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The Northwestern Hawaiian islands  NWHI! are among the
most important seabird colonies in the world. They
harbor approximately 5.4 million breeding birds of 18
species. The composition and number of breeding birds
vary throughout the year. The breeding cycle of a
species may vary seasonally, annually, and geographi-
cally. Resident seabirds feed on a wide variety of
shoaling fish and squid and apparently take any prey of
appropriate size that occurs in surface waters. Much
af the variation in diet occurs in the relative pro-
portions of several common prey items including flying-
fishes  Exocoetidae!, squids  Ommastxephidae!, opelu

g
fishes, and crustaceans. Most NWHI seabirds forage
within the first half meter of the ocean' s surface.
Boobies, tropicbirds, and possibly shearwaters can
forage deeper. Seabirds exploit prey by using differ-
ent foraging methods and locations. Among the current
threats to seabirds in the NWHI are those associated
with the proposed increase in commercial fishing. The
number of seabirds killed directly in interactions with
fishing gear is not expected to be significant. How-
ever, seabirds in the NWHI consume about 410,000 metric
tons  900 million lb! of prey items annually. Thus,
seabird predation is quantitatively important and may
compete with certain fisheries. Most fisheries pro-
posed for the NWHI, including those for bottomfishes,
lobsters, shrimps, kona crabs, billfishes, sharks, and
seamount species are not likely to have significant
effects on seabird populations thxough the food chain.
Significant fisheries for skipjack and yellowfin tuna,
tuna baitfishes, ommastrephid squids, and opelu in the



vicinity of the NWHI may adversely affect specific sea-
bird populations. Those seabirds with the most diverse
diets are least likely to be affected by fisheries
development. However, if fisheries development leads
to the depletion of several prey resources, seabird
populations will surely decline. The potential indi-
rect effects of a commercial fishery that threaten NWHI
seabird populations include the intr oducti on and spread
of exotic predators, insects, and vegetation; habitat
alteration; disturbance and environmental contamination
from heavy metals; and organochlorine compounds. At
present, these affect seabirds to varying degrees on
certain islands. However, indirect impacts have the
potential for catastrophic effects on seabird popula-
tions. Baseline data on population, reproductive suc-
cess, chick growth rate, egg size, and adult weight
measurements can be compared with data collected in
future years to detect changes due to food shortages or
other factors, Early detection of potential problems
can avert significant seabird population declines.
Such a monitoring program may warn resource managers of
changes in the environment which might require manage-
ment actions. This could benefit seabirds and fisher-
men, since both depend on a healthy ocean environment
for their livelihood.
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This report is a summary of the research conducted to deter-
mine the status and biology of marine birds in the Northwestern
Hawaiian Islands and the potential effects the expansion of corn-
mercial fisheries there would have on these species. The objec-
tives of the U.S. Pish and Wildlife Service  PWS! and related
University of Hawaii Sea Grant College Program studies were to
provide information on �! the baseline magnitude of the marine
birds using the NWHI; �! foods utilized by the marine birds; �!
at-sea distribution and foraging habits of seabirds; �! the con-
sumptive rate of each species; �! the potential effects of com-
mercial and recreational fishing upon seabird populations; and
�! the feasibility of using baseline seabird data to monitor
population trends and food availability. Herein is presented a
summary of the results of studies conducted to fulfill the first
three objectives. Utilizing the population energetics model
reported in a separate paper  see report in this proceedings by
Pettit et al.!, the amount of each major food item consumed by
each species of seabird is estimated  objective 4!. All of these
data are incorporated into the assessment of the effects of an



increased fishery  objective 5! . Finally, in order to monitor
seabird populations and determine potential competition between
fisheries and birds, techniques were developed that may be used
to indicate the "health" of the seabird population in the future
 objective 6! .

