


ERRATA

Page No. Column Line Error & Correction

1 Left 40 Insert "in Appendix B" between "listed” and
“along”

2 Right 38 Change "Eleven™ to "Nine"

2 Right 39 Change "1,000,000" to "100,000"

7 Left 49 Change "Diccoverer” to "Discoverer”

7 Right 44— Delete the sentence "Individual countSeceesee
46 standard procedures.”

25~ Left 16 Change "33°N" to "53°N"

26 Right 37 Change “Maps III 99-106" to "Maps 137-144"

28 Left 38  Change "107-197" to "114-197"

28 Right 41 Change "Two species” to "Three species”

31 Left 18 Change "...Aleutian and western Islands” to

» ]

..oand western Aleutian Islands...’

32 Left 12~ Table 20: All dates have the first column
35 missing. The dates should read, from top to
bottom; 4 Oct, .6 Oct, 4 Oct, B Sep, 6 Oct,
17 Aug, 24 Aug, 3 Jul, 26 Aug, 1 Jul, 12 Sep,
6 Sep, 12 Jun, 25 Jul, 1 Aug, 26 Aug, 14 Jul,
9 Jun, 29 May, 25 Oct, 27 Jul, 3 Sep, 21 Sep,

10 Sep.

32 Right 49 Add ", but” to end of line: 1.e., "individuals,
but”

34 Right 9 Change "...behavior; Jjaegers are known to

occurr... to "...behavior since jaegers

occurred...”
36 Right 35 Change "larger™ to “"smaller”

38 Right 6 Change "100" to "75"



The biological Services Program was established within the U. S. Fish and Wildlife Service to supply
scientific information and methodologies on key environmental issures that impact fish and wildlife resources and
their supporting ecosystems. The mission of the program is as follows:

® To strengthen the Fish and Wildlife Service in its role as a primary source of information on national
fish and wildlife resources, particularly in respect to environmental impact assessment.

° To gather, analyze, and present information that will aid decisionmakers in the identification and reso-
lution of problems associated with major changes in land and water use.

° To provide better ecological information and evaluation for Department of the Interior development programs,
such as those relating to energy development,

Information developed by the Biological Services Program is intended for use in the planning and decision-
making process to prevent or minimize the impact of development on fish and wildlife., Research activities and
technical assistance services are based on an analysis of the issues, a determination of the decisionmakers
involved and their information needs, and an evaluation of the state of the art to identify iformation gaps and
to determine priorities. This 1is a strategy that will ensure that the products produced and disseminated are
timely and useful.

Projects have been initiated in the following areas: coal exraction and conversion; power plants; geothermal
mineral and oil shale development; water resource analysis, including stream alterations and western water allo-
cation; coastal ecosystems and Outer Continental Shelf development; and systems inventory, including National
Wetland Inventory, habitat classification and analysis, and information transfer.

The Biological Services program consists of the Office of Biological Services in Washington, D.C., which is
responsible for overall planning and management; National Teams, which provide the Program's central scientific
and technical expertise and arrange for contracting biological services studies with states, universities, con-
sulting firms, and others; Regional Staff, who provide a link to problems at the operating level, and staff at
certain Fish and Wildlife Service research facilities, who conduct inhouse research studies.
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PREFACE

This atlas is based on censuses conducted from ships and aircraft
over waters of the Gulf of Alaska and eastern Bering Sea. On such
censuses we were able to observe and record only a part of the population
of each species that occupied the census area, the actual proportion
observed varying with weather and sea state, and particularly with the
size, color, and behavior of individual species. For some species our
counts probably approximate the number present, but for others we may
see only a fraction. On evaluation of the numerous factors that affect
our counts, our impression of n »ers is that we perhaps see most gulls,
jaegers, and kittiwakes, nearly as many shearwaters (but are sometimes
confused by their extreme abundance), a smaller proportion of large
alcids, and fewer still of small alcids, stormpetrels, and phalaropes.
For species such as albatrosses and fulmars which are much attracted
to ships, our counts may at times indicate larger populations than

actually occur.

Because of the differences in the accuracy with which we count
individual species, comparing numbers between different species or
treating data in the maps and tables of the atlas as estimates of the
size of populations may lead to serious error. For this reason we use
the term "index" rather than "estimate” when referring to our counts
——the index must be multiplied by some unknown correction factor to
obtain a true estimate. We anticipate that our data will be often
misused as estimates of population size and that such use will nearly
always result in minimum estimates of populations.

Although there is hazard from using our data for estimating sizes
of populations, they are more reliable for other purposes. Because our
procedures were consistent and because we carefully controlled con-
ditions under which we conducted censuses, or analyzed data, differences
in counts between seasons or geographic areas should accurately portray
the movements, changes in distribution patterns, and relative abundances
of individual species as well as regions that are most important to them.

Because our work was largely confined to ships of opportunity,
usually research vessels operated by the National Oceanic and Atmos-—
pheric Administration, or to aircraft which soon became prohibitively
expensive, our data 1is largely confined to spring, summer, and early
fall; and to regions over the continental shelf of the Gulf of Alaskas
and eastern Bering Sea. Thus, lack of observations in late fall and
winter or 1in oceanic habitats, particularly south of the Aleutian
Islands Islands and western Bering Sea, constitute an important gap in
our information. Even in areas of the eastern Bering Sea and the Gulf
of Alaska for which we + mor data, data i inad
showing changes in distribution that may occur over a relati. __,
period of time, as during migration, or for comparing changes in dist-
ribution from one year to another that result from slight natural
changes (temperature, currents, salinities, etc.) that occur in the
marine environment. Nevertheless, the atlas should be of considerable
value as a contribution to understanding of the use of marine environ-
ments by birds and for evaluating the potential effects of mans activ-

ities there.
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INTRODUCTION

Populations of seabirds in Alaska are unique in size and diver-
sity; breeding populations of storm—petrels, cormorants, gulls,
terns and alcids number 37 species and an estimated 40 million
individuals at more than 1,000 colonies. This array of breeding
seabirds is augmented by a large number of shearwaters that breed
in the southern hemisphere and spend the austral winter in the North
Pacific and Bering Sea. The Alaskan population of marine birds is
further unique in still being relatively intact, although some
colonies have been devastated by the introduction of rats and
foxes, and populations at other colonies may have been seriously
affected by loss of birds in high seas gillnet fisheries.

This natural wealth and beauty, called Alaska's most neglected
resource by Sowl and Bartonek (1974), is daily becoming more and
more threatened by pollution of Alaska's marine habitats, and high
levels of impact, at least on short term bases, appear inevitable
with the continued development of the state's coastal regions.
Understanding the varied and complex patterns of distribution and
abundance of each of the hundred-odd species of birds that depend
on coastal and marine environments of Alaska is prerequisite to
identifying their critical habitats and periods of vulnerability,
and to providing clues as to their often less than obvious relation
with the marine environment. This kind of information is but a
part of that required by natural resource management agencies to
eliminate, minimize, or mitigate adverse 1impacts resulting from
offshore development of petroleum resources.

The objective of this study is to describe the seasonal abund-
ance and distribution of marine birds in the portions of the Gulf
of Alaska and Bering Sea that have been identified by the U.S.
Department of the Interior for leasing and development of their
gas and o1l potentials. This research considers only the offshore
environment and does not include species generally confined to
nearshore and littoral habitats, nor does it directly consider the
distribution of pelagic species when they occupy shoreline habitats,
e.g., during the breeding season,

For the purposes of this report, we recognize 86 species of
Alaskan seabirds, of which about 20% are vagrants or rare visitors.
The total includes loons (4), grebes (4), albatross, shearwaters
and stormpetrels (14), cormorants (4), sea ducks (17), phalaropes
(3), jaegers (4), gulls (17), terns (3), and alcids (16). Each
species is listed along with a brief description of its currently
recognized world and Alaskan distribution and abundance. Swans,
geese, dabbling ducks (Anas and Aix), bay ducks (Aythya), and
shorebirds have been excluded because their use of marine waters
is generally restricted to nearshore and littoral habitats. Of
the 86 species, 59 breed in Alaska, 19 breed only in nearby areas
of Asia, Hawaii, and Canada, and 8 breed only in the Southern
Hemisphere, including Australia, New Zealand, and Chile.

CURRENT STATE OF KNOWLEDGE

Information relating to the distribution and abundance of
marine birds in Alaskan waters is scattered in a wide and unwieldy
variety of publications, unpublished reports, and private and
institutional data bases. Important bibliographic sources rele-
vant to this subject can be found in Gabrielson and Lincoln (1959),
Kessel and Gibson (1978), Bartonek and Lensink (1978), and Handel
et al. (1981),

The following summary of literature is not exhaustive, but
does present an overall picture of the work that has been conducted
on the distribution and abundance of seabirds in marine waters of
the subarctic North Pacific, and the Bering, Chukchi, and Beaufort
Seas. By and large, the published and unpublished data were
acquired from platforms of opportunity. Few observers were able
to repeat a survey along the same cruise track at a later date, and
even fewer could de§ignate the track to be taken. In general, the
reports present fragmentary information on numbers and distribution
from which generalizations for even some of the more abundant and
widely occurring species could be misleading.

PUBLISHED ACCOUNTS

In the North Pacific Ocean, about 100 years elapsed after ini-
tial observations reported by naturalists on James Cook's expedi-
tions until Dall's (1873) observations in the eastern Aleutian
Islands and surrounding marine waters. Since then, information on
seabirds has been published sporadically but at an ever—increasing
rate.

The most comprehensive discussions of marine birds in subarctic
and arctic waters of the Pacific Ocean are those of Gabrielson and
Lincoln (1959), Shuntov (1972), Sanger (1972a), Kessel and Gibson
(1978), and Sowls et al. (1978). Gabrielson and Lincoln summarized
all previously published and unpublished material on Alaskan birds,
focusing primarily on their distributions. Shuntov summarized many
years of observations on the numbers and distributions of seabirds
in relation to the physical and biological structure of the Pacific
Ocean. Sanger, using original data and that of Shuntov, estimated
the numbers and biomass of birds in various oceanographic domains
within the northern North Pacific Ocean and the Bering Sea. Sowls
et al. combined all available information on the size and distri-
bution of seabird colonies in Alaska.

Sowl and Bartonek (1974) gave an excellent summary of Alaska's
seabird resource particularly, from the viewpoint of management and
conflicts with other resources. Recently, Bartonek and Nettleship
(1979) assembled a series of papers from the International Symposium
on the Conservation of Marine Birds of Northern North America. This
series of papers contained a wealth of information on Alaskan sea-
birds covering such diverse topics as the marine environment of
birds, the status of marine bird populations, the bhiology and






Alaskan marine waters, but they are not readily available to all
potential users. Considerable information on bird densities in
Prince William Sound during four seasons of the year was obtained
by U.S. Fish and Wildlife Service personnel from 1973 through 1975,
but the death of Larry Haddock, principal investigator, has delayed
the interpretation and analysis of those data., King and McKnight
(1969) and Montgomery (1972) reported bird densities in Bristol
Bay during a fall and spring, respectively. King et al. (1974)
provided quantitative assessments of the birds in the eastern
Bering Sea in fall and winter and in the Gulf of Alaska in summer.
Trapp (1975) reported bird densities in summer throughout the
Aleutian Island chain, and these investigations have been continued
to the present by the staff of the Aleutian Islands National Wildlife
Refuge. Divoky (1972) described the birds of late summer in the
Chukchi Sea. Bartels (1971, 1973) described bird populations seen
from shipboard and during aerial surveys in summer in the Beaufort
Sea.

