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: ABSTRACT

Analysis was made of the structure; composition, 
and integration of a completely oceanic, population of sea- 
birds in the north-central and eastern Pacific„

Data indicated that the distribution and abundance 
of many seabird species was related to the physical charac
teristics of the surface waters over which the birds■foraged„ 
This relationship may be either a direct one (i0<e<,,the birds 
are actively selecting for specific surface water.conditions) 
or an indirect one (io£o 9the birds are selecting for food 
organisms which are in turn selecting for surface water 
conditions)o

Niche profiles were described for all species and 
included four major components: 1) temporal cycles of
occurrence and density, 2) food types, 3) foraging 
patterns, and 4) feeding techniquesc Integration of these 
profiles, especially of the latter two, was analyzed with 
respect to the associations formed by different species, and 
the mechanisms employed to achieve maximum utilization of 
the food supply with a minimum amount of competition*

Species diversity was found to be low* The 
largest H* value obtained was 2*992 * 0*136* This low 
diversity resulted from: 1) the structural simplicity of

viii



the environment 'allowing/for only a minimum amount of niche 
diversification, and 2) the advantage gained by seabirds 
forming mixed and pure associations in response to an 
erratic food supply.



INTRODUCTION

Until recently the study of seabirds has depended on:
1) random observations made from ships engaged in other 
activities (Bourne,. 1964s Bourne and Radford, 1961? Bruyns, 
1965)? 2) observations made near coastal areas (Watson, 
1908), 3) island studies (Ashmole and Ashmole, 1967), and 
4) museum research (Murphy, 1952)» These activities have 
yielded very little information on how seabirds make their 
living over the open ocean, an area where many spend the 
greatest portion of their lives* The major difficulty has 
been one of lack of opportunity to make prolonged or repeated 
observations at sea.

The large amount of data which have been collected 
on birds over the open ocean thus consist mostly of infor
mation on species density and distribution. Before this 
wealth of information can be properly evaluated it will be 
necessary to understand the daily activities and interactions 
of birds while they are at sea. The purpose of the present 
research is to fill this gap with quantitative and quali
tative data on the behavior and interactions of seabirds over 
the open ocean, and to describe the structure of the total 
avian population in what is a relatively simple, yet 
demanding, environment.

1



METHODS AND MATERIALS 

Data Gathering
The material contained in this report was gathered in 

the course of intensive biological investigations conducted 
by the Pacific Ocean Biological Survey Program (POBSP) of 
the Smithsonian Institution3 Washington, D„ C* The basic 
data-gathering procedures for at-sea observations were 
developed by me at the beginning of the program and remained 
essentially consistent throughout the investigations0 From 
August, 1963$ through 1965 I personally spent the equivalent 
of over one full year at sea. The activities and objectives 

...of this program, .have ..been .summarized by Humphrey (1965)»
POBSP efforts were divided between periodic visits to 

islands and observations from vessels moving over the ocean. 
Observers maintained daily watches on cruises along replicate 
tracks and straight-line transects in all months of the year. 
When two or more observers were available, watches began 
before sunrise and alternated every two to four hours until 
sunset. If only one observer was present, one- or two-hour 
rest periods were taken occasionally. Nocturnal observations 
were made whenever possible. In no case was an inexperienced 
observer expected to make identifications without the super
vision of an experienced observer.

2



3
All birds seen were recorded in a daily field log 

(Figure 1)0 The following information was included: time
: of sighting, identification, number of birds, species associ
ations* Other information such as direction of flight, 
height above the water, descriptions, fish activity, etc*, 
were included when available or when the observer thought 
they were pertinent. 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.

Parameters For Selecting Data 
At-sea observations- were begun in August, 1963$ and 

continued through 1968, In order to eliminate as many 
variables and inconsistencies as possible, however, it has 
been necessary to select the data used for analysis from 
within the following defined parameters:

1), Only those observations made over fifty miles 
from land are utilized. Oceanographic conditions nearer 
land varied greatly within relatively short distances 
resulting in great variability in seabird density.and 
behavior,- The species composition of the two areas also 
differed considerably. Non-breeding species from distant 
localities White-necked Petrel) rarely ranged into
coastal waters, while some breeding species (£,£,,White- 
capped Noddy) rarely occur far from land.
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2) „ Only those birds observed within approximately 
0 o75 mil© of the ship are considered. At distances greater 
than this many birds within a flock,.and an even greater 
number of single birds, are not visible so that accurate 
flock size, species composition, and behavioral patterns 
cannot be determined. Distances at sea are difficult to 
determine and the 0,75 mile figure is certainly no better 
than an educated guess. In practice, all sightings which 
include unidentified species, and those recorded as being 
"on the horizon" or "in the distance", are considered as 
being greater than 0,75 mile from the ship,

3) , Only those observations within the area bounded 
by 25° N, 148° W, 10° N, and 180° are used (Figure 2),' This 
north-central Pacific area was the most uniformly covered 
large area, and had by far the largest number of observations 
made within it. It is also an area with relatively uniform 
oceanographic and climatic features,

4) o Only those observations obtained in the years 
1964? 1965? and 1966 are utilized. Prior to 1964 species 
identification, at least for many birds, was unreliable. It 
was not until 1964 that adequate collections had been made
to verify or establish the identity of the birds in the area. 
After 1966, the coverage of the area became spotty and many 
monthly time periods were not represented by observations, •

5
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5)a Only diurnal observations are included. All 

observations used in this paper were taken between sunrise 
and sunset, and no observations from partial days are included. 

Within the above parameters, over 81,000 birds were 
recorded in 628 days (73571 hours) and 70,668 linear miles of 
observations (Table 1)„

Terminology
A variety of terms and indices will be used in 

restricted ways in this paper. These are defined or explained 
below:
1) A Sighting: the observation of one or more birds acting
as a unit during - a - specific 'time period,
2) An Association: A sighting of two or more birds acting
as a unit during a specific time period,
3) A Flock: A sighting of five or more birds acting as a
unit during a specific time period, •
4) A Pure association or flock: an association or flock
containing only one species,
5) A Mixed association or flock: an association or flock
containing two or more species,
6) Feeding: birds actively employed over a food source
whether actually capturing food, hovering over it, or 
following it, ;
7) Traveling: birds flying swiftly in a definite direction
without pausing, circling, or changing altitude.



Table 1 Monthly periods of observation
Month ■No. Days

December 61
January 52
February 44
■March 54
April 74
May . 62
June 55July 51August 24September 36
October 46
November 69
Total 628

No, Hours No. Miles
575'50" 6,019
585 55 5,277
509 26 4,660
648 59 6,089
922 40 8,738
802 43 7,649
722 59 6,623
666 28 6,130
303 48 2,737
409 25 4,284
538 24 5,311
784 33 7,151
571 10 70,668



' 9
8) Foraging: birds moving slowly> often pausing and
changing direction, searching for food,
9) Birds Per Hour (BPS): the average number of birds seen
per hour during a specific time period. This is only a 
relative density.figure because of the variability in 
cruising speeds of the different ships used, and the elimi
nation of all sightings not identified to species. Generally, 
the ships being utilized averaged close to ten knots,
10) Birds Per Sighting (BPS): the average number of birds
seen per sighting during a given time period. This is a use
ful index of the gregarious tendencies of a species, particu
larly when the index is associated with a density value.
When dealing with individual species this index will be used 
in two ways, BPS is the number of birds of only that species 
seen per sighting of that species ,the number of Sooty
Terns observed per Sooty Tern sighting), TBPS is the total 
number of birds of all species associated with the sighting 
of the species being considered (,©<.£«, the total number of 
birds associated with a Sooty Tern sighting).

Taxonomy
Throughout this paper I have followed Alexander (1954) 

in the -use of common and scientific names. Allocation of all 
sightings to the correct species is always a problem in - 
ornithology, and for at-sea studies it is particularly
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difficult,, Special problems along these lines have arisen 
during the course of these investigations and require special 
treatment or explanation*

Two races of White-necked Petrel occur within the
study area, Pterodroma externa externa is found in large

■ ■ ' . . . - 'numbers while P,__e, cervicaljs is found in small numbers.
The two can only be told apart in the field when in fresh 
plumage. Consequently the data for both races are combined.
The Hawaiian Petrel (P, phaeopygia) is the local breeding 
equivalent$ but is much less common within the study area 
than either of the above two forms, This species was not 
differentiated from White-necked Petrels in 196^, For this 
reason the data for the Hawaiian Petrel is based only on 
observations collected during 1965 and 1966, and the density 
values for White-necked Petrels have been adjusted accordingly. 

Several species of similar-appearing small Pterodroma 
occur within the study area, Gould?s Petrel (P, leucoptera) 
is very rare, Bonin Petrels (P, hypoleuca hypoleuca) breed • 
on the Leeward Islands ilut generally forage to the north of 
the study area, being fairly rare within it. Black-winged 
Petrels (P, hypoleuca nigripennes) are non-breeding visitors 
from the southwest Pacific and are very abundant within, the 
study area. Black-winged Petrels are easily distinguished 
from Bonin Petrels and are herein treated as a separate 
species.
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Sooty Shearwaters (Puffinus griseus) and Short-tailed 

Shearwaters (Puffinus tenuirostris) are abundant migrants 
through this area* The two species are, however, very 
difficult to separate in the field. For this reason, and 
because neither spends much time in the area? the data for 
both has been combined,

111 specimens of Manx Shearwaters (Puffinus puffinus) 
collected in this area are referable to the Hawaiian Islands 
breeding form (P, jd, newelii) „

Sooty Terns (Sterna fuscata) and Spectacled Terns 
(Sterna lunata) are difficult to tell apart in the field, 
particularly if they are together in a large mixed flock. 
Although there are a few sight records of Spectacled Terns 
in the area, none of the thousands of collected specimens of 
terns are referable to this species. Although small numbers 
of Spectacled Terns may have been misidentified as Sooty Terns, 
the error involved is probably quite small.

Study Area
The Worth-Central Pacific, as defined in figure 2, is 

within the large North Pacific Central water mass as defined 
by Svedrup, Johnson, and Fleming (1942), This is bounded on 
the east by the southward and westward flowing California 
Current, the westward extension of which flows into the North 
Equatorial Current, The southern border of the North Equa
torial Current forms a divergence with the Equatorial
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Countercurrent between 9° N and 12° depending on the 
season, ; The Kuroshio Current and the North Pacific Current 
border the water mass far to the west and north, respectively, 
of the study area.

The surface waters of this area have a high salinity, 
up to 35,3 parts per thousand in the north, decreasing toward 
the south to 34«1 parts per thousand. Surface water temper-' 
atures range in summer-from 2$° C, in the north (26° N) to 
27° C, in the south (10° N), and in the winter from 20° C, in 
the north to 25° C, in the south, A summary of north-central 
Pacific oceanography may be found in Seckel (1962),

The only islands near or within the study area are 
the Hawaiian and Leeward groups and Johnston Atoll, The 
former lie on the northwestern edge while Johnston Atoll lies 
in a relatively central location. The area is within the 
North Pacific Trade Wind Zone and is .characterized by mild . 
temperatures and remarkably constant winds from the north
east, normally between 10 and 2$ knots, Anticyclonic high 
pressure cells move from West to East and generate the trade 
winds. These cells break down occasionally, more frequently 
in winter than in summer, at which times southerly and 
westerly winds bring warm air and increased rainfall.



FACTORS AFFECTING SEABIRD DENSITY AND DISTRIBUTION

The positive relationship between.seabirds and the 
physical character of the ocean was first clearly demon
strated by Murphy (1936)o He recognized that this relation- 
ship is often an indirect one in that birds are generally 
influenced by available food which in turn is controlled by 
the physical features of the water0 This view has been 
supported by many subsequent authors, among them Kuroda (1955)? 
King and Pyle (1957)? Bourne (1963)s Bruyns (1965)> Bailey 
(1966), and Ashmole and Ashmole (196?)« The emphasis in most 
of these papers is bh the relationship of seabirds to avail
able food* , The paper by Kuroda also attempts to relate surface 
water temperatures with seabird distribution and abundance* 
Those by King and'Pyle, and Bruyns, are concerned primarily 
with relationships to the equatorial currents* If, as is 
suggested in these studies, the physical characteristics of 
the ocean have a controlling effect on seabirds, then a 
discussion of these factors will aid in the understanding of 
the behavior and interactions of.birds employed over open 
oceanic waters*

In order to demonstrate the relationship between 
seabirds and their environment, I must depart from the stated

parameters mentioned in the introduction to this paper. The

13



most diagramatic and understandable information I have 
obtained comes from a cruise I made aboard the R/V David
Starr Jordan in the eastern tropical-Pacific, between

;•

14 June and 02 August, 1967o This was in conjunction with 
project EASTR0P1C (cruise number 30), which is an oceano
graphic investigation of the eastern tropical Pacific Ocean 
coordinated and sponsored by the United States Bureau of 
Commercial Fisheries in cooperation with Chili, Ecuador, 
Mexico, and Peru, During this cruise I was able to study 
seabirds at the same time that detailed oceanographic data 
were being collected.

The coverage area extended from San Diego, California, 
south to 03° S, and from 119° W to 97° W« Diurnal obser
vations were conducted only while the ship was under way, and 
were made either from the bow or from the flying bridge* 
Oceanographic data (from this trip) have been made available 
to me in the form of temperature-salinity-depth recordings. 
These records were generally obtained at least four times a 
day although none were taken on 2? June.along 03° S between 
119° W and 111° W, Continuous surface temperature and 
salinity recordings were also available.

From these data, temperature-salinity curves, temper
ature-depth profiles, salinity-depth profiles, and sigma-t 
(the density of a sample of sea water at atmospheric pressure) 
curves were derived for the entire area covered by seabird
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observations* Densities and overall, distributional patterns 
of observed seabirds are related to each of these*

■, Area Description
Svedrup 3 Johnsons and Fleming (194-2) 3 and Wyrtki-

(1966) have described circulation and water masses in the 
eastern equatorial Pacific* Essentially there are three 
major currents: an eastward flowing Equatorial Counter™
current (ECC) generally lying between 4-5° N, and 8-12° N, 
and two westward flowing currents, the North Equatorial Current 
(NEC) and the South Equatorial Current (SEC) on either side of 
the ECC* A distinct transverse circulation pattern occurs 
over this current system* 'Water■tends to flow from a large 
divergence (upwelling) at the equator, and a smaller one at 
the boundary of the. NEC and ECC, towards a convergence (down- 
welling) at the boundary between the SEC and ECC* This 
system is subject to strong seasonal variations* It is, for 
example, absent from February to April but reforms in May* 
During this cruise the boundaries of the ECC along the first 
cruise-track (118*5° W) were at approximately 9° N and 5° N, 
while along the second cruise-track (111*5° W) they were at 
approximately 8*5° N and 4° N* Equatorial upwelling was pre
sent on both legs of the trip, but the surface waters of the 
SEC were colder along 111*5° W than along 118*5° W* The entire
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area is part of the Pacific Equatorial Water Mass,, Refer 
to Figures 3 through 8 for water conditions found throughout 
this trip.

