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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,
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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

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

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-

3

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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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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Sooty Tern (Sterna fuscata)®

Patrick J. Gould

Introduction

SuMMARY OF PUBLISHED PELAGIC DISTRIBUTION.—
The Sooty Tern is one of the most numerous and
characteristic seabirds of the tropical and subtrop-
ical Pacific Ocean, occurring widely at sea during
all times of the year. Birds have been recorded
south to 40°S on both sides of the Pacific, and
north to southern Japan and southern Baja Cali-
fornia. Population estimates of breeding colonies
for mid-central Pacific Islands visited by the possp
indicate total numbers in that area to be in excess
of 30 million birds (Table 1). Data from the east-
ern Pacific are fewer and less precise but indicate
many thousands of birds are present. Vast numbers
occur throughout the Atlantic and Indian Oceans
as well.

Appendix Table A is a summary of published in-
formation on Sooty Tern distribution in the Pa-
cific Ocean. It can be seen that at-sea records are
spotty, both with respect to time of year and to
geographical area. It is apparent, however, that
Sooty Terns range widely at sea throughout the
tropical and subtropical Pacificc Mérzer Bruyns
(1965) found them common to abundant in No-
vember within the Equatorial Countercurrent (6°-
8°N) across most of the Pacific. Although he re-
corded the largest numbers near islands and coastal
areas, he found them most consistently, on a day-
to-day basis, across the large open stretch between
145°W and 115°W. King and Pyle (1957) found
these terns most abundant near islands and coastal
areas. They observed birds only sporadically along
the northern edge of the Equatorial Countercur-

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

® Paper Number 68, Pacific Ocean Biological Survey Pro-
gram, Smithsonian Institution, Washington, D.C. 20560.

rent (ca. 10°N) in November between 156°W and
120°W, and from mid-October to mid-November
between Manzanillo, Mexico, and the Marquesas
Islands. In early December they recorded Sooty
Terns every day between the Marquesas and the
Line Islands.

Distributional extremes in the south Pacific are
represented by one specimen from Rio Valdivia,
Chile, ca. 40°S (Murphy, 1936:1132) and three
records along the Wellington coast of New Zealand,
ca. 40°S (Falla, et al., 1967:165) . In the north Pa-
cific extreme records are from: the Alijos Rocks, ca.
25°N (McLellan, 1926:283), north of the leeward
Hawaiian Islands, ca. 33°N (poBsp), and Japan,
35°N (Austin and Kuroda, 1953:450-451) .

Factors influencing Sooty Tern distribution (e.g.,
feeding habits) have been studied by Ashmole
(1963a), and Ashmole and Ashmole (1967). In
the latter study they found that these terns fed
mainly on fish and squid between 2 and 8 centi-
meters in length. They suggest that Sooty Terns are
capable of utilizing food sources up to 700 miles
from breeding islands, and that Christmas Island
birds often feed at great distances from land during
the breeding season. Nocturnal feeding has been
documented by Mérzer Bruyns and Voous (1965)
and by Gould (1967) .

BREEDING PHENoOLOGY.—At-sea distribution and
densities of Sooty Terns are greatly influenced by
the timing of breeding activities. A brief summary
of these activities is thus necessary to the under-
standing of data presented later in this paper.

Sooty Terns breed, or have bred, on almost all
islands in the tropical and subtropical Pacific be-
tween latitudes 29°N and 32°S. The timing of the
breeding cycle is apparently quite variable (Hutch-
inson, 1950; Chapin, 1954; Ashmole, 1963a). For
colonies within the Hawaiian Islands the breeding
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TaBLE |.— Maximum number of Sooty Terns
recorded on islands in the central and eastern
Pacific

Island Number Source
CENTRAL PAcIFIC
Hawaiian-Leeward
Kure 48,000 POBSP
Midway 353,000 ”
Pearl and Hermes Reef 40,110 "
Lisianski 1,000,000 "
Laysan 2,000,000 "
Gardner Pinnacles 1,000 "
French Frigate Shoals 250,000 "
Necker 50,000 "
Nihoa 100,000 "
Moku Manu 20,000 "
Manana 200,000 "
Johnston Atoll 600,000 "
Line Islands
Palmyra 750,000 "
Fanning thousands "
Christmas 15,000,000
Jarvis 1,900,000 o
Malden 10,000 ”
Starbuck 3,000,000 "
Caroline 500,000 "
Phoenix Islands
Canton 100 "
Enderbury 400,000 "
McKean 250,000 "
Phoenix 250,000 ”
Birnie 1,500 ”
Hull 3,000,000 ”
Howland 875,000 ”
Wake 1,750,000 ”
Marshall Islands
Taongi 20,000 Amerson, 1969:23
Bikar 7,500 Amerson, 1969:37
Taka 60,000 Amerson, 1969:50-51
Eniwetok 16,000 Amerson, 1969:116
Ailinginae 5,000 Amerson, 1969:141
Jaluit 30 Amerson, 1969:196
EASTERN PAcIFIC
Isabel thousands McLellan, 1926:283
Revilla Gigedos thousands Gifford, 1913:20
Clipperton 2,000.  Stager, 1964:365
Islas Frailes del Sur 200 Wetmore, 1965:457
Cocos 30 Hundley, 1962:114
Culpepper thousands Lévéque, 19642:39-40
San Felix large numbers Millie, 1963:566

cycle is annual and regular, the dates of peak lay-
ing generally falling within the same four-week
period in most years. Dates of egg-laying, however,
occur progressively later on the chain from Oahu
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northwestward to Kure Atoll. On Manana, close to
Oahu, the peak of egg-laying occurs during the last
week in March or the first week in April. On Kure,
at the northwestern end of the leeward Hawaiian
chain, egg-laying begins in May.

On Johnston Atoll the peak of egg-laying comes
in the middle of March. Birds first appear over the
island at night, nearly three months prior to the
time -of laying. Numbers swirling over the island at
night build up gradually to the time of egg-laying,
when birds are present throughout the day as well.
Maximum numbers on, or over, the island coincide
with the hatching peak in the middle of April
Most fledging takes place in June. Fledglings gen-
erally leave the island by the first of August, and
most adults leave by the end of August. The John-
ston population is composed of approximately
300,000 breeding birds, and a roughly equivalent
number of subadults and nonbreeding adults. The
relative proportion of subadults and nonbreeders
to breeding adults increases from June to the end
of the cycle. Sooty Terns are virtually absent from
Johnston Atoll from mid-September to the end of
December (Shelton, in. prep.).

In the Line island group, the breeding cycle ap-
pears to be semiannual. Birds that successfully rear
a chick breed again in 12 months, but those that
fail nest again in only 6 months. The egg-laying
peaks are in December and Jume. This cycle has
been documented on Christmas Island by Ashmole
(1965) and appears to hold true for other islands
of that chain as well, although there may be excep-
tions or complicating factors in some populations.

The timing of the breeding cycles of Sooty Terns
on Wake Island, and in the Phoenix, Marshall, and
Gilbert chains, and on islands in the eastern Pa-
cific is not understood. Some islands may have two
or more individual colonies, each breeding at dif-
ferent times. Many may have a non-annual cycle.
A discussion of breeding cycles and associated prob-
lems may be found in Ashmole (1963a).
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positions on the maps, and Helen H. Quinn typed
the final draft.



TABLE 2.—Sample size of POBSP Sooty Tern

observations
Observation 1964 1965 1966 Total
Sightings ... ... ..... 1,547 1,665 782 3994
Birds .......... ... . ... 19,070 20,738 11,287 51,095

1 am indebted to William B. Robertson, Jr., and
George E. Watson for their critical reading of the
manuscript and their many helpful suggestions.

The many possp personnel and various cooperat-
ors without whose observations and help this paper
could not have been written have already been ac-
knowledged in the Introduction.

Behavior

In this section all data, except when specifically
stated otherwise, were collected within the follow-
ing parameters: (1) at sea over 50 miles from land,
(2) within approximately three-fourths mile of the
ship, (3) in the north-central Pacific Ocean, (4)
from 1964 through 1966, (5) from diurnal observa-
tions (sunrise to sunset). These parameters have
been purposely chosen. Observations near land
have been excluded because it was often impossible
to get a clear idea of what was happening when
birds were “too numerous to count’: birds seem to
be everywhere, moving in all directions, joining
groups, leaving groups, flying high, flying low, etc.
In such situations it was impossible to follow indi-
vidual birds or flocks, or to understand behavioral
patterns and interactions. The parameter of three-
fourths mile from the ship was chosen because, al-
though Sooty Tern flocks could be seen at greater
distances, they could not be counted accurately, nor
could they be observed well enough for behavioral
studies beyond that distance. Moreover, single birds
cannot be observed at greater distances so that the
inclusion of distant birds would over-emphasize ef-
lects created by flocking. The north-central Pacific
was the most uniformly covered large area, and had
by far the largest number of observations made
within it; also, Sooty Terns breeding in this area
have an annual rather than semiannual cycle. Only
the years 1964, 1965, and 1966 were included be-
cause of the spottiness of coverage in the north-
central Pacific during other years. Within these
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parameters a total of 51,095 birds in 3994 sightings
was recorded (Table 2).

At this point it seems advisable to define a few
special terms which will be used in the following
discussion. A “sighting” refers to a single bird or
two or more birds acting as a unit. A “flock” is con-
sidered to be the association of five or more indi-
viduals. “Bps” (birds/sighting) is a good index of
the gregariousness or flocking tendency of a species.
A “mixed” flock or sighting is one that contains
more than one species, while a “pure” flock or
sighting is one which contains only one species.
“Searching” birds are those actively hunting for
food, while “traveling” birds appear to be moving
towards a specific goal.

FeEpING.—Ashmole and Ashmole (1967) have
discussed the feeding ecology of Sooty Terns, con-
sidering particularly the kind of food taken and
how it is captured. Our observations are in general
agreement with theirs. Sooty Terns, searching for
food, generally remain from 10 to 20 meters above
the water surface. When the food source appears,
they descend, simultaneously, and begin wheeling
rapidly and erratically in circles. At this time there
does not appear to be any coordination between
individuals within a flock, although small groups
may act in unison for short periods. When the food
source descends, the flock rises to its original posi-
tion and follows until the food returns to the sur-
face or until it disappears. In a feeding flock work-
ing over a large area, terns in one section may be
flying high, following locally deep food, while those
in another section may be low and actively feeding.

“Air dipping” and “contact dipping” (Ashmole
and Ashmole, 1967) appear to be the preferred
feeding techniques, although “plunge to surface” is
frequently used if the food source remains near but
under the surface. The latter technique has been
recorded only once in the Sooty Tern literature
(Watson and Lashley, 1915). In poBsp observa-
tions, the “plunge to surface,” although actually
causing the water to splash up and obscure the
bird momentarily, is never powerful, nor is it made
from any great height. It never results in complete
submergence of the bird, nor do the wings evet ap-
pear to cease beating. The feet do not seem to be
utilized.

FrockiNG.—Sooty Terns were recorded in sight-
ings of from 1 to 3000 individuals. The overall Bps
ratio was 13, the highest value for any seabird
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TaBLE 3.—Percent of sightings and numbers of
Sooty Terns in different sighting classes

Birds per Percent of all sightings Percent of all birds
sighting
1964 1965 1966 mean 1964 1965 1966 mean
| I 36 35 32 35 3 3 2 3
Lcsemmingns 2 21 21 21 3 3 3 3
. . 9 9 10 9 2 2 2 2
. FPE——— 4 5 6 5 1 2 2 2
5 ... 3 4 4 4 1 2 1 1
6. . qzmomnise 3 2 3 2 1 1 1 1
y RP—— 1 1 1 1 1 1 1 1
8. ... 1 1 2 1 1 1 1 1
L 1 1 1 1 05 1 1 1
104+........ 22 21 20 21 865 84 8 85
B S p— 69 70 69 70 9 10 9 10
5-55........ 25 24 26 25 37 3 30 35
56-105... ... 4 4 3 4 27 271 16 24
106+ ....... 2 2 1 2 26 28 45 31

species regularly feeding over 50 miles from land.
Although 90 percent of all individuals were found
in flocks, flocks comprised only 30 percent of the
sightings in all years. Indeed, sightings of single
birds (35 percent) far outnumbered sightings of
any other group size. Singles and groups of two ac-

9

counted for 56 percent of all sightings (Table 3).
The possp data agree with Ashmole and Ash-
mole’s (1967:97) statement that “most tropical sea
birds depend partly or entirely on schools of preda-
tory fish (mainly tunas) to drive their prey close to
the surface and so make it available.” Although
Sooty Terns have been observed feeding in the
absence of predatory fish, many actively feeding
flocks were directly associated with such schools.
The sudden, and often relatively short-term, ap-
pearance of feeding tuna apparently places a pre-
mium on the ability of Sooty Terns to join feeding
flocks containing other species. Seventy-seven per-
cent of all Sooty Terns, and 24 percent of all Sooty
Tern sightings, were associated with one or more
seabird species (Table 4). Almost all species nor-
mally occurring in the area were involved, but the
degree of their involvement was related to their
gregariousness and their status within the area. For
example, 70.6 percent of all mixed flocks containing
Sooty Terns also contained Wedge-tailed Shear-
waters (Puffinus pacificus). Conversely, King (p.
65, herein) found that 77 percent of all mixed
flocks containing Wedge-tails contained Sooty
Terns. Wedge-tails are the next most abundant
species in the area and have a high Bps ratio (King,
p- 64 herein). On the other hand, Sooty Shearwa-

