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ABSTRACT

King, Warren B, Editor. Pelagic Studies of Seabirds in the Central and Eastern
Pacific Ocean. Smithsonian Contributions to Zoology, number 158, 277 pages, 170
figures, 1974.—Seven papers by various authors on the pelagic distribution of sev-
eral seabirds in the central and eastern Pacific Ocean based largely on the re-
searches of the Pacific Ocean Biological Survey Program, 1963-1968. “Inp‘oduc-
tion,” by Patrick J. Gould, introduces these and future papers in this series. He
discusses the methods and procedures used by the possp in gathering and recording
data on observations of seabirds, outlines the areas under surveillance, and pro-
vides a general account of the oceanography and marine biology of the areas under
discussion as a background to understanding the movements of seabirds in relation
to their environment. “Sooty Tern (Sterna fuscata),” by Patrick J. Gould, presents
the poBse’s records of this most abundant tropical and subtropical Pacific species.
Its distribution at sea depends-on erratic food availability, location of breeding
islands, breeding schedule, and postbreeding dispersal patterns. “Wedge-tailed
Shearwater (Pufiinus pacificus),” by Warren B. King, gives data on the distribu-
tion of the northern, predominantly white-breasted and the southern, dark-
breasted morphs of this species. Subtropical populations migrate extensively, for
example between the Hawaiian Islands and the Pacific coast of Middle America;
tropical populations are apparently nonmigratory. “Black-footed Albatross
(Diomedea nigripes),” by Gerald A. Sanger, discusses the distribution and fre-
quency of sightings on a seasonal basis of this ship-following seabird, both in gen-
eral terms throughout its range and in detail in certain areas, for example, the
CalCOFI study covering an eight year period oft California and Baja California.
Its winter range overlaps largely with, but lies slightly to the south of, its summer
range. “‘Laysan Albatross (Diomedea immutabilis),” by Gerald A. Sanger, analyzes
observations of this species and relates its seasonal distribution and abundance to
its oceanographic environment. This species is more abundant in the western and
central Pacific, whereas the Black-footed Albatross is more abundant in the central
and eastern Pacific. “The Storm Petrels (Hydrobatidae),” by Richard S. Crossin,
summarizes the poBsP’s data on eighteen species or subspecies of storm petrels
based on sightings and collected specimens. Pelagic distribution is related to
breeding cycles, location of breeding sites, and marine environment. “Red-tailed
Tropicbird (Phaethon rubricauda),” by Patrick J. Gould, Warren B. King, and
Gerald A. Sanger, discusses seasonal distribution and abundance of this species
relative to its breeding cycle. This species disperses widely from its breeding is-
lands, for example, from the Hawaiian Isiands to the Pacific coast of Middle
America. “Recoveries of Banded Lavsan Albatrosses (Diomedea immutabilis) and
Black-footed Albatrosses (D. nigripes) in the Pacific Ocean,” by Chandler S. Rob-
bins and Dale W. Rice, summarizes the seasonal distribution of pelagic recoveries
of 324 banded Laysan Albatrosses and 399 banded Black-footed Albatrosses. Dif-
ferent age groups of each species concentrate in somewhat different areas, and, al-
though range overlap between species is almost complete, each has its own distinc-
tive seasonal distribution pattern.
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Pelagic Studies of Seabirds
in the
Central and Eastern Pacific Ocean

Introduction®

Patrick J. Gould

In 1963 the Smithsonian Institution initiated a
research project to study the ecology of certain
areas of the Pacific Ocean. The activities and ob-
jectives of this project, called the Pacific Ocean Bio-
logical Survey Program (pomsp), have been sum-
marized by Humphrey (1965). The present paper
is the first in a series summarizing at-sea bird ob-
servations made by the possp, although a number
of papers have already been published incorporat-
ing some POBSP at-sea observations (Amerson, 1969;
Gould, 1967; Gould and King, 1967; King, 1967;
King, 1970; King and Gould, 1967) . The following
introduction is rather lengthy so that subsequent
papers herein and elsewhere may avoid needless
repetition of material relevant to all of them.

Posse efforts were concentrated primarily on a
414 million-square-mile area of the central Pacific
between 10°S and 30°N, and 148°W and 180°. The
birds of this area have received the greatest atten-
tion, although plants, arthropods, mammals, fishes,
reptiles, and other forms have figured in the re-
search as well. The energies of the possp were di-
vided between periodic visits to the islands of the
Leeward Hawaiian chain, the Line group, the

Patrick J. Gould, Department of Zoology, University of
Arizona, Tucson, Arizona 85721.

*Paper Number 100, Pacific Ocean Biological Survey Pro-
gram, Smithsonian Institution, Washington, D.C. 20560.

Phoenix group, and observations in the open ocean.
Peripheral island groups such as the Tokelaus,
Marshalls, Gilberts, Wake, and the Pribilofs were
visited less frequently.