' Species Distribution
Sixteen species of seabirds were identified along 

the two cruise legs„ Three of these were probably accidentals 
in the area: Bulwerfs Petrel (Bulwerja bulwerii), Pale-footed
Shearwater (Puffings carneipes), and White-tailed Tropic- 
bird (Phaethon lepturns)0 Three others were probably 
rarities this far from land: Townsend's Shearwater (Puffinus
townsendi), Pomarine Jaeger (Stercorarius pomarinus), and

stoTidus) c "‘These six species will not 
be considered in the following discussion6 The remaining 
ten species are to be expected in this area at this time of 
year: White-necked Petrel, Kermadec Petrel (Pterodroma
neglecta)s Black-winged Petrel, Gould's Petrel, Wedge-tailed 
Shearwater (Puffinus pacificus)9 Leach's Storm-Petrel 
(Oceanodroma leucorhoa), Madeiran Storm-Petrel (Oceanodroma 
castro), White-throated Storm-Petrel (Nesofregetta albigularis). 
Red-tailed Tropicbird (Phaethon rubricauda), and Sooty Tern,

Two general distributional patterns are evident 
(Figures 4 and 3). One involves two species which clearly 
associate with the colder, more saline waters of the SEC 
(White-throated Storm-Petrel and Gould's Petrel), The second 
consists of the remaining eight species which are clearly
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Figure 3. Maximum-minimum temperature-salinity curves for 
EASTROPAC cruise number 30 along 118.3^ W and 111,3° W in the eastern 
tropical Pacific,— The dotted lines (stations 8 and 10) show that the water 
columns they represent do not belong to the Pacific Equatorial Water Mass, 
The data for these two areas are thus not analyzed in this paper.
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Figure 4. Distribution of seabirds in relation to 
temperature and salinity profiles along 118.5° W.— In the 
upper section the large blocks indicate density centers, 
while thin lines indicate that no birds were present. Letters 
(_e._g. WNP) represent the initials of the species represented. 
Periods of observation are indicated by the blocks along the 
upper O-depth line.
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Figure 5* Distribution of seabirds in relation 
to temperature and salinity profiles along 111,9° W.— In 
the upper section the large blocks indicate density 
centers, while thin lines indicate that no birds were 
present. Letters (.©•£• WNP) represent the initials of 
the species represented. Periods of observation are 
indicated by the blocks along the upper 0-depth line.
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associated with the warmer3 less saline waters of the NEC and. . 
ECC0 The latter group may be subdivided into two groups, one 
preferring the NEC (Black-*winged Petrel, Red-tailed Tropic- ■ 
bird), and the remainder preferring the ECC0

The segregation of species by surface water charac
teristics is best illustrated by analyzing the preferences, 
of the two closely related and morphologically similar species: 
Black-winged Petrel and Gould's Petrel, In almost every case, 
the sighting of a Black-winged Petrel occurred over waters of 
relatively high surface temperatures (26-28° C,) and relatively 
low salinities (2^,1-33«5 ppt,). On the other hand, most 
sightings of Gould's Petrels occurred in the SEC where the 
surface water temperature was low (less then 26° C,), and the 
surface water salinity was high (greater than 34*7 ppt,)*
See Figure 6,

23

.Species Density
It seems quite clear that the overall distribution 

of many seabird species is related to, and possibly controlled 
by, the physical characteristics of the surface waters over 
which they are found. Areas of high species density appear 
to be related directly to the distribution of food organisms, 
which in turn is related to the movement of water between 
areas of convergence and divergence, and to the physical 
characters of the"waters.
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! Ashmole and Ashmole (196?) discussed the distribution 

of seabirds in relation to the equatorial currents in the ' 
Central Pacific» They made several points which are relevant 
here: 1) most tropical seabirds depend3 at least in part, on
schools of predatory fish to drive food organisms close to the 
surface. 2) upwelling waters are generally rich in 
nutrients and zooplankton.. 3) as water moves north or south 
of divergence areas, phosphate and zooplankton decrease and 
forage animals increase. 4) in the equatorial current area 
fish schools are generally most abundant within the ECO. The 
Ashmoles conclude that "Localized concentrations of plankton 
and nekton produced by convergence and sinking of surface 
waters at •fronts’ which have been suggested as exerting 
important effects on the distribution of surface schools of 
tunas in the open ocean, may also provide favorable feeding 
grounds for many oceanic birds." The observations reported 
here substantiate their conclusions. In general, seabirds 
may be divided into two groups on the basis of food prefer
ences. Larger species (shearwaters, petrels, tropicbirds, 
terns) feed on nekton such as fish, squid, and' large crus
taceans, while the smaller storm-petrels feed mainly on 
plankton, such as copepods, and euphausids, or meroplankton, 
such as larval fish, and small crustaceans. Although the 
food habits of most seabirds are rather poorly understood, 
the above distinction is adequate for the present discussion.
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The fluctuation of seabird densities recorded across 

the equatorial currents during this cruise is summarized in 
Figures 7 and 8* It is obvious that the Ashmoles were correct 
in concluding that seabirds would be most abundant within the 
ECC3 particularly near the convergence at its southern border* 
It is also apparent, however, that this holds true only for 
the larger nekton feeding birds with which the Ashmoles were 
concerned* The smaller, plankton feeding birds were most 
abundant at the northern divergence and at the equatorial 
upwelling* This is in accord with the expected greater 
densities of smaller organisms in these areas* The lack of 
high storm-petrel densities at the equatorial upwelling along 
118*5° W (Figure 7) may have been due to the warming of the 
water in this area and the effect this might have on the 
overall distribution of the species involved*



PATTERNS OF DIVERSITY

Within the parameters of this study 49 species of 
seabirds adapted to open oceanic waters were identifiedg 
These represent three orders % Procellariif orrnes (60%) 3 
Pelecaniform.es.(1$%), and Charadriiformes (25%)o They range 
in size from 7 inches to 40 inches in length, and from 15 
inches to 96 inches in wingspan. They vary from solitary 
species to highly gregarious species with diverse foraging 
and feeding patterns. In the subsequent species accounts I 
have attempted to characterize the niche of each species by 
describing the more 'important morphological and behavioral 
niche components which allow this diverse assemblage of 
birds to avoid overcompetition in a comparatively simple and 
uniform environment,

Niche Profiles
The first niche component is the pattern of Occurrence 

and density. Not all of the 49 species recorded occur in the 
study area at the same time of year nor in the same densities. 
These differences are the result of competition pressures 
especially density. Five major patterns may be delineated:
1) Residents: those species which occur in all months in :
relatively constant densities (e®£» ?White-tailed Tropicbird),

a :
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2) Breeding Visitors; those species which breed on Johnston 
Atoll or in the Hawaiian-Leeward Islands and are most abund- ■ 
ant within the study area during the breeding season. These 
may be either summer breeders (£«£<> ̂ Sooty Tern) or winter 
breeders (£«.£» 9Black>footed Albatross), 3) Non-breeding
Visitors; those species which breed at distant localities 
and occur in the study area primarily during the non-breeding 
season. These may be summer visitors (©,«£» ? White-necked . 
Petrel) or winter visitors (£.£.,Leach's Storm-Petrel)„
4) Migrants; those species which are primarily moving 
through the area from one distant locality to another distant 
locality Pea.le’s Petrel), 5) Occasional. Visitors:
those species which are of irregular or sporadic occurrence 
within the study area (_e, g,?Fulmar)„ Refer to Table 2„

The second component ideally would be that of food 
preferences. Unfortunately very little is known about the 
food items taken or preferred by most seabirds. The staple 
items within the study area are flying fish and squid; both 
of which 1 have seen abundantly in regurgatation samples from 
freshly collected specimens, as well as in preserved stomachs, 
of all species collected in the area by the POBSP, Ashmole 
and Ashmole (1967) found that squid were especially important 
in the diets of Phoenix Petrels and Christmas Shearwaters, 
while fish were more important in White-capped and Blue-gray ' 
Noddies, Equivalent volumes of fish and squid were taken by



Table 2 Annual density cycles, for all species identified within the study area.
Species

Black-footed Albatross 
Laysan Albatross 
Pale-footed Shearwater 
Pink-footed Shearwater 
Wedge-tailed Shearwater 
Gray-backed Shearwater 
Short-tailed Shearwater* 
Sooty Shearwater 
Christmas Shearwater 
Manx Shearwater 
Audubon’s Shearwater 
Fulmar
Hawaiian Petrel 
White-necked Petrel 
Tahiti Petrel 
Phoenix Petrel 
Peale’s Petrel 
Murphy’s Petrel 
Kermadec Petrel 
Herald Petrel 
Gould’s Petrel 
Bonin Petrel 
Black-winged Petrel 
Bulwer’s Petrel 
Wilson’s Storm-Petrel 
Madeiran Storm-Petrel 
Leach’s Storm-Petrel 
Sooty Storm Petrel 
Fork-tailed Storm-Petrel 
White-throated Storm-Petrel

Birds pep 100 Hours
ec. J an & Feb. Mar* Apr, May .
11 15 32 1| 6 4
1 1 2 1 1 +
+ 0 + 9 1 1
0 0 0 0 0 0

118 14 1 58 109 • 347
0 0 0 t 0 1
p . + + p P P
83 0 0 . 65 458 48
1 + + t 1 4
1 1 '■ + 1 3 32
0 0 0 0 + • +
0 0 + 0 0 0
2 ' + 1 0 1 2

88 19 1 10 7 55
+ 0 0 0 0 0
1 -r + + . 0 0
0 0 0 1 4 1+ 0 0 ■ 6 0 0
5 5 1 0 4* 1
4- 4* + 0 0 0
0 0 0 0 0
1 0 1 ' T 1 3

16 ■ •2 1 2 7 36
0 . 0 + 4 23' , 440 0 0 o 0 0
0 0 0 0 + 0
17 20 16 20 57 190 0 4* 4* 1 0
0 0 0 0 0 0
0 0 0 0 0 0

of Observation
Jun, Jul, Aug, Sep, Oct, Nov,

2 0 0 0 0 . 40 0 0 0 0 +
0 0 0 + 3 1
0 0 0 . 0 + 0

215 349 582 610 130 106
0 0 0 + 0 +
0 0 0 P p P+ 4 + 672 760 1208+ 2 8 2 1 2

. 6 8 7 11 .4 2
■ 0 0 0 0 0 0

0 0 . 0 0 0 0
2 1 2 0 - 3 2

117 126 125 144 281 152
0 0 0 0 0 0+ 0 + 0 1 2
0 0 0 0 27 2

. 0 0 0 0 0 0
2 1 6 3 2 40 0 0 0 + +
0 0 0 0 ' 2 0
3 4 7 1 1 2

57 81 72 66 255 127
24 13 19 41 5 1
0 0 0 0 0 . +
0 0 0 + 0 0
1 1 + 5 32 330 0 0 0 0 . 0
0 0 0 0 0 +
0 0- 4 0 0 , 0 ro00



Table 2 (continued)0
Species * Birds : pet* 100 Hours. of Observation.

Dec, Jan, Feb, Mart Apr, May Jun, Jul, Aug, Sep, Oct, Nov,
Red-tailed Trppicbird k 7 4 I7 6 8 13 18 19 . 20 18 18
White-tailed Trppicbird 7 5 5 1 3 6 5 7 . 6 . 8 4 9Blue-faced Booby 5 5 5 i 4 3 2 0 1 1 3 4Red-footed Booby 22 15 25 8 2 1 + + + 2 2 6
Brown Booby + 1 + 1 + 0 4- + 0 1 1
Lesser Frigatebird 0 0 0 0 0 0 0 0 0 0 0 +
Great Frigatebird I Q 7 7 8 ■ 5 9 7 9 15 11 10 20
Red.Phalarope 0 0 1 11 3 4* O' 2 0 0 0 0
Pomarine Jaeger + + + - 0 , 5 1 + + + 1 3 +
Long-tailed Jaeger 0 0 0 ■ + 1 + + 0 + 1 +
Skua 0 0 0 © + 1 + 0 + 0 1 +
Laughing Gull 0 0 0 4

1
0 0 0 0 0 0 0 0

Common Noddy. . 6 + 2 4 7 0 3 + 5 7 ' 9White-capped Noddy + + 0 © 0 6 0 4- 0 ■ 0 0 +
Blue-grey Noddy ■ 0 + + © 0 0 0 0 0 0 0 0
White Tern . 10 6 16 5 7 6 5 5 10 10 4 9Arctic Tern 0 0 0 0 4 1 0 0 0 0 0 0
Spectacled Tern 0 + + 3 1 1 0 1 2 4* + 0
Sooty Tern 240 162 276 337 627 1132 410 846 819 912 341 185
* = All individuals of this species are combined with those of the following species,,
+ = less than 065 birds per 100 hours of observation, 
P = species present but in unknown numbers.
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all of the other species they studied. In general3 the 
Ashmoles concluded that among species not closely related 
competition is reduced mainly by differences in feeding 
methods while among closely related species differences in 
body size and other morphological features are of critical 
importancee I have therefore included in the species 
accounts a brief summary of size and structural adaptations 
that might reflect their food preferences.

The third component is the social and foraging 
pattern. In the north-central Pacific all of the regularly 
occurring species require a food source near the surface of 
the water. Diversification of foraging patterns in such a 
structurally simple habitat are quite limited. One possible 
variation is a temporal shift in feeding schedules (nocturnal 
versus .diurnal feeding), Unfortunately very little infor
mation is available on the nocturnal habits of seabirds. The 
only published sighting of seabirds feeding at night is a 
record of Sooty Terns and Wedge-tailed Shearwaters feeding 
near midnight while the moon was full (Gould, 1967), Some 
species of seabirds appear to be much more active at night 
than others, I have often observed storm-petrels actively 
moving about the ship at night and thought it quite probable 
that they were feeding with the help of the ship's lights. 
Boobies and tropicbirds, on the other hand, appear to settle 
down, often on the water, soon after sunset. Although 
nocturnal feeding may be used by some species to relieve



31
competition pressures3 it is probably only a supplemental
device in most cases, since most of the species included in
this report have been observed actively feeding during the day,

A more important feature of the foraging technique
is the pattern of dispersal over the feeding area* Some
species appear to be quite solitary (£<,£» ?tropicbirds),
apparently relying on food organisms, perhaps flying fish,
which commonly remain within the upper two feet or so of the /
water*' It is difficult to believe, however, that this 
technique could support the variety and density of. seabirds 
that exist in this area. Actually, as mentioned earlier, 
many seabirds depend to a great extent on. feeding schools of 
predatory fish to drive forage organisms close to the surface 
where they can be easily captured. In response to this often 
erratic, and usually very local food source, many seabirds 
must be able to locate a potential food supply quickly and 
then be able to exploit it together with many other individuals 
and species. This results in the direct correlation between 
the abundance of seabird flocks and the abundance of tuna 
schools found in the central Pacific by Murphy and Ikehara 
( 1 9 5 5 ) 9  and Waldron ( 1 9 6 4 ) =

Analysis of the size of seabird sightings reveals 
that by far the greatest percentage of sightings are of single' 
birds. Sightings of two birds together occur less frequently, 
while sightings of three birds together are even less common



(refer to Appendix Table 1)s Figure 9 graphically illustrates 
this for three representative species within the area including 
one of the most gregarious (Sooty Tern) and.one of the most 
solitary (White-tailed Tropicbird)0

This dispersal of seabirds as singles allows for a 
greater coverage of the area in the search for available . 
food. This, however, must be balanced by the ability of 
individuals to detect feeding birds and thus gather into 
flocks over a newly found food source. This latter ability 
is characterized by the percent of the total number of 
individuals in the area found in flocks (refer to Appendix 
Table 2), For example: 34»6% of all Sooty Tern sightings
were of single birds, but nearly 90% of all individual birds 
were found in flocks: 34*6% of all Wedge-tailed Shearwater
sightings were of single birds, but almost 67% of all 
individuals were found in flocks.

Similarly, the number of individuals in mixed associ
ations is directly correlated with the number of individuals 
in the area for almost all species (refer to Appendix Table 3)* 
The Leach1s Storm-Petrel does not conform to this general
ization, probably because large numbers' of migrating individuals 
from other areas pass through but do not stop to forage or feed. 
This tendency to associate with other species varies in degree 
from species to species. Figure 10 shows this variation for 
some of the more abundant and representative species within 
the study area.
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Pacific.— Letters (BWP) represent the initials of 
the common names of each species shown.



This subject will be further developed in subsequent 
sections of this paper, BPS indices, percentages of single 
sightings, percentages of sightings in mixed flocks, percent
ages of single individuals, flocks, and percentages of Individ 
uals in flocks (Table 3) are used in the species accounts to 
define this dimension of each species niche.

There is also a vertical component in the foraging 
patterns of seabirds. Storm-petrels generally remain within 
five feet of the water surface with shearwaters, boobies, 
terns, and frigatebirds respectively maintaining higher and 
higher altitudes. Estimates, of maximum foraging and feeding 
heights made by at-sea observers are presented in Table 
These estimates should not be considered as accurate measure
ments of height but as relative differences between species,.

