
‘analyzed in much greater detall to explore additional facets of seabird
biology; however, the following generalities relevant.to monitoring

population trends can be made:

(1) Most species have pronounced diurnal cycles early in the

breed:lxig season.
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Figure 21. Cross correlations among seabirds at Zapadni on St. George Island during Period 1 (late June).
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(2) For most species (all the non-cavity, cliff-nesting
species studied), these diurnal trends quickly diminish so
that during the middle portion of the nesting season (most
of incubation) diurnal patterns are minor during most of
the day.

(3) Diurnal patterns are nonsynchronized among most species.
This necessitates that if the time of counts are to be
standardized the selection should be based on a species-
specific criterion.

Variation in Attendance Patterns Among Sample Periods -
Seasonal Trends in Abundance

Methods

Counts of birds on the study plots were compared over the breeding
season to look for relationships between the date of census (intervals of
three days to one week) and the abundance of birds on the plots. Some
differences would be expected, for example, least auklets started fledging
in late July, consequently the number of auklets present in the colony
would be-expected to correspondingly decline through August. In cases
where no differences in counts among sample periods were found, it would
be legitimate to treat censuses as replicate counts for among-year
comparisons.

There were five sample periods at St. George and Cape Peirce and two
on St. Paul (Table 1). The five periods on St. George and the two periods
on St. Paul represent relatively discrete blocks of time, and testing for
among-period differences was required in order to determine which periods
represent replicates and which are influenced by seasonal variations in
attendance patterns. Thé five periods at Cape Peirce comprise two
discrete blocks of dates (June and July) with three and two replicates

. each.

In summarizing the study plot counts, the following points should be
considered. On St. George and St. Paul islands, coverage of most plots
was intermittent, 1;e., very few plots were sampled during all sample
periods. In particular, plots in the higher strata (3-5) were irregularly
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Table 1. Summary of sample periods for seabird population plot
censuses.

St. George Island

Period 1 24 - 29 June
Period 2 2- 11 July
Period 3 22 July
Period 4 26 - 31 July
Period S 11 - 1S August

St. Paul Island

“ Poriod | 13- 16 July
Period 2 4 - 8 August

Cape Peirce

Period 1 9 - 13 June

Period 2 14- 16 June
Period 3 17 - 19 June
Period 4 10 - 12 July
Period 5 13- 15 July
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censused because of fog. The results of all counts are given in
Appendices (Appendix 3 - Cape Peirce, Appendix 4 - St. George, and
Appendix 6 - St. Paul). For the purpose of these analyses a reduced
matrix of the most complete plot-by-period coverage was used to ensure a
standard sample area when testing for among-period differences in
abundance (Friedman test). An example of the reduced plot matrix is shown
for thick-billed murre in Table 2. If significant differences among
sample periods were found, then multiple comparisons using the Bonferroni
procedure (overall of 0.05) were used to help isolate periods of
greatest deviation. The Cape Peirce results were complete and ~no special

considerations are necessary.
Results

Cape Peirce.

Pelagic cormorant--Counts of pelagic cormorants on the Cape Peirce
study plots are shown in Appendix 3. These counts exhibit a moderate
amount of variability among periods, and show a small decrease in numbers
in July (Periods 34 and 5) relative to June (Periods 1-3). These
differences are not significant (Friedman T=9.48, df=4, p>0.05). A
considerable amount of within-month (among-replicate) variability is

evident as well.

Glaucous-winged gull--Occurrences of glaucous-winged gulls on study
plots at Cape Peirce are summarized in Appendix 3. Glaucous-winged gulls

were infrequent throughout the breeding season and were essentially absent
until mid-June.

Black-legged kijttiwake--A very marked trend is apparent for counts
for Cape Peirce (Appendix 3). These counts show a very substantial (>76%)

_ decrease in numbers of black-legged kittiwakes over Periods 1-4 with a
slight recovery in Period 5. Periods 1-3 were within a 10-day interval in
mid-June; during this interval kittiwake abundance decreased by
approximately a third. Counts among periods vary quite significantly
(Friedman T=26.54, df=4, p<0.001). This marked temporal variability in
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Table 2. Trends in the seasonal abundance of thick-billed
murres recorded during plot censuses on St. George
Island, Alaska. i ’

“STRATUM - 1
pLOT PERIOD 1 PERIOD 2 PERIOD4  PERIODS
8 220 186 210 239
9 259 . 308 227 370
10 340 286 314 373
" 62 82 105 97
12 123 84 151 179
13 2 98 125 1
14 87 162 120 130
15 88 107 m 124
16 143 1M1 107 131
17 124 102 119 118
18 54 82 68 91
19 132 98 1 131
20 27 44 31 44
24 192 461 504 342
46 193 158 241 268
47 140 93 17 99
48 184 148 296 291
2 17 6 8 9
51 77 40 79 80
52 67 61 80 61
53 74 98 1M1 127
61 175 395 288 430
62 49 64 137 136
Subtotal 2023 3274 3660 4031
STRATUM - 2
21 2 94 73 84
Vel a5 121 120 156
23 85 246 205 246
24 330 . 646 463 830
25 215 . 496 534 530
Subtotal 697 1603 1395 1855
TOTAL 3620 4877 5055 5886
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attendance indicates considerable dynamics in kittiwake attendance and may

preclude the use of counts made even only a few days apart as replicates.

Common murre--Counts from Cape Peirce appear in Appendix 3. The
counts of common murres differ significantly among sample periods
(Friedman T=12.24, df=4, p<0.025). The July counts (Periods 4 and 5)
appear to be considerably (20%) less than those for June (Periods 1-3).

Pigeon guillemot-~-This species was encountered infrequently at Cape
Peirce. The only record of guillemots on the study plots was of two birds
on Plot 3 during sample Period 5. ‘

Horned puffin--Among-period variability was extreme in counts from
Cape Peirce (Appendix 3) although plots contained very few birds.
Significant among-period variabiity was not detected using the Friedman
Test (T=6.31, df=4, p>0.01).

Jufted puffin--Tufted puffins occurred too infrequently on study
plots at Cape Peirce to assess seasonal patterns in attendance. The count

data by plot appear in Appendix 3.
St. George Island (Pribilof Islands).

Northern fulmar--Counts of northern fulmars on all plots during all
census periods on St. George Island are summarized in Appendix 4. This
species was recorded in all strata except Stratum 4. Analysis of these
data suggest that fulmar numbers varied significantly over the course of
the summer (Friedman T=33.12, df=3, p<0.001). Multiple comparisons
(Bonferroni procedure) reveal that counts are relatively stable during
late June and July (Periods 1-4) but that substantially increased numbers
are present in August. Counts in Stratum 2 appeared to be more stable
than those in Stratum 1.

Red-faced cormorant--Results of all counts of red-faced cormorants on

St. George Island can be found in Appendix 4 (nest data are summarized in
Appehdix 5). This species was recorded in only the two lowest strata.
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The count data show that red-faced cormorants were rather sparsely
distributed on our study plots. The Friedman analysis did not reject the
hypothesis of similar attendance during all sample periods (T=2.49, df=3,

p>0.5).

Black-legged kittiwake--All counts of black-legged kittiwakes on

study plots at St. George Island are shown in Appendix § (nest data are
summarized in Append:lx 5). This species occurred in plots in all strata.
These counts demonstrate considerable variability. The early July count
(Period 2) was markedly lower than those of late June (Period 1). Counts
in Period 4 (late July) were approximately double those of early July and
numbers increased somewhat again by mid-August. The small sample of plots
censused during Period 3 (see Appendix 4) show that black-legged kittiwake
numbers were intermediate between those counted in Periods 2 and 4. The
number of birds on Plots §5-53 increased steadily for Periods 2-5 in the
following sequence: 137, 195, 250, 279. Thus it appears that kittiwake
numbers were relatively high in late June, dropped markedly in early July,
then increased during the remainder of the study. These interpretations
are based largely on results from Stratum 1. The few counts for Stratum 2
do not show this pattern as clearly.

The Friedman analyses confirm the qualitative observation made above
(counts differed significantly among periods, T=20.78, df=3, p<0.001).
Multiple comparisons identified Periods 1 and 2; and 1, 4, and 5 as

relatively homogeneous groups.

Red-legged kittiwake--A complete summary of counts of red-legged
kittiwakes on St. George Island study plots is provided in Appendix &

(nest data are summarized in Appendix 5). This species was found in all
five strata. Note that plots in Strata 3, 4, and 5 where this species
reaches its peék abundance, are not included in the Friedman analyses
because none of these plots could be sampled during the initial portion of
~ the breeding season. Red-legged kittiwakes appear to have increased
steadily each sample period. However, this trend was not significant

(Friedman T=4.80, df=3, p>0.1).
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Common murre--A complete record of counts of-common murres on St.
George Island study plots is provided in Appendix 4. Common murres were
recorded on plots in all strata except Stratum 3. These data show that
the number of common murres in attendance at the study plots increased
steadily during the summer and more than doubled between June and August.
Friedman analysis of these results support the observation that counts
vary signficantly over sample periods (T=9.72, df=3, p<0.025). However,
the Bonfe;'roni multiple comparisons did not segregate any subgroups of

homogeneous periods.

Ihick-billed murre--A complete summary of counts of thick-billed
murres recorded on study plots on St. George Island is provided in
Appendix 4. This species was found in all five strata. These data show
that thick-billed murres increased in abundance with each sample period.
August (Per:l.od‘ 5) counts averaged approximately 50% greater than the
initial late June counts (Period 1). The Friedman results confirm the
heterogenity in counts among sample periods (T=18.30, df=3, p<0.001).
Multiple comparisons segreéate_ two subgroups, low counts during Periods 1-
4 and high counts in Periods 4 and 5 (note that Period 4 was intermediate
and could be classified with either group).

Parakeet auklet--A complete record of parakeet auklets counted during
plot censuses on St. George is provided as Appendix 4. Two prominent
features are evident in the trends in seasonal abundance of this sSpecies.
First, the marked increase in auklet numbers between Periods 1 and 2;
this is an artifact of our sample schedule. Almost all of the difference
is due to a single plot (61), which was sampled in the evening during
Period 1 after most auklets had departed. Second, auklet numbers dropped
markedly during the second half of the study; they were virtually absent
by August. '

The significance of these observations were verified by the Friedman
~ analyses whiqh indicate among-period variability (T=27.78, df=3, p<0.001).
Three overlapping subgroups of periods were identified using multiple
comparisons. Low counts during late season (Periods 4 and 5), high counts
during early season (Periods 1 and 2). These two groups were bridged by a
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nonsignificant difference between the two intermediate counts of Periods 1
and 1.

Crested auklet--A complete record of counts of crested auklets on St.
George Island is provided in Appendix. k., The crested auklet was the least
common of all the regularly occurring seabirds on the Pribilof study
plots. The only generality that can be made is that very few crested
auklets appeared in August. However, differences between sample periods
cannot be statistically verified (Friedman T=4.83, df=3, p>0.1). Trends
between Periods 1 and 2 are inconclusive. This species appeared to be
most numerous in Stratum 1 in Period 1, and in Stratum 2 during Period 2.
As with parakeet auklets the sampling design is likely inappropriate for

crested auklets.

Least auklet--A complete record of least auklet counts on St. George
Island study plots is provided in Appendix 8. The same limitations that
were described for the other two auklets apply to the interpretation of
these results.n _'l'he main conclusion is that least auklets were essentially
absent from the study plots by August. Friedman analysis documented the
among-period heterogenity (T=22.3%, df=3, p<0.01). No periods
particularly different from the others were segregated by the multiple
camparisons.

Horned puffin--Counts of horned puffins on study plot; on St. George
Island are summarized in Appendix 4. Meaningful interpretation of buff:l.n
attendance data suffers from many of the same limitations as
interpretation of auklet data, thus appropriate conclusions are difficult
to make. On St. George Island, total counts of horned puffins appeared to
vary greatly, but not in an obvious pattern. Friedman analysis did not
reJect. the hypothesis of equal attendance during all sample periods
(T=%.79, df=3, p>0.1).

JIufted puffin--A complete record of tufted puffin counts on St.
George Island study plots is provided in Appendix 4. Analysis of these
- data using the Friedman Test resulted in a significant test statistic
(T=9.52, df=3, p<0.025) but no clear pattern was evident.
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St. Paul Island (Pribilof Islands). A few plots were censused in

only one of the two sample periods. These are Plot 4 (Period 1 only),
Plot 8 (Period 2 only), and Plot 32 (Period 2 only - Zapadni). These
plots and Plot 6 (which partially overlaps Plot 5) are not included in the
subtotals or totals calculated for the sample periods (Appendix 5) nor are
they used in the Friedman analyses. Friedman analysis of two groups
(treatments) is equivalent to a Wilcoxin paired-sample test.

Northern fulmar--Counts for St. Paul Island are shown in Appendix 6.
These counts also illustrate the late summer increase in numbers of birds
on the study plots, with August counts (Period 2) being approximately
double the July (Period 1) counts. Counts during the two sample periods
were significantly different (T=4.03, df=1, p<0.05). Trends appear to be
similar in both strata.

Red-faced cormorant--The results for St. Paul Island are shown in
Appendix 6 (nest data are summarized in Appendix 7). Again, the number of

birds censused was quite small. The overall trend appears to be opposite
that found on St. George with the August counts lower than July. The .
difference between sample periods are not significant (T=0.53, df=1,
p>0.25). Note that this is a consequence of trends in Stratum 2 only. It
is apparent that our study plots do not represent the core of the
cormorant breeding areas, at least on St. Paul Island. Plot 32 (Zapadni),
which was censused only in Period 2 and hence not included in the totals,
contained almost three times more cormorants than all the other plots
combined. Any inferences concerning trends in cormorant numbers based on

these scant data are tenuous at best.

Black-legged kittiwake--Counts by period of black-legged kittiwakes
are shown in Appendix 6 (nest data are summarized in Appendix 7). Study

plot attendance by this species in August was significantly higher than in
~ July (T=22.57, df=1, p<0.001).

Bed-legged kittiwake--Counts of red-legged kittiwakes are summarized
in Appendix 6 (nest data are summarized in Appendix 7). The total counts
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suggest an increaée in abundance in August relative to July; however, the

trend is not significant (T=3.33, df=1, p>0.05).

Common murre--The seasonal use dates for St. Paul (Appendix 6) point
to an increase in the number of attendees during the course of the summer.
The difference is not of sufficient magnitude to result in a significant
test statistic (T=1.20, df=1, p>0.25). |

Ihick-billed murre--Counts on study plots by sample period of thick-
billed murres on St. Paul Island are summarized in Appendix 6. Counts in
August were significantly higher than those in July (T=9.63, df=1,

p<0.005).

Parakeet auyklet--Counts of parakeet auklets on St. Paul Island study
plots are summarized in Appendix 6. Although total counts dropped from
July to August the difference was not significant (T=0.53, df=1, p>0.25).

Crested auklet--Crested auklets were found on only one plot on St.
Paul Island. On Plot 31, 21 birds were found on the July count but only

one was found in August.

Least auklet--Counts of least auklets on St. Paul Island study plots
are summarized in Appendix 6. These species exhibited a precipitous
decrease in abundance between the July and August sample periods (T=4.0,
df=1, p<0.05). |

Horned puffin--Counts of horned puffins on St. Paul are summarized in
Appendix 6. On this island the August counts averaged higher than the

July counts. This difference was not significant (T=2.00, df=1, p>0.1).

Jufted puffin--Tufted puffin. were too raré on St. Paul Island
. (occurred on only 3 plots) to warrant analyses.
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Discussion

Seasonal trends in bird abundance (attendance) is important in
designing seabird monitoring programs. If the sizes of populations
attending colonies change rapidly over the course of the breeding season,
it may be difficult to take sufficient samples or to standardize census
times so that meaningful interpretations of among-year trends can be made.
The sampling problems introduced by seasonal variations in attendance are
similar to those resulting from diurnal variations. It must be determined
to what extent seasonal variation reduces the reliability of year-to-year
population estimates.

The results described thus far suggest that there is pronounced
seasonal variation in colony attendance for many of the key study species.
This type ' of varliability has been previously documented, e.g., in thick-
billed murres (Gaston and Nettleship 1981) and fulmars (Hatch 1979). The
" magnitude of this variability and its implications for monitoring often
are underestimated or ignored. For example, past censuses at the
Pribilof's have encompassed much of July, and our results indicate that,
from the beginning to end of this period, black-legged kittiwake
attendance might double. Thus, if among-year sampling schedules were
of fset by even two weeks, the data on population levels of black-legged
kittiwakes could not legitimately be compared. The large decline in
black-iegged kittiwake attendance found at Cape Peirce over a 10-day
period in June provides a further illustration of this point. ’

We cannot adequately characterize seasonal variability because of the
infrequency of our sampling. Our intent was to include replicates in our
study to measure short-term, random variability in attendance. Our results
seem to indicate that our "replicates®, in fact, document directional
variations, i.e., one-way, short-term trends in attendance. Separating
these two components of variation may not be possible without much more
intensive sampling.

. To help elucidate the relative importance of these two contributing

factors, the counts for each species during sample periods from all study
areas are plotted in Figures 23 tc; 27. Each point on each figure
represents the total count of birds (during that sampling period) on all
~ of the plots where birds were consistently recorded during all sampling
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Figure 23. Counts of red-faced cormorants on St. George Island (SG) and
St. Paul (SP) islands during different sampling periods in 1984,
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Figure 24,

Figure 25.
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Counts of black-legged kittiwakes on St. George (SG) and St.
Paul (SP) islands during different sampling periods in 1984.
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Counts of red-legged kittiwakes on St. George (SG) and St.
Paul (SP) islands during different sampling periods in 1984.
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Figure 26. Counts of common murres at Cape Peirce (CP), St. George (SG)
and St. Paul (SP) islands during different sampling periods

in 1984,
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Figure 27. Counts of thick-billed murres on St. George (SG) and St. Paul
(SP) islands during different sampling periods in 1984.
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periods. The purpose of this exercise was to see if trends at all three
areas were coincident. Dates have been assigned a numerical value; 1 is
1 June and 80 is 19 August. The numerical value corresponding to the
beginning date of the sampling period at each study location is given
below. See Table 1 for the range of dates corresponding to each sampling

period. '

St. George Island = St. Paul Island = Cape Peirce

Period 1 2 : 55 1
Period 2 36 67 15
Period 3 52 18
Period 4 59 R1
Period 5 Th ny

Seasonal trends are shown for red-faced cormorants (Fig. 23), black-
legged kittiwakes (Fig. 24), red-legged kittiwakes (Fig. 25), common
murres (Fig. 26), and thick-billed murres (Fig. 27). The trends from the
censuses of each species from all study areas are similar wherever they
overlap in time. This indicates that the trends in fact document regular
temporal attendance patterns by the seabirds.

The data also suggest t:.hat these trends may be independent of
breeding phenology. For example, breeding phenology at Cape Peirce is 2-3
weeks ahead of that at the Pribilofs, and such close concordance in trends
between these locations (such as for black-legged kittiwake) would not be
expected if they were caused by changes in the phases of breeding. For
the present, we conclude that seasonal variation in attendance patterns
can be large, perhaps obscuring among-year trends in plot counts.

Among-year Trends
Methods
As an index to changes in total population we compared counts made
over years on the same set of study plots. In the case of the Pribilof

Islands our estimate of attendance was derived by averaging counts we made
during periods that sampling had occurred in previous years. The dates of
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" _ censuses used for among-year comparisons at the Pribilif colonies are as

follows:
- St. George Island
1976: 9 July - 3 August
1982: 23 July - 3 August
198%; 9 - 31 July (Periods 2-14)
St. Paul Island
1976: 17 - 21 July
1982: 18 = 20 July
1984: 13 - 26 July (Period 1)

The analysis of plot counts made in various years in the study colonies is
a straightforward mathematical exercise and the results are reported in
the following pages. The interpretation of these results are not so
straightforward. As was documented in the preceding pages, there are many
components of variability that may obscure trends or create spurious ones.
The problem with diurnal cycles is lessened because the data analyzed
below are restricted to July censuses when diurnal patterns were minimal
or absent and most counts were made during a limited (afternoon/evening)
portion of the day. The seasonal patterns cannot be entirely eliminated
because the previous investigations (Hickey and Craighead 1977, Craighead
and Oppenheim 1982) usually relied on a single census period. Our data
have been edited to compare to the temporal bounds of prior investigations
but we know some species, e.g., black-legged kittiwake, exhibit
significant variation within these periods. The test results and

assessments are presented below.

Results

Cape Peirce. Despite the previous seabird investigations that have
taken place at Cape Peirce there are no tabular summaries or analyses of
numbers of birds on study plots at this location. We have extracted the
counts made by Peterson and Sigman in 1976 that were made on the same
range of dates (9-19 June and 10-15 July) and during the same portion of
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the 24 hr cycle (the equivalent of 12:00-20:00 ADT) for comparison with
our results. Note that these counts are but a small fraction of the
census data collected during their study.

Average counts made in the two years (there were usually multiple
counts within each sample period) were compared using the Friedman Test
procedure. Since only two years were contrasted this procedure is
equivalent to a matched-pairs test. Counts were compared for each sample
period. Three of the seabird species we encountered on our study plots
were either unrecorded (glaucous-winged gull and tufted puffin) or very
rarely encountered (horned puffin) in 1976. None of these species were
common in 1984 and it is doubtful that a significant change in abundance
has occurred. Results of comparisons of abundance for the remaining

species are described below.

Pelagic cormorant--Average counts of pelagic cormorants on Cape
Peirce study plots are summarized in Table 3. Average counts were higher
in 1984 than in 1976 during both sample periods; however in neither case
were differences statisticaily significant (June: T=1.78, p>0.1; July:
T=2, p>0.1).

Black-legged kittiwake-~Average counts of black-legged kittiwakes on

Cape Peirce study plots are summarized in Table 4. Average counts were
lower in 1984 than in 1976 during both sample periods, particularly in
July; however in neither case were differences statistically significant
(June: T=0.11, p>0.5; July: T=0, p=1.0).

CLommon murre--Average counts of common murres on Cape Peirce study
plots are summarized in Table 5. Average counts were lower in 1984 than
in 1976 during both sample periods; however in neither case were
differences statistically significant (June: T=0.11, p>0.5; July:
T=0.12, p>0.5).

St. George Island (Pribilof Islands). Comparisons of counts on St.

George Island study plots are made below. In the statistical analyses
(Friedman test) each strata/plot combination was treated as a distinet
plot although analyses are based on all strata (e.g., Plot 23 Strata 1 and
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Table 3. Average counts of pelagic cormorants on Cape Peirce study plots.

—9-19 June —10-15 July -
Plot 1976 1984 1976 984
2 0.7 1.0 0.0 0.0
5 0.0 0.0 0.0 0.0
6 0.0 2.7 0.0 0.5
T 16.0 13.0 10.0 13.0

9 0.0 1.3 - -
10 0.0 2.0 0.0 0.5
11 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0
13 7.0 10.0 5.5 10.5
TOTAL 23.7 30.0 15.5 28,5

Table 4. Average counts of black-legged kittiwakes on Cape Peirce study

plots.
v e=9=19 June —10-15 July
PLOT 1976 . 1988 1976 jo8y
2 1.8 3 1.3 15.5
5 318 104 210 2
6 20.5 11.33 8.5 11.5
7 189.5 57.67 135 26
9 . 122.5 93.67 - -
10 1 30 0 2
1 - 28 225.67 12 71.5
12 171.3 151 80 66.5
13 39.3 57.67 28 24

TOTAL 891.9 734.01 : h74.8 2m

92



Table 5. Average counts of common murres on Cape Peirce study plots.

9-19 June —10-15 July
ELOT 1976 1984 - 1976 _ 1984
2 19.9 21.33 25.5 30.5
5 460.7 375 h2r 302.5
6 0 2.67 0 0
T 692.5 166.67 584.5 130.5
9 ' 589 507 - -
10 6.3 68.33 10 24
1 35.5 309 29 253.5
12 252.7 266 267.5 216.5
13 205.3 167 175 137.5
TOTAL 2261.9 1883 1518.5 1095
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Plot 24 Strata 2 are both treated as sample units). Values for study
plots during 1984 represent the average of up to three counts (sample
Periods 2-14).

Northern fulmar--Counts on plots censused in al-l three years of study
are summarized in Table 6. On St. George Island the 1983 counts were
bracketed by those from 1976 and 1982 and tended most towards those in
1976.

Counts are significantly different among years (T=14.62, df=2-,
p<0.001). Attendance by fulmars was significantly lower in 1982 than
1976; however, the 1984 counts are not significantly different from either

extreme.

Red-faced cormorant--Counts of red-faced cormorants on plots sampled
each year are summarized in Table 7. In both strata in which cormorants
were recorded, the trend has been a decrease in abundance. Counts among
years are significantly different (T=7.86, df=2, p<0.025). It appears
that both the 1982 and 1984 counts are much lower than 1976, bﬁt this has
not been statistically verified. Total counts in 1984 are 20-25% of those

made in 1976.

Black-legged kittiwake--Counts on plots censused during all three

years of study are summarized in Table 8. The St. George Island counts
suggest a steady decline over the three study'years with 19834 counts being
about half the 1976 counts. This trend was evident in all strata (1, 2,
3, and 5) for which multi-yeai' data are available.

The Friedman analyses confirm the among-year differences (T=24.45,
df=2, p<0.001). Multiple comparisons reveal that the 1984 counts were
significantly lower than the preceding years.

Red-legged kittiwake--Counts of red-legged kittiwakes on study plots
_ censused in 1976, 1982 and 1984 are shown in Table 9. On St. George the

total counts og the study plots decreased during each year of study.

Differences among years were significant (T=8.07, df=2, p<0.025).
Two groups--1984/1982 and 1982/1976--were identified as relatively
homogeneous subgroups by the _gnultiple comparisons procedures.

94



G6

Table 6. Counts of northern fulmars in different plots,
different strata, and different years on St. George.
Island, Alaska.

Table 6 (cont.d)

“IDRTHERN FIULIMAR
NORTHERN FULMAR 1976 1962 1984
1976 1982 1984 STRATUM 2
Plot # 2 4 2 4
21 0 b) 0
STRATUM 1 22 0 o D
23 126 7 98
Plot # 3 22 30 pet 247 5 23 46
3 24 2 29 25 5 15 41
10 % 34 23 27 99 100 .. 122
1" 0 0 0 2 87 57 42
12 s " 5 29 40 13 27
13 15 7 10 0 45 27 99
14 12 o8 5 . 3 3 1 5
15 27 16 24 32 44 24 41
16 0 0 o 33 47 29 59
17 1 8 16 3 0 0 0
18 2 2 z 33 108 75 101
19 10 6 7 3% 72 27 27
0 0 0 0 . 37 17 17 23
24M s 17 16 38U 15 10 12
26 2\ 0 ! . 39 eo0 7 79
88 1 8 13 —_ - -
45 17 3 8 Subtotal 897 596 e27
4 0 2 z
47 28 20 8 STRATUM 3
P 10 4 9 ‘
a9 0 0 0 40 0 0 0
50 0 0 0
st 10 4 s STRATUM S
52 4 4 4
sz 0 1 0 42 0 0 0
ZAPADNI 4 2 3 43 0 0 0
Subtotal 245 209 215 Sublotal 0 0 0

TOTAL 1142 203 1042




Table 7. Counts of red-faced cormorants in different plots, different
strata, and different years on St. George Island, Alaska.
FE0-F ACED SORMORANT
1978 1992 1984
RED-F ACED CORMORANT STRATLRM 2
1976 1922 1384 Plot #: 0 0 o
21 o o s
22 [y} 2 7
2 1] 3] 9
STRATUM 1 241 0 3 5
25 b 0 o
Plot #3 2 0 0 27 7 b 2
9 1 h) o . h s 9
i [ 2 3 23 5] 0 c
1 o 2 2 20 0 o 0
12 3 0 0 3 0 o 0
13 0 0 0 32 0 0 0
14 0 0 1 7= 0 0 0
15 ) $ 1 24 0 0 o
16 o 2 g 33 2 o o
17 i} 3 0 26 2 4 2
18 1 0 1 U 0 0 1
19 2 o 0 28y 1 0 o
20 0 0 0 39 0 0 0
24M 0 0 0 - _ .
26 12 1 3 Subtotal 12 4 3
28 0 0 0 )
45 2 0 ] STRATOM 3
46 3z 0 0
47 3] 0 1 40 0 0 0
48 13, 1 4
39 D 0 0 STRATUM S
50 0 0 0
51 o 0 0 42 o 0 0
52 4 2 1 43 o 1] o
53 9 3 . 0 .
ZAPADNI 18 5 4 Subtotal 0 o o
* Sublotal €7 = I3 TOTAL 79 29 19
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Table 8 . Counts of black-legged kittiwvakes in different
plote, different strata, and different years onm St. Table 8 (cont.)
George Island, Algska.

SLACK-LEBGED KITTI AKES

BLACK-LEGGED KITT ! AKES 1976 1982 1934
1976 1922 1984 STRATUM 2
Plot # 2 z ] 0
21 0 2 1
STRATUM 1 22 0 ] 0
23 1 1 4
Plot # ¢ [ 3 3 247 9 29 22
9 3 24 & 2 25 15 14
10 2 2 2 27 4 2z 25
1 ] 1 1 28 21 29 16
12 4 5 2 29 12 10 ]
12 0 1 1 20 20 € z
14 34 5 2 3 0 1 1
15 3 9 2 2 3 10 4
16 5 4 1 33 18 19 12
17 8 5 2 34 1 ] 0
18 0 6 2 35 27 16 1
19 26 15 10 %% 14 3 1
20 0 1 0 37 22 20 13
24M 0 ] 0 28U 5 4 o
26 3 ] 0 39 57 51 29
2cB 1 0 0
45 ] 12 é Subtotal 2719 249 161
46 3 44 3
47 20 16 10 STRATUM 3
48 17 13 21
49 21 0 2 40 17 9 4
50 5 ] 0
S S0 L] 23 STRATUM S
52 102 e2 57
33 49 37 41 42 4 3 0
ZAPADNI 46 3% 29 43 21 3 4
Subtota) 4c8 17 256

Subtotal 25 é 4

TOTAL 209 537 425
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Teble 9. Counts of red-legged kittiwakes in different plots, Table 9 (cont.)
strota, and years on Si. Georgs Island, Alaska.

RED-LEGGED KITTIWAKE

RED-LEGGED KITTIWAKE
, 1976 1982 1984
1976 1982 1984

STRATUM 2
STRATUM 1
Pit* 2 22 16 4
PLOT® 8 0 2 0 - 20 6 8 0
9 7 7 7 22, 6 3 0
10 7 9 2 23 14 14 19
" 0 0 0 247 16 5 2
12 1 0 0 25 3 1 0
13 0 0 0 27 60 97 48
14 17 0 1 26 50 58 17
15 0 5 7 29 18 5 1
16 0 1 1 30 16 6 5
17 0 1 1 30 0 1 0
18 0 1 0 32 0 20 10
19 0 0 0 33 475 433 141
20 0 0 0 34 46 0 0
241 0 0 0 36 3 14 6
2 1 0 0 36 8 3 8
368 1 1 2. 37 42 54 27
45 1 2 6 38U 67 18 8
46 7 1 3 39 . 67 45 53
47 1 48 20
4 6 4 2 Subtotal 919 801 349
49 59 0 " |
50 4 9 4 STRATUM 3
51 18 14 22
52 15 14 8 Plt® 40 169 153 10
63 94 59 60
IAPADNI 45 23 28 STRATUM &
Sublotal 284 201 185 Pli® 42 362 256 149
: : 43 580 491 412
Sublotel 942 746 . 66l

TOTAL 2314 1901 1205




Common murre--Comparisons of counts on study plots sampled during all
three years of study at St. George Island can be made from Table 10.
These data suggest that little appreciable variation in common murre
attendance has occurred among years. The 1984 total is bracketed by the
totals of the other two years.

A similar conclusion may be drawn from the Friedman analyses. Counts
among years were not found to be significantly different (T=1.87, df=2,

p>0.25).

Ihick-billed murre--Counts of th:l.ci:—billed murres on plots sampled
each year on St. George Island are presented in Table 11. These data
reveal a decrease in bird attendance during each year of study. Similar
trends are evident in all strata. There are counts available for all but
Stratum 4. Relative to 1976, the 1984 counts appear to be down
approximately 25%.

The Friedman Tests confirm that differences exist among years
(T=30.41, df=2, p<0.001). Multiple comparisons segregated 1976 as having
higher counts than either 1982 or 1984.

Parakeet auklet—-Summaries of plot counts among years are provided in
Table 12 for St. George Island. The only consistent finding is that the
counts in all strata for 1983 are the lowest recorded. Total counts on
St. George have fluctuated 'w:ldely. The Friedman analysis confirms the
occurrence of significant among-year variability (T=33.17, df=2, p<0.001).
Multiple comparisons revealed that counts in 1982 were significantly
higher than either of the other study years.

These data are only presented for completeness. We have little
confidence in the reliability of the methods we used for monitoring auklet
populations and therefore refrain from making any inferences about ‘the

actual trend in populations.

) Crested auklet--Very few crested auklets were recorded during our
counts. This, combined with the doubtful validity of making direct

comparisons of the data in order to infer population changes for auklets,
makes any conclusion tenuous. The records of counts are summarized by

year in Table i3 for St. George Island. Our counts for this species on
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Table 10. Counts of common murres in differeat plots, : Table 10 (cont.)
different strata, and different years on St. George
Island, Alaska.