Files of the U.S. Fish and Wildlife Service in Anchorage,
Alaska, contain extensive data and reports on marine birds in
Alaskan waters., These data were, for the most part, collected
under contracts from the OCSEA_ Program and summarized in annual
reports by Lensink and Bartonek (1975, 1976b), Lensink et al.
(1976), Gould (1977a), Harrison (1977), and Gould et al. (1978).
Studies of the distribution and abundance of marine birds in
Alaskan waters were also conducted by other OCSEAP investigators
and summarized in annual or final reports, include the following:
Arneson (1976, 1977, 1978), Divoky (1976, 1977, 1978a, 1978b),
Guzman (1976), Hunt (1976, 1977, 1978), Myres and Guzman (1977),
Schamel (1976), Wiens (1976, 1977), and Wiens et al. (1978).

STUDY AREA

We have conducted surveys of marine birds in the North Pacific
from California, Hawaii, and Japan north into the Arctic Ocean,
although most of our effort has been over the continental shelf
of the Gulf of Alaska and southeastern Bering Sea. In this report,
we consider only the data collected in the Gulf of Alaska and
Bering Sea as illustrated in Figures 1 and 2. The marine environ-
ment in this region covers over 3.2 million of surface : :a
(Tables 1-2), and borders about 57,500 km of tidal coastline.
About 53% of the marine surface area is over depths greater than
2,000 m (Oceanic Habitat), 127 1is over depths of 200-2,000 m
(Shelfbreak Habitat), 31% is over depths of less than 200 m and
outside the headlands of bays and fjords (fantinantal Chalf Hahi-

tat), and 4% is within inlets with well-deiiuecu uneauraunus \pbay auu

Fjord Habitat).

ENVIRONMENTAL FACTORS

The distribution and abundance of birds at sea is influenced
by many interrelated factors that operate directly by influencing
the bird's behavior or indirectly by affecting the bird's food

supply. The positive relation between seabirds and the physical
character of the ocean was clearly demonstrated by Murphy (1936),
and has been supported by many subsequent authors, including Kuroda
(1955), Bourne (1963), Bailey (1966), Ingham and Mahnken (1966),
Ashmole and Ashmole (1967), Gould (1971), Brown et al. (1975a),
Joiris (1978), and Pocklington (1979). The emphasis in most of
these papers 1is on the relation of seabirds to available food.
Kuroda, Gould, Brown et al., Joiris, and Pocklington also attempted
to relate seabird distribution directly to surface water conditions.
The effect of meteorological conditions on seabird distribution
patterns was discussed by a number of authors, especially Kuroda
(1957) and Manikowski (1971). The features of the Alaskan marine
environment that most obviously affect the pelagic distribution and
abundance of seabirds are ice cover, proximity to breeding colonies,
extent of continental shelf, circulation patterns (including cur-
rents, fronts, etc.), and biological productivity.

Ice Cover

Ice is a dominant feature of the Arctic Ocean and Bering Sea,
but freeze—up and breakup are highly variable, depending on tempera-
ture and wind conditions. Breakup at Point Barrow may occur as
early as mid-June or as late as late August, and freeze-up may
occur from early September to late November. Generally, the sea
ice reaches its southern 1limit in February and March, when it
extends along the edge of the Bering Sea continental shelf into
Bristol Bay; however, the time and location vary considerably from
year to year. For example, Alexander and Cooney (1979) found the
southern limit in 1975 to be 18-83 km south of the Pribilof Islands
and to cover most of Bristol Bay, whereas in 1978 it was 333 km
north of the Pribilofs and penetrated only the northermmost edge
of Bristol Bay.

Ice cover has a direct negative affect on the distribution
and abundance of seabirds by restricting the available water sur-
face. 1Ice scour may also reduce tl! abundance of prey in nearshore
areas. Poor productivity of water beneath ice is offset in spring
by a bloom of micro—algae that occurs in the ice. As the ice
melts, the algae attract zooplankton which in turn attract larger
predators. This sequence results in high densities of seabirds
and mammals along the ice i )t (McRoy Go¢ _ 1974 Fay 1974
Cooney 1976; Divoky 1977, 1981).

Breeding Colonies

Sowls et al. (1978), who summarized the distribution of se-~**rd
colonies in Alaska (Figure 3), showed that large numbers of breeaing
colonies are present along the southern coast of the Alaska Penin-
¢ "3 and throughout tl] itian Islands; fewer, but usually large,
colonies occur in serwth~-~~*arn Alaska, the Bering Sea, and the
Chukchi Sea.

Most marine birds are highly mobile, and foraging expeditions
often cover large areas—-particularly for species that forage over



Table 1. Surface areas (km?) of Alaskan waters by habitat.?
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Table 2, Surface areas (km*) of selected geographical regions by habitat. Figure 1. Gulf of Alaska and Selected Reglonal Units.
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Figure 2. Bering Sea.



offshore waters. During summer, however, the location of nesting
sites has a direct effect on the pelagic distribution of breeding
birds. The need for the birds to return to nest sites at regular
intervals places limits on the areas where birds can forage and to
some extent on the choice of roosting areas for subadults. Con-
versely, the suitability of a site for breeding may be determined
by its nearness to adequate foraging habitat.

Number of Birds

foss thon 15,
e o : ]
ELL 15625- 62,500
[T o2 500-250.00

F&\*_ 250,000- 1,090,090

ik
B

Figure 3. Distribution of seabird breeding colonies in Alaska.

Continental Shelf

One of the most notable features of the Alaskan marine eco-
system is the continental shelf, which covers nearly 1 million‘km2
of surface area; half of thie area 1s in the Bering Sea, and nne-
quarter each in the Arctic ucean and the Gulf of Alaska. The sneif
varies in maximum width from about 50 km in the southeast, to 100 km
in the eastern Gulf of Alaska and Beaufort Sea, to 180 km south of
the #7-~~%ka Peninsula, and to upwards of 550 ™ in the Bering Sea.
The Chukchi Sea has no depths greater than 20u m.

Many seabirds are dependent, to varying degrees, on Alaska's
continental shelf; Sooty and Short-tailed Shearwaters are the most

notable examples. Areas of entrained water, the slopes between
troughs and banks, the shelfbreak-continental shelf boundary, and
protected areas near islands and coastlines appear to be especially
important. Forsell and Gould (1981) suggested that continental
shelf habitat 1s improved if well-sheltered bays and fjords are
nearby to allow seabirds to escape severe storms.,

Current Systems

The pattern of water flow through marine ecosystems is probably
the major environmental factor affecting the distribution and
abundance of seabirds 1in Alaska, The dominant feature of the
circulation pattern in Alaskan waters is the Alaska Current System,
which is formed by the northward deflection of the Subarctic Current
System at about 50°N in the eastern North Pacific. This system
converges at the head of the Gulf of Alaska, where it turns southwest
to flow south of the Alaska Peninsula and Aleutian Islands. Part
of this flow is deflected south to form the Alaskan Gyre. Exchanges
with Bering Sea water occur primarily as tidal currents at various
openings in the Aleutian Island chain, notably at Unimak, Amukta,
Amchitka, Buldir, and Near Island Passes. Tidal surges through
these shallow passes and straits produce rip tides that provide
extremely important foraging areas for many species of seabirds.
The Subarctic Boundary, at about 40°N - 42°N, represents a zoogeo-
graphic border between subtropical and subarctic avifaunas (Gould
1977b) and, as such, defines the southern limits of the Alaskan
seabird community, even though many Alaskan species migrate farther
south in the northern winter, Favorite et al. (197@3) provided
an excellent description of the oceanography of the Subarctic
Pacific Region.

The Bering Current System is complex and difficult to separate
entirely from other current systems. It is generally cyclonic, the
water flowing eastward along the north side of the Aleutian Islands,
northward in the eastern portion, and southward in the western

tion., Th gy 1 1 1 to occu; the surface layer,
one each over the eastern shelf, central basin, and western basin
(Favorite et al. 1976a). A system of fronts has recently been
described for the southeastern Bering Sea (Coachman and Charnell
1977, Kinder and Coachman 1978, Coachman and Charnell 1979, and
Schumacher et al. 1979)., Ive 3 et L. (1981) ar Hunt et al.
(1981c) presented data suggesting that these fronts play a signifi-
cant role in the distribution and density of marine organisms over
the continental shelf,

Biologica]_ Pr(\ﬂnsf""* +r

Marine waters in Alaska are extremely productive, as evidenced
not only by tl Llr lary bird and mammal populations, but also by
their support of a large, multi-national fishing industry, which
harvests over 2 million metric tons of fish and shellfish ¢ :h year
(Ronholt et al. 1978, North Pacific Fishery Management Council 1979,
State of Alaska commercial fisheries statistics, prepared annually).
These large stocks of consumers are supported by a generally high



primary productivity, which is in turn supported by such classical
features as extensive inflow of river and lagoon systems into
marine waters, large spring phytoplankton blooms in open waters,
and upwelling over large areas of continental shelf and along vast
stretches of structurally complicated coastlines. High productivity
in the Bering Sea is further complicated by a unique pattern of
blooms of ice algae along a seasonally advancing and retreating
ice edge (McRoy and Goering 1975).

The diet of Alaskan seabirds includes a wide variety of verte-
brates and invertebrates, but only a few forms have been identified
as being particularly important (G.A. Sanger, USFWS, personal com—
munication, Hunt et al. 198la). In pelagic waters, the most impor-
tant prey items of seabirds include Arctic cod (Boreogadus saida),
walleye pollock (Theragra chalcogramma), euphasiids, calanoid cope-
pods, capelin (Mallotus villosus), Pacific sand lance (Ammodytes
hexapterus), Pacific sand fish (Trichodon trichodon), and gonatid
squids. For waterfowl in coastal areas, mysids and shellfish such
as Protothaca, Mytilus, and Spisula are extremely important food

sources.

SOURCES, METHODS, AND RATIONALE OF DATA COLLECTION

Most shipboard investigators of bird populations have relied
on modifications of line-transect methodology and reported their
results in terms of relative abundance, supplemented with anecdotal
information (e.g., Wynne-Edwards 1935, King and Pyle 1957, Kuroda
1960, King 1970, Shuntov 1972, Gould 1974, Brown et al., 1975b).
Bailey and Bourne (1972) discussed the problems involved in counting
birds at sea and pleaded for standardization of techniques. In
particular, they stressed the need to use observation methods that
are adaptable to widely varying situations and are amenable to
analyses that can be compared with those used in other studies. In
this regard they suggested the use of 10- to 15-minute transects that
can be analyzed separately or combined depending on local density
and distribution patterns. Wiens et al. (1978) analyzed in some
detail the problems of detectablity and determining densities of
birds at sea, and suggested techniques that allow for greater
control of specific bias-producing factors such as flying birds
and determination of distances at which birds are observed. How-
ever, the effort needed to meaningfully reduce the er lre suite
of biases inherent in transect surveys of seabirds seriously reduces
the cost—effectiveness of the surveys——especially if information
other than density is also being sought.