120 F
100
-
& 8o} V v
x ]
2 i
g ;
2w vV ! v
g A 4 :
' [
£ 40F vV vy ' H
= v vy ," E
2 S v * :
. ] )
204 ' i v 1
T L T ey e
VV aaeo DT acana s 0 [] ! % '
- S, v > > ' .0 )
oy 55e  yyt STexl ST e b oy S A
= 3 [ \ b
\\9} .D\Q\ »\Q-\Q \\e o \Q.‘Q \Q}Q ‘\\b '\\b ‘v:
¥ \'* S T %Q & Q \"‘Q \g‘
& & $ O & & & O
o < N\ Q,’bb / o Q\\ A
QP\
Qg\

FIGURE 2—Schematic representation of 2 mixed feeding flock showing the general stratification
of selected species and their general pattern of movement while feeding.
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TABLE 4.—Percent of association of Sooty Terns with other seabird species,
1964-1966

Species All sightings Mixed Sightings General at-sea status
Puffinus pacificus ... .... 16.4 70.6 abundant most of the year
Pterodroma externa .. .. 74 320 common summer and fall
Gygis alba ............. 48 2.8 uncommon throughout year
Pterodroma nigripennis. . 3.9 16.8 common summer and fall
Fregata minor ... ... .. 33 14.2 uncommon throughout year
Puffinus griseus ........ 1.1 4.5 abundant spring and fall migrant
Anous stolidus ......... 10 44 rare throughout year
Puffinus puffinus ....... 10 43 uncommon spring, summer and fall
Sulasula ............... 1.0 4.1 common winter
Bulweria bulwerii ... ... 0.7 28 uncommon spring, summer and fall
Pterodroma neglecta . . .. 0.7 28 uncommon throughout year
Sula dactylatra ......... 0.6 25 common winter
Puffinus nativitatis . .... 0.5 23 uncommon spring, summer and fall
Phaethon rubricauda . .. 05 22 common throughout year
Oceanodroma leucorhoa . 04 18 abundant winter
Sterna lunata ...... ... 04 1.5 uncommeon spring, summer, and fall
Stercorarius pomarinus . . 03 1.2 uncommon spring and fall migrant
Puffinus carneipes ... ... 0.2 1.0 rare spring and fall migrant
Pterodroma alba ... . ... 0.2 1.0 rare throughout year
Pterodroma phaeopygia. . 02 0.6 rare summer and fall
Stercorarius longicaudus. 0.2 0.6 rare spring and fall migrant
Fregata ariel ......... .. 0.1 0.4 rare throughout year
Pterodroma hypoleuca . . 0.1 0.4 rare throughout year
Phaethon lepturus . . . ... 0.1 0.4 uncommon throughout year
Puffinus bulleri ........ 0.1 04 rare spring and fall migrant
Puffinus lherminieri . ... 0.1 0.3 rare throughout year
Puffinus tenuirostris . ... 0.1 0.3 abundant fall migrant
Pterodroma inexpectata . 0.1 0.3 uncommon spring and fall migrant
Sula leucogaster ........ 0.1 0.2 rare throughout year
Catharacta species . . .. .. 0.1 0.2 rare spring and fall migrant
Anous tenuirostris . . .... 0.1 0.2 rare throughout year

ters (Puffinus griseus) were abundant at certain
seasons and had a high Bps ratio, but were found in
sonly 4.5 percent of all mixed flocks containing
Sooty Terns. This difference between two highly
flocking and abundant species is explained by the
fact that Wedge-tails are resident in the area while
Sooty Shearwaters are primarily passing through
on migration and rarely stop to feed.

The association of Sooty Terns with other sea-
bird species appears to be mainly one of a common
interest in the same food source. While within
mixed feeding flocks, Sooty Terns maintain a defi-
nite spatial position in accord with the feeding
abilities and techniques of all species involved.
(Figure 2).

We have a number of records of Sooty Terns be-
ing harrassed by Pomarine Jaegers (Stercorarius

pomarinus), Long-tailed Jaegers (Stercorarius
longicaudus), Great Frigatebirds (Fregata minor),
and Lesser Frigatebirds (Fregata ariel).

The largest Sooty Tern flock ever recorded by the
possp occurred on 20 May 1966, some 200 miles
south of Oahu. On this day a feeding flock of
4300+ birds, including Wedge-tailed Shearwaters,
Palefooted Shearwaters (Puffinus carneipes),
Christmas Shearwaters (Puffinus nativitatis) , Manx
Shearwaters (Puffinus puffinus), Bulwer's Petrels
(Bulweria bulwerii), Great Frigatebirds, Brown
Noddy Terns (dAnous stolidus), Black Noddy
Terns (Anous tenuirosiris), and 3000+ Sooty Terns
was observed. The birds were concentrated over
eight to twelve Fin-backed Whales (Balaenoptera
physalus) and about 200 porpoises. The fringes of
the flock stretched for approximately three miles.
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Although we have no direct information on how
much time individual birds spend feeding, search-
ing, or traveling, the fact that the great majority of
all birds observed were in mixed flocks, usually an
indication of current or recent feeding, suggests
that the greatest percent of their time is spent feed-
ing or actively searching for food, with the former
outweighing the latter. There is certainly a tend-
ency for Sooty Terns to occur in larger flocks
while feeding (Table 5). Our observations indi-
cate that mixed, nonfeeding groups are composed
mostly of searching birds. Pure, nonfeeding groups
may be either searching or traveling; the activity
cannot always be determined. Pure flocks of up to
140 birds and mixed flocks of up to 125 birds have
been recorded traveling. Single birds and small
groups have been observed both searching (moving
slowly, dropping occasionally to the water surface,
and investigating other birds in the water), and
traveling. The distinction between searching and
traveling, however, sometimes breaks down (trav-
eling birds may stop to feed if the stimulus is strong
enough), or it is sometimes even meaningless
(many traveling birds may be headed for a distant
feeding flock) .

It was difficult to obtain direct evidence on how
flocks form, how long they are maintained, and
what happens when the food source being utilized
disappears. In discussing the feeding behavior of
Brown Noddies and Sooty Terns, Watson (1908:
193) wrote: “The birds feed singly or in groups,
usually in groups. The group may be composed of
both noddies and sooties and may contain some-
times as many as 50 to 100 individuals. All during
the day groups of noddies and sooties may be seen
at work. As the minnows cease to jump above the
surface of the water, the group disbands and scat-
ters in every direction. An instant later, as an at-
tack is made upon the minnows in some other lo-
cality, the birds immediately rush there and renew
their feeding.” Possp observations include a num-
ber of isolated observations documenting various
stages in this process. The following entries, with
annotations enclosed in brackets, are abstracted
from the poBsP original daily log sheets. They are
arranged in a subjective order from *searching”
birds through “feeding” birds (including birds trav-
eling toward already formed feeding flocks), to
flocks “breaking up.”
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TABLE 5.—Total Sooty Tern sightings and numbers
in mixed and pure, feeding and nonfeeding, situ-
ations

Situation 1964 1965 1966 Mean
Percentage of sightings
Mixed
Feeding ................ 14 14 14 14
Nonfeeding ............. 8 10 8 9
Pure
Feeding ................ 2 2 5 3
Nonfeeding ............. 75 74 74 74
Percentage of total numbers
Mixed
Feeding ................ 58 54 69 59
Nonfeeding ............. 16 24 8 18
Pure
Feeding ................ 6 3 10 6
Nonfeeding ............. 18 19 13 18
BPS ratio
Mixed
Feeding ................ 51 48 70 53
Nonfeeding ............. 24 30 16 25
Pure
Feeding ................ 33 22 2 28
Nonfeeding ............. 3 3 3 ]

SEARCHING

05 March 1964. 0700 Hours. 16°48'N, 169°06'W.
3 ST [Sooty Terns], [flying at] ca. 3040 feet. One bird
separated and circled a dead albatross in the water, then
joined other two.

08 March 1964. 1103 Hours. 14°50'N, 169°40'W.
1 ST. Investigated downed [dead in water] albatross and
continued NE.

07 June 1964. 1441 Hours. 18°1I'N, 166°10'W.
2 ST. One shot [ship circled to retrieve downed bird]. At
1450 Hrs. 12 ST circled and looked over downed bird.

02 April 1964. 1612 Hours. 20°41'N, 159°17'W.
2 ST flying SW joined and circled with 6 ST circling at
1615 Hrs., then all 8 departed SW. No feeding was ob-
served.

04 July 1964. 0600 Hours. 16°40'N, 169°18'W.
Flock of 26 ST and 1 WTS [Wedge-tailed Shearwater].
Original group of 14 joined by 6 then 6 more. Birds
were not actively feeding but flew around as if food
were near by.

FEEDING

10 May 1964. 1900 Hours. 15°04'N, 170°37'W.
30+ ST. Very high, maybe 1000 feet up. Some of them
seem to be gathering to move on, but then descend sud-
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denly as feeding flock. Big fish, probably tuna 5’ or more
long and some about 3' long jump at least 6’ clear of
water.

22 July 1964. 1110 Hours. 18°46'N, 150°59'W.

Feeding flock containing 90+ ST, 2 WTS, 8 JFP [Juan
Fernandez Petrel, Pterodroma external, 1 WT [White
Tern, Gygis alba]. Threce scparate groups joined up,
each with about 30 ST.

11 March 1964. 1656 Hours. Near Johnston Atoll.
Feeding flock in formation started with 4 birds on their
way south starting to circle and dive. Within minutes, 8
other Sooties came in, seemingly from all directions to
join them. No fish action noted and feeding over area of
about 14 mile length (or diameter). [Ship continuing to
move at ca. 8 knots.] 1700 Hours: 25+ ST moving low
towards above flock. 1702 Hours: 40+ ST at ca. 50’ mov-
ing to join above? 1702 Hours: 10+ ST low, moving
right under above. 1705 Hours: 2 ST moving low toward
above flock.

18 May 1965. 1500 Hours. 20°14'N, 154°02'W.

Feeding flock of 50 ST, 8 WTS, and two unidentified
shcarwaters or petrels. Original flock of 20 joined by 10
individuals and then by group of 25 or so.

06 September 1964. 1645 Hours. 17°34'N, 167°03'W.
30+ ST, 8 WTS, 1 GFB [Great Frigatebird). Feeding
over fish jumping out of water. 1640 Hours: 13 ST at 50
going to above flock. 1646 Hours: 10 ST, 1 GFB, circling.
1648 Hours: 11 ST flying towards 1645 flock. 1656 Hours:
8 ST flying towards 1645 flock.

12 May 1964. 0715 Hours. 15°30'N, 171°33'W.

Flock of 55+1 ST and 3 WTS. Actively feeding. Large
tuna-type fish jumping under flock. Flock was originally
only of about 30 birds but soon increased to final num-
ber. At one point flock broke up into two groups, one of
about 25, the other about 30. One group was soaring
around high on port side of ship, the other was low,
flying on starboard.

BREAKING UP

11 April 1964. 0825 Hours. 15°07°N, 171°24'W.
16+2 ST feeding. 3 birds left flock as we approached.

18 July 1964. 0905 Hours. 21°48’'N, 162°27'W.
Flock of 50+10 ST, 6 WTS, 2 BFB [Bluc-faced Booby,
Sula dactylatra], 1 WT, 1 GFB, fceding—but breaking
up into small groups. 0915 Hours: flock of 30 ST, 10
WTS, 1 RFB [Red-footed Booby, Sula sula), 2 CIS
[Christmas Shcarwater], and 1 WT, undoubtedly was
once part of last flock; we saw birds from last flock
join this one.

13 May 1964. 1705 Hours. 16°25'N, 170°51'W.
17 ST, 5 to 50’ [above water]. Not feeding, but appar-
ently looking for food source—group tended to split up
but constant movemcnt was to Efast].

Most shearwaters and gadfly petrels tend to sit
on the water in either compact or loose aggrega-
tions after heavy feeding. It is well known, how-
ever, that Sooty Terns are incapable of spending
long periods in such a fashion (Watson and Lash-

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

ley, 1915:39-41). Sooty Terns do, however, alight
occasionally at sea, either on a floating object or
actually on the water. All such poBsp records are
listed below. Omitting the bird knocked down by
shot and the three sitting on turtles or flotsam,
0.3 percent of all sightings and 0.16 percent of all
individuals recorded by the poBsp were on the
water. These estimates, however, are undoubtedly
low since most birds tend to rise before they can
be detected.

19 August 1965. 0920 Hours. 13°5%'N, 173°01'W.
One Sooty Tern was knocked down by shotgun blast and
sat in the water for 12 minutes then flew at the approach
of the ship.

23 October 1965. 0940 Hours. 01°16'S, 173°38'W,
One adult and one immature Sooty together on water,
immature being fed by the adult.

23 October 1965. 1730 Hours. 02°00°S, 172°52'W.
One adult, onc immature were collected while sitting on
the water.

10 November 1965. 17°51’N, 164°09'W.
In a feeding flock containing ca. 15 Sooty Terns (at least
four being immature), one adult and onc young were
noted as “on water togcther.”