1

COMMON MURRE

COMMON MURRE
) 197% 1932 1984
1976 1982 1984
STRATUM 2
Plot # 2 100 15 T
3TRATUM 1 . 21 h] } 5
22 0 -0 U
Plot # 3 2 7 z 2 0 0 1
5 0 g 2 247 12 20 72
10 15 21 9 t 25 83 92 102
1" 52 59 £8 27 0 11 19
12 22" 29 z 28 9z 90 132
12 0 0 1 ' 29 21 4 26
14 28 0 8 i i 20 137 &7 107
1% 0 0 0 . K3 I8 40 24
16 0 12 9 | 12 55 100 80
17 6 10 o Iz 2 6 0
19 16 2 & ‘ I3 0 13 22
20 0 0 0 : 6 2 18 7
24M 54 12 17 i k14 15 55 1%
2 574 822 580 i 8u 0 0 0
B 0 13 1 : 39 89 100 98
43 8 0 5 ' _— _— —
46 0 &1 122 ) Subtotal Tes 721 788
47 4 2 3 :
48 2 o 2 STRATUM 3
49 0 0 o
50 z 2 0 40 0 0 0
31 0 0 ‘0 :
52 0 0 0 ! STRATUM S .
S 3 0 0
ZAPADNI 22 S0 17 42 1 7 8
— 43 o] 0 0
Subtotal 811 1114 866 — —_ JR—
Subtotal 1 7 8

TOTAL 1380 16842 1662
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Table 13. Counteé of thick-billed murres in different plots,
different strata, and different years on St. George Table 11 (cont.)
Island, Alaska.

w

THICK-EILLED MURRE
THICK-BILLED MLIRRE

‘ ' 1976 f932 . 1954
1376 1982 1924 {
w STRATUM 2
Plot # 2 456 332 22+
STRATUM 1 : 21 104 49 £
22 174 1 12
Plot # 3 307 253 158 22 268 200 728
9 295 72 268 . 247 82% 486 55
109 743 754 200 25 837 323 513
" 15 109 54 7 973 1227 G5s
12 180 198 118 i 704 561 543
A3 105 96 12 29 592 313 513
14 177 82 141 20 €40 480 277
15 193 160 109 3 210 128 157
16 169 161 169 32 N 299 3%
17 148 120 - i 33 1202 1745 1251
i€ 70 90 75 34 116 98 65
19 91 94 105 35 €82 420 5283
20 53 13 z8 26 7¢0 262 236
24M 779 476 483 7 769 680 612
26 15% 67 127 3 459 182 17
388 181 610 424 39 530 547 320
45 202 61 192
46 184 196 221 Subtotal 10708 8131 7673
47 1%6 161 18
48 237 141 233 STRATUM 3
49 3 17 7
50 119 50 2 40 13 75 €9
51 96 €5 (3]
52 52 34 3 STRATUM S
53 168 92 106
ZAPADNI 679 563 242 42 185 178 103
43 196 156 172
Subtotal SZ11 4561 4172 ‘
Subtotal 781 334 278

TOTAL 16312 12101 12192
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Table 12. Counts of parakeet auklets in different plots, Table 12 (comt,)
different strata, and different years on St. George
Island, Alaska. . - .

S

FARAKEET AUKLET

PARAKEET AUKLET 1976 1982 1584
1976 1952 1934 STRATUM 2 A
Plot # 2 3 o} g
21 0 o )
STRATUM 1 22 1 0
23 3 14 z
Plot #5 50 &% 1 24T 12 75 1%
3 2 51 1 25 60 sz 12
10 22 S 0 27 26 55 7
11 1 8 2 28 7 109 :
12 1 26 o 29 61 19
13 3 11 ¥ 0 56 72
14 15 23 4 31 11 6
15 14 34 4 Iz 16 13
16 7 20 z 33 16 19
17 12 28 4 34 8 , 9
18 1 41 g 35 3 25
19 6 15 14 3 0 17
20 4 S 0 37 1 29
24M 11 44 4 38U 1 15
26 4 3 3 39 43 70
7B 0 22 28
45 18 9 4 Subtotal 401 740 213
46 1" 12 0
47 14 32 3 STRATUM 3
48 11 24 1
43 0 0 0 40 0 0
50 4 3 0
1 19 22 2 STRATUM S
52 0 0 0
53 2 4 o 42 0 0
24P ADMI 115 T 106 43 z 9
Subtotal 299 1255 192 Subtotal BE 9

TOTAL 03 2004 405




Table 13. Counts of crested auklets in different plots,
different strata, and different years on St. George

Table 13 (cont.)

€01

Island, Alaska.

%

w

CRESTED AUKLET

CRESTED ALKLET

1976 1582 193¢
1976 1982 1984 3TRATUM 2
Plot # 2 0 9 0
21 0 ) y
STRATUM 1 22 0 0 0
2z 0 o 0
Plot # 8 1 1 0 247 2 16 4
¢ 0 0 0
25 16 2 0
10 0 3 D
27 0 0 0
11 0 0 0
28 12 20 12
12 0 0 0
29 26 5 19
13 0 4 o
20 EL) 1 2
14 2 2 0 1
3 15 2 4
15 0 0 0
22 24 10 7
16 0 0 0
33 0 0 0
17 0 0 0
4 o 0 0
18 0 0 0
3 1 2 0
19 0 0 0
6 0 0 0
20 0 0 0
27 0 2 0
24M 0 0 0
80 o 0 9
26 0 o 0 9 ()
398 0 0 0 _3 _4
a5 0 0 0 134
& 0 o 0 Subtotal 134 82 61
47 0 0 0
7 0 ¢ ; STRATUM 3
49 . 0 0 0
pid o 0 ° 40 0 0 0
51 4 -] i
il s S : STRATUM 3
o3 0 0 0
42 0 0 0
0
ZAPADNI 0 0 4 0 0 0
Subtotal 7 17 1 Subtota) o ) )
TOTAL 141 99 €2




St. George are the lowest yet recorded; however, differences among years

are not significant (T=4.67, df=2, p>0.05).

Least auklet--The plot count data are summarized by year in Table 14.
The total counts on St. George have been remarkably stable over the three
years of investigations; 'although the variability by strata or on a plot-
by-plot basis has been extreme. Friedman analyses reveal no significant

differences among years (T-4.73, df=2, p>0.05).

Horned puffin--Total counts of horned puffins on St. George Island
were very similar in all three years in the same set of plots (Table iS).
This similarity of counts is surprising considering the marked among-year
variability within strata and within plots. Overall differences among
years were not significant (T=6.97, df=2, p<0.05).

Jufted puffin--Counts of tufted puffin by year are summarized in
Table 16. During 1984 more tufted puffins were recorded than during any
- preceding yéar. Differences among years were significant (T=7.92, df=2,

p<0.025) .

St. Paul Island (Pribilof Islands). The timing of censuses on St.

Paul has been relatively similar during all years. To the extent that
Adate is indicative of stage of seasonal abundance (if indeed these cycles
of abundance are constant over years) the comparison aniong years for St.
Paul may better represent actual population changes than do the

comparisons for St. George.

Northern fulmar--On St. Paul Island, the 1984 counts are highest
(Table 17), although they are very similar to the 1982 counts. The counts
during both 1982 and 1984 are approximately double those from 1976.
However, these changes in attendance were not significant (T=0.5, df=2,

. p>0.75).

Red-faced cormorant--Counts of red-faced cormorants on St. Paul
Island during each year of study are summarized in Table 18. The 1984

surveys resulted in the lowest counts thus far, especially in comparison
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Table l4. Counts of least auklets in different plots, Table 14 (cont.)
different strata, and different years on St. George
Island, Alaska.

LEAST ALKLET

LEAST AUKLET 197 1982 1984
1976 1922 1984 STRATUM 2
Plot # 2 o ) 9
21 0 v c
22 0 1 2
STRATUM 1 2 0 o’ :
Plot # 3 23 47 b ggT ‘2; 5 2
s 2 20 0 g 1
10 9 40 0 27 57 2 10
{ o] 1] <€ ‘126 1 92
1 ; 0 2z h] 29 76 1 64
:3 S 6 0 30 57 6 36
14 13 16 ) il g ; 4
15 10 29 2 3 0 2 24
16 12 13 o & 0 : g
17 12 50 5 o 0 ' 0
18 3 25 9 3 ; 2
% o 7 9 3
‘20 1 4 0 37 0 0 s
24M 0 1 g :gu g 2? ‘ ;
26 7 0
igE ? g 2: Subtotal 441 91 274
:-‘} 2 22 2 STRATUM 3
. ; o 0 © 0 o )
:? 3 13 ? STRATUM S
% 5 3 0 2 L 0 .
43 0
ZAPADNI 8 102 166 0 0
Subtotal 118 461 228 Subtotal 0 0 )
TOTAL 559 552 502
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Table 15.

Counts of horned puffins in different plots,
different strata, and different years on St. George

Island, Alaska.

Table 15 (cont.)

STRATUM 1

Plot # 2

ZAPADNI

Subtotal

1976
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22
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247
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STRATUM 3
’ 40
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42
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Subtotal
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Table 16. Counts of tufted puffins in different plots, )
different strata, and different years on St. George Table 16 (cont.)

Igland, Alaska.

TUFTED PLFFIN
TUFTED PUFFIN

197¢ 1982 1984
76 ; 1934 ‘
1976 1932 S STRATUM 2
Plot # 2 0 0 0
) 21 g 0
STRATUM 1 : :
. , 22 G 0 b
22 0 0
Plot # g 0 ! 2
o g 0 0 ! 241 Q) 2 2
: 0 0 ; 29 1 2 4
I« 0 0 ! 27 7 1 4
1 0 0 0 23 2 o z
12 0 0 0 29 3 0 3
13 0 0 ; 20 4 4 1
14 0 4 : 7 3 0 4
13 0 2 ; 2 1 o 0
16 0 ; ! 3 0 0 0
v 0 ! 2 ] 0 0 0
1o 0 0 ° L5 1 5 14
19 0 0 4 %% 1 0 0
» 0 0 1 7 0 0 0
24 0 0 . 28y 0 0 0
% 0 0 : 39 2 0 1
43 0 0 0 _
" 0 4 o Subtotal = 1L} 36
47 0 0 0
a 0 4 ‘ STRATUM 3 .
49 0 0 0
9 0 0 9 40 0 0 0
51 2 2 !
A 2 2 5 STRATUM 3
=z 0 0 0
2APADNI 2 2 3 o 0 o ;
43 0 0 0
Subtots) = Bry T = o o
Subtotal 0 v} 0
TOTAL 29 28 54




Table }?. Counts of northern fulmars in different plets,
different strata, and different years on St. Paul
Island, Alaska.

NORTHERM FULMAR

1976 1982 1924

STRATUM 1

Plot # 1
25V

3
S5SW
SNE

7

9

i0

13

16

17

18

19

20

22

23

RIDGE WALL

—

[ SR
NOPO =20 =B NNOOODODO

= WOO -~ 0AWHN-HOO—-~000

gl HA W =NOO—-~BHNDOODOOO
Y

2 |
3|

Subtotal
STRATUM 2

11
12
13
14

NO OO
®»0O0 00
NO OO

LA
o |

Subtotal

TOTAL 2 o7 73
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Table 18. Counts of red-faced cormorants in different plots,
different strata, and different years on St. Paul Island,

Alaska.
RED-F ACED CORMOR ANT
1976 1982 1924
STRATIM 1
Plot # 1 14 3 1
25w 4 17 1
z 10 1 0
58w 15 12 &
SME 3 s} 0
7 2 4 1
a 1 1 1
10 4 1 2
15 7 0 3 .
1£ D D 1]
17 1 3} 0
ig e )] 2
19 1 3} 0
20 D o 0
22 1 6 - 1
23 2 0 D
RIDGE WALL 64 7 1
Subtotal 137 93 19
STRATUM 2
11 0 A} 0
12 2Z ] 15
13 2 3} 3
14 3 0 1
Subtotal 22 8 19_
TOTAL 165 61 A
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to 1976. Friedman analysis showed very significant differences among
years (T=11.31, df=2, p<0.005). Multiple comparisons isolated 1976 as
having ﬂgnificantly higher counts than any subsequent survey year.

Black-legged kittiwake--The count data are summarized in Table 19.
These data show that attendance on study plots in 1984 was intermediate

between 1976 and 1982. The Friedman results indicate significant among-
year variability (T=6.74, df=2, p<0.005). The multiple comparisons found
the extremes--1982 (low) and 1976 (high)--to be significantly different
but 1984 to be intermediate and not s:lgnif:lcantly‘ different from either

extreme.

Red-1legged kittiwake--The number of red-legged kittiwakes on the St.
Paul Island study plots is relatively small but the overall trend in
counts suggests a decline each year of study (Table 20). This apparent
decline was not widespread enough to produce conclusive evidence of an

among-year change (T=0.21, df=2, p>0.75).

Common murre--Counts of common murres made on St. Paul Island (Table
21) show that a marked decrease in number of common murres occurred
between 1976 and 1982. Attendance may have increased slightly in 1983 but
the actual counts are not much greater than those in 1982.

The apparent large changes in nﬁmbers of common murres results from
the rapid change in abundance on a few plots. The direction of change was
rarely uniform over plots and because of this feature, differences among
years were not found to be significant using the Friedman test (T=5.79,
df=2, T>0.05).

Ihick-billed murre--The count data from St. Paul do not provide a
clear pattern of change (Table 22). The 1982 counts on St. Paul are
substantially less than those in 1976; however, the 1984 counts are midway
_ between those of the previous two studies. ’

The Friedman tests confirm these observations. There were
significant differences among years (T=15.5, df=2, p<0.001); in 1982. there
were significantly.fewer thick-billed murres than in 1976. The 1983
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Table 19, Counts of black-legged kittiwakes in different
plots, different strata, and different years on St.
Paul Island, Alaska.

BLACK-LEGGED KITTTW AKES
1976 1962 1984

STRATUM 1

Plot # 1 35 30 73

25V 26 24 50

3 47 46 48

SSW 53 75 128

SNE 14 18 14

7 47 20 6

9 94 56 5%

10 44 60 €2

15 50 62 84

16— 60 24 24

17 24 4 5

18 40 23 14

19 43 26 27

20 1S 11 14

22 66 81 38

23 80 56 53

RIDGE WALL 914 290 620

Subtotal 1692 1010 1348
STRATUM 2

1 21 10 5

12 78 63 64

13 40 24 32

14 2 2 13

Subtotal 159 135 114

TOTAL 1851 1145 1462
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Table 20. Counts of red-legged kittiwakes in different
plots, different strata, and different years on
St. Paul Island, Alaska.

RED-LEGGED KITTI' AKE

1976 1982 1924

STRATUM 1

Plot # 1
25Y
3
5EW
SNE
7
9
10
15
16
17
i8
19
20
22
23

RIDGE wALL

- = NOOW—- = NONOODOMNOW

ad\DOObOOOONOO-‘NOM
N ODODOWNIDODONO~~MNO—-~00 &

| 2=
g
I

0
-~

Subtotal

STRATUM 2

. H
12
13
14

-JI ¢ - 00
0'\| NY QO

Subtotal

3 a|maao

TOTAL % 104

o
0
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Table 21. Counts of common murres in different plots,
different strata, and different years on St. Paul
Island, Alaska.

COMMON MURRE

1976 1982 1924

STRATUM 1

Plot # 1 15 D 23

26V 2 0- 0

E 3 15 12

56W 0 81 g

SKE 1 0 0

7 256 2 1

9 104 75 76

10 648 0 268

15 1 113 4

16 106 0 20

17 21 0 0

18 192 0 13

19 133 118 92

20 0 D 0

22 6 1" 0

23 25 0 12

RIDGE W ALL 752 417 428

Subtotal 2275 832 962
STRATUM 2

1 0 0 0

12 0 0 0

13 0 1" z

14 184 6 29

Subtotal 54 a7 37

TOTAL 2459 849 994
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Table 22 . Counts of thick-billed murres in different plots,
different strata, and different years on St. Paul
Island, Alaska.

THICK-BILLED MURRE

. 197 1982 1984

STRATUM 1

Plot #1 72 9 35

28 26 26 21

3 79 57 ' 82

S8y 266 179 215

SNE 120 27 57

7 142 117 7

9 133 191 137

10 284 157 . 23

15 205 107 196

16 187 26 122

17 88 39 72

18 254 72 159

13 179 48 134

20 37 82 68

22 563 208 347

23 1073 259 511

RIDGE WALL 21719 1383 2040

Subtotal 3888 3107 4301
STRATUM 2

11 40 38 38

12 193 49 97

13 1o 186 157

14 369 244 289

Subtotal 712 517 581

TOTAL 6600 3624 . 5082
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counts were intermediate and not significantly different from the two

other study years.

Parakeet auklet--Counts of parakeet auklets on St. Paul Island are
summarized by year in Table 23. Analysis of these data using the Friedman
test resulted in a significant test statistic (T=20.67, df=2, p<0.001).
Multiple comparisons showed that counts in 1983 were significantly lower
than in either of the other years of study.

Crested auklet--Crested auklets were recorded on only 2 of the plots
sampled during all three years of study. Too few data were obtained to
warrant statistical tests of changes among years. The highest counts were

recorded in 1984,

Least auklet--Counts of least auklets on plots on St. Paul Island are
summarized in Table 24, The total counts have fluctuated considerably
over the three years of study but no consistent directional trend is
" noticeable. The Friedman analysis confirm among-year variability in
abundance (T=9.03, df=2, p<0.025).

Horned puffin--Total counts of horned puffins at St. Paul show some
variability (Table 25) but do not suggest any long-term (since 1976)
changes in population. The Friedman analysis did not reject the
hypothesis of constant abundance among years (T=0.86, df=2, p>0.5). As
with auklets, we doubt that these data would be a sensitive indicator of
the status of puffin population levels.

Jufted puffin--The limited tufted puffin data (Table 26) do not
indicate any significant change among years (T=0.50, df=2, p>0.5).

Discussion

At Cape Peirce there were no statistically significant changes of

seabirds on study plots between 1976 and 1984.
Numbers of red-faced cormorants counted on plots declined among years
more obviously than did counts of other species (Fig. 28); they declined
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Table 23. Counts of parakeet auklets in different plots,
different strata, and different years on St. Paul
Island, Alaska.

PARAKEET AUKLET

1976 1982 1924
STRATUM 1
Plot # 1 1 0 0
25w 16 3] D
3 i4 3 D
55w 28 10 2
SNE S 5 2
7 7 0 D
9 16 5 3
10 3 5 ]
15 2 2 0
14 17 23 z
17 3 3 1
18 3 20 2
19 g 4 B
Z0 0 9 0
22 44 27 D
23 42 Z8 1
RIDGE WALL 696 71 35
Subtotal 912 227 13
STRATUM 2
11 3 1) 3]
12 z Z 1
13 i3 0 1
14 15 19 0
Subtotal z6 28 2
TOTAL 242 255 115
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Table 24. Counts of least auklets. in différent plots,
different strata, and different years on St. Paul

Island, Alaska.

LEAST AUKLET
1976 1982 1924,
STRATUM 1

Plot # 1 1] 1] (1]
25W 11 0 )

3 19 ) 0

55 10 12 27

SNE 1 1 1]

7 0 0 1

9 ) 5 1

10 0 7 1

15 0 28 1]

16 7 17 6

17 0 1] 0

18 0 14 5

19 7 11 3

20 0o - 0 0

22 3 9 0

23 D 11 0

RIDGE WALL 246 255 139
Subtotal 304 376 183

STRATUM 2

11 0 5 )

12 0 ) 0

13 0 14 1

14 ) 0 1
Subtotal "o 19 2
TOTAL 304 395 185
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Table 25. Counts of horned puffins in'different plots,
different strata, and different years om St. Paul
Island, Alaska.

HORNED PUFFIN
1976 1982 1984

STRATUM 1

Plot #1 0 ) 0

28W 1 0 0

: 2 ) 2

SSW 2 2 7

SNE 0 0 2

7 0 0 D

9 5 6 :

10 0 1 1

15 5 12 2

16 4 9 1

17 5 3 0

18 ) 4 4

19 2 2 5

20 1 1 2

22 8 15 2

23 11 5 10

RIDGE W ALL 113 rd 120

Subtotal 159 132 161
STRATUM 2

1 1 0 0

12 1 0 1

13 0 D 1

14 : 0 4

. Subtotal 5 0 6

TOTAL 164 132 167
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Table 26. Counts of tufted puffins in different plots,

different strata, and different years on St. Paul
Island, Alaska.

TUFTED PUFFIM

1976 1982 1984

STRATUM

Plot # 1
28

3
SEW
SHE

7

9

10

15

1S

17

i8

19

20

22

23

RIDGE WALL

NHNOOOoODO0OAOO0OOO0O—=0D0D0DODODO0O0
N OO0~ gOoOO00COODOO0O0OC0O

[

[N
ool %OODDOGOOODDDODOO

E

Subtotal B T3 4]
STRATUM 2

1
12
13
14

- Q00
Lo e e R e
Lo it Y o it }

Subtotal T 0 T

TOTAL 15 ES 28
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Trends in counts of red-faced cormorants in different strata
in different years at different colonies. RFCO=red-faced

.cormorant; P1, P2=St. Paul Island, Strata 1 and 2; Gl, G2=

St. George Island, Strata 1 and 2.
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linearly from 1976 to 1984 in both colonies. However, on St. Paul, 198%
counts exceeded 1982 counts in Stratum 2. Counts varied to some extent
within years as a consequence of short-term variability in bird
attendance,' but the much larger differences among years suggested that a
real population decline had occurred between 1976 and 1984.

Counts of black-legged kittiwakes on St. George Island were lower in
1984 than in earlier years (Fig. 29); this trehd was not as marked on St.
Paul Island (Fig. 30). These trends are difficult to interpret because
seasonal changes also occwrred during count periods. Because kittiwake
reproductive success and productivity have been very low on the Pribilofs,
especially on St. George since 1980, (see Johnson and Baker, this voiume)
low recruitment méy be one cause of the apparent population decline. It
is encouraging that August counts, which probably include subadult
prospectors and adult nonbreeders, are about double July counts; these
birds may breed in future years.

Figure 31 shows a decline of red-legged kittiwakes in all strata on
St. Géorge Island in 1984; more subtle declines apparently have occurred
on St. Paul (Fig. 32). Productivity of red-legged kittiwakes has been low
on the Pribilofs for several years, especially on St. George Island (see
Johnson and Baker, this volume). As with black-legged kittiwakes, poor
recruitment, along with a lowered attendance of adults at the colony, may
be factors contributing to the apparent decline of red-legged kittiwakes.
An influx of birds was recorded in August, after the breeding season;
these may have been subadults prospecting for nesting sites to use in
1985.

The abundance of common murres on plots varied greatly among plots,
replicates, and years (Fig. 33). At this stage of our analyses, there are
no clear patterns to this variation. Substantial decreases on the St.
Paul plots from the 1976 counts to the 1982 and 1984 counts suggested that
nesting populations (or effort) might have declined. Craighead and
Oppenheim (1982) observed similar (but not statistically significant)
_ decreases between 1976 and 1982. Statistical verification of such changes
in common murre populatioxis remain difficult, these birds nest in larger
aggregations than many other species, and thus present special sampling

problems.
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Figure 29. Trends in counts of black-legged kittiwakes in different strata

in different years at St. George Island. BLKI=black-legged
kittiwakes, G1l, G2, G3, G5= St. George Island Strata 1, 2, 3
and 5.
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Figure 30. Trends in counts of black-legged kittiwakes in different
strata. in different years at St. Paul Island. BLKl=
black-legged kittiwake, Pl and P2 = St. Paul Island,
strata 1 and 2, respectively.
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Figure 31. Trends in counts of red-legged kittiwakes in different strata
in different years at St. George Island. RIK1 = red-legged
kittiwake, Gl1-G5 = St. George Island, strata 1-5, respectively.
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Figure 32. Trends in counts of red-legged kittiwakes in different
strata in different years at St. Paul Island, RLKl =
red-legged kittiwake, Pl and P2 are strata 1 and 2.
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Figure 33. Trends in counts of common murres in different strata

in different years at different colonies. COMU =
common murre; Gl-G5 = St. George Island strata 1-5;
Pl and P2 = St. Paul Island strata 1 and 2.

126



Thick-billed murres appear to have declined slightly on St. George
Island between 1976 and 1982, and perhaps between 1982 and 1984 (Fig. 34).
Low counts were evident on St. Paul in 1982 but attendance had rebounded
in 1984 on St. Paul (Fig. 35). '

In some species, what appear to be year-to-year changes in abundance
might have resulted from differences among years in the timing of counts.
For example, black-legged kittiwake and common murre counts on St. George,
but not on St. Paul, were lower in 1984 than in 1982. Because the 198%4
counts t.ook place earlier on St. George than on St. Paul, it is possible
that a normal seasonal increase in 'colony attendance by these birds caused
the annual difference in counts, especially if counts in 1982 on both

islands were later than the 1984 St. George counts.

Population Estimation

Methods

Population estimates of seabird colonies in Alaska, and probably
elsewhere, are primarily made simply by making gross visual counts of
numbers of birds either from a boat or aircraft. While of unknown
accuracy or precision, these estimates probably suffice to give general
indices of colony sizes and species composition.,

More detailed studies of seabird population sizes have been based on
mean density/area estimates. These have been of two'types: one type of
estimate is based on the extrapolation of densities in known areas (sample
plots) to the remainder of the colony (e.g., Petersen and Sigman 1977).
The alternative approach has been to photographically sample the colony
and base the estimates on extrapolations of counts of birds in the
photographs (Hickey and Craighead 1977).

Our strategy at population estimation was based on sampling study
plots. Hé selected this approach over the photographic method for the

. following reasons:

1) Photo-interpretation takes a large time investment such
that under the time limitation permitted, no replication of

counts could be made.
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Figure 34. Trends in counts of thick-billed murres in different
strata in different years on St. George Island. TBMU =
thicked-billed murre; G1-G5 = St. George Island strata
1-5.
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Figure 35. Trends in counts of thick-hflled murres in different
strata in different years on St. Paul Island. TBMU =
thick-billed murre; Pl and P2 = St. Paul Island strata
1 and 2.
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2) Although the sampling method outlined by Hickey and
Craighead (1977) permitted calculation of standard errors
among samples of photographic counts, no confidence limits
could be calculated for species population estimates. Only
"white birds™ were counted in the photographs and
correction factors of unknown precision were used to
translate the "white bird®™ populations into 1nd1§1dua1
species of seabirds.

3) Photographic censusing has been shown to be a useful tool
in censusing seabirds; however without extreme care it is
subject to considerable bias (underestimation) due to the
inability to resolve individual birds in photographs.
Although recognized by Hickey and Craighead (1977), the
error introduced by this problem is not incorporated into

their estimates.

Since one of our objectives was to derive statistically -supportable
estimates with known confidence limits, the photographic method in its
present form, was inappropriate. Although the work by Hickey and
Craighead (1977) provides a good, well-documented base for improving their
method, we felt a better and quicker selection could be obtained starting
with sample plots rather than photographic sample techniques.

Our sampling scheme incorporated the use of strata suggested by
Hickey and Craighead (1977) and introduced the use of counting clusters
(aggregation) of birds. The importance of counting clusters is discussed
later in this section. A comparison of the estimation design used by
Hickey and Craighead (1977) with ours is shown in Figure 36. The
procedure used by Petersen and Sigman (1977) is not detailed in their
report but appears to be a simple version of the methods we employed,

i.e., without the use of strata or cluster counting stages.

Examination of Assumptions. There are three steps in our estimation
scheme that we wish to ascertain the necessity/validity of including.

These are cluster counting, use of strata, and extrapolation based on

area.
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Figure 36. Comparison of population estimation techniques used by Hickey
and Craighead (1977) and this study. The photograph based
method requires two parallel sampling programs; photography
to estimate numbers of birds, sample plots to determine species
composition. The cluster count method is simpler (only one
type of sampling) but requires an independent measure of

occupied cliff area.
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Clustering. One of the features of seabird colonies that led us to
seek a refinement of past methods of seabird population estimation was the
observation that birds are often clumped. The tendency for this to occur
is summarized for a selection of species from St. George Island--Strata 1
plots in Figure 37. All species had a predominance of cluster size 1
(i.e., single birds), however, the "tailedness" of the distribution was
quite varied. At one extreme were species such as northern fulmar which
usually occurred in ones or twos. Most species followed this pattern
(occasionally group sizes were larger, but average group size rarely
exceeded two). Thick-billed murres exhibited a similar pattern although
larger group sizes were more 'frequent.. The shape of the thick-billed
murre graph closely approximates a common mathematical distribution known
as log-series distribution. The distribution of species showing the
northern fulmar pattern also fit log-series distributions, especially when
larger samples are taken and the occurrence of a few larger clusters is
more evident. '

Common murres, in contrast, have extremely long-tailed distributions.
Although only a few very large groups are present they are so much larger
than the others they contain a large proportion of the birds. In Figure
37 almost half of the common murres represented in the graph are accounted
for in the one group at the right hand extreme. The shape of this graph
approximates a negative-binomial distribution. In the tests presented
earlier for among-year and seasonal'trends in abundance there were often
large differences in the absolute number of birds, but a failure to find
significant differences between groups. For example, on St. Paul Island,
the changes in number of common murres on study plots among years were
proportionally greater than for thick-billed murres; however, differences
were not significant for the common murres but were highly significant for
thick-billed murres. In part, this appears to be due to common murre
changes occurring as a few large differences on individual plots, whereas
the thick-billed murres change in abundance more uniformly across plots--
the statistical tests emphasize these more uniform tendencies which
increase our confidence in extrapolating to make whole colony inferenees.

Most population estimation schemes rely on simple sampling principles
that may include sﬁeh features as stratification and/or subsampling.

These schemes make ver'y few assumptions about the distributions of the
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Figure 37 . Frequency distribution of cluster sizes (aggregations)
of seabirds.
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sample data set and may be referred to as "model-free®™. Model-free
estimators are appropriate for complex sample designs or if there are
several attributes of interest. However, in order to be flexible enough
to accommodate many situations, these procedures are'frequently suboptimal
for any one specific case. A simple sampling theory approach is to
extrapolate the mean density of seabirds in study plots to the area of the
total colony (mean density/area estimator) as was done by Hickey and
Craighead (1977) when extrapolating counts in photographs to the total
island cliff area. However, for studies involving seabird population
estimation where there is only one attribute of interest, abundance,
analysis of the frequency distribution may justify the assumption of known
mathematical forms (e.g., log-series or negative binomial distribution)
permitting results from classical mathematical theory to be applied.

The use of model-based estimates (i.e., a model for the frequency
distribution of abundance) has been applied in other areas of statistical
ecology (e.g., see Boland 1983), 1later in this section we explain the use
of this methodology for seabird population estimation.

M--Using a stratified sample procedure can often improve (reduce
the variance) of estimates. The value of stratification at the Pribilofs
was well documented by Hickey and Craighead (1977) by the distribution of
seabirds among strata. For example, red-faced cormorant were restricted
to the lowest two strata and red-legged kittiwakes were most abundant in

the highest stratum.

Area--Probably all population estiqatioh schemes used in seabird
studies rely on extrapolating counts in sampled areas (study plots) to the
area of the entire colony. Use of area to extrapolate study plot counts
to total colony population requires that we assume that counts of birds
are related to area; that we know the area of the study plots; and that we
. know the total area to be extrapolated to. These topics are discussed

. below.

i3 seabird abundance a function of sample area? This assumption

was evaltiated by testing for correlation between abundance and area on our
study plots. The area of study plots was determined by projecting

134



photographic slides taken of the plots from the same vantage that counts
were made and planimetering the area centered within the count area.
Birds (murres and/or kittiwakes) in the picture were used as scaling
factors for size. ' The results are summarized in Figures 38 and 39.
Surprisingly, this seemingly intuitive assumption is not always correct.
The trend for red-faced cormorant and red-legged kittiwakes are negative
but non-significant. Significant positive correlations were found only
for northern fulmar, black-legged kittiwake, and thick-billed murres at
St. George Island. None of the correlations for Cape Peirce seabirds were
significant. Only the thick-billed murre on St. George exhibited a
moderately strong correlation in support of this fundamental hypothesis.

Area of colony. The ratio of the area of the colony to the area
sampled is the factor that is used to extrapolate plot counts to colony
population size. Existing estimates of cliff area in the study colonies
are available only for the Pribilof Islands (Hickey and Craighead 1976).
Even these estimates are ‘inappropriate for our needs (but were suitable
for the photographic methods of Hickey and Craighead). Because seabird
study plots were selected based on cliffs with birds; we need to know the
total cliff area occupied by birds, not total cliff area. Otherwise
population estimates will be biased and much too large. A survey of cliff
availability to birds is much beyond the scope of this study. Preliminary
estimates of cliff availability on St. George Island were made as follows.

Population estimates for St. Georgé Island were derived by Hickey and
Craighead (1977) using a photo-interpretation technique. They also
provided counts of seabirds on the same study plots we used. Use of these
multiple sources of data permitted us to estimate the area of cliff
occupied by each species of seabird. The number of seabirds present in
1976 were estimated using the total area of cliffs in each stratum and the
number of birds recorded on study plots (only study plots common to 1976
and 1984 were used). This estimate is certainly too large, however, the
X ratib of this number to the independent pop'ulation estimates determined by
Hickey and Craighead (1977) provides a correction factor for reducing
total areas to areas of seabird cliff habitat. We calculated this

correction factor for each species and strata.
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In the calculation of population size we determined that the number
of sample plots in Strata 3, 4, and 5 were insufficient (0-3) to calculate
with any reliability the number of birds in these strata. Therefore,

correction factors are only for the lower two strata. These correction

factors are summarized below.