We know of no published methodology for aerial surveys of birds
at sea, Martinson and Kaczynski (1967) discussed aerial surveys
of terrestrial waterfowl populations and provided ratios of air-to-
ground observation that could be used as orrection factors. They
found that th- s3pecies composition of waterfowl observed in aerial
surveys was biased because some species were more conspicuous than
others. Such biases are probably no less a problem in the marine
environment. Although there is no vegetation to obscure sea-birds,

there are numerous differences in size, color, and behavior that
affect the visibility of individual species. For example, small
species and those that dive at the sound of an airplane are system—
atically underestimated. Numerous papers have addressed the prob-
lems of censusing mammals by aerial methods, and many of the con-
clusions are valid for marine bird work. Caughley (1974) concluded
that, in aerial censuses of terrestrial mammals, the observer misses
a significant number of animals on the transect and accuracy deteri-
orates progressively with increasing width of the transect, cruising
speed, and altitude. LeResche and Rausch (1974) found that accuracy
in counts of moose (Alces alces) were significantly affected by
observer experience, by the number of observers, and by terrain,
They also found that experienced observers had internally consistent
counts, Pennycuick and Western (1972) concluded, in an aerial
sampling of populations of large-mammals that flight at low alti-
tudes and confinement of observation to narrow strips gave the
largest estimates of numbers. Leatherwood and Platter (1975), who
censused marine mammal populations, concluded that a strip census
is superior to a line transect or random block design as long as a
method of estimating transect width is available. An excellent
review of the available techniques and associated problems for
censusing marine mammals was published by FEberhardt et al. (1979).
Much of their discussion is also applicable to the censusing of
seabirds.,

Our methods were designed and conducted to accumulate the
maximum possible amount of information on the distribution and
abundance of marine birds, within realistic time, money, logistics,
and enviromental constraints. Of primary importance was the estab-—
lishment of a standardized system that was easy to use and that
provided consistent results. The basis of our surveys is a short
strip census (Kendeigh 1944) with a width of 300 m from ships and
50 m from aircraft. 1In particular, our efforts have been directed
toward deriving indices of density from short, simple, and easily
reproduced transects. These 1indices, although they are not "beak
counts,” are consistent within the data base and provide accurate
baseline data needed to define and interpret fluctuations in the
size and distribution of populations both within and between areas
and time periods. The 1indices also allow, as reasonably as any
other method, a prediction of population size that, depending on
sample size, 1s adequate for most environmental assessment needs.
Several special procedures were incorporated into our census tech-
niques to provide flexibility in data analysis and to improve the
accuracy of density estimates:

° the use of both ship and aircraft as platforms
° the use of five, standardized and coded, experiment

designs
° the incorporation of all observations of birds outside
COE S ¢ :a into the data base

instantaneous counts of flying birds
° a forward scan to the projected end of the transect
° the use of a range finder to determine census boundaries



The use of a 300-m width for shipboard surveys and two 50-m
widths for aerial surveys is a compromise between effective use of
survey time in high density areas and adequate detection distance
for different species. The complete detection, within 300 m, of
small or inconspicuous birds such as stormpetrels, small alcids,
or dark birds on the water is not possible, but our concentration on
only the 300 m area and the lengthened forward scan reduce this
bias. Also, several of the small species, such as phalaropes, fre-
quently form large flocks which increases their detectability. 1In
general, our indices of density for small and inconspicuous birds
are substantially lower than actual numbers and are so treated in
our discussions.

One of the most functional values of our techniques 1is the
reduced necessity for determining distances. We need accurate
measurements for only one distance, i.e., 300 m. Range finders
are only moderately accurate under most pelagic conditions and
cannot be used when the horizon is obscured. Using the range finder
for each sighting results in the loss of valuable time needed to
search for and record other individuals. Our techniques allow us
to conduct transects in both open ocean and bay situations with
little loss in uniformity., This ability is of the utmost importance
in evaluation of habitat preferences and general distribution
patterns.

, Aerial surveys are most cost—effective in covering large geo-
graphic areas in a short period of time, and we have generally
restricted their use to this purpose. The rapidity with which spe-
cific areas are covered, however, seriously reduces the observer's
time to detect individual birds. This is one reason why widths of
aerial transects were restricted to 50 m. The speed of passage and
reduced observation zone also decrease the chances of detecting
uncommon species and reduce the observer's ability to identify
individual birds. Shipboard surveys, on the other hand, were most
effective for assessing short-term and local fluctuations in popu-
lations and resulted in more observations of uncommon species, and
the identification of a higher proportion of individual species.
The use of both ship and fixed-wing aircraft in our surveys allowed
us to interpret abundance and distribution patterns from two
perspectives, and thus 1increased the reliability of our final
assessments. However, except for the perspective obtained by
comparing the two census methods and the probable difference in
bias each introduces to our sample, we have no satisfactory estimate
of the relation of our indices to the actual population of any
speciles,

SHIPBOARD CENSUS

Shipboard surveys were conducted from a wide variety of vessels
ranging in length from about 5 to over 90 m. In 1975-1976, and
occasionally 1977-1978, we used research vessels of the National
Oceanic and Atmospheric Administration (NOAA), especially the Res-
earch Vessels Diccoverer, Surveyor, Miller Freeman, and the Moana
Wave chartered by NOAA from the University of Hawaii. Inasmuch as

these vessels were principally occupied in collecting oceanographic
data, and sampling marine fisheries and marine mammals, the orni-
thologists were aboard on a secondary basis and had only limited
opportunity to stipulate cruise tracks and survey periods. Our data
were thus usually collected on an opportunistic basis, and we were
seldom able to repeat cruise tracks or make extended observations
in any one area. These vessels were over the continental shelf
most of the time; consequently our early data contain little infor-
mation from nearshore habitats. Oceanic areas (> 2,000 m) were
visited only occasionally, usually when ships were in transit
between ports.

In 1977 we used the YANKEE CLIPPER, an 18 m vessel with a
Westport, semi-planing hull, From this ship we made extensive
observations from May to August in bays and inner shelf habitats
south of Kodiak Island., In 1978 we conducted surveys in bays and
inner shelf areas of Kodiak Island with the 20 m Research Vessel
COMMANDO as part of a cooperative, multi-disciplinary study of
marine food webs. Throughout the study we used a number of other
vessels, including U. S. Coast Guard ships, fishing vessels, luxury
liners, and a variety of small boats.

Transect Censuses

In theory, we would like to get an instantaneous count of birds
within the transect zone. Actually, our strip censuses are based
on a 10— or 15-minute (temporal) cruising time. The ship must be
moving along a straight path at a constant speed (usually 8-11
knots). From 1975 through May 1976, the observer counted all birds
seen forward of mid-ship and laterally on one side out to 300 m,
and the duration of most transects was 15 minutes. In May 1976
the forward scan was extended to the projected end of the transect
(maximum of 3,000 m at 10 knots) and most transects were reduced
to 10 minutes. The extended forward scan increases the detection
of birds which may leave the area or dive before the ship reaches
them. Forward scans are especially important when one 1is counting
ship—-avoiding species. Birds observed beyond the transect boundary,
and those following the ship, were recorded separately -and were
not used in calculating indexes of density.

Flying birds present a special problem. If the observer
counted all the individuals £flying through the transect zone,
estimates of densities would be greatly exaggerated. In June 1976
we began 'using two techniques to reduce this sort of bias:

1. Periodic "instantaneous” counts were made of flying birds
within a discrete portion of the transect area. The number of such
counts depended on the lengths of transects and the distance birds
could be seen and identified. Individual counts were added to the
number of birds observed within the transect area by using standard
procedures. For example: on a l0-minute transect at a speed of 10
knots the ship covered 3,087 m. We made three instant counts,
one each at 3-minute intervals beginning at the start of  the
transect, using an area 1,000 by 300 m. These three counts were






General Observations

Incidental or non-standard data of general interest were re-
corded and maintained within the data base. Aborted transects or
those that diverged from established standards were also maintained
under this category.

METHODS AND RATIONALE FOR DATA ANALYSIS

The present report represents our first series of analyses
that describe the broad pattern of distribution and abundance
displayed by seabirds in the Gulf of Alaska and Bering Sea. A
proper interpretation of this information is contingent on a firm
understanding of the original data base (Appendix A) and on the
software used to manipulate it. The analyses of digital data
hinge on a number of key data fields depending on the type of
product and level of precision required. The following discussions
direct the user to the key elements necessary for analyzing our
data and interpreting the results.

Platform Type

We have used four basic types of platforms for our surveys:
fixed-winged aircraft, small and large ships, and outboard motor-
boats. Data obtained from each platform type are best analyzed and
interpreted separately because of the differences in observational
bias inherent in each. For practical reasons, however, we have
combined all small- and large-ship surveys, and have used outboard
motorboat surveys only for qualitative analyses. Thus, for each
season or habitat we derived two density indices, one for shipboard
and one for aerial surveys.

Survey Type

We used five major experimental designs: transects, ship-
follower surveys, station surveys, coastline surveys, and general
observations. Transects formed, by far the largest and most
important part of our overall data base, and indexes of density
were derived only from this type of survey. The remaining four
experimental designs were used primarily to provide qualitative
supplemental information on occurrence, and to some extent relative
abundance, for areas (e.g., nearshore), situations (e.g., stationary
platforms), and species (e.g., ship-followers and rare species),
not easily assessed by transect methods.

For analyses involving qualitative information, all survey
types may be pooled. For quantitative information, however, each
must be analyvzed separately. Care must be exercised in deriving
density indices or estimates from station, coastline, and ship-
follower surveys because such data often contain serious 1limi-
tations. For example, the number of seabirds around stationary
platforms is a function of how long the platform has been at rest,
and coastline surveys are taken from platforms that are usually

changing speed and direction during the survey. Counts of ship-
followers cannot be used for estimates of density, but dindices
(e.g., maximum number of birds noted at any given time within a
specified time period or area) can be determined for dedicated
ship-followers such as albatrosses.

Start Latitude and Longitude

All information associated with a transect or survey is related
to the starting position. The location of an individual sighting
is thus only as accurate as the distance hetween the start and end
positions. Similarly, if the depth at the beginning of the transect
is 100 m and at the end it is 400 m, the birds seen at the end of
the transect will be associated only with a 100 m depth. As our
transects generally covered between 3.0 and 4.5 km, biases created
by associating all data with the starting position are few and for
the most part of only minor significance.

Observation Conditions

In addition to the standard information on weather, sea state,
wind, etc., each observer recorded his or her -impression, on. a scale
of 1 to7, of the combined effect of all factors affecting the abil-
ity of that observer to see, identify, and count birds. Censuses
were not conducted under inappropriate conditions, and all transects
met at least minimal standards. In our analyses, however, we devel-
oped indices of density only from the transects that were coded as
three (3) or higher, to increase consistency and reliability of
pooled data.

Outside Zone

The development of estimates of density is facilitated by
observations on each transect that are as complete as possible
within an area of known size. Thus, indices were calculated only
on data obtained within transects of known widths, usually our
standard widths of 300 m from ships and 50. m from planes. However,
observations of birds beyond these boundaries were recorded and
provided important supplementary information, particularly on the
distribution and size of flocks and the occurrence of rare and
uncommon species. Recording of birds beyond the transect boundary
permits direct comparison of our data with those of other investi-
gators (e.g., Gould 1974, Brown et al. 1975b) who did not 1limit the
width of transects. - ‘ ;

DATA ANALYSIS

The basic working unit of our data 1is the TRANSECT, which
represents a rectangular patch of water with specific geographical
and temporal limits. All data retrieval is keyed to the starting
point of a transect, i.e., one corner of that rectangle. The first
step in our processing of data was to simplify and restructure the
NODC format into a SPECIES TRANSECT RECORD by eliminating unneces-



sary data fields and retaining only the basic data, by species, for
the survey area. At this point the computer also calculates the
square kilometers of area covered by each transect and attaches
it to the record. Other special editing programs may be used at
this point. For example, depth and habitat classification were
added to the record if they had not already been provided. Species
Transect Records were then divided into selected geographic regions
or subregions and stored as separate files. The products from
these files include species listings, tables of abundance by season
and habitat, and graphs or tables of Density Indices, as described
below by 20' latitude and 30' longitude blocks.

Our primary analysis consisted of calculating the NUMBER OF
BIRDS OBSERVED PER SQUARE KILOMETER OF OCEAN SURFACE (B/kmz). We
have used two basically different methods of calculating this
value from the same set of data and the calculated values are
frequently different one from the other.

Density Indices or Transect Densities

Dengity indices are obtained by calculating the number of
birds/km2 for each transect, adding these together, and then
dividing by the number of transects. The : sulting inc : thus
represents the mean of individual transect densities with each
transect weighted equally, regardless of the area it covered.
These density indices can provide year-to-year comparisons of
populations and allow monitoring of local or regional patterns of
distribution. Density indices have been calculated as described
for "total birds” as well as for 16 major species or species groups
of marine birds. These indices, along with tables of "highest
single transect densities” which provide a range of values for
each index, are presented in Appendices C and D for the Gulf of
Alaska and Bering Sea, respectively., We have not attempted corr-
ection or adjustment for biases resulting from differences in
observers or the detectability of species.