The final, and perhaps most important, niche component 
is that of feeding technique.. Maximum exploitation of a food 
source being driven to the surface by predators would require 
the evolution of different mechanisms for: 1) capturing
prey of different sizes, 2) capturing prey in different 
places (i,e,, in water, shallow or deep, as .opposed to the air) 
and 3) capture of different; species with different behavioral 
escape patterns. It is also important that many of these 
feeding techniques be compatible with each other so that two 
or more species can utilize the same localized food source at 
the same time.
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Table'3« Percentages of seabirds in selected association categories,— TBPS is the
total number of birds per sighting of each species; BPS is the total number 
of birds of that species for each sighting (see text)„

Species
Pale-footed Shearwater 
Pink-footed Shearwater 
Wedge-tailed Shearwater 
Gray-backed Shearwater 
Sooty Shearwater 
Christmas Shearwater .
Manx Shearwater 
Audubon’s Shearwater 
Fulmar
Hawaiian Petrel
White-necked Petrel
Tahiti Petrel
Phoenix Petrel
Peale’s Petrel
Murphy’s Petrel
Kermadec Petrel
Herald Petrel
Gould’s Petrel
Bonin Petrel
Black-winged Petrel ,
Bulwer’s Petrel
Wilson’s Storm-Petrel
Madeiran Storm-Petrel
Leach’s Storm-Petrel
Sooty Storm-Petrel
Fork-tailed Storm-Petrel
White-throated Storm-Petrel

Sightings In
Single Mixed

TBPS BPS Birds Flocks
131.8 1.1 76,9 20,5

1,0 1,0 100,0 0.0
9.0. 3.4 68.0 11.0

52,6 1,4 42,9 57.1
2,9 2.2 66,2 1.0

81,4 1.5 80,0 13.8
22,1 1.6 77,9 10.71,0 1.0 100.0 0.0
1,0 1.0 100.0 0.0
2,2 1.1 91.1 6,7
4.9 1.7 77,0 7.1
1,0 1,0 100,0 0,0
4.8 1.1 72,7 18,2
1,1 1.0 96,2 1,0
7.0 1.0 0.0 100,0
8,7 1*1 75.0 17.4
1.8 1.0 90.9 9.13.0 1,0 ' 50,0 50.0
4.5 1,1 84.2 3.5

■ 3.3 1.2 - 82,5 5.5
8.4 1,1 90.0 2.31.0 1,0 100.0 0.0
1.0 1.0 100.0 0,0
1.7 1,2 87,5 1.51.0 1.0 100.0 0.0
1,0 1.0 100.0 0,0
1.0 1,0 100,0 0,0

Individuals In Number Number
Single Total Of Of
Birds Flocks . Sight, Indiv.
73.2 24.4 "39 41100,0 0.0 1 1
20,5 66,8 4432 1470330.0 70,0 7 10
30,1 42.2 4026 8862
52,9 38.8 • 80 121
48,0 39.6 308 492

100.0 0.0 1 1
100.0 0.0 1 1
80.4 5.9 45 51
44.4 37.6 3879 6728

100,0 0,0 • 1 . ■ 1
68.5 22,5 35 35
93.1 0,4 209 216
0,0 100.0 1 1

66.5 2 3 . 9 156 176
90.9 9.1 11 11
50.0 50.0 2 2
73.8 6,2 57 65

' 57,7 21.3 3329 4056
79.2 . 7.1 986 1108

100,0 0,0 l . 1
100.0 0.0 .1 : 1
71.3 9.2 1313 . 1612

100.0 0.0 8 8
100,0 0,0 1 1
100,0 0.0 1 1



Table 3 (continued)„

Species _______
Red-tailed Tropicbird 
White-tailed Tropicbird 
Blue-faced Booby 
Red-footed Booby 
Brown Booby 
Lesser Frigatebird 
Great Frigatebird 
Red Phalarope 
Pomarine Jaeger' 
Long-tailed Jaeger 
Skua .
Laughing Gull 
Common Roddy 
White-capped Noddy 
Blue-gray Noddy 
White Tern 
Arctic Tern 
Spectacled Tern 
Sooty Tern

Sightings In 
Single Mixed

TBPS BPS Birds Flocks
2.9 1.1 87.1 2.4
1.8 1.1 90.2 1.3
5.4 ■ 1*1 88.0 6.0
'6.8 1.3 76.5 9.8
1.5 1.0 93.9 3.0.
1.0 1.0 100.0 0.0

30.7 1.4 59.7 3.9
1.3 1.3 84.9 0.0

13.7 1.1 72.2 16.745.0 1.1 61.9 33.3
23.4 1.0 8 3 . 3 16.71.0 1.0 100.0 0.0
81.5 5.4 41.7 48.6

752.5 17.5 50.0 ■ 50.0
• 1.0 1.0 100.0 0.0
31.6 1.8. 46.7 43.4
1.5 1.5 57.1 ' 0.0

27.9 1.7 46,7 36.7
15.7 12.4 34.6 1.8

Individuals In Number Number
Single Total Of Of
Birds Flocks Sight. Indiv.
76.8 : 4.2 739 838
82.7 1.2 386 421
83,4 7.0 217 229
57.3 20.3 ' 388 518
88.6 . 2.9 33 35100.0 0.0 1 1
42.3 33.8 518 730
68.1 10.9 93 11964.2 18.5 72 81
52.0 32.0 21 25
83.3 16.7 12 12100.0 0.0 1 1
9.8 86.3 72 307
4.3 95.7 6 69100.0 0.0 1 1

25.5 63.6 302 • 552
37.2 0.0 28 . 4320.8 50.0 29 ' 482.8 90.3 3164 39155



Table 4 Estimated maximum foraging and feeding heights for north-central Pacific 
seabirds.—  All heights refer to nuriiber of feet above the surface.

Feeding- Non-Feeding
Species Range Mean N_ Range • Mean : _N_
BlaCk-footed Albatross 10- 55 36.7 ' 9Wedge-tailed Shearwater 25 18 3 5- 50 14.9 54.Gray-backed Shearwater - *“ » - 20 20.0 1
Sooty Shearwater - 5- 100 25.3 211
Christmas Shearwater 30- 50 40.0 2
Manx Shearwater 5 5 1 5- 30 19 = 0 5Kermadec Petrel — 10— 40 20.0 4Peale’s Petrel - MW 40 40.0 1
Black-winged Petrel 20 . 20 1 5- 50 19.4 39Bulwer1s Petrel MW «=» 5- 15 8.2 . 19Leach6s Storm Petrel MW - 5- 20 9.0 29White-throated Storm-Petrel “ =»' MW 5 5.0 1
Red-tailed Tropicbird 40-150 105 6 10- 8oo 85.1 176
White-tailed Tropicbird 10-100 70 3 30- 400 . 113.9 74Blue-faced Booby 30-100 70 . 7 10— 200 ■ 49.2 56
Red-footed Booby 40- 50 45 2 5- 200 36.8 96Brown Booby 30 30 1 50- 100 . 66.7 3Great Frigatebird 30-900 165 19 20-2000 167.3 ,145Red Phalarope - - ■ 5- 10 8.3 3Pomarine Jaeger 50 50 1 20- 300 144.4 8
Long-tailed Jaeger - — 60 60.0 1
Skua - MW 50 50.0 1Common Noddy 20 20 1 10- 100 46.3 4White Tern 30-100 60 3 10- 50 • 30.9 37Spectacled Tern MW - 20— 35 • 28.3 3Sooty Tern 30-600 : 90 52 5- 450 48.0 753



Ashmole and Ashmole (196?) have developed, a simple, 
but very useful, classification scheme for feeding techniques 
of seabirds, and their terminology will be followed in this 
paper (refer to Appendix Table 4)® Direct information on 
the feeding techniques of some species included in this 
report is not available® Probable techniques, however, can 
be assigned on the basis of morphological similarities to 
other species for which feeding methods are known® Of the 
nine catagories of feeding methods defined by the Ashmoles, 
two appear to be quite rare, if not absent, in the north- 
central Pacific® These are "surface dive followed by pursuit" 
and "dive followed by pursuit", the two methods involving 
chasing of a food item while the bird is completely submerged® 
Certainly the niches occupied by alcids in the northern oceans 
and diving petrels and penguins in the southern oceans are 
unoccupied in this area, possibly because the food organisms, 
especially flying fish, in the north-central Pacific do not 
lend themselves to these methods of capture® The predominant 
methods employed by seabirds in this area are "air dipping" 
and "contact dipping"® It is quite probable that most species 
are capable of, and do use, all of the methods outlined by 
the Ashmoles, but most seem to have a distinct preference . 
for only one or two®



Species Accounts"
BLACK-FOOTED ALBATROSS - Diomedea nigrlpes

Status: This is a winter breeding visitor having
highest at-sea densities in FebruaryDensities are highest 
in the northern part of the study area and decrease to the 
south„ Only a few individuals range south to 10° N 0

Size & Food: This is the largest species in the
area, . Individuals weigh up to about As000 gras,, have lengths 
reaching 736 mm.,, and have wingspans reaching 2,100 mm. The 
bill is large (130-162 mm,), stout, and strongly hooked. All 
individuals feed to a great extent, at least diurnally, on 
refuse from ships. Non-ship-foilov/ers also take fish, squid 
and crustaceans (Palmer 1962),

Foraging: There are no observations of this species
foraging other than as.a ship-follower, ■ Large concentrations 
are either of- ship-followers' or of birds rafting on the water 
This species never occurs in mixed feeding flocks, and I have 
only one record of a mixed sighting, ■ This consisted of two 
albatrosses being followed by one Wedge-tailed Shearwater 
and one White-necked Petrel, The association was most likely 
an accidental one, at least on the part of the albatrosses. 

Feeding: The only records available are of ship-
followers, In these cases food is generally acquired by 
"feeding on the surface", ,

Comments: Because of the ship-following nature of
this species, the density figures given in Table 1 were
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derived by taking the average of the largest number seen at
one time on each day of ■observation0 They are thus not 
strictly comparable to the density figures of other species, 
except for the Laysan Albatross,■ Because of the small 
number of birds encountered, the density figures derived in 
this manner are probably only slightly exaggerated on. the 
high side when compared to the density values obtained for 
other species,
LAYSAH-ALBATROSS Diomedea immutabilis

Status: This is a winter'breeding visitor with
highest at-sea densities occurring in February, . Scattered 
individuals have been recorded throughout the study area, 
but they are slightly more regular in the northern portion.

Size & Food:; This is the second largest species 
within the area. Weights range to 2,900 gras, while lengths 
reach 81.3 mm,, and wingspans reach 2,000 mm. The bill is 
large (100-112 mm,), stout, and strongly hooked. Individuals 
feed mainly on squid and rarely take ships refuse (Palmer 
1962),

Foraging: Most Laysan Albatross probably forage at
night. Within the study area they rarely follow ships, and ■ 
almost never occur in association with other■individuals or 
species, I have only one sighting of a mixed association. 
This was of one bird being followed by one Wedge-tailed 
Shearwater for only a few seconds.
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Feeding? The feeding techniques of this species 

are unknown, but probably incorporate "air dipping", "contact 
dipping", and "feeding on surface"0

Comments: The density figures have been derived
in the same manner as those for the Black-footed Albatross* 
PALE-FOOTED SHEARWATER - Puffinus carneipes.

■ Status: This species occurs throughout the area as
a migrant„ Largest numbers have been recorded in October on 
the southward, pre-breeding migration„ . .

Size & Food: Individual birds reach about 570 gmse
in weight, 500 mm, in length, and 1,100 mm, in.wingspan.
The bill is relatively long (37~46 mm,), slender, and strongly 
hooked. Their diet is poorly known but includes fish, squid, 
and small crustaceans (Palmer 1962),

Foraging: This species spends very little time
foraging in the study area. Migrating individuals (EPS = 1,1) 
may stop and join large (TBPS - V51,8) mixed feeding flocks 
for short periods before continuing their migration (20,5% 
of all sightings were of birds in mixed flocks).

Feeding: In the study area, food is captured by the
"plunge to surface" technique or occasionally by "air.dipping" 
and "contact dipping", In other areas the usual method is 
the. "surface dive followed by pursuit",
PINK-FOOTED SHEARWATER - Puffinus creatopus

Status: This is an occasional visitor to the study
area. The one individual observed was found in October,



Size & Food; In most physical characters this species 
is similar to the Pale-foOted Shearwater (see above). The 
latter species is often considered as conspecific with Pink- 
footed Shearwaters. They feed primarily on fish, but squid 
are sometimes taken, (Palmer 1962).

Foraging; The one sighting was of a single bird.
Feeding; . The feeding technique is probably similar 

to that of the Pale-footed Shearwater.
WEDGE-TAILED SHEARWATER - Puffinus pacificus .

Status; This summer breeding visitor is the second 
most abundant species within the area. Non-breeding, dark- 
phase birds from more southernly breeding localities move 
.north into the study area in late summer and reach maximum 
northward penetration and density (around the Hawaiian Islands) 
in August. Highest densities for the species thus occur in 
August and September., , The local breeding population, however, 
reaches peak at-sea densities in May.

Size & Food; These birds are smaller than Pale-footed 
Shearwaters reaching about 400 mm. in length and 965 mm. in 
wingspan. Their bills are relatively long (ca. 41 mm.), 
slender, and strongly hooked. Fish and squid make up the 
bulk of their diet (Alexander 1954$'King 1967).

Foraging: This is a relatively gregarious procellarid
(BPS = 3.4; TBPS = 9.0), Single birds comprised 68.0% of all 
sightings although 66.8% of all individuals were found in 
flocks. They frequently associate with other species with



1100% of all sightings being of birds in mixed flocks as 
compared with 108% of all sightings.-being-of birds in pure 
flockso The largest pure sighting was of 50 individuals,, 
These birds generally forage low to the water and tend to 
follow wave troughs0 After feedings birds raft in pure 
associations before separating to begin a new search pattern, 

. Feeding: The normal feeding method is "plunge to
surface". They plunge into the water from low heights and 
often chase fish by swimming with their head and neck 
beneath the surface. They have been observed capturing food 
by the "air dipping" and "contact dipping" methods,
GRAY"BACKED SHEARWATER - Puffinus bulleri

Status: Small numbers migrate through the area in
both the spring and the fall. Highest at-sea densities were 
recorded in Hay on the northward, post-breeding, migration. 

Size & Food; Individuals reach about 455 gms, in 
weight, 405 mm, in length, and 1,050 mm, in wingspan. The 
bill is relatively long (58-45 mm,), slender, and strongly 
hooked. This species is known to feed on squid and crus
taceans (Palmer 1962),

Foraging: This species spends very little time
foraging in this area. Migrating individuals (BPS = 1,0) 
occasionally stop and join mixed feeding flocks (TBPS = 52,6) 
for short periods before continuing their migration, Gray- 
backed Shearwaters are much more prone to stop and join
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mixed feeding flocks than are Pale-footed Shearwaters 
(57o1% of all sightings were of birds in mixed flocks as 
compared with 20,,5% for Pale-foots) 0

Feeding: I have no records for this area* In areas
where this species is abundant they use the "dive followed 
by pursuit" method of feeding,
SHORT-TAILED /SOOTY SHEARWATER - Puf finds tenuirostris /griseus

Status:. Both species are primarily migrants in this 
area. Short-tailed Shearwaters are mainly south-bound, pre- 
breeding migrants occurring in largest numbers in November„ 
Sooty Shearwaters occur commonly during both the spring and 
fall migrations.

Size & Food: Short-tailed Shearwaters have weights
up to 680 gms,? lengths to 405 mm,, and wingspans to 990 mm« 
Their bills are relatively short (30-34 mm,), slender, and 
strongly hooked. Sooty Shearwaters are recorded as weighing 
about the same, but are larger in dimensions with lengths 
to 510 mm,, and wingspans to 1,063 mm. Their bills are 
relatively long (40-44 mm,), slender, and strongly hooked. 
Both species have strongly compressed tarsi. Short-tails 
are recorded as feeding mainly on euphausid crustaceans, with 
some small fish and squid also being taken, Sooties feed 
mainly on squid, but take a few small fish, and crustaceans as 
well (Palmer 1962),



Foraging? Although this species is relatively 
gregarious (EPS = 2,2) they rarely stop to join mixed feeding 
associations (TEPS = 2,9)„ Only 1,0% of all sightings were 
of birds in mixed flocks.

Feeding: The few individuals that I have observed
feeding in the study area were acting like Wedge-tailed Shear
waters, In other areas most feeding is accomplished by the 
"dive followed by pursuit" method, ,

Comments: The data on foraging are derived by
combining all observations of both species,
CHRISTMAS SHEARWATER - Puffjnus nativitatus

Status: This is probably a summer breeding visitor
but further study may show them to be residents. Largest 
numbers occur in August which is about a month prior to 
fledging of young on the Hawaiian Islands, Most individuals 
tend to remain close to the breeding islands3 but a few may 
be found anywhere in the area.