Strata 1 Strata 2
Northern fulmar 0.604 0.334
Red-faced cormorant 0.682 0.317
Black-legged kittiwake 1.1 0.377
Red-legged kittiwake 1.053 0.273
Common murre 0.125 0.755
Thick-billed murre 0.351 0.375

Some of these correction factors are surprising in that the
occurrence of high values, especially those greater than 1, indicate that
either the study plots are not representative of the strata, or that the
population estimates (those of Hickey and Craighead 1977) are unreliable.
If a correction factor is greater than 1.0, one may imply that at the
density of birds recorded on the study plots there is insufficient cliff
habitat within the strata to support the population size reported by
Hickey and Craighead (1977)--even if all cliff habitat were usable by
birds. Note that our estimates for total populations in 1984 are in turn
dependent on the accuracy of these correction factors which are dependent

on the 1976 population estimates.

Limitations of Population Estimation. Our review of the steps in our

proposed estimation procedure provided mixed results. The procedure of
counting clusters of seabirds appears to be supported in that some
species, e.g., common murre, tend to occur in discrete aggregations, and
that the frequency distributions of counts of all species f£it known.
. mathematical distributions. This factor of counts can be used to
advantage in model selection for population estimation. The use of strata
also appears to be advantagous although sampling intensity in some strata
appears to be insufficient. The major problem appears to be with the )
final step of the estimation procedure, the extrapolation to the whole
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colony. The problem is two-fold, the first being that we do not have good
estimates of the area to extrapolate into. Although we have estimates of
total cliff areas for the Pribilofs from Hickey and Craighead (1977), the
sample plots comprise an extremely blased subset of this area and a sample
ratio of sample plot areas to total cliff areas would not provide a
suitable extrapolation factor. This problem is made moot by the second
finding that seabird counts on study plots are generally not significantly
correlated with area sampled. Even where a correlation exists, the
relationship appears to be quite weak (considerable scattering around the
regression lines in Figs. Figs. 38 and 39) such thai', area would not be
expected to be a good predictor of seabird abundance. This means that we
are unable to provide reasonable estimates of seabird populations and
considerable research will have to be invested into the study of which
variable to measure in order to extrapolate study plot counts to total
population sizes if such ratio estimators are to be used.

In the following section we develop the appropriate estimators and
explore the improvement in precision obtained by using cluster-counting
over mean density/area estimators without actually making the last step in
estimating total population size.

Maximum Likelihood Estimatjion. Within the classical study of
frequency distributions, a great deal of work has been done in determining

optimal (small variance) estimates of va'rious parameters. The method that
has the best properties (as outlined below) are maximum likelihood
estimators. The history and use of maximum likelihood estimation is long
and quite diverse (see Silvey [1970] for a complete development and
discussion of these estimates). For the application to the estimation of
population totals several charactéristics of maximum likelihood estimation
are important. The most important is the fact that for large samples,
maximum likelihood estimates have the smallest variance (see Serfling
1980) and the estimates are unbiased. Given these two facts, we have
. applied maximum likelihood estimation procedures in this study.

The construction of maximum likelihood estimates is quite diregt.
The first step is specification of the frequency distribution for the
data. That is, a nmb_ahiw for the data. This construction
serves several purposes. .Firs,t., it models observed abundance patterns.
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Second, it incorporates the sampling design, i.e., stratification and
enumeration of clusters. This speéificat:[.on of a probability model for
the data ylelds the estimates by the technique of maximizing the
probability function (1ikelihood) with respect to the model parameters
(see Sil'vey 1970). The variance of these estimates may be derived
directly using a technique called the delta-method (see Serfling 1980).

-

Model-based estimation and goodness-of-fit--An important aspect of

model-based estimation is the selection of a model. It is clear that for
- a variety of abundance patterns there should be a variety of probability
models. And thus, before maximum likelihood estimation can occur it is
necessary to select among a set of alternative models (frequency
distributions). The models from which we selected when fitting the
cluster size frequency distributions to known mathematical distribution
were: (1) Poisson, (2) log-series, and (3) negative binomial). As
described earlier, individual species may vary as to which model would be
most appropriate; this leads to a goodness-of-fit problem. In the model
selection process for abundance data, as will be detailed later, it is
possible to use a standard Chi-squared goodness-of-fit procedure (see Rao
1975). These procedures are only appropriéte for independent, identically
distributed, random variables. These standard assuinpt:lons are not met in
this study, therefore we have used alternate methods, as detailed below.

Construction of the population estimates

mijy_mg_dgla. There are several features of the abundance
data that need to be :l.ncorporated into the model for the data. Of primary
importance is aggregation of the birds on cliffs (i.e., clumping of birds
into clusters). Additionally, the aspect of stratification of the sample
area needs to be accounted for. The following model for elusterihg of
.4ndividuals uses the techniques detailed in Patil et al. (1978). The

. assumptions of this model are as follows:
Let {N} be the number of clusters within the colony.

Let {13, J=1,...,N} be the number of individuals within clusters
1,...,N. '

140



Then the total number of individuals within the colony may be expressed as
N
- = .
X = 3=113 (1)

This expression for the abundance of individuals in the colony has
several consequences. Most importantly it accommodates the occurrences of
species that do not cluster. This is specified by letting YJ_._1 for
J=1,...,N and thus letting N be the total number of individuals in the
colony.

To utilize this model for estimation of the total population X, we
must incorporate the sampling design. This is the step that introduces
the probability model for the sampled plots within strata. There are two
distinct frequency distributions of interest. They are:

(1) The distribution of the number of clusters (N) on a plot,
(2) The distribution of the size (Yj) of clusters within a plot.

Additionally, to allow for the heterogenity of areas within the colony,
the estimates will be based on strata; i.e., separate freq'uency
distributions will be fit to each strata and then combined and
extrapolated to the entire colony. To extrapolate to the entire colony it
is necessary to utilize the parameterization of the frequency
distributions given above. Considering the form of the total population
as a function of the number of clusters and cluster size, we can construct
a parametric form for the number of individuals on plots. This form is
the mean or expectation of the distribution .of the number of individuals
on a plot. This is written as

E(By) = E(Nj) E(Yy)

where E(.) is the expectation of the random variable within. In . other
words, to extrapolate the number of birds on a plot (and strata) to the
entire colony, the expectation of the number of clusters times the
expectation of the size of the cluster must be estimated and then enlarged
to the entire size of the colony. To accomplish this it is necessary to

estimate the parameters of the above expectations. The form of these
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parameters depends on the respective distributions. Thus it is necessary
to fit several mathematical distributions to the cluster size/frequency
distributions to estimate these parameters. As we mentioned earlier,

maximum likelihood estimates will be used for this task.

Implementation of goodness-of-fit. Some criteria are required
for evaluating which model is most appropriate. Two such criteria that

were applied are based on the Chi-squared goodness-of-fit test, and the
likelihood ratio test. The Chi-squared test is one of the more commonly
applied tests used to specify if the chosen model is correct. It is
applicable when N independent observations are classified into one of K
distinct categories. Taking 0(i) to be the "observed"™ number of
individuals in the i category and E(i) the "expected™ number of
individuals in that category, then the statistic is given by
)2

X - (2)
x zj:l E]

If we assume that the model from which the E's were computed is
‘correct, the statistic converges (as N gets large) to a X2 random
variable. Thus, large values of the statistic suggest that the model is
inappropriate; this is true even if the model (and thus the E's) depend
upon parameters that have been estimated in some efficient manner. These
details are well documented in Rao (1973:371). Using these previously
defined statistics, one can develop a diagnostic for discriminating
between models, e.g., choose the model that was "least rejected" (largest
P-value) according to the X2 goodness-of-fit test. Ripley (1980)
discusses the use of similar diagnostics. Although methods based on the
above Chi-squared goodness-of-fit statistics are intuitively appealing and
reasonably well understood, methods based on the likelihood of the data
are‘usua.lly considered superior (Serfling 1980:347) and are applicable in
the non-independent case. One such procedure, proposed by Cox (1961,
1962) is based on the ratio of the maximized likelihoods for two competing
rodels. This diagnostic selects as superior the model with the largest
maximized likelihood. Cox further develops this into a test statistic for
testing between models which is, in the large sample independent case,
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approximately normal. These two. diagnostics were embloyed in selecting

the models to be used in estimating population totals. The Chi-squared
procedure was used only in determining the cluster size distributions,

however, the likelihood procedure was applied to overall models as well as

to the component distributions.

Implementation of maximum likelihood. The maximum likelihood
estimation procedure is based on the probability law (frequency
distribution) for the data when the distribution is a function of some

unknown parameter Q .

For the discrete case with observed (11,,,, yXp) =X

for the random variable (X1,...Xp)=K let
£(x;0)=P(X=x ) and 1(x;@)=1og(f(x;6))

This method estimates the value of the parameter to be that which makes
the data most probable; i.e., the estimate maximizes l(x;') as a function
of@ . This maximization can often be accomplished using elemetary
calculus techniques-~the maximum occurs where the derivative of l(x;p) is
0. This may be termed "solving the normal equations™; occasionally this
yields closed-form estimates. In other cases, the normal equations have
no closed-form solutions and numerical techniques are required. To
illustrate these ideas, some specific examples are included. Suppose one
observes n independent plots of size Aq,...,Apn With observed number of

clusters per plot as x; __  x. and assume that the X; has a Possion (AAy)
frequency distribution. Therefore

n : -
1) = Zj-.-l {(-aa; )0leog(AAl)-|og(xjg)) (3)
Solving these normal equations yields

- n
A = Zj=1x1/2j='Aj (n)
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which is unbiased with variance

n

In the previous example a closed-form solution existed. In the
majority of cases this is not.true and it is necessary to numerically
maximize the likelihood. This is an iterative procedure called a Newton-
Raphson procedure (see Chambers [1977] for further details concerning

implementation).
Results

Cape Peirce.

Common murre--Estimates of common murre populations were calculated
for the five study periods at Cape Peirce. The performance of the
estimation, i.e., the size of the confidence intervals expressed as a
percentage of the mean and the ratio of the confidence interval calculated
by our methods compared to a standard estimate based on mean density
extrapolation to area can be computed as these are independent of the

total colony size. The results are summarized below.

95% Confidence Intervals

Period —2.of Total Populatjon Ratio of C.I.
1 17 0.29
2 18 _ 0.31
3 19 0.30
b 20 : 0.36
5 19 0.34

Our 95% confidence limits were always within i 20% of the population
estimaté. Common murres frequently are highly aggregated on cliffs and
the distribution of their cluster size approximates a negative-~binomial
distribution. Use of a population estimator based on this distribution
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results in confidence intervals about one-third (Ratio of C.I. ~ 0.33) of
what they would have been using a simplé mean density/area estimator; this
is a substantial improvement.

Black-legged kittiwake--An analysis of the black-legged kittiwake

population at Cape Peirce is similar to that described for common murres,

and ylelds the results summarized below.

95% Confidence Interval

Period —X.of Total Population Ratio of C.I.
1 19 0.57
2 24 0.63
3 26 0.63
.} 30 0.55
5 25 0.54

Our population estimates for black-legged kittiwakes are not as precise as
for common mufres; however, +25% is very good considering the intensity of
sampling (only 12 plots). Our estimate, based on a log-series model was
almost twice as precise (Ratio of C.I, of 0.5) as a mean density/area

estimator.

St. George Island (Pribilof Islands). Precision of population

estimates were calcﬁlated for the non-cavity cliff-nesting seabirds using
the counts made during sample Period 2 (early July). The performance of
our estimators are given in Table 27.

The performance criteria listed in Table 27 show that our estimators
performed as well as and usually much better than the mean density/area
method commonly used. ft is not surprising that red-faced cormorant
populations could not be estimated very precisely; the numbers or ploté
were not related to the area sampled (Figure 37).

Discussion

Our experimentation with different types of population estimation
procedures points to several techniques that could greatly improve seabird
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Table 27 . Evaluation of precision of maximum likelihood estimator in
relation to mean estimate and estimates based on mean
density/area estimator.

954 Confidence Interva:1l. ‘ )
1% of Total Population Ratio of C.I.:

Northern fulmar 15 : 0.25-0. 47
ﬁed-fa_ced cormorant 112 0.68-1.03
Black-legged kittiwake 50 0.45-0.60
Red-legged kittiwake 36 0.29-0.98
Common murre 26 0.29-0.34
Thick-billed murre 10 ‘ ’ 0.53-0.56

IBased on totals in two strata.
2Ratio is of confidence intervals of maximum likelihood estimator/C.I. of
mean density/area estimator. Range based on Strata 1 and 2 individually.
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population estimation strategies. Stratification is supported as being an
important component of the sampling program. Although we did not do any
empirical evaluation of the gains in precision inherent in stratifying,
the study plot data and summaries presented in Hickey and Craighead (1977)
provide evidence of pronounced changes in abundance with cliff height.
For example, no red-faced cormorants occurred above Stratum 2.

The cluster sampling technique proved to be a useful addition to the
counting procedure. Some species, most notably common murres, were highly
aggregated and the estimates for these species were markedly improved over
mean density/area estimates. For all species, estimates based on cluster
counting and the maximum likelihood estimates had much narrower confidence
intervals than mean density/area estimates. Of the species studied, the
cluster size distribution of all except common murre best approximated a
log-series distribution; common murre frequency distributions were
negative binomial.

Hickey and Craighead (1977) reported their 95% confidence interval to
be within 50% of the mean estimate. Craighead and Oppenheim (1982)
revised this interval to 36%. How these numbers were derived is unclear;
presumably they are based on the variance of counts of whitebirds from the
photographs, i.e., not species by species. Actual confidence limits of
individual specis could not be calculated (Hickey and Craighead 1977).
Our methods resulted in better precision for four or five of the six
species (depending on whether the comparison is with 36 or 50%). On a
species by spgcies basis, the mean density estimatﬁe is less precise than
the methods we used. The most numerous species on the Pribilofs, thick-
billed murre, could be estimated +10f using the maximum likelihood
estimation procedure.

There are some drawbacks to our procedure compared to the Hickey-
Craighead method. Although we have achieved better precision, we cannot
determine an accurate total estimate without better estimates of the total
area of seabird habitat. Hickey and Craighead avoided this problem by
taking random samples of photographs to represent all cliff areas
(regardless of presence of birds). Their method does not permit accurate
species identification (whitebird was the limit of their selection) and
risks losing important differences in population trends among species or
mixing species with disparate distributional characteristics (e.g.,
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pooling common and thick-billed murres) since one must assume that
whitebird abundance is a precise indicator of each individual species.
Further, it takes longer to acquire and analyze photographic data, and
this type of analyses could result in pooled counts over too broad a
period of time. Our results indicate that large changes in the number of
birds on study plots may occur on a scale as small as three days.
Repeated sampling of study plots is likely a more viable alternative than
many photo surveys for large colonies such as St. George.

Unfortunately, it appears that none of the studies thus far have been
igtens:lve enough to yield reliable, useful population estimates. The
analyses reported upon here indicate that use of stratification, cluster
counting, and maximum likelihood estimation will result in much more
precise estimates than we have had in the past. It will be necessary for
successful implementation ot‘bt.his approach, as well as others, to place
additional emphasis on determining the areal extent of colonies (i.e.,
what fraction of the colony are we sampling) before we can confidently
extrapolate results from study plots to total colonies.

For some species, such as red-faced cormorant, our data reveal very
poor 'relationships between number of birds and area sampled. Before
extrapolations are legitimate, a better understanding of what seabird
habitat is, will be necessary. It appears that we do not know exactly how
much suitable habitat we have sampled, nor how much to extrapolate to.

SUMMARY

Our population-study focused on four areas of research: the
documentation of diurnal trends in abundance, seasonal trends in
abundance, among-year trends in ‘abundance, and an analysis of methods to
improve population estimators. The last two topiecs, population trend and
population size, are the major.topics of interest in a monitoring and/or
management program; however the first two components of the study
. determine limitations on how we should sample to permit realization of
monitoring goals. A firm understanding of diurnal and long~term temporal
(seasonal) variability should precede a monitoring program and should be
incorporated into its study design; however, this is seldom done.
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Our analysis results indicate that some concerns have been overstated
and others have been overlooked. Diurnal cycles in attendance were
pronounced early in the season but diminished as incubation got underway.
We suspect such cycles may become more prevalent late in the season but
have little data to support this conjecture. Our results showed that
censuses should be conducted during the incubation period when counts may
be made over a broad segment of the day. The practice of making a series
of 2B-hour counts at the start of a study and using that "pattern®" to
compensate better counts made later in the study (to correct for time of
day) may impose a non-existent pattern on the birds. Further, this
technique may inflate the actual population estimates since it appears
that the cycle is introduced by the comings and goings of non-breeding
birds, whereas nesting birds appear to occupy their sites with great
fidelity. If counts are conducted early (or late?) in the year when
diurnal cycles are pronounced, the timing of censuses should be based on
the species of particular interest. Most species exhibit distinet cycles
that are not in phase with each other. )

Diurnal variability was much less pronounced than anticipated and the
longer term patterns in attendance were more pronounced than anticipated.
In extreme cases, -large changes in the number of birds occupying cliffs
were noted in periods as short as three days. The most stable number of
birds present on the cliffs appeared to.be during the mid-incubation
period. Earlier and later, non-breeding birds ("prospectors®) appear at
the colonies and inflate the counts.

The influence of seasonal trends may be very important in assessing
among-year trends in population size. On St. George Island, the timing of
censuses of seabirds have spanned a range of dates of approximately one
month, thus confounding our ability to distinguish among-year from within-
year patterns in variability.

For many species the counts on the Pribilofs in 1984 were lower than
counts made in 1976 or 1982, and usually much lower than in 1976. In
i generalgthese changes were more pronounced on St. George than on St. Paul.
A summary of results for the cliff-nesting species, excluding cavity

nesters, is as follows:
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— St. George St. Paul
Significance 1984 Significance 1984

Northern fulmar sasl 12 n.s.
Red-faced cormorant . as
Black-legged kittiwake sas L 11 I
Red-legged kittiwake n.s. n.s.

Common murre n.s. n.s.
Thick=-billed murre #as L 288 I

1Differences occur among-year: #=p<0.05, ##=p<0.01, ###:p<0.001.
2position of 1984 relative to 1976 and 1982: I=1nt.ei1hed:lat.e, L=1lowest.

The most convincing evidence for a substantial decrease in population
size has been for red-faced cormorant, where numbers were much reduced on
study plots in 1984 relative to 1976 on both St. George and St. Paul. For
the remaining species, apparent changes in abundance were not significant
(common murre and red-legged kittiwake), or there were significant changes
in aﬁundance but counts in 1982 were low and counts in 1984 were
intermediate (northern fulmar), or different trends occurred on the two
islands (black-legged kittiwake and thick-billed murre). Although it is
quite possible that different population trends could occur on the two
islands, the tendency in 1984 to have low counts 'on St. George but not on
St. Paul, and the fact that counts on St. Paul were made -at. more similar
times each year than were those on St. George, leads us to the suspicion
that the counts on St. George may reflect seasonal as well as yearly
effects.

Another possibility is that the counts of birds on the cliffs is a
function of nest success. In years of high nest failure (1982 and to a
lesser extent 1984; see Johnson and Baker, this volume) the adult birds
may leave the colony early. If this is the case, plot counts may be a
. reflection of current nesting effort rather than size of the adult
population. Nonetheless, the counts on St. Paul did reveal significant
among-year differences that indicated low counts in 1982 and some recovery
in 1984,
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The counts of birds on study plots seemed to suggest more differences
among years and/or season than were found to be significant. This
apparent lack of sensitivity was due to the nature of the tests, which
gave each plot equal weighting in the tests even though many more birds
occurred on some compared to others. This attribute is desirable in that
it does not allow trends on one large plot to overshadow those on several
smaller plots which have trends in the opposite direction. To increase
precision, our population estimation analyses describe ﬁaximum likelihood
estimators that optimally fit the seabird data to mathematical
distributions of known properties. We consider it worthwhile to pursue
this and other avenues of research with applications that may assist in
quantifying and testing for population trends.

With respect to the population estimation analyses, we have found
that the method of stratification implimented by Hickey and Craighead
(1977) is useful in improving population estimates based oﬁ changes in
occurrance or dénsity of some species among strata. The cluster counting
and maximum likelihood estimator procedures we tested always improved oux;'
estimates of population size over those estimates achieved with mean
density/area estimators. Our ability to estimate populations ranged from
very good for thick-billed murres (+ 10%) to poor for red-faced cormorant
(£ 100%). While some refinement of these methods is possible, the most
profitable investment of time would be in determining the area of study
plots and the area of the cliffs which extrapolations are to be made; '
currently this is the factor limiting the derivation of accurate
population estimates.

CONCLUSIONS

With reference to our objective of monitoring populations of seabj:g'ds
at Cape Peirce and the Pribilof Islands we make the following conclusions:

(1) No among-year differences in seabird attendance at Cape
Peirce were founnd. We did document very rapid shorb-term
changes in abundance at this colony during 1984.

(2) -Many differences were found in counts taken in various
years on the Pribilof Islands. Segregating among-year
from within-year trends is difficult or impossible.
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Overall it appears that counts in 1982 and 1984 are low
relative to 1976 but the position of 1984 relative to 1982
is more difficult to ascertain. The most supportable
evidence of an actual population decrease is for the red-
faced cormorant. The magnitude of this change cannot be
stated as our analyses indicate that counts of this
species are not correlated with plot size and thus all
population estimates are suspect. Counts on study plots,
however, have decreased appfoximately T6%.
(3) The data base for monitoring seabirds at these colonies
may not be adequate for measuring potential impacts of OCS
. activity. Most of the existing baseline (including 1984)
consists of attempts to get a set of counts in a series of
years. Our analyses indicate that the timing of these
counts is critical if legitimate comparisons are to be
made to detect among-year changes. Further, we suggest
that the analytical procedures used have not adequately
extracted all the relevant information contained in the
plot counté to enable the determination of changes in
abundance. A more through appraisal of analysis and data
collection procedures will be essential to provide

reliable monitoring of seabird populations.

In terms of achieving our original objectives, we had mixed success.
The most important finding of our research was that our analyses of the
implicit assumptions of the studlies we were repeating were often invalid.
Our analysis of diurnal and seasonal patterns of seabird attendance
demonstrates that single point-in-time counts of seabirds are of limited
use in monitoring seabirds. Because the "baseline" studies on the
Pribilof Islands in 1976 and 1982 are of single counts, it is impossible
to test for differences in plot attendance among years (1976, 1982, and
1984) independent of short-term variability in cliff attendance.
Monitoring of trends over time is certa}inly possible, but will require
substantially more effort than has been éxpended.

Population estimaﬁon also posed difficulties in that the final step
of extrapolating counts on study plots to the total colony proved
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unsatisfactory. The assumption that cliff area could be used to
extrapolate seabird counts was erroneous or weak. Although this precluded
the derivation of supportable population estimates, we found that the
changes in methodology we tested, i.e., "cluster counting® of birds and
the use of maximum likelihood estimators, markedly improved precision of
estimates as compared to the mean density/area type estimators of previous
studies. In order to obtain estimates of total population sizes it will
be necessary to obtain improved description of seabird cliff habitat and
measurement of the availability of these habitat types.

;n summary we feel a more critical examination of the seabird
monitoring strategy be undertaken before the MMS program becomes firmly
established. A monitoring program demands that studies be comparable
among years; however an uncritical philosophy of reporting prior baseline
studies (often designed with different research foci) may preclude meeting
current objectives. We recommend that emphasis be placed on determining
the most effective means of monitoring trend. To achieve this,
improvements in plot selection, sampling intensity (spatial and temporal)
and analytical procedures all need to be addressed. A lower, albeit
important, research format should be improving the technique ‘for

estimating actual population size.
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APPENDIX 1a

Sample schedule for seabird population plots at Cape Peirce.

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5
1 13 JUNE 16 JUNE 19 JUNE 12 JULY 15JULY
2 13 JUNE 16 JUNE 19 JUNE 12 JULY 15 JULY
3 13 JUNE 16 JUNE 19 JUNE 12 JULY 15 JULY
4 13 JUNE 16 JUNE 19 JUNE 12 LY 15 JULY
3 11 JUNE 15 JUNE 18 JUNE 10 LY 13 JULY
6 11 JUNE 15 JUNE 18 JUNE 10 JULY 13 JULY
7 11 JUNE 15 JUNE 18 JUNE 10 JULY 13 JULY
8 11 JUNE 15 JUNE 18 JUNE 10 ALY 13 JUuLY
9 12 JUNE 15 JUNE 18 JUNE 10 JULY 13 JULY
10 9 JUNE 14 JUNE 17 JUNE 11 LY 14 JULY
n 9 JUNE 14 JUNE 17 JUNE 11 JLY 14 JULY
12 QJUNE 14 JUNE 17 JUNE 11 LY 14 JULY
13 9 JUNE 14 JUNE 17 JUNE 11 JLY 14 JULY
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APPENDIX 1b

Sample schedule for seabird population plots on St. George Island

PLOT PERIOD 1  PERIOD2  PERIOD3  PERIOD4  PERIODS
1 27N T1JULY 12 AUG
2 270NE TTJLY 12 AUG
5 25 JUNE
6 25 JUNE
7 25 JUNE
8 2SANE TOJRY 30JRY 14 AUG
9 2SMMNE  TOJILY 30 ALY 14 AUS
10 25 JUNE 10 4Ly 30 ALY 14 AUG
" 25 ANE 10 JULY 30 JULY 14 AUG
12 2SN TOJRY 30 ALY 14 AUG
13 25 JUNE 10 ALY 30 ALY 14 AUG
14 2SMUNE 10JLY 30 JLY 14 AUG
15 2SANE - 10JLY 30 JLY 14 AUG
16 2SJME T0JWLY 30 ALY 14 ALG
17 2SANE  10JLY 30 LY 14 AUG
18 2SANE 10ALY 30 JLY 14 AUG
19 SN 10ALY 30 URY 14 AUG
20 25N 10JRY 30 LY 14 AUG
21 26N TOALY 2BaLY 14 AUG
2 26JUN 10 JLY 28 ALY 14 AUG
23 6N 10JLY 28 JLY 14 AUG
24 2600  10ALY 28.ALY 14 AUG
p:] 26U 10JLY 28 JULY 14 AUG
26 264N  10JRY 14 AUG
27 26JNE  10JRY 14 AUG
28 25AME Tlany 14 AUG
29 25 JUNE 11ALY 14 AUG
30 2SHNE 1oy 14 AUG
31 25 JUNE 11J0yY ' 14 AUG
32 2SJNE 1LY 14 AUG
33 25 ANE 9 JLY 11 AUG
34 25 JUNE QLY . 11AUG
35 25 JNE 9 ALY 11 AUG
36 25 JUNE 9 ALY
37 25 JUNE 9 JLY 11 AUG
38 25 JNE ALY 11 AUG
39 27 AN 1ALy 12 AUG
“«© 27 JUNE 1 any 12 AUG
a1 27 JUNE 12 AUG
« 27U 1200V 12 AUG
I 270N 12J40Y 12 AUG
44 27 JNE 12 AUG
& 3Ly 2JLY  29JLY 13 AUG
“ 24 JNE 3Ly 2aY 2900y 13 AUG
47 24 JUNE 30y 2J0Y 294 13 AUG
@ 24 A0 JURY.  22JA0Y  29JWLY 13 AUG
A 24 M 3anyY 2JY  29JLY 13 AUG
50 3Ly 2y 29JLY 13 AUG
5 24 JUNE 3Ly 20LY 2940 13 AUG
52 24 JNE ALY 241  29J0Y 13 AUG
s3 24 JUNE 30y 241  29JLY 13 AUG
sS4, 27 JUNE 12 AUG
S5 27 JNE 12 AUG

61 (ZAPADNI) 25 ANE 8aLY 30 JLY 14 AUG

62(VRLAGE) 29 JUNE TH0Y JrJny 15 AUG

158



APPENDIX 1c

Populgt.:l.on plot sample dates on St. Paul.

PLOT PERIOD 1 PERIOD 2
1 13 ALY 4 AUG
25 13 LY 4 AUG
2N 13 JULY 4 AUG
3 13JLY 4 AU6
4 13 JULY
5SS 13 ALY S AUG
SN 13 ALY 3 AUG
6 13JALY S AU6
7 13 LY S AUG
8 S AU6
9 13 JLY S AUG
10 13 JLY 4 AUG
" 14JY S AUG
12 14 ALY 5 AUG
13 14 LY 6 AUG
14 14 JULY 6 AU6
15 1S JULY 6 AUG
16 . 1SJLY 7 AUG
17 1SJALY 7 AU6
18 15 ALY 7 AU6
19 1S ALY 7 AU6
20 1SJLY 6 AUG
21 1ISJARY 6 AUG
22 14Y 6 AUG
23 14 LY 6 AUG
24 14 ARY 6 AUG
) 14 LY 6 AUG
26 14JULY 6 AU6
27 14J0LY 6 AU6
28 14 ARY 6 AUG
29 1SALY 6 AUG

31 RIDGE WALL 16 JULY 8 AU6
ZAPADNI 7 AUG
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APPENDIX 2

Information about automatic 35 mm cameras used to nonitor‘broductivity and
population plots on the Pribilif Islands and at Cape Peirce during 1984.

Camera*

Olympus OM-2 with
250 frame bulk film

Lens — Film
Vivitar 70-210 mm EKTACHROME 200
Zoom, f:4.0 250 frame bulk

magazine and 1-h spool
timer chip
Camera Locations and Dates of Operations
nds Cape Peirce
Location Date —Location = __ Date

Zapadni (TBMU population
plot) -

High Bluff 1 (RLKI
population plot)

High Bluff 2 (RLKI
productivity plot)

High Bluff 3 (TBMU
productivity plot)

Marvin Gardens (TBMU
population plot)

Ulukala Ridge (Least
Auklet attendence)

23 June-10 Aug
23 June-12 Aug
23 June-12 Aug
23 June-12 Aug
27 July-11 Aug

27 July-1 Aug

VECO (COMU, BLKI 7-20 June
population plot)

10-17 July

DUH (COMU pro- . 7-20 June
ductivity plot) 10-17 July

8Cameras were protected by a Plexiglas housing with a glass viewing port,
and were mounted on aluminum base-plates anchored to the ground by poles

and sand bags.
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APPENDIX 3

Raw counts and trends in the seasonal abundance of seabirds on study plots
at Cape Peirce.

Pelagic Cormorant

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD S
1 5 8 8 2 1
2 1 1 1 0 0
3 2 3 0 2 1
6 3 3 2 0 1
7 12 10 17 22 4
8 40 41 42 26 58
9 0 2 2 0 0
10 1 2 3 1 0
13 9 7 14 12 9
TOTAL 73 77 89 65 74

Glaucous-winged Gulls

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5

6 0 0 LR 1 4
8 0 1 S 6 10

TOTAL 0 1 16 7 14
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APPENDIX 3 (cont'd)

Black-legged Kittiwakes

PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD S
1 28 26 34 11 11
2 6 3 0 19 12
.3 38 35 22 12 38
4 51 32 36 29 18
S 140 108 64 7 M
6 25 5 4 8 15
7 YA 55 47 15 37
8 695 490 N 195 350
9 121 77 83 38 57
10 71 10 9 4 0
1 303 198 176 119 24
12 208 152 93 93 40
13 77 43 53 35 13
TOTAL 1834 1234 1092 585 656
Common Murres
PLOT PERIOD1  PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5
1 14 18 25 18 25
2 25 21 18 35 26
3 6 0 32 0 106
4 215 181 217 170 161
5 372 387 366 249 356
6 6 2 0 0 0
7 187 188 125 116 145
8 3591 3240 2601 2368 2539
g9 428 486 607 337 374
10 32 83 90 29 19
1" 298 327 302 244 263
12 247 276 275 264 169
13 150 201 150 151 124
TOTAL 5571 5410 5008 3981 4307
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APPENDIX 3 (cont‘'d)

Horned Puffins

PERIOD 2 PERIOD 3 PERIOD 4 PERIOD S5

PERIOD 1

PLOT

NO=TDONOO _w

cooNOVO -0 Tv

cCooNBO OO _w

—o~OM~MO OO _ﬁ
-—

~-—O0TNOOM _M

1.9.1u4.<u7.aumu

TOTAL

Tufted Puffins

PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5

PERIOD 1

PLOT

O ~00 _5

NMNO~

COoOOoOINO

oOTOOC

Q-0 CO

MmITooN
-

_8

TOTAL
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APPENDIX 4

Raw counts of seabirds recorded during plot censuses on St. George Island.