September-October 1964,
“Three different times during the trip I saw Sooty Terns
sitting on the water. A total of 6 birds were observed,
always in twos. Each pair contained an immature bird
and an adult. In one case both the immature and the
adult were observed on the water. In the other two cases
just the immature was on the water with the adult hov-
ering overhead. In all cases the birds flew off as the ship
approached. I ncver saw them land on the water so 1
can’t say how long they stayed there. The longest I ob-
served them was about 5 seconds.” (pomse, Robert
Standen)

12 May 1965. 0744 Hours. 16°44'N, 162°16'W.
10 and 25 Sooty Terns. “Two separate flocks sitting on
the water. They were gliding around and at first ap-
peared to be Wedge-tails from their flight pattern. Birds
were flying and then sitting down again. They were not
feeding.”

01 September 1967. 0930 Hours. 01°44'N, 98°04'W.
75+ ST. All adults, seemed to have fresh plumage. Most
circling high 200'+, some close to water. About 8 of
them were sitting on the water.

14 June 1967. 1425 Hours. (Atlantic
81°06'W.
2 adult ST sitting on water with wings closed—quite
happy 10-15 scconds that I saw. (poBse, Richard Chan-
dler)

February 1968.
“On February 13 both shipboard observers saw a single
flock of 22 adult Sooty Terns resting on the water about
10 miles south of Johnston. When first scen all were to-
gether on the water spaced two to six fect apart. As the
ship aproached two or three birds rose off the water and

Ocean)  12°42'N,
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began hovering over the remaining 20. These remained
on the water for at least another minute before the ship
scared them into flight. The time lapse between the
first sighting and flushing was about two minutes, but it
was obvious that the birds had been there quite a bit
longer.” (rosse, Brian Harrington)

07 July 1967. 0955 Hours. 18°35’N, 104°53'W.
One Sooty Tern sitting on a turtle.

10 July 1967. 1433 Hours. 17°08'N, 101°05'W.
One Sooty Tern standing on head of turtle.

18 August 1966. 1713 Hours. 32°06'N, 163°42'W.
One adult Sooty Tern sitting on fish ball [float].

DiscussioN.—Sooty Terns occur over the entire
pelagic area of the north-central Pacific. They are
distributed primarily as singles and small groups
interspersed with a few small flocks and even fewer
large flocks. Over 90 percent of all individuals,
however, are found in flocks. The degree of flock-
ing is probably greatest in areas of food abundance.
Single birds and small groups generally appear to
be searching. Their flight is usually slow, indirect,
and often high above the water. They frequently
drop to just above the surface, apparently investi-
gating possible food items. When available food is
spotted the bird or birds descend and begin feed-
ing. This change in behavior pattern is distinct and
easily recognizable to the human eye. Other birds
within visual range probably can detect and
identify the new pattern and are attracted to it.
Birds heading towards a feeding flock fly in a rela-
tively fast and direct manner distinct from that of
searching birds. It is possible that this type of flight
may provide a clue to other birds which were not
aware of the newly formed feeding flock. Similar
behavioral differences are also found in other flock-
ing seabirds (e.g., Wedge-tailed Shearwaters) and it
seems probable that Sooty Terns could recognize
such behavioral changes in other species and act
accordingly.

As a feeding flock grows it becomes visible to
more distant birds. The eventual size of the flock
would thus be controlled, primarily, by the length
of time that food is available. The total number
of terns within range of the food supply would,
however, have a restricting effect, since distant
birds might be hard put to detect the presence of
food and to reach it before it disappeared. When
the food source disappears, Sooty Terns rise high
into the air and disperse, either by fragmenting
into two or more smaller groups each going in a
separate direction, or by all going in the same
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direction but becoming widely separated. Subse-
quent fragmentation of groups or continued sepa-
ration of individuals may eventually result in the
dispersal of all birds over the ocean as individuals.
If another food source is discovered before a flock
has fragmented or separated completely, the group,
whatever size it has been reduced to, becomes the
nucleus of a new feeding flock. As the length of
time between feedings increases, sightings of single
birds should increase since flocks would have had
more time to disperse. The relative frequency of
sightings of single birds, as opposed to sightings of
groups, should thus provide an estimate of food
availability and tuna school density in a given
pelagic area.

Distribution and Abundance

Figures 17-28 (pp. 34-45) summarize monthly
poBsp Sooty Tern sightings in the Pacific Ocean.
They attempt to show gross distributional patterns
and in most cases tend to de-emphasize local or
short-term variations. Only at-sea sightings are in-
cluded, although these may include sightings
within a few miles of land. Sightings cover the
period January 1964 through April 1968, and con-
tour lines are drawn without regard to year. Den-
sities are recorded in BPM units.

NorTH-CENTRAL PaciFic.—Sooty Terns are pres-
ent in the north-central Pacific throughout the
year. At least one bird was recorded during 74.5
percent of all days of observation from 1964
through 1966. Only during January 1964, Decem-
ber 1965, and August 1966, were birds seen on
fewer than 50 percent of all observation days
(Figure 3).

Densities throughout the year ranged from a low
of 0.0 BpM to a high of 54.5 BpMm. Densities greater
than 10.0 BPM were uncommon and, with one ex-
ception, always occurred within 50 miles of land.
This exception, however, was the second highest
density ever recorded within the study area (27.1
BPM). The highest density figure, 54.5 BPM, is some-
what unreliable since observations on that day
covered only four miles and lasted somewhat less
than one hour (Table 6).

With the fledging of chicks in August, Sooty
Tern numbers near islands decrease markedly.
Lowest maximum densities near the Hawaiian Is-
lands and Johnston Atoll occurred in October
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Ficure 3.—Percent of observation days on which one or more Sooty Terns were recorded in the
north-central Pacific during 1964-1966.

(Table 7). In the area as a whole, however, den-
sities were lowest in November and December,
even though densities near the Hawaiian Islands
and Johnston Atoll increased slightly. Densities
over 50 miles from land began increasing in June
with an influx of newly fledged birds. From June
through November, immature birds became in-
creasingly abundant and wide-spread throughout
the north Pacific. We have a few records which
indicate that newly fledged birds accompany their
parents when they leave the breeding colony, ie.,
the six sightings of an adult and immature sitting
on the water listed in the behavior section. The
record of an adult feeding an immature over 100

miles from land on 23 October 1965 is certainly
conclusive.

Increasing densities in January and February,
particularly near breeding islands, were the result
of birds returning to these islands for the next
breeding season. From September through Decem-
ber, and especially during September and October,
densities in areas over 50 miles from land were
generally greater than those within 50 miles. This
was particularly noticeable in two widely separated
areas where at-sea densities reached as high as 9.0
BPM. The first area was 200-300 miles west-south-
west of Oahu. This is apparently a rich feeding
area favored by many species of seabirds, particu-
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TaBLE 6.—Date and location of all Sooty Tern
densities of 10.0 or greater BPM recorded within
the north-central Pacific, 1964-1966

(Observation = within 50 miles of “Location")

Density Miles of
(BPM) Location Date observation
10.0 Oahu 6 Jun 66 28
10.2 Johnston Atoll 5 Jun 66 141
104 Oahu 5 Jul 66 23
109 Oahu 5 Jun 64 73
11.0 French Frigate Shoals 17 Jun 64 108
11.5 Ozhu 4 May 65 40
11.8 Laysan 20 Jun 66 39
124 Johnston Atoll 13 Apr 65 117
128 Oahu 13 Jul 64 51
129 Johnston Atoll 31 Jan 66 22
145 Laysan 5 Aug 65 80
16.1 Johnston Atoll 5 Jul 65 127
23.2 Lisianski 14 Jul 65 33
269 Oahu 31 May 65 104
27.1 at-sea, 17°54'N, 20 May 66 117

158°48'W

54.5 Oahu 2 Jul 65 4
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TABLE 7.—Maximum Sooty Tern densities (BPM)
in the north-central Pacific

Near Near 50+ miles

Month Hawaiian I. Johnston Atoll from land
i |1 S — 48 129 49
Feb .............. 6.7 5.0 6.7
Mar ... ........... 6.9 7.9 8.0
Apr ... ... ... 5.6 12.4 6.4
May «.ooonviiminis 26.9 7.2 27.1
Jun oL 11.8 10.2 39
Jul . 54.5 16.1 94
Aug ... 145 28 8.0
Sep iiiieusonanes 10 35 9.0
Oct ............... 0.1 0.2 7.1
Nov .............. 1.0 1.3 26
Dec .............. 15 23 5.0

TABLE 8.—W:inter Sooty Tern densities 50-300
miles southwest of Johnston Atoll, 1963-1967

larly those breeding in the leeward and main
Hawaiian Islands. The second was 700-800 miles
south-southeast of Oahu. This area may be occu-
pied by birds from more southerly breeding locali-
ties (e.g, Line Islands) as suggested by King
(1970:54), although it is somewhat north of the
Equatorial Countercurrent which Ashmole and
Ashmole (1967:66) considered a likely feeding
ground for Christmas Island birds.

During this winter period, a strange pattern of
occurrence was found in the area between 50 and
300 miles southwest of Johnston Atoll. During the
day, Sooty Tern densities decreased through No-
vember and December to a low of 0.0 BpM in
January, and then increased again in February.
Nocturnal observations in the same area, on the
other hand, revealed few terns in November and
December, but large numbers in January and
February. This occurred in all three successive
years of our investigations in this area (Table 8).
Nocturnal counts were primarily of birds heard
near the ship. Densities listed in Table 8 are con-
servative, particularly with respect to diurnal sight-
ings, since birds can be seen at greater distances
than they can be heard. Although Sooty Terns are
often attracted to the ship’s lights, particularly on

Year Nov Dec Jan Feb
Birds per 100 miles of diurnal
observations
1963-1964. ... ... ... .. 23 1 0 1
1964-1965. .. ... ... ... 1 17 0 0
1965-1966............. 32 1 0 8
1966-1967............. 3 10 0 41
Mean........... 14 8 0 20

Birds per 100 miles of nocturnal
observations

1963-1964. ... ..... ... 2 0* 2¢ 0°*
1964-1965............. 13+ 2 55 30
1965-1966.. ........... 9 (1] 62 23
1966-1967... ... ... ... 1 5 5 47
Mean........... 2 3 32 40

*Months in which less than 100 miles of observations were
made.

stormy nights, they are still difficult to observe. The
chances of counting the same birds twice are much
greater at night than during the day. In this case,
however, most of the nocturnal birds appeared to
be traveling in a specific direction, rather than
circling the ship, thus reducing the chances of
duplicate recording.

Two additional features were also apparent.
First, there was a definite nocturnal activity cycle.
Sooty Terns were first heard about an hour after
sunset and increased in numbers to maximum
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Ficure 4.—Nocturnal abundance cycle for Sooty Terns from
50 to 300 miles southwest of Johnston Atoll during 1963-
1967,

densities between 2200 and 0200 hours. Numbers
then declined to zero about an hour before sun-
rise (Figure 4). This was especially noticeable in
January and February, but was also true in No-
vember and December. Second, a majority of the
nocturnal terns heard south and west of Johnston
Atoll was apparently moving north and northwest
towards the atoll, or towards other breeding islands
farther north and northwest in the Leewards. The
number moving in southerly directions was almost
nil. Unfortunately, adequate records for nocturnal
direction of movement are available only for Jan-
uary and February of 1966 (Figure 5).

A similar nocturnal-diurnal pattern occurred
on the breeding island at Johnston Atoll. Lowest
numbers of Sooty Terns occurred in October and
November when only a few individuals and small
flocks visited the island briefly and irregularly.
These were probably wandering pelagic birds that
happened to pass the island and were temporarily
attracted to it, primarily at night or just at dusk.
They rarely landed on the island. Potential breed-
ing birds were first observed at the island between
late November (1964-1965) and late December

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

(1963). In 1966 flocks first occurred near the island
during the first two weeks of December. These
birds first gathered offshore at night, then began
settling on the island in small groups. These groups
grew until much of the land was occupied. This
development took several weeks, generally lasting
through mid-February, during which no more than
a few wandering birds were over the island during
the day. All of those on the ground at night left
shortly before dawn. Finally, the birds began to
stay on the island during the day, after which
courtship and egg laying followed in quick succes-
sion (possp, Philip Shelton). Sooty Terns occurred
within 50 miles of the atoll in fair numbers during
the day throughout this period, especially in Jan-
uary and February.

Several causative and perhaps interrelated factors
have been suggested to explain the day-night differ-
ences in January-February densities. Although
none of these explanations is complete in itself,
one or more may provide part of the answer.

1. At this time of year Johnston birds are known
to avoid land during the day, and to be attracted
to it at night. Birds may react toward ships in the
same way, thus avoiding diurnal detection at sea.

2. Sooty Tern migration may be rapid and noc-
turnal. Birds may “pile up” in preferred feeding
areas during the day and complete the last leg of
their migration in a single night.

3. Most Sooty Terns may remain within 50 miles
of Johnston during the day even though they avoid
close approach to land.

4. The area southwest of Johnston is probably
very poor in available food. Terns leaving John-
ston before dawn may pass through the area before
sunrise and return through the area after sunset. A
lack of food would deter them from pausing within
the area.

5. The January and February nocturnal aggre-
gations may represent prebreeding swirls from
Johnston Atoll. W. B. Robertson of the National
Park Service (pers. comm.) informs me that early
prebreeding swirls at the Tortugas often do not
seem to be oriented toward the colony site. Instead
they may occur anywhere around the general area
and, quite possibly, well outside the area.