Size & Food: This species weighs about 340 gins,} has
a length of about 380 mm,3 and its wingspan reaches about 
810 mm. It’s bill is relatively short (up to 32 mm,), slender, 
and slightly hooked. The legs and feet are modified for fast 
swimming. It feeds on small squid.and fish with the former 
being more frequent (Ashmole and Ashmole.196?),

Foraging: This is a moderately gregarious species
at-sea (EPS = 1,5) and frequently joins large mixed flocks
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TBPS = 81*4), Of the total sightings for this species,
80„0%> were of single birds, while 13,8% were of birds in . 
mixed flocks*

Feeding: • I have no observations from.the study area, 
but Ashmole and Ashmole suggest that this species, with its 
adaptations for fast swimming, may use either the "surface 
dive followed by pursuit" or the "dive followed by pursuit" 
methods to a large extent* Since this bird is primarily a 
coastal species, it may use the diving methods mostly in that 
area and "plunge to surface" in more oceanic areas*.

. MANX SHEARWATER - Puffinus puffinus
Status: This is a summer breeding visitor with

highest at-sea densities occurring in May* The major feeding 
grounds for this species are near the islands of Kauai,
Niihau, and Kaula, of the Hawaiian Group (King and Gould, 1967) 
Individuals, however, may be found throughout the study area* 

Size & Food: This species has weights to about 
455 gms,, lengths to 355 mm,, and wingspans to 890 mm. The 
bill is relatively long (30-36 mm*), slender, and strongly 
hooked* Their food consists of small fish, crustaceans, and 
squid with fish probably predominating (King and Gould 1967, 
Palmer 1962)„

Foraging: This species is moderately gregarious
(BPS =■1*6), but does not tend to join large flocks 
(TBPS = 22,2), Of the total sightings, 77*9% were of single 
birds while 10,7% were of birds in mixed flocks*



' Feeding? This species feeds primarily by the "plunge 
to surface" method, but "air dipping" and "comtact dipping" 
are occasionally employed,
AUDUBON1S SHEARWATER - Puffinus Iherminieri

' Status: This occasional visitor has been recorded
only in April and May,

Size & Food: These are small shearwaters with lengths
up to 305 mm,, and wingspans up to 685 mm. The bill is short 
(28-31 mm,), slender, and strongly hooked. Their food is not 
well known but includes small fish and squid. (Palmer 1962), 

Foraging: The three sightings from this area were
all of single birds.

Feeding:„ There are no records from this area, but 
they are known to dive freely in other areas,
FULMAR - Fulmarus glacialis

Status: This occasional visitor has been recorded
only once (February),

Size & Food: Individuals have weights to about
1,135 gms,, lengths to 510 mm,, and wingspans to 1,070 mm.
The bill is relatively long (35^41 mm,), slender, and strongly 
hooked, A wide variety of food is taken including fish,, fish 
offal, squid, carrion, and jellyfish (Palmer 1962),

Foraging: The one sighting was .of a single bird.
Feeding: In other areas this species feeds mostly

on the surface or by "surface dive followed by pursuit".
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HAWAIIAN PETREL - Pterodroma phaeopygia

Status; This species is either a summer breeding 
visitor or a resident0 Highest densities occur within 50 
miles of the Hawaiian Islands«, Records for the study area 
are primarily from the northern section.

Size & Food: This is a large petrel with a length
of about 405 mm,r and a wingspan of about 915 mm* The bill 
is relatively long (ca, AO mm,)3 stout, and strong hooked* 
Their food consists primarily of squid, but may include fish 
and crustaceans (Alexander 1954$ King 1967)0 ■

Foraging: . This species is relatively solitary 
(EPS = 1*1, TBPS = 2*2)* Of the total sightings, 91=1% were 
of single birds, while 6*7% were of birds in mixed flocks*
The species apparently spends very little time foraging or 
feeding in the study area.

Feeding: There are no records from the north^central
Pacific* Food is probably captured by "feeding on surface", 
"air dipping", and "contact dipping"*'
WHITE-NECKED PETREL - Pterodroma externa

Status: This is an abundant non-breeding visitor
to the study area* Highest at-sea densities occur in- 
October* Individuals rarely occur near land during the non
breeding season*

Size & Food: This is a large petrel weighing slightly
over 455 gms., with lengths of 455 mm*, and wingspans to



965 mm,, The bill is long (35~41 mm,), stout,, and strongly 
hooked,' The diet consists primarily of squid, but fish and 
crustaceans are also taken (Alexander 1954? King 1967), 

Foraging; This is a relatively gregarious petrel 
(BPS =. 1,7)$ but most of its associations tend to be with 
small groups (TBPS = 4,9), Of the total sightings, 77,0%. 
were of single birds while 7,1% were of birds in mixed flocks, 
and 1,2% were of birds in pure flocks. The largest pure 
sighting was of about 70 individuals. This species forms 
small, pure rafts on the water after heavy feeding. This 
may account for the large number of sightings of pure flocks. 

Feeding: Feeding is primarily accomplished by "air.
dipping" and "contact dipping". Birds actively pursue large 
schools of small flying fish which may glide as much as 20 
feet or more above the water. The fish are captured in the 
air or at the surface without the bird loosing its forward 
momentum,
TAHITI PETREL - Pterodroma rostrata

Status: There is only one record (December) for this
occasional visitor.

Size & Food: This species has weights reaching about
455 gms», lengths reaching about 330 mm,, and wingspans reaching 
about 840 mm. The bill is of.medium length (34-39 mm,), stout, 
and strongly hooked. Their food is unknown but probably con
sists mostly of squid (King 1967? Murphy and Pennoyer 1952),
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Foragings The one sighting was of a single bird. 
Feedings I have no data for this species but the 

feeding techniques are probably the same as those of other 
large petrels,
PHOENIX PETREL - Pterodroma alba

Statuss This is a winter non-breeding visitor, with 
largest numbers occurring in November.

Size & Food: Individuals have weights up to about
230 gms., lengths to about 330 mm,, and wingspans to about 
840 mm. . The bill is short (25-30 mm.), stout, and strongly 
hooked. They feed mainly on squid and small crustaceans 
(Ashmole and Ashmole 1967).

Foraging: This is a relatively solitary petrel
(BPS = 1,1, TBPS = 4.8). Of the total sightings, 72.7% were 
of single birds while 18.2% were of birds in mixed flocks. 

Feeding: In the north-central Pacific the major
feeding techniques are probably "contact dipping" and "air 
dipping". They probably "feed on the surface" when dead 
and floating squid are available, •
PEALE$S PETREL - Pterodroma inexpectata

Status: This migrant, is most abundant in October ■
during the pre-breeding, southward migration.
\ Size & Food: Individuals have weights up to about

230 gms., lengths to about 330 mm., and wingspans to about 
740mm. The bill is relatively short (26-29 mm.), stout
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and strongly hooked«, Their food preferences are poorly 
known but squid have been reported (Palmer 1962)0

Foraging: This is a solitary species. (BPS = 1,0)
with individuals rarely joining mixed associations (TBPS = ■ 
1,1), Of the total sightings, 96,2% were of single birds 
while 1,0% were of birds in mixed flocks.

Feeding: This species has been reported as feeding
on dead and floating squid (Kuroda -1955), "Feeding on 
surface", "contact dipping", and "air dipping" are all 
probably used depending on the food available,
MURPHYfS PETREL - Pterodroma ultima .

Status: There is only one record (December) for
this occasional visitor.

Size & Food: This large petrel has a length of
about 405 nmu ? and a wingspan of about 965 mm. The bill is 
relatively short (28-32 mm,), stout, and strongly hooked.
The food is unknown (King 1967, Murphy and Pennoyer 1952), 

Foraging: The one sighting was of an individual
associated with four White-necked Petrels and two Black
winged Petrels (TBPS = 7,0),

Feeding: The feeding methods are unknown but are
probably similar to other large petrels,
KERMADEC PETREL - Pterodroma neglecta

Status: This is a non-breeding visitor with largest
numbers recorded during the winter season.



Size & Foods These birds have weights of. about 
340 gms0$ lengths of about 380 mme9 and wingspans- of about 
915 The bill is short (29-33 mm,), stouts and strongly
hookede The food of this species is unknown but probably 
includes squid and crustaceans (King 1967, Murphy 1936)« 

Foraging: This is a moderately social species
(BPS = 1*1, TBPS = 8,7). Of the total sightings, 73,0% 
were of single birds while 17,4% were of birds in mixed 
flocks.

Feeding: The preferred method in this area is
"contact dipping" with "air dipping" occasionally being 
used, "Feeding on the surface" probably occurs when dead 
squid or crustaceans are available on the surface,
HERALD PETREL - Pterodroma armin.joniana

Status: This is an uncommon, winter, non~breeding
visitor, '

Size & Food: This species weighs about.. 340 gms. It
has a length of about 353 mm,, and a wingspan of about 945 mm 
The bill is relatively short (25-29 mm,,), stout, and strongly 
hooked. The food is unknown, but probably consists mostly 
of squid (King. .1967$ Murphy 1936).

Foraging: The species apparently forages in the area
as single birds (EPS = 1,0), but readily joins small mixed 
associations (TBPS = 1.8). Of the total sightings, 90.9% 
were of single birds while 9.1% were of birds in mixed flocks



. Feeding! I have no feeding records for this area6 
They probably feed by ncontact dipping", "air dipping", and 
"feeding on the surface"*
.GOULD*S PETREL - Pterodroma leucoptera

Status! This is an occasional visitor and/or 
migrant» . Several races probably occur within the area, 
but numbers are too small for evaluation*

Size & Food: This small petrel has a length of about
300 mm*, and a wingspan of about % 6  mm* The bill is short 
(22-29 mm*), stout, and strongly hooked* The food is 
unknown, but probably includes small squid and crustaceans 
(Austin 1952, King 196?)*

Foraging: Of the total sightings, 30% were of single
birds while 50% were of birds in mixed flocks (EPS = 1*0,
TBPS = 3,0),

Feeding: The feeding methods are unknown but are
probably similar to those of other small Pterodroma*
BONIN PETREL - Pterodroma hypoleuca hypoleuca

Status: This species is a rather uncommon summer
breeding visitor within the study area. Largest at-sea 
densities occur in August, Most individuals probably forage 
in the colder waters^to the north of the Line Islands, but 
the at-sea distribution is poorly known*

Size & Food: This small petrel has lengths reaching
300 mm*, and wingspans reaching about 700 mm* The bill is
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small (24-27 mm*), stout, and strongly hooked* Their" food 
consists mostly of squid and probably small crustaceans.
(Austin 1952, King 1967),

Foraging: Of the total sightings, 84,2% were of
single birds while 3,5% were of birds in mixed flocks (BPS =
1.1, TBPS = 4.5), -

Feeding: I have no records of the feeding methods
used by this species. Most food is probably caught by the 
"contact dipping", "air dipping", and perhaps "feeding on 
surface" methods,
BLACK~WIHGED PETREL - Pterodroma hypoleuca nlgripennes

Status: This is an abundant non-breeding visitor.
Largest at-sea densities occur in the fall months. This 
species rarely occurs near land in this area or farther north 
than the Hawaiian-Leeward Islands,

■ Size & Food: Individual weights average about 150 gms. 
Lengths reach about 305 mm,, and wingspans reach about 710 mm. 
The bill is short (23-25 mm,), stout, and strongly hooked.
This species feeds mostly on small squid (King 1967).

Foraging: This is a moderately gregarious species
(BPS = 1,2, TBPS = 3.3). Individuals readily form small 
associations with other species, especially with other 
procellarids. Of the total sightings, 82,5% were of single 
birds while 5.5% were of birds in mixed flocks, and 0.2% 
were of birds in pure flocks.
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Feeding: Food is taken mainly by ’’contact dipping” .

and "air dipping”* "Feeding on surface” occurs when food 
is available in the right form*
BULWERfS .PETBEL - Bulweria bulwerii -

Status: This is a summer breeding visitor with ■
highest at-sea densities in May* They have been recorded, 
throughout the study area, but are most abundant near land, 
especially during the height of the breeding season.

Size & Food: This is a small petrel closely related
to the genus Pterodroma. They have lengths to about 280 mm,, 
and wingspans to about 585 mm. The bill is relatively long 
(20-50 mm,), but more slender and less hooked than in 
Pterodroma, Their legs are relatively short. The food 
consists primarily of floating organisms including plankton, 
small crustaceans, ctenophores, etc, (Alexander 1954-»
King 1967),

Foraging: This is generally a solitary species
(EPS = 1*1, TBPS =8,4), Of the total sightings, 90,0% were 
of single birds while 2,3% were of birds in mixed flocks.
They will join small mixed feeding flocks if the flock is 
not too densly packed, ’ "

Feeding: The major feeding pattern is "feeding on
surface”. Single birds are often found sitting on the water 
with wings spread and head being dipped beneath the surface.
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WILSON*S-STORM-PETREL --Oceanites oceanicus

Status: This occasional visitor has been recorded
only once in the study area (November)0

Size & Food: This species has weights reaching about
35 gEis* s lengths reaching 178 mm*, and wingspans reaching 
about 430 mm* The bill is small (10-12 mm*), slender, and 
hooked* The legs are relatively long® The food consists 
mainly of plankton with a few small fishes and squids 
included (Palmer 1962)®

Foraging: The one record was of a single bird*
Feeding: In other areas these birds feed by

"pattering", "hovering", and "feeding on surface"* Individuals 
sometimes dive one or two feet from the surface to catch 
sinking scraps thrown from ships*
MADEIRAN STORM-PETREL - Oceanodroma castro

Status: This is an occasional visitor to the study
area. Birds breeding on the Hawaiian Islands apparently 
remain either close to land or else forage to the north of 
the area.

Size & Food: These are medium-sized storm-petrels
with lengths to 230 mm,, and wingspans to 460 mm* The bill 
is short (13-16 mm,), slender, and hooked. They probably 
feed on meroplankton and nekton (Palmer 1962),

Foraging: All sightings were of single birds.



Feeding: This species probably feeds in.the same,
manner as other storm-petrels.
'LEACH1S STORM-PETREL - Oceanodroma lencorhoa

Status: This is an abundant winter non-breeding
visitor and migrant.

Size & Food: Weights average about 50 gms. Lengths
reach about 200 mm.? and wingspans range to about ^80 mm.
The food consists of small fish, squid, mollusks, crustaceans, 
and oil. (Palmer 1962).

Foraging: This is primarily a solitary species
(BPS = 1.2, TBPS '=■ 1.7). Of the total sightings, 87 = 5% were 
of single birds while T.5% were of birds in mixed flocks, 
and O.i+% were of birds in pure flocks. Only 9„2% of all 
individuals observed were in flocks. Large numbers may, 
congregate over oil slicks or plankton blooms, but feeding 
birds generally maintain moderate distances from each other.

Feeding: Food is captured mainly by "hovering" and,
to a lesser extent, by "pattering" and "feeding on surface". 
Individuals often hover just above the water with their legs 
dangling and their feet touching the water. The head is then 
moved downward and the bill is inserted into the water. .
SOOTY STORM-PETREL.- Oceanodroma markhami

Status: This is an uncommon breeding visitor and
has been recorded only during the spring months. Apparently 
this species prefers to forage in the colder waters to the 
north of the Leeward Islands.

58



59
. Size 8i Food: This is a large storm-petrel with

lengths reaching 255 mm,, and wingspans reaching 560 mm.
The bill is relatively short (16-19 mm,), slender, and 
hooked. The food is unknown, but probably consists of small 
nektonic forms. (Austin 1962, King 1967),

Foraging: All of the sightings were of single birds,
Feeding: These birds probably feed to a great extent

on the. surface,
FORK-TAILED STORM-PETREL - Oceanodroma furcata

Status: There is one record (November), for this
occasional visitor.

Size & Food: This is a medium-sized storm-petrel
with a length of 203 mm,, and a wingspan of -̂60 mm. The 
bill is short (1^-16 mm,), slender,.' and hooked. The legs 
and toes are very; slender and the tarsi are short. The 
food includes small fish, crustaceans, and oil (Palmer 1962) 

Foraging: The one record was of a single bird.
Feeding: This species feeds extensively on the

surface. Individuals have been known to dive to depths of 
one or two feet after sinking food particles,
WHITE-THROATED STORM-PETREL - Nesofregetta albigularis 

Status: There is one record (August) for this
occasional visitor.

Size & Food: This is a relatively large storm-petrel
with a length of about 255 mm,, and a wingspan of about .