Northern Fulmar

STRATUM - 1
PLOT PERICD 1 PERIOD2  PERIOD3  PERIOD 4 PERIODS  MEAN 2-4
5 13

7 94 : ,
8 38 27 19 47 23
9 39 43 14 61 29
10 17 25 21 58 23
12 19 7 3 15 5
13 10 8 1 16 10
14 7 4 6 21 -5
15 10 23 25 33 24
17 19 12 19 29 !
18 2 1 4 13 3
19 4 6 7 10 7
24 28 13 18 20 16
26 0 1 4 1
32 39 29 16 29
35 76 55 125 55
37 8 12 14 12
38 31 13 7 13
4 16 5 3 2 8
6 0 2 5 3 '2 3
47 16 6 3 14 32 8
48 5 n 4 12 31 9
51 8 8 3 4 13 5
52 6 10 2 1 14 4
53 0 0 0 0 1 0
61 3 1 S 12 3
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APPENDIX 3 (cont'd)

Northern Fulmar (cont'd)

STRATUM - 2
PLOT PERIOD I PERIOD2  PERIOD3  PERIOD4  PERIODS  MEAN 2-4
2 1 4 5 4
23 102 86 109 124 98
24 34 45 46 87 46
25 50 36 45 55 41
27 65 123 83 123
28 99 42 110 a2
29 50 27 62 27
30 56 99 89 99
31 3 5 13 5
32 20 12 34 12
33 61. 59 32 59
35 30 46 51 46
36 46 27 27
37 10 " 19 "
38 7 12 17 12
39 ' 79 1? 79
STRATUM - 3
! 2 4 2 4
STRATUM - S
44 1 0 0 0
55 17 35
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APPENDIX 4 (cont'd)

Red-faced Cormorants

STRATUM - 1

PERIOD 2 PERIOD 3 PERIOD 4 PERIOD S MEAN 2-4

PERIOD 1

pLOT

O~ 00 ~00M OO0 TO—~0O0OTO
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APPENDIX 3 (cont'd)

Black-legged Kittiwakes

STRATUM - 1

PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4

PERIOD 1

PLOT
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APPENDIX A (cont'd)

Black-legged Kittiwakes (cont'd)

STRATUM -2
PLOT PERIOD ! PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4

21 ! 0 1 0 1
23 4 0 7 2 4
24 14 21 23 0 22
25 17 13 14 14 14
27 9 25 32 2
28 4 16 22 16
29 5 5 7 5
30 19 3 9 3
3 0 ! 1 1
32 0 4 S 4
33 16 12 10 12
35 11 10 31 10
36 0 1 !
37 0 5 13 5
39 43 29 89 29

STRATUM - 3

1 23 8 16 ]

40 3 4 3 4

STRATUM - 4
41 24 3t

STRATUM - S
42 0 0 1 o .
43 3 4 3 4
44 4 0
55 4 2
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APPENDIX 4 (cont'd)

Red-legged Kittiwakes

STRATUM - 1

PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4

PLOT
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APPENDIX & (cont'd)

Red-legged Kittiwakes (cont'd)

STRATUM - 3
pLoT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD S MEAN 2-4
1 33 40 52 40
40 127 110 138 110
STRATU - 4
41 279 451
STRATUNM - 5
42 168 149 268 149
43 470 412 588 412
44 444 493
54 263 268
35 218 369
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APPENDIX 4 (cont'd)

Thick~billed Murres

STRATUM - 1
PLOT PERIQD 1 PERIOD2  PERIOD3  PERIOD4  PERIODS  MEAN 2-4
5 174
6 258
7 140
8 220 186 210 239 198
9 259 308 227 370 268
10 340 286 314 373 300
" 62 82 105 97 94
12 123 84 151 179 118
13 96 98 125 11 12 -
14 87 162 120 130 141
15 80 107 11 124 109
16 143 11 107 131 109
17 124 102 19 118 1
18 s4 82 68 91 75
19 132 98 : " 131 105
20 27 44 31 44 38
24 192 461 504 342 483 -
26 58 127 127 127
32 163 166 148 166
35 288 263. 184 263
37 166 244 141 244
38 559 424 an 424
as 94 336 145 190 192
46 193 158 265 241 268 221
a7 140 a3 143 17 99 118
48 184 148 254 296 291 233
Q 17 6 7 8 9 7
50 3 4 2 0 3
51 77 40 77 79 80 65
52 67 61 79 80 61 P4
53 74 98 109 11 127 106
61 175 395 268 480 342
62 49 64 136 101

G
~
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APPENDIX 3 (cont'd)

Thick-billed Murres (cont‘'d)

STRATUM - 2
PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4
2 369 224 445 224
21 22 94 ' 73 84 84
22 45 121 120 156 121
23 a5 246 205 246 226
24 330 646 463 830 555
5 215 496 534 539 515
27 178 866 654 866
28 522 548 631 543
29 466 515 637 ~ 515
30 562 kY2 601 377
31 132 157 126 157
32 219 190 155 190
33 858 1251 959 1251
34 68 65 ‘ 64 65
35 108 265 84 265
36 269 236 : 236
37 325 368 231 368
38 115 117 127 117
39 367 320 503 320
STRATUM - 3
1 143 - 89 243 89
40 120 69 | 107 69
STRATUM - 4
41 1588 1756
STRATUM - 5
a2 156 105 131 105
43 201 173 142 173
44 264 135
54 186 186
55 337 , 384

172



APPENDIX A (cont'd)

Parakeet Auklets

STRATUM - 1

PERIOD 2 PERICD 3 PERIOD 4 PERIOD 5 MEAN 2-4

PERIOD 1

PLOT
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APPENDIX 3 (cont'd)

Parakeet Auklets (cont'd)

STRATUM - 2
-PLOT PERIOD 1§ PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5
22 0 9 0 0 N
23 i 4 0 0 2
24 22 28 2 0 15
2 28 21 5 0 13
27 31 7 1 7
28 0 16 0 16
29 0 37 0 37
30 0 10 1 10
31 0 2 0 2
32 0 7 0 7
33 6 31 0 !
34 3 12 0 12
35 2 0 0 0
36 7 11 1
37 10 9 0 9
T 38 12 3 2 3
39 0 15 1 15
STRATUM - 3
1 0 0 2 3
STRATUM - 5
43 0 1 0 -
S5 6 0
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APPENDIX % (cont'd)

Crested Auklets

STRATUM - 1

Mean
(Periods 2-4)

PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5

PERIOD 1

PLOT
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APPENDIX 4 (cont‘'d)

Least Auklets

STRATUM - 1

" PERIOD 2

PERIOD 4 PERIOD S MEAN 2-4

PERIOD 3

PERIOD 1

PLOT
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APPENDIX 4 (cont'd)

Horned Puffins

STRATUM - 1

PERIOD 2

PERIOD S MEAN 2-4

PERIOD 4

PERIOD 3

PERIOD 1

PLOT
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APPENDIX 4 (cont'd)

Horned Puffins (cont'd)

STRATUM - 2
PLOT PERIOD 1 PERIOD 2 PERIOD 3 PERIOD 4 PERIOD 5 MEAN 2-4
2 0 0 2 0
22 0 i 1 1 1
‘23 0 5 3 12 4
24 3 17 2 16 10
25 1 17 1" 17 14
27 4 7 5 7
28 12 14 23 14
29 20 1 17 1
30 7 8 " 8
31 2 5 0 5
32 4 3 3 2
- 33 3 6 9 5
34 3 2 1 2
35 0 0 1 0
36 3 o 0
37 0 7 g 7
38 1 2 6 2
39 40 18 58 13
STRATUM - 3
i 0 0 1
STRATUM - 4
41 i 0
STRATUM - 5
55 1 2 .
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APPENDIX & (cont'd)

Tufted Puffins

STRATUM - 1

PERIOD 2 PERIOD 3 PERIOD 4 PERIOD S MEAN 2-4

PERIOD 1

PLOT

- M- NO -~ O T~ O —~O0O~O0OMM

COO0COO0OO0CO~——TO—==CONCOC

~—_— N T - TOO

COOMNOMO

—NONO

00"000'0.4!'0000‘36

O OMMNST(N—OC =N - N—OM

CrROTIVRLEITRKIRREYI

o1
52
61
62

(I - o O BE

MOO~00C~—0O

NNTMNy - -

—_——NONTOOT O

- 179




APPENDIX 5

Number of "nests® (kittiwakes in incubation posture) recorded on St.
George Island study plots during 1984. The date and/or accuracy of counts
varied markedly among plots; hence these values should be interpreted as
ainimm estimates.
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APPENDIX 6

Raw counts of seabirds censused on study plots on St. Paul Island, Alaska.

Northern Fulmar

STRATUM - 1

pPLOT PERIOD 1 PERIOD 2

35

10
15
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A= OUN =G~

DR U = U DB -

-

23
31
32

A
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8 |
3

Subtotat
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& |RaBo

Subtotal
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APPENDIX 6 (cont'd)

Red-faced Cormorants

STRATUM - 1

pPLOT PERIOD 1 PERIOD 2

SN RulR -~

15
18
31
32

3' dococuwoocooc-nd

Subtotal

@

STRATUM - 2
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14
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O O~ OON
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Subtotal

&
& Nl vo—oc-ui

TOTAL 26
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APPENDIX 6 (cont'd)

Black-legged Kittiwakes

STRATUM - 1
PLOT PERIOD 1 PERIOD 2

1 78 92
25 20 72
2N 36 48
3 48 7
4 13

55 128 159
SN 14 16
6 13 20
7 36 64
B 24
9 3 Y
10 62 45
15 B4 81
16 24 - 37
17 3 9
18 14 23
19 27 32
20 14 21
22 14 33
23 2 50
31 620 761
32 519
Sublotal 1328 1689
STRATUM - 2

1 5 19
12 64 141
13 32 48
14 13 36
21 21 28
22 34 92
23 32 40
24 46 69
D 24 28
26 19 52
27 ] 51
26 13 28
29 n 20
Subtotal 339 652
TOTAL 1667 2341
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APPENDIX 6 (cont'd)

Red-legged Kittiwakes

STRATUM - 1

pLot
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APPENDIX 6 (cont'd)

Common Murres
STRATUM - 1
PoT PERIOD 1 PERIOD 2

1 23 - 59
3 12 65
SS 8 13
7 1 2
8 2
9 76 116
10 268 394
15 4 2
16 20 22
17 0 1
18 18 15
19 g2 107
23 12 8
31 428 502
32 567
Subtotal 962 1308
STRATUM - 2

13 3 L0 2
14 20 23
26 35 38
Subtotal 67 61
TOTAL 1029 1369
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APPENDIX 6 (cont'd)

Thick-billed Murres

STRATUM - 1
PLOT PERIOD 1 PERIOD 2

1 35 36
25 31 38
3 88 136
4 50

S5 215 347
SN 37 37
6 43 25
7 77 126
8 130
9 137 175
10 231 310
15 196 263
16 123 94
17 72 76
18 159 151
19 91 134
20 : 68 88
22 195 275
23 402 927
31 2040 2058
32 1891
Subtotai 4197 4871
STRATUM - 2

1 38 51
12 97 102
13 157 199
14 269 342
21 81 79
22 152 189
23 -109 122
24 94 110
25 74 74
26 232 204
27 1 4
28 151 238
29 - 247 300
Subtotal 1722 2014
TOTAL 5919 6885
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APPENDIX 6 (cont'd)

Parakeet Auklets

STRATUM - 1

PLOT PERIOD 1 PERIOD 2
5S
16
17
18
23

31
32

N
—t
E'u 8-—-00—0‘&&3&?

Subtotal

STRATUM - 2

12
13
21
23

e
\II NANO O — —
| WO —-BOW

Subtotal

-—
—

TOTAL 120

3
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APPENDIX 6 (cont'd)

Least Auklets

STRATUM - 1

PLOT PERIOD 1
5SS
10
16

18
19

%ouuo———ﬁ

-—

31

&

Subtotal

PERIOD 2

N=0OCOOQOOOC

STRATUM - 2
13

14

21

Subtotal

TOTAL 191
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APPENDIX 6 (cont'd)

Horned Puffins

STRATUM - 1

PLOT PERIOD 1 PERIOD 2

1
oL A
N~N=—=N

o
gavpnmao—u—u

(7]
-—
-

Subtotal 161
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|

163 .
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—
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Subtotat

TOTAL 174

'8' N
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APPENDIX 7

Number of "nests" (kittiwakes in incubation posture) recorded om St. Paul
Island study plot during 1984. The date and/or accuracy of counts varied
markedly among plots; hence these values should be interpreted as minimum
estimates.

PLOT RED-FACED CORMORANT  BLACK-LEGGED KITTIWAKE  RED-LEGGED KITTIWAKE

1 0 18 1
25 0 6 0
2N 0 7 0
3 0 8 0
4 0 3 0
o5 1 22 0
SN 0 6 0
6 0 3 0
7 0 3 1
9 1 4 0
L 0 3 0
12 7 1 1
13 0 12 3
14 0 7 1
15 0 20 0
16 0 8 0
17 0 1 0
18 1 2 1
19 0 o 0
20 0 6 0
21 0 8 2
22 ! 10 2
23 o 14 1
24 0 UL 8
25 0 S 1
26 0 4 1
28 0 2 1
29 0 5 0
31 0 155 9
32 0 32 1
TOTAL 1" 408 38
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INTRODUCTION

Productivity of seabirds appears to be sensitive to environmental
changes, such as disturbance or prey availability that might be caused by
0CS development activities. Because of this, and because productivity has
a major influence on subsequent population levels of seabirds, it:is an
important factor to consider in seabird monitoring programs.

Changes in productivity over a period of years may be a percursor of
subsequent changes in colony size, and thus monitoring of production rates
could provide an early warning of development-caused reductions in seabird
numbers. However, there are substantial natural variations in production
from year to year and these could easily mask man-caused reductions
observed in single-year studies. Very long time-series of data are
necessary to filter out the noise of natural variability and to allow the
detection of changes in productivity that might be caused by OCS
development or other external factors. Productivity data are probably of
most use in the interpretation of later changes in the observed sizes of
colonies; they are probably of limited use as an early-warning signal

unless catastrophic changes occur.
METHODS
General Definitions and Procedures

The term 'avian productivity' has become ambiguous. Interpretations
of the term range from (1) the average number of large chicks produced per
nest that had eggs, to (2) the average number of large chicks per nest
alive at the end of the study, regardless of whether or not eggs were
laid. Two useful measureé of productivity are the number of fledglings
produced per pair of birds having laid eggs (i.e., per 'breeding' pair),
and the number of fledglings produced for the colony as a whole. The
latter is the more useful measure; it could be estimated from the former,
given an accurate estimate of colony size. )

Productivity in this study has been defined as the mean numger of
chicks per nest (or site, in the case of murrés) still alive in study

plots at the termination of field investigations. Only completed nest
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platforms were considered kittiwake 'nests'; only sites where murre eggs
were seen were considered murre 'nests'. Because fledging occured over a
six- to eight-week period (when all potential species in the colonies were
considered), it was not possible within the time constraints of this
project, to measure total numbers of chicks that fledged.

We used different subsets of our data to calculate more than one
value of murre productivity. Analysis of one subset conformed to
procedures adopted by others studying murres at these locations in the
past, thereby making our values comparable to theirs. Analysis of other
subsets provided what we feel are more accurate estimates of productivity.
It is difficult to accurately evéluate the productivity of murres, partly
because they do not construct traditional nests. Many workers (see Hunt
et al. 1981) have used the average number of adult murres present on study
plots as an estimator of the actual number of nests or nesting pairs
present, because it is always difficult to determine the precise number
of murre eggs or chicks present. Inevitably, some eggs (or chicks) appear
in the plot late in the study; such eggs could be late first-eggs or
replacements for those lost earlier. Late-appearing chicks at sites where
no eggs were seen pose a more difficult problem; if these are included in
the counts of chicks that hatched, then hatching success and productivity
estimates are biased upward. Whereas, if they are ignored, estimates are
biased downward. In this study, we have considered several measures in
our estimates of murre productivity; breeding performance and productivity
tables give several estimates based on the different measures. Footnotes
on tables provide details of calculations.

Reproductive success (number chicks alive/number eggs laid) was
computed for murres and black-legged kittiwakes for comparison with
earlier studies (murres) and to satisfy assumptions of binomiality
(kittiwakes) for Likelihood Ratio Tests (see discussion below.and Appendix

.

Statistical Methods
One of our major goals in this project was to produce statistically

valid estimates of productivity or reproductive success (means with 95%

confidence intervals) using stratified ratio procedures outlined in
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Cochran (1977:164-169). However, this approach was inappropriate because
there was zero productivity in a large number of individual study plots.
Instead, the following more appropriate and reliable procedure was used to
determine productivity (or reproductive success) and to derive confidence
intervals:
P (proportion) = x/n,
where x = # eggs hatched, or the # young fledged, and
n = # of nests, breeding sites, or the # of eggs
laid.

~

100 (1-a)¥ C.I. for P is given by

n

where a/2 is the upper percentile of a normal distribution.
Likelihood Ratio Tests (Rao 1975) were used to determine whether
there were significant differences in broductivity (or reproductive
success) among years, and among different strata and different plots for
each key species nesting on St. George and St. Paul islands and at Cape
Peirce. Bonferroni Multiple Comparisons (Graybill 1976) were used to
determine which productivity values (which years) were different from each

other.
We attempted to produce an estimate of the number of active common

murre nest sites by conducting a detailed computer analysis of digitized
data from the DUH productivity plot at Cape Peirce. The location of ,each
common murre in each frame of 35 mm film exposed by an automatic camera at
this plot was digitized using an Apple II micro-computer, a Hi-Pad
digitizer and computer software developed by LGL. The procedures used in
this analysis are described in Appendix 1.
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Field Methods

Pribilof Islands

Thirteen productivity plots were established at the Pribilof Islands
in 1984--6 on St. Paul and 7 on St. George (Fig. 1). The 6 productivity
plots on St. Paul had been previously established (and documented with
photographs) by Hunt et al. (1981) during the mid to late 1970's. The T
productivity plots on St. George were new ones established by us in 1984.
The intensity of sampling'and the principal species present (common and
thick-billed murres, black-legged and red-legged kittiwake) in each
productivity plot at the Pribilofs are summarized in Tables 1 and 2.

The census of each plot was conducted from the same observation point
on each visit. The locations of all observation points at Cape Peirce
were marked with wooden stakes or 1-m aluminum poles. Observation points
on St. Paul were identical to those used by Hunt's observers.

Productivity plots were censused throughout the day (0740-2300 h
IDT). The single observer was not concealed and made observations over
distances of 3-30 m. On the initial visit to a plot, a sketch map was
drawn; during this and all subsequent visits the locations of kittiwake
nests and murre sites were confirmed with respect to their locations on
the sketch map or added to it. The amount of time spent at a productivity
plot was dependent on 1) the weather conditions during the census period
(frequently poor to impossible; for a summary, see Appendix 2), 2) the
behavior of the birds .,being watchéd, 3) other work demands and 4) the
number of birds present on the plot. The average time spent watching
productivity plots at St. Paul was 1.1 + 0.3 h (n=14 timed watches); the
average time at St. George was 0.5 + 0.4 h (n=37). Each productivity plot
was photographed to provide documentation of the area being censused.

Cape Peirce

Constraints on the total number of days available for study at Cape
Peirce in 1984 were principally budgetary. The timing of the two study
periods (6-21 June, 10-17 July) coincided with the average laying and
hatching dates of the principal species nesting at the colony; these dates
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Figure.1l. Locations of productivity plots on St. George and St. Paul
islands, Bering Sea, Alaska.
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Table 1. Sampling schedule of principal species of seabirds nesting on
: productivity plots on St. George Island, Pribilof Islands,
Alaska, June-August, 1984, :
Principal Species —Sampling Dates
Name of Plot Sampled sune ___July _ August
Zapadni (2) TBMU ?7 3, 10, 11, 19 12
B 25, 29
Village East TBMU, BLKI 25 3, 7, 10, 23 10, 13
Murre Plot (1) RLKI 25, 29, 31
Village East BLKI, TBMU, 26 5, T, 13, 22 10
BLKI Cove (1) RLKI ‘ 24, 29, 31
Village East (1) BLKI, RLKI 26,30 7, 13, 22,25 11
Far Cove Across : 29
Village Bast (1) RLKI, BLKI 26,30 7, 13, 22,25 11
Double Cave Cove ‘ ‘ 29
High Bluff RLKI, BLKI 11, 20, 26 12
RLKI Plot (5) ’
High Bluff (5) - 12, 20, 26 1, 12

'RLKI Alcove

RLKI

Numbers in parentheses represent the elevational stratum for each plot.
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Table 2. Sampling schedule of principal species of seabirds nesting on
productivity plots on St. Paul Island, Pribilof Islands, Alaska,

July-August, 1984,

Principal Species Sampling Dates

H.am_QLElp.t Mﬂi July  August
Tsammana (1) BLKT, RLKI 14, 15 4
Rush Gap North (2) TBMJ, BLKI 14, 15 4, 5
Rush Gap-Looking

Northeast (2) TBMU, BLKI 15 4, 7T
Guﬁ Emplacement (2) ﬁLKI, BLkI, TBMO 14, 15 .1
éouthwest-Z9 (2)‘ TBMU, BLKI, RLKI 15, 16 4,6
Southwest-2 (1) TBHU 15, 16 4, 5, 6

Numbers'in parentheses represent the elevational stratum for each plot.
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were determined through a review of the available literature. No
provision was made for a third visit to the colony during the fledging
period. Field studies commenced on 6 June, were interrupted from 21 June
to 10 July, and ended on 17 July.

Of the 8 productivity plots established at Cape Peirce in 1984, 4
were originally established (and documented with photographs) by Petersen
and Sigman (1977) in 1976, another 1 was originally established and
documented by Lloyd (D. Lloyd, unpub. data) in 1981, and three new plots
were established by us in 1984 (Fig. 2, Tables 3 and 4). Our sampling
procedures on the 8 productivity plots followed methods described by
Birkhead (1974) for common murres and by Nettleship (1976) for black-
legged kittiwakes (Type I censuses; Birkhead and Nettleship 1980). The
intensity of sampling and the principal species present (common murre and
black-legged kittiwake) in each produgtivity plot at Cape Peirce are
summarized in Table 4.

The census of each plot was conducted from the same observation point
on each visit. For future reference, the locations of all observation
points were markéd in the field with a 1-m aluminum pole. Many of these
locations correspond to locations originally marked with wooden stakes by
Petersen and Sigman (1977).

Productivity plots were censused in the afternoon or evening (1400-
2400 h ADT), after population plots had been censused. Common murre
productivity plots were censused in the late evening (1700-2400) when the
number of murres present (especially during June) appeared to be lowest
(Table 5).

Table 5. Numbers of common murres present in two productivity plots at
Cape Peirce in June and July, 1984.

Hours (Alaska Daylight Time)

Plot _Date J900 2000 2100 2200 2300

DUH . 14 June 255 254 215 191 158
12 July 172 180 170 164 -

HOKN 12 June . } 185 171 149 131 59
11 July 206 198 203 201 -
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Table 3. Identifications of productivity plots investigated during
studies of seabirds at Cape Peirce, Alaska, during 1984, with
synonyms used during earlier studies.

Plot (Colony) Name

1984 1981 ' 1976
{This Study) {D. Lloyd, unpub. Data) {Petersen and Sigman 1977)
| Dﬂﬁ' | DUH | Colony 19, subéolony 3

SéEé V; Colony 31

LKA " LKA Colony 27

BKAS BKAS Colony 26

BRAN BRAN -

HORN - i

TITi - -

onL . _

8This plot was photographed hourly using a 35 mm time-lapse camera.
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Table 4. Sampling schedule of principal species of seabirds nesting on productivity plots at Cape

Peiroe, Alaska, June~July,

1984,

Name of .

—PRlot -
DUH
SﬁEC (1-4)
LKA
BKAS
BKAN
HOKN
TITI

OBLI

Principal Species
—Sampled

COMU, BLKI
conﬁ, BLKI
BLKI

BLKT

Bin, COMy
COMU, BLKI
BLKI

BLKI

June

Sampling Dates

July

9, 14, 17, T-209
11-12, 14-15, 7, 26%
10, 13, 18, 23+

13, 16, 18, 23+

13, 16, 18, 23*

12, 16, 18

12, 16, 18

12-13’ 15’ 18

2+, 12, 15; 10-17%
, 10, 13, 16

1%, 11, 15

1+, 12, 15
1+, 12, 15
11, 14, 16
11, 14

1, 14

Observation
—Jite

A

XVIII

II

C

D

#35.-mm time-lapse cameras continuously sampled (hourly) during these 14- and 8-day periods,

‘respectively.

+Sampling on these dates was conducted by USFWS personnel.



Observers at production plots were not concealed; the average
distance over which observations were made varied from about 5-15 m. On
the initial visit to a plot, a sketch map of it was drawn; during this
initial visit, and all subsequent visits, the locations and contents of
kittiwake nests and murre egg sites were numbered and marked on the sketch
map (or a copy of it). Much effort was expended during each visit to
determine the contents of black-legged kittiwake nests, and the presence
of eggs on ledges occupied by common murres. The amount of time spent by
an observer at a productivity plot was dependent on 1) the species being
watched, 2) the amount of help available to wateh the plot, 3) the weather
conditions during the census period (see Appendix 3 for a summary of the
Cape Peirce weather during June and July), and the behavior of the birds
being watched. Some-censuses required less than an hour, others required
5 or 6 hours. The average time spent watching at common murre
prbductivity plots at Cape Peirce was 3.6 + 0.5 h (n = 20 watches); the
average time spent watching at black-legged kittiwake plots was 2.2 4
1.3 h (n = 20 watches). No cormorants were present on most productivity
plots at Capé Peirce, therefore they have not been considered in this
chapter. An attempt was made ddring each census of a productivity plot to
count all adult murres and kittiwakes present at the beginning of each
hour of observation. Each productivity plot was photographed several
times during the June and July study periods to provide documentation of
the area being censused and the overall distribution of birds and
nests/sites on each plot.

An inventory (visual estimates of numbers of birds present) of the
entire Cape Peirce and Shaiak Island seabird colonies was conducted from a
boat during a period of calm seas on 10 June; also on this date, 35 mm
color photographs were taken of the entire mainland portion of the Cape

Peirce seabird colony.
RESULTS

The results of Likelihood Ratio Tests indicated no significant
differences in 1984 estimates of productivity or reproductive success of
key seabird species nesting in separate elevational strata or in separate
plots on either St. George or St. Paul islands in the Pribilofs and no
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significant differences among plots at Cape Peirce (Appendices 4-6). As a
result, all measures of productivity for each strata and plot have been

pooled; a single value is presented for each key species at each colony

that was studied in 1984,

Pribilof Islands

Black-legged Kittiwake

Black-legged kittiwakes constructed 57 nests in 6 productivity plots
in 3 different strata on St. George Island in 1984 (Table 6). Eggs were
recorded in 32 of these nests and the average clutch size was 1.31 (Table
7). Over half (22; 52%) of the 42 black-legged kittiwake eggs recorded in
57 nests on St. George Island were found on first visits (25-26 July) to 4
of the 6 productivity plots. Hence, most of the eggs had been laid before
our study began; as a consequence, we were unable to document the actual
phenology of egg laying by this species on St. George Island. Only 8
(19%) of the 42 kittiwake eggs hatched in 1984, These were first
recorded during the 22-25 July period; 4 of the 8 chicks were known to
have hatched during this same two-day period. Of the 8 chicks that
hatched, 4 were still alive at the end of the study (13 August). An
additional 4 chicks were recorded in nests in productivity plots, although
the eggs from which they hatched were never seen. Including these 4
additional eggs, the total productivity of black-legged kittiwakes on St.
George Island in 1984 was about 14% (Table 7).

Black-legged kittiwakes constructed 101 nests on 5 productivity plots
in 2 different strata on St. Paul Island in 1984 (Table 6). Eggs were
recorded in 21 (20.8%) of these and the average clutch size was 1.1 (Table
. All 23 kittiwake eggs recorded in 101 nests on St. Paul Island were
recorded during the first 2 visits (143-16 July) to 4 of the 5 productivity
plots. Similarly, all 4 chicks that hatched from the 23 eggs were
recorded on 4 August, the first visit to productivity plots on St. Paul
Island since 16 July. Consequently, very little can be said about the
phenology of hatching of this species on St. Paul Island. Of the 23 eggs
recorded on productivity plots, only 4 (17%) hatched and only 2 of these
chicks were alive at the end of the study on 13 August; an additional 4
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Table 6., Breeding performance of black-legged kittiwakes at the Pribilof Islands, Alaska, 1984,

Island and

Total #

Fate of

Status at End of Study (13 August)

—PRlot Name ~ Nest Attempts  Nest Known 0 _1 _2 |[Hatohed® Failed Unhatched 2

St. George
High Bluff 1 1
Zapadni 1 1
Far Cove Across 15 13
Double Cave Cove 10 8
Murre Plot 2 2
BLKI Cove 28 24
ALL PLOTS 57 T
St. Paul
Tsammana 50 b9
Rush Gap North 1 1
Rush Gap Looking
_NE 25 24
Gun Emplacement 16 13
SW 29 9 5
ALL PLOTS 101 92
ALL PLOTS
BOTH ISLANDS 158 1L

_Eggs Chicks
Clutch Size Still
Alive* Dead Othept®

1 0 0 0 0 0 0 o 0 0
o 1 0 O 0 1 0 o 0 0
6 5 2 1(1 8 0 1 1() 0 0
b 2 2 3(1) 3 0 1 2(1n 1 0
0o 2 0 1 2 0 0o o0 1 0
6 12 6 3(3) 21 0 1 1(2) 2 1
7 22 10 T8 (5 34 1 3 R (WY 3 1
35 13 1 2(1) 11 1 0 1(N 1 0
1 0 0 o0 1 0 0 0 0
2 2 0 o(1 2 0 0 0 0 1
1M1 1 1 0(3) 0 0 0 0(3) 0 0
2 3 0 2(1) 1 0 3 1 1 1
TN 19 2 & (6)° 18 1 3 (e 2 2
88 41 12 12 (11)* 52 2 6 6(8)* 6 3

#Chicks still alive that hatched from eggs that were undetected, are in parentheses in the 'Alive' column., The eggs
(inferred) from which these live chicks hatched (plus any others that died) are in parentheses in the 'Hatched' column,

##10ther' includes unknown and missing chicks.
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Table 7. Productivity of black-legged kittiwakes at St. George Island,

Pribilof Islands, Alaska,
1976-1984#%,

1976 1977 o718 1979 1980 1981 a8y
n = # nests with eggs 19 78 68 59 32
Hatching Success (# chicks hatched +T0- «T3- S5T= - - .38~ .19-
per # eggs laid) .93 .ol <17 <77 + .28
Fledging Sucoeai (# chicks alive «60= A= 51= - - 11= .50-
at end of study/# chicks .79 .53 .T2 .23 .62
hatched)
Reproductive Suboess (# chicks alive .78 U3 .61 - - .09 .19
at end of study/# eggs laid)
Productivity (# chicks alive .62 45 .22 40 .38 .07 Al
at end of study/# nest
attempts)
95% Confidence Interval of Reproductive 62~ +35= «50=- - - «03= 07=-
Success .93 .53 T2 .15 31
95% Confidence Interval of A45- «36- 17= .32 29= .02- 00 5=
Productivity Estimate .78 .55 27 .48 AT .12 .23
n = # nest attempts (platforms) 34 110 229 146 106 102

57

#1976-1978 data are from Hunt et al. (1981) and Hunt (unpub. data); D. Lloyd calculated the 1979
productivity value from data collected by Hunt and co-workers; 1980 1981 data are from D. Lloyd

(unpub. data).



chicks were recorded in nests on productivity plots, although the eggs
from which they hatched were never seen. Including these 4 additional
eggs, the productivity of black-legged kittiwakes on St. Paul Island in
1984 was 6% (Table 8). Overall productivity for this species on the
Pribilof Islands (St. George and St. Paul) in 1984 was about 9%.

Red-legged Kittiwake

Red-legged kittiwakes constructed 149 nests in the 6 productivity
plots in .2 different strata on St. George Island in 1984 (Table 9). Eggs
were recorded in only 41 (20%) of these nests; clutch size was 1. Most
red-legged kittiwake eggs (31 of 41; T6%) recorded in the 149 nests were
laid before detailed productivity counts were initiated (25 June-13 July).
As a consequence, determination of a meaningful schedule of egg laying by
this species on St. George Island was not possible.

Only 3 (7%) of the 141 eggs laid by this species hatched; all 3 chicks
were still alive at the end of the study. An additional 16 chicks whose
eggs were never seen also were recorded on the productivity plots and were
alive at the end of the study. Plots were visited too few times during
the hatching period to enable a precise determination of hatching dates on
either island. However, on St. George, chicks were first recorded in
nests during the 20 July-12 Augusti period, and on St. Paul during the 15
July-4 August period; 1 chick was known to hatech on 15 July on St. Paul
Island. The overall productivity of red-legged kittiwakes on St. George
Island in 1984 was 13% (Table 10).

On St. Paul Island, red-legged kittiwakes built 39 nests in the 4
productivity plots in 2 separate strata (Table 11). Eggs were seen in
only six of these 39 nests and the average clutch size was 1.00. Two
(33%) of these 6 eggs eventually hatched but none were alive at the end of
the study. However, U4 other chicks, whose eggs were never seen, were
recorded in nests on plots; all 4 of these chicks were alive at the end of
the study. Incl\iding these 4 chicks, the productivity of red-legged
kittiwakes on St. Paul Island in 1984 was 10f.

The overall maximum productivity of red-legged kittiwakes on the
Pribilof Islands (St. George and St. Paul) in 1984 was 12% (23/188, Table

9).
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Table 8. Productivity of black-legged kittiwakes at St. Paul Island,
Pribilof Islands, Alaska, 1975-19848%,

1975
x clutch size 1.52
n = # nests with eggs 85
Hatching Success (# chicks .60~
hatched/# eggs laid) .82
Fledging Success (# chicks AT-
alive at end of study/ # .63
chicks hatched)
Reproductive Success (# .67
chicks alive at end of
study/# eggs laid)
Productivity (# chicks Aah
alive at end of study/#
nest attempts)
95% Confidence Interval of 59~
Reproductive Success .75
95¢ Confidence Interval of .37~
Productivity Estimate .51

n = # nest attempts (platforms) 185

1 ong
T0

072-
.88
.69

063

.52

osu“

.73

A3-
.61

127

1.52
102

059- 7

.85
052“
.74

A4

.43

036“
52

036“
.51

157

1.33
110

Th=
.u

58-
.66

.50

.36

on 2“
058

29~
.'B

203

1.47
073-
.88
50~
060

.66

54

.58-
.75

A6~
.62

158

1.10
21

AT-
.35

050“
.60

.26

.06

.08-
B4

001“
.10

106

#1975-1979 data are from Hunt et al. (1981) and Hunt (unpub. data).
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Table 9. Breeding performance of red-legged kittiwakes at the Pribilof Islands, Alaska, 1984.