Given the summary nature of this paper, and its necessary
emphasis on assessment of f ishery/seabird interactions, detail on
the scope, methods, and results of the many individual research
projects summarized herein is lacking. The reader is referred to
the "Abstracts" section for references to publications on some of
these studies. Other accounts of studies of seabirds conducted
during the 5-year period of the tripartite agreement will be
forthcoming, including an atlas of Hawaiian seabird colonies and
a monitoring manual for NWHI seabird colonies. Both are being
prepared by the U.S. Fish and Wildlife Service. The reader is
also referred to the paper by Harrison and Hida �980! in the
1980 NWHI symposium proceedings f or f urther inf ormation.

BASELINE MAGNITUDE OF SEABIRDS

The Hawaiian Archipelago  Figure 1! is a breeding ground for
millions of seabirds. Millions more of these species come ashore
on islands to roost, establish territories, and select mates with
which to breed in future years. To effectively manage this
resource, it is essential to know how many birds use the islands
and the surrounding waters. Parameters such as the numbers of
birds breeding each year, the size of the resident non-breeding
population, seasonal attendance patterns of breeders and non-
breeders, and the frequency and timing of breeding are essential
to understand the requirements of seabirds. In addition, mil-
lions of migratory seabirds that breed elsewhere occur seasonally
in the waters surrounding the NWHI. These migratory species were
not included in this study and data on their distribution and
abundance are lacking.

Data on seabird populations of the NWHI have been collected
during the past two decades by various workers, including person-
nel from FWS, Hawaii Department of Land and Natural Resources
 DLNR!, National Marine Fisheries Service  NMFS!, and Smithsonian
Pacific Ocean Biological Survey Program  POBSP!. Unfortunately,
inconsistency in reporting which population was estimated  i.e.,
breeding birds or total birds!, inadequacy of methods descrip-
tion, lack of standardized and objective census methods, and
inconsistency in the timing and duration of most visits make
interpretation of this information difficult. Consequently, FWS
conducted studies of breeding populations from 1978 to 1982 on
several islands in the NWHI. Extended field studies were under-
taken on Nihaa, French Frigate Shoals, Laysan Island, and
Lisianski Island. Field studies varied in length from 5 weeks
 at Lisianski Island! to 6 months  at Laysan Island! to year-
round  at Tern Island, French Frigate Shoals!. In addition, FWS
participated in short visits of 1 to 3 days to most of the
islands, but these allowed little chance for detailed population



Figure 1. The Hawaiian Archipelago

Some of our population estimates are imprecise. The follow-
ing factors account for this imprecision:

Seabirds breed year-round in the NWHI and visits could
not always be made to count nests of all species at
the optimal time  s! .
Nost breeding population estimates are based on nest
counts which were adjusted for breeding success and
phenology. However, breeding success and phenology
vary annually and geographically.
It was assumed that a pair breeds only once in each
year unless it was known that birds were renesting.

2.

3.
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studies. Nests were estimated using several methods including
direct counts, strip transects, and sample plots. Our estimates
for islands not visited during this study were based on data col-
lected by POBSP personnel in the 1960s. POBSP data were also
used for many winter and fall breeding species that could not be
estimated adequately during the recent spring and summer visits.
Numbers for Kure Atoll are almost exclusively POBSP data  Wood-
ward, 1972! because their studies were year-round and therefore
more reliable than ours. Detailed methods used to collect data
on populations presented here are included in the forthcoming
atlas of Hawaiian seabird colonies  FWS, in preparation!.



This is probably true in the NWHI but needs to be
documented, especially for asynchronous species such
as the noddies.
Several species of NWHI seabirds are extremely diffi-
cult to accurately census, especially the clif f and
burrow nesting species.
The number of breeding seabir ds fluctuates annually
due to natural causes such as oceanographic, weather,
and habitat conditions. Population estimates based on
one year's data may not accurately reflect the actual
population in other years. The stability of a popula-
tion is determined by comparing several years' data.

4.

5.

Breeding Populations

Twenty-two seabird species breed in the Hawaiian Archi-
pelago. Newell ' s shearwater s  ~~~ ~~ ~~r~~!, Hawai-

P
to the main Hawaiian islands. These subspecies are in danger of
extinction from introduced predators and increasing urbanization.
The white-tailed tropicbird  ~i~>~ ~~~! nests almost
exclusively in the main Hawaiian islands. ln the NWHI, only one
nesting pair was documented on Sand Island, Midway. The above-
mentioned four species will not be included in the following dis-
cussion of seabird populations in the NWHI.