Although egg-laying commences in late February
on Johnston Atoll, at-sea densities of Sooty Terns
continued to increase through March in the sur-
rounding waters. This was consistent with a con-
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Ficure 5.—Nocturnal flight directions for Sooty Terns southwest of Johnston Atoll during Janu-
ary-February 1966. (Arrows indicate direction in percent, numbers indicate sample size.)

tinued increase of birds on the island. Maximum
island and at-sea densities were generally main-
tained through July, although some terns began
leaving Johnston Atoll in early June.

During the northern summer, densities in the
1-5 BPM range were common over 50 miles from
land, and ranged from 0.0-8.0 BpM. Densities up
to at least 26.9 Bpm were recorded within 50 miles
of the breeding islands at this time. The largest
single concentration of Sooty Terns recorded by
the possp north of the equator, however, occurred
on 20 May 1966, at 17°54’N, 158°48'W, some 200
miles south of Oahu.

Repeated observations to the northeast of the
Hawaiian Islands illustrate the seasonal expansion
and contraction of Sooty Tern distributional limits
in the north central Pacific (Figure 6). During the

nonbreeding season, in particular November-De-
cember, birds were rarely recorded over 100 miles
northeast of Hawaii. With the return of the birds
and the beginning of nesting activities (March-
April), distributional limits were extended, and
by July-August, when chicks were being fed, birds
were found up to 600 miles northeast of Hawaii.
The northernmost sighting in the central Pacific
was of two adult-plumaged birds recorded at 33°
06’N, 164°08"W on 9 August 1966.

To summarize, at-sea densities of Sooty Terns in
the north-central Pacific Ocean are reflections of
breeding island densities. The annual cycle is repre-
sented by a fairly smooth curve, with lowest den-
sity in November-December and highest density in
June (Figure 7).

To clarify the distributional patterns of birds
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FIGURE 6.—Seasonal variation in the distributional limits of
Sooty Terns northeast of the Hawaiian Islands.
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within the central Pacific, the pomsp initiated an
intensive banding program. Since March 1963, over
1,200,000 Sooty Terns have been banded. These
include birds from nearly all major breeding col-
onies on the main and leeward Hawaiian, Line,
and Phoenix (including Howland) island groups,
as well as on Johnston and Wake atolls. Greatest
numbers have been banded on Johnston (over
250,000), Laysan (over 130,000), and Howland (over
100,000). Colored vinyl leg streamers were also
placed on birds from Johnston (orange) and How-
land (blue). A special effort was made on all roBsp
field trips, both at sea and on islands, to look for
streamered and banded birds. In addition, a pro-
gram of intensive advertisement of our efforts,
including appeals for help in locating banded and
streamered birds, was made throughout the in-
habitated areas of the tropical and subtropical
Pacific.

As of December 1968, we have processed 1027
interisland and at-sea recoveries and 339 at-sea
streamer sightings of Sooty Terns. These represent
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Ficure 7.—Annual at-sea density cycle for Sooty Terns in the north-central Pacific.
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Ficure 9.—Interisland movements of Sooty Terns banded in the north-central Pacific.

less than 0.01 percent of the total number banded.
Over one-half of the interisland recoveries repre-
sent elapsed times greater than one year and 68
percent were short-distance movements within
island groups (e.g., between Kure and Midway
atolls). It is thus too early to attempt a detailed
analysis of the banding data. Since some of these
records provide insight into the confusing pelagic
dispersal of Sooty Terns, however, a brief summary
is presented here.

Two hundred and thirty-five orange-streamered
birds have been observed at sea (Appendix Table
B). All were in the central Pacific north of 11°N.
Similarly, orange-streamered birds have been seen
and handled on most islands in the same area, but
none have been observed on islands farther south.
No blue-streamered birds have been recorded north

of 02°N. Ninety-six percent of all orange-stream-
ered birds were recorded during the breeding sea-
son (March-August). Of these, 70 percent were
within fifty miles of Johnston Atoll even though
over 80 percent of all observation time in that gen-
eral area was spent over 50 miles from the atoll.
During the breeding season, four streamered birds
were sighted over 275 miles from Johnston (one
adult in August, 278 miles SE; one immature in
August, 287 miles SW; one adult in August, 392
miles SW; and one adult in March, 392 miles SW).
We have 10 records of 13 streamered birds feeding
at distances up to 225 miles from Johnston (April-
June). Recently fledged streamered birds have been
found over 100 miles from the breeding colony only
during August (3 birds: 180, 226, and 287 miles
SW). During the nonbreeding season (September-
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February), three of a total of eight orange-streamer
.sightings were over 50 miles from Johnston (two
in September, 394 and 481 miles NE; and one in
December, 299 miles ENE). The remaining five
were found in September, January, and February,
and were probably late departing or early arriving
birds.

Twelve banded birds (10 from Johnston, 1 from
Oahu, and 1 from Laysan) have been recovered at
sea (Appendix Table C). As with the streamer
sightings, all were from the central Pacific north of
11°N. All but three were recovered over 100 miles
from the site of banding., One immature banded on
Laysan in August was recovered four months later
1170 miles to the southeast. Another, banded on
Johnston in July, was recovered four months later
460 miles to the southwest. Figure 8 is a spatial
summary of all at-sea streamer sightings and band
recoveries,

21

The above data suggest that during the breeding
season, Johnston-based Sooty Terns may forage up
to 300 miles from the breeding colony, but that the
greatest numbers remain within 50 miles. At the
end of the breeding season, adults and immatures
disperse widely at sea and many disappear from the
north-central Pacific. Four late fall and early winter
orange-streamer sightings show dispersal from John-
ston of birds to the northeast (three) and to the
southwest (one). The one late fall record from
Laysan was to the southeast.

Figure 9 summarizes interisland movements of
Sooty Terns involving the main and leeward
Hawaiian, Johnston, and Wake islands. Unfortu-
nately, few of these recoveries involve known status
birds (e.g., breeding, nonbreeding), or elapsed times
less than the length of one breeding season. It is
thus impossible to connect the islands of banding
and recovery with meaningful directional arrows.

TaBLE 9.—Interisland Sooty Tern movements occurring within six months of
banding

Banding and recovery

Recovery month

locations Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Hawaiian banded:

Hawaiians ... . ... - - - -

Leeward banded:

Leewards .......... = - - =
Johnston . ... ... . .. = - - -
Japan ... ... ... .. - - - -
Philippines ..... ... = - = ~

Johnston banded:

Leewards ... .. cwaa] = - = =
Japan ... .. .. ..... s - - -
Philippines .. . .. .| - = - -

Wake banded:

Johnston ... ... ... - - - -
Carolines ... ... ... - - 1 -
Japan ........ ... .. = - - =

Phoenix banded:
Phoenix

Leewards ..... ..... - = - -

Line banded:

Leewards ..... .. . .. - - - -

North Pacific banded:

North Pacific .. .. .. - - - -
Western Pacific . .. - - 1 -

South Pacific banded:
South Pacific ... .. 3

North Pacific . . - - - =

i 98 1* - - w - =
- 2 2 9 - - - ~
= 1 1 = = o ”
- = - - 2 - = =
T - |
= 1 16 - - = &
e L S L
- - 2 2 = = = =
- - - e - oo
1 - 3 - 2 = 22 &
— 1 . - = - - -
- = - 1 - - - -
- 5 28 - ce e
- i 1 4 - 1 1
1 = 3 - = - -

*Banded as locals or immatures.
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Table 9 summarizes all recoveries made less than
6 months after time of banding. It is apparent,
however, that there is considerable interisland
movement between islands of the north-central
Pacific. Birds banded on Johnston regularly occur
on Wake and in the main and leeward Hawaiians
and vice versa. Similarly, much movement occurs
between islands of the south-central Pacific. A cer-
tain amount of interchange between these two
areas has been recorded, but our eighteen records
probably exaggerate its amount. The lack of
orange-streamer sightings in the southern islands,
and blue-streamer sightings in the northern islands,
particularly on frequently surveyed islands such as
Howland and Johnston, indicate that some of the
north-south band recoveries may be due to misread
band numbers. Unfortunately, none of the north-
south band recoveries have been substantiated by
the collection of the bird or the removal of its
band. The relatively large number of these north-
south records, however, indicate that such move-
ments may occur.

Twenty-eight poBsp-banded birds have been re-

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

covered in the western Pacific. Ten were reported
as being associated with typhoons, and three with
stormy weather. Another three were reported ex-
hausted when found. By comparing the dates and
localities of recapture with typhoon and tropical
storm tracks in the western Pacific (Joint Typhoon
Warning Center, 1965, 1966, 1967; DeAngelis, 1968,
1969), a total of 20 can be directly associated with
typhoons and tropical storms (Table 10). This
indicates that at least a majority of banded birds
recovered in Japan and the Philippines was driven
there by storms. By analyzing the origin and path-
way of these storms, it is possible to make assump-
tions as to the area these Sooty Terns were carried
from and thus determine at least part of their non-
breeding range.

Typhoons in the northwest Pacific appear to
originate in the area between 5°N and 20°N, and
between 170°E and the Philippines. The United
States Naval Oceanographic Office (1964:42) de-
scribes the typhoon tracks in this area as follows:

. the greater number of typhoons conform to the usual
tropical cyclone track pattern and move initially westward or

100°E no’ 120° 130° * 160° 170° 180
@ Noon position
1968
Luey
i ;
1967 ®
Solly
Corlo
Emmo
30
20
\'\s 10

Ficure 10.—Tracks of typhoons which blew banded Sooty Terns to the western Pacific.
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TaBLE 10.—Sooty Tern recoveries from the western Pacific

23

Banding

Recovery location Date Remarks location  Date Age

Leyte, Philippines 7 Mar 65  tropical storm Vera off Leyte on 7 Mar 65; bird Johnston 8 May64 local
(ca. 11°N, 126°E) exhausted by “typhoon” winds

Southern Honshu, Japan 7 Aug 65  typhoon Jean moved north over Kyushu 5 Aug Wake 1 May 65 nestling
(34°40'N, 135°56’E) 65; birds “typhoon-driven”

Honshu, Japan 18 Scp 65  typhoon Trix over eastern Honshu on 17 Sep 65 Johnston 11 Mayé65 local
(837°40'N, 139°10'E)

Southern Leyte, Philippines before typhoon Faye passed about 250 mi NE of islands Laysan 9 Aug65 adult
(ca. 10°N, 125°E) 17 Dec 65  on 23 Nov 65

Masbate, Philippines before as above; bird exhausted Johnston 26 May 65 local
(ca. 12°N, 122°E) 22 Dec 65

Isabela, Philippines before no typhoons or tropical storms since Faye passed Johnston 28 May 65 local
(prob. 10°35°N, 124°E) 10 Mar 66 250 mi NE on 23 Nov 65

Near Ticao, Philippineﬁ 20 Mar 66 as above Johnston 7 Jun65 local
(12°30’N, 123°50'E)

Tarlac, Luzon, Philippines 20 May 66 typhoon Irma over SW Luzon on 18 May 66; bird Midway 27 Jul 65 nestling
(ca. 15°30’N, 125°E) in wake of typhoon Irma

Southern Honshu, Japan 25 Sep 66  typhoon Ida passed over Honshu on 24 Sep 66; Johnston 22 Mar66 adult
(34°50'N, 138°20'E) birds *“typhoon-driven”

Honshu, Japan 25 Sep 66  as above; no recapture data Midway 12 Jun66 breeding
(35°19'N, 139°22'E) adult

Honshu, Japan 25 Scp 66 . as above; bird “typhoon-driven” Lisianski 17 Jun 66 adult
(35°00°N, 138°20’E)

Southern Luzon, Philippines 4 Jan 67 no typhoons or tropical storms since Pamela on Johnston 13 Mar 66 adult
(ca. 15°N, 121°E) 27 Dec 66; raining

Eastern Samar, Philippines 11 Jan 67  as above; bird exhausted McKean 19 Jul64 adule
(12°N, 125°20'E)

Mawmawan, Philippines 4 Feb 67 as above; bird in heavy rain in front of “ty- Johnston 15 Jun66 adult
(ca. 10°N, 124°E) phoon”

Philippines ? Feb 67 as above; bird “storm-driven” Wake 15 Jun 66 nestling
(no location specificd)

Southern Leyte, Philippines 3 Mar 67  typhoon Sally passed over central islands on 3 Howland 19 Jul66 adult
(ca. 10°N, 126°F) Mar 67

Toledo City, Philippines 4 Mar 67  as above; bird at height of typhoon Sally Christmas 12 Mar 66 nestling
(ca. 10°20°N, 124°E)

Negros Island, Philippines 4 Mar 67  as above; male bird McKean 2 Scp65  local
(09°10’'N, 123°10’E)

Southeast Luzon, Philippines 6 Mar 67 as above; bird weak Howland 16 Aug 66 local
(13°30'N, 123°10°E)

Northern Luzon, Philippines 17 Oct 67  typhoon Carla passed over northern Luzon on Midway 27 Jul65 nestling
(ca. 15°40’N, 121°E) 17 Oct 67; after typhoon Trining

Southeast Luzon, Philippines 3 Nov 67 typhoon Emma passed over southern Luzon on Johnston 14 Jun67 local
(ca. 13°20’N, 123°20’E) 3 Nov 67; stormy

Southern Luzon, Philippines 4 Nov 67  as above; “typhoon-driven” Midway 22 Jul64 local
(ca. 14°15'N, 121°15’E)

Eastern Samar, Philippines 4 Nov 67  as above; bird after typhoon Welling Midway 8Sep64 immature
(11°40'N, 125°20’E)

Honshu, Japan 26 Apr 68 cannot be accounted for by typhoons or tropical Laysan 6 Aug65 adult
(35°20°N, 139°35'E) storms

Shikoku, Japan 3 Jul 68 last stages of typhoon Lucy passed about 250 miles Johnston 8 Mar64 adult
(ca. 33°30'N, 133°30'E) S of Shikoku on 2 Jul 68

Shikoku, Japan 28 Jul 68  typhoon Mary passed over Shikoku on 28 Jul 68 Johnston 20 May68 local
(ca. 33°30'N, 133°30’E)

Shikoku, japan 29 Jul 68 as above Johnston 2May66 adult
(ca. 33°30°N, 133°30'E)

Negros, Philippines 25 Nov 68  typhoon Nina passed over Negros on 24 Nov 68 Midway 13 Jun66 adult

(ca. 10°N, 123°E)
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west-northwestward from the source region. Those that reach
higher latitudes, normally north of 15°N, have a tendency to
recurve and move in a northeasterly direction over or to the
cast of Japan. A considerable number, however, travel almost
due westward and eventually dissipate over the Philippines
or the China coast. At the height of the typhoon season over
the western Pacific (July through October) the majority of
these storms passes to the north of the Philippines moving
toward Taiwan, the Japanese Islands, and the China coast.