Status at End of Study (13 Auguat)

Eggs Chicks

Island and Total # Fate of Clutoh Size St1ll
—Plot Name ~_  Nest Attemots Nest Known _0_ 1. 2 [Hatched® Failed Unhatched 2 Alive®* Dead Othar
St. Qeorge
High Blurf 103 88 62 26 0 3 (11) 21 2 4 3(9% 0 2
Far Cove Across T 6 1 5 0 0 (1) 5 0 0 0 0 1!
Double Cave Cove 19 10 6 4 0 0 (5) y 0 y 0 (5) 0 0
RLKI Alcove 14 12 9 3 0 0(1) 3 0 1 0 (1) 0 0
Murre Plot 4 y 2 2 0 0 2 0 0 0 0 0
BLKI Cove 2 1 0 1 0 o0(1) 1 0 0 0(W) 0 0
ALL PLOTS 149 121 80 41 0 3 (19) 36 2 9 306 o 3
St. Paul
Tsammana 4 § 3 1 0 0 0 1 0 0 0 0
Rush Gap '
Looking NE 9 9 8 1.0 o0 1 0 0 o0 0 0
Gun Emplacement 24 14 1 3 0 1 (5) 2 0 5 0 (%) 1 1
SW 29 2 2 1 10 1 0 0 o 0 1 0
ALL PLOTS 39 29 23 6 0 2(5 3 1 5 0 (8) 2 1
ALL PLOTS - = -
BOTH ISLANDS 188 150 103 47 0 5 (24) 39 3 1 3 (20) 2 |

#Chicks still alive that hatched from eggs that were undetected are in parentheses in the 'Alive' column. The eggs (inferred)
from whioh these 1ive ohicks hatched (plus others that died), are in parentheses in the 'Hatched' column.
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Table 10. Productivity of red-legged kittiwakes at

St. George,

Island,

Pribilof Islands,

Alaska,

x clutch size
n = # nests with eggs

Hatching Success (# chicks hatched/
eggs laid)

Fledging Success (# chicks alive
at end of study/ # chicks
hatched)

Productivity (# chicks alive
at end of study/ # nest
attempts)

95¢ Confidence Interval of
Productivity Estimate

n = # nest attempts (platforms)

1976

1.00
39

«79-
.87

«T6<
.84

45

020-
.39

88

1.00
168

078-
.85

«79-
.86

.54

: cua-
.61

240

1.00
T2

-57-
.81

053-
.76

.13

009-
.18

235

1979 1980
.18 .27
007- [ 19-
.28 .35
52 123

1.00
31

ous-
.87

«33-
.64

11

'ou-
.18

79

1.00
n

-07-
37

.86
1.00~

#1976-1978 data are from Hunt et al. (1981) and Hunt (unpub. data); D. Lloyd caloculated the 1979
productivity value from data collected by Hunt and co-workers; 1980-1981 data are from D. Lloyd

(unpub. data).



91¢

Table 11. Productivity of red-legged kittiwakes at St. Paul Island, Pribilof Islands, Alaska, 1975-

1975 1976 1977 1978 1979 1984
X olutch size 1.00 1.00 1.00 1.00 1.00 1.00
n = # nests with eggs 23 56 57 24 24 6
Hatohing Success (# chicks hatched/ . .78- .88= .82- Sle .63- .33
3838 laid) :‘ '91 093 091 071 071 06”
Fledging Success (# chicks alive at .81- .92~ .81- .65= .76- 0.0-
end of study/ # chicks hatched) .94 .98 .89 .85 .87 57
Productivity (# chicks alive at .34 .63 .54 .10 .34 .09
end of study/: # nest attempts)
95% Confidence Interval of .21= 52- A43- .04- 21=- .01-
Productivity Estimate A7 <TH .65 .15 U6 .18
n = # nest attempts (platforms) 50 76 78 112 56 39

#1975-1979 data are from Hunt et al. (1981) and Hunt (unpub. data).



Thick-billed Murre

The average number of adult birds recorded on the 3 murre productivity
plots in the 2 strata sampled on St. George Island was 126, and the total
number of eggs recorded on these same plots was 104 (Table 12). The
schedule of appearance of 60 eggs on three plots is shown in Table 13. The
fates of 49 (4T7%) of the 104 total eggs were unknown or uncertain. The
fates of 55 eggs were certain, and 42 (73%) of these hatched (Table 12).
At least 40 of the 42 chicks that hatched were still alive at the end of
the study (13 August) and an additional 26 chicks were recorded at sites
where eggs were never seen. Thus, a total of 66 thick-billed murre chicks
were alive at sites on productivity plots on St. George Island at the end
of the study. This represents a reproductive sucéess for this species of
33-72%, depending on which measure of productivity is chosen (see Table
14).

The average number of adults counted on 5 murre productivity plots on
the 2 strata sampled on St. Paul Island was 146 and the total number of
eggs recorded on these plots was 129. The fates of 102 (79%) of these
eggs was unknown or uncertain. The fates of 27 eggs were certain; only 6
(22%) of these hatched. Four of the 6 chicks that hatched were still
alive at the end of the study and an additional 3 chicks were recorded
whose eggs were never seen. Thus, the reproductive success of thick-
billed murres on St. Paul Island in 1984 was 3-15%, depending on which
measure of productivity is considered (Table 15).

The overall reproductive success of thick-billed murres on the
Pribilof Islands (St. George and St. Paul) in 1984 was 26.8% (this value
was calculated by pooling data from both islands).

Cape Peirce

Black-legged Kittiwake

Black-legged kittiwakes built 275 nests in 11 productivity plots at
Cape Peirce in 1984 (Table 16). Eggs were recorded in only 99 (36%) of
these nests and the mean clutch size of nests with eggs was 1.35. Most
of the kittiwake eggs (109 of 134; 78%) were laid before the 10-13 June
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Table 12. Breeding perforumance of thick billed murres (Uria lomvia) at the Pribilof Islands, Alaska, June-August, 1984,

Egga Chiacks

Island x # Adults Total # # Eggs of Still
—lBlot Hame  aon fﬂm Eggs .}tgm:dnn Kne?g)zm Hatched® Failed Uphatgched 2¢ ~Alive®*  Daad
Sk, _George
Murre Plot 73 54 31 26 (24) 3 2 23 24 (20) 2
BLKI Cove 12 12 5 3 (2) 2 0 T 3 (2) 0
ZAPADNI )] 38 19 13 (7) 5 1 19 13 (#) 0
ALL PLOTS 126 104 55 42 (33) 10 3 TH9 40 (26) 2
St. Paul ‘
Gun Emplacement 1 1 0 0 0 0 1 ] 0
Rush Gap North 43 4 12 2 (3) 5 5 29 11 1
Rush Gap
Looking NE 48 4y 0 0 0 0 4y 0 0
SW 29 31 24 7 2 (2) 1 4 17 2 (2) 0
SW 2 23 19 8 2 5 1 1" 1 1
ALL PLOTS 146 129 27 6 (5) 11 10 102 4 (3) 2
ALL PLOTS -
BOTH ISLANDS 272 233 82 48 (38) 21 13 151 4y (29)ee )

#3ites of unknown or undetermined status, including sites where eggs were seen once or more but their fates were never
determined. Eggs from this category, along with those undetected (but logically inferred) from which.ochicks hatched are in
parentheses in the 'Hatched' column. Chicks that hatohed from eggs that were undetected are in parentheses in the ‘Alive!
column.



Table 13. Schedule of first appearance of 60 thick-billed murre eggs on
three productivity plots on St. George Island, Alaska, 25 June-
29 July, 1984, : :

TP e vy S B —
I 25-27 June 1 12 20
T 3 July 2 18 30
III 7-11 July 3-4 11 18
v 19-23 July 5 10 17
v 25-29 July 6-7 9 15
I-V 25 June-29 July 1-T 60 100
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1984,

‘Table 14. Productivity of thick-billed murres at St. George Island, Pribilof Islands, Alaska, 1977-

——Measure of Productivity . _
Number of Eggs

Hatching Success (chicks hatched/
estimate of # of eggs laid)

Fledging Success (# chicks alive

at end of study/ # chicks
hatohed)

Reproductive Success (# chicks
alive at end of study/estimate of
# of sites occupied)

95% Confidence Interval of Minimum
Estimate of Reproductive Success

n = # chicks alive at end of
study*

1984 &8s
977 ~1978 1981 —4A_ _BR_ _C
51 90 88 126 104 55
59~ .61- .65- .60 .73 .76
.84 .70 .88
035- 070- [ 17- - 088 095
097 086 023
029- oug- 015- 033- 038- .72
057 052 016 052 063
] 17- 039- 007- 023-
A2 .59 .22 .40
~15-29 C ~NY-47 ~13=15 40-66 40-66 40

#4977-1978 data are from Hunt et al. (1981); 1981 data are from D. Lloyd (unpub. data).
#8Three different estimates based on different measures of productivity; see Table 12 for origin of

A, B, C.

+Studies ended after fledging during 1977, 1978 and 1981, and before fledging (mid-August) during
1984, therefore results are not directly comparable among years.
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Table 15. Productivity of thick-billed murres at St. Paul Island,

Pribilof Islands, Alaska, 1976~

study®

19848, :
198488
Number of Eggs 47 102 - 114 146 129 27
Hatching Succes (# chicks hatched/ .85 .66~ Tl= O4=  .05- .22
estimate of # of eggs laid) .84 .79 .08 .09
!
Fledging Success (# chicks alive .85 -h2- 17- - 64 .67
at end of study/# chicks .84 .91
hatched)
Reproductive Success (# chicks alive | 12 .35« .61- .03= .03~ .15
at end of study/estimate of # ' .22 .68 .05 .05
sites occupied)
95% Confidence Interval of Minimum .59~ .26~ .53= <0.1=-
Estimate of Reproductive Success .85 .45 .70 .05
n = # chicks alive at end of 34 36-63 70-78 y-7 4.7 y

#1976-1978 data are from Hunt et al. (1981) and Hunt (unpubl. data).
#8Three different estimates based on different measures or productivity; see Table 12 for origin of

A, B and C.

+Studies ended after fledging in 1976-1978 and before fledging (mid-August) during 1984, therefore

results are not directly comparable among years.
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Table 16. Breeding performande of black-legged kittiwakes at Cape Peirce, Alaska, 1984.

Total #*
BKAN 29 29
BKAS 10 10
LKA 55 55
SPEC (R) 69 69
SPEC (M) 17 17
SPEC (L) 13 13
OBLIQUE (R) 21 21
OBLIQUE (T) 16 16
OBLIQUE (L) 22 22
TITI 12 12
HOKN 1 11
ALL PLOTS 275 275

Fate of

Eggs —Chicks

0_ 1 _2 Hatch [Failled Alive Dead
W 7 8 0 23 0 0
¥ 2 4 0 10 0 0
50 4 1 0 6 0 0
48 15 6 0 27 0 0
7 2 0 12 0 0
7 6 0 0 6 0 0
5 4 2 0 8 0 0
6 0 0 0 0 0 0
10 8 4 0 16 0 0
o4 4 0 12 0 0
1 6 4% 2 12 1 1
176 64 35 2 132 1 1

#Platforms constructed.



period when detailed productivity counts were first made at Cape Peirce.
Of the 134 eggs laid, only 2 (1.5%) hatched; these 2 chicks were present
in different nests on 1 plot when we arrived on 11 July for our second
visit to the colony. When all nests were last checked on 16 July, only 1
chick remained alive.

Overall productivity of black-legged kittiwakes on plots at Cape
Peirce in 1984 was less than 1% (Table 17). An additional census of 150
randomly selected black-legged kittiwake nests at t.he tip of Cape Peirce
(in the center of the colony) on 14 July revealed only 2 live chicks
(1.3%) and no nests with eggs.

Common Murre

In 1984, 190 common murre eggs were seen on T plots where an average
of 387 adults were recorded (mean for all seveh plots on all days sampled)
(Table 18). The fates of 29 of the 190 eggs were unknown or uncertain;
the status of the remaining 161 eggs, as of the end of the study (16
July), 1is shown in Table 19. The schedule of first appearance of common
murre eggs at Cape Peirce is shown in Table 20. Over 86% (164 of 190) of
all eggs recorded at murre productivity plots were seen during the first
three visits to each plot during the 10-day period, 9-18 June. The
remaining 26 eggs appeared during July; some of these eggs no doubt were
replacements for eggs lost during June.

Searches commexiced on 11 July and ended on 16 July for common murre
chicks on 6 plots where eggs had survived during our first visit to Cape
Peirce (6-20 June); some information on productivity was gathered for 5 of
6 murre productivity plots on 1 and 2 July by USFWS personnel at Cape
Peirce. Of the 18 chicks recorded during July, 5 hatched between 13 and
16 July and 5 others hatched between 2 and 16 July. Information on the 8
other chicks was insufficient to determine (within reasonable limits) when
they hatched. )

It is probable that some of the 45 common murre eggs remaining at
sites on the last day of our study (16 July) eventually hatched. The
estimate of common murre hatching success at Cape Peirce is therefore a
minimum value, Nevertheless, the fate of over half of the total eggs, and
eggs of known status, were determined before the study ended and a large
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Table 17. Productivity of black-legged kittiwakes at Cape Peirce, Alaska,

1970-198%.
1970* 1976 1981 1984
X clutch size - 1.43%% 1,6} 1.35
n = # nests with eggs - - 209 99
Hatching success (# chicks hatched/ - .39+ .59 .01

# eggs laid)

Fledging success . - .63 .16 .50
(# chicks alive at end of study/#
chicks hatched)

Reproductive Success (# chicks - A6++ 14 <.01
alive at end of study/# eggs

laid)

Productivity .15 .25 .16 <.01

(# chicks alive at end of study/#
nest attempts)

95% Conf'idence Interval of - - A1- .00-
Reproductive Success .18 .02
95% Confidence Interval of .06~ .23~ 2= .00-
Productivity Estimate 20 .27 .20 .01
n (# of nest attempts) 60 1986 308 275

#1970 data are from Dick and Dieck (1971), 1976 data are from Petersen and
"Sigman (1977), 1981 data are from D. Lloyd (unpub. data).

#8This value was calculated from a subsample of 44 nests (with 63 eggs) in

" only two plots.

+This value is not directly comparable to other measures of hatching
success; it is the proportion of nests (772; 38.9%) from which some eggs
hatched.

++This value was calculated from a subsample of 50 nests with eggs (50 x
1.43 = 72 eggs) and 33 live chicks at the end of the study in only two
plots. This value is not directly comparable to the 1981 and 1984
values, therefore it has not been included in Likelihood Ratio and
Bonferroni comparisons in Appendix 7.
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Table 18. Breeding performance of common murres (Uria aalge) at Cape Peirce, Alaska, June-July, 1984,

X # Adults # Eggs of Egga Chicks

on Plots Total # Eggs Known Fate Sti1l
Plot Name (A) (B) (<) Hatched* Failed Unbatobhed 2%  Alive* Dead
DUH 177 1 55 12 (3) 28 15 16 12 (3) 0
HOKN 169 57 48 2 31 15 9 1 1
SPEC (L) 34 16 ‘ 16 . 8 ] 0 L) 0
SPEC (R) 35 13 13 0 10 3 0 0 .0
SPEC (M) 56 19 16 4 (1) 5 7 3 4 (1) 0
SPEC (B) 3 T 7 0 7 0 o o 0
BKAN 13 7 6 o (1) 5 1 1 o (1) 0
ALL PLOTS 187 190 161 22 (5) 9% 45 29 21 (9 1

#Sites of unknown status., Chioks that hatohed from eggs that were undetected are in parentheses in the 'Alive’
column; these chicks were alive at the end of the study. The eggs (inferred) from which these ohioks hatohed are
in parentheses in the 'Hatched' ocolumn.



Table 19. Productivity of common murres at Cape Peirce, Alaska, 1976-

1984%,

' ' L 198488
—  _Measure of Productivity = 1976  _1981  _A  _ B~ _C
Number of Eggs 4500 290-302 A8T 190 161
Batching Success (# chicks hatched/ - A8-.09 .06 .14 .14
estimate of # eggs laid)
Fledging Success (# chicks alive - .18=.86 - .95 .96
at end of study/# chicks
hatched)
Reproductive Success (# chicks - «17=-.31 - .13 .13
alive at end of study/# of -
eggs laid)
Productivity®®® (§ chicks alive .20 .15 .05 - -
at end of study/# of nest _
attempts)
95% Confidence Interval of 19-  .11- .03-
Productivity Estimate 21 .19 .07
n = # of chicks alive at end of - - 26 26 21

study

#1976 data are from Petersen and Signan (1977);

‘Lloyd (unpub. data).

1981 data are from D.

"Three different estimates based on different measures of productivity;
‘see Table 18 for origin of A, B and C.
#88Studies ended after fledging in 1976 and 1981 and before fledging (mid-
“‘July) in 1983, therefore results are not directly comparable among

years; see discussion in text.
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Table 20. Schedule of first appearance of 190 common murre eggs on six
productivity plots at Cape Peirce, Alaska, 9 June-16 July,

1984,
I 9-13 June 1 68 35.8
II 14-16 June 2 65 34.2
III 17-18 June 3 31 16.3
iy | 1-16 July 1-6 26 13.7
I-1V 9 June-16 July 1-6 190 100.0
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proportion of these (94 of 190 or 161; 49.5% or 58.4%, respectively)
fajled. Of 116 eggs whose status had been determined by 16 July, only 22
(19%) hatched. If this rate of hatch is applied to the 45 unhatched eggs,
31 of 161 eggs of known status (16% of the total 190 eggs) would hatch,
and 6% of the 487 occupied sites would have chicks. Given this hatching
scenario, one would expect the overall production of common murres at Cape
Peirce to be somewhat less than 6% during 1984,

On 14 July, 185 randomly-selected murres were observed on nesting
ledges at the tip of Cape Peirce (in the center of the mainland colony); 1
adult was seen incubating an egg, 8 adults were attending chicks, 125
adults appeared to be incubating (were standing in incubation posture), 49
adults clearly were not incubating, and 2 eggs appeared to be abandoned.
Based on this ancillary information, the productivity of murres in the
relatively inaccessible center of the colony, near the tip of Cape Peirce,
is about the same (4%) as that computed from cehsuses of productivity

plots at other locations.
DISCUSSION
Pribilof Islands

Likelihood Ratio Tests (LRT) indicate statistically significant
differences in black-legged kittiwake hatching success and overall
productivity among various years on both St. George and St. Paul islands
(Table 21). More detailed comparisons of individual years indicate that
1983 was low on St. George Island. On St. Paul Island, both of these
measures were significantly lower in 1984 than for any of the other five
years when data were available for this species.

LRT analyses indicate a statistically significant difference among
various years for hatching success of red-legged kittiwakes on St. George
Island; no such difference (in hatching success) among years was found on
St. Paul Island (Table 22). In contrast, statistically significant
differences among years were detected for overall productivity on both St.
George and St. Paul islands. More detailed inter-year comparisons of both
St. George and St. Paul data indicate that 1984 was among the poorest
years for overall productivity on both islands.
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Table 21. Various estimates of black-legged kittiwake productivity on the
Pribilof Islands, Alaska, 1975-198%, with results of Likelihood

Ratio Tests and Bonferroni multiple comparisons.

(See Appendix

7T for a similar statistical treatment and comparison of
reproductive success for black-legged kittiwakes on St. George

and St. Paul, and Cape Peirce.)

St. George Island
LRT Statistic for Hatching Success®: 25.1; p<0.0001
Year 1983 ° 1981 1978 1976 1977
N 42 81 82 27 114
Estimate of Hatching Success .19 .38 57 .T0 T3
. : +
LRT Statistic for Productivity®##: 142.3; p<0.0001
Year 1981 198% 1978 1980 1979 1977 1976
N 102 57T 229 106 146 110 34
Estimate of
Productivity : 07 .14 22 .38 .30 A5 .62
St. Paul Island
LRT Statistic for Hatching Success: 18.5; p=0.002
Year ~ 198% 1977 1975 1976 1979 1978
N ) 23 155 121 104 128 146
Estimate of Batching Success .17 59 .60 .72 .73 .74
LRT Statistic for Productivity: 144.9; p<0.001
Year | 1988 1978 1977 1975 1976 1979
N . "106 203 157 185 127 158
Estimate of Productivity .06 .36 .43 A4 52 54

#Hatching success: # eggs hatched/# eggs laid.

#8Productivity: # chicks alive at end of study/# nest attempts (platforms

- constructed).

+Underscoring designates estimates that are not significantly different

from each other (p varies from 0.025 to 0.003).
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. Table 22. Various estimates of red-legged kittiwake productivity on the
Pribilof Islands, Alaska, 1976-1984, with results of Likelihood

Ratio Tests and Bonferroni multiple comparisons.

sSt. George Island
LRT Statistic for Hatching Success¥: h2,2; p<0.0001
Year 1984 1981 1978 1977 1976
N L1 31 T2 168 39
Estimate of Hatching Success . .07 .h5 57 .78 .79
+
LRT Statistic for Overall Productivity®#: 68.8; p<0.0001
Year i 1981 1984 1978 1979 1980 1976 1977
N 79 149 235 52 123 88 240
Estimate of
Productivity . .11 .13 .13 .18 27 .30 .51
St, Paul Island
LRT Statistic for Hatching Success: 9.3; p=0.0976
Year 1988 1978 1979 1975 1977 1976
N 6 2h 2h 23 57 56
Estimate qf Ratching Success .33 .54 .63 .78 .82 .88
LRT Statistic for Productivity: 43.7; p<0.0001
Year 1978 1984 1979 1975 1977 1976
N : 112 39 56 50 78 76
Estimate of Productivity .09 .10 .3b .34 .54 .63

®Hatching success: # eggs hatched/# eggs laid.

#8Productivity: # chicks alive at end of study/# nest attempts (platforms

constructed).

+Underscoring designates estimates that are not significantly different

from each other (p varies from 0.025 to 0.003).
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LRT analyses indicate a statistically significant difference among
years in estimates of both hatching success and overall productivity of
thick-billed murres on St. George Island (Table 23). More detailed inter-
year comparisons indicate that the estimate of hatching success in 1984
was lower than had been recorded in the three years when similar studies
had been conducted on this island. Although it was not statistically
lower than during 1977, when hatching success also was very low, it was
significantly lower than during both 1978 and 1981. Similarly, although
the value for overall productivity of thick-billed murres on St. George
was smaller than recorded in 1978, it was not significantly different from
productivity values for any of the three other years when studies of
thick-billed murres were conducted on St. George.

On St. Paul Island, LRT analyses and multi-year comparisons indicated
that 1984 was by far the poorest of four years for which data exist on
thick-billed murre hatching success and overall productivity (Table 23).
Craighead and Oppenheim (1982) speculated that disturbance of nesting
seabirds by human visitation on St. Paul may be responsible for depressed

reproductive rates over the past several years there.
Cape Peirce

Likelihood Ratio Tests and multi-year comparisons of black-legged
kittiwake hatching success and overall productivity indicated that 198%
was by far the poorest of the four years for which data exist at Cape
Peirce (Table 24). The 1984 value for overall produc-tivity was
statistically very much smaller than the very low value for 1970.

At Cape Peirce we were concerned that all of the black-legged
kittiwake productivity plots may have been too far from the core of the
colony, i.e., at the periphery of the colony where others working with
kittiwakes (Coulson 1968) found the quality (productivity) of birds to be
poor. Therefore, on 14 July we climbed to a difficult wfantage point above
. Cape Peirce proper, and using a spotting scope, we examined the contents
of 150 arbitrarily selected kittiwake nests. As mentioned in the
'RESULTS' section, this inspection revealed only 2 live chicks and no
nests with eggs. Thus, our kittiwake productivity plots appeared to be
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Table 23. Various estimates of thick-billed murre productivity on the
Pribilof Islands, Alaska, 1976-1984, with results of Likelihood

Ratio Tests and Bonferroni multiple comparisons.

St. George Island
LRT Statistic for Hatching Success®*: 13.8; p=0.001
Year 1984 1977 1978 1981
N 126 51 90 88
Estimate of Hatching Success .60 .59 .61 .65
: +
LRT Statistic for Productivity®®*: 12.5; p=0.002
Year 1981 1977 1984 1978
N 88 51 126 90
Estimate of Productivity .15 .29 .31 .49
St. Paul Island
LRT Statistic for Hatching Success: 107.1; p<0.001
Year 1984 1977 1978 1976
N : 146 102 114 47
Estimate of Hatching Success .04 .66 .Th .85
LRT Statistic for Productivity: T77.0; p<0.0001
Year 1984 1977 1978 1976
N : 146 102 114 7
Estimate of Productivity .03 .35 .61 .72

SHatching success: # chicks hatched/total # eggs laid (X # adults in

‘plots during censuses).

8#Productivity: #chicks alive at end of study/# breeding pairs (x #

" "adults in plots during censuses).

~Underscoring designates estimates that are not significantly different

from each other (p varies from 0.025 to 0.003).
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Table 24. Various estimates of black-legged kittiwake and common murre
: productivity at Cape Peirce, Alaska, 1970-1984, with results of
Likelihood Ratio Tests and Bonferroni multiple comparisons.

(See Appendix T for a similar statistical treatment and
comparison of reproductive success for black-legged kittiwakes

at Cape Peirce.).

Black-legged Kittiwake .
LRT Statistic for Hatching Success: 84.2; p<0.0001
Year 1984 1981
N 134 343
Estimate of Hatching Success .01 .59
LRT Statistic for Productivity: 7T2.4; p<0.0001
Year 1984 1970 1981 1976
N 275 60 308 1986
Estimate of Productivity <0.01 .15 .16 .25
+
Common Murre
LRT Statistic for. Hatching Success: 13.9; p<0.0001
Year 1984 1981
N 187 290
Estimate of Hatching Success® .06 a4
LRT Statistic for Productivity: 41.1; p<0.0001
Year ' 1984 1981 1976
N 487 302 4500
Estimate of Productivity®*#® .05 .15 .20

\

#Hatching success: # chicks hatched/total # eggs laid

##Productivity: #chicks alive at end of study/# breeding pairs (; #

- adults in plots during censuses).

+Underscoring designates estimates that are not significantly different

from each other (p varies from 0.025 to 0.003).
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representative of the colony; overall productivity in 1984 was nearly
zero.

Although field work at Cape Peirce ended before the peak of hatching
on at least one common murre productivity plot, results from other plots
where the peak was observed indicated that murre productivity was low in
1984. More rigorous statistical analyses (Likelihood Ratio Tests) and
multi-year comparisons (Bonferrani Tests) of common murre hatching success
and overall productivity indicated that, as was the case with black-legged
kittiwakes, 1984 was the poorest of the three years for which data are
available (Table 214) o

One of the major inefficiencies of any study of murre productivity is
the amount of time spent watching birds on plots to determine whether or
not a site is occupied by a breeding bird, e.g., whether an egg or chick
is present at the site. Many investigators simply use the average number
of adults present on the plot as an estimate of the number of occupied
sites (Hunt et al. 1981). This approach biases productivity estimates
downward because not all adults at sites breed. In this study we tested
the usefulness of a det.a:lled computer analysis of hourly attendance data
collected by time-lapse 35-mm cameras at a common murre plot (DUH) at Cape
Peirce. This procedure was found to be very useful, but our results were
confounded by several problems. The most significant problem was caused
by some birds obscuring others; when the images were digitized, the sites
occupied by the birds in back were indistinguishable from those in front.
The use of 35-mm time-lapse photography and digitized data analyses shows
great promise, but great care needs to be exercised when setting up
photographic equipment to monitor seabird plots so the type of occlusion
described above does not occur. If the ledges are wide, as they often are
where common murres nest, the camera should be mounted opposite and above
the birds if possible.

At least four and possibly eight pairs of common ravens (Corvus
corax) preyed heavily on eggs of common murres and black-legged kittiwakes
at Cape Peirce in 1984. It was difficult to determine the impact of raven
predation on a colony-wide basis, but they appeared to have a great impact
on the birds nesting in productivity and population plots at Cape Peirce.
Recently fledged young ravens often accompaniec_i adults to the colonies
during feeding trips. During 10 hours of a 24-h count at several
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population plots on 7 June, 36 sightings were made of ravens carrying eggs
away from the colony. Forty-six eggs eaten by ravens were picked up along
a 500 m-long ciiff-top transect over a 2-day period. Petersen and Sigman
(1977) also saw ravens taking large numbers of seabird eggs at Cape
Peirce; they calculated that three pairs of ravens "...could conceivably
destroy 50 nests during one foraging effort." Although these estimates of
predation are crude, they suggest that ravens may take large numbers of
seabird eggs under certain circumstances at Cape Peirce. Hatching success
was relatively high in 1981, and ravens, although present in numbers
similar to 1984, appeared to be less successful at dislodging'kittiwakes
from nests. Also, kittiwakes mobbed ravens more and appeared to be more
effective at detering ravens in 1981 (D. Herter, pers. obs.).

On seven occasions during a 5-day period in early June, ravens were
observed scaring large numbers of common murres and black-legged
kittiwakes from census plots. On several occasions they pulled kittiwakes
off their nests and dragged murres off ledges in order to take their eggs.
Petersen and Sigman (1977) describe similar behavior by ravens at Cape’
Peirce in 1976Q There is evidence that such raven predation may influence
breeding site selection by murres (A.J. Gaston, CWS, pers. comm. 198%4).

Seabird Productivity in Recent Years in the
Bering/Chukchi Region

It is clear from the information gathered on the Pribilofs, at Cape
Peirce and at St. Matthew Island that black-legged and red-legged
kittiwake productivity in the southern Bering Sea was very poor in 1984,
Black-legged and red-legged kittiwake productivity also was very poor on
the Pribilofs in 1983 (Larry Merculief, pers. comm. to D.G. Roseneau 1984)
and in 1982 (Craighead and Opbenheim 1982); black-legged kittiwake
productivity was alsb near zero at St. Matthew Island in 1982 and 1983
(Springer et al. 1984a). The last year when kittiwakes were studied at
~ Cape Peirce was 1981; productivity was also poor that year. The last year
when good productivity was reported for red-legged and black-legged
kittiwakes on the Pribilofs was 1977 and 1980, respectively; at Cape
Peirce the last reported productive year for black-legged kittiwakes was

1976.
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Very poor product:lvi:lty was reported in 1984 at all black-legged
kittiwake colonies in the Bering and Chukchi seas where data are
available. No young were produced at Cape Lisburne (Chukchi Sea), at
Bluf'f (Norton Bay) or at St. Lawrence Island (Springer et al. 198%a). No
information is available on kittiwake productivity on St. Lawrence Island
or Cape Thompson in 1983, but data from Bluff and Cape Lisburne (Springer
et al. 1984a:25; Murphy and Springer, unpub. data) indicate fair to good
productivity that year.

- The small sample (4 birds) of thick-billed murres monitored on St.
Paul Island in 1984 makes the very low productivity value (0.03) somewhat
less reliable than that for nearby St. George Island, where more birds
(40) were watched and productivity was gfeater (0.31). Productivity was
markedly higher on St. George in 1984 than what was recorded by Craighead
and Oppenheim in 1982 (only 1 chick seen). Murre productivity was also
poor on St. Lawrence Island in 1984 but has been good on St. Matthew
Island since 1982, although thick-billed murres have apparently been less
productive t.h'ere than common murres, especially in 1983 (Springer et al.
1984a). Common murre productivity at Bluff also was apparently poor in
1984 (Murphy and Springer, unpub. data). '

Productivity has frequently been estimated at seabird colonies as a
way of comparing the general "health™ of populations among years or, less
commonly, as a tool in predicting change in population numbers. Attempts
have frequently been made to correlate observed changes in productivity
with causative mechanisms, and thus to isolate factors that ultimately
control populations (Lid 1981, Ford et al. 1982). Some authors (Croxall
and Prince 1970, Lid 1981) have blamed persisting changes in productivity
caused by food supply changes (or other factors), for long-term population
changes.

Springer et al. (1984b) suggest that long-term changes in weather and
climate cause broad-scale changes in oceanographic conditions and in prey
availability. They further suggest that such changes méy affect the
. stability of regional seabird populations in the Bering and Chukchi seas.
The recent depressions in productivity of seabirds in the southern Bering
Sea may be related to such meteorological and oceanographic events.
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SUMMARY

Estimates of black-legged kittiwake productivity were very low in
1984 on St. George (0.14) and St. Paul (0.06) islands and at Cape Peirce
(less than 0.01). Likelihood Ratio Tests indicated that 193& was among
the poorest of years for black-legged kittiwake productivity in the
southern Bering Sea. Comparisons of productivity over recent years at
other colonies in the southern Bering indicate that black-legged kittiwake
productivity has been depressed for three years at many important Bering
Sea colonies (St. George, St. Paul, Cape Peirce, St. Matthew and possibly
St. Lawrence). ' ‘

Red-legged kittiwake productivity was very low (0.13 and 0.10) on St.
George and St. Paul island in 1984, Likelihood Ratio Tests indicate that
on St. George Island, where about 80% of the world population nests,
producti#ity has been low for at least five years.

Estimates of productivity of thick-billed murres in 1984 were much
higher on St. George Island (0.31) than on St. Paul (0.03), possibly
because of human disturbance at St. Paul (Craighead and Oppenheim 1982).
Productivity was markedly higher in 1984 on St. George than Craighead and
Oppenheim recorded in 1982. '

Productivity of common murres at Cape Peirce in 1984 was probably
overestimated because observations ended too early; despite this, the
maximum estimate of productivity in 1984 was only 0.05. Productivity also
was relatively low (0.15) at Cape Peirce in 1981. During our study and
the study by Petersen and Sigman (1977), common ravens preyed heavily on
eggs of common murres and black-legged kittiwakes at Cape Peirce. During
years when productivity is depressed (when breeding birds may be
stressed), ravens may be more effective predators of eggs and chicks (D.G.
Roseneau, pers. comm. 198%4).