The variation in numbers of birds from one transect to the
next, even within similar areas and dates, can be very high,
reflecting the frequently clumped distributions and high mobility
of marine birds. Sooty and Short-tailed Shearwaters and Northern
Fulmars are prime examples. Indices for any given area may change
from 0 to 1,000 B/km2 in a matter of hours. For marine bird species,
the pattern of occurrences of high and low densities typically does
not conform to a statistically normal distribution. ndeed, the
pattern is usually bimodal with a large number of 0 B/km“ transects
and a large number of moderate density transects located within a
wide range of values. For the less common species, the curve may
have only a single pea%f but this is skewed to the far right by
large numbers of 0 'km“ transects. Due to this highly skewed
variable distribution, strict comparison of means should be done
with caution. Confidence intervals around mean densities were
calculated (1,645 x standard error), but should he interpreted in
terms of levels of biological significance which we define in the
following manner:

1,645 x Standard Error

_ Our Interpretation of its Biological
Expressed as Percent of X

Significance for Density Indices

>

100 % Inadequate. X could change drastically
with larger sample size or replicate
sampling,

75-99 % Low. Barely adequate and subject to
much change with increasing sample size
or replicate sampling.

50-74 7 Moderate. Adequate but somewhat risky
for predictive purposes.

25-49 7% High. We accept these data with only
minor reservations.

1-24 7 Very High. We feel this represents an

accurate picture of the local density.,

Density indices have also been calculated by blocks of 20' of
latitude x 30' of longitude. These are presented on seasonal maps
for the Gulf of Alaska and Bering Sea. For these maps, densities
are rounded to the nearest whole number and all densities of less
than 0.5 B/km2 are recorded as "+", We have also used a "+" to
indicate that the species was observed off-transect or during
general observations. A "+" thus means that the species occurred
in relatively small numbers, but that our sampling was not adequate
for calculating a reliable index to the size of its population.

Relative Density

10

We found that a complete and separate computer analysis of
each taxon, especially for species which were uncommon or difficult
to detect, was 1 ([tl : practical nor warranted. We did, however,
calculate for each taxon its relative abundance and the percent
which it constituted of the total birds observed; we then related
this percentage to the appropriate density index of "total birds”
(see Appendix Tables C 17 and D 17). The relative density of a
taxon, i.e., 1its relative abundance times the density index of
"total birds,” is not equivalent to the density index of that taxon
because it 1s derived from total birds rather than from means of
transects. In our data, the diff e teen the values of
relative density and the density index for any given taxon is
usually on the order of 10 ~~~cent or less, but may occasi---1ly
be greater than 20 percent.

Dannl atrdan Tndaw

Both density indices and relative densities have been used to
provide an indication of the sizes of populations. This "popula-
tion index"” is obtained merely by multiplying either the density



index or the relative density by the total area in square kilometers
of any geographic region of concern. Its reliability as an index,
like the reliability of density as an index, rests primarily on
the number and distribution of our transects (samples) within the
region. The "population index"” is not a population estimate, as
it is uncorrected for known biases such as our failure to observe
all birds occurring in transect areas. For some highly visible
species the population index may closely approximate the actual size
of populations, but for others——for example the small alcids—--the
index may be much smaller than the population. Nevertheless, either
the population index or the density index from which it is derived
provides a means for developing relatively wunbiased estimates
of temporal or geographic differences in population sizes, and
is useful as a basis for making subjective estimates of the numbers
of birds within a region.

%
Frequency of Occurrence

As a subprogram in our calculation of density indices, we
obtained Frequencies of Occurrence for Total Birds and the 16 major
species and species groups (see Appendices C and D), by dividing
the number of transects on which a taxon was observed by the total
number of transects completed., The frequency of occurrence, although
relatively insensitive to moderate changes in density, proves a
useful measure of the dispersion of a taxon throughout a region.
Because the chance for the occurrence of a bird on a transect is
proportional to the area covered by the transect, our samples may
be slightly biased by variation in the areas of our transects. But
since this variation was largely random, any bias that occurs is
probably irrelevant to our evaluation of distribution patterns.

NoRTHERN FuLMAR. PHOTO BY ANTHONY R. DEGANGE
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DISTRIBUTION AND ABUNDANCE OF MARINE
BIRDS IN THE GULF OF ALASKA

Sixty-five species of marine birds were seen during our surveys
of the Gulf of Alaska, some 76 % of the total recorded in the
literature for the state. Our surveys of the Gulf included about
5,500 shipboard and 1,900 aerial transects covering more than
6,900 and 2,700 km? of ocean, respectively (see Appendices Cl-C4,
and Maps 1-8). Nearly 44 7 of our shipboard observations were
conducted in May, June, and July, and about 47 % of our aerial
surveys in March or April. Only 5 or 6 %Z of either ship or air
surveys were conducted during the winter (Table 3).

Table 3. Percent of total surveys conducted during
different months in the Gulf of Alaska, 1975-1978.

Type of Survey

Shipboard Shipboard Aerial
Month Transects Stations Transects
January 0.9 0.3 4,9
February 4,6 4 4 0.3
March 8.3 26.6 31.3
April 9.1 22.7 15.4
May 15.3 6.5 8.8
June 15.3 8.0 19,2
July 13.2 5.3 6.2
August 9.0 2.4 1.3
September 11.6 12,8 0.0
October 5.9 6.7 12.9
November 6.4 3.9 0.0
December 0.5 0.4 0.0

The following species accounts contain summaries and highlights
of these observations and draw freely from other information
sources, including Gabrielson and Lincoln (1959), Isleib and Kessel
(1973), Kessel and Gibson (1978), Sowls et al. (1978) and Forsell
and Gould (1981), as well as the personal observations of the
authors. Density indices and frequencies of occurrence for seasons
and habitats for total birds and the 16 most abundant species and
species groups within the Gulf of Alaska, as well as in the sub-
regions of Kodiak and the Northeast Gulf, are provided in Appendix
C. Maps 9-197 show the seasonal distribution and abundance of 12
important marine bird species or species groups. The occurrence
and relative densities of all avian taxa identified in our surveys
are presented by season and habitat in Tables 4-7.

GAVIIDAE

Four species of loons——the Arctic, Common,
Yellow-billed Loon——occur in the Gulf of Alaska.

Red-throated, and
All nest within



Table 4. Percentage of total seabirds seen in spring (March-May) during shipboard and aerial surveys of Table 5. Percentage of total seabirds in summer (June—August) during shipboard and aerial surveys of different
different habitats in the Gulf of Alaska. Total birds seen (No./Km2) in each habitat and during each type habitats in the Gulf of Alaska. Total birds seen (No./Km?) in each habitat and during each type
of survey are shown in parentheses. of survey are shown in parenthesis.

Type of Survey, and Habitat Type of Survey, and Habitat
Species Shipboard Aerial Species Shipboard Aerial
Bay Shelf Shelfbreak Oceanic Bay & Shelf Shelfbreak Oceanic Bay Shelf Shelfbreak Oceanic Bay & Shelf Shelfbreak Oceanic
(29.0) (158.2) (57.2) (43.8) (37.7) (15.4) (10.5) (56.7) (134.1) (55.8) (14.7) (64.8) (10.2) (2.5)