On island surveys poBsp personnel estimated the
breeding and roosting populations of each seabird
species, described the breeding status of each, made
representative collections of the plants and animals
(with special attention to vagrants), and marked
large numbers of as many species of birds and mam-
mals as possible. In the course of this work, ponsp
personnel have banded over 1,800,000 birds of 56
species. On two atolls, Johnston and Kure, proBsp
maintained continuous surveillance. A large pro-
portion of the birds on these islands was banded,
and uninterrupted breeding biology studies were
conducted.

Late in 1966, field work was expanded eastward
to include a survey area off southern California
and northern Baja California. Observers also ac-
companied many cruises (south to as far as 20°S
and east to as far as 135°W) of project EASTROPAC.
This latter project was an intensive oceanographic
investigation of the eastern tropical Pacific Ocean
by Chile, Ecuador, Mexico, Peru, and the United
States, sponsored and coordinated by the U.S. Bu-
reau of Commercial Fisheries.

Observations at sea have been made in the cen-
tral and eastern Pacific to determine the identity,



2

occurrence, and abundance of seabirds. Data on
atmospheric and oceanographic conditions were
collected concurrently on some cruises to provide a
broad ecological foundation. Possp personnel made
continuous observations, normally from sunrise to
sunset, but sometimes around the clock, on cruises
along replicate tracks and straight-line transects in
all months of the year. On most island survey
cruises, personnel made observations en route to,
from, and between the islands. Furthermore, data
on the population and breeding phenology of sea-
birds from island surveys added to the understand-
ing of the distribution and densities of birds at sea.
In addition, the use of plastic leg streamers and
feather dye applied by island workers increased the
chances of assigning an island of origin to marked
birds observed or collected at sea.

SURVEY AREAS

Data were gathered systematically from the
north-central, south-central, and eastern Pacific dur-
ing all months of the year. In these areas, ships fol-
lowed replicate cruise tracks or concentrated their
efforts within a small area of ocean so that the
abundance and distribution of birds could be docu-
mented seasonally in great detail. Cruises also went
into peripheral areas but less regularly (Figure 1).
Although the seasonal movements of birds in these
peripheral areas cannot be shown in as much de-
tail, the resulting data broaden the total coverage.

The north-central Pacific is defined herein as the
area between 10°N and 30°N, and between 148°W
and 180°. The only islands within this predomi-
nantly tropical oceanic area are the Hawaiian group
and Johnston Atoll. This area is within the North
Pacific Trade Wind Zone which is characterized by
mild temperatures and remarkably constant winds
from the northeast, normally between 10 and 25
knots. Anticyclonic high pressure cells move from
west to east between 35°N and 50°N and generate
the trade winds. These cells break down occasion-
ally, more frequently in winter than in summer, at
which times southerly and westerly winds bring
warm moist air and increased rainfall.

The north-central Pacific is within the large
North Pacific Central water mass. This is bounded
on the east by the southward flowing California
Current, the westward extension of which flows
into the North Equatorial Current. The southern
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border of the North Equatorial Current forms a di-
vergence with the Equatorial Countercurrent be-
tween 9°N and 12°N depending on the season. The
Kuroshio Current and the North Pacific Current
border the water mass on the west and north, re-
spectively. The North Pacific Central water mass
in the Hawaiian Islands area has a high surface
salinity, up to 85.3 parts per thousand, decreasing
toward the south to 34.1 parts per thousand. Sur-
face water temperatures range in summer from
25°C in the north (26°N) to 27°C in the south
(10°N), and in winter from 20°C in the north to
25°C in the south. A summary of north-central Pa-
cific oceanography is found in Seckel (1962).

The flow of water through the Hawaiian Islands
is to the southwest. The large submerged bases of
the islands deflect the water and cause eddies to
form in the lee of the islands, which result in local
areas of nutrient turnover and enrichment (Sette,
1955). Seabirds are often associated with such
areas. The leeward Hawaiian Islands, Johnston
Atoll, and, to a lesser extent, the main Hawaiian
Islands, have large seabird breeding colonies. In
the spring and summer, when most of the species of
this area are breeding, high densities of seabirds
are found at sea near the islands. The oceanic areas
within 100 miles of these islands provide most of
the food resources that make possible the large col-
onies.

The south-central Pacific, as herein defined, ex-
tends from 10°N to 10°S and from 150°W to 1800,
Within this area are the Line Islands, the Phoenix
Islands including Howland and Baker, and the
Tokelau Islands. Northeast trade winds predomi-
nate in the northern part of this area, and southeast
trade winds predominate in the south. The narrow
zone of light, variable wind between the two trade
wind systems is called the doldrums. It is charac-
terized by low atmospheric pressure, warm, humid
air, and more abundant rainfall than in the trade
wind zones. In January the doldrums are farthest
south, being found at 5°N at 150°W and 5°S at
170°W. In July they are found between 5°N and
9°N (Riehl, 1954:13, fig. 1.9). The belt of high
rainfall (up to 118 inches per year) moves north
and south seasonally with the doldrums.