13

The NWHI harbor seabird colonies that contain about 2.7 mil-
lion breeding pairs �.4 million birds! of 18 species. Among
these are albatrosses �!, petrels �!, shearwaters �!, storm-
petrels  l!, tropicbirds �!, boobies �!, frigatebirds  l!, and
terns �! . An estimate of the current numbers of breeding pairs
and their distribution in the NWHI is presented in Table l. The
NWH I colon ies har bor at least 60 per cent of the Hawaiian popu-
Lation af each species and more than 90 percent of the total
Hawaiian Archipelago seabird population. The amount and diver-
sity of seabird populations result in the NWHI being among the
most important breeding colonies in the world. The NWHI support
a substantial portion of the worldwide population of four species
including the black-footed albatross  g!~i~P~ ~~!, Laysan

 I' ~ ,  ~IP
"I P I

For some species it is difficult to assess the relative impor-
tance of the NWHI to Pacific and/or worldwide populations because
estimates of populations elsewhere are unavailable. However, the

PP" " " "   L
gray-backed tern  ,'~i~~z ~~!, and blue-gray noddy  ~gM-
Wtm~ c~~! are sizable and may be the most important popula-
tions worldwide. The sooty tern  ~~ +~<~!, the most
abundant breeding species of seabird in the Central Pacific, is
the most numerous species nesting in the NWHI. Almost 50 percent
of the breeding birds found in the NWHI are sooty terns. The
sooty storm-petrel breeds on only four islands in the NWHI and is
considered to be a "sensitive species" by the FWS.
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Lrmited~ Tropical and
Subtropical North

Pacif ic Ocean

Tropical and Subtropical Tropical and Subtropical
Pacific Ocean Pacific and Indian Oceans

Tropical and Subtropical
Oceans of the World

Wedge-tailed shearwater
Red-tailed tropicbird

Chr istmas shearwater
Gray-backed tern
Blue-gray noddy

Black-footed albatross
Laysan albatross
Bonin petrel
Sooty storm-petrel

Bulwer's petrel
Nasked booby
Br can booby
Red-footed booby
Great frigatebird
Sooty tern
Brown noddy
Black noddy
White tern

Limited to the Hawaiian, Volcano, Bonin, and Izu Islands

Distribution and Nesting Habitats

Each seabird species has specific nesting habitat require-
ments. Seabird populations are distributed on the islands in
relation to the availability of these nesting habitats  Figure
2!. The relationship between habitat availability and distribu-
tion of seabirds in the NWHI is illustrated by contrasting the
numbers and composition of the seabird population on the islands.
A brief description of the habitat, historical trends and present
populations of resident seabirds on each of the islands follows.
The NWHI include Nihoa, Necker Island, French Frigate Shoals,
Gardner pinnacles, Laysan Island, Lisianski Island, pearl and
Hermes Atoll, Nidway Islands, and Kure Atoll  Figure 1!.

Nearly half a million seabirds of 17 species breed on Nihoa
each year  Figures 3 and 4!. This high rocky island  Figure 5!
provides abundant nest sites for the crevice- and cavity-nesting
petrels and noddies. Over 95 percent of the Bulwer's petrels
 ~i<~ b~~z! and approximately 50 percent of the blue-gray
noddies nesting in the NWHI occur on this island. The island is
well-vegetated with low shrubs. The seabird populations there
are especially important when viewed from the perspective of
individual species. Nihoa is the largest colony in the NWHI for
six seabird species: Bulwer's petrel, sooty storm- petrel, brown

|S"1 ~!. * d- 1 IIL
frigatebird  ~<~ ~~!, blue-gray noddy, and brown noddy
 b~~~ ~~4,a!. Populations apparently are relatively stable.
Due to difficulty in landing on this island, populations were
probably spared the depredations of feather hunters earlier in
this century.