510 mm,, The bill is short (16~18 mm0) 3 slender, and hooked. 
The legs, are very long and flattened and the feet are also 
flattened,. The food consists of small fish, squid, and 
plankton (Murphy and Snyder 1952, King 196?),

■ Foraging: The one record was of a single bird.
Feeding: They apparently feed mostly by "pattering",

RED-TAILED TEOPICBIBD - Phaethon rubricauda
Status: This species is resident, but at-sea

densities are highest from June through November,
Size & Food: Weights average about 680 gms. Lengths

reach 915 mm, (without streamers), and wingspans reach about 
1,120 mm. The bill is moderately long (ca, 64 mm,), stout, 
laterally compressed, pointed, and with a large gape. Their 
food consists of very large fish and squid (Ashmole and 
Ashmole 1967, King 1967),

Foraging: This is a solitary species (BPS = 1,1,
TBPS =2,9)0 Of the total sightings, 87.1% were of single 
birds while 2,4% were of birds in mixed flocks. Pure flocks 
accounted for 0,3% of all sightings. Red-tailed Tropicbirds 
were mixed only with White-tailed Tropicbirds in 21% of the 
total mixed associations sightings of the former species. 

Feeding: Only the "direct to prey air dive" and
"plunge to surface" methods are used, with the former being 
much more common than the latter. Birds typically drop into- 
the water from 40 feet or so, breaking their fall slightly
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with their wings, and steering as well<, The wings may be 
extended a split second after impact keeping the birds on 
the surface, or they may be kept folded so that the bird 
completely submerges in the water with a great splash. 
Individuals usually do not remain in the water for longer 
than 30 seconds.

Comments: When associated with large mixed flocks,
this species is semi-independent,' It remains at the periphery 
of the flock, and never mixes in the compact central portion 
where other species are swirling in tight circles over the 
food source. Diving from heights, the only method of which 
tropicbirds are capable, would be impossible with a large, 
compact group of swirling birds beneath the diver, A diving 
bird would not be able to keep a fish in sight nor avoid 
swirling birds,
WHITE-TAILED TBOPICBIRD - Phaethon lepturus

Status: This is a resident species. There is a
tendency for higher at-sea densities to occur in the fall 
and winter months.

Size & Food: This species has weights to about 
455 gms„, lengths to about 405 mm, (without streamers), and 
wingspans to about 965 mm. The bill is moderately long 
(49-53 mm,), stout, laterally compressed, pointed, and has 
a large gape. The food consists mostly of squid and flying ' 
fish. (Palmer 1962),
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Foragings This is a solitary species (BPS = 1„1?

TBPS - 1*8), Of the total sightings, 90,2% were of single . 
birds while 1*3% were of birds in mixed flocks. Of the 
total mixed sightings, 89% contained Red-tailed Tropicbirds 
while 56% were of White-tails mixed only with Red-tails, 

Feeding: Only the ,ldirect to prey air dive" and
"plunge to surfase" methods are used. The methods used are 
almost identical to those of Red-tailed Tropicbirds,

■ Comments: This species is even less prone to join
mixed flocks or associations than the Red-tailed Tropicbird, 
probably for.much the same reasons,as mentioned for the 
latter species,
BLUE-FACED BOOBY - Sula dactylatra.

Status: This is a resident species with highest
at-sea densities occurring in the winter months. Individuals 
found far out to sea are usually immatures.

Size & Food: Weights average about 2,270 gms.
Lengths reach about 865 mm,, and wingspans reach about 
1,720 mm. The bill is long (92-97 mm,), stout, and pointed, 
with the cutting edges finely serrated,. The food consists 
principally of flying fish and squid (Palmer 1962),

Foraging: This is a moderately social species (BPS =
1,1, TBPS = 5,4)o Of the total sightings, 88,0% were of 
single birds while 6,0% were of birds in mixed flocks. 
Individuals often follow ships feeding on the flying fish 
disturbed by the ships passage.
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Feeding: When solitary5 or in pure associations,

this species feeds mostly by the "direct to prey air dive" 
or the "plunge to surface" methods» In mixed flocks, 
especially compact ones, they use "air dipping" and "contact 
dipping"„ , "Plunging to surface" is often used in a mixed, 
but spreadout, flock,
RED-FOOTED BOOBY - Sula sula

Status: This species is resident, but at-sea
densities are. much greater in the winter, non-breeding season., - 
Most individuals found far at sea are immatures.

Size & Food: This is a medium sized booby with lengths 
of about 762 mm,, and wingspans of about 1,013 mm. The bill 
is relatively short (74-84 mm,), stout, pointed, and has the 
cutting edges finely serrated. Their food consists principally 
of flying fish and squid.(Palmer 1962),

Foraging: This is a moderately gregarious species
(BPS = 1,3s TBPS = 6,8), Of the total sightings, 76,3% were 
of single birds while 9,8% were of birds in mixed flocks. 

Feeding: When solitary, or in pure associations,
this species feeds mostly by the "direct to prey air dive" or 
the "plunge to surface" method. In mixed flocks, especially 
compact ones, they use "contact dipping" and "air dipping", 
BROWN BOOBY - Sula leucogaster

. Status: This is an uncommon resident in this area.
Most individuals remain within fifty miles of land. Those



individuals found at-sea are mostly birds moving between 
islands0

, Size & Food? This species has weights reaching 
1s135 gmso j lengths reaching 740 mm0 $ and wingspans reaching 
1,300 mm» The bill is long (30-99 mm,), stout, pointed, and 
has finely serrated cutting edges. Their food consists mostly 
of fish and squid. (King 1967? Palmer 1962),

Foraging: This is a relatively solitary species
(BPS = 1,0), but will occasionally join small mixed associations 
(TBPS = 1,5)o Of the total sightings, 93*9% were of single 
birds while 3= 0% were of birds in mixed flocks.

Feeding: I have no records from this area, but they
probably feed in much the same manner as other boobies,
LESSER FRIGATEBIRD - Fregata ariel

Status: There is only one record (November) for this
occasional visitor.

Size & Food: This is a small frigatebird with a
length of about 865 mm,, and a wingspan of about 1,900 mm.
The bill is long (80-93 mm,), slender, and strongly hooked.
The tarsi are very short. The feet are small with webs 
restricted to the basal part of the toes. Their feathers 
lack the water-proofing found in most other seabirds. Diets 
include mostly fish, squid, crustaceans, and regurgitated 
material pirated from other birds. (Murphy 1936, Palmer 1962),
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Foraging: The one sighting was of a single bird,.
Feeding: Food is captured either by “contact

dipping"? "air dipping", or pirating from other birds,'
GREAT FRIGATEBIRD - Fregata minor

Status: This resident species is most abundant
at-sea during the winter season. They occur regularly in 
all parts of the area regardless of the distance from land. 

Size & Food: This is a large frigatebird with
lengths reaching 940 mm,3 and wingspans reaching 2,500 mm.
The bill is long (_ca, 112 mm,), slender, and strongly hooked. 
The tarsi are very short, The feet are small with webs 
restricted to the basal part of the toes. The feathers lack 
the waterproofing of most other seabirds. The food consists 
mostly of fish, squid, and crustaceans, or foodstuffs 
pirated from other birds (King 1967, Murphy 1956),

Foraging: This is a very gregarious species (BPS =
1,4? TBPS = 50,7), Of the total sightings, 59,7% were of 
single birds while 5,9% were of birds in mixed flocks. Pure 
flocks comprised 0,2% of all sightings, while 55,8% of all 
individuals recorded were in either pure or mixed flocks,

. Feeding: The typical feeding pattern is "air
dipping" and "contact dipping", but individuals often pirate 
food from other species.
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RED PHALAROPE ~ Phalaropus fulicarrus

. Status: This species is almost strictly a spring,
migrant through the area* The major migration pathway 
apparently lies in the eastern section of the area*

Size & Food: This is a small seabird with a length 
of about 200 mm*s and a wingspan of about 380 mm* The bill 
is short (18-23 mm*)? broader than deep, and pointed. The 
tarsi are compressed, and the toes are lobed* Individuals 
feed on very small fish, crustaceans, and jellyfish 
(Alexander 1954? King 1967, Murphy 1936),

Foraging: These birds do not forage in the area and
none were found in mixed associations* They occur as singles 
(84*9% of all sightings) or small groups (BPS = 1*3)*

Feeding: The typical pattern is "feeding on surface"»
POMARINE JAEGER - Stercorarius pomarinus

Status: This species is principally a migrant in
this area, but individuals have been recorded in all months 
except March, A small, non-breeding population spends the 
winter months within fifty miles of the.Hawaiian Islands, 
especially around Pearl Harbor, Oahu, Migrants are most 
common in the eastern section of the study area.

Size & Food: This is a medium-sized seabird with
a length of about 960 mm,, and a wingspan of about 1,100 mm* 
The bill is medium-sized (38-44 mm*), stout, and curves down 
sharply at the tip* The legs are stout, and the feet are
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fully webbed. They feed principally on what the bird can 
scavenge off the water or can pirate from other birds 
(Alexander 1954? King 1967),

Foraging: This is a rather solitary species
which tends to join medium or large sized mixed flocks 
(BPS = 1,1, TBPS = 13,7). Of the total sightings, 72,2% 
were of single birds while 16,7% were of birds in mixed 
flocks. Near land this bird is a frequent scavenger behind 
ships, but at-sea ship-following is a fairly rare occurrence 
in the study area.

Feeding: Most food is obtained by pirating from
other birds. While scavenging behind a ship, and sometimes 
in mixed feeding flocks, individuals will use the "plunge 
to surface", or "feeding on surface", methods,
LONG-TAILED JAEGER - Btercorarjus longicaudus

Status: This species is a migrant through this area.
Individuals have been recorded throughout the area, but most 
move through the eastern section.

Size & Food: This is a small jaeger with a length
of about 550 mm,, and a wingspan of about 910 mm. The bill 
is short (27-32 mm,), stout, and curves abruptly downward at 
the tip. The legs are stout, and the feet are fully webbed. 
The food is the same as in the Pomarine Jaeger (Alexander. 
1954, King 1967),
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Foraging; The foraging pattern is similar to that 

of the Pomarine Jaeger, but this species tends to join 
larger associations (BPS = 1,1, TBPS = 45o0), Of the total 
sightings, 61,9% were of single birds while 33»3% were of 
birds in mixed flocks.

Feeding; Most of their time is spent pirating food 
. from other species, "Plunging to surface" and "feeding on 
surface" probably also occur,
SKUA ” , Catharacta skua

Status; This is a migrant and perhaps an occasional 
non-breeding visitor. Birds have been recorded in all 
months of the year.

Size & Food; This large jaeger has a length of 
530 mm,, and a wingspan of 1,500 mm. The bill is long 
(A7-61 mm,), stout, and strongly decurved at the tip. The 
legs are short and stout. Their food consists mostly of

i

material pirated from other birds, but they also prey on 
small birds and will eat carrion (Alexander 1954? King 1967)»

Foraging; This is a solitary species which frequently 
joins large mixed associations (BPS - 1,0, TBPS = 23,4), Of 
the total sightings, 83,3% were of single birds while 16,7% 
were of birds in mixed flocks.

Feeding; Pirating from, or preying on, other species 
is very common, "Plunge to surface" and "feeding on surface" 
techniques are also used.
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LAUGHING GULL - L a m s  atrlcilia

Status: There is only one record (March) for this
occasional visitor0

Size & Food: This is a sma-ll gull having a length
of about 400 mm,$ and a wingspan of about 1,050 mm. The bill 
is medium-sized (35-44 mm,), and decurved at the tip. They 
feed mainly on small fish and crustaceans, but, like other 
gulls, will resort to scavenging when such material is 
available (Alexander 1954? Murphy .1956),

Foraging: The one record was of a single bird.
Feeding: Food is captured by nfeeding on surface",

"plunge to surface", and "contact dipping",
COMMON NODDY - Anous stolidus

Status: Although this species is resident, it prefers
off"Shore waters and its appearance in the study area is 
rather sporadic.

Size & Food: This is a medium-sized tern weighing
about 160 gms. It reaches about 400 mm, in length, and 840 mm, 
in wingspan. The bill is relatively long (ca, 42 mm,), some-” 
what compressed, and the upper mandible curves downward 
towards the tip. The tarsi are long and the feet are fully 
webbed. They feed primarily on relatively large sized fish 
and squid (Ashmole and Ashmole 196.7),

Foraging: This is a highly gregarious species (BPS =
5,4? TBPS = 81,5)> Of the total sightings, 414 7% were of
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single birds while 48,6% of all birds were in mixed flocks, . 
Pure flocks accounted for 1,4% of all sightings„

Feeding: These birds generally remain low to the
water and use their long legs and webbed feet to hold them
selves above the surface. They typically use the "pattering” , 
"plunge to surface", and "feeding on surface" techniques, 
WHITE-CAPPED NODDY - Anous minutus

Status: This species is probably resident, but they
rarely venture far from coastal waters and are thus of 
sporadic occurrence within the study area.

Size & Food: This is a small-sized tern weighing
about 9Q gms. They have a length of about 350 mm,, and a 
wingspan of about 700 mm. The bill is relatively long 
(ca, 43 mm,), somewhat laterally compressed, slender and 
tends to be decurved. The tarsi are long and the feet are 
fully webbed. They feed mostly on very small fish and 
crustaceans (Ashmole and Ashmole 1967)«

Foraging: This is probably the most gregarious
species within the area (BPS = 17<.5? TBPS = 752,5)e Of the 
total sightings, 30,0% were of single birds while 50,0% were 
of birds in mixed flocks.

Feeding: This species generally remains low to the
water using its long legs and webbed feet to keep it above 
the surface. The feeding techniques are mainly those of. 
"pattering", "contact dipping", and "air dipping",
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BLUE-GRAY NODDY - Procelsterna cerulea
Status; This is an occasional visitor* There are 

two records (January and February), Like the other two 
noddies, this species may be a resident, but they almost 
never leave coastal waters*

Size & Food; This is a small tern weighing' ̂ 5 gbis* 
It has a length of about 450 mm*, and a wingspan of about 
450 mm* The bill is short (̂ ca* 25 mm*), straight, and 
slender* The tarsi are long, and the feet are fully webbed* 
The food consists mostly of very small fish and crustaceans 
(Ashmole 5112d Ashmole 1 96?)«

Foraging: Both sightings were of single birds*
Feeding: This species remains low to the water and

uses the ."plunge to surface", "contact dipping", and "air 
dipping" feeding techniques,
WHITE TERN - Gygis alba

Status: This is a resident species, but is some
what more abundant at-sea in the winter months*

Size & Food: This is a small tern weighing about
100 gins'* It has a length of about 255 mm,, and a wingspan 
of about 700 mm. The bill is relatively long (ca, 39 mm*), 
slender, and straight* The tarsi are short, and there is 
very little webbing between the toes. They feed primarily 
on small fish and squid (Ashmole and Ashmole 1967),
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Foraging: This is a fairly gregarious species

(BPS = 1.8, TBPS =31»6). Of the total sightings, 46.7% 
were of single birds while 43.4% were of birds in mixed 
flocks. Pure flocks comprised 0.3% of all sightings. These 
birds frequently associate with Sooty Terns, although in 
mixed flocks they tend to maintain elevations at the lower 
limit of those of Sooty Terns. Ashmole and Ashmole (1967) 
suggest that this species feeds predominantly at dawn or 
at dusk. This may be true, but I have seen many individuals 
feeding at all times of the day.

Feeding: The preferred technique appears to be
"plunge to surface", although they do a ..great deal of 
"contact dipping" and "air dipping".
ARCTIC TERN - Sterna paradisea

Status: This species is a spring migrant through
the area. Migrating birds move almost entirely through 
the eastern section of the study area.

Size & Food: This is a medium-sized tern with a
length of about 380 mm., and a wingspan of about 760 mm.
The bill is relatively long (29-33 mm.), slender, and fairly 
straight. The tarsi are short, and the feet are small and 
incompletely webbed. Their food consists of small fish 
and crustaceans (King 1967? Murphy 1936).

Foraging: This species occurs either as singles
(37,1% of all sightings) or as small groups (EPS =.1.3)®
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No individuals were observed within■mixed associations- in 
this study although migrating individuals have .been recorded 
to do so (King 1967).

Feeding: This species probably uses the "plunge •
to surface" method to a great extent,- 
SPECTACLED TERN - Sterna lunata

Status: This is a summer breeding visitor, but
spends most of its time near the breeding islands.