Future monitoring studies should measure productivity until most
chicks are near fledging. Studies that terminate early (as ours did at
. Cape Peirce) will not provide accurate estimates of productivity in a year
when many eggs hatch and many chicks survive.

We strongly recommend the use of 35-mm time-lapse photography and the
digitization of imagery to monitor trends in diurnal and seasonal

attendance of birds (especially murres) on study plots as a tool for
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determining their reproductive status. Cameras should be set up opposite
and slightiy above study plots to eliminate occ¢lusion.

There were no significant differences in productivity among different
elevational strata or among different plots for any key species of seabird
studied in 1984 on either of the Pribilof Islands or at Cape Peirce.

Springer et al. (1983) suggest that long-term changes in weather and
climate cause broad-scale changes in oceanographic conditions and in prey
availability. They further suggest that such changes may affect the
stability of regional seabird populations in the Bering and Chukchi seas.
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Appendix 1. Technical description of procedures used to analyze digitized
time-series data from time-lapse photographs.

Introduction

This technical appendix briefly describes the methods used and the
analysis performed on the time-lapse photographic records collected at DUH
plot at Cape Peirce in 1984. The most important tool used in the analysis
of the photographs was a digitizer; it was used to convert the
photographic (analog) record into a data-oriented (digital) record. Prior
to the analysis we did the following:

(1) prepared the film,

(2) developed film projection methods,

(3) assembled and interfaced appropriate computer and optical
hardware, and ‘

(4) developed appropriate computer software.

In addition to the above, the following numerical and statistical
procedures were developed: (1) numerical search methods (minimization
. procedures) that determine the location and number of nest sites, and (2)
application of time series analysis in order to determine patterns in

hourly abundance of birds on study plots.
Methods

To monitor hourly abundance and describe spatial patterns of the
birds observed in the photographs, a HI-PAD digitizer was used to record
the species, location and number of each bird. This required (1) the
development of hardware to project the film onto the digitizing platen,
and (2) computer hardware and software to drive the digitizer.

Each frame in the film strips (transparencies) were numbered
consecutively (in the upper right corner), with a permanent marker,
beginning with the first frame of an hourly sequence. Poor quality and
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redundant photographs were not numbered (i.e., were eliminated).

A film projector and a two-sided mirror were used to reflect the
image of each photograph onto the digitizing platen. The contents of each
frame were then digitized. The digitized record contained the following

quantitative measurements from each frame and bird observed:

1) time of the frame (0-24 hours),

2) date of the frame,

3) visibility of the colony, and

L) location and sample period of the frame.

The time of the initial photograph of a sample sSequence was
corroborated by observing cycles of night and day apparent in the
photographs. For simpiicity, the visibility of the colony was encoded
using five ordinal levels (0-4), as follows:

complete visibility,
some shadowing--all birds visible,
overcast day and extensive shadowing--all birds visible,

visibility poor--not all birds visible, and
frame completely dark or overexposed--frame not digitizable.

£ W NN 2 O
[

-

The following information was recorded for each bird observed in each

frame:

1) species code,

2) type of individual (adult, subadult, egg, nest, etc.),
3) vertical position of individual in the frame,

4) horizontal position of individual in the frame, and

5) oceclusion index.

The occlusion index was an ordinal measure (1-3) of the degree to
which the bird was hidden from view. For each bird that was not occluded,
the horizontal and vertical measurement was taken by placing the
crosshairs of the digitizing cursor on the center of the back and
digitizing (recording) its position.
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We used a Houston Instruments HI-PAD DT-11§A Digitizer that was
driven by an APPLE IIe computer using a serial intérface card. The
computer software that processed the digitized information was written and
developed by LGL. Data were processed and stored on 5.25" floppy disks,
and were transferred to the LGL data-management system where they were

verified, edited and setup for analyses.

Analysis

The digitized photographic data were used in several different ways,
depending on how the information was to be used. The following two types
of data records were produced from the raw data files:

(1) spatial coordinates of each bird that was digitized, and

(2) frame or hourly counts of the number of birds of each

species recorded at each location during each sample

period.

The spatial coordinates of each bird were used to determine the
number of nesting sites (breeding pairs) within the view of the camera
(i.e., on the sample plot). An overall map of all the sites was
constructed by accumulating the number of birds digitized for each pixtel
(smallest resolved point) on the digitizing platen. Examples of these
base maps are presented in Figures A1-1 to A1-3. Darker areas in Figure
A1-1 indicate areas of high 'frequency of birds. Figure A1-2 and A1-3 show
higher resolution plots of a section of Figure Al-1.

After the base map was constructed, the locations of discrete sites
were determined through a numerical search procedure that defined the
perimeters of each location in the plot where birds were recorded most
frequently. These regions, or collections of coordinates, were then
defined as discrete sites. The original spatial coordinates of each bird
- digitized on an hour by hour basis was used to determine residency
characteristics for each site (for a description, see Ripley 1981).

Using this procedure, we determined that about 330 sites at DUH study
plot were occupied by common murres in the early part of the breeding
season (7-20 June) and about 162 sites were occupied during the middle
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part of the breeding cycle (10-17 June). Comparable numbers for these
same sampling periods but determined through visual counts are 487 and
161, respectively (see 'RESULTS' section, Table 19, under headings A and
C, respectively).
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Figure Al-2.

High resolution map of locations of common murres shown in
Panel A, Figure Al-1l. An even higher resolution, 3-
dimensional graphic of the area designated Panel B in
Figure Al-2, is shown in Figure Al-3.
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Table Al-1l. Estimates of the number of discrete nest sites
(breeding pairs) of common murres at DUH study plot
at Cape Peirce, Alaska. DUH 1= sampling period
7-20, June 1984; DUH 3= sampling period 10-17 July,
1984,

DUH1 - COMMON MURRES

0.1 - 9.9% 206
10.0 - 19.9% 26
20.0 - 29.9% 24
30.0 - 39.9% 16
40.0 - 49.9% 17
50.0 - 59.9% 5
60.0 - 69.9% 10
70.0 - 79.9% 15
80.0 - 89.9% 11
90.0 - 100.0% 0
0.1 - 100.0% 330

DUH3 - COMMON MURRES

6.1 - 9.94 735
10.0 ~ 19.94 22
20.0 - 29.9% 13
30.0 - 39.9% 7
40.0 - 49.9% 7
50.0 - 59.9% 3
60.0 - 649.9% 3
720.0 - 79.9% b4
80.0 - 89.9%4 10
90.0 - 100.0% 13
0.1 - 100.0% 162
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Appendix 2. A summary of weather information for the Pribilof Islands,
Alaska, June-August, 198%4.

E
-
<

_Wind Temp (°C) Wind Temp (°C)
X spd : X spd
Date (km/h) Dir Min Max {km/h) Dir Min Max
1 2h N 3 6 21 NE 3 10
2 27 N .} 8 19 NE y 9
3 19 N 2 8 27 N 6 8
.} 21 N 2 6 26 NE T 10
5 6 NE 2 8 2h N 6 9
6 14 NE 2 9 29 NE 6 9
7 1 NE 0 6 18 NE 6 1
8 16 N 3 5 22 NE T 8
9 22 N 3 T 24 NE 6 8
10 22 N 1 T 22 NE i 9
1 14 N 0 8 30 NE h 9
12 14 N .} 10 26 NE 6 8
13 14 NE 3 9 26 NE 6 12
14 13 N 1 9 27 NE 3 9
15 19 N 3 T 22 NE 5 8
16 21 N 3 10 30 NE h 10
17 21 N 3 8 29 NE T 10
18 14 N ] 11 32 NE 7 9
19 8 N h 11 2h NE T 11
20 14 N 6 9 14 N 6 10
21 24 N 6 8 13 N 2 10
22 22 N | 9 11 N T 10
23 21 N h 9 14 N T 1
2h 24 N 5 10 1 N 8 11
25 21 N | 12 13 N 8 10
26 24 NE 6 14 19 NE 7 9
27 18 NE T 16 19 NE 6 1
28 26 N 6 8 34 NE 8 9
29 30 NE 6 8 19 NE 8 11
30 16 NE 6 12 29 N 8 9
31 : 16 N 8 12
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Appendix 2 (cont'd)
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Appendix 3. A summary of weather information for the Cape Newenham-Cape
Peirce area, Alaska, June-July 1984,

June July
Wind Temp (°C) . ¥Yind Temp (°C)
Max-Min Max-Min
Speed Speed
Date {km/h) Dir Min Max {km/h) Dir Min Max
1 0-18 N T 15 0-21 NE 10 14
2 11-28 N 9 16 0-28 N 9 15
3 0-26 N | 13 0-19 N T 12
.| 0-14 NE 2 9 0-18 NE 6 8
5 0-14 NE 1 T 0-21 N 6 12
6 0-11 N 2 11 5-37 NE 5 9
T 0-12 NE 2 T 0-11 NE .} T
8 0-18 N 1 8 5-19 NE .| T
9 0-30 N 3 12 0-25 NE 5 11
10 0-16 N )} 12 0-25 NE 6 8
1 0-12 N .} 8 0-12 N 6 12
12 0-9 N 2 9 0-7 N 8 14
13 0-7 N T 12 0-14 N T 16
13 0-18 N 5 9 0-25 N 9 16
15 0-9 N 6 15 . 0-19 N 8 12
16 0-11 N 8 12 0-18 NE 6 11
17 0-25 N 8 13 0-18 NE 5 8
18 0-16 N 9 13 0-19 NE 6 8
19 0-18 N 8 13 0-25 NE T 9
20 0-12 N 5 14 0-21 N T 12
21 0-18 N T 13 - 0=33 N 6 14
22 9-35 N T 9 0=-25 N 1 14
23 12-20 N 4 12 0-16 N 10 13
24 0-28 N 8 12 0-18 N 9 12
25 0-21 N 8 14 0-9 N 9 11
26 0-23 N 10 16 0 N 9 13
27 0-9 N T 12 0-14 NE 8 13
28 0-30 N 5 13 0-25 N T 9
29 5-26 N 9 12 0-14 NE T - 9
30 0-18 N 8 15 7-33 N T 12
31 - : 11=-25 N 8 1
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Appendix 3. Results of Likelihood Ratio Tests (LRT) of differences in
productivity estimates for seabirds nesting in different
elevational strata on St. George Island, Pribilof Islands,
Alaska, 1984,

# Chicks 95% CI of
Stratum # Nest Alive at Productivity Productivity
Species 2 _  Attempts End of Study __Estimate = __ Estimate
BLKI 1 55 K 0.07 0.00-0.13
T 2 1 0 0 . 0.00-0.00
5 1 0 0 0.00-0.00
LRT Statistic = 0.15; P = 0.93
RLKI 1 32 0 0 0.00-0.00
LRT Statistic = 0.73; P = 0.39
: : 2 41 13 0.32 0.22-0.42
H 1.0

LRT Statistic = 0.00; P
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Appendix 5. Results of Likelihood Ratib Tests (LRT) of differences in

productivity estimates for seabirds nesting in different
elevational strata on St. Paul Island, Pribilof Islands,
Alaska, 1984.

# Chicks 95% CI of
Stratum # Nest Alive at Productivity Productivity
Species __# __  Attempts End of Studvy _ Estimate = __Estimate
BLKI 1 50 1 0.02 0.00-0.06
- 2 51 1 0.02 0.00-0.06
LRT Statistic = 0.0001; P = 0.99
RLKI 1 4 0 0 0.00-0.00
2 35 0 0 0.00-0.00
LRT Statistic = 0.00; P = 1.0
TBMU 1 23 1 0.04% 0.00-0.13
2 123 3 0.02 0.00-0.05
LRT Statistic
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o
L
-—b
-

-e

v

]
o
L
-3
w
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Appendix 6. Results of Likelihood Ratio Tests (LRT) of differences in

productivity estimates for seabirds nesting in different
productivity plots on the Pribilof Islands and at Cape

Peirce, Alaska, 1984.

LRT
——..Species £ Plots Statistic .
St. “George Island
BLKI 6 1.39 0.91
RLKI 6 1.12 0.95
TBMU 3 0.15 0.93
St, Paul Island
BLKI 5 1.78 0.78
RLKI 0.00 1.0
TBMO 5 2.06 0.73
Cape Pejirce
' BLKI 1 3.26 0.97
o 9.83 0.13
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Appendix 7.

Various estimates of black-legged kittiwake reproductive
success on the Pribilof Islands and at Cape Peirce, Alaska,
1975-1984, with results of Likelihood Ratio Tests and
Bonferroni multiple comparisons.

St. George

LRT Statistic for Reproductive Success®: 40.3; p<0.0001

Year 1981 1984 1917 1978 1976

N 81 32 1134 82 27

Estimate of Reproductive Success .09 .19 A8 .61 .78
1)

St. Paul

LRT Statistic for Reproductive Success: 17.0; p=0.003

Year 198% 1977 1978 1976 1979 1975

N , 23 155 146 104 128 121

Estimate of Reproductive

Success .26 9.7 .50 .63 .66 67

e

Cape Peirce

LRT Statistic for Reproductive Success: 13.5; p<0.0001

Year
N

Estimate of Reproductive Success

1981 1984
343 124
24 <0.01

®Reproductive success:

# chicks alive at end of study/# eggs laid.

#3Underscoring designates estimates that are not significantly different
from each other (p varies from 0.025 to 0.003).
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CHAPTER IV

FEEDING STUDIES®

By
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LGL Ltd.
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INTRODUCTION

The data and analyses presented in this report are part of a
monitoring program of seabirds ét the Pribilof Islands and Cape Pierce
funded by the Minerals Management Service, U.S. Department of the
Interior. One of the specific objectives of this program is to develop
estimates of the kinds and amounts of food consumed by the major seabird
species in the Pribilof Island colonies.

Birds and (or) their food samples were collected at both St. George
and St. Paul islands, although for logistical reasons most work was
conducted at St. George. Food samples were collected from the following 11
species: northern fulmar (Fulmarus glacialis), red-faced cormorant
(Phalacrocorax urile), black-legged kittiwake (Rissa tridactyla), red=-
legged kittiwake (Bissa brevirostris), common murre (Uria aalge), thick-
billed murre (Uria lomvia), parakeet auklet (Cyclorrhyncus psittacula),
least auklet (Aethia pusilla), crested auklet (Aethia cristatella), tufted
puffin (Eratercula cirrhata) and horned puffin (Fratercula corniculata).

Five species (cormorant, both kittiwakes, thick-billed murre and
least auklet) were to be studied in greater detail than the others, but
too few red-faced cormorant samples were collected for detailed analyses.
Detailed analyses of each of the remaining four species looked at diet
differences between sexes of adult birds, between times of the breeding
season, between adults and chicks, and between islands. No comparisons
were made between different species of birds since differential digestion
of foad items among species may seriously bias such comparisons (Schneider
and Hunt 1984). The results obtained are compared with the more intensive
previous work conducted at the Pribilofs, mainly by George L. Hunt, Jr.
and his co-workers (Hunt et al. 1981, Schneider and Hunt 1984%).

METHODS
Field Methods
During field studies on the Pribilof Islands, 488 food samples were

collected from 458 birds of 11 species (Table 1 and Appendix 1). Three
types of samples were collected: stomachs from shot birds, regurgitations
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Table 1. MNumber of samples collected for feeding studies, Pribilof Islands, 198A.

— _Xype of Sample = = Total No.
Species Island Stomach Regurgitation Food load ~Samplea

Rorthern fulmar sp 0 0 0 0
SG 15 0 0 15

Red-faced cormorant sp 0 2 0 2
SG 0 20 0 20

Black-legged kittiwake sp 23 6 0 29
G 80 o_ 0 80

Red-legged kittiwake SP 2 0 0 2
- SG X9 13 0 62

Common murre SP 9 5 1 15
56 7. 2 2 11

Thick-billed murre SP 10 17 ] 31
SG 7 24 7 78

Parakeet auklet SP 0 0 0 ) 0
SG 13 0 7 20

Least auklet SP 10 0 8 18
SG 13 0 10 53

Crested auklet- SP 0 0 0 0
SG 13 0 13 26

Tufted puffin Sp 0 0 0 0
SG 8 0 0 8

Horned puffin 14 1 1 0 2
SG pLY [} 2 16

All Species 318 90 8y 588

SP = St. Paul, SG = St. George
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from chicks, and food loads brought to chicks by adult birds. Food loads
were of two types--either one or a few items carried in the beaks of
murres and puffins, or many items carried in -the gular pouches of auklets.

Shot birds were taken either at sea or from vantage points along the
coasts of St. Paul and St. George islands. Shortli after retrieval 5%
formalin was injected down the throats and into the stomachs of shot birds
to arrest digestion. Birds were dissected within 12 h of collection
(usually sooner). Esophagi, proventriculi and gizzards were stored in 5%
formalin for later analysis. Bird carcasses were frozen and most were
later shipped to the Royal Ontario Museum, Toronto, Ontario, Canada, to be
processed as study skins and skeletons. Food material is archived with
LGL.

’ Some birds provided more than one food sample. This occurred when
shot birds were carrying food for their chicks as well as for
themselves. In such cases, items carried in food loads were processed
separately from items in the digestive tracts.

Chick diet was studied by collecting two types of food samples:
regurgitations and food loads. When handled, red-faced cormorant and
kittiwake chicks occasionally regurgitated food. Murre and puffin chicks
were neck-collared for several hours; then any food items the chicks had
been fed were removed. Food loads contained in the gular pouches of
auklets were taken from either shot Oor netted birds, and murres
occasionally dropped food items on chick ledges. Regurgitated samples and
food loads were stored in 5% formalin for later analyses.

Laboratory Techniques

In the laboratory, food items were examined under low-power
binocular microscopes and sorted and identified as precisely as possible
given the condition of the food material. With whole items it was
frequently possible to identify food to the species level but partial
items were usually identified to less precise levels (genus, family,
order). In almost every sample there was some food material that could
not be identified to any of the general taxonomic categories. Such
material was recorded as 'other' and was treated as a separate food taxon

throughout this report. Appropriate keys for the identification of
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~invertebrates and fish of the Bering Sea were used (Bowman 1960,
Akimushkin 1963, Boden et al. 1965, Brodskii 1967, Hart 1973, Frost 1974,
Morrow 1977, Frost 1981). Myctophid otoliths were idehtified by
comparison with the otoliths of whole fish loaned by N. M. Harrison, Univ.
Calif., Irvine.

Subsampling (by weight) was undertaken when large numbers of food
items in a broad taxonomic grouping (e.g. copepods, euphausiids) were
encountered. The lengths of whole items found in the samples or
subsamples were measured.

Some stomachs contained fish material (bones, scales, entrails) that
by itself could not be identified more precisely. When fish otoliths
also were present and identified, it was assumed that the unidentified
material was of the same taxa as were the fish otoliths. If two or more
taxa of otoliths were present, the unidentified material was assigned (by
weight) to each taxon in the same proportion as represented by each
otolith taxon.

The amount of food in each stomach was assumed to be an accurate
reflection of the amounts and kinds of food recently-ingested. Hard parts
(e.g., otoliths, cephalopod beaks) remain in bird stomachs longer than
does fleshy material, so a given wet weight of hard parts may
overrepresent some prey species relative to a wet weight based solely on

fleshy material.

Volumes Versus Wet Weights

I originally proposed to analyze the food samples with the methods
employed by Hunt et al. (1981). These authors sorted, counted and
identified food items at the lowest possible taxonomic level, and then
measured displacement volumes or estimated them visually. I found the
measurement of displacement volumeé to be time-consuming and less precise
than the measurement of wet weights. Volumes could be measured to plus-
or-minus 1 ml (equivalent to about 1.0 g wet weight) whereas wet weights
could be measured to plus-or-minus 0.1 g. In 60 randomly-selected
stomachs (15 each from black-legged kittiwake, red-legged kittiwake,
thick-billed murre, and least auklet) I investigated the reliability of

volumetric measurements. The volumes and wet weight of three major food
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taxa (copepods, euphausiids and fish) in the stomachs were measured.
Differences between these two measurements were compared statistically.
Material from each taxon was categorized by wet weight (Table 2) and
differences between volume and wet weight were compared. For two taxa
(copepods and euphausiids), differences between volumes and wet weights
were not consistent across the range of wet weight categories, indicating
that volume may not have been measured consistently even within taxa. In
this report, all statistical comparisons of the amounts of food eaten
are based on standardized wet weight measurements. Standardization
involved representing the wet weight of a given taxon as a percentage of
the wet welght of all material in the stomach. This permitted
comparisons of samples with differing amounts of food.

Statistical Comparisons

Mann-Whitney U-tests were conducted on standardized wet weights per
sample for any prey taxon that comprised more than 5% of the diet in
either of the groups being compared. If these tests were significant, G-
tests were used to test for differences in the proportions of birds taking
a given prey taxon. Criterion levels were set at a conservative level
(P=0.01) since many comparisons were made. Parametric t-tests (P=0.01)
were used to test for differences in the mean lengths of fish otoliths

found in different groups of food samples.

RESULTS

Northern Fulmar (Fulmarus glacialis)

A small sample of northern fulmars (n=15) was collected for food
habits studies (Table 3). Eight birds were collected on 9 July and seven
were collected on 31 July--all were taken at sea near St. George. The
major diet component of the collected birds was unidentified fish and many
of the stomachs contained large pieces of fish flesh. Fulmars are well
known to scavenge near fishing vessels and it is likely that most of the
fish material in the stomachs was gathered in this way. One bird
contained the otoliths of a walleye pollock (Theragra chalcogramma). Only
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Table 2. Differences between volume (ml) and wet weight (g) messurements for different wet weight categories of
food found in 60 seabird stomacha (15 from each of black-legged kittiwake, kod-louod kittivake, thiock-

billed murre and least auklet).

+5.0g . L (P)

Pood Taxa 0008 -085¢g  _L(® _o..s;s.n_:.__w )

Copepods! 0.16 & 0.22 (12)5 2.52 <0.05 1.07T £ 0.69 (16) 5.01 <6.01
Euphausiids2 0.13 + .20 (46) 5.8% <0.01 0.61 & 0.74 (23) 3.95 <0.01
Fish3 -~ (3) - - 0.81 + 0.65 (13)  &.%49 <0.01%

-= (0) 1.94 <0.1
8.2 2 6.1 (22)

;Imludoa Calanua marshallae, L. nlumchris, C. oristatus, C. glagialia and L. spp.
Includes lhysanoesaa raschii, I. inarmia, I apinifera and I. spp.

;Inoludu Anmodykes hexapterus, Gadidae spp., Myotophidae spp., Pleuroneotidae spp., and Osteichthyes spp.
For copepods and fish, test statistic is Mann-Whitney U; for euphausiids, test statistic is Kruskal-Wallis H.

SValues in tsble are mean £ 1 s.d. (n).



Table 3. Diet composition of northern fulmars collected at St. George
Island,‘Alaska,_1984.

Food Taxa a i _Mean . -
Copepoda 1 6.7 <0.005 <0.005
Decapoda 1 6.7 0.01 0.1
Euphausiacea 2 13.3 0.01 0.1
Amphipoda n 26.7 0.02 0.1
Squid 3 20.0 0.08 0.6
éastropoda 1 6.7 <0.005 <0.005
Gadidae : 1 6.7 2.79 19.6
ﬁnid. fish 12 80.0 11.02 77.6
Other 14 93.3 0.28 2.0
n 15'samp1es x= 11.21 g
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small amounts of crustaceans were present in the stomachs examined. It is
possible that these items were ingested incidentally to the capture of
fish offal.

Red-faced Cormorant (Phalacrocorax urile)

Regurgitations were obtained from 22 red-faced cormorant chicks -
during the study--20 from St. George and 2 from St. Paul (Table 4). On
St. George, sand lance (Ammodvtes hexapterus) formed 52% of diet wet
weight and occurred in half of the regurgitations. The mean length of the
25 Ammodytes otoliths occurring in the 10 stomachs was 5.35 mm. Two other
fish taxa comprised more than 5% of diet wet weight: unidentified fish
(16%) and gadids (walleye pollock and unidentified species--15%).
Irichodon trichodon, the Pacific sandfish, occurred in two samples from
St. George and in the two St. Paul samples. The only other fish
identified to the species level was Pholis ornata, the saddleback gunnel.
It occurred in one of the St. George samples.

Black-legged Kittiwake (Rissa tridactyla)

During the study, 102 adult black-legged kittiwakes were collected--
80 at St. George and 22 at St. Paul. At both islands, adults of each
sex were collected in both July and August.

At St. George there were no differences in diet composition between
males and females in either month (Table 5; all Mann-Whitney
probabilities >0.01). There did appear to be some change in the diets of
all adult birds between July and August (Table 6). August birds took
significantly greater amounts (standardized wet weights) (P<0.01) of
gadids and Ammodytes than did July birds. Gadids were also taken by a
larger proportion of the August birds than of the July birds (G=11.86,
P<0.001). This was not the case with Ammodytes which was taken by similar
proportions of birds in the two months (G=1.05, P>0.01).

At St. Paul, there were also no differences in diet composition
between males and females in July or August (Table T; all P>0.01).
Again, however, there was some indication of diet change between July and
August (Table 8). Polychaetes were taken in greater amounts and by
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Table 4. Diet composition of red-faced cormorants at the Pribilof Islands, 1984.

e~ St. George Island St. Paul Islapnd
—Qocurrence Neight Weight (g) QOccurrence Net Weight (g)
Food Taxa n 1 Mean | ¥ n 1 Mean 1
Decapoda 2 10.0 0.44 " 1.9 - - - -
Amphipoda 4 20.0 0.04 0.2 1 50.0 0.04 0.1
Gastropoda 2 10.0 ' <0.005 <0.005 - - -- -,
Gadidae 2 10.0 . 3.51 15.0 - - - -
Cottidae 1 5.0 0.54 2.3 - - R -
Pleuronectidae 1 5.0 0.60 2.6 - - - -
Ammodytidae 10 50.0 | 12.26 52.2 - - - -
Pholidae 1 5.0 0.52 2.2 - - - -—
Trichodontidae 2 10.0 1.13 4.8 2 100.0 47.09 92.1
Salmonidae 1 5.0 0.50 2.1 - - - -
Unid. fish 6 30.0 3.86 16 .4 - - . - -
Other 9 45.0 0.55 2.3 2 100.0 4.01 7.8

n 20 samples x= 23.47 g 2 samples Xz 51.14 g
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Table 5.

Diet composition of adult black-legged kittiwakes collected at St. George Island, Alaska, 1984,

MALES - JULY FEMALES - JULY MALES - AUQUST FEMALES - AUGUST
Eood Taxa Occurrenges - Mek Weight (g) Oogurrenge et Medght (g) Mot Weight (g) Oogurrenae ~ Met Welght (g)
1 4 Mean 1. a 1 Mean ¥ a ¥ Mean % a 1 Mean 4
Copepoda 1 2.7 <0.005 <0.005 - - - - - - - - - - - -
Decapods 2 5.4  <0.005  <0.005 - - -- - 1 1.7 0.01 0.1 - -- -- -
Euphausiacea, 10 21.0 0.18 6.7 11 34.4 0.51 21.9 - - - - - - - -
Amphipods 3 8.1  <0.005  <0.005 1 3.1 <0.,005  <0.005 - - -- - - -- -- -
Isopoda 1 ' 2.7 <0.005 <0.005 - - - - - - - - - - - -
Squid &  10.8 0.03 1.1. 6 18.8 0.01 0.4 1 16.7 0.29 k.0 - -- - -
Gastropoda 5 13.5 0.04 1.5 2 6.3  <0.005  <0.005 - - - - - - - -
Polychaeta 1 2.7 <0.005  <0.005 1 3.1  <0.005  <0.005 - - -- -- - -- - -
Gadidae - - - - 1 3.1 0.26 11.2 3 50.0 6.18  B84.9 1 50.0 0.13 26.0
'Hy_otophidlo 3 8.1 0.49 18.3 5 15.6 0.38 16.3 - -- - -- 1 50.0 0.07  14.0
Pleuronectidae - - - - 2 6.3 0.16 6.9 - - - - - - -- -
Anmodytidae - - -- - . - - 1 167 0.65 9.0 - -- -
Cyclopteridae - - - - 1 3.1 0.26 1.2 - - - - - - - -
Unid. fish 18 48.% 1.70 63.4 12 37.5 0.57 " 2n.5 3 50,0 0.11 1.5 1 50.0 0.11 ' 22.0
Other 35 9u.6 0.25 9.3 26 81.3 0.20 8.6 4 66,7 0.05 0.7 2  100.0 0.2 38.0
" n 37 samples xs 2.68 g 32 samples ¥s 2.33 g 6 samples x= 7.23 & 2 samples

%= 0.50 g




Tible 6. Diet composition of adult black-legged kittiwakes at St. George Island in July and August,

19831,
_JULY
Food Taxa ~Sceurrence —Met Meight (g) Qocurrence Met Neight (g):
"n b Mean 4 8 Mean )
Copepoda 1 1.h <0.005% <0.005 -— - -——
Decapoda 2 2.8 <0.005 <0.005 12.5 0.01. 0.2
Euphausiacea 22 30.6 0.33 13.5 - -— -
Amphipoda ) 5.6 <0.005 <0.005 -— - -
Isopoda 1 1.A <0.005 <0.005 - - -
Squid 10 13.9 0.02 0.8 12.5 0.22 5.0
Gastropoda 7 9.7 0.02 0.8 - - -
Polychaeta 2 2.8 <0.005 <0.005 - -— -
Cadidae 1 1.8 0.11 0.35 50.0 N.68 83.6
Myctophidae 8 11.1 0.%2 | 17.1 12.5 0.02 6.!
Pleuronectidae 2 2.8 0.07 2.9 -— - -
Ammodytidae - -— - -— 12.5 0.A8 8.6
Cyclopteridae 1 1.h 0.11 5.5 - - -
Unid. fish 3 3.1 1.12 A5.7 50.0 0.11 2.0
Other 6% 88.9 0.2% 9.8 75.0 0.08 1.h
n “72 samples X= 245 g T8 samples X= 5.55 g

1Inc1udes samples from unsexed birds.
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Table 7. Diet composition of adult black-legged kittiwakes collected at St. Paul Island, Alaska, 1984,

Food Taxa Qeourrence

Copepoda
Decapoda
Euphausiacea
Amphipoda
Isopoda
Squid
Gastropoda
Polychaeta
Gadidae
Myctophidae
Pleuronectidae
Ammodytidae
Cyclopteridae
Unid. fish

Other

MALES - JULX

a

b ¥

50.0

Hat Veight (g)
Mean ) 1

<0.005 <0.005

0.01 <0.005
26.38 99.9

2 samples

¥= 26.39 g

FEMALES - JULY MALES - AUGUST

Sequrrsncs Yot Weight (g) Qcgurranga Net Weight (g) Ooourrenge  Met Weight (g)
a ) ¥ Mean ' ¥ n Mean % ) 1

1 10.0 <€0.005 <0.005 - - - - - - -

3 30.0 0.03 0.2 2  28.6 0.08 0.4 - - -

2 20.0 <0.005 <0.005 - - - - - - -

4 40.0 0.02 0.1 2 28.6 0.02 0.1 -- - .-

] 40.0 0.03 0.2 - - - - - - -

1 10.0 <0.005  <0.00% 5 7.4 3.27 16.1 100.0 4,14 48.4
- - -- - 2 28.6 1.13 8.5 - - -

1 10.0 0.09 0.6 1 1.3 4,78 23.4 - - -

2 20.0 8!59 5502 2 28.6 10.05 u9.6 - - -

8 80.0 6.02 38.7 2  28.6 0.30 1.5 50.0 4.00  46.7

8 80.0 0.79 5.1 5 T71.4 0.09 0.4 100.0 0.82 8.9
10 samples = 15.55 g 7 samples s 20.28 g 2 samples = 8.56 g




Table 8. Diet composition of adult black-legged kittiwakes at St. Paul Island in July and August,

198M1,
JULX ADGUST

Food_Taxa Qccurrence Met Weight (g} Qccurrence Net Weight (g)

a 1 Mean a ; 3 Mean 1

Copepoda 1 7.7 <0.005 €0.005. - - - -
Decapoda 3 23.1 0.02 0.1 2 22.2 0.06 0.3
Euphausiacea 3 23.1 <0.005 <0.005 - - - -
Anphipoda 30.8 0.02 0.1 2 2.2 ~ 0.01 0.1
Isopoda - - - - - - - -
Squid 5 38.5 0.02 0.1 - - - -
Gastropoda - - - - - - e -
Polychaeta 1 7.7 <0.005 <0.005 7 ., 1.8 3.8 19.6
Gadidae - - - e 2 22.2 1.3 1.6
Myctophidae 3 23.1 N.12 28,8 1 11.1 3.69 20.9
Pleuronectidae - - - - - - - -
Apmodytidae 2 5.4 6.60 39.0 2 22,2 7.82 AN.2
Cyclopteridae - - - - - - -— -
Unid. fish 9 69.2 5.32 31.5 3 '33.3 D112 6.3
Other 9 69.2 0.80 N.T 7 71.8 0.17 1.0
n 13 samples %= 16.91 g 79 samples T %= 17.68 g

1Im:l.utiel sanples from unsexed birds.
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proportionately more August birds than July birds (U=17.5, P<0.02; G=8.91,
P<0.01). There were no éignifigant differences in the amounts of other
food taxa in July vs. August diets.

Regurgitations from six black-legged kittiwake chicks were
collected at St. Paul between 6 and 8 August. In descending order of
importance by wet weight were myctophids (45%), walleye pollock (43%),
unidentified fish (12%) and euphausiids (0.2%). '

Three fish taxa (walleye pollock, myctophids and Ammodytes) were
dominant in adult black-legged kittiwake diets. I compared the mean
lengths of the otoliths found in the stomachs of adult birds from St.
George and St. Paul islands (Table 9) but found no significant differences
(all t-test probabilities >0.01).