Common Loon 0.2 + + 0 + 0 0 Common Loon 0 + 0 0 0 0 0
Yellow-billed Loon + + 0 0 0 0 0 Arctic Loon 0 + 0 0 0 0 0
Arctic Loon 0.1 + + + + 0 0 Red-throated Loon + 0 0 0 0 0 [o}
Unidentified Loon 0.6 0.1 0.1 0 + 0 0 Unidentified Loon + + + 0 + 0 0
Red-necked Grebe + 0 0 0 0 0 0 Black-footed Albatross 0 + 0,2 1.2 + 0.9 o}
Horned Grebe + 0 0 0 + 0 0 Laysan Albatross 0 + 0 + 0 0 0
Unidentified Grebe 0 0 0 0 + 0 0 Unidentified Albatross 0 0 + 0 0 0 0
Black-footed Albatross 0 + + 0.1 0 0 + Northern Fulmar 0 1. 8.8 11.4 2.4 9,5 21.4
Laysan Albatross 0 + + + 0 0 0 Flesh-footed Shearwater 0 ] + 0 + 0.1 0
Unidentified Albatross 0 0 0 + 0 0 0 New Zealand Shearwater 0 0 0 + + 0.2 0.9
Northern Fulmar + 1.3 57.1 3.1 8.6 10.9 9.5 Sooty Shearwater 2.9 17 .4 35.9 21.6 + + +
Flesh-footed Shearwater 0 + 0 0 + + 0 Short-tailed Shearwater 5.0 23.2 4.6 0.3 + 0 0
New Zealand Shearwater o} 0 0 0 + 0 + Unidentified Shearwater 14 .4 36.8 13.8 31.4 67.2 10.2 7.5
Sooty Shearwater 14 4 35.3 15.1 32,2 0 0 0 Fork-tailed Storm-Petrel 1.1 1.5 7.9 8.3 6.9 15.5 25.9
Short-tailed Shearwater 0 6.3 1.9 0.8 0 0 0 Leach's Storm-Petrel 0 0.1 0.6 6.9 0.1 1.3 5.1
Unidentified Shearwater 0.5 39.6 9.7 454 33.6 15.0 3.8 Unidentified StormPetrel 0 + 0.5 3.1 0.1 0.2 0.3
Fork-tailed StormrPetrel 0.1 0.9 0.7 3.5 4,0 15.2 14 .5 Scaled Petrel 0 0 0.3 3.6 + 0.2 16 .0
Leach's StormPetrel 0 + + 1.3 0 0 0.1 Double-crested Cormorant 0.1 + 0 0 [} [} 0
Unidentified Storm-Petrel 0 + + 1.3 + + 0.1 Pelagic Cormorant 0.2 + 0 0 + 0 0
Scaled Petrel 0 0 0 + 0 0 + Red-faced Cormorant + + 0 0 + 0 0
Double-crested Cormorant 0 + + 0 0 0 0 Unidentified Cormorant 0.6 0.1 + + 0,1 0 0
Pelagic Cormorant 0.5 0.1 + 0 0 0 0 Canada Goose 0 + 0 0 0 0 0
Red-faced Cormorant 0.1 + 0 0 0.1 0 0 Unidentified Scaup 0 o] 0 0 + 0 0
Unidentified Cormorant 0.8 0.1 + 0 1.2 0 0 0ldsquaw 0 + 0 0 0 0 0
Unidentified Swan 0 + 0 0 0 0 0 Harlequin Duck + 0 0 0 + 0 0
Canada Goose 0.1 + 0 0 0.1 0 0 White~winged Scoter 0.1 0.5 0 0 + 0 0
Brant 1.9 + 0 0 0 0 0 Surf Scoter + + 0 0 + 0 0
Greater Scaup + 0 0 0 0 0 0 Black Scoter 0 0 0 0 0.1 0 0
Unidentified Scaup 0 + 0 0 0 0 0 Unidentified Scoter 0.1 + 0 0 + 0 0
Barrow's Goldeneye 0.1 0 0 0 0 0 0 Unidentified Geese & Ducks + 0 0 0 + 0 0
Unidentified Goldeneye 0 + 0 0 0 0 0 Red Phalarope 0.1 0.2 2.0 0.1 + 0.1 0
0ldsquaw 3.9 0.1 + 0 0.9 + 0 Northern Phalarope 2,2 0.4 0.1 0.1 + 1.8 0
Harlequin Duck 0.3 0 0 0 0.2 0 0 Unidentified Phalarope 0.5 0.2 0.2 0.1 0 0.1 0
Steller's Eider + 0 0 0 0.3 0 0 Pomarine Jaeger 0.2 0.2 0.1 0.3 + 0 0
Common Eider + + 0 0 2.2 0.1 0 Parasitic Jaeger 0.1 + + 0.2 + 0.1 0
King Eider + + 0 0 0.7 0 0 Long-tailed Jaeger + + 0.1 0.1 0 0 0
Unidentified Eider 0 + 0 0 0.4 0 0 Skua 0 + 0 0 0 0 0
White-winged Scoter 4.1 0.4 0 0 1.8 0 0 Unidentified Jaeger 0.1 + 0.1 0.6 + 0 0.6
Surf Scoter 0.1 + 0 0 0.1 0 0 Glaucous Gull + + + 0 + 0.1 0
Black Scoter 0.3 + 0 0 1.3 0 0 Glaucous-winged Gull 3.7 0.4 0.4 0.2 2.4 0.7 0.6
Unidentified Scoter 0.1 0.2 0 0 7.9 0 0 Herring Gull + + 0.1 + + 0 0
Red-breasted Merganser 0.1 + 0 0 + 0 0 Mew Gull + + 0 + + 0 0
Unidentified Geese & Ducks 0.2 + + + 0.9 0 0 Black-legged Kittiwake 16.6 1.8 1.6 1.7 3.1 0.8 5.4
Red Phalarope 0 0.2 0.1 + 0 0 0 Unidentified Kittiwake 0.4 0.4 0.6 0.8 2.8 2.4 1.8
Northern Phalarope 9.9 1.0 2.3 0 0.1 0 0 Sabine's Gull 0.1 0.1 0 0.1 + 0.1 0.9
Unidentified Phalarope 0.1 0.2 + 0.2 0 0.2 + Unidentified Gull 0.1 + 0.1 + 1.6 47.3 5.1
Pomarine Jaeger + + 0.1 0.1 + 0 0 Arctic Tern 0.9 0.2 1.0 1.1 0.4 0.5 0
Parasitic Jaeger + + + 0.1 + 0.1 0.1 Aleutian Tern 0.2 + + + + 0 0.3
Long-tailed Jaeger 0 + + Y + 0 0 Unidentified Tern 0.9 + 0 n 0.7 0 0
Skua 0 0 0 + 0 0 0 Common Murre 1.5 0.7 0.9 0 0 0
Unidentified Jaeger + + + 0.1 + 0.1 0.1 Thick-billed Murre + + + 0 0 0 0
Glaucous Gull + + + 0.1 * 0 0 Unidentified Murre 2.2 3.1 4. 0.1 2.8 5.2 0
Glaucous-winged Gull 6.3 0.9 1.7 1.5 3.3 3.9 2.0 Pigeon Guillemot 1.8 0.1 0 0 0.1 0 0
Herring Gull 1.0 0.1 0.8 0.2 + 0.1 0 Marbled Murrelet 1.3 0.1 0.1 0 0 0 0
Thayer's Gull 0 0 + 0 0 0 0 Kittlitz's Murrelet 0.1 + 0 0 + 0 0
Mew Gull 1.4 + 0 + 0.1 0 0 Unidentified Murrelet 4.1 0.3 0 0 0.1 0 0
Bonaparte's Gull + 0 0 0 0 0 0 Ancient Murrelet 0.3 0.4 0.7 0.1 + 0 0
Black-legged Kittiwake 7.9 1.7 3.3 6.0 4.7 26.0 20.4 Cassin's Auklet 0.3 0.6 0.1 + 0 0 0
Unidentified Kittiwake 0.2 0.2 0.2 0.3 + 0.3 1. Parakeet Auklet + 0.1 0.1 + + 0 0
Sabine's Gull 0 + 0 0 + 0 0 Crested Auklet 0 + + 0 + 0 0
Unidentified Gull 0.4 0.1 0.4 0.6 0.2 1.1 3.4 Least Auklet 0 + 0 0 0 0 0
Arctic Tern 1.4 0.3 0.2 0.4 0.3 0.5 0.1 Whiskered Auklet 0 + 0 0 0 0 0
Aleutian Tern 0.1 + 0 0 0 0 0 Rhinoceros Auklet + + + 0.4 + 0 0
Unidentified Tern 0.1 + + 0 0 0 0 Horned Puffin 0.9 0.6 2.0 0.1 0.2 0 0
Common Murre 3.2 0.5 0.6 + + + + Tufted Puffin 3.7 6.7 9.8 4.2 3.2 0.5 1.5
Thick-billed Murre 0.3 0.1 + 0.2 * * + Unidentified Aleid 1.4 1.7 2.8 0.8 5.3 2,0 4.8
Unidentified Murre 7.3 4.7 2.9 0.5 20,2 14.2 5.0

Pig Guillemot 2.4 0.1 + 0 + 0 0 _
Matovieoe Murrelet 1.6 0.1 0.1 0 0 0 0

Kittlitz's Murrelet 0.1 + + 0 + 0 0

Unidentified Murrelet 2.4 0.1 0.1 0 0.1 0 0

Ancient Murrelet 0.1 0.3 + 0 0.5 0.1 0

Cassin's Auklet + 0.1 + + 0.3 0.2 0.2

Parakeet Auklet 0 + + 0 0.1 0.1 0

Crested Auklet 0 + 0 0 0.6 0.8 26.1

Least Auklet 0 + 0 0 0 0 0

Whiskered Auklet 0 1.8 0.3 0 0 0 0

Rhinoceros Auklet 0 + + + + + 0.3

Horned Puffin 0.4 0.1 0.1 0 0,1 0.1 +

Tufted Puffin 19.3 2.1 0.7 1.5 1.9 3.6 2.3

Unidentified Alcid 4.8 0.8 0.6 0.2 1.6 6.6 9.1
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Table 6. Percentage of total seabirds seen in fall (September-November) during shipboard and aerial surveys Table 7, Percentage of total seabirds seen in winter (December-February) during shipboard and aerial surveys
of different habitats in the Gulf of Alaska. Total birds seen (No./Km2) in each habitat and during each type of different habitats in the Gulf of Alaska. Total birds seen (No./Km2) in each habitat and during each type
of survey are shown in parantheses. of survey are shown in parentheses.

Type of Survey, or Habitat Type of Survey, and Habitat
Species Shipboard Aerial Specles Shipboard Aerial
Bay Shelf Shelfbreak Oceanic Bay & Shelf Shelfbreak Oceanic Bay Shelf Shelfbreak Oceanic Bay & Shelf Shelfbreak Oceanic
(35.6)  (59.9)  (22.4) (6.7) (10.8) (8.6) (5.6) (18.2)  (13.7)  (22.0) (3.2) (27.8) (4.5) (2.0)

Common Loon + 0 + 0 0.1 0 0 Common Loon 0.1 0 0 0 0 0 0
Yellow-billed Loon + + 0 0 0 0 0 Unidentified Loon 0.2 0.1 0 0 + 0 0
Arctic Loon + + + + 0.2 0 0 Black~footed Albatross 0 0 0 0.2 0 0 0
Red-throated Loon + 0 0 0 0 0 0 Laysan Albatross 0 0 0 0.1 0 0 0
Unidentified Loon 0.1 + + + 0.1 0 0 Northern Fulmar 0 16.8 317 32.9 2.0 12.0 41.1
Horned Grebe + 0 0 0 + 0 0 Short-tailed Shearwater 0 0.1 0.1 0 + 0 +
Black-footed Albatross + + 1.3 1.4 0 0.7 1.6 Unidentified Shearwater 0 0.4 0 0.1 1.3 01.1 05.5
Laysan Albatross 0 + 0.4 0.5 0 0.7 0.3 Fork-tailed Storm-Petrel 0 0 0.3 13.8 0 0 0
Unidentified Albatross 0 0 0 + 0 0 0 Unidentified Storm-Petrel 0 0 0.1 1.5 0 0 0
Northern Fulmar 0.2 2.6 34 4 29.1 17.4 36.7 32.5 Pelagic Cormorant 0.3 0 0 0 0 0 0
Flesh-footed Shearwater 0 0 0 0 0.1 0.2 0.9 Unidentified Cormorant 1.8 0.1 0.1 0 12.7 0 0
New Zealand Shearwater 0 + + + 0 0 0.3 Emperor Goose 0.1 0 0 0 0 0 0
Sooty Shearwater 7.7 12.6 2,1 7.2 + + + Barrow's Goldeneye + 0 0 0 0 0 0
Short-tailed Shearwater 2.9 3.6 1.1 0.5 + 0 0 Oldsquaw 0 0 0 0.1 0.3 0 0
Unidentified Shearwater 19.0 57.0 15.3 11.5 7.2 6.9 44 Steller's Eider 0 0 0 0 27.5 0 0
Fork-tailed StormPetrel 1.0 0.8 17.0 6.9 3.2 7.0 30.0 Common Eider 0 0 0 0 1.9 0 0
Leach's Storm-Petrel 0 0.2 0.1 5.0 0 0 0.3 King Eider 0 0 0 0 + 0 0
Unidentified Storm-Petrel 0.1 + 0.2 1.0 0 1.1 0.6 Unidentified Eider 0. 0 0 0 5.8 0 0
Scaled Petrel 0 + + 0.6 0 0 0 White-winged Scoter 0 0 0 0 0.1 0 0
Double-crested Cormorant 0.1 0.1 0 0 0 0 0 Surf Scoter 0 0 0 0 0.3 0 0
Pelagic Cormorant 0.3 + + 0.1 0 0 0 Black Scoter 0 0 0 0 5.7 0 0
Red-faced Cormorant 0.2 + + 0 0.1 0 0 Unidentified Scoter 0 0 0 0 9.6 0 0
Unidentified Cormorant 0.4 0.2 0.2 0.5 1.3 0.2 0 Common Merganser 0.3 0 0 0 0 0 0
Canada Goose 0 + 0 0 0.3 0 6.3 Red-breasted Merganser 0.2 0 0 0 0 0 0
Emperor Goose 0 0 0 0 0.6 0 0 Unidentified Merganser 0.3 0 0 0 0 0 0
Brant 0 0 0 0 0 0 0.3 Unidentified Geese & Ducks 0.4 + 0 0 0 0 0
White-fronted Goose 0 + 0 0 0 0 0 Unidentified Phalarope 0 0 0 + 0 0 0
Oldsquaw 0.1 + 0.2 0 0.6 0 0 Glaucous Gull 0 0 0 + 0 0 0
Harlequin Duck 0.1 + + 0 0 0 0 Glaucous-winged Gull 5.9 15.8 15.0 7.1 13.4 12.0 0
Greater Scaup + 0 0 0 0 0 0 Slaty-backed Gull 0 0 0.1 0 0 0 0
Common Goldeneye 0 + 0 0 0 0 0 Herring Gull 3.4 0.9 1.0 0.5 + 0 0
Common Eider 0 0 0 0 1.3 0 0 Mew Gull 15.5 + 0.3 0 0 0 0
Spectacled Eider 0 + 0 0 0 0 0 Black~legged Kittiwake 0 7.5 10.0 26.7 2.6 53.3 16.1
Unidentified Eider 0 0 0 0 0.2 0 0 Red-legged Kittiwake 0 0.3 0.1 0 0 0 0
White-winged Scoter 0.5 0.1 0 + 4.3 0 0 Unidentified Kittiwake 0 6.6 0.8 0.1 0 0 0
Surf Scoter 0.2 + 0 0 0.1 0 0 Unidentified Gull 16.5 8.8 4.3 2.4 0.1 [} 0
Black Scoter + + 0 0 0.9 0.2 0 Common Murre 20.5 2.2 0.9 0.1 0 0 0
Unidentified Scoter 0.2 0 0 0 14.6 0 0 Thick-billed Murre 0.4 0.3 0.1 0 0 0 0
.Common Merganser 0 0 + 0 0 0 0 Unidentified Murre 22.8 30.1 31.6 1.6 9.8 15.2 0
Red-breasted Merganser 0 0 0 + 0 0 0 Marbled Murrelet 3.0 0 0 0 0 0 0
Unidentified Geese & Ducks 0.1 + 0.4 + 0.1 0 0 Ancient Murrelet 0.3 0 0 0.1 0 0 0
Red Phalarope 0 0.1 0 0.1 0 0 0 Cagsin's Auklet 0.5 0 0 0.1 0 0 0
Northern Phalarope 0.8 0.3 0.2 0.6 0 0 0 Crested Auklet 0 0 0 0 3.0 0 0
Unidentified Phalarope 0.3 0.1 0.2 0.1 1.2 2.4 0 Rhinoceros Auklet 0 0 0 0 0.1 0 0
Pomarine Jaeger 0.2 0.1 0.3 1.3 0.1 0.4 0 Horned Puffin 0 1.2 0.3 4.7 0 0 0
Parasitic Jaeger 0.1 + 0.1 0.4 0 0 0.3 Tufted Puffin 0.2 2.6 2.0 6.9 0.1 5.4 37.5
Long-tailed Jaeger 0 + + 0 0 0 0 Unidentified Alcid 7.0 4.6 1.0 0.9 3.3 1.0 0
Skua 0 + 0 0 0 0 0
Unidentified Jaeger 0.2 + 0.1 0.6 0.2 0 0
Glaucous Gull 0 + 0 0.1 0.1 0 0
~1aneous-winged Gull 74 1.7 4.6 4.6 14.0 3.7 0.6