Size & Food:- They are very similar to, but somewhat 
smaller than. Sooty Terns, They have a length of about 
390 mm,, and a wingspan of about 74-0 mm. The bill is 
relatively long (ca, 40-42 mm,), slender, straight, and 
somewhat laterally .compressed. The tarsi .are short, and 
the feet are poorly webbed. They plumage lacks the water- 
proofing found in most other seabirds, , They eat mostly 
small fish and squid (Alexander 1994; King 1967)«

Foraging: This is a gregarious species (EPS = 1,7?
TBPS = 27o9)» Of the total sightings, 46,7% were of single 
birds while 36,7% were of birds in mixed flocks. Pure 
flocks accounted for 3,3% of all sightings.

Feeding: This species probably feeds in much the
same fashion as Sooty Terns, All of the individuals observed 
in mixed flocks were intermingled with Sooty Terns,
SOOTY TERN - Sterna fuscata

Status: This species is a summer breeding visitor
and is the most abundant species throughout the area.
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• Size & Food? This species weighs about 1,600 gms„

It has a length of about if00 mm0, and a wingspan of about 
860 mm. The bill is relatively long (ca, 42 mm,), slender, 
straight, and somewhat laterally compressed. The tarsi are 
short, and the feet are poorly webbed. The plumage lacks, 
the water-proofing found in most other seabirds. They feed 
on comparatively large fish and squid (Ashmole and Ashmole 
1967)«

Foraging: This is a highly gragarious species (BPS =
12,4s TBPS = 15»7) <. Of the total sightings, 34<> 6% were of 
single birds while 19% were of birds in mixed flocks and 
0,4% were of birds in pure flocks. Almost 91% of all 
individuals were found in flocks. The largest pure sighting 
was of 200 individuals. Of the hundreds of thousands of 
Sooty Terns observed during the entire POBSP program, 
roughly 0,3% of all sightings, and 0,16% of all individuals 
were recorded as actually sitting on the water.

Feeding: These birds remain fairly high in the air
then drop to near the surface where they may use the "plunge 
to surface", "contact dipping", or "air dipping" methods of 
feeding. The "plunge to surface" method is much more widely 
used by Sooty Terns than has previously been reported. In 
POBSP observations this plunge to the 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 the complete submergence of the 
bird, nor do the wings ever appear to cease- beating. The 
feed do not seem to be utilized.

Species Diversity
• The species diversity indices "H,n (Shannon and

Weaver 1963)3 and "J8" (Tramer 1969) were calculated for the 
entire study area on a monthly basis (Appendix Table 5)«, 
Standard errors were calculated using the convenient formula 
given by Lloyd, Zar, and Karr (1968) based on Basharin1s 
(1-959) formula.

The difficulty of having two common but indistinguish- 
w“sabie" 'Species "(*Shart»thiled and Sooty Shearwaters) has been 
resolved by computing two indices, H ?a denotes the situation 
where one species is represented by a density of one (P of 
Table 2), while the other species is represented by H - 1,
H fb denotes the situation where densities of each species are 
considered equal. For example: in December these two species
had a combined density of 85 birds per 100 hours of obser
vation, H fa is based on one species having a density of 
1 and the other having a density of 82, H ‘b represents one 
species having a density of 41 and the other of 42, H*a 
should therefore represent the minimum value possible for 
this area while H'b should represent the maximum value.
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Since I am interested particularly in the "normal"' 

population of the area, I have, eliminated all species that 
are of very rare occurrence in the area during any one month 
(iojJo, all birds represented by a "+" in Table 2)0 Including 
these birds in the calculation of H 1 does not significantly 
change the values for any given month*

87 values obtained for the study area are similar to 
those from continental marshes (1*79 * 0*34), and grasslands 
(1-»93 * 0.24), as presented by Trainer (1969), and are much 
lower than indices from more structurally complicated habitats ' 
(3*14 * 0*16 to 5*23 ± 0*24), The simple structure of the 
oceanic habitat allows for only a limited niche diversification, 
as described in the preceding section, and this results in low 
species diversity values*

J ’ values for this area are considerably lower than 
any previously recorded for avian communities. The lowest 
recorded by Tramer from bird census averaged 0*718 * 0.080 
for marshes as compared to at-sea values as low as 0,352 ±
0.020 in May to a high of only 0.740 -• 0.071 in January.
The population being tested here differs from the others in 
that it does not represent breeding birds on territories, but 
rather non-breeding birds, or breeders feeding at great dis
tances from their nesting sites, most of whom have a tendency 
to form associations with each other periodically* Those 
species which have a high dispersal component Cie£,3those



that are widely spread over the area) coupled with abilities 
to feed in association with other species, and have behavioral 
and morphological patterns easily observed and recognized 
by other species, are the ones that can best exploit the 
available food in the area. These species will thus be able 
to maintain higher densities. Figure 11 graphically portrays 
the'monthly variation in H* values for the study area. Diver
sities are lowest in the summer months and highest in the 
winter months following a pattern almost identical with the 
density fluctuations of Sooty Terns and Wedge-tailed Shear
waters, These are the two species which, best conform to 
the above criteria and are indeed the most abundant species 
within the area. The species abundance component of diversity 
is thus more important in this oceanic area than the species 
richness component and the resulting high densities of a 
few species produce low J* values.
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Figure 11. Monthly H* values for the study area. Open columns 
represent two standard errors.— Closed columns represent minimum (Hfa)- 
maximum (H'b) ranges resulting from differences in handling Short
tailed and Sooty Shearwater densities.



BEHAVIORAL INTERACTIONS BETWEEN SEABIRDS

■ Seabirds are distributed over the.ocean primarily as 
single birdse Maximum exploitation of available food, how
ever, has placed a premium on the ability of each individual 
to join others over a concentrated and suddenly appearing 
food sourcee The following section deals with the degree 
to which associations are formed, the extent to which each 
species is involved, and the behavioral mechanisms employed 
to achieve maximum utilization of the food supply with a 
minimum amount of competition*

Mixed Associations
Only. 14 of the 49 species .recorded in the area were 

never found in mixed associations* These include 11 species 
which have been recorded less than four times each, and thus 
provide an inadequate sample* With greater numbers, the 
chances of finding them in mixed associations would have been 
increased* The same probably applies to Sooty Storm-Petrels 
for which there were only eight sightings of single birds*
The other two species (Arctic Tern and Red Phalarope) are 
uncommon migrants and spend very little time, if any, feeding 
within the area. Among the remaining 35 species the two 
Albatrosses are extremely rare, and probably only accidental,
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in mixed associations. All other seabirds in this area may
be expected to occur in mixed associations periodically.

Table 4 summarizes the degree of association between 
species. The species list (left hand column) presents the 
species in order of abundance of total sightings. This 
was thought to be a more reasonable criterion than number of 
individuals since sightings more nearly express the number 
of units available to form associations. In actuality the 
only major differences resulting from the use of sightings 
rather than individuals is that Sooty Terns rank fifth 
instead of first5 and White Terns rank thirteenth instead 
of tenth,

.To illustrate the use'of this table refer to the first 
species under the .Species List (i»_e,; Wedge-tailed Shearwater), 
Moving across the page the first figure (17®7) refers to the 
percent of Wedge-tailed Shearwater sightings in the total 
number of sightings for all species recorded in the area.
In the third column the 66,7 is the percent of all mixed 
sightings containing Sooty Shearwaters which also contained 
Wedge-tailed Shearwaters, The first figure found in the 
second column means that ^,4% of all mixed sightings containing 
Wedge-tailed Shearwaters also contained Sooty Shearwaters,

It was shown in the preceeding section that there is 
a direct correlation between the number of individuals in the



Table 5o Species associations in.the north-
% Total

Species List*__________  .Sight. WeSh. SoSh,
Wedge-tailed Shearwater 
Sooty Shearwater 
White-necked Petrel 
Black-winged Petrel 
Sooty Tern
Leach's Storm-Petrel 
Bulwer's Petrel 
Red-tailed Tropicbird 
Great Frigatebird 
Red-footed Booby 
White-tailed Tropicbird 
Manx Shearwater 
White Tern 
Blue-faced Booby 
Peale's Petrel 
Kermadec Petrel 
Christmas Shearwater 
Common Noddy 
Pomarine Jaeger 
Bonin Petrel 
Hawaiian Petrel 
Pale-footed Shearwater 
Brown Booby 
Phoenix Petrel 
Spectacled Tern 
Long-tailed Jaeger 
Herald Petrel 
Skua
Gray-backed Shearwater 
White-capped Noddy

17.7 66.7
16.1 5.4 -
15.5 36,9 23.5
13.3 20.5 27.5
12.6 71.8 70,6
5.2 1,8. 11,8
3.9 5.4 5,9
2.9 1,4 3.9
2,1 12.9 13.7
1.5 4,0 . 7.8
1.5 0.3 2,0
1.2 5,8 7.8
1.2 11.8 ■ 9.8
0,9 . 1.4 3.9
0,8 0.0 0,0
0,6 2.4 5.9
0.3 1.3 0.0
0.3 4.1 3.9
0.3 1.9 3.90.2 0.5 2.0
0,2 0,2 0,0
0,2 1.3 7.8
0,1 0.0 0,0
0.1 0.6 0.0
0.1 1.0 0.0
0,1 1.0 2.04- 0.0 0,0+ . 0.3 2.0-i- 0.5 5.9+ 0,3 0,0

Pacific
Percent In Sightings Of:.
WhPe, BIPe, SoTe. LeSt, BuPe, ReTr.
58,3 49,2 69.8 31.4 60.7 36.0
3.1 5.3 5.6 17.1 1.8 8.0

68,3 30.5 20.0 ■ 21.4 20.0
45.5 18.6 22,9 25.0 20,0
50.1 45.8 31,4 37,5 68,0
1,8 3.1 1.7 ■ 10.7 4,0
3.1 5.3 3.3 17.1 a* 4.0
1.3 1.9 2.6 2,9 1,8
8,4 8,8 19.0 5.7 16,1 20,0
3.3 3,8' 4.6 ■ 14,3 3.6 8,0
0,0 0,0 0,6 0,0 0,0 32.0
2,0 3.4 5.1 0,0 12,5 4.0
9.9 7,6 19.5 17,1 10.7 16.0
1.3 0,8 1.7 0.0 1.8 0.0
0.5 o,4 0.0 , 0,0 0,0 0.0
6,1 6.1 3.3 2,9. 0,0 4.0
1,0 0.4 1.7 0,0 3.6 0,0
2.5 2.3 4.6 2.9 5,4 0.0
1.0 0.8 1.7 0.0 3,6 0,0
0.5 0.4 0.5 0.0 0,0 0,0
o.5 . 0.4 0.5 0,0 1,8 0,0
o,5 1.1 1.2 5.7 3.6 0,0
0,0 0.0 0,2 0,0 0.0 0.0
1,5 1.9 0.5 0,0 0,0 0,0
0.5 0.8 1.5 2.9 1.8 4.0
0.8 0,4 1.1 2.9 0,0 0,0
0.3 0,4 0,0 0,0 0.0 0.0
0.3 0.4 0.3 2.9 0,0 0.0
0.0 0.4 0.6 0.0 0,0 0,0
o,3 0,0 0,5 0,0 1,8 0,0 oo



Table 5 (continued)9 species associations in tie north-central Pacific,

Species List__________ _
Wedge-tailed Shearwater 
Sooty Shearwater 
White-necked Petrel 
Black-winged Petrel 
Sooty Tern
Leach1s Storm-Petrel 
Bulwer8 s Petrel 
Bed-tailed Tropicbird 
Great Frigatebird 
Bed-footed Booby 
White-tailed Tropicbird 
Manx Shearwater 
White Tern 
Blue-faced Booby 
Beale's Petrel 
Kermadec Petrel 
Christmas Shearwater 
Common Noddy 
Pomarine Jaeger 
Bonin Petrel 
Hawaiian Petrel 
Pale-footed Shearwater 
Brown Booby 
Phoenix Petrel 
Spectacled Tern 
Long-tailed Jaeger 
Herald Petrel 
Skua
Gray-backed Shearwater 
White-capped Noddy

GrFr, BeBo, WhTr,
15e6 . 50.0 22.2
1.4 8.0 11.1
6,4 26.0 0.0
4.4 20.0 0,0

23.7 60,0 44.4
0.4 10.0 0,0
1.7 4.0 0,0
1.0 4.0 88.9
*** 32,0- 11.1
3.1 0,0
0.2 0.0 —•

1,2 6.0 11.1
,3.9 24.0 22.2
0.6 10.0 0,0
0.0 0.0 0,0
1.4 8.0 0,0
0.8 4.0 0,0
0,8 16,0 11,1
0,6 2,0 0.0
0.4 0,0 0,0
0,2 0,0 0,0
0.6 4.0. 0,0
0,0 0,0 0,0
0.4 2.0 0,0
0,4 6.0 0.0
0.0 0.0 0.0
0,0 0,0 0.0
0,0 2.0 0.0
0.2 0,0 0,0
0,2 0.0 11.1

it In Sightings Of: 
AaSh, WhTe, BIBo,
75,5 54.0 56.3
8,2 3.6 12.5
16.3 28.5 31.3
18.4 14.6 ' 12.5
67.3 92.0 68.8
0.0 4.4 0,0
14,3 4.4 ■ 6.32,0 2,9 0,0
12,2 14.6 18,8
6.1 8,8 31.32,0 1.5 0,0
•ft* 7.3 0,0

20,4 18.8
0,0 2.2 ««

0,0 0,0 . 0.0
4.1 5.8 0.0
2.0 1.5 0.0
8.2 8.8 25.0
0,0 0,7 6,30.0 0.0 6,32.0 . 0.7 0.0
2,0 1.5 6,30.0 0,7 6.30.0 0,0 . 0,0
0,0 3.6 0,0
2.0 2.2 0,0
0,0 0.0 0.0
0.0 0,0 0.0
2.0 0.0 0.0
4.1 0.7 0.0

PePe, KePe, ChSh.
0,0 46.9 66,70.0 9.4 0,0 .