. . During the so-called slack season (December through
February) many continue on a westward course and enter
the South China Sea.

Figure 10 shows the typhoon and tropical storm
tracks that can be associated with poBsr band re-
coveries in the western Pacific. All originate in, or
immediately southeast of, the Philippine Sea, and
all pass through it. Thus, the Philippine Sea must
constitute at least part of the nonbreeding range
of north-central Pacific Sooty Terns. The only
typhoon that can be associated with birds from the
Line and Phoenix islands was Sally in 1967. This
was the most southern of all Sooty Tern-bearing
typhoons, and had the southwesternmost point of
origin. No northern birds were reported as a result
of this storm. Lane (1967), however, reports the
recovery of a Sooty Tern originally banded on
Roach Islet, Lord Howe, New South Wales, 28
November 1962, from southern Leyte, Philippines,
on 4 March 1967. This is the same recovery date and
area as two of our recoveries associated with
typhoon Sally. This suggests that the nonbreeding
ranges of south-central and north-central Pacific
terns are essentially allopatric. Unfortunately,
literature records from this area are scarce. Brink-
ley (in Bourne and Radford, 1961) recorded seven
birds in August at 22°N, 124°E. In late October,
Morzer Bruyns (1965) recorded two groups of 50
birds each at approximately 9°N, 131°E, three
groups of 40, 10, and 3, near 7°N, 142°E, and
possibly two birds at 7°N, 150°E. He did not, how-
ever, find any terns in late October or early No-
vember near the Palau, western Caroline, or
Marshall islands. Records for the timing of the
breeding cycle in the Carolines are lacking so that
we do not know whether the birds he observed
were of that population,

EqQuAaTorIAL CENTRAL Paciric.—Sverdrup, et al.
(1942:709) point out that the Equatorial Counter-
current is remarkably well developed in the Pacific
Ocean, present at all seasons, lies always in the
northern hemisphere, and is farther north in the

SMITHSONIAN CONTRIBUTIONS TO Z00LOGY

northern summer. Barkley (1962:5) shows that the
borders of this current generally lie between 4°-
59N and 9°-10°N. North of the Countercurrent is
the westward flowing North Equatorial ‘Current,
while south is the westward flowing South Equa-
torial Current. Data from the Carnegie Expedition
(Sverdrup, et al,, 1942:711) state that

within the Equatorial Countercurrent descending motion
takes place at the southern boundary and ascending motion
at the northern boundary, and between the Equator and the
Countercurrent descending motion takes place at the bound-
ary of the Countercurrent and ascending motion at the Equa-
tor. Thus, two cells appear with divergence at the northern
limit of the Countercurrent and at the Equator, and with a
convergence at the southern boundary of the Countercurrent.

Ashmole and Ashmole (1967) have discussed the
distribution of seabirds with relation to the equa-
torial currents in the central Pacific. They make
several points which are relevant to the following
discussion: (1) Most tropical seabirds depend, at
least in part, on schools of fish to drive their prey
close to the surface. (2) Upwelling waters are gen-
erally rich in nutrients and zooplankton. (3) As
water moves away from divergence areas, phosphate
and zooplankton decrease and forage animals in-
crease. (4) In the equatorial current area fish schools
are generally most abundant within the Counter-
current. They (1967:107) conclude that “localized
concentrations of plankton and nekton produced
by convergence and sinking of surface waters at
‘fronts” which have been suggested as exerting im-
portant effects on the distribution of surface schools
of tunas in the open ocean, may also provide favor-
able feeding grounds for many oceanic birds.”
Other authors, among them King and Pyle (1957)
and Mérzer Bruyns (1965) have shown some of the
effects of oceanic currents in the central Pacific on
the density and distribution of seabirds.

From January 1964 through 1967 twenty cruises
were made by the poBsp across the equatorial cur-
rents (0°~13°N) between 148°W and 180°. Surface
water temperatures ranged between 25.5° and
30.6°C with the majority falling between 27.0°
and 29.5°C. Barkley (1962) presented averaged
temperatures for this area of 27° to 28°C., and
averaged salinities of 34.30 to 35.40 ppt.

>
Ficure 11.—Sooty Tern density in relation to equatorial cur-
rents in the central Pacific between longitudes 148°W and
180°.
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Figure 11 shows latitudinal variation of Sooty
Tern densities plotted against the depth of the
20°C isotherm for five 1966 cruises. The slope of
this isotherm can be used as a rough indication of
the position of major currents. Figure 12 presents
density data for all 20 cruises on a seasonal and
monthly basis, while Figure 13 shows a composite
of all 1965-1966 densities and an average density
per each degree of latitude.

Ignoring areas under the immediate influence of
islands (i.e., areas within 50 miles of Howland,
Christmas, and Palmyra) Sooty Terns are more
abundant within the Equatorial Countercurrent
than in either the North or South Equatorial cur-
rents. The South Equatorial Current has greater
Sooty Tern densities than the North Equatorial
Current, possibly because of the more direct in-
fluence of islands and/or the convergence at its
northern border. It is within the convergence area
that greatest over-all densities have been recorded
(Figure 13). Our data thus support the assump-
tions reached by the Ashmoles. Our data also sug-
gest, but are too few to prove, a seasonal shift in
high densities from the convergence area (4°N-
5°N) in the fall, to the northern Countercurrent
area (7°N-9°N) in the spring. Intervening seasons
are intermediate, with greatest winter densities re-
corded in the area of 5°N to 6°N, and greatest sum-
mer densities in the area of 6°N to 7°N. The more
northerly position of high density in spring and
summer might be explained if many of the terns
in the Countercurrent area were part of the north-
ern islands’ (e.g., Johnston Atoll) breeding popu-
lation. Unfortunately, there have been no band
returns or color-streamer sightings from this area.
It seems quite probable that Sooty Terns in the
equatorial currents are from islands in both the
north and south central Pacific and that the in-
fluence of each area varies with the season and
with the local breeding schedule.

Within the equatorial currents lie a number of
islands, most of which support large Sooty Tern
colonies. These include the Line Islands: Kingman
Reef (06°24’N), Palmyra (05°52’N), Washington
(04°43’N), Fanning (03°52’N), Christmas (01°51°N)
and Jarvis (00°23’S), and two islands often consid-

-
Ficvre 12.—Sooty Tern density across the cquatorial central
Pacific.
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ered part of the Phoenix group: Howland (00°
45’N), and Baker (00°13’N). The latter two islands
have been intensively investigated by the romsp
with respect both to island and at-sea bird popula-
tions.

The poBsp observations show a very close rela-
tionship between the breeding schedule and den-
sities on Howland Island, and at-sea densities
within a 100-mile radius of it (Figure 14). Peak
at-sea densities occurred during each of the two
major egg-laying periods in 1966-1967. The large
numbers of birds at sea during September and
October 1965 while island populations were at their
lowest are thought to be due to birds from other
populations moving into or through the area. The
only evidence for this was the collection within
the area in October of three immature and one
adult Sooty Terns originally banded on Hull Is-
land three to eight weeks earlier. At-sea collections
and sightings of banded or color-tagged birds dur-
ing all other surveys were of Howland-marked
birds.

SouTH-CENTRAL PaciFic.—Pelagic observations
were conducted on 13 PoBsP surveys to the south-
central Pacific from March 1964 through February
1967. During most of these trips many days were
spent in the Phoenix Islands. Twelve trips con-
tinued south to eastern Samoa and one to the Fiji
Islands. Two general cruise tracks were used, one
by way of the Tokelaus and Swain’s Island, and
the other by way of Rakahanga and the Danger
Islands. Table 11 summarizes the distribution and
abundance of Sooty Terns during these trips. The
area of coverage was too restricted, and the timing
of observations too unevenly spaced to allow more
than the following brief summary.

Sooty Terns were abundant at all times of the
year on and around the Phoenix Islands. Highest
densities were recorded from September through
February, particularly October to December. An-
nual at-sea abundance cycles in this area, however,
cannot be evaluated because of the variation in
the timing of breeding cycles between the islands,
and because of the nearness of these islands to one
another and our inability to assign island origins
to birds observed at sea. These factors prevented
relating a daily at-sea density to a particular island.
Also May-September records are few while October-
April records are numerous. South of the Phoenix
Islands these terns became progressively less abun-
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148™-165°W

BPM

100 9 8 7° 6 5 4° 3 2

NORTH LATITUDE
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FIGURE 13.—Summary of Sooty Tern densities across the equatorial central Pacific during 1965-
1966.
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Ficure 14.—Correlation of at-sea densities (within 100 miles of Howland) of Sooty Temns with
the breeding schedule and population fluctuations of Howland Island.

dant, being seen on fewer days as well as in smaller
numbers.

Movements of banded and streamered birds from
this area are summarized in Table 10, Appendix
Tables B, C, Figures 8, 10, and 15. These records
are discussed under the section dealing with north-
central Pacific banding results, and under the dis-
cussion of Howland Island in the equatorial central
Pacific.

EAsTERN PaciFic.—Surveys in the eastern Pacific
north of 30°N have been conducted from Decem-
ber 1966 through April 1968 off southern Califor-

nia and northern Baja California, generally on a
semimonthly basis. South of 30°N surveys have
been made in cooperation with EAsTROPAC. Possp
personnel recorded observations during nine
cruises. Three of these ran concurrently in January-
March 1967, one in June-July 1967, two concur-
rently in August-September 1967, one in October-
December 1967, and two concurrently in February-
April 1968. The survey pattern was based on
north-south cruise tracks along specific longitudes.
Two of these tracks (119°W, 112°W) were followed
five times each; two (105°W, 98°W) were followed
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TaBLE 11.—Distribution and occurrence of Sooty Terns within 100 miles of south-
central Pacific islands from March 1964 through February 1967
Days Days Days Average Range of
Area observed recorded recorded density density Months of observations
(No) (No) %) (BPM) (BPM)
Phoenix Islands ..... . ... 51 51 100 39 0.02-346  all except Jun and Aug
Tokelau I. ... ... ....... 20 17 85 0.7 0.0-34 all except Jan and May
Rakahanga 1. ........... 2 1 - 03 0.0-0.6 Jun
Danger I. ............... 3 3 - 03 0.03-0.7 Mar and Jun
Swains I, ... . ... .. .. .. 17 13 76 0.1 0.0-1.0 all except Jan, May, and Dec
Wallis L. ................ 2 2 - 0.6 0.04-12 Feb
E. Samoa ............... 15 4 27 01 0.0-1.1 all except Jan, May, Sep, and Dec
3 (551 10 2 2 0.1 0.02-0.2 Feb
Fiji L .................. 3 3 - 0.1 0.01-0.3 Feb
Total/average ......... .. ns 96 8 19 0.0-34.6 all months

four times each; one (92°W) was followed twice;
and three (126° W, 96°W, 88°W) were followed
once.

Sooty Terns have never been recorded north of
26°N in the eastern Pacific, and rossp personnel
have not found them north of 22°N. Our data
from the eastern Pacific are not complete enough
to show much in the way of annual trends. Ob-
servations, for example, do not exist for May and
December, and are minimal for January and April.
Figures 17 through 28 summarize all possp records
for the eastern Pacific (pp. 34-45).

Sooty Terns were generally common (1-5 BPM)
in the Equatorial Countercurrent, particularly
west of 110°W to 126°W, and along the Mexican
coast from Acapulco north to the Gulf of Califor-
nia. Densities greater than 5 BPM were recorded on

TasLE 12.—Date and location of Sooty Tern
densities (BPM) greater than 5.0 in the eastern
Pacific

Date Noon position Area Density

2 Feb 67 9°38'N, 119°00'W Equatorial Counter- 838
current

22 Feb67 22°18'N,109°17'W mouth of Gulf of 7.8
California

5 Jun 67 17°56’N, 102°55'W  coast of Mexico 185

7 Jul 67 18°38'N, 104°48'W coast of Mcxico 6.1

5 Sep 67  7°42'N, 112°06'W Equatorial Counter- 9.0
current

only five days (Table 12). These were also either
along the Mexican coast or in the Equatorial
Countercurrent. We have never recorded Sooty
Terns north of 15°46’N except at the mouth of the
Gulf of California where birds have been seen
north of 21°49N. Anthony (1898), Kaeding (1905),
Gifford (1913), and McLellen (1926) recorded Sooty
Terns as breeding on the Revilla Gigedo Islands
(19°N, 111°W) in the northern spring. However,
during four days of poBsp observations within 150
miles of these islands (11 February, 20-21 March, 15
September) no Sooty Terns were seen. Brattstrom
and Howell (1956) did not record this species there
in March or November.