ag gull 0.6 0.1 0.9 0.4 0 0 0
Thayer's Gull 0 + + 0 0 0 0
Mew Gull 1.9 + 0.1 0 0 0 0
Bonaparte's Gull + 0 0 0 0 0 0
Black-legged Kittiwake 21.4 3.1 3.7 3.8 9.2 4.8 5.4
Red-legged Kittiwake 0 0 + + 0 0 0
Unidentified Kittiwake 1.2 0.7 1.9 4.5 7.9 3.0 2.2
Sabine's Gull 0 + 0.1 + 0.1 0.4 0
Unidentified Gull 3.7 0.1 0.7 0.4 0.8 0 0.9
Arctic Tern 0.1 + 0.1 0.4 0 0 0
Aleutian Tern 0 + 0 0 0 0 0
Unidentified Tern + + 0 0 0 0 0
Common Murre 13.1 2.4 0.4 0.3 0 0 0
Thick-billed Murre + + 0.1 0.1 0 0 0
Unidentified Murre 5.4 4,0 44 0.5 4.3 2.6 0.3
Kittlitz's Murrelet + + + 0 0 0 0
Unidentified Murrelet 1.1 + 0 0 0 0 0
Ancient Murrelet 0 + + 0 0 0 0
Cassin's Auklet 1.5 0.5 1.3 0.6 0 0 0
Parakeet Auklet 0 0.6 1.7 0.7 0.1 0 0
Crested Auklet 0.4 2.3 0 0.2 1.0 0 0
Least Auklet 0 0 0 0 0.1 0 0.6
Rhinoceros Auklet 0 0.1 0 0.7 0 0 0
Horned Puffin 1.8 1.5 1.3 0.6 0.3 0.4 0
Tufted Puffin 2.8 3.0 4.1 12.6 1.8 4.3 2.8
Unidentified Alcid 1.1 1.4 1.2 1.7 5.4 13.7 8.5
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concentration was seen on 2 October 1975 over a small seamount
south of Kodiak Island at 56°17'N x 152°26'W when David Nysewander

counted a total of 10 birds during a 15-minute shipboard transect.

rIO t SHORT-TATLED ALBATROSSES formerly occurred throughout the Gulf
of Alaska but their world population is now so small that they
must be considered extrememly rare anywhere. We did not see this

species.
20- Ly FULMARINAE

- The Northern Fulmar is the only member of this subfamily
— - occurring in the North Pacific and is also the only species in the
°\° - family Procellariidae breeding in Alaska. Under natural conditions
—~ |5_ L 6 this species tends to be solitary and uniformly distributed through-
= out preferred habitats. However, fulmars are strongly attracted
8 “ w l’; to ships, about which they gather for extended periods feeding on
[7p] “ O garbage or offal thrown overboard. This behavior makes it extremely
P . Z O difficult to census their populations and to interpret observed

< - < Z distribution patterns.

& 10- 42k

x - ) g t NORTHERN FULMARS are resident throughout the Gulf of Alaska
&:.l - o = (Maps 19-26). Densities at sea were highest in spring and fall
Z‘)‘a_ - <0 during migration and at scattered locations from the Kenai Peninsula
Zo - w 5 south to the 2,000-m isobath and west through the Kodiak Basin to
wz 5_ 2 > o Mitrofania Island. They were occasionally found in protected and
D; _ ; shallow waters, especially near their breeding sites, but most
OI g foraged over deep water where their numbers tended to be highest
I.IJ(D I | OO: in or near shelfbreak habitats (Appendix C6). Isleib and Kessel
& ('7) = lﬁl-:‘ E (1973) cited an exceptional record of ca. 10,000 fulmars in summer
- near Montague Island, and Arnold (1948) found 38,000 feeding in

Unimak Pass on 9 June 1944, Aerial surveys are not inflated by

ship-following behavior and thus may provide the most accurate

interpretations of population size. The population 1index for
fulmars, derived from aerial data, "is 1.1 million birds at any

given time over marine waters in the Gulf, and an additional 1.0-

1.5 million passing through during migration periods. 1Isleib and

Eberhardt (1975) estimated the size of the winter population in
Figure 4. Relative abundance (broken lines) and frequency the northeast Gulf of Alaska at over 100,000.
of occurrence (solid lines) of Black—footed Albatrosses in ,
the Gulf of Alaska., Stars indicate low sample sizes, and : PUFFININAE
that albatrosses occurred only in the extreme southeast at
these times. Seven members of this subfamily occur in the Gulf of Alaska,

all as nonbreeding visitors. Shearwaters and especially gadfly

petrels are among the most pelagically oriented of all seabirds

in Alaska and are numerically the domir 1t species § >up from } 7

through October.

t FLESH-FOOTED SHEARWATERS are casual visitors to the Gulf. We
observed in the extreme southeast in _2bri ¢y (7 » 7). 7 1thly saw only a single bird, which was over the shelfbreak south of
frequency and relative abundance were highest in September and Middleton Island on 6 May 1975, Kessel and Gibson (1978) 1listed
October (Table 8), There is no obvious center of abundance in two other records: one bird off Yakutat in July and one off the
the Gulf of Alaska., Most sightings, however, were of birds near Kenai Peninsula in August.

shelfbreak waters in the western half of the area. The largest
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Table 8. Seasonal frequency of occurrence (F0O), relative abundance t PINK-FOOTED SHEARWATERS are regular, but uncommon, nonbreeding

(RA) and largest sighting (MAX) of Black-footed and Laysan Albatrosses visitors to the Gulf, We observed 13 birds in 12 sightings between

in the Gulf of Alaska. 19 May 1977 and 17 October 1975, While 1in Alaskan waters, this
species seems to prefer continental shelf and shelfbreak habitats.
Kessel and Gibson (1978) reported seeing at least 20 during Sept-

Species, Season, Shipboard Aerial Total ember over the Fairweather Grounds of the Northeast Gulf,

and Region FO RA MAX FO RA MAX FO RA MAX

t NEW ZEALAND SHEARWATERS are regular, but uncommon, nonbreeding
visitors to the Gulf of Alaska. We found 18 birds in 14 sightings

BLACK-FOOTED ALBATROSS from 20 April 1977 to 17 October 1975. This species appears to
prefer oceanic and shelfbreak habitats within the Gulf, although we
Winter sighted several birds over the continental shelf. All of the nine
Kodiak 0 0.0 0 0 0.0 0 0 0.0 0 birds seen by Wohl (1975) were along the inner edge of the shelfbreak
Northeast Gulf 0 0.0 0 - - - 0 0.0 0 in the Northeast Gulf betwe: ~1 Tt T . /)
Total Gulf 3 0.1 4 0 0.0 0 2 + 4

t SOOTY and SHORT-TAILED SHEARWATERS are difficult to differentiate
Spring in the field except under good observing conditions and by experi-

Kodiak 1 + 1 + + 1 1 + 1 enced observers. For this reason we have chosen to treat them as
Northeast Gulf 4 0.1 5 0 0.0 0 4 0.1 5 a single group for most of our analyses. We do, however, have a
Total Gulf 2 + 5 + + 1 2 + 5 reliable sample of shearwaters identified to species from the Gulf
(Table 9). There, Sooty Shearwaters outnumbered Short-tailed Shear-
Summer
Kodiak 2 + 4 1 + 3 2 + 4 Table 9. Proportion of Sooty Shearwaters, expressed
Northeast Gulf 29 1.8 72 6 0.1 4 21 1.2 72 as percent of all shearwaters identified to species,
Total Gulf 8 0.3 72 2 + 4 7 0.2 72 in the Gulf of Alaska, 1975-1978.
Fall
Kodiak 8 0.5 31 - - - 8 0.5 31 Habitat or Northeast Kodiak Total
Northeast Gulf 21 2,2 103 1 + 1 16 1.6 103 Season Gulf Area Gulf
Total Gulf 13 1.0 103 3 + 2 12 0.8 103
Habitat
LAYSAN ALBATROSS
Bays and Fjords 98 47 62
Winter Continental Shelf 86 44 66
Kodiak 0 0.0 0 0 0.0 0 0 0.0 0 Shelfbreak 91 68 88
Northeast Gulf 0 0.0 0 0 0.0 0 0 0.0 0 Oceanic 85 99 98
Total Gulf 0 0.0 0 0 0.0 0 0 0.0 0
Season
Spring
Kodiak 1 + 1 0 0.0 0 + + 1 Winter 0 0 0
Northeast Gulf 0 0.0 0 0 0.0 0 0 0.0 0 Spring 86 48 96
Total Gulf 1 + 2 0 0.0 0 + + - Summer 99 40 47
. Fall 77 79 78
Summer
+ + 2 0 0. 0 2 T al ! 45
Northeast Gulf 1 + 1 0 0.0 0 + + 1
Total Gulf + - 3 0 0.0 0 + + 3 Number of Birds 68,310 84,480 174,882
Fal
Kodiak 5 0.1 10 - - - 5 0.1 10 waters by almost 9:1 in the Northeast, but from Kodiak westward
Northeast Gulf 5 0.1 6 2 + 1 4 0.1 6 Short-tails outnumbered Sooties by about 1.2:1, Sooties thus com—
Total Gulf 5 0.1 10 2 + 1 4 0.1 10 posed about 68 percent of the shearwaters in the Gulf of Alaska.

Isleib and Kessel (1973) also considered Sooty Shearwaters to be










for a variety of reasons. During summer many of them remain in
fresh water habitats or stay within the nearshore zone. Most follow
coastlines in migration and those that fly over the ocean do so at
relatively high elevations and without stopping. In winter, many
leave the state, and those that remain become concentrated, espec-
ially in bay and nearshore areas. We found this group to be common
to abundant in bays and uncommon to common over the continental
shelf during winter and migration periods (Appendix Cl0). Water-
fowl are relatively wuncommon in any marine habitat during the
summer and are rare at any time over shelfbreak and oceanic habitats
(Tables 4-7)., Although several species of ducks, geese, and swans
occur in large numbers in estuarine and nearshore habitats, our
surveys have not provided a suitable sample of these habitats and
do not contribute significant new information on most species. We
have thus confined our discussion to sea ducks (tribe Mergini),
although even these specles are poorly sampled by our surveys.

t COMMON GOLDENEYES were observed only once; two birds over Port-
lock Bank east of Kodiak Island in September.

t BARROW'S GOLDENEYES are relatively common in nearshore habitats
both as migrants and as winter visitors. We have numerous records
for Southeast Alaska, Kodiak Island, and Lower Cook Inlet. Our
surveys were not appropriate, however, for assessing the abundance
of this or other important coastal specles of waterfowl.

t  BUFFLEHEADS were not found in our surveys. Forsell and Gould
(1980) reported this species to be common in back bays of the Kodiak
Archipelago in winter. Isleib and Kessel (1973) found them to be
rare in summer and common in winter in the Northeast Gulf of Alaska.