100,0 75,0 33.350.0 50,0 8,30.0 65.6 91.70.0 . 3.1 0,0
0.0 0,0 16.70,0 3.1 0.0
0,0 21.9 33.30,0 12.5 16.70.0 0,0 0,0
0.0 6.3 8,30,0 25,0 16.70*0 0,0 0,0

0,0 0,0
0,0 - 8,30,0 3.1 •*=»
0,0 9.4 8,30,0 0,0 0.0
0.0 0,0 0,0
0.0 0,0 0.0
. 0,0 0.0 8,30.0 0.0 0.0
0.0 0.0 0.0
0,0 3,1 0,0

. 0,0 3.1 0.0
0.0 0,0 0.0 ■
0,0 0,0 0,0
0.0 0.0 0,0
0,0 0.0 8,3 00



Table 5 (continued)9 species associations in the north-central Pacific,
Percent In Sightings Of:

'Species List CoNo. PoJa. BoPe. HaPe. PaSh. BrBo. PhPe, SpT g  o LoJa.
Wedge-tailed Shearwater 68,4 85.7 100.0 16.7 88.9 0,0 44.4 54.5 85.7
Sooty Shearwater 5.3 14.3 33.3 0.0 44.4 0.0 0.0 0.0 14.3White-necked Petrel 26,3 28,6 33.3 33.3 22.2 0,0 66,7 18.2 42.9
Black-winged Petrel 15.8 14,3 33.3 16.7 3 3 . 3 0.0 55.6 . 18,2 14.3
Sooty Tern 78,9 78.6 100,0 50.0 88.9 50.0 33.3 90,9 100,0
Leach's Storm-Petrel 2,6 0.0 0,0 0,0 22.2 0.0 0.0 9.1 14.3Bulwer's'Petrel 7,9 14.3 0.0 16,7 22.2 0.0 0.0 18,2 0,0
Red-tailed Tropicbird 0,0. 0.0 0.0 0.0 0,0 0,0 0.0 9.1 0,0
Great Frigatebird 10,5 21.4 66,7 16.7 33.3 0,0 22.2 18.2 ■ 0,0
Red-footed Booby 21,1 7.1 0.0 0.0 22,2 0.0 11,1 27.3 0.0
White-tailed Tropicbird 2,6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
Manx Shearwater 10,5 0.0 0.0 16.7 11.1 0.0 0,0 0,0 14.3White Tern' 31.6 7.1 33.3 16.7 22.2 50.0 o.o 45.5 42.9Blue-faced Booby • 10,5 7.1 33.3 0.0 11.1 50.0 0.0 0.0 0.0
Peale's Petrel , 0,0 0.0 0,0 0,0 0,0 0.0 0.0 0,0 0.0
Kermadec Petrel 7.9 0.0 0.0 0,0 0,0 0.0 ' 0.0 9.1 14.3Christmas Shearwater 2,6 0.0 0.0 0.0 11.1 0.0 0.0 0.0 0.0
Common Noddy 14.3 0.0 0.0 33.3 0.0 0.0 27.5 14.3Pomarine Jaeger 5.3 33.3 0.0 22.2 0.0 11.1 , 0.0 0,0
Bonin Petrel 0.0 7.1 0,0 11.1 0,0 0.0 0.0 0.0
Hawaiian Petrel 0,0 0.0 0.0 **■' 0,0 0.0 0.0 . 0.0 . . 0.0
Pale-footed Shearwater 7.9 14.3 0.0 0.0- — 0,0 0,0 18,2 14.3Brown Booby 0.0 . 0,0 0.0 0.0 0,0 0.0 0.0 0.0
Phoenix Petrel 0.0 7.1 0.0 0,0 0.0 0.0 0.0 0,0
Spectaeled^Tern 5,3 0.0 0.0 0.0 22.2 0.0 0.0 0.0Long-tail eel Jaeger 2.6 0.0 0,0 0.0 11.1 0.0 0.0 0,0
Herald Petrel 0.0 0.0 ■ 0.0 0.0 0.0 0.0 0.0 0.0 0,0
Skua 0.0 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0,0
Gray-backed Shearwater 0.0 0,0 0,0 0.0 11.1 0.0 0.0 0,0 0,0White-capped Noddy 5,3 0.0 0.0 0,0 11,1 0.0 0.0 0.0 0,0



; . ■ ■ .Table 5 (continued) f species associations in the north-central Pacific,
Percent .In Sightings Of:

Species List HePe. Sk„ GrSh, WhNo.
ledge-tailed Shearwater 0*0 100,0 75.0 6617
Sooty Shearwater 0*0 50.0 75.0 0.0
White-necked Petrel 100,0 50.0 O.p 35.3
Black-winged Petrel 100,0 50.0 25.0 0.0
Sooty Tern 0,0 100.0 100,0 100.0
Leach's Storm-Petrel 0,0 50.0 o . b 0.0
Bulwer's Petrel ' 0,0 0,0 O.P 33.3
Red-tailed Tropicbird • 0,0 50.0 0,0 0,0
Great Frigatebird . 0,0 0.0 25.0 33.3
Red-footed Booby 0,0 50.0 0,0 0.0
White-tailed Tropicbird 0,0 0,0 o . p 33.3
Manx Shearwater 0,0 0.0 25.0 66,7
White Tern . 0,0 0,0 0,0 33.3
Blue-faced Booby 0,0 0.0 0.0 0.0
Peale's Petrel . 0,0 0.0 0,0 0.0
Kermadec Petrel 00,0 0,0 0,0 0.0
Christmas Shearwater • 0,0 0.0 0,0 33,3
Common Noddy 0,0 . 0.0 0,0 66.7
Pomarine Jaeger 0,0 0.0 0.0 0.0
Bonin Petrel 0,0 •0.0 0.0 0,0
Hawaiian Petrel 0,0 0.0 0,0 0.0
Pale-footed Shearwater 0,0 0.0 25.0 3 3 . 3
Brown Booby 0,0 0.0 0,0 0,0
Phoenix Petrel: 0.0 0.0 0.0 0,0
Spectacled Tern 0.0 0,0 0,0 0.0
Long-tailed Jaeger 0,0 0.0 0.0 0,0
Herald Petrel - <•>» 0.0 0.0 0.0
Skua 0.0 0.0 0.0
Gray-backed -Shearwater 0,0 0.0 0.0
White-capped Noddy 0.0 0.0 0,0 -
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area and the number of individuals, found in. mixed associ
ations, The regression coefficients, however, showed that 
each species differs in degree. Table 5 further illustrates 
this point on a species to species basis. If each species 
formed associations on a random basis, than the percentages 
of association would decrease from the top of each column 
to the bottom. In general this is true, but there are 
several important exceptions. Sooty. Terns, Great Frigate- 
birds, and White Terns consistantly show much higher percent
ages than many of the species listed above them. These 
species are thus more prone towards forming associations than 
would be expected on a random basis. Bed-tailed Tropicbirds 
and especially White-tailed Tropicbirds, on the other hand, 
show lower association values than would be expected.

Another feature of species associations emerges from 
the table in the tendency for some species to be more fre
quently associated with one species rather than another. 
Species with similar foraging and/or feeding technique (not 
food) niches tend to be associated more often with each other 
than with other species. The best examples are the following 
species pairs: Red-tailed Tropicbird/ White-tailed Tropic-
bird; White Tern/Sooty Tern; Black-winged Petrel/White-necked 
Petrel; Bulwer's Petrel/Leach’s Storm-Petrel; Pale-footed 
Shearwater/Sooty Shearwater; Red-footed Booby/Blue-faced 
Booby, Essentially, species with similar foraging patterns
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are likely to wind up in the same place since they react to 
environmental stimuli in the same way„ In each of the above 
cases, it can be seen that competition between the pair 
members is reduced through food-size differences* '

. . Mixed Flocks .'
Less than five percent of all sightings in the area 

were of birds in mixed flocks (n=711)* The average mixed 
flock contained three species and 59 individuals. The largest 
ever recorded by the POBSP occurred on 20 May, 1966, some.
200 miles south of Oahu, On this day a feeding flock of • 
4,500 + birds, including Wedge-tailed Shearwaters (1,000), 
'Pale-footed Shearwatep's '(2), 'OhrTstmas Shearwaters (25) 5 
Manx Shearwaters (150), Bulwer*s Petrels (50), Great Frigate- 
birds (5), Common Noddies (50), White-capped Noddies (50), 
and Sooty Terns (3,000) was encountered in relatively calm 
weather. Estimates on species numbers were judged to be plus 
or minus 10 percent. The birds were concentrated over eight 
to twelve Fin-backed Whales (Balaenoptera physalus) and ca,
200 porpoises. The fringes of the flock stretched for 
approximately three miles.

Flock Formation
It was difficult to obtain direct evidence on how 

flocks formed, how long they were maintained, and what - 
happened when the food source being utilized disappeared. In
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discussing the feeding behavior-of Common Noddies and Sooty 
Terns3 Watson (1908) wrote: "The birds feed singly or in
groups, usually in groups. The group may be composed of both 
noddies and sooties and may contain sometimes as many as 50 
to 10.0 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 
scatters in every direction. An instant later, as an. attack 
is made upon the minnows in some other locality, the birds 
immediately rush there and renew their feeding,” POBSP 
observations include a number of isolated observations docu
menting various stages in this process. The following records 
are taken from the original daily log sheets. The entries 
are direct quotes with explanatory remarks enclosed in 
brackets. They are arranged in a subjective order from 
"foraging" birds through "feeding" birds and birds "traveling 
to flocks" to flocks "breaking up".

Foraging
Foraging is a distinctive behavioral pattern easily 

recognized by the observer. It is characterized by a slow 
and meandering flight involving many changes in altitude and 
many investigations of objects floating in the water or of 
other seabirds. Terns, tropicbirds, and especially frigate- 
birds forage high in the air, while Gadfly Petrels, Shear
waters, Bulwer's Petrels, and especially Storm-Petrels forage
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low to the surface. Boobies and albatross forage at inter
mediate heights0 Shearwaters and petrels tend to follow 
wave troughs, probably to take advantage of better wind 
conditions. The following field notes are representative 
of this behavioral pattern, .

08 March, 1964« 0700•Hours
1 ST (Sooty Tern): investigated downed (dead in water)
albatross and continued NE„
07 June, 1964® 144-1 Hours,
2 ST: one shot (ship circled to retrieve downed bird).
At 1450 Hrs, 12'ST circled and looked over downed bird,
11 June, 1964, 0553 Hours,
1 ST - (flying)ME: 10-75 (feet): dipping down to water
then up again,
.10 March, 1964, ' 1437 Hours,
"5"OT - 10-75' : whole :flock circled and dove twice but
were hot seen to feed,
2 July, 1964, 1417 Hours,
1 FTS (Wedge-tailed Shearwater), 1 BP (Bulwer1s Petrel) 
low: both flew together for less than one minute, but
were definitely associated,
25 August, 1966, 1115 Hours
1 WTS, 1 BWP (Black-winged Petrel): the BWP followed
the ITS very closely for several minutes than the WTS 
followed the BWP just as closely. Both were close to 
the water and making sharp turns and short dives,
16 June, 1964® 1245 Hours,
1 ST - HW: at 1255 one ST flying HE joined the other
bird and both then flew SE,
12 September, 1964® 1824 Hours,
1 BP, 1 BWP - low: appeared together, Bulwer*s landed
on water, BWP circled it for ca, 30 seconds, then both 
flew in a meandering pattern To the SSE,
02 April, 1964® 1612 Hours,
2 ST - SW: joined and. circled with 6 ST circling at
1615 Hrs,, then all 8 departed SW, No feeding was 
observed.



89.
Feeding

Feeding behavior, is very distinctive# I have been 
told by several different fisherman that a large feeding - - 
flock is easily seen and recognized at a distance of at least 
five miles by a trained observer. Individual birds move 
purposely, interspersing periods of extreme activity with 
periods of relative quiet# When food is available at the 
surface the birds gather low over it and circle rapidly„
Traffic problems are solved by all individuals circling in 
the same direction# If the food descends temporarily, then 
bird movements are slowed and the fish are followed until they 
become available again at the surface or are lost from view.
In following deep moving fish, each seabird species tends to 
fly at the heights normally used in foraging. Feeding patterns 
are so distinctive that fisherman can tell whether there are 
feeding tuna beneath a flock and even what type of tuna are 
present. For example: Skipjack generally feed at the sur
face while Yellowfin remain deeper, coming to the surface 
only occasionally# If most of the flocking birds remain 
active low over the water, then they are feeding over Skipjack, 
but if they alternate between short periods of low, active, 
feeding and longer periods of high, purposeful following, 
then they are over Yellowfin# Some fisherman claim that the 
species composition of the flock gives a clue to the size of 
the tuna beneath them# This sounds reasonable if larger tuna
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feed on larger fish thus attracting birds which also feed 
on larger fish0 If the tuna school is small then - the birds 
will be concentrated over a small area. If the tuna school 
is large,, the flock may be spread out with differnt groups 
feeding at different epicenters. The following field notes 
are representative of this behavioral pattern,.

07 November, 1966, 1411 Hours,
1 ST: adult dove at 2-3 animals lying just beneath
surface of water.

. 06 January, 1965« 1558 Hours,
14 LSP (Leach’s Storm Petrels): • birds spread out, 
most feeding either singly or in twos or threes.
05 November, 1966, 1010 Hours,
2 ST, 4 BWP: feeding over whales, considerable
meandering back and forth over large area (ca, 1,000 
yards across),
08 September, 1963. 1528 Hours,
30 ST, 1 WT (White Tern), 4 WTS: feeding - flock
alternately diving low and rising.
■16 November, 1965. 0815 Hours.

. 8 ST, 1 WTS, 2 JFP (White-necked Petrels)., 2 BWP,
1 NS (Manx Shearwater): feeding - terns up high,
petrels moving back and forth, fish apparently 
jumping near surface,
19 November, 1965. 1725 Hours.
100 ST, 1 GFB (Great.Frigatebird), 10 WTS, 1 JFP: 
Terns and Frigatebird towering several hundred feet 
up, WTS and JFP low over water.
16 November, '1965= 0804 Hours.
40 ST, 15 WTS, 1 JFP: feeding - terns coming down
and rising, Wedge-tails near water,
02 October, 1964. 1645 Hours.
14 ST,' 13 JFP, 2 WTS, 10 large Pterodroma (probably 
also JFP): feeding in mid air on flying fish, small
ones, several birds following large flock of small 
flying fish to south. Fish also seen jumping under 
flying fish, probably Skipjack.
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Traveling to flock

Seabirds ,are quick to- take advantage of a food source 
discovered by other individualsc The change in behavioral 
pattern from foraging to feeding is quite distinctive and 
easily recognizable. When a foraging bird observes this 
behavioral change in another, it is attracted to. the new food 
source. Flight towards a feeding flock is typically rapid 
and direct, with much more banking than normal. It thus 
presents another behavioral pattern which can be observed, 
identified, and acted upon by foraging birds. We have 
records of birds heading towards actively feeding flocks as • 
far as two miles distant. My general impression has always ■ 
been that a large feeding, flock has a large area surrounding 
it that is devoid of foraging birds, - Unfortunately, the 
method of data gathering was not oriented to document this.

Supporting the above statements is the high degree 
of social mimicry displayed by those species which Utilize the 
north-central Pacific as a feeding area, Moynihan (1960) 
builds a convincing case for interpreting plumage similarities 
as a result of selection to facilitate flock formation. He 
stated (Moynihan 1968) that "The strength and extent of 
resemblances among sympatric species should be positively 
correlated with the number of species involved. The more 
species overlap and come into contact with one another 
frequently, the more likely that they will evolve convergent
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resemblances for social mimicry0" The dominant plumage pattern 
for seabirds in this area is gray to blackish on the dorsal 
surface and white below,. Underwing patterns typically involve 
a central white area bordered by dark gray, brown, or black. 
Along these lines it would appear relevant that one of the 
diagnostic features used in distinguishing between different 
seabird species in the field is the underwing pattern. In 
flight, especially while maneuvering over food, the contrast 
between rapidly alternating dorsal and ventral surfaces acts 
as a semaphore which can be seen at great distances and is 
very eye-catching. In this area those species not showing 
this plumage pattern are: 1) solitary feeders (i,^,,Black
footed Albatross, Bulwer1s Petrel, Leach’s Storm-Petrel, 
Red-tailed Tropicbird, and White-tailed Tropicbird), 2) 
essentially coastal species which sometimes feed far from 
land (i,_e,, Shristmas Shearwater, Common Noddy, White-capped 
Noddy), or 3) primarily migrants or accidentals (i,j3, ,Pale
footed Shearwater, Short-tailed Shearwater, Fulmar, Murphy’s 
Petrel, Madeiran Storm-Petrel, Sooty Storm-Petrel, Fork-tailed 
Storm-Petrel, and Blue-gray Noddy), There are two major 
exceptions: Great Frigatebirds and White Terns, The former
are generally dark all over, but the females and. immatures 
have a great deal of white on the throat and breast. These 
birds are, however, very large and maintain very high positions 
over feeding flocks. They are quite conspicuous from great
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distances. White Terns are a solid, almost transluscent white,
Ashmole and Ashmole (196?) suggest that the plumage of the
White Tern is a special adaptation to reduce its visibility
while feeding in dim light. The following field notes are
representative of this behavioral pattern,

22 July, 1964. 1110 Hours, .
90 ST, 2 WTS, 8 JFP, 1 WT: three separate groups joined 
up, each with about 30 ST,
11 March, 1964. 1636 Hours,
Feeding flock in formation started with 4 birds on 
their way south starting to dircle 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 $ mile, (Ship continuing 
to move at na, 8 knots), 1700 Hrs,; 25 ST moving 
low towards above flock, 1702 Hrs,: 10 ST low,
moving right under above, 1705 Hrs,: 2 ST moving 
low toward above flock,
12 May, 1965. 0630 Hours,
65 ST, 2 SB (Sooty Shearwater), 0638 Hrs,: 7 ST =-
5 - 1 5  feet: going to join the feeding flock, two
miles away from feeding flock,
14 August, 1965. 0700 Hours,
25 ST, 15 WTS: feeding, 0654 Hrs, 2 WTS headed
towards flock, 0655 Hrs,: 4 WTS headed towards
flock ca, li- miles to SW,
12 May, 1964. 0715 Hours,
55 ST, 3 WTS: actively feeding. Large tuna-type fish
jumping under flock. Flock was originally only of 
about 30 birds but soon increased to final number,

. 06 September, 1964. 1645 Hours,
30 ST, 3 WTS, 1 GFB: feeding over fish jumping out of
water, 1-640 Hrs,: 13 ST at 50 feet going to above 
flock, 1646 Hrs,: 10 ST, 1 GFB: circling, . 1648 

■ Hrs,: 11 ST flying towards 1645 flock, 1656 Hrs,:
8 ST flying.towards 1645 flock.
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28 January.j . 1966 „' 1212 Hours«, .
2 Immature GFBn doing some diving, apparently 
attempting to fish. Ho other birds around when 
first sighted. An immature BFB (Red-footed Booby) 
came over and joined them at 121
11 May,' 1965 c 0849 Hours„
8 ST, 4 BP, 4 WTS, 2 SS - Sooty Terns to 300 feet, 
0855 Hrs,: Jaeger joined flock, now 19 WTS,
0914 Hrs,: (now) 23 WTS, and 13 ST,
01 July, 1964o 1707 Hours
12 WTS, 3 NS (Manx Shearwater), 1712 Hrs,: 1 WTS,
3 NS - part of above group, 1717 Hrs,: 1 WTS flying 
to join flock, 1720 Hrs,: 2 WTS flying to join 
flock. Typical direct, fast flight with less wing 
beating and more scaleing,.