Necker Island is smaller than Nihoa and has slightly more
than l00,000 breeding seabirds of 16 species  Figures 3 and 4!.

TABLE 2. WORLDWIDE BREEDI NG DI STRIBUTION OF NORTHWESTERN HAWAl IAN
ISLAND SEABIRDS
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Figure 3. Number of seabird pairs nesting in the NWHI

Except for Gardner Pinnacles, Necker Island is the smallest of
the island groups in the NWHI. The island has steep slopes and
shallow valleys  Figure 6! . Little or no vegetation is present
on the steep slopes.

French Frigate Shoals provides a wide diversity of habitat
types for nesting seabirds. At present, there are 13 islands in
the lagoon  Figure 7! . All are small sand islets except for La
Perouse Pinnacles, a volcanic rock of less than one acre in size.
The four largest islets in the atoll  Tern, Trig, East, and
Whale-Skate Islands! have well-established vegetation. Little
Gin is sparsely vegetated and the remaining islets are unvege-
tated. French Frigate Shoals provides rocky habitats for cavity-
nesting seabirds and sandy habitats for burrowing seabirds. It
is the only island group in the NWHI on which all l8 species of
seabirds found in the NWHI nest. About 200,000 seabirds nest on
French Frigate Shoals each year  Figure 3!, including the largest

! in the NWHI.

Based on available information, population trends seem to be
fairly stable over the past 20 years with few exceptions. Alba-
tross appear to be increasing, although substantive data are
lacking due to the intermittent nature of past surveys.
Recently, the number of species breeding on Tern Island has
increased. Military and Coast Guard forces inhabited Tern Island
sporadically from 1943 to 1979. Since July 1979, FWS personnel
have inhabited the island. Sooty tern, red-footed booby, and

18
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Figure 5. Nihoa

Figure 6. Necker Island

20



Figure 7. French Frigate Shoals

black noddy  ~imp gjL~m! populations have been increasing
steadily on Tern Island, perhaps due to a decrease in human
disturbance and/or vegetation changes. More research is needed
to determine whether the population increases reflect an increase
in the atoll population or merely a shifting of colony location
within the atoll.

Gardner Pinnacles is the smallest island group in the NWHI.
Comprised of largely unvegetated islands Gardner Pinnacles
supports the smallest populations and the lowest diversity of
seabird species in the NWHI  Figure 3! ~ Approximately ll,000
seabirds of l2 species nest there. Too few accurate data are
available to assess population trends.

Laysan is a low coral island with a hypersaline lagoon cov-
ering approximately 20 percent of the island's interior  Figure
8!. I.aysan is well-vegetated with shrubs and grass over much of
the interior and with low-lying succulents around the lagoon
edges. Close to two million seabirds of 17 species breed there
annually  Figures 3 and 4!. Only the crevice-nesting blue-gray
noddy is absent. The island supports the largest black-footed
albatross colony in the world and the largest wedge-tailed shear-

the NWHI.
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Historically, Iaysan had the most diverse biota of any
island in the NWHI. The numbers and diversity of birds and sub-
stantial guano deposits attracted people to Laysan late in the
nineteenth century. Although guano mining in the early L900s
probably did not have much direct effect on the birds, the
release of rabbits during this period was devastating. The
island was almost completely devegetated by 1923, and three
endemic landbirds became extinct. Also, during this period fea-
ther hunters raided Laysan Island several times, killing hundreds
of thousands of seabirds. After several decades of recovery,
most seabird populations have probably returned to levels compar-
able with those before the decline. However, the I aysan alba-
tross and Christmas shearwater populations apparently have not
completely recovered.

Lisianski, like Laysan, is a large, flat, sand and coral
island  Figure 9!, but it has no interior lagoon. Most of the
island is covered with grasses and shrubs. When compared with
Laysan Island, Lisianski Island supports a similar totaL seabird
population  Figure 3!, but with a different species composition
 Figure 4!. Close to two million seabirds breed each year on the
island. The most abundant bird is the sooty tern, with approxi-
mately one million birds breeding each year. The Bonin petrel is
the next most numerous breeding seabird there. Approximately 75
percent of the Bonin petrels nesting in Hawaii reside on this
island which also has the largest colony of gray-backed terns in
Hawaii.