T OLDSQUAWS are abundant as migrants and winter visitors throughout
the Gulf of Alaska. Our earliest arrival and latest departure dates
are 8 October 1975 and 6 June 1975 respectively. This duck was the
fourth most abundant waterfowl species found in our surveys, and
was the one most likely to be found over shelfbreak and oceanic
habitats.

t HARLEQUIN DUCKS are common year—round residents along rocky
shorelines throughout the Gulf of Alaska. Our only observations
of birds away from nearshore habitats were of a single bird over
the shelfbreak in October and two birds over the continental shelf
in November.

t STELLER'S EIDERS were observed from January through April, except
for one sighting of four birds on 5 July in Imuya Bay on the south—
east Alaska Peninsula. Forsell and Gould (1981) found them in the
Kodiak Archipelago as early as November. We found this species
only west of 152°W, and then usually in small flocks. One group
of 700 birds, however, was found in January about 6.5 miles west—
southwest of the Barren Islands.

t COMMON EIDERS are year—long residents of the western Gulf of
Alaska and we observed them both in bays and over the continental

19

shelf. We made only two observations east of 152°W: 125 birds
just east of the Chiswell Islands in May and two birds in Yakutat
Bay in March. Most of our sightings were of small flocks. Larger
groups of 100-300 birds were observed east of the Chiswell Islands
in May, south of Kupreanof Point in March, in Katmai Bay in March,
and in shallow water just west of Tugidak 1Island in March.

T KING EIDERS are uncommon winter visitors to the region and we
found them only west of 151°W. We made scattered observations
from January through April and one sighting of eight birds in
Imuya Bay, Southeast Alaska Peninsula, on 5 July 1976, This
species was generally found in small flocks, The two. largest
groups, both seen in March, consisted of 50 birds in Kachemak Bay
and 63 1n shallow water just north of Chirikof Island. Forsell
and Gould (1981) found large numbers wintering in nearshore waters
of the Kodiak Archipelago,

t SPECTACLED EIDERS were seen only once. This observation was
of a single female by Mark Rauzon on 16 October 1975 at 54°00'N
x 164°00'W.

t WHITE-WINGED SCOTERS were observed over bays, in nearshore hab-
itat, and over inner continental shelf waters from Southeast Alaska
to Unimak Pass; they were also the only scoters to occur in shelf-
break and oceanic habitats (Tables 4-7). They were the most abund-
ant species of waterfowl found in our surveys, especially in the
Western Gulf. Our data do not adequately reflect bay and nearshore
habitats in the Northeast Gulf, particularly in winter, but Isleib
and Kessel (1973) stated that Surf Scoters were more abundant than
White-winged Scoters in that area. Forsell and Gould (1981) con-
sidered White-wings to be the most abundant species of waterfowl
wintering in the Kodiak Archipelago. The largest concentration we
found was a flock of 800 birds in June between Ugak Island and
Narrow Cape, Kodiak Island. Robert Jones (personal communication)
found about 10,000 birds wintering in outer Kachemak Bay .during
1977-78. No seasonal differences in numbers are apparent from our
data, but numbers almost certainly diminish during summer when
breeding birds move into freshwater habitats.

t SURF SCOTERS were found in low densities throughout the year from
Southeast Alaska to Unimak Pass. No exceptional concentrations were
observed, but Isleib and Kessel (1973) reported that flocks of
several hundred to a few thousand regularly occurred in nearshore
habitats of = the Northeast - Gulf. We made only - an occasional
observation of Surf Scoters over the continental shelf and none in
oceanic habitats.

t BLACK SCOTERS were found in moderate numbers throughout the year
from Southeast Alaska to Unimak Pass, but were most abundant west
of 150°W. As with Surf Scoters, we found none in shelfbreak or
oceanic habitat and only a few over the outer portion of the conti-
nental shelf,

t RUDDY DUCKS are rare visitors to the Southeast Gulf of Alaska












1977. Otherwise, we found 1-4 birds scattered between 31 May and 7
November, except for one remarkably early bird seen on 7 March 1975.

STERNINAE

When in Alaska, Arctic and Aleutian Terns are basically birds
of bays, protected coasts, and inland fresh waters, although they
occasionally forage over deep water and much of their migration
occurs over the continental shelf and deeper ocean (Appendix Cl6).
We found them in greatest numbers in the Northeast Gulf, with densi-
ties decreasing to the south and west. The high density and fre-
quency of terns over shelfbreak and oceanic habitats in the North-
east Gulf probably resulted from the narrower continental shelf in
that region, bringing these deep—water habitats within effective
foraging range from colonies.

t ARCTIC TERNS were found from 22 April through 10 October and
composed 95 percent of all terns identified to species in our
surveys. They tended to be distributed as single birds or as small
groups, which is in accord with the small size and scattered dist-
ribution of their colonies. The three largest flocks observed by
us were all in the spring before egg-laying had begun: 50 birds
feeding at 59°00'N x 144°02'W on 12 May 1976 over a depth of about
3,900 m; 37 birds flying SE at 58°39'N x 149°27'W on 8 May 1976
over a depth of 165 m; and 25 birds feeding at 58°29'N x 141°10'W
on 27 April 1976 over a depth of about 1,900 m. Population indices
of terns occurring over marine waters in the Gulf of Alaska, exclu-
sive of oceanic habitat, ranged from 153,000 to 218,000 as derived
from shipboard and aerial surveys, respectively. '

t ALEUTIAN TERNS constituted only 5 percent of all terns identified
to species in our surveys. This gives a population index of about
8,000-11,000 summer visitors in the Gulf of Alaska, mostly scattered
between Yakutat Bay and the Kodiak Archipelago. Numbers were great-
est in bay systems and nearby continental shelf areas of Kodiak
Island. : 7 sing! birds were found ov : shelfb1 ik and o« inic
habitats in June 1975 and July 1976. Rarely were five or more of
these birds found together at any one time, but some were occasion-
ally found associated with small flocks of Arctic Terns in espec-
ially good feeding areas. Our only definite record for migration
was of two single bi (s at 54°30'N x 160°41'W on 2 September 1976.

ALCIDAE

Alcids composed at least 10 percent of the avifauna in the
Gulf of Alaska, regardless of season or habitat, and at times made
up 40-50 percent of all birds observed. Their numbers were divided
unequally among 13 species; of which two—-Common Murres and Tufted
Puffin :ogether made up 70-90 percent of all alcids identified
to species (Appendix Cl17). In summer, densities at sea tended to
be highest in the vicinity of major rookeries such as those in the
Semidi, Shumagin, and eastern Aleutian Islands. Our limited data
from winter indicated that densities were highest 1in Southeast
Alaska and that general distribution was more pelagic there then
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in summer (Maps 75-82).

t COMMON and THICK-BILLED MURRES were difficult to differentiate
in the field except under ideal observing conditions and at close
range; we therefore chose to treat them as a single group for most
of our analyses (Maps 83-90). Although we combined species, the
analyses relate most specifically to Common Murres, since that
species made up 96-97 7% of all the murres identified to species
in our surveys. Only over shelfbreak and especially oceanic
habitats did Thick-billed Murres ever compose more than 15 7 of the
combined population (Table 14). Our only records of Thick-billed
Murres east of 148°W were of birds wintering (February and March
1976) in Southeast Alaska and of one bird observed on 20 February
1977 over the central Gulf at 57°25'N x 146°06'W. Recent studies
in the Gulf of Alaska (Hatch et al., 1978; Baird et al. 1979) have
found ratios of br¢ ling Common Murres to Thick-billed Murres
ranging from 100:0 in Southeast Alaska, Prince William Sound, and
Cook Inlet, to 32:1 on Middleton Island, to 9:1 on the Barren,
Ugaiushak, and Shumagin Islands, and to 4:1 on the Semidi Islands.
Sowls et al. (1978) suggested that 15-20 % Thick-bills occur in
the Gulf of Alaska, even though their raw data indicated 99 7
Common Murres. The overall high proportion of Common Murres in
our pelagic surveys 1is the result of combining surveys from the
eastern and western portions of the Gulf. The high percentage of
Thick-bills in spring and fall are probably a result of the addition
of migrants from the Bering Sea, and the high percentages in deep
water habitats suggest a difference 1in selection of habitats
between the two species, Thick-bills possibly preferring deeper

waters,

Table 14, Ratio of Common Murres:Thick—billéd Murres in ship-

board surveys of the Gulf of Alaska. (Total numbers of birds

shown in parentheses).

Type of Survey, Habitat

and Season Bay Shelf Shelfbreak Oceanic

SHIPBOARD

Inter 59:1 (238)* 8:1 (36) 11:1 (12) 1:0 (1)

Spring 10:1 (242) 7:1 (1049) 16:1 (155) 1:7 (25)
Summer 90:1 (263) 38:1 (1204) 28:1 (116) 3:0 (3)
Fall 995:1 (996) 104:1 (1362) 5:1 (28) 4:1 (9)
Murres frequently form moderate to large flocks, especially

when not occupied with foraging or nesting chores, and prebreeding
birds often congregate in large rafts just offshore from colony
sites in the spring. We regularly encountered flocks of 10-300
birds, especlally in winter, and found one group of 1,000 birds on
22 April about 9 miles south-southeast of the large colony on
Spitz Island. Forsell and Gould (1981) found Kodiak Island to be
a major foraging and resting area for adult and young murres in






are highly gregarious, and flocks of 10-60 birds are common. The
largest flock observed in our surveys was a group of 250 over oceanic
water south of the Shumagin Islands on 21 April 1977, We have only a
few summer observations of this species and most of these were made
near major rookeries. Two notable exceptions were of 30 birds fly-
ing NW just off Chowlet Island, Semidi Islands, on 7 June 1976 and
of one bird at 56°30'N x 155°00'W on 19 June 1977. The latter sight-
ing is the easternmost summer record for this species. There is a
pronounced eastward movement in winter to the Kodiak Archipelago,
where Forsell and Gould (1981) found about 50,000 wintering in
northern and eastern bays of Kodiak Island. Crested Auklets are
occasionally found in winter as far east as Prince William Sound,
and our easternmost record is of 25 birds over the shelfbreak at
59°00'N x 147°50'W on 29 March 1976. Our data also indicate a
pelagic dispersal, both in the Kodiak area and south from Unimak
Pass to at least 33°N,

t LEAST AUKLETS were observed between 30 April 1976 and 12 October
1977 in the extreme Western Gulf of Alaska. We have only two obser-
vations of this species east of 160°W: three birds at 56°51'N x
153°03'W on 14 August 1977, and two birds at 57°12'N x 152°46'W on
28 May 1977. Forsell and Gould (1981) recorded one bird in early
November from Uyak Bay, Kodiak Island. The breeeding population
in the Gulf of Alaska is restricted to a few pairs on the Semidi
and Shumagin Islands—-which explains our lack of records for this
rather sedentary alcid.

t WHISKERED AUKLETS were found during spring and summer in the
Krenitzin Island area of the eastern Aleutians. This species is
apparently very sedentary and rarely occurs far from its breeding
sites, The apparently high density in the spring (Table 4) was a
result of our finding large numbers on a few transects in a local-
ized area of the eastern Aleutian Islands.