Only in February and March were observations
made south of 20°S. During these two months Sooty
Terns were common (1-5 BPM) in southern waters
from 5°S to 14°S in the more western area (119°W-
126°W), with scattered birds recorded to 19°48’S
at 121°31I'W. In August, Sooty Terns were likewise
common from 5°S to 10°S, the southern limit of
our observations.

Equatorial currents were probably as influential
on Sooty Tern distribution and abundance in the
eastern Pacific as they are in the central Pacific.
There are, however, several important differences
between the two areas. These appear to be signifi-
cant in their effect on Sooty Terns. Wyrtki (1966,
n.d.) characterizes the Equatorial Countercurrents
east of 120°W as clearly developed from May to De-
cember and absent from February through April.
From May to December, west of 110°W, its bound-
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No Birds
Observed

NORTH LATITUDE
112" through 119°
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D February -April
. June -November

NORTH LATITUDE
88" through 106°

Ficure 16—Sooty Tern density across the Equatorial Countercurrent in the eastern Pacific.

aries vary between 4°N to 6°N and 8°N to 12°N,
while east of 110°W there is a southward shift so
that at the end point the boundaries lie south of
4°N and 10°N. From February to April surface wa-
ter flow is to the west and northwest between the
South Equatorial and North Equatorial currents.

Figure 16 summarizes data from our nine cruises
across the Equatorial Countercurrent. The distri-
bution and abundance of Sooty Terns appeared to
change in response to changes in the Countercur-
rent as described by Wyrtki. In hoth seasons Sooty
Terns were found across the entire current area.
Density centers, however, differed markedly. During
the season when the Countercurrent was not pres-
ent, high densities were found only west of 110°W
(the two highest densities were at 119°W) and only
north of 9°N. (If the Countercurrent were devel-
oped, this position would be at its northern bound-
ary which is contrary to what would be expected
from the Ashmoles’ discussion and from the ob-
served distribution of central Pacific terns.) Eastern
Pacific distribution, however, may be the result of
the west and northwest flow developed through

this area at this time of year. During the season
when the Countercurrent was clearly developed,
high densities were mainly at the convergence
along the southern border of the Countercurrent
(ca. 5°N). It is also pertinent to note that during
both seasons highest densities were recorded west
of 112° W where the currents are generally stronger
and well developed.

Sooty Terns appear to be present throughout the
year in the eastern Pacific. Our fragmentary data
suggest that during the spring (February-April)
greatest numbers occur west of 110°W, while dur-
ing the fall (August-November) high densities also
occur over much of the area east of 110°W. This
would be in accord with fall nesting on the Gala-
pagos Islands and Clipperton Atoll, and with a
westward dispersal at the conclusion of the breed-
ing season. Such an hypothesis for breeding stations
is consistent with central Pacific Sooty Tern dis
tribution patterns. We would expect to see color-
streamered birds if central Pacific birds were mov-
ing into the area. Unfortunately, only a few birds
have been collected so that the chance of recover-
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ing banded birds has been exceedingly small. It is,
however, possible that birds from French Poly-
nesia enter the area. This is suggested by the large
numbers of birds found from 5°S to 15°S, and
from 119°W to 126°W in February and March. All
traveling flocks observed at this time were heading
east.

Summary and Conclusions

Sooty Terns are abundant and widely dispersed
throughout the tropical and subtropical Pacific
Ocean. The perimeter of peripheral breeding local-
ities marks the normal limits of their pelagic dis-
persal. Within this area they may be found over
almost any part of the ocean at any time of the
year. The occurrence of Sooty Terns beyond the
normal limits of their range is generally the result
of major climatic disturbances, such as typhoons
and cyclones in the western Pacific, and possibly
of fluctuations in oceanic currents and water
masses. The regularity of stragglers in such areas
as Japan is due to the regularity of these disturb-
ances.

Sooty Tern densities fluctuate widely in both
space and time. Factors affecting these densities
are complicated, often interacting, and sometimes
obscured by the presence of two or more popula-
tions which are indistinguishable in the field. The
following factors are educed in this investigation,
but this list is not exhaustive:

Food Availability: Over a greater part of the
ocean, Sooty Terns are generally few and scattered,
with occasional high densities shifting from area

33

to area in response to an erratic food supply. In
such areas, tern densities vary directly with the
length of time food is available. In areas where
food is regularly available (e.g., the Equatorial
Countercurrent), tern densities are uniformly
higher.

Breeding Island Proximity: During the breeding
season Sooty Terns are island-oriented; highest
densities generally occur within 25 miles of breed-
ing islands. Individual breeding birds, however,
may forage up to 300 miles at sea away from breed-
ing colonies.

Breeding Schedule: At-sea densities vary directly
with the breeding cycles on nearby islands; highest
at-sea numbers occur at the peaks of the nesting
seasons. In the north-central Pacific (Hawaiian-
Leewards and Johnston), the at-sea density and
island nesting cycles are annual and regular. In
the south-central Pacific (Line and Phoenix is-
lands), breeding is semiannual or irregular, and
at-sea densities may be high at any time depending
upon the status of nearby breeding colonies.

Post-breeding Dispersal: During the nonbreeding
season birds may be rare or absent in some parts
of the Pacific. After the young fledge, Sooty Terns
become ocean-oriented, and densities near islands
decrease; birds appear to remain in the general
area of the breeding islands for up to a month be-
fore moving to nonbreeding areas. Central Pacific
Sooty Terns of all age groups disperse westward;
many north-central birds reach the Philippine Sea,
which constitutes at least part of their nonbreeding
range. Nonbreeding ranges, as well as breeding
ranges, of north-central and south-central Pacific
Sooty Terns appear to be allopatric.
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FIGURE 19.—Distribution and density of Sooty Terns in the central and eastern Pacific Ocean
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Appendix

TasLe A.—Summary of published data gn Sooty Tern distribution

Date

Location Remarks Source

EAsT-CENTRAL PAcCIFIC

Roca Alijos 24 Apr 25 probably breeding, specimens taken Hanna, 1926:28

Coast of Mexico mid-Oct 53 abundant King and Pyle, 1957:37
ca. 20°N

Between Manzanilla 24 Oct-24 seen occasionally " o
and the Marquesas L. Nov 55

Roca Partida 22 May 25 probably breeding, specimens taken McLellen, 1926:283

Oneal Rock 1925 some ” W

Isabel 1. 24 May 25 thousands, large numbers of almost fully " v

grown young
Clipperton I. Aug 58 estimated 2000 breeding Stager, 1964:365

Panama

7°46'S, 120°W
7°09'N, 81°08'W
7°N, 131°W
7°N, 125°W
7°N, 116°W
7°N, 101°W
7°N, 93°W

Pedro Gonzales 1.
7°N, 82°30'W
3°N, 93°30'W
2°50’N, 120°W

SOUTHEAST PACIFIC

Central and
South America

10°15’S, 101°53'W

10°30°S, 103°200W

Independencia Bay,
Peru

San Felix
Near Mas Atierra
Near San Felix L

100 mi S of
San Felix I.
Between Valparaiso
and the Juan
Fernandez 1.
33°S, 74°W
Rio Valdivia, Chile

NORTHWEST PACIFIC

Japan and Taiwan

breeds on Islas

Frailes del Sur and ranges the adjacent

waters of the Gulf of Panama and the open sea

4 Nov 55

28 Aug 64
9 Nov 60

10 Nov 60
11 Nov 60
13 Nov 60
14 Nov 60

7 Sep 61
21-22 Dec?
4 Jan 63
8 Nov 55

flock of 25-30

many

groups of 1 and 40

one group of 50

groups of 1, 20, 20, and 10
one possible Sooty Tern

Wetmore, 1965:456

King and Pyle, 1957:37
Jones, 1965:67
Morzer Bruyns, 1965:63-64

” » ” ”

groups of 10-50 continuously through the " " ” "
afternoon

one seen by D. R. Paulson Wetmore, 1965:457

1, more Mitchell in Bourne, 1965:37

3 Morris in Bourne, 1965:36-37

flock of 14 associated with a convergence
front in the upper layer of the ocean

recorded breeding from the Tres Marias and Revilla Gige-
dos south to the northern Galapagos Islands, also at San
Felix Island, Chile

28 Nov 62
27 Nov 48
13 Jan 25

18 Feb 35
19 Dec 13
10 Oct 62
9 Oct 62
7 Dec 13

5 Dec 13
2 Aug 1855

1

1, in surface water temperature 27.4°C

many noted by Murphy, sighting coinci-
dent with a general warming of the
water in this area

Chapin noted moderate-sized flocks

Beck noted birds flying toward the island

some birds flying away from the islands
in the morning and toward the islands
in the evening

flock of 20 flying toward San Felix in
afternoon

observed feeding with shearwaters by Beck

4 specimens taken by Beck
1 specimen

occasional summer straggler to southern Japan; breeds on
the Bonin, Riu Kiu, Senkaku Retto, and Marcus islands;
recorded also from Borodino Island and Formosa [Tai-

wan]

46

King and Pyle, 1957:37

Murphy, 1936:1121

Worgan in Bourne, 1964:37
Fleming, 1950:181
Murphy, 1936:1132

Hachisuka, et al., 1958:222
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TaBLe A.—Summary of published data on Sooty Tern distribution—Continued
Location Date Remarks Source
Honshu, Japan 25 Apr 04 plus two undated records Austin and Kuroda, 1953:450-451
Izu 1. undated 1 ” " " " "
Honshu, Japan 10 Jul 04 1 " & " " "
o = 24 Aug 07 1 . i W " »
5 - 4 Sep 50 1 5 P i w =
Shikoku undated 1 ” " " " *
Kyushu undated 2 " ” ” ” ”

WEST-CENTRAL PAcIFIC
26°57'N, 126°07’E
26°36’'N, 121°20'E
25°26'N, 124°18'E
24°55'N, 122°01'E
22°N, 124°E
19°N, 163°05'E
185 mi W of Wake 1.
Micronesia
14°30’N, 113°43'E
9°N, 131°E

7°N, 142°E
Philippines
1°0I’N, 119°01I'E
0°02'N, 129°47'E
0°09'S, 159°50'E
0°44'S, 136°46'E
1°18'S, 138°35'E
4°22'S, 128°50'E
8°25'S, 119°42’'E
8°30'S, 134°30'E
9°8, 123°E

SouTHWEST PACIFIC

SW Coral Sea
15°10” 151°39'E

to 15°20°S, 151°41’E
15°57'S, 151°50’'E

to 15°38'S, 151°39’E
16°10’S, 157°14’E
16°47'S, 152°27'E

to 17°03'S, 152°48'E
New Caledonia
19°44'S, 156°33'E

to 19°50’S, 156°33'E
20°02’S, 153°31'E

to 19°41°S, 153°36'E
20°26'S, 153°09'E

to 19°32'S, 153°05’'E
20°48’S, 164°13’E
21°55°'S, 173°21'E
22°07'S, 154°20'E

to 22°18’S, 154°13'E
22°39°S, 166°28'E
23°21'S, 153°24'E

to 23°36'S, 153°26'E
26°16’S, 161°24’E
27°8, 176°30'E
29°06'S, 154°01’'E

31 May 29 5or6

10 Jun 29 flock of about 50 (species?)
30 May 29 flock of about 30

12 Jun 29 few

16 Aug 60 7

18 Mar 60 large flocks
6 Mar 45 (or 46) 4

found in the Mariana, Palau, and Caroline islands

19 May 29 flock of about 100

27 Oct 60 two groups of 50

29 Oct 60 three groups of 40, 10, and 3
recorded from Siquijor and Sulu Islands

14 Aug 29 flock of about 150-200 (species?)
30 Jul 29 flock of about 58 (species?)
21 Jul 29 several

25 Jul 29 many in flocks

24 Mar 29 several (species?)

6 Apr 29 fairly common

27 Sep 63 many

26 Sep 63 scattered flocks

vast numbers breeding in this area

11 Sep 62 8

8 Sep 62 6

20 Aug 61 ca. 50

8 Sep 62 8

12 Dec 57 present

22 Aug 61 6

17 Aug 61 3

7 Sep 62 ca. 200

26 Nov 28 larger flock far out (species?)
8 Jul 62 20

23 Aug 61 ca. 30

29 Nov 28 fairly numerous
14 Sep 62 10

19 Dec 57 one flock

14 Feb 63 2

1 May 60 7

Jespersen, 1933:206

”
. »” »

» » ”

Brinkley in Bourne and Radford, 1961:25
Mitchell in Bourne and Radford, 1961:25

Dixon and Starrett, 1952:271
Baker, 1951:161

Jespersen, 1933:206

Mérzer Bruyns, 1965:63-64

Delacour and Mayr, 1946:77
Jespersen, 1933:206

Mitchell in Bourne, 1965:37

” ” ” ”