Red-legged Kittiwake (Rissa brevirostris)

Adult red-legged kittiwakes were collected for food habits studies at
St. George (n=149) and at St. Paul (n=2). I found no differences in the
diet composition of 21 adult male and 27 adult female birds collected at
St. George in July (Table 10; U-test probabilities >0.01 for those taxa
eompi'is'ing >5% wet weight). The diet of all adult birds (n = 51) was
mainly myctophid fish (54% of diet wet wéight), followed by unidentified
fish (22%), euphausiids (11.3%), unidentified food material (10.5%); and
small amounts (<1%) of copepods, decapods, amphipods, squid, polychaetes
and gadid fish. _

Thirteen regurgitations were obtained from neck-collared chicks at
St. George between 25 July and 11 August. On average these regurgitations
we:lghed 3.96 g and consisted of myctophids (62% of wet weight),
unidentified fish (16%), squid (12%), unidentified food material (7.3%),
crustaceans (2.3%) and gastropods (0.3%). The amounts of major types of
food eaten by adults and chicks at St. George were not‘significantly
different (Table 11). ’

Myctophid otoliths were found in adult samples and chick’
regurgitations (Table 12). There were no differences in the mean
lengths of otoliths in male vs. female or adult vs. chick samples (all t-
test probabilities >0.01).
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Table 9. Lengths of selected taxa of otoliths taken from the stomachs of
black-legged kittiwakes collected at the Pribilof Islands, 1984.

Food Taxa Island

Walleye pollock St. George
St. Paul

Myctophids St. George
St. Paul

Sand lancel St. George
St. Paul

No.

No.
Stomachs Otoliths
b 35
1l 7
9 38
h 15
1 2
] 15

Otolith
Length (mm)
Mean S.D.
2.15 0.69
1.19 0.41
1.28 0.26
1.43 0.28
0.90 -
2.03 0.38

1All otoliths identified to species were Ammodytes hexapterus, the only
species of sand lance present in the southeastern Bering Sea (Hart 1973).
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Table 10. Diet composition of adult red-legged kittiwakes collected at St. George Island,

Alaska, July 1984, ..
_MALES3 - FEMALES

Egod Taxa Securrence Neb jeight (g) QOccurrence Net Weight (g)

R 1. Hean 1 a 1 Mean
Copepoda L} 19.0 <0.005 <0.005 5 18.5 <0.005  <0.005
Decapoda 3 14.3 <0.005 <0.005 6 22.2 0.08 0.8
Buphausiacea 6 28.6 0.98 3.7 10 37.0 1.32 12.8
Amphipoda 5 23.8 0.03 0.4 8 29.6 0.0% 0.4
Squid 3 14.3 <0.005 <0.005 T 25.9 0.12 1.2
Polychaeta - 1 5.8 <0.005 <£0.005 - - . -—
Gadidae - - - - 2 T.4 0.08 0.8
Myctophidae 12 57.1 5.22 61.% 15 55.6 5.88 571.0
Unid. fish 8 38.1 1.18 13.9 T 25.9 1.8% 17.8
Other 15 T1.h 1.09 12.8 20 75.1 0.95 9.2

n 21 samples X= 8.50 g 27 samples X= 10.32 g
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Table 1l.

Standardized wet weights of food found in adult and chick samples of red-
legged kittiwakes at St. George Island, 1984.

Standardized Wet Wedight of Food 1 S.D, (n)
~Eood Taxa ~ __Adults (ns4#9) = _Chicks (nz13)

Crustacea
Squid
Gastropoda
Polychaeta
Fish

9.9 £ 24.4
0.7 = 2.1

0.001 + 0.005
0.001 £ 0.005
73.5 £ 35.3

5.0 £ 15.1
12.7 + 30.6
1.8 £ 6.6
0.0 £ 6.6
72.0 = 38.2

Mann-Whitney
% P
0.52 0.1
1.20 >0.1
1.04 0.1
0.52 >0.1
0.52 >0.1




Table 12. Lengths of myctophid otoliths taken from adult and chick red-
legged kittiwakes collected at St. George Island, 1984.

Group No. of Stomachs No. of Otoliths QleééingﬂﬁéfEféﬂl
Adul£ males | é1 | 70 1.31 0.27
Adult f?males 28 69 1.30 0.29
All adults B 1 139 1.30 0.28
Chicks 13 2h 1.23 0.24
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Common Murre (Uria aalge)

During the study, small numbers of adult food samples were collected
at St. George (n=7) and St. Paul (n=9). I found no differences in the
amounts of major food taxa taken by adults at the two islands (Table 13;
all Mann-Whitney U-test probabilities >0.01). The only fish species that
occurred in more than a 'single sample was walleye pollock. Twenty-eight
otoliths of this species were found in three samples from St. Paul. These
otoliths had a mean length of 1.96 mm.

. Samples from seven neck-collared chicks at St. Paul and three at St.
George were also obtained (Table 13). Squid, flatfish and lance occurred
in two of the 10 samples; other taxa occurred in only single stomachs.
Fishes identified to species level included Theragra chalcogramma
(Gadidae), Hippoglossoides elassodon and Lepidopsetta bilineata
(Pleuronectidae), Ammodytes hexapterus (Ammodytidae), and Lumpenus sagitta
(Stichaeidae).

Thick-billed Murre (Uria lomvia)

During the study period, 57 adult thick-billed murres were
collected--37 at St. George and 10 at St. Paul. At St. George, adults of
each sex were collected in July and August (Table 15), but there were no
significant differences in the diets of the birds in terms of the
standardized amounts of major prey groups eaten (all Mann-Whitney U-test
probablities >0.01). There were, however, significant differences in the
diets of the 47 St. George and 10 St. Paul birds (Table 16). In the 10
birds taken at St. Paul all identifiable food remains were Gadidae,
whereas at St. George, cod occurred in only 30% of stomachs (G = 15.54,
P<0.001) and account for only 5.6%. of food (z = 4.67, P<0.001).
Euphausiacea accounted for 62% of the food taken by birds collected at St.
George on 15 Augustv but for none of the food taken by 10 birds at St. Paul
a week earlier. Squid, another important component of adult diet at St.
George, especially in August, was also absent from St. Paul birds.

Gadids were the only itdentified fish that occurred in large numbers
in the si;omachs of adult thick-billed murres collected at both St. George
and St. Paul islands. Two types of gadid otoliths were identified:
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Table 13. Diet composition of adult common murres pollected at the Pribilof Islands,

1984 .
’
ST. GEQRGE ST. PAUL

Food_Taxa SQccurrence et Weight (g) Occurrence Net Weight (g}
: a 5. a 1 a ) 1 a ) 1
Decapoda 1 13.3 €0.005  <0.005 - - - -
Euphausiacea 1 1%.3 0.72 87.7 1 1. <0.005  <0.005
Amphipoda - - - - 1 11.1 <0.005  <0.005
Gadidae - - -— - 3 33.3 1.36 86.6
Unid. fish 2 28.6 0.23 15.2 - - -— -

" Other 7  100.0  0.57 37.7 8 88.9 0.22 13.4

n 7 samples x= 1.51 g 9 samples x= 1.57T g
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Table 14. Diet composition of common murre chicks at the Pribilof Islands,

1984,
Eood Taxa Occurrence ¥et Weight (g)

, a 1 Mean 1
Squid 2 20.0 1.20 32.5
Gadidae 1l 10.0 0.07 1.9
Cottidae 1 10.0 0.07 1.9
Pleuronectidae 2 20.0 0.33 11.7
Ammodytidae 2 20.0 0.32 8.7
Cyclopteridae 1 10.0 0.68 18.%
Stichaeidae 1 10.0 0.79 21.3
Agonidae 1 10.0 0.07 1.9
Unid. fish 1l 10.0 0.07 1.9

n .

10 samples , = 3.69 g
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Table 15. Diet composition of adult thick-billed murres collected at St. George Island, Alaska, 1984,

MALES = JULY FEMALES - JULY __MALES » AUGUST — FEMALES - AUGUST
Eogd Taxa - Hag Yelght (g) Qocurrenge Het Noight (g) Quourrengs Mei_ ¥aight (g) Qoocurrence  Mef Melght (g)
a ¥ Mean [ 3 a 1 Hean | ¥ a 1 Maan & a L ¥ Mean ¥
Copepoda b 19,0 <0.005 <0.005 1 5.6 <0,005 <0.005 - - - ou - - e -
Decapoda 1 4,8 ' 0.01 0.2 ' 1 5.6 0.02 0.3 - - - - 1 33.3 0.05 0.2
Euphausiacea 9 42.9 2.41 60.1 9 50.0 5.69 79.4 | 1 20.0 4,38 58,2 3 100.0 14,04 63.2
Amphipoda - - - - 1 5.6  <0.005  <0.005 - - - - - - - -
Squid 7 33.3 0.14 3.5 5 27.8 0.01 0.2 2 40.0 0.71 9.4 2 66.7 2.50 11.3
Gadidae 5 23.8 0.14 3.5 5 27.8 0.16 2.7 2 40,0 0.26 3.5 e 66.7 3.14 14,1
Pleuronectidae 1 4.8 0.14 3.5 - - - - - - - - - - -- -
Ammodytidae - - - - - - - - 1 20.0 0.51 6.8 - - - -
Unid. fish 3 14.3 0.02 0.5 6 33.3 0.05 0.8 2 40.0 0.01 0.1 1 33.3 0.19 0.9
Other 21 100.0 1.14 28,4 17 9u.4 0.99 15.2 5 100.0 1.65 21.9 3 100.0 2.28 10.3

n 21 samples Xs 4,01 g 18 samples = 5.91 ¢ 5 samples X= 7.53 g '3 sanples X= 22.20 g




Table 16. Diet composition of adult thick-billed murres collected at the Pribilof

Islands,

1984,

Vo

Food Taxa

Copepoda
Decapoda
Buphausiacea
Amphipoda
Squid

Gadidae
Pleuronectidae
Ammodytidae
Unid. fish
Other

St. George

St. Paul

Qccurrence . Wet Weight (g)
n 2 ___ _Mean = _%.__

Occurrence . _Wetk Weight ()
o 3 _ Mean 1

5 10.6 <0.005 <0.005 - - - -
3 6.4 0.01 0.2 - - - -
22 3.8 §.23 67.5 - - - -
1 2.1 <0.005 <0.005 - - - -
16 35.0 0.30 5.8 - - - -
L] 29.8 0.35 5.6 10 100.0 5.41 71.6
1 2.1 0.06 1.00 - - - -
1 2.1 0.05 0.8 - - - -
12 25.5 0.0% 0.6 - - - -
A6 97 .9 1.21 19.3 10 100.0 2.15 28.3
A7 samples 2=6.27 g l 10 samples x=7.56 g
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walleye pollock and unidentified Gadidae. T-tests showed no differences
(P>0.01) in the lengths of the two types of otoliths taken by adult birds

on the two islands (Table 17). .
The 21 meals collected from thick-billed murrre chicks at St. Paul

were taken over a shorter time period (6 and 7 August) than were the 31
chick meals collected at St George (31 July-15 August). In addition, St
Paul samples were mainly from smaller chicks than were the St George
samples. These two factors must be kept in mind when interpreting the
observed differences in chick diet. At St. George, squid occurred in 23
of 31 samples and accounted for; 82% of food wet weight.;- identified fish
(Gadidae and Cottidae) occurred in 5 of 31 samples and accounted for 9% of
food wet weight (Table 18). Chick diet on St. Paul was very different.
Squid were absent; fish occurred in 19 of 21 stomachs and accounted for
99% of food wet weight. The differences between the two islands in the
occurrence and wet weights of squid and identified fish in chick meals
were all significant (all G-test and U-test probabilities <0.001).

The amounts of fish eaten by adults versus chicks did not differ
significantly either at St. George or at St. Paul (Table 19). At St. Paul
adult and chick diet was largely fish. Not surprisingly, there were no
differences in the amounts of crustaceans or squid eaten by the two age
groups. At St. George, however, adult murres ate significantly greater
amounts of crustacea (P<0.01) and significantly lesser amounts of squid
(P<0.01) than they fed to their chicks. '

Parakeet Auklet (Cyclorrhyncus psittacula)

A small number (n=15) of parakeet auklets was collected at St.
George on 31 July and 15 August. Predominant in the wet weight diet of
these birds were unidentified fish (73%), other unidentified food material
(9%), and copepods and decapods (each comprising 6%) (Table 20). All of
the above taxa, except decapods, occurred in more than half of the
stomachs examined. Lesser amounts of amphipods, euphausiids, and
especially squid and gastropods occurred in the samples.
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Table 1T. Lengths of gadid otoliths taken from the stomachs of thick-billed murres collected at the
Pribilof Islands, 1984,

Ysan Al

Walleye pollook St. Oeorge W 15 1.87 0.66
St. Paul 10 T 2.03 0.42

Unid. Gadidae _ St. George uT §1 1.12 0.36
St. Paul 10 ) 43 1.96 0.29




Table 18. Diet composition of thick-billed murre chicks at the Pribilof Islands, 1985,

—Food Taxa
Copepoda
Decapoda
Amphipoda
Cumacea

Squid

Gadidae
Cottidae
Myctophidae
Pleuronectidae
Ammodytidae
Cyclopteridae
Stichaeidae
Agonidae

Unid. fish

Other

V..o«

ST.. GEORGE. ST. PAUL
Occurrence —Bet Weight (g) Occurrence _Net Weight (g)
a i Mean  _ 2. a 1 Mean  _%.
- - - - y 19.0 <0.005  <0.005
- - - - 5 23.8 0.02 0.6
1 3.2 <0.005  <0.005 2 9.5 <0.005  <0.005
- - - - 1 5.8 <0.005  <0.005
a3 75.2 A.ay 82.4 - - - -
3 9.7 0.08 1.5 6 28.6 0.97 27.2
2 6.5 0.%2 7.8 1 5.8 0.35 9.8
- - - -— 1 5.8 0.05 1.4
— - - - 1 5.8 0.07 2.0
- - - - L} 19.0 0.82 23.0
- - — - 3 a3 0.07 2.0
- - - - 2 9.5 0.82 23.0
- - - - 2 9.5 0.33 9.2
5 16.1 0.87 7.6 2 9.5 0.06 1.7
9 29.0 0.05 0.9 5 19.0 0.01 0.3
31 samples Xx= 5.39 g 21 samples Xz 3.57T g
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Table 19. Standardized wet weights of food found in adult and chick samples of thick-billed murres at the
Pribilof Islands, 1984,

Standardized
¥et Weight of Food 1 S.D. (n) Mann-Whitney

Location —Food Taxa Adults SChicka Z R
St. George Crustacea 41.6 + 46.9 (A4T) 3.2 + 18.0 (31) 4.07 <0.01
Squid 15.1 + 34.0 (47) 4.2 £ 44.5 (31) 4,70 <0.01
Identified fish 22,1 + 40.0 (4T) 16.1 £ 37.4 (31) 1.41 0.16
St. Paul Crustacea 0.0 £ 0.0 (10) 1.1 &+ 2.1 (21) 2.02 0.04

Squid 0.0 + 000 (10) 000 =+ 000 (21) - -
Identified fish 100.0 + 0.0 (10) 89.4 £ 29.8 (21) 2.37 0.02
Both islands Crustacea 34.3 + 45.4 (57) 2.3 + 13.9 (52) 3.33 <0.01
Squid 12.4 + 31.3 (57) 44,2 & 50.2 (52) 2.62 <0.01
Identified fish 35.8 + 47.0 (57) 45.7 £ 49.9 (52) 0.33 20.05




Table 20. Diet composition of adult parakeet auklets collected at St.
' George Island, 198%.

Food Taxa Qccurrence ¥et Weight (g)

' ‘ o b Mean 1
Copepoda 9 69.2 0.05 6.2
Decapoda 6 B6.2 0.05 6.2
Euphausiacea 5 38.5 0.02 2.5
Amphipoda 3 23.1 0.03 3.7
Squid 1 7.7 <0.005 <0.005
Gastropoda 1 T.7 <0.005 <0.005
ﬁnid. fish 10 76.9 0.59 72.8
6ther 10 76.9 0.07 8.6

n 13 samples. x= 0.81 g
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Least Auklet (Aethia pusilla)

During the 1984 study, 49 food loads brought to least auklet chicks
by adults were collected--41 at St. George and eight at St. Paul. Most
samples were obtained by netting birds as they flew into nesting areas and
collecting any food material that they dropped. At St. George, samples
were collected during July and August; at St. Paul, only during July
(Table 21).

There were no significant differences in the composition of food
loads collected at St. George in July and August (all U-test probabilities
>0.01), nor were there any significant differences between the diets of
St. George and St. Paul birds (all test probabilities >0.01). The diet in
all 49 food loads combined was primarily copepods (89% of wet weight)
followed by equal amounts of decapods, amphipods and unidentified material
(each 3% of weight), euphausiids (2%), unidentified fish (1.1%) and traces

(<0.005%) of gastropods and oligochaetes.
Fifteen samples were selected at random from the 25 food loads with

[N

the highest gross weights. These samples were analyzed in detail (Table
22). Three species of calanoid copepods dominated the diet of these 15
birds. In descending order of abundance were Calanus plumchris, C,

marshallae and C, cristatus. C. cristatus, however, was about twice the
size of its congeners and hence dominated diet by wet weight, followed by

C. plumchris and C, marshallae. Since many calanoid copepods were too
digested to be identified to species, the taxon alanus spp. was also an
important dietary item (18% of items and diet wet weight). Least auklets
brought food items to their chicks that ranged in average length from 3.6
to 13.0 mm.

Crested Auklet (Aethia cristatella)

Thirteen crested auklets were collected near St. George for food
habits studies (Table 23). In this small sample of birds, wet weight diet
was predominantly unidentified material (55%) and euphausiids (43%).
Squid and copepods were taken in trace (<0.005%) amounts.
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Table 21. Diet composition of adult least auklets collected at the Pribilof Islands, 1984.

————i3t. Qeorge, July ——tba.Goorge, August St Pawd. July

SQogurrence Mat Weight () Qagurrange Mat Weight (g) Qaourrence Met Weight (g)
~Food Taxa a 1 Mean. 5. a . Mean  _ % ) RS Mean. _%...
Calanoida 8 38.1 0.95 40.9 ) 20.0 0.27 22.5 3 37.5 0.92 36.4
Other Copepoda 13 61.9 1.12 h8.3 16 80.0 0.76 63.3 5 62.5 1.38 54.5
Decapoda 17 81.0 0.06 2.6 13 65.0 0.02 1.7 T 87.5 0.13 5.1
Euphausiacea 9 42.9 0.01 0.4 8 ho.o 0.07 5.8 1 12.5 <0.005 <0.005
Anphipoda 16 76.2 v 0.67 3.0 14 70.0 0.0h 3.3 2 25.0 <0.005 <0.005 |
Gastropoda 3 14.3 <0.005 <0.005 1 5.0 <0.005 <0.005 2 25.0 0.01 0.4
Oligochaeta 1 4.8 <0.005 <0.005 1 5.0 <0.005 <0.00% - - -- -
Unid. fish 5 23.8 0.04 1.7 2 10.0 <0.005 <0.005 1 12,5 0.03 1.2
Other 20 95.2 0.06 2.6 7‘ 35.0 0.03 2.5 ] 50.0 0.06 2.4

n 21 samples Xx 2.32 g 20 samples %= 1.20 g 8 samples X= 2.53 g
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Table 22. Detailed diet composition in 15 least auklet samples chosen at random.

C. spp.
All Copepoda

Lithodidae spp.
Reptantia spp. (orsbs)
Natantis spp. (shrimps)
Deocapoda spp.

All Decapoda

JThyaancesaa inermis
L. raachii
I. apinifera
L. spp.
All Busphausiacea

Rarathemiato spp.
A1l Amphipoda

limagina helicipa
All Gastropoda

Osteichthyes spp. (fish)
Other

SOogurrence Freagusnoy —Nat Weight (g) e Langth (mm)
a | 8 a ) 1 Mein SaDa ' ¥ Mean S &
5 26.7 2,990 27.3 0.39 0.9 16.7 5,1 0.6 81
6 40.0 5,221 38.5 0.58 1.0 24.8 8.6 0.7 150
9 60.0 1,390 12.7 0.78 0.9 33.3 8.6 0.6 182
1 6.7 50 0.5 0.03 0.1 1.3 8.2 0.5 25
y 26.7 2,004 18.3 0.81 0.9 17.5 53 0.6 100
15 100.0 10,655 97.3 2.18 1.3 93.2 6.1 0.6 198
2 13.3 19 0.7 0.03 0.1 1.3 6.8 0.9 30
7 46.7 3 0.8 0.01 0.0 0.4 7.9 1.4 30
9 60.0 72 0.7 0.02 0.0 0.9 1.3 2.8 38
1 6.7 6 0.1 <0.005  <0.00% + 9.2 0.5 5
13 86.7 200 1.8 0.06 .1 2.6 9.5 1.9 103
3 20.0 9 0.1 <0.005  <0.005 . 8.8 0.9 5
3 20.0 6 0.1 <0.005  <0.005 N 13.0 12.7 5
1 6.7 7 0.1 <0.005  <0.005 . 7.5 0.6 5
5 33.3 & <0.005 0.01 0.0 0.8 - .- -
8 53.3 26 0.2 0.01 0.0 0.4 10.4 5.2 13
10 66.7 51 0.5 0.02 0.0 0.9 6.9 2.5 %0
10 66.7 51 0.5 0.02 0.0 0.9 6.9 2.5 %0
Ty 26.7 5  <0.005 <0.005  <0.008 . 3.6 0.8 3
3 2.7 5  <0.005 <0.005  <0.005 . 3.6 0.4 3
1 6.7 17 0.2 0.03 0.1 1.3 - - -
1 733 - - 0.02 0.0 0.9 - e e
15 samples 10,954 items " ¥s 2.38 g 657 items

#141 denotes <0.1%.



Table 23. Diet of adult crested auklets collected at St. George Island,
Alaska, 1984. '

Food Taxa Qccurrence Net Weight (g)
a 1 Mean 1
Copepoda 2 15.% <0.005 <0.005
Euphausiacea 10 76.9 0.17 42.5
Squid 1 T.7 <0.005 <0.005
Other - 10 76.9 0.22 55.0
n 13 samples X= 0.0 g

293



Tufted Puffin (Fratercula cirrhata)

In the eight tufted puffins collected near St. George, gadids
comprised 85% of diet wet weight and occurred in five stomachs (Table 21).
The diet of these birds was mostly fish (89%) with much smaller amounts of
copepods, squid and unidentified material.

Horned Puffin (Fratercula corniculata)

Fifteen adult horned puffins were collected during the study--one at
St Paui and 14 at St. George. The diet of these adults was primarily
squid, gadids and unidentified fish, although trace amounts (<0.005% of
wet weight) of several kinds of crustacea and polychaetes were also eaten
(Table 25). 1In three chick samples, Hippoglossoides elassodon
(Pleuronectidae), Ammodytes hexapterus (Ammodytidae) and unidentified
Gadidae were the fish species present.

DISCUSSION
Northern Fulmar

Hunt et al. (1981) collected five fulmar stomachs from the Pribilofs
and five from elsewhere in the Bering Sea. The diet of those fulmars was
somewhat different than that observed in 1984. In 1984, invertebrates
comprised only about 3% of diet wet weight but in the birds analyzed by
Hunt et al., about 25% of diet volume. Like Hunt et al., I was unable to
determine whether the fish present in the fulmars were caught by the birds
or scavenged from fishing operations. Pollock comprised most of the fish
taken by Hunt's birds. In this study most of the fish remains present

could not be identified to species. .
Red-faced Cormorant
Compared to previous efforts by Bunt et al. (1981) over a four year

period, few food samples were collected from red-faced cormorants in this
study. Hunt et al. collected 169 samples, of which 127 were
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Table 28. Diet composition of adult tufted puffins collected at St. George
Island, Alaska, 198%.

_Ennn_Iaxa_

Copepoda
Squid
Gadidae
Myctophidae
Unid. fish

Other

Occurrence
n 1
1 12.5
2 25.0
5 62.5
1 12.5
1 12.5
8 ;00.0
8 samples

ﬁgggfngunn;is%i
0.01 0.6
<0.005 <0.005
1.39 ) 84.8
0.03 1.8
0.04 2.4
0.17 10.3
X= 1.64 g
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Table 25. Diet composition of horned puffins collected at the Pribilof Islands, 198\%.

—Food Taxa

Copepoda
Decapoda
Buphausiacea
Axphipoda
Squid
Polychaeta
Gadidae
Pleuronectidae
Ammodytidae
Unid. fish

Other

—ADOLTS CHICKS

Occurrence Met Weight (g) Sccurrence

a 3 Mean b 3 a 3 Mean 1..
5 33.3 <0.005 <0.005 1 33.3 <0.005 éb.OOS
3 20.0 <0.005 <0.005 - - - -

1 6.7 <0.005 <0.005 - - - -

1 6.7 <0.005 <0.005 - - -~ -

6 30.0 1.0% 35.0 - - - -—
1 6.7 <0.005 <0.005 - - - -

T 3.7 0.60 26.0 1- 33.3 0.03 1.3
- -- -- - 1 33.3 0.84 37.7
T %6.7 0.5% 23.% 1 33.3 1.36 61.0
12 80.0 0.12 5.2 1 33.3 <0.005 <0.005
15 samples X= 2.31g . 3 samples X= 2.23 8
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regurgitations (according to Schneider and Hunt 1984), compared to the 22
taken during this study. Hunt et al. and Schneider and Hunt found more
invertebrates and cottids in their regurgitations than did I. On the
other hand, I found Ammodytes to be present in a larger proportion of
stomachs and in greater amounts than they did. Most of my samples were
collected from a small section of cliff near Starya on St. George, and it
can't be ruled out that the preponderance of A_mmg_dy_t_e_s,' was a local
phenomenon. Too few cormorant samples were collected by me to make many
generalizations about the birds' diets. I did, however, find some fish
species not previously noted by Hunt et al. (Irichodon trichodon and
Pholis orpata). Hunt et al. found significant differences in the diets of
adults (stomachs) and chicks (regurgitations).

Black-legged Kittiwake

In the 80 black-legged kittiwakes collected at St. George, I was
unable to detect sex-related differences in diet but I did note some
changes in diet from July to August, with the use of gadids and Ammodytes
increasing over time. I detected similar time, but not sex, differences
in the diets of St. Paul birds with a significant increased use of
polychaetes from July to August. The time-trends I noted were only over a
two month period but the trends observed generally agreed with those.
observed by Hunt et al. (1981) over a longer period (June to September)
and with larger sample sizes (n=579). Unlike these authors, however, I
found an increased use of polychaetes from July to August at St. Paul. In
combining samples from both islands, Hunt et al. noted a general decrease
in the use of polychaetes between these two months. Given the observed
differences in adult diet between July and August, I did not combine all
samples to look for differences between the diets of St. George and St.
Paul birds. Schneider and Hunt (1984), however, did find such inter-island
differences in the occurrence of nereids, euphausiids and pollock.

Red-legged Kittiwake
As noted by Hunt et al. (1981) and Schneider and Hunt (1984) red-

legged kittiwakes feed largely on myctophid fish which they apparently
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find at the shelf break at night. In this study, myctophids formed 54% of
the wet weight diet of adult birds and 62% of that of chicks. Hunt et al.
(1981) noted some seasonal changes in diet but these were not
statistically significant. I was unable to test for time~-trends in diet
because of the small number of August samples. The similarity in diet
between adults and chicks noted in this study suggests that combining
samples from adults and chicks (as was done by Hunt et al.) does not

negate inferences made about time-trends in diet.
Commom Murre

'Only small numbers of common murre food samples were collected during
this study. Although some of the differences in diet composition between
adults collected at the two islands were large, none was significant.
Schneider and Hunt (1984) found that St. George birds contained greater
numbers and volumes of euphausiids than did St. Paul birds, a finding
corroborated by my meagre results.

‘Thick-billed Murre

In this study I found differences in the diets of adults as well as
chicks between St. George and St. Paul islands. I also found significant
differences in diet between adults and chicks at St. George. Schneider
and Hunt (1983) found few differences in adult diet between the two
islands other than an increased occurrence of euphausiids in St. George
birds. Hunt et al. (1981) noted some non-significant seasonal trends in
diet (decreased use of invertebrates over time concomittant with an
increased use of fish). I was unable to detect such differences with the

samples available to me.’
Parakeet Auklet

In the small number of samples collected_(n:ls), unidentified fish
were the dominant food taxon, representin_g T3% :)f wet weight. By contrast,
Hunt et al. (1981), using 55 samples collected over four years, found
invertebrates to be dominant (almost 75% of diet volume). In addition to
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the invertebrates recorded by Hunt et al., I also recorded decapods in the
diets of parakeet auklets. They and copepods were the dominant
invertebrates in the diet (each 6% of wet weight).

Least Auklet

The results from this study indicate that calanoid copqpods, and

especially Calnus plumchris, C. marshallae and C. cristatus dominate the
diet of breeding least auklets. Hunt et al. (1981) reached a similar

conclusion on the importance of copepods. Indeed, the overall composition
of auklet diets in the two studies was quite similar.

Crested Auklet

Euphausiids comprised nearly all of the identifiable food materiél in
the 13 crested auklet samples collected in 1984. Hunt et al. (1981) found
that euphausiids and amphipods were major diet components in the 20

samples they analyzed.
Tufted Puffin

Gadids dominated the diet of the small number of tufted puffins
collected in 1984 (85% of diet wet weight in eight birds). In 23 samples
collected by Hunt et al. (1981), similar results were obtained.

Horned Puffin : ,

In the 15 adults collected in 1984, squid comprised 45% of diet wet
weight but squid comprised none of the food volume in 39 samples collected
by Hunt et al. (1981) from 1975 to 1978. Hunt et al. also recorded many
more fish species than I did but this may have been due to the tendency of
these authors to combine adult stomachs and chick regurgitations.
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Implications for the Monitoring of Seabird Diets

There are two main topics to be addressed in designing a monitoring
system for seabird diets: What should be monitored? How should samples be
collected and results be rebort.ed?

This study and those by Hunt et al. (1981) and Schneider and Hunt
(1984) have shown differences in the diets of (1) birds of the same
species collected at the same time on adjacent islands, (2) adults and
chicks of the same species, and (3) the same species and age-classes of
birds at different times during the breeding season. Obviously for a
monitoring scheme to be successful, information must be gathered on the
same kinds of birds from year to year. At the Pribilofs it would do no
good to collect samples at St. Paul in one year and at St. George the next
if diet varied by island and within year in the species being monitored.
In some circumstances it would be reasonable to combine food samples
collected in different ways. For example there were no differences in
adult vs. chick diets in red-legged kittiwakes, so a collection of samples
from adults and chicks would be a reasonable way to look at seasonal
changes in diet. A similar approach would not be appropriate for thick-
billed murres because adult and chick diets are dissimilar. Collections
must be carefully controlled so that differences detected in the
monitoring program reflect changes in diet and not changes in the kinds of
birds being investigated, or in the methods being used to investigate such
differences. Unfortunately, different bird species behave in different
ways so it will probably always be necessary in diverse colonies like the
Pribilofs to select representative species to be monitored. One
consideration in the selection of such species should be the degree to
which collections of samples can be controlled. ,

It is also important to recognize that certain methods of diet
analysis are inherently more precise and can be demonstrated to be more
consistenAtly applied than others. As demonstrated in the 'Methods'’
section, weights measured on a quality digital balance are more precise,
eonsis_tent and rapid than volumetric measurements. I recommend that wet
weights be used as the standard method of reporting food studies results.
Non-parametric statistical testing of weight and occurrence data also seem
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to be more appropriate than parametric tests with their associated

assumptions about normality.
SUMMARY

Food samples were collected from adults of 10 of the 11 species studied
(not red-faced cormorant). The diets of these 10 species are summarized
in Table 26. In 5 species (northern fulmar, both kittiwakes, parakeet
auklet, tufted puffin) fish comprised greater than 80%.of wet weight diet.
In these other species (common murre, thick-billed murre, horned puffin)
fish compriséd 25-T0% of diet wet weight, with the remainder being
primarily crustaceans (in murres) or squid (in horned puffins). In the
remaining two species (least and crested auklets), fish comprised less
than 2% of diet wet weight, whereas crustaceans comprised greater than
94%. Based on these results, I conclude that, in general, adults of the 5
species in the first group are typically fish eaters; the murres and
horned puffins take a varied combination of fish, crustaceans and squid;
and least and crested auklets feed primarily on crustaceans. The diet
composition of the 22 red-faced cormorant regurgitations was primarily
fish.

The generality of these statements must be borne in mind. Differences
in the diets of birds grouped by age, time, or island were found in 3 of
the 4 species studied in detail. Only in least auklets was the diet
similar between months and islands. Hence, when monitoring the diets of
seabirds, it is important to control eolleetioris for various attributes of
the birds' ages, collection locations and times of sampling.

I also found that wet weight measurements of food samples were more
rapid, more precise and more consistent than were volumetric measurements.
wét weights are recommended as the preferred method of measuring the
amounts of food eaten by seabirds. Generally, non-parametric statistical
methods are more appropriate for analyzing differences in the amount of

food eaten than are parametric methods.
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Table 26. Summary of food habits of 10 species of seabirds at the Pribilof Islands, 1984, based on
adult collection.