' RHINOCEROS AUKLETS were found in small numbers from Southeast
Alaska west to Kodiak Island. We saw only one bird west of 155°W,
this being in Unimak Pass on 5 June 1976. All but one of our
sightings occurred between 6 March 1975 and 3 November 1975, The
exception was three birds seen just northeast of Chirikof Island
on 8 January 1976. Rhinoceros Auklets tend to be solitary and the
most recorded together at any one time was five., They have a
tendency to flush or dive well in advance of an oncoming ship or
plane, a behavior that may bias our observation of this species.

t HORNED PUFFINS were common breeding birds throughout the Gulf of
Alaska, but their at-sea densities and frequencies of occurrence
were highest in the west., Indeed, although this species is known
to breed in Southeast Alaska, we did not find it east of 146°W in
the summer, and our southeasternmost observation was of one bird
on 19 February 1976 at 58°20'N x 138°15'W. Horned Puffins were
mostly distributed as single birds or small groups. Flocks as large
as 10-50 were uncommon away from colonies. The largest flock we
found consisted of 150 birds at 56°00'N x 155°39'W on 8 September
1978, With the fledging of young in late fall, these birds dis-
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persed into oceanic habitats to the south and only an occasional bird
remained in bays or nearshore habitats during the winter. We saw 42
birds between 56°N x 145°W and 57°N x 149°W on 27-28 February 1976.
Forsell and Gould (1981) reported six birds over the continental
shelf south of Kodiak Island on 17-18 February 1980. Sanger (1972b)
found several birds 400 miles from the nearest land in the Gulf in
February-March 1967. Horned Puffins are very difficult to identify
from the air, and aerial surveys produced maximum population indices
of only 28,000 birds in summer for the Gulf of Alaska—--less than
5% of the estimated breeding population for that area. Relative
densities (Tables 4-7) from shipboard surveys give population
indices for the Gulf of about 186,000 in winter and 317,000 in
summer. Isleib and Eberhardt (1975) estimated that about 400 Horned
Puffins wintered in the Northeast Gulf.

t TUFTED PUFFINS are second only to Fork-tailed StormPetrels in
breeding abundance in the Gulf of Alaska and, along with Black-
legged Kittiwakes, they were the most abundant and frequently
observed seabirds over bay and continental shelf waters during
summer, These puffins were found throughout the Gulf, but were
most abundant from Kodiak Island westward (Maps 91-98). Density
indices in summer were highest in bays, dropped sharply over the
shelf and shelfbreak, and were lowest in oceanic habitat. Like
Horned Puffins, most of these birds dispersed to sea in fall and
remained there through winter (Appendix C20). Tufted Puffins were
often found as single birds and in small groups, but large rafts
frequently formed in favorable foraging areas near. colonies. The
largest assemblages recorded during our surveys were 5,000 in June
1976 and 10,000 in September 1976 in the tide rips of Unalga Pass,
and 10,000 in May 1976 from the tide rip area between Rootok and
Akun Islands in the Eastern Aleutians. Groups of 100-400 were
commonly associated with other species in feeding flocks throughout
the western Gulf,

Shipboard and aerial surveys provided widely differing density
estimates for Tufted Puffins., Their only point of agreement was
that densities in summer decreased progressively as one moved from
bays outward through continental shelf and shelfbreak habitats to
oceanic waters. The color and behavior of Tufted Puffins apparently
reduces the probability of their being detected from aircraft.
Flying birds were occasionally attracted to ships, which they often
circled several times before continuing on their way. They did
not, however, follow the ship as did albatross, fulmars, kittiwakes,
or large gulls., This behavior may have increased estimates of
frequencies of occurrence. Density indices were affected to a
small degree, perhaps by as much as 0,1l B/km?2 in some areas, by
S...p attraction which in extensive areas of low density could
produce significantly higher population indices.

Sowls et al. (1978) provided data indicating that about 2.3
million Tufted Puffins are associated with colonies in summer in
the Gulf of Alaska. Our shipboard surveys indicated almost twice
this number, whereas our aerial surveys indicated about one-third of
it. Population indices derived from shipboard surveys showed a
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Table 16. Percentage of total seabirds seen 1n spring (March-May) during shipboard and aerial surveys of

different habitats in the Bering Sea. Total birds seen (No ./Km2) in each habitat and during each type of Table 17, Percentage of total seabidrds seen in summer (June-August) during shipboard and aerial surveys of
survey are shown in parentheses. different habitats in the Gulf of Alaska.
Type of Survey, and Habitat Type of Survey, and Habitat
Species Shipboard Aerial Species Shipboard Aerial
Shelf & Bay Shelfbreak Oceanic Shelf & Bay Shelfbreak Oceanic Shelf & Bay Shelfbreak Oceanic Shelf & Bay Shelfbreak Oceanic
(67.3) (54.2) (13.5) (45.5) (8.4) (8.8) (211.6) (67.7) (13.9) (54.8) (7.1) (9.7)
Common Loon 0 + 0 0 0 0 Common Loon 0 0 0 + 0 0
Arctic Loon + 0 0 0 0 0 Yellow-billed Loon + 0 0 + 0 0
Unidentified Loon + 0 0 + 0 0 Arctic Loon + 0 0 + 0 0
Red-necked Grebe + 0 0 0 0 0 Red-throated Loon 0 0 0 + 0 0
Laysan Albatross 0.1 0.8 2.7 0 0 0 Unidentified Loon + 0 0 + 0 0
Northern Fulmar 7.4 27.9 20.4 1.0 26.8 11.9 Black-footed Albatross 0 + + 0 0 0
Flesh-footed Shearwater 0 + 0 0 0 0 Laysan Albatross + 0.6 0.6 0 0 0
Sooty Shearwater 0.5 0.3 0 0 0 0 Northern Fulmar 3.3 27.2 24,2 0.2 15.0 27.7
Short-tailed Shearwater 0.7 1.1 0 0 0 0 Flesh—-footed Shearwater + 0 0 + 0 0
Unidentified Shearwater 6.6 7.0 3.9 0 0.3 0 Sooty Shearwater 0.6 2.5 0.5 4,3 0 0
Fork—talled Storm—Petrel 1.4 3.3 4.8 0.1 34,5 60.4 Short-tailed Shearwater 7.2 2.2 1.4 0 0 0
Leach's Storm—Petrel + 0.1 0 0 0.3 0 Unidentified Shearwater “68.9 16.9 21.5 61.7 30.1 58.8
Unidentified Storm—Petrel + 0 0.2 0 0 0 Fork-tailed StormPetrel 2.0 12.2 17.8 0.1 0.8 0
Double-crested Cormorant + 0 0 0 0 0 Leach's StormPetrel 0.2 0.2 1.2 0 0 5.4
Pelagic Cormorant 0.2 + 0 0 0 0 Unidentified StormPetrel + 0.1 0.3 + 0 0
Red-faced Cormorant 5.4 0.1 5.5 0.1 0 0 Scaled Petrel + + + 0 0 0
Unidentified Cormorant 3.7 + 0.2 0.4 0.5 0 Pelagic Cormorant + 0 0 + 0 0
Brant 0.3 0 0 0 0 0 Red-faced Cormorant 2.7 0.2 0.1 0 0 0
Emperor Goose + 0 0 0 0 0 Unidentified Cormorant 0.4 0.3 0 2.3 11.3 0
Greater Scaup + 0 0 0 0 0 Tundra Swan 0 0 0 + 0 0
Unidentified Scaup + 0 0 0 0 0 Brant 0 0 0 + 0 0
Common Goldeneye + 0 0 0 0 0 Emperor Geese + 0 0 + 0 0
Oldsquaw 1.2 0 0 2.5 0 0 Oldsquaw 0 0 0 + 0 0
Harlequin Duck + 0 0 0.4 0 0 Harlequin Duck + 0 0 0 0 0
Steller's Eider + 0 0 1.2 0 0 Common Eider 0 0 0 + 0 0
Common Eider + 0 0 + 0 0 King Eider + 0 + 0.6 0 0
King Eider 0.5 0 0 34.5 0 0 Unidentified Eider + 0 0 0.3 0 0
Unidentified Eider 0.1 0 0 1.2 0 0 White-winged Scoter + 0 0 0.6 0 0
White-winged Scoter 0.1 0 0 1.7 0 0 Surf Scoter 0 0 0 0.3 0 0
Black Scoter + 1.7 0 1.5 0 0 Black Scoter 0 0 0 0.6 0 0
Unidentified Scoter + 0 0 1.8 0 0 Unidentified Scoter + 0 0 0.4 0 0
Unidentified Ducks & Geese + 0 0.5 + 0 0 Unidentified Geese & Ducks + 0 0 0.2 0 0
Red Phalarope + 0.1 0 0 0 0 Red Phalarope 0.1 + 0.1 0 0 0
Northern Phalarope + 0 0 0 0 0 Northern Phalarope 0.3 + 0.3 0 0 0
Unidentified Phalarope + 0.1 0 0 0 0 Unidentified Phalarope 0.1 0.2 0.4 0.2 0 2.0
Pomarine Jaeger + 0 0 + 0 0 Pomarine Jaeger 0.1 0.3 1.2 + 0 0
Parasitic Jaeger + + 0 0 0 0 Parasitic Jaeger + 0.1 0.1 + 2.3 2.0
Long-tailed Jaeger + + 0 0 0 0 Long-tailed Jaeger + 0.1 + + 0 0
Unidentified Jaeger + 0 0 0 0 0 Unidentified Jaeger + 0.2 0.1 0.1 1.5 0
Glaucous Gull 0.2 + 0.2 + 0 0 Glaucous Gull + 0 0 0 0 0
Glaucous-winged Gull 1.7 4.8 4.8 1.3 7.0 3.0 Glaucous-winged Gull 0.5 1.6 2.0 1.5 4.5 0
Slaty-backed Gull + 0 0 0 0 0 Herring Gull 0 0 0 0.1 0 0
Herring Gull + + 0 0 0 0 Mew Gull 0 0 0 + 0 0
Thayer's Gull + + 0 0 0 0 Black-legged Kittiwake 1.2 2.1 4.6 0.5 0 0
Mew Gull + 0 0 + 0 0 Red-legged Kittiwake + 0.1 2.5 0 0 0
Black-headed Gull + + 0 0 0 0 Unidentified Kittiwake 0.6 0.6 2.3 2.4 8.3 0.7
Ivory Gull 0 0 0 + 0 0 Sabine's Gull + + 0 + 0 0
Black-legged Kittiwake 2.9 3.3 9.4 1.0 5.7 11.9 Unidentified Gull 0.1 + 0 1.7 0 0
Red-legged Kittiwake 0.3 + 0.3 + 1.0 0 Common Tern + - 0 0 0 0 0
Unidentified Kittiwake 0.2 0.1 0.2 + 0 0 Arctic Tern + 0.5 0.4 0.1 o] 0
Sabine's Gull + 0 0 0 0 0 Aleutian Tern 0 0 0 + 0 0
Unidentified Gull 0.1 + 0.3 + 0 0 Unidentified Tern + 0 0 + 0 o
Arctic Tern + 0 0 0 0 0 Common Murre 1.8 0.1 0.3 + 0 0
Aleutian Tern + 0 0 0 0 0 Thick-billed Murre 0.5 0.3 0.9 + 0 0
Common Murre 1.4 0.2 0.3 + 0 0 Unidentified Murre 5.7 1.2 1.6 7.3 0.8 2.7
Thick-billed Murre 2.0 0.8 0.2 + + 0 Pigeon Guillemot + + 0 0.1 0 0
Unidentified Murre 21.7 2.4 2.2 48.5 22.1 11.2 Rittlitz's M let + 0 0 0 0 0
Pigeon Guillemot 0.2 0 0 0.2 0 0 Ancient Murre... 0.4 1.1 0 0 0 0
Kittlitz's Murrelet + 0 0 0 0 0 Cassin's Auklet + + 0 0 0 0
Ancient Murrelet 5.3 3.2 5.1 0 0 0 Parakeet Auklet + 0.1 0.1 2.2 0 0
Cassin's Auklet 0.1 0 0 0 0 0 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>