Like Laysan Island, Lisianski Island suffered complete
devegetation by rabbits in the early 1900s and a subsequent
decline in seabird populations. The vegetation and most seabird
species have since recovered. A notable exception is the Christ-
mas shearwater. Present estimates indicate that populations of
this species have declined considerably an this island. The
decline in this species population on both Laysan and I isianski
may be related to the types of vegetation that recolonized the
islands. Unfortunately, vegetation changes are difficult to
assess because early accounts do not indicate distribution and
abundance.

Pearl and Hermes is a low coral atoll' At present, eight
islands occur inside the lagoon  Figure 10!. Grass Island,
Little North Island, North Island, Seal-Kittery Island, and
Southeast Island are vegetated. Bird Island, Planetree Island,
and Sand Island are barren sand bars. About 165,000 birds of 17
species breed there  Figures 3 and 4!. Over 20 percent of the
world population of black-footed albatross nest on this island,
the second largest nesting colony of this species in the world.
This atoll is also an important nesting area for the sooty storm-
petrel. Feather hunting occurred there in the early 1900s but
most populations seem to have recovered.

22



23



Figure 10. Pearl and Hermes Atoll

Midway, part of a low sand and coral atoll, is comprised of
four islands: Sand Island, Eastern Island, and two Spit Islands
 Figure ll!. Midway Islands are the most altered group in the
NWHI. The islands are heavily vegetated, primarily with intro-
duced species. A significant portion of the acreages is covered
with buildings, runways, or roads. Midway Islands support the

p  K
black noddies, and white terns  Q~~g ~! in the NWHI and the
largest Laysan albatross colony in the world. Over 550,000 sea-
birds of 14 species nest there  Figures 3 and 4! . An individual
short-tailed albatross  gj,zmgd~y z3 bangs!, an endangered spe-
cies, has occurred on Sand Island each year since 1968.

The islands of Midway and the seabird populations associated
with them have changed significantly in historic times. In 1913,
a few small colonies of black-footed albatross and a few nesting
pairs of Laysan albatross were found  Bailey, 1956!. Today,
l5,000 black-footed and 400,000 Laysan albatross are estimated to
breed there annually. In the late 1930s, Bonin petrels comprised
the most numerous population there with an estimated 500,000
birds  Hadden, 1941!. Today, the Bonin petrel population is only
about 5,000 to 10,000 birds. The roof rat  Z~m Z~a!,
introduced in 1943, is probably the main cause of this decline.
Similarly, wedge-tailed shearwaters were numerous on Eastern
Island in 1902  Bryan, 1906!. In 1945, 62,000 wedge-tailed
shearwaters were nesting on both Sand and Eastern Islands  Fisher

24



Figure ll. Midway Islands

and Baldwin, 1946! . Today, approximately 2,000 birds remain.
Brown boobies have declined from the most common booby in the
late l930s  Hadden, l94l! to a rare non-breeding visitor at
present. In addition to the albatross, the species which have
increased the most include the black noddies and white terns.

d  C
! where predation by rats may be reduced as a result.

Kure is the northernmost coral atoll in the world. It
consists of Green Island, a stable island which is heavily veg-
etated with the beach naupaka  ~~~i~ ~c~c4g!, and Sand
Island, a barren sand islet  Figure l2!. A 4,000-foot runway and
a Coast Guard LORAN station are located on Green Island where
approximately 44,000 birds of 14 species nest  Figures 3 and 4!.
Polynesian rats  ~~ ~~<! were discovered on Green Island
prior to l912, and it is possible that they are responsible for
the low populations of several seabird species. Seabird popula-
tions here seem to have been fairly stable since the early part
of this century but data are sparse. Recent trends are difficult
to determine since visits to this island were infrequent and of
short duration. However, there has been an apparent increase in
the population of the two albatross species'