Breaking Up-
After heavy feeding, most shearwaters and gadfly 

petrels sit on the water in either compact or loose 
aggregations. Generally only pure associations are formed 
at this time. Most other species leave the area rapidly 
either by splitting up into pure associations, especially 
Sooty Terns, or by individuals dispersing in all directions.
The following field notes are representative of this 
behavioral pattern,

11 April, 1964, 0825 Hours,
16 ST feeding: three birds left flock as we approached
02 October, 1964. 1312 Hours,
30 WTS, 0-25 feet, L CHT ( Common Noddy), 0-20 feet,
2 BWP, low-20 feet, 3 ST, 90 feet: many birds sitting
on water including two of the Noddies, WTS were ' 
preening and washing -in the water,
13 November, 1966, 1630 Hours,
30 ST, 1 GFB, 15 WTS, 2 Jaeger, 5 BWP: tuna jumping.
Terns mostly up high with Frigate, one Jaeger up high. 
chasing Terns, Frigate quickly separated from Terns, 
and BWP also separated from Wedge-tails when we began 
chasing.
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20 November, 1965, 1320 Hours,
100 ST, 1 JFP: Alternately very high and low (ST)
to the. water, feeding, entire flock dispersed as 
ship approached,
18 July, 1964, O9O5 Hours,
50 ST, 6 WTS, 2.BFB (Blue-faced Booby), 1 WT, 1 GFB - 
feeding: but breaking up into small groups, ’ 0915 Hrs,
30 ST, 10 WTS, 1 BFB, 2 CIS (Christmas Shearwater),.
1 WT: undoubtedly was once part of last flock, we.
saw birds from last flock join this one,
13 May, 1964, 1705 Hours,
17 ST, 5-50 feet: not feeding, but apparently looking
for food source (or part of a former feeding flock 
dispersing) — group tended to split up but constant 
movement was to E,

Discussion
Seabirds 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. The degree of flocking is proba
bly greatest in areas of food abundance. Most single birds 
and small groups appear to be foraging. Their flight is 
usually slow and indirect. When available food is spotted, 
the bird, or birds, descend and begin feeding. This change 
in behavior pattern is very marked and, because of the 
plumage patterns of most seabirds in this area, observable 
from a great distance. Other birds within visual range de
tect and identify the. new pattern and are attracted to it.
Birds heading towards a feeding flock, which may be two or more 
miles distant, fly in a relatively fast and direct manner.
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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.

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 the 
food supply is available. The total number of birds within 
range of this food source would, however, have a restricting 
effect, since distant birds might be hard put to detect its 
presence and reach it before it disappeared.

When the food source disappears, the flock disperses 
• either by fragmenting into.two or more smaller groups, each 
going in a separate direction, or by individuals leaving in 
random directions. Subsequent fragmentation of groups or 
continued separation of individuals eventually would result 
in the dispersal of all birds over the ocean as individuals. 
If, however, another food source is discovered before a flock 
has fragmented or separated completely, the group whatever 
size it has become reduced to will become the nucleus of a 
new feeding flock. As the length of time between bursts of 
active feeding 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 com
pared to sightings of groups, might thus provide an estimate 
of food availability or tuna school density in a given 
pelagic area.



Flock Structure
Among the examples in the preceeding section there. 

were some which indicated that within a mixed flock there 
is a very definite structural arrangement in the positions 
occupied by different species0 Great Frigatebirds maintain 
high elevations, Sooty Terns somewhat lower ones, boobies 
lower still, etc* In a flock concentrated over a small area, 
feeding birds descend rather slowly and swirl in circles over 
the water with all species moving in the same direction*
After feeding the individuals regain their former positions* 
Birds that feed on the surface Bulwer?s Petrel), or by
"hovering" and "pattering" (£*£*, Leach’s Storm-Petrels), 
would have a difficult time capturing food under such 
crowded conditions* The same holds true for birds that dive 
from great heights (_e0_g*3 tropicbirds) * These species must 
remain at the periphery of a concentrated flock, or find a 
quiet place within a spreadout flock* Boobies solve the 
problem by changing feeding techniques* When feeding singly 
they use "direct to prey air dives", but when in a mixed . 
feeding flock they swirl with the rest of the species, main
taining elevations slightly above the smaller gadfly petrels 
and shearwaters, and feed by "air dipping" and "contact 
dipping"* Figure 12 is a diagramatical representation of the 
structure of a hypothetical flock combining both the positions 
maintained by the various species, and the feeding methods : 
which each most often employs*
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Figure 12. Structure of a hypothetical mixed feeding flock 
for a north-central Pacific seabird population.—  V*s represent 
individual birds, lines with arrows represent feeding techniques. <ooo



SUMMARY AND CONCLUSIONS'

The overall distribution of many seabird species 
is related to, and possibly controlled by, the physical 
characteristics of the surface waters over which they wander,, 
In the eastern tropical Pacific, the morphologically similar, 
and closely related, ■ Could*s Petrel and Black-winged Petrel 
are ecologically separated over their non-breeding area by 
relatively small differences in surface water temperatures 
and salinities. Other species, such as the Sooty Tern, have 
a wider tolerance for surface water conditions and may range 
over a much broader spectrum. Areas of high species density 
appear to be related directly to the distribution of food 
organisms which in turn is related to such Surface water 
conditions as temperature, salinity, and currents.

The major density-dependent factor in oceanic popu
lations of birds is the availability of food. Most, if not 
all, seabirds in the north-central Pacific require a food 
source at, or very near, the surface. Some food is always 
available at the surface, mostly in the form of flying fish 
schools or floating organisms such as jellyfish, small 
crustaceans, or plankton. Species that have evolved special
ities for exploiting this type of.food supply are: 1) tropic- 
birds , which generally forage and feed as singles. Their
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■feeding method is strictly that of diving directly to the 
prey from high elevations« 2) storm-petrels which generally
forage and feed as singles3 or in small homogeneous associ
ations by hovering and pattering, 3) Bulwer’s Petrels, which 
also tend to forage and feed as singles, but sit on the water 
while feeding.

Another food source is made available when chased to 
the surface by feeding schools of predatory fish such as .tunas. 
This supply may occur anywhere within the area, but is 
usually sudden and concentrated in appearance, and each 
occurrence may be of short duration. In response to this 
type of food supply, many seabirds have evolved a dispersal 
pattern which might be thought of as a "stretched flock".
These species tend to be distributed over the area as single 
birds, This pattern increases the area that can be covered 
in the search for food, . When a foraging individual discovers 
a food source it begins feeding. This new activity involves 
a change in behavioral pattern enhanced by a high degree of 
social mimicry, which-attracts distant foraging birds. As the 
flock grows, it becomes visible to more and more distant birds 
and thus continues to increase in size. The eventual size of 
the flock would be determined by the length of time the food 
source is available and the number of birds available to 
supply it, ' The success of this system is demonstrated by 
Wedge-tailed Shearwaters, Sixty-eight percent of all 
sightings of this species are of single birds. This gives
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the species a fairly good coverage of the area with potential 
food ,finding units, while still allowing sixty-seven percent 
of all individuals to participate in flocks.

In the mixed feeding flocks thus formed, competition 
is reduced through three major mechanisms: 1) Variation in.
the size of food captured, . 2) Variation in feeding methods' 
which allow capture of food in different places (i,£,,under 
the water, at the surface, or in the air), . 3) Variation in 
the special positions occupied by different species including 
such birds as tropicbirds which may take up positions at the 
fringe of a mixed flock.

This, structurally simple yet rigorous environment 
thus provides for only a minimum amount of niche diversifi
cation, Species diversity is correspondingly low with the 
species abundance component fluctuating much more widely than . 
the species richness component. The premium placed on the 
formation of mixed associations and flocks has led to the 
disproportinate abundance of those species which have 
1) a high social component, 2) behavioral and plumage 
patterns which are easily recognizable from a great distance, 
and 3) feeding methods relying to a great extent on "air 
dipping" and "contact dipping" allowing birds to take advantage 
of all food sources regardless of the presence or absence of 
other species. These characteristics are found in the most 
abundant bird in the area, if not the entire ocean, if not 
the entire world: the Sooty Tern,



APPENDIX

SUPPLEMENTAL DATA ON THE PATTERNS OF 
DIVERSITY OF SEABIRDS IN THE NORTH-CENTRAL PACIFIC
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Appendix Table 1„ Number of sightings in selected sightings classes for the more
important members of the north-central Pacific seabird community,

; .' ' .....Number of Birds In A Sighting :
SPECIES 1 2__ I — 6_ Z. 8_ 2_ m 11 +
Pale-footed Shearwater 30 • 1 0 0 0 0 0 0 0 0 0
Wedge-tailed Shearwater 3015 581 186 ' 85 41 29 21 22 13 15 424
Sooty Shearwater* 2666 648 239 113 81 60 48 33 15 41 82
Christmas Shearwater 64 3 1 1 1 1 0 1 0 0 8
Manx Shearwater 240 . 23 6 4 3 1 0 0 1 0 - 28
White-necked Petrel 2984 405 112 54 25 . 19 19 17 10 15 216
Phoenix Petrel 24 2 0 1 - 0 .1 0. 0 1 2 2
Kermadec Petrel 117 10 0 1 1 0 1 0 2 0 24
Black-winged Petrel 2746 306 65 29 11 14 8 5 6 9 130
Bulwer’s Petrel 877 67 13 6 1 2 0. 0 0 0 20
Leach1s Storm-Petrel 1149 111 13 15 1 5 3 1 1 0 14
Bed-tailed Tropicbird 644 56 16 3 2 1 1 0 1 0 15
White-tailed Tropicbird 348 27 4 2 1 0 1 0 0 0 3
Blue-faced Booby 191 10 1 2 1 0 0 0. 0 0 12
Bed-footed Booby 297 35 14 5 4 2 2 1 2 0 27
Great Frigatebird 309 75 7 6 2 5 6 1 1 1 105
Pomarine Jaeger 52 7 0 •1 0 0 1 0 . 0 ■0 11
Long-tailed Jaeger 13 0 0 1 0 0 0 0 0 0 7
Common Noddy 30 4 0 2 0 1 2 3 0 1 29
White Tern 141 . 21 5 3 3 3 4 1 1 2 118
Sooty Tern 1094 ■ 662 283 151 86 55 41 38 28 33 693



Appendix Table 2, . Number of individuals in selected sightings classes for the more
important members of the north-central Pacific seabird community,,

Numbei? of Birds in A Sighting
SPECIES 1 2 3 4 6 7 8 2__ 10 11 +
Pale-footed Shearwater 30 1 0 ;o 0 0 0 0 0 0 10
Wedge-tailed Shearwater 3013 1088 514 270 158 119 92 106 53 80 9043
Sooty Shearwater 2666 1288 715 452 396 355 334 264 126 410 1 856
Christmas Shearwater 64 6 3 1 1 1 0 2 0 . .0 ■ itsManx Shearwater 240 42 9 7 4 2 0 0 1 0 188
White-necked Petrel 2984 743 297 176 105 74 70 79 62 64 2078
Phoenix Petrel 24 2 0 1 0 1 0 0 1 2 4
Kermadec Petrel 117 16 0 1 1 0 3 0 ■ 4 0 34
Black-winged Petrel 2746 565 164 74 25 56 12 24 23 45 748
Bulwer’s Petrel 877 116 30 6 1 2 0 ' 0 0 0 76
Leach’s Storm Petrel 1149 213 32 58 1 20 7 1 1. 0 119
Red-tailed Tropicbird 644 109 43 10 9 6 1 0 1 0 18
White-tailed Tropicbird 348 53 9 6 1 0 1 0 0 0 3
Blue-faced Booby 191 19 1 2 1 0 0 0 0 0 15
Red-footed Booby 297 66 33 17 8 2 7 3 2 0 83
Great Frigatebird 309' 144 15 15 6 8 9 3 1 3 '1 217
Pomarine Jaeger 52 13 0 1 0 0 1 . 0 0 0 14
Long-tailed Jaeger 13 0 0 4 0 0 0 0 0 . 0 8
Common Noddy 30 8 0 ' 4 0 1 3 12 0 1 248
White Tern ' 141 •39 13 8 7 5 11 2 4 . 3 319
Sooty Tern 1094 1305 840 574 406 301 242 257 205 296 29855
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Appendix Table 3« .Correlation=and regression coefficients
for: y = total birds in the area;
'X = total birds in mixed associations.

Species
Wedge-tailed Shearwater 
Manx Shearwater 
White-necked Petrel 
Kermadec Petrel 
Black-winged Petrel 
Bulwer9 s Petrel 
Leach’s Storm-Petrel 
Red-tailed Tropicbird 
White-tailed Tropicbird 
Red-footed Booby 
Great Frigatebird 
White Tern 
Sooty Tern

Correlation Regression 
;'r,_____ b, . __a.
0.983 1.27 254,70
0,988 1.32 23.540.960 2.04 180.43
6.888 2.71 12.07
6,989 4,31 12.72
0,889 3.97 52.05
0.080 «*»

0.740 7.80 21,45
0,795 7,41 32,79
0.831 2.65 40.52
0.543 0 . 8 5 42,630,930 1.18 25.27
6.959 1.15 570,35



Appendix Table 4, Classification of seabird feeding techniques,— Adapted from
Ashmole and Ashmole, 1967s

I, Feeding While Flyingt
A, Air dipping: prey captured in air. Bird does not touch water. Forward

motion continuous,
B, Contact dipping: prey captured near'.surface. Only the birds bill touches'.

the water. Forward motion continuous,
C, Pattering: prey captured near surface. Only the birds feet and bill

touch the water. Forward motion continuous,
D, Hovering: prey captured near surface. The feet and bill may touch the

water. No forward motion,
II, Feeding With Cessation of Flight:

A, Plunging to surface: Bird splashes into water but does not usually sub
merge, Bird usually resumes flight almost immediately

B, Feeding on surface: Bird captures prey while sitting or swimming on the
water surface, .

C, Surfase dive followed by pursuit: Bird swimming on surface then diving
under water to chase prey,

D, Air dive followed by pursuit: Bird dives into water and pursues prey
under water,

E, Air dive direct to prey: Bird dives into water directly to prey. No under
water pursuit, Bird quickly regains flight.



Appendix Table Monthly diversity indices for the seabird population in the
north-central.Pacific,

Month
No, Of
Species H?a *2SE*‘ H»b

•;

* 2 # J fs *2SE J«b *2SE
December 22 2.864 0.132 2.992 0,136 0,642 0.030 0.671 0,030J anuary 16 2.476 0,238 - 0.619 0.060 —

February . 18 ■ 1.840 0,214 0.539 0,046 mn

March 23 2.258 0.182 2.374 0,144 0.499 0,080 0.525 0,064April 28 2,109 0.080 2.450 0,100 0.439 0,017 0.510 0,021May 29 1.920 0,154 1.947 0,112 0.395 0.068 0,430 0.050June 16 2.201 0,108 0.647 0,032 ***

July 18 1.913 0.060 0.459 0,028 mm

August 16 1.944 0,080 —». • 0.572 0.024 **>

September. 20 2,268 0.058 2.532 0.058 0.525 0,013 0.586 0,013October 28 2,562 0,074 2,962 0.062 0,566 0.032 0.655 0,028November 25 2.037 0,128 20 668 0.120 0.439 0.028 0,575 0.026
* = Two times the standard error
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