Hindwood, et al., 1963:28-30
Norris, 1967:46

Gibson, 1960:18
Norris, 1967:46

Jespersen, 1933:206
Norris, 1967:46

Jespersen, 1933:206
Norris, 1967:46

Gibson, 1960:18
Morris in Bourne, 1965:37
King in Bourne, 1964:37
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TABLE A.—Summary of published data on Sooty Tern distribution—Continued

Location Date Remarks Source
29°54'S, 178°30’'E 23 Nov 64 singles and small flocks in water tempera- Edgar, et al., 1965:42
ture 70° F
29°56'S, 156°37’E 25 Feb 29 few Jespersen, 1933:206
30°55’S, 155°17'E 20 Dec 57 present Gibson, 1960:18-19
Off Sydney 17 Feb 29 1 specimen Jespersen, 1933:206
Lord Howe 1. regular breeding cycle beginning in September each year Hindwood, et al,, 1963:30
New South Wales undated rare straggler Goddard and Hindwood, 1951:170
New Zealand breeding on Lord Howe, Norfolk, and the Kermadec is- Falla, et al., 1967:165
lands

Near Sydney May 1892 1 specimen Goddard and Hindwood, 1951:170
Sydney Harbor undated several specimens = " . e
Queenscliff $ Feb 34 1 immature specimen " = - v
Near Sydney Head 11 Dec 42 1 bird observed ” " " "o
Dorrigo 25 Jun 50 2 cyclone-driven birds, 1 collected " " " v
North 1. Feb-Apr 7 records following northerly gales Falla, et al., 1967:165

v late Jul-Aug 6 " - oo
34°32'S, 172°31I'E 30 Jul 61 1 bird landed on ship Jenkins, 1962:33-34

CENTRAL PAcCFIC

Central Pacific

23°30’N, 162°W
Honolulu

Oahu

Pearl Harbor
20°23'N, 158°52'W
20°31’N, 157°27'W
Marshalls

7°N, 159°W

7°N, 145°W
7°N, 138°W
7°N, 179°E
Gilberts
02°15’'N, 169°17'W
Hull I
8°40°S, 136°54'W
8°30°S, 156°30'W
Marquesas 1.

to Palmyra I.
Marquesas I.

o »”»

SOuTH-CENTRAL PAcIFiC

10°08'S, 142°01'W
10°41'S, 172°22'W
11°44'S, 144°10'W
14°89'S, 174°27'W
18°07'S, 179°47T'W
18°40'S, 176°21'W
20°57'S, 158°58'W
27°06'S, 177°41'W
29°45'S, 176°5TW
31°35’§, 176°25'W

reported as breeding or as having bred on every island
group except the New Hebrides and the Solomons

12 Apr 64
24 May 59
undated
27 May 60
26 May 60
18 Jan 60
Oct-Nov 64
Jun 66
Apr 67

5 Nov 60

7 Nov 60

8 Nov 60

3 Nov 60
Nov 64

27 May 59
28 May 59

1 Oct 28

6 May 64
early Dec 55

2 Oct 28
late Nov 55

5 Oct 28
2 Nov 28
6 Oct 28
8 Nov 28
13 Nov 62
8 Dec 57
21 Oct 28
13 Dec 28
14 Dec 28
15 Dec 28

present

50

many groups all around the coast
hundreds

5

30

occurred near and between breeding atolls

»” ”» o » ” ”»

» " " ” ” "

groups of 2 to 200, one group with im-
matures present

groups of 1 and 10

groups of 1, 10, and 3

three groups of 100

20 seen between Makin and Maiana

1

ca. 1000 seen fishing in small groups

few

large flock over a school of tuna

observed daily at sea

fairly common
abundant in and around these islands

few

flock of about 10 (species?)

still a few (one possible flock of 50)
small flock

120

1

few (species?)

2 and 2

1 specimen

few

King, 1967:76

Lamb in Bourne, 1966:33
Peakall, 1960:202

King in Bourne, 1964:37
Amerson, 1969:302

Morzer Bruyns, 1965:63-64

Amerson, 1969:302
Peakall, 1960:202
Jespersen, 1933:206
Mitchell in Bourne, 1966:33
King and Pyle, 1957:37

Jespersen, 1933:206
King and Pyle, 1957:37

Jespersen, 1933:206

Worgan in Bourne, 1964:37
Gibson, 1960:18
Jespersen, 1933:206

”
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TABLE B.—At-sea sightings of streamered Sooty Terns

JOHNSTON STREAMERED

1963

5 Aug
1964

5 Mar

"

11 Mar
14 Mar

9 Apr

13 Apr
14 Apr

7 May

0704

1040
1110
1148
1400
1607
0659
0713
0719
0736
0837
0930
1431
1751
1520
1810
1630
1335
1002
1026
1146
1530
1600
1218
1428
1205
1315
1423
1603
1636
1713
0622
0720
0735
1151
1154
1157
1300
1304
1547
0714
0824
1345
1420

0700
0702
0928
0933
1640
1650
1050
1250

R e

o Ol e e = o RS

]

ettt bt Bt Pt ot otk Dot ot Bt P Bt bt (0 b e et e o et e e e e e R b e b

Behavior N lat. W long.
flying E 15°45' 169°19’
flying E 16°43' 169°21"
feeding 16°41’ 169°23’
not noted " 169°22'
" 16°22' 169°21’
flying N 16°40’ 169°31"
not noted 16°57’ 169°39’
flying SE o 169°36’
flying NNE "
flying N ” "
flying SSE " "
not noted 14°07' 171°49’
flying NE 16°03’ 171°51"
flying NE 15°26' 173°24"
feeding 16°20' 171°37"
% 2 171°20
flying NE 17°05’ 169°16"
feeding 17°31" 168°08’
" 16°54 169°00"
flying NE 16°52’ 169°05’
not noted 16°47" 169°46’
flying SE 16°20’ 169°23"
flying E 16°16’ 169°22'
flying SE 13°54 169°24"
feeding 15°36’ 170°02’
not noted 16°55" 169°21"
feeding 16°59’ 169°11"
flying SE 17°04' 168°58’
flying NNE  17°09' 168°47
flying SE 17°11’ 168°44’
flying S 18°05’ 166°28’
flying ENE  17°06’ 168°27"
flying NNW 16°59’ 168°38’
flying ENE ” 168°41’
flying WSW  16°42’ 169°19’
flying ENE " 169°20
not noted 2 "
flying NE 16°36’ 169°27°
flying SE "’ "
flying ENE  16°07’ 169°20’
flying SE 15°82" 169°57"
flying NE 20°02' 169°27
feeding 15°58’ 170°52’
" 16°05’ 170°46’
flying NNW 18°30’ 165°08’
flying N 16°54’ 169°00’
not noted 16°42’ 169°28’
flying SE 16°41’ 169°21"
flying E 14°01" 170°46’
not noted 14°26' 172°31"
flying NW 16°24’ 170°51"
not noted 14°42’ 178°57

Miles from
origin

55 SSE

ESE
SE

SE
SSE

S

14 NNwW
13 NNW

N
Ct Ov & o ©

”

211 SW
144 SW
187 SW
125 WSW
109 WSwW
24 NE
90 NE
30 NE
24 NE
16 W
26 SSE
30 SSE

174 §

76 SSW
13 NE
23 NE
36 NE
48 NE
51 NE
177 ENE
63 NE
52 NE
50 NE
11 SE

10 SSE

39 SSE
79 SSW
200 N
91 SW
84 Sw
278 NE
30 NE
7 SE
7 SE
180 SSW
226 SW
80 SW
287 SW

Age

adult

immature
adule

"

adult
immature

"

49
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TABLE B.—At-sea sightings of streamered Sooty Terns—Continued

Miles from

Date Time No., Behavior N. lat. W long. origin Age
1965
13 Apr 1507 2 not noted 16°18’ 169°25’ 28 8 adult
19 Apr 1215 1 feeding 15°37 173°41’ 225 SW "
” 1630 4 * 16°06’ 173°07 218 WSW ”
20 Apr 0955 10 ” 17°28’ 170°31" 73 NW "
* 1345 1 4 16°17 172°25' 172 WSW "
15 May 1130 1 not noted 18°32' 169°49’ 195 § "
21 May 1415 1 feeding 18°50 170°2¢4 137 NNW "
17 Jun 0430 1 not noted 15°07 169°35’ 97 § immature
” 1045 1 feeding 15°22' 170° 14’ 93 SSW "
# u 1 " " " " adult
21 Jun 1710 2 flying S 17°44’ 169°58° 63 NNwW "
5 Jul 0956 1 flying NE 17°07 168°06° 83 NE *
11 Jul 1710 1 feeding 15°40 173°39’ 247 WSW "
15 Aug 0740 9 flying SE 16°5¢4* 169°44' 16 NW *
& a 1 flying SE . * - immature
" 1018 1 flying NW  16°32' 169°34’ 13 SSW  adult
” 1143 1 feeding 16°20* 169°30’ 258 *
22 Aug 1414 9 not noted 16°43° " 28 "
o 1418 2 feeding 16°44’ 169°29 1S adult
" 1419 3 not noted " ” " "’
» 1451 5 feeding 16°46' 169°25’ 5E *
" 1507 1 not noted 16°48’ 169°23° 8 E "
» 1508 17 feeding " e v "
" ” 2 " * ” ” immature
» 1530 1 " 16°50 169°20 11 ENE  adult
” 1630 | not noted 16°54° 169°14’ 17 ENE *
" 1700 1 feeding 16°56" 169°12 20 NE *
k. 1905 3 ” 17°03 169°02 32 NE e
8 Sep 0850 1 ” 19°47 161°47’ 481 NE »
” 1700 1 " 19°15’ 163°10° 394 NE *
10 Sep 1515 1 not noted 16°43' 169°31’ 2 SSW *
1966
31 Jan 1745 1 flying NE 16°28' 169°39' 19 SswW "
6 Mar 0853 1 flying N 16°34’ 170°58’ 80 W "
8 Mar 0852 1 flying NE 11°38 178°34’ 392 SW "
1 Apr 0642 1 flying W 16°47' 167°21 124 E "
” 1754 2 ” 16°43 169°29 4 SSE 2
2 Apr 0805 1 feeding 15°05° 170°25’ 113 sswW ”
» 1215 1 " 14°22° 170°40° 160 SSW ”
” 1710 1 ” 15°40’ 171°03’ 209 SsW ”
4 Apr 1024 1 not noted 16°02 171°11° 107 SW "
” 1030 1 flying NW  16°03’ 171°10 106 SW *
’ 1430 1 feeding 16°28" 171°08’ 95 WSW  adult
5 Jun 0731 2 flying S 16°18’ 169°15’ 308 "
” 0733 1 » ” » » P
» 0744 1 not noted 16°17 169°17, " ”
u 0756 5 feeding 16°16 169°19’ 31s *
2 0809 12 " 16°15 169°22° * ”
» 0821 3 ” 16°14' 169°23 328 ”
” 0830 3 ” 16°1%’ 169°25 33S ”
" 0837 I ” 16°12' 169°26 345 *
" 0923 1 not noted 16°08" 169°34’ 38s *
" 1027 18 fecding 16°02' 169°45' 45 SSW "
% 1659 ] ” 15°88’ 170°45’ 101 sw "
= 1849 4 flying NE 15°28' 171°02' 122 sw ”
i 1851 2 flying E " 171°0% ” "’
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TABLE B.—At-sea sightings of streamered Sooty Terns—Continued

Miles from
Date Time No. Behavior N lat. W long. origin Age
1966
10 Sep 1458 1 flying N 16°42’ 170°1%’ 92w =
3 Dec 1016 1 feeding 18°44’ 164°44' 299 ENE *
1967
8 Jan 1153 1 not noted 16°38’ 169°11’ 19 ESE "
12 May 1429 1 feeding 18°14 169°12’ 89 N "
1968
12 Feb 1200 2 " 16°35" 168°35’ 54 E *
HOWLAND STREAMERED
1966
14 Jul 0832 1 flying SE 0°53' 176°44' 8 Nw ”
" 0845 1 " 0°54 176°45’ 9 NW "
17 Jul 0846 1 flying NW 0°45’ 176°31’ 7E adult
20 Jul 0830 1 flying NE 0°41’ 176°38’ 78 ”
* 1017 1 flying E 0°2¢ " 24 8 "
= 1144 2 e 0°14 176°36’ 4SS "
" 1617 1 flying NW 0°34" 176°41’ 15 SSW ”
s 1724 1 flying § 0°41’ 176°40’ 8 SSW "
21 Jul 0936 1 not noted 0°27" 176°32' 22 SSE "
" 1645 3 feeding 0°38' 176°36’ 10 SSE "
" 1649 1 flying W r ° o .
14 Aug 1010 1 feeding 0°31’ " 188 "
* 1025 1 " 0°30’ 176°35' " *
15 Aug 0845 1 " 0°40° 176°28’ 15§ "
16 Aug 0930 1 ” 0°34 176°40' 14 SSE "
17 Aug 0649 1 not noted 0°40’ 176°48° 12 SW ”
"~ 1659 2 " 0°42 176°47" 11 SW "
" 0923 3 " 0°45’ 176°44’ 4 SW *”
" 0048 1 flying ENE  0°44'  176°48 12w -
" 1015 1 flying NE 0°42' 176°52’ 14 WSwW ”
" 1044 1 flying SE 0°40' 176°57" 20 WSW "
" 1059 3 feeding 0°39’ 176°59 22 WSW *
* 1117 1 flying NE 0°38’ 177°01’ 24 WSW *
o 1135 3 feeding 0°37 177°04’ 28 WSwW "
” 1204 1 flying S 0°34/ 177°12 32 WswW "
" 1320 1 not noted 0°26' 177°22 50 WSW *
" 1330 1 flying S 0°25' 177°28' 51 WSW  adult
o 1415 3 feeding 0°22' 177°30 58 WSW "
k4 1440 3 " 0°21* 177°34’ 62 WSW "
" 1500 2 . 0°20 177°37 66 WSW ”
& 1515 1 not noted 0°19 177°39 68 WSW ”
19 Aug 0850 1 " 1°28 177°00 46 NNwW "
16 Sep 0808 1 flying N 0°52' 176°47 7 NW .
19 Sep 1035 1 feeding 0°29 175°51’ 52 SE "
" 1425 5 ” 0°42 176°26’ 15 SE "
20 Sep 1522 1 not noted 0°52' 176°385’ 7 NNE *
” 1543 1 ” * 176°37 6 N immature
22 Sep 1736 1 * * " " adule
23 Sep 0430 1 ” 0°48’ 176°28' 88 "
" 1040 1 feeding 0°18’ 176°27 32 SSE z
” 1710 1 " 0°07 176°01’ 54 SSE "
16 Oct 1015 1 not noted 1°05’ 176°46' 17 NNW "
12 Dec 1652 1 flying SE 0°58" 176°39' 11 N "
1967
18 Jan 1158 1 flying E 0°45 177°85' 56 W "