The oceanographic conditions of the south-cen-
tral Pacific are dominated by the equatorial cur-
rent system which includes the easterly setting
Equatorial Countercurrent, and the westerly setting
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North Equatorial and South Equatorial currents.
The boundaries of these currents change seasonally
and annually (Barkley, 1962). They are strongest in
summer as the result of stronger and more constant
trade winds, In winter the width of the currents de-
creases and the surface flow is weaker. In general
the North Equatorial Current is north of 9°N, the
Countercurrent lies between 4°N and 9°N, and the
South Equatorial Current is south of 4°N. Surface
temperatures range between 26° and 29°C, and sur-
face salinities between 34.4 and 35.8 parts per thou-
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sand. For a more thorough treatment of the ocean-
ography of the area see Barkley (1962). Ashmole
and Ashmole (1967) present an excellent review of
the general biology of birds and their food organ-
isms in the equatorial current system.

The uninhabited islands of the south-central Pa-
cific support large breeding seabird populations,
and pelagic areas close to islands maintain high
seabird densities. In addition, high seabird densi-
ties are normally found along the southern bound-
ary of the Equatorial Countercurrent where local
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4

concentrations of food organisms are caused by
convergence of that current with the South Equa-
torial Current (Ashmole and Ashmole, 1967:57).

The eastern Pacific is herein defined as the ex-
panse of ocean between 35°N and 20°S, and be-
tween the American Continental coast and 135°W.
Most of the islands in this area occur within 100
miles of the coast but a few are oceanic. The sur-
face water conditions of this area are dominated by
the California Current in the north and the Peru
Current in the south. These currents, especially the
latter, carry relatively low temperature surface wa-
ters toward the equator. This results in cooler sur-
face temperatures in this area than are found
farther west at the same latitudes.

METHODS AND PROCEDURES

Observers maintained daily watches on ships mov-
ing through areas of interest. When two or more
observers were available, watches began before sun-
rise and alternated every two to four hours until
sunset. If only one observer was present, one- or
two-hour rest periods were taken occasionally. Noc-
turnal observations were made whenever possible.
In no case was an inexperienced observer expected
to make identifications without the supervision of
an experienced observer. However, in 1963 all ob-
servers were relatively inexperienced and for this
reason the 1963 data (8 cruises) are included only
as supplemental material in this report.

All birds seen were recorded in a daily field log.
The following information was included: time of
sighting, identification (to species or subspecies
when possible), number of birds, direction of
flight, behavior, and special comments (e.g., de-
scription, association with other species, fish activ-
ity) . When weather conditions and ship schedules
permitted, specimens were collected to verify sight
identifications and to show the range of individual
birds and, by inference, of whole populations. All
specimens are in the collection of the National
Museum of Natural History, Smithsonian Institu-
tion, Washington, D.C. Records were kept of all
position fixes and of interpolated hourly positions.
On a few cruises bathythermograph and other
oceanographic recordings were also taken. Prelimi-
nary reports were made of each trip and these,
along with the raw data obtained, are on file at the
National Museum of Natural History.
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Line transects provide the basis for data collec-
tion and analysis. Densities were calculated in
birds per mile (8pM) or birds per hour (BPH). In
this report only the former value is used. Since the
majority of observations were made at a speed of
approximately 10 knots, it is necessary only to mul-
tiply all Bem figures by 10 to get an idea of BPH
values.

In order to store and analyze data, an electronic
data processing system was designed (King, Wat-
son, and Gould, 1967) . This system can simultane-
ously analyze data pertaining to sighting, environ-
ment, and location and duration of observation.
The system was programmed to calculate and list
the abundance of each species. For each day of
each cruise, the total diurnal miles traveled and the
total number of a species seen were used to calcu-
late relative densities for the entire day. All sight-
ings were tied to the noon position of the ship.

The BpM units were plotted by month on maps,
one per month, for all data from January 1964
through April 1968. Contour lines were drawn on
the maps, connecting points of equal bird density.
In most cases a linear gradation of bird density was
assumed between any two points (i.e.,, noon posi-
tions) . Exceptions to this were when several posi-
tions with significantly different densities (greater
or less than the next contour increment) occurred
within a relatively small area. This may have been
because of different densities noted during a given
month or a given year, or because of different den-
sities noted among the four years for a given
month. In such cases, the contours were drawn ac-
cording to the arithmetic mean of the densities
within the area. Thus, the maps represent the
monthly average distribution and density for all
four years. All midday positions are indicated by
dots, and varying density is indicated by degrees
of shading.
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