£ of Diet Wet Weight?
—3Species (No. of Samples) Crustaceans Squid Gastropods Polychaetes Eish

Northern fulmar (15) 0.3 0.6 s - 99.2

Black-legged kittiwake (102) 5.3 0.5 0.2 5.6 89.3
Red-legged kittiwake (51) 13.5 0.7 - 0.6 85.1
Common murre (16) 31.3 - - - 69.1
Thick-billed murre (57) 68.3 5.9 - - 2.5
Parakeet auklet (13) 13.7 + + - 80.0°
Least auklet (X49) 98.3 - + - 1.1
Crested auklet (13) 9h.» + - - -—

Tufted puffin (8) 0.7 ) + - - 99.3
Horned puffin (15) 0.4 A7.5 - + 52.1

A B
.The vet weight of the food taxon "other" was assigned to major groups in a proportional fashion.
82,7 Jesignates taxon was present in trace amounts.
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Food samples collected from seabirds at the Pribilof Islands, Alaska, 1988,

Appendix 1.
No. Birds
Date Island Species —Sampled Iypes of Samples
1 July St. George Least auklet 12 12 AdS
9 July St. George Northern fulmar 8 8 AdS
: Black-legged kittiwake 28 28 AdS
Red-legged kittiwake 3 3 AdS
Common murre 5 5 AdS
Thick-billed murre 9 9 AdS
Horned puffin 2 2 AdS
18 July St. Paul Black-legged kittiwake 13 13 AdS
Red-legged kittiwake 1 1 AdS
Common murre 5 5 AdS
Least auklet 11 10 AdS, 8 ChF
23 July St. George Least auklet 10 10ChF
2% July St. George Red-faced cormorant 1l 1 ChR
25 July St. George Red-faced cormorant: 1 1 ChR
Red-legged kit tiwake 3 3 ChR
26 July St. George Red-faced cormorant ] 3 ChR
Red-legged kittiwake 3 3 ChR
27 July St. George Thick-billed murre 12 12 AdS
: Parakeet auklet 1 1 AdS
Crested auklet 11 11 AdS, 11 ChF
28 July St. George Red-faced cormerant 5 5 ChR
Black-legged kittiwake 13 13 AdS
Red-legged kittiwake 31 29 AdS, 2 ChR
29 July St. George Red-faced cormorant 2 2 ChR
Red-legged kittiwake 1 1 ChR
30 July St. George Black-legged kittiwake 30 30 AdS
Red-legged kittiwvake 16- 15 AdS, 1 Ia3S
31 July St. George Northern fulmar 7 7 AdS
Red-faced cormorant 5 5 ChR
Red-legged kittiwake 1 1 ChR
Common murre 2 1 AdS, 1 ChF
Thick-billed murre 18 18 AdS, 1 ChF
Parakeet auklet 2 2AdS, 1 ChF -
Least auklet 12 11 ChF, 1 ChS
Crested auklet 2 2 AdS, 2 ChF
Tufted puffin 6 6 AdS
Horned puffin T 7 AdS
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Appendix 1 (cont.)

No. Birds
Date Ialand Specles —Sampled Ivpes of Samples
6 August St. Paul Black-legged kittiwake 2 2 ChR
Common murre | N ChR
Thick-billed murre 12 11 ChR, 1 ChF
Horned puffin 1 1 ChR
T August St. Paul Black-legged Ikdttiwake 1 1 ChR
Coamon murre 2 1 ChR, 1 ChF
Thick~billed murre * 9 6 ChR, 3 ChF
8 August St. Paul Red-faced cormorant 2 2 ChR
: Black-legged kittiwake 13 9 AdS, 1 ImS, 3 ChR
Red-legged kittiwvake 1l 1 AdS
Common murre | § AdS
Thick-billed murre 10 10 AdS
Horned puffin 1l 1 AdS
10 August St. George Least auklet 19 19 ChP
11 August St. George Red-faced cormorant 2 2 ChR
: : Red-legged kittiwake 2 2 ChR
Thick-billed murre 10 7 ChR, 3 ChP
13 August St. George Common murre 1 1 ChR
i Thick-billed murre 11 9 ChR, 2 ChF
15 August St. George Black-legged kittiwake 8 8 AdS
Red-legged kittiwake 2 1 ChR, 1 AdS
Common murre i 3 1 AdS, 1 ChR, 1 ChP
Thick-billed murre 17 8 AdS, 8 ChR, 1 ChF
Parakeet auklet 10 10 AdS, 6 ChF
Tufted puffin 2 2 AdS
Horned puffin 5 5 AdS, 2 ChF

(In this table Ad = adult, Im = immature, Ch = chick, S = stomach, R = regurgitation, and F = food
load.) :
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CHAPTER V

A PROPOSED SEABIRD MONITORING STRATEGY, BERING SEA®

By

Stephen R. Jomsonl, Joe C. Truett2 and Declan M. Troy!
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Suite 201, 505 W. Northern Lights Blvd.
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Bryan, Texas 77801
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Seabird Monitoring Strategy, Bering Sea. Pages 307 to 330. In: SR
Johnson (Ed.). Population Estimation, Productivity, and Food Habits of
Nesting Seabirds at Cape Peirce and the Pribilof Islands, Bering Sea,
Alaska. Report by LGL Ecological Research Associates, Inc. to Minerals
Management Service, Anchorage, Alaska. 330 p.
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INTRODUCTION

The United States OCS Lands Act Amendments of 1978 (92 Stat. 629)
requires the monitoring of marine and coastal environments following oil
and gas lease sales. This monitoring shall "provide time-series and data
trend information which can be used for identifying any significant
changes in the quality and productivity of the environments, for
establishing trends in the areas studied and monitored, and for designing
experiments to identify the causes of such changes." The data provided by
monitoring are also needed for inclusion in lease sale environmental
statements.

The U.S. Minerals Management Service (MMS) has designated seabirds in
the Bering Sea and Arcpic Ocean breeding colonies as one environmental
component that should be monitored in Alaska 0CS areas, because these
seabirds are (1) highly visible and major components of marine ecosystems,
(2) protected by international treaties between the U.S.A., the U.S.S.R.,
Japan, and Canada, and (3) may be vulnerable to adverse effects of 0CS
lease development. Colonies at Cape Peirce and on the Pribilof Islands
have been selected for monitoring studies in 1984.

Monitoring of seabirds, as defined hérein, has two main purposes, as
the OCS Lands Act Amendments make clear:

(1) To repeatedly measure bird populations over time so that
population changes can be detected, and
(2) To identify the causes of such changes.

It is implied by the Lands Act Amendments that the causes of change should
be sorted at least into those related to OCS leasing and those independent
of OCS leasing activities.

The attributes of seabird colonies that should be monitored would
logically be those valued by society. The most important variable thus
seems to be bird abundance, though factors such as productivity that are
known to regulate abundance may logically also be candidates for
monitoring. ’
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This chapter discusses concepts and principles of seabird monitoring
in view of the legal mandates and needs of MMS in Alaska. Information
from the literature and from studies conducted in 1984 at Cape Peirce and
the Pribilof Islands are used to develop these discussions. On the basis
of the discussions, recommendations are made for the continuation of
seabird monitoring programs in the Alaskan Bering Sea.

The following section provides a brief review of observed changes in
seabird abundance at colonies and causes of those changes, with particular
reference to the effects of OCS activities. Other sections use this
information to evaluate strategies for measuring change in Alaskan seabird
colonies and for determining whether OCS activities are implicated.

BACKGROUND: SEABIRD POPULATION CHANGES AND CAUSES OF CHANGE

It is clearly possible to measure changes in numbers and productivity
of some seabird species at colonies. Bourne (1972) reported surveys of
auk colonies in Britain that detected changes in guillemot (= common
murre) numbers of about 50 percént and in razorbill (Alca torda)
populations of about 20 percent. Lid (1981) documented relatively drastic
changes in annual productivity of Atlantic puffins (Fratercula arctica) in
the Lofoten Islands, Norway. Wanless et al. (1982) detected annual
changes in murres and black-legged kittiwakes (nests and individuals) and
northern fulmars (individuals) of + 30 percent in Scotland. Gaston et al.
(1983) were able, by intensive observation of breeding birds, to estimate
total eggs laid by thick-billed murres within about 5 percent of the true
numbers in N.W.T., Canada, colonies. Richardson et al. (1981) indicated
that small changes (as low as 2-3 percent) in numbers of apparently
‘occupied kittiwake nests could be detected between years in Shetland.

Causes of changes observed are more difficult to document, though
many workers have observed what they believe are food-caused changes in
abundance or productivity of many of the species that are found in Alaska. -
Bourne (1972) notes the deaths, suspected of being caused by starvation,
of many guillemots in the Irish Sea in 1969. Gaston and Nettleship (1982)
believed that numbers of thick-billed murres observed at a colony in
Canada declined when food became scarce, simply because food scarity

caused the birds to spend more time foraging at sea away froh the colony.
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Lid (1981) found high chick mortality in puffins in Norway to be caused by
food shortages. Bourne (1976) suspected that an instance of mass
mortality observed among common murres in the Irish Sea might have been
.caused by food shortages. Richardson et al. (1981) believed that declines
in populations of some seabirds in the North Sea might have been caused by
depletion of their food supplies by fishing fleets. Bailey and Davenport
(1972) believed that a die-off of common murres on the Alaska Peninsula
and Unimak Island resulted from starvation precipitated by severe weather
that prevented normal access to food. Hunt et al. (1981b) state that
decreases in productivity of kittiwakes and other species in the Bering
Sea are probably caused by changes in food supply. Springer et al. (198%4)
correlated changes in the reproductive success of murres and kittiwakes in
the northern Bering and eastern Chukchi seas with apparent changes in
stocks of fish prey possibly caused by altera't.ion of meteorologic and
oceanographic conditions.

The phenomenon of population regulation by food availability is
widespread also among species of seabirds not common in the Bering Sea,
lending additional support to the idéa that birds in the Bering Sea might
be regulated by food. Croxall and Prince (1979) note the large increases
in several krill-eating pe»nguin species in Antarctica after ot.lier krill
(Euphausia superba) predators (whales) declined. Anderson and Gress
(1984) found breeding success and winter populations of brown pelicans
(Pelecanus occidentalis) to rise or fall with the abundance of their
dominant prey, northern anchovies (Epgraulis mordax). Burger and Cooper
(1984) and Furness (1983) reported changes in the abundance of penguins,
gannets and cormorants in South and Southwest Africa, and of most seabirds
in Scotland, in response to changing food abundance caused by commercial
fisheries. .

Other causes of declines in seabird populations have been suspected,
but none have been implicated to the extent that food shortages have.
Bourne (1972) suggested several other possible reasons for obsérved
declines of guillemots in the Irish Sea (i.e. poisoning from toxic
chemicals, predation by gulls, oil pollution), but none of the
possibilities was supported by evidence. Bourne (1983) mentiored some
possible causes of change in seabird populations in general, including
climatic fluctuations, mortality of birds in fishermen's nets,
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introduction of predators to breeding colonies, and human exploitation.
Cairns (1980) correlated locally decreased chick productivity with higher
levels of human activity in the vicinity of a black guillemot colony in
the St. Lawrence River estuary. '

Several kinds of activities related to 0CS development (e.g. oil
spills, human activity or aircraft or boat traffic near feeding areas or
colonies) are thought to be potential causes for declines in seabird
abundance (Hood and Calder 1981a, Hameedi 1981). Of these, only spilled
oil has been demonstrated to have appreciable effects, and in most cases
the effects have been observed at spill sites but not at colonies. A
series of o0il spills in the North Sea at Orkney, Shetland, and north-
eastern Scotland in late 1978 and early 1979 killed at least 4000 birds,
mostly murres and razorbills (Richardson et al. 1981, 1982). One of these
spills, that of the Esso Bernica, apparently caused declines in nearby
colonies. In 1977 an oil spill at Bempton Cliffs, Humberside, British
Isles affected over 1400 murres, and may have caused a substantial drop
the trollowing summer in numbers of murres in a nearby colony (Stowe 1982).

Efforts to model the effects of oil spills have been made, but the
validity of model results is uncertain. Simulations of seabird damage and
recovery from oil spills by Samuels and Ladino (1984) and by Samuels and
Lanfear (1982) suggest generally higher levels of damage and much longer
population recovery rates of seabirds from worst-case incidents than have
been observed to occur. Ford et al. (1982) modeled the responses of
murres and kittiwakes to three oil spill scenarios near breeding colonies
at St. George Island in the Bering Sea, Alaska. Their models suggested
that mortality might come indirectly from food-web impacts as well as
directly by oiling of birds, but the literature reviewed does not report
actual cases of oil-caused mortality on food-webs that have affected
birds.

Several summary points about population change in seabirds, causes of
this change, and effects of OCS activities appear relevant to development
of a monitoring strategy. First, it is clear that changes in seabird
populations and productivity are readily detectable in some species and in
some situations, at sometimes quite low levels of change. Second, most
observed changes in seabird numbers or productivity at colonies have been
attributed to food shortages caused by natural or human-related phenomena
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(e.g., climate, weather, commercial fishing, elimination of compet:ptors
for food, etc.) that change the abundance of (or prevent access to) prey
over broad areas. Third, the only OCS-related activities documented to
appreciably affect seabird populations are oil spills; these effects have
generally been observed as direct mortality near spill sites and only
infrequently have resulted in measured changes at colonies. Modeling
efforts have projected potentially larger and longer-lasting effects from
large-scale oil releases than have been observed; models have also
suggested that oil contamination might affect seabirds by reducing food
supplies. The relationship between predicted and observed effects from
oil spills and other 0OCS-related activities is perhaps best summarized by

Bourne (1983):

®...serious damage is seldom caused except on a purely
temporary and local scale due to inexcusable carelessness
(which still requires severe punishment). Otherwise the damage
seldom appears to exceed that which occurs at intervals from
other more natural causes, and, far from showing the delayed
recovery expected from their low normal reproductive rate, the
birds have been found to recover unexpeétedly rapidly,
presumably due to a relaxation of density-dependent population-

limiting mechanisms."
PROPOSED MONITORING PLAN

Implications of the above discussions to the design of an effective
seabird monitoring program that measures changes at colonies and sorts
development-caused change from that caused by other factors are several.
It 13 clear that annual change in both numbers and productivity of
seabirds frequently occurs, independently of OCS development, and that
development-cauééfi‘change"is' likely to I_>e small in comparison. The only
development activities that are likely to cause detectable changes at most
colonies (given existing restrictions on chronic discharges of pollutants
and on development activities near colonies) are probably those related to
large oil spills'. But even should large spills occur, their measurable
effects on seabirds will almost certainly be localized, and not
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distinguishable over large areas from natural variation. This implies
that (1) any monitoring measurements made over broad areas must be
accompanied by measurements at sites of OCS activity while there is much
hope of sorting consequences of oil-and-gas-related activities from
consequences of other variables that affect seabird populations, and (2)
broad-scale measurement schemes would best be oriented to detecting the
kinds of changes that would be caused by oil pollution.

It is thus proposed that a useful monitoring program should include
annually (or bi-annually) repeated measurements at selected colonies in
the general regions of expected OCS activities, supplemented by
experimental studies at specific sites (perhaps including places where oil
has been recently spilled) to quantify effects of selected activities. On
the basis of these considerations, detailed discussions of the strategies
proposed for monitoring seabirds in the Bering Sea follow. First we
discuss which variables should be measured and why. Then we recommend
programs for detecting population changes and for determining whether
changes are caused by OCS development. !

Selection of Variables to Measure

Three characteristics of seabird populations commonly suggested as
variables to be measured in seabird monitoring programs are population
numbers, productivity, and food habits (see solicitation and proposal for
this project; Wiens et al. 1984). The main variable of interest to
society, in terms of impact, is population numbers. Productivity data are
collected to help interpret or predict changes in population numbers.
Food habits data are collected to help interpret or predict changes in
productivity and population numbers. Each of these variables needs to be
evaluated for its uset‘ulness_to MMS for monitoring seabird populations.

The speciffic monitoring objectives determine which variables should
be measured. In the following discussions we assume that the objectives
are twofold--(1) to measure trends (look for long-term changes) in
abundance of birds at colonies, and (2) to determine whether any changes
observed are caused by OCS leasing and development. The second objective
includes attributing cause of change to specific OCS activities such as
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oil spills, drilling operations, shore-based operations, and disturbance

by ailrcraft, boats, or people near colonies.
There is potentially a third objective of monitoring, which we do not

address in this report--to determine the ultimate causes of population
changes that are attributable to other than OCS development activities.
These causes might include such factors as changes in oceanic currents or
water temperatures, climatic changes, or changes in commercial fishing
pressures. Such an objective seems beyond the mandate of MMS, and a
reasonable response to it is probably beyond the normal fiscal scope of
monitoring programs. It would entail ecosystem process-oriented studies
involving many disciplines, much time, and large sums of money. Further,
it might not appreciably improve the ability of MMS to measure or predict
the effects of leasing..

Population Numbers

The usefulness of this variable is immediately obvious. It is the
major population characteristic by which society judges the value of
segbird colonies. Relative to production, it is easier to measure in most
species and tends to fluctuate less t‘x;om year to year (see Ford et al.
1982, Hunt et al. 1981b). Most seabird monitoring programs use variation
in number of presumed breeding adults as the primary measure of change in
most species (e.g., Gaston et al. 1983, Wanless et al. 1982, Richardson et
al. 1981). The best application of counting numbers of adults is in
programs that measure the same colonies in'a systematic manner over many

years.

Productivity

Productivity has frequently been estimated at seabird colonies
(usually as some measure of young produced per breeding pair) as a way of
comparing the general ®"health™ of populations among years or, less
commonly, as a tool in predicting change in population numbers. Attempts
have frequently been made to correlate observed changes in productivity
with causative mechanisms, and thus to isolate factors that ultimately
control populations (see Lid 1981, Ford et al. 1982). Some authors (Lid
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1981, Croxall and Prince 1979) have blamed persisting changes in
productivity (caused by food supply changes or other factors) for long-
term population changes.

Repeated measurements of productivity in selected colonies are of
questionable value for establishing trends in populations. Because
variability among years, and among locations within years, is frequently
great under normal circumstances (Hunt et al. 1981b), productivity
measures lend themselves poorly to discrimination of ®abnormal® levels of
productivity on a regional basis. Further, the effects of short-term
variations in productivity on long-term breeding population levels is
uncertain, and may be minimal (see Samuels and Lanfear 1981, Stowe 1982).

But productivity measurements may lend themselves well to assessing
whether selected OCS activities have the potential to ultimately affect
population numbers. Adult seabirds would not normally suffer mortality
from such activities as increased noise, disturbance, and people or
predators near colonies, but their eggs and young might (see Cairns 1980).
Further, becaué.e such activities tend to be spatially restricted (i.e.
effects extending a few km or less from the source of disturbance),
rigorous experiments with spatial controls could be readily conducted to
determine whether OCS activities were the cause of observed productivity
changes. At some sites existing activities (e.g., aircraft, boat, or
human activity near colonies) might simulate what would be expected to

occur with development, and experiments could be conducted prior to

development.
Food Habits

In theory, because seabird populations are frequently regulated by
food, food habits data would appear to help establish whether the causes
of population changes are related to 0CS development. That is,
correlations found between food habits chénges and population or
productivity changes might suggest a prey-mediated effect of OCS
development.

But in fact, food habits studies at colonies do not appear very
useful either for regional long-term monitoring to examine population

trends or for site-specific experiments. First, prey selxection within
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species is frequently different among colonies, often for reasons that are
not clear, and within-species diets may cﬁange within colonies between
years and as the season progresses, sometimes for -likewise unclear reasons
(Hunt et al. 1981a). To further confuse attempts to correlate dietary
variables with OCS activities, it is highly unlikely that OCS activities
could affect seabird diets to nearly the extent that diets are affected by
other forces that cause changes in food supply (e.g. weather, climate,
ocean ciréulation, commercial fishing--see Springer et al. 1983, Furness
1984, and earlier discussions in this chapter under "BACKGROUND"). These
natural forces commonly alter distribution, abundance, or'acce551bility of
seabird prey over wide areas; OCS activities have not been found to have
such widespread effects, nor does it seem 1ikely that they in fact will
have such extensive effects. Perhaps most important of all, seabirds are
probably much more vulnerable to oil spills (the only industrial action
that appreciably threatens prey) than is their prey. However,
catastrophic diet changes have been linked to major population changes in
some species of seabirds (see Lid 1981). If diets of seabirds are not
monitored systematically in similar situations (e.g., Bering Sea), similar
changes could be attributed arbitrarily to nearby OCS activities. There
is some justification, therefore, for including feeding studies in seabird
monitoring programs, especially if such studies are 1nterd1$c1plinary and
relevant information on prey availability is also being collected.

Given these considerations, it appears that (1) measured changes in
the seabird diet, or in the seabird prey base, would be almost impossible
to attribute to OCS-related activities, given the uncertainties about
causes of dietary change and about the many natural forces that affect
prey base availability, and (2) oil spills, the only conceivable OCS
activity that might affect appreciable proportions of seabird prey, would
probably affect the seabirdé much more drastically by oiling their
feathers than by killing or contaminating their prey.

Summary

Population numbers and productivity of seabirds, and in some cases
possibly food habits, appear to be useful variables to measure in a

monitoring program. Repeated measures of breeding bird population levels
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would be useful for monitoring long-term population trend in several key
locations over a number of years. Measures of productivity are most
useful for controlled, site-specific experiments to determine short-ternm
consequences to seabird populations of selected OCS activities. Measures
of population levels alone will not be able to establish whether change
has been caused by OCS development; localized experiments alone probably
cannot determine whether changes found to result from OCS activities will
have regional or long-term population effects. Both methods used in
combination, and possibly combined with food habit studies, is the only
reasonable way to measure population trend and validly examine whether

changes in trend are development-related.

Monitoring for Population Trend

Attributes of Monitored Species

Reliable estimation of regional changes in seabird numbers requires
an initial selection of species appropriate for monitoring. These species
should be abundant with a relatively widespread breeding distribution over
the area of interest (i.e., Bering Sea) (see Richardson et al. 1981, 1982;
Croxall and Prince 1979), and should have population parameters that are
relatively easy to sample, e.g., habitats are relatively easy to sample;
breeding adults, subadults, nests, eggs, and feeding young are relatively
easy to count. The group of species selected should include
representatives of all the important forag:lng types (e.g., those that feed
on the benthos, at the sea surface, in nearshore environments, etc.--see
Croxall and Prince 1979). Additionally, some information should be
available on the history of the population (size of colony, number of
breeding pairs, previous disturbances, etc. in earlier years). Ideally,
the species should be relatively sensitive to perturbations from
activities expected to accompany 0il and gas development. Any species
whose distribution is restricted to the area of interest should also be
considered in any regional monitoring program (e.g., an auklet, or the
red-legged kittiwake in the Bering Sea), because large proportions of
world populations of such species may be at risk. We used these
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attributes as criteria for selecting key or important species for
investigation in a regional type of monitoring program, as discussed in -
the following section. '

Species to be Monitored

Initially, we have identified 14 species that occur over a reasonably
wide area in the Bering Sea (exclusive of the Aleutian Islands) in
appreciable numbers (thousands of individuals). All of these are of
interest, but all need not be monitored. In general, most previous
studies have concentrated on the cliff-nesting species (murres,
kittiwakes, cormorants) and neglected the hole- or cavity-nesting species
(auklets, puffins), because the cliff-nesting species are most easily
sampled and several species frequently can be monitored simultaneouély.
The cavity-nesting species require more intensive study effort, usually

individual attention to each species.
We arranged the initial 14 species and the selection criteria

{attributes discussed earlier) in a matrix (Table 1). A score of 0-3 was
assigned to each cell in the matrix for each species. Although feeding
charaét.eristi_cs are an important attribute and a flecessary eriterion in
any consideration of seabird monitoring, they were not included in the
matrix beca;xse of the complexity in assigning a score on the basis of how
birds foraged. Nevertheless, the top five species (red-legged kittiwake,
thick-billed murre, black-legged kittiwake, least auklet and red-faced
cormorant) selected for monitoring (Table 1) provide a good cross-section
of species with different food habits and feeding strategies in the Bering
Sea (Hunt et al. 1981a, Bedard 1969a, Searing 1977, Wehle 1980). As well,
each of these species has all or most of the other attributes considered

desirable for monitoring.

Colonies to be Monitored -
_We identified 11 colonies in the Bering Sea (exclusive of the

Aleutian Islands) most of which support appreciable numbers (thousands) of

seabirds. All of these (plus others) may be of interest, but all need not -
be monitored. An evaluation of the 11 colonies is given in Table 2. We
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Table 1.

An example of a possible scheme for evaluating seabirds for monitori

ng in the Bering

. Sy Alaska. /
Attributes Murres Puffina - ——Auklata Kittiwakes/Gulls Pigeon Northern
: IB <0 JHoo 10 LE _CR_ _RA_ BE RE BL _BL_ QuGOD fulpar

A. Abundant and 3 2 1 2 3 2 2 2 2 3 1.5 2 0.5 2
Widespread

B. Monitoring 3 2 0.5 1 1 1 1 3 3 3 3 2.5 0 2
Parameters
Quantifiable

C. Historical 3 3 0.5 0.5 2 1 2 1 1 3 3 1 0.5 2
Data

D. Especially 0o o0 2 1 2 2 1 2 1 0 3 1 0 0.5
Score* v 7 % 45 8 6 6 8 7 9 105 6.5 1 6.5
Rank 2.5 6.5 13 12. 4.5 10.5 10.5 4.5 6.5 2.5 1 8.5 14 8.5

®Scores were separately and independently assigned by two biologists.
‘were resolved through compromise. (e.g., scores of 0.5, 1.5, 2.5, 3.5, 4.5 and 5.5).

No major differences in ranks ocourred; minor differences



TZ¢e

Table 2. An example of a possible scheme for evaluating seabird colonies for monitoring in the
Bering Sea, Alaska.

Attributes/ Pribilof St., Matthew/ Nunivak Cape St. Amak Cape Peirce/ Cape King Little

~la. . . HalllIs. = __Ia, Seniavin Lswrenca JIa. _Shaiak Ia.  Bluff JNewenban JIa..
A. Appreciable # 3 2 1 0.5 2 0.5 ° 1 1 1 1 1.5

of Key Species
Present at Colony

B. Amenable 3 1.5 2 1.5 3 1.5 2 2.5 2 1 1
for Study '

C. Historical Data - 3 2 1.5 0.5 3 1 2 2.5 1 1 1
Score® 9 5.5 4.5 2.5 8 3 5 6 ] 3 3.5
Rank 1 3 6 1 2 9.5 5 3 7 9.5 8

8S0ores were separately and independently assigned by two biologists. No major differences in ranks occurred; minor differences were

resolyved through oouprfbnuc (e.g., soores of 0.5, 1.5, 2.5, 3.5, 4.5 and 5.5).



used the same evaluation procedures for the colonies as we did for seabird
species in Table 1.

An additional important attribute of a colony, when one considers a
region-wide monitoring program in the Bering Sea, is its location relative
to different development basins (Fig. 1) and/or major oceanographic and
physiographic features (e.g., shelf breaks, water masses, straits, gyres;
see Hood and Calder 1981b). We have not 1isted this as an attribute in
the matrix, again because of the complexity in assigning a single score.
Nevertheless, the top five colonies (Pribilof Islands, St. Lawrence
Island, Bluff, St. Matthew Island, Cape Peirce; see Table 2) selected for
monitoring on the basis of the other attributes, provide a good cross-
section of different locations (northern and southern mainland, northern
and southern offshore), different development areas, and different

oceanographic and physiographic features.
Honit.or_'ing for Effects of OCS Development

As noted earlier, site-specific experiments are r;ecommended to
evaluate whether specific OCS development activities will cause changes in
populations. These experiments should be conducted when OCS activities
take place near seabird aggregations (e.g., where onshore or nearshore
activities occur near colonies or where offshore activities occur in
feeding areas). Because accidentally spilled oil is the most likely of
activities to cause large adverse effects, it would be very useful to site
experiments at an oil spill. Unfortunately, because sites of accidental
spills cannot be predicted, and because many effects of a spill may not
still be evident by the time experiments can be mobilized, the most that
can be done in such cases may be to count oiled or dead birds as quickly
as possible after a spill occurs to acquire a mortality estimate. But it
should be relatively easy to test the effects of i:lanned activities that
persist for relatively long periods. _

Except for oil spills, OCS activities would not be expected to cause
appreciable mortality to adults, but they have the potential to locally
alter production of young (see Roseneau and Herter 19834), which over the
long term could alter adult numbers. Thus, measures of productivity seem
the most logical approach to testing for the effects of development. (See
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Figure 1. Development basins in the Bering Sea (from Lewbel. (ed.) 1983).
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also discussions in the previous section "Selection of Variables to
Measure”.)

Rather than basing a productivity monitoring program on species and
colonies whose attributes are best for monitoring, the program would be
based on hypotheses and experiments designed to investigate the cause-and-
effect relationship between a specific OCS activity and the seabirds most
likely to be affected (i.e., those nearby). This approach to monitoring
has the best chance of establishing cause-and-effect relationship between
0CS o0il and gas activities and seabirds. Coupled with a region-wide
monitoring program (to place the experimental results in a broader
perspective), this site-specific approach to monitoring also has the best
chance of predicting the consequences to regional populations of specific
OCS oil and gas activities.

OCS oil and gas activities that could have impacts on seabirds in the
Bering Sea have been described in several recent documents (Hameedi 1981,
Roseneau and Herter 1984, Truett 1984), and generally fall into the
following eight categories: 1) large oil spill, 2) small pollutant
release, 3) chronic operational discharge, 4) seismic testing, 5) vessel
traffic, 6) aireraft traffie, 7) onshore construction, and 8) dredging and
pipeline construction. All of these activities, depending on their timing
and location, could have negative consequences on seabirds.

We have not attempted to formulate hypotheses or to design
experiments to test these hypotheses. These activities are best done
where participants from a variety of disciplines and affiliations can
interact and make contributions (see LGL et al. 1984). We simply describe
a reasonable generic productivity sampling design to detect changes that
might lead to long-term population effects. Proposed methods follow.

SUMMARY

Legislative mandate requires that MMS conduct monitoring programs
following oil and gas lease sales on Alaska's continental shelf to examine
long-term trends in environmental quality and productivity and to

determine whether any changes observed in such trends might have resulted
from OCS oil and gas development. MMS has decided that seabird

populations should be one of the ecosystem components to be monitored in
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the Bering Sea. The objectives of a seabird monitoring program would be
to measure -t.rend in populations and to determine if observed changes in
trend are development-related. Potential items to be monitored include
population numbers and productivity. Measures of seabird diet may help
interpret observed productivity and population changes.

Past research has demonstrated that small to moderate changes in
numbers and annual production of seabirds at colonies can be documented.
Causes of change are more difficult to determine, though changes in food
availability, resulting from such things as fishing by man, large-scale
shit‘ﬁs in ocean circulation or climatic changes, have been implicated.
There is no indication from the literature that any activities related to
OCS development, except for oil spills, have caused population changes to
seabirds.

A monitoring plan must measure both long-term trends at bird colonies
and determine whether OCS activities cause population changes. A
combination of two approaches seems desirable to meet these requirements--
(1) repeated measures of population numbers over time at selected colonies
to determine trends, and (2) experiments at sites of OCS activity to
determine whether the activities affect annual productivity. Trend
measurements alone cannot isolate causes of change, and results of
experiments at sites of OCS activities cannot, without trend measurements,
be_ readily translated into regional population-level effects. It does not
appear that food habits studies would contribute a great deal to
determining whether bird populations change or to establishing whether OCS
activities caused the changes. '

For measuring regional trends in population numbers over time,
monitoring should focus on species that are abundant, widespread, and
easily sampled. Species that are unique or endemic to the area are of
particular interest. At least one species from each major foraging type
(e.g., benthic, surface, nearshore, offshore) should be included if
possible. In the Bering Sea, the five most suitable species are, in
approximate order of suitability: red-legged kittiwake, black-legged
kittiwake, thick-billed murre, least auklet, and red-faced cormorant.
Colonies that would be most suitable as trend monitoring sites, based on |
the number and diversity of seabird species present, ease of study, and

amount of historical data available are those on the Pribilof Islands, St.
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Lawrence Island, Bluff, St. Matthew/BHall islands, and Cape Peirce/Shaiak
Island. Other colonies are considered less suitable.

The primary variable of interest for trend monitoring is population
numbers, and several considerations apply. 7Two parameters need to be
estimated: 1) the number of birds in attendance and 2) the number of nests
or breeding birds. Distributional characteristics of most seabirds in
colonies suggest the best enumeration techniques involve stratifying cliff
faces on which birds occur, counting of birds on sample plots, and
accounting for clustering of birds in statistical treatment of data.
Patterns of temporal variability in bird attendance at colonies suggest
that at least five replicate counts should be made. Time-lapse
photography is a useful tool to acquire important time-series information.
Counts should be designed (e.g., collapsible into simpler forms) so that
data collected can be readily compared with data from previous studies.

For determining whether OCS activities contribute to seabird
population changes, site-specific studies of the effects of selected
activities on productivity are recommended. Studies with experimeni:,al
controls in space should be des':l.gned around specific activities that occur
near seabird colonies or feeding areas. The measured effects of these
activities on colony productivity should be translated into potential
long-term effects on regional population numbers so that correlations may
be made with results of the trend monitoring studies (see above).
Unrortunately; the activity most likely to affect population numbers is
probably an accidental oil spill, effects of which would be difficult to
experimentally evaluate because locations of spills are not predictable.
The most that can be hoped for in such a case would be to quantify oil-
caused mortality to the extent possible and attempt to relate mortality
level to observations at trend monitoring stations (e.g., at colonies).

Productivity data collected on test and control sites should be
amenable to rigorous statistical tests for differences among locations and
years. Passive methods for determining productivity (e.g., observations
- from a distance) are recommended to prevent reduced productivity as a
consequence of the research activity. Automatically-controlled camera
systems to regularly photograph sample plots offer promise in both
population and productivity studies.
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