18 Feb 0836 1 feeding 0°49' 176°29’ 9E "
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TaBLe C.—At-sea recoveries of banded Sooty Terns
(table based on distance between banding and recovery localities; ? uncertain, — not noted)

Original data

Recovery data

Date Age Location Date Age Sex Elapsed months Miles
HOWLAND ISLAND
2 Feb 65 adult 1°00'N-175°47"W 9 May 66 adult - 152 52 ENE
" " 0°11"N-176°30"W 14 Aug 66 ” 3 18.4 38 S
1 Feb 65 " 0°12'N-176°36"W 9 Apr 66 3 14.3 35 S
19 Jul 65 ” 0°15'N-176°40'W . — - 8.7 3% S
2 Feb 65 . 0°17’'N-176°31'W 21 Jul 66 adult 3 176 328
12 Jul 66 " " " " 3 03 "
" " 44 ” r ? g L
18 Jul 66 ” " adult Q 0.1 &
" " o ? ? " "
12 Oct 64 . 1°17°N-176°34'W 15 Jul 66 adult 3 21.1 28 N
2 Feb 65 " 0°42'N-176°17'W 17 Jul 66 " 3 17.5 22 ESE
1 Feb 65 ¥ 0°47'N-176°59'W 13 Jul 66 " 3 174 22 W
23 Jul 64 ” 0°48’'N-176°59'W 9 Dec 66 . 3 28.5 21 W
12 Jul 66 ” . * " Q 49 17 W
19 Jul 66 " 1°01'N-176°39'W 22 Apr 67 ? ? 9.1 13 N
21 Jul 66 " 0°44'N-176°27'W 23 Sep 66 adult Q 2.1 12 ESE
17 Aug 66 immature] 0°38'N-176°34"W 18 Sep 66 immature @ 1.0 11 SSE
1 Feb 65 adult " 19 Sep 66 adult E 19.6 &
21 Jul 66 "’ 0°44'N-176°27'W 23 Sep 66 " 2 21 12 ESE
9 Oct 64 0°50°N-176°26'W 17 Jul 66 adult 3 213 5 ENE
1 Feb 65 " ’ " " 3 155 "
12 Jul 66 " " " Q 02
2 Feb 65 ” near Howland 17 Jan 67 P ? 23.5 1w
HuLL ISLAND
26 Sep 65 " 0°27'S-177°31'W 20 Oct 65 adult Q 08 400 NW
24 Sep 65  immature| 0°34'N-176°20'W 22 Oct 65 immature g 09 390 NW
" " 0°02'5-176°37"W 17 Oct 65 "’ 3 038 370 NwW
25 Sep 65 0°14’N-175°52'W 22 Nov 65 " [} 1.9 360 NW
JoHNSTON ATOLL
8 Jul 66 ” 11°57'N-175°49'W 13 Nov 66 ” ? 42 460 SW
3 Feb 64 adult 16°18'N-172°57'W 20 May 65 adult Q 15.6 202 WSW
30 Jan 64 " 15°44'N-172°20'W 18 Apr 65 ” Q 14.6 175 WSW
8 Jun 64 " 14°36'N-171°03'W 16 Apr 65 " Q 10.3 158 SW
27 Apr 65 " 18°58'N-170°16"W 21 May 65 " 3 0.8 141 NNwW
1 Aug 63 " 18°49'N~170°24'W " ” Q 21.7 135 NNwW
25 Jul 63 18°43'N-170°31'W " Q 219 132 NNWwW
22 Jul 64 " 14°59'N-170°37"W 16 Apr 65 " ? 88 124 SW
11 Feb 64 " 17°42'N-169°47'W 20 Apr 65 v Q 14.3 60 NNW
21 Apr 66 ” 16°44'N-169°11'W 8 Jan 67 ? ? 8.6 18 E
LAYSAN ISLAND
9 Aug 65 immature(l1°09°'N-140°53'W before 6 Dec 65 2 ? 39 1,170 SE
MANANA, OAHU
20 Mar 64 adult at sea, Hawaiian mid-Oct ? ? 31.0 0 to 400

area




Wedge-tailed Shearwater (Puffinus pacificus)’

Warren B. King

Introduction

The material contained in this report was gath-
ered in the course of intensive biological investiga-
tions in the central and eastern Pacific by the
Pacific Ocean Biological Survey Program (poBsp),
Smithsonian Institution, Washington, D. C. Hum-
phrey (1965) has given a general summary of the
activities and objectives of the program, and Gould
(pp. 1-5) has discussed the methods and materials
and areas of coverage of the program.

At-sea work began in 1963 and was concluded
in 1969. This report is one of a series of studies of
the pelagic distribution of Pacific seabirds. By the
end of 1968 posse personnel observed 81,740
Wedge-tailed Shearwaters during 2747 days (26,457
hours) and 259,710 miles of observation.

The Wedge-tailed Shearwater (Puffinus pacificus)
is an abundant, wide-spread species in the tropical
and subtropical Pacific and Indian oceans; it may
be encountered far from land most of the year. In
the central Pacific its population is approximately
one-half million birds (Table 13). It also breeds on
numerous islands in the western Pacific from the
Bonin, Volcano, and Pescadore islands in the
north, along the east coast of Australia to Monta-
gue Island near Bass Strait in the south. In the
eastern Pacific it breeds only on San Benedicto Is-
land of the Revilla Gigedo group.

Its marine range is only slightly larger than its
breeding range in the Pacific, although in the In-
dian Ocean its marine range appears to extend
farther north than its breeding range (Bailey, 1968).
In the eastern Pacific it has been recorded from

Warren B. King, International Council for Bird Preservation,
Smithsonian Institution, Washington, D.C. 20560.
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53

Baja California south to the Gulf of Guayaquil,
Ecuador. In the western Pacific it has been recorded
from the Izu Islands south of Japan to the South
China Sea and the Tasman Sea.

The northernmost records are a sighting (rosse,

TABLE 13.—Maximum estimates by POBSP
(1963-1968) of Wedge-tailed Shearwaters on
islands in the central Pacific*

Island Number
Kure 6,230
Midway 3,000
Pearl and Hermes Reef 22,400
Lisianski 60,000
Laysan 200,000
Gardner Pinnacles 100
French Frigate Shoals 13,600
Necker 2,000
Nihoa 25,000
Islets of the Main Hawaiian group 70,000
Johnston 2,500
Christmas 6,000
Canton 40
Phoenix 10,000
McKean 500
Taongi 12,000+
Bikar 6
Taka 12
Eniwetok 3
Wake 6

*Estimates are of birds “using” the islands, including
breeding birds, nonbreeders, and, in some cases, chicks. Esti-
mates of nocturnal burrowing birds are notoriously inaccu-
rate so that many of these estimates may be low by 100
percent or more. On the basis of total number of birds
handled in one year during banding operations on islands on
which coverage was thorough (Kure, Johnston), possp experi-
ence indicates that most initial estimates should be doubled
or trebled. Above estimates, however, give a good idea of
order of magnitude of the populations.
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Paul Woodward) at latitude 35°26’N, longitude
164°17’W in August 1966 and a typhoon-driven
bird found 30 September 1959 in Fukui, Japan, near
the Sea of Japan at latitude 36°N (Anonymous,
1960) . The southernmost record is a U.S. Fish and
Wildlife Service (usFws) band return record from
Cook Strait, New Zealand, on 8 November 1965;
the light-phase bird had been banded as an adult
19 September 1963 on Johnston Atoll by poBsp per-
sonnel. Another Wedge-tailed Shearwater, also
light-phase, was reported by Falla (1962) from
Makara, Wellington, also in Cook Strait. On tenu-
ous grounds Falla assigned this bird to one of the
north Pacific light-phase breeding islands, rather
than the Shark’s Bay, Western Australia, breeding
grounds where light-phase birds occur as well.

Murphy (1951) recognizes two subspecies, P. p.
pacificus Gmelin, an all-dark form from the Kerma-
dec Islands, Norfolk Island, and Kandavu Island
.of the Fiji group, and P. p. chlororhynchus Lesson,
a slightly smaller form, from all other islands in
the Pacific and Indian oceans. The latter occurs in
both light-phase and dark-phase morphs, and oc-
casionally in an intermediate form. The light-phase
morph predominates in all breeding colonies north
of 10°N except the Marianas, where only dark
birds occur, and in the Revilla Gigedos. These
breeding grounds include:

island or group latitude longitude  light-phase
pop. (%)
San Benedicto 19°N 110°W 33 or less
Main Hawaiians 19°-22°N 154°-160°W 97
Northwestern
Hawaiians 23°-28°N 162°-179°W 99+
Johnston Atoll 16°N 169°W 95

Northern Marshalls 11°-14°N
Bonins, Volcanos 24°-27°N
Pescadores 20°N

162°-170°E 93
140°-142°E 99+
119°E 992

Light-phase birds make up about one percent of
the Phoenix Islands’ population. Light-phase birds
have not been reported in any other breeding col-
onies in the south Pacific. The figure of 33 percent
light-phase birds for the Revilla Gigedos comes
from Murphy's (1951:9) comment that “in certain
colonies, as at the Revilla Gigedo Islands, both
dark- and white-phase birds are found together in
a respective ratio of about two to one.” The com-
ment was probably paraphrased from Anthony
(1898:313) , who was speaking of the birds “about”
San Benedicto and Socorro Islands, not particu-
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larly of the birds “on” either island. Anthony’s
(1900:251) statement that “by far the greater num-
ber were in dark plumage,” refers to breeding birds
on San Benedicto, and Loomis (1918:143) quotes
Bunnell's notes which say that “the white-breasted
ones were a very small proportion of the total
number” just offshore or on the island of San
Benedicto. At the risk of reading information into
these comments, it would seem that the proportion
of light- to dark-phase birds on San Benedicto may
be smaller than one to two.

BreepING PHENOLOGY.—The breeding season is
from April to November in northern subtropical
Pacific breeding localities, and October to May in
southern subtropical localities. Birds are most
abundant at sea near their breeding areas during
these months. When the birds of the year fledge,
young and old alike disperse from the general vi-
cinity of the breeding islands, so that numbers en-
countered nearby at sea are only a small fraction
of those seen during the breeding season. The
routes of dispersal are not yet known.

Birds from tropical Pacific breeding stations are
often present near their breeding islands year
round, and their breeding cycle may extend beyond
the eight months of the subtropical breeders.

In the Hawaiian group, Johnston Atoll, and the
northern Marshalls, the Wedge-tailed Shearwater
breeds synchronously on an annual cycle. Birds ap-
pear first on their breeding islands at night in early
March. In the Hawaiian group maximum numbers
occur in May, although on Johnston Atoll num-
bers increase gradually to an August peak. Eggs are
laid in mid-June. Nonbreeders visit the islands
sporadically and usually account for more than half
the population on an island at any given time.
Eggs hatch in early August and by mid-August the
chicks are left alone in their burrows during the
day. By early November neither breeding nor non-
breeding adult birds visit the island, and by the
middle of November the young have fledged and
no birds remain. From September to November
large flocks are often encountered off the shore of
breeding sites. Birds presumably form such flocks
prior to migration.

The gonadal development cycle of light-phase
birds was determined on the basis of measurements
of 75 males collected at sea in all months but Janu-
ary and of 79 females from all months but January,
October, and November (Figure 29). Gonadal de-
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FiGure 29 —Monthly gonad dimensions of light-phase Wedge-tailed Shearwaters collected at sea.

velopment apparently begins with the birds’ return
to the vicinity of their breeding islands and reaches
a peak by May, a month before eggs are laid. After
May, gonads decrease in size, but the decrease stops
between July and October during which gonad
sizes hold constant; thereafter they shrink ra<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>