25



Figure 12. Kure Atoll

Non-breeding Populations

Non-breeders are defined here to be the total number of birds
that visit an island at least once during the year but do not
breed. Non-breeding birds constitute a significant proportion of
a seabird's total population. Non-breeders include young birds
that have never bred before and adults that may have bred in pre-
vious years but not that year. It is very difficult to enumerate
the non-breeding proportion of the population. Intensive longterm
studies with banded individuals are needed to determine numbers
and attendance periods. Such long-term banding studies have rare-
ly been conducted and hence little is known about the magnitude of
non-breeders, The non-breeding component is included in our total
estimate of seabird populations for the NWHI  Table 3!. Propor-
tions used to calculate non-breeding populations in the NWHI are

26



TABLE 3 ~ ESTIMATED EMBERS OP BREEDING AND NON-BREEDING SEABIRDS
IN THE NORTHWESTERN HAWAIIAN ISLANDS

Estimated Estimated
of Number of

Non-breeders Breeders '

Estimated
Number of

Non-breeders

Estimated
Number of

Birds

Black-footed albatrOSS

Laysan albatross

98,820

759,140

662,500

206,250

522,800

197,640

2,530,470

1I3251000

412,500

1,537,650

13,450

Bonin petrel

Bulwer's petrel

Wedge-tailed shearwater

christmas shearwater 5  920

15,000

22,470

4,740

950

Sooty storm-petrel

Red-tailed tropicbird

21�40

44,940

6,490

',360

10,220

19,700

2,661,000

8,360

43,850

4,530,890

102,000

8,000

151,850

55,420

50 840

18I580

63,550

7,191,890

204,000

16,000

337,450

87,970

80,700

102,000

8,000

185I600

32,550

29I 860

TOTAL 5,347,520 8,743,860 14,091,380

These numbers were used to calculate consumptive rates for seabirds in the
Northwestern Hawaiian Islands.
EStimated perCent Of the tatal birdS  i.e,, breederS and nOn-breederS! .
Percentages were calculated f rom data presented in: woodward �972! ~ Fisher
and Fisher �969!, cU.S. Fish and Wildlife ServiCe  in preparation!, Amerson
and Shelton �976!, and "-Allan �962! .
'Naximum breeding pairs from Table 1 are multiplied by two to account for both
adults of the pair,
'Includes breeders and non-breeders

based primarily on POBSP banding studies conducted on Kure Atoll
 Woodward, 1972! and Johnston Atoll  Amerson and Shelton, 1976!.
The estimated numbers of birds  total of breeders and
non-breeders! were used to calculate consumptive rates for
seabirds in the NWHI.

Phenology

Knowledge of the timing of the breeding season is essent ial
for understanding when seabirds are present on nesting colonies.
Figure 13 presents the breeding cycles of seabirds generalized
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Nasked booby

Brown booby

Red-footed booby

Great frigatebird

Sooty tern

Gray-backed tern

Blue-gray noddy

Brown noddy

Black noddy

White tern

50
70a, 5
50c

50c

66a, d
56'' 0

31

50c

30

45 c

69
63a, d

50

50'

45"

63

63

98,820

1,771,330

662,500

206,250

1,014,850

7,530

6,740

22,470

1,750

410



Block-footed Albatross

Loyson A I ba tross

Bonin Petrel

Bulwer's Petrel

Wedge- t oiled Shear wa te

Christmas Shear water

So o t y S t or m Pet re I

Red - to i led Tropic b i rd

hh o s ked Boo by

Brown Booby

Red-footed Booby

Great Frigotebird

Gray-backed Tern

Sooty Tern

Blue-gray Noddy

Brown Noddy

B lac k Nod d y

White Tern FGGS
CHIC KS

~ ~ ~ ADULTS

Figure 13. Genera1,ized phenology of NNHI seabirds
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for the entire NWHI chain. The species composition and the num-
ber of breeding birds vary throughout the year. During the win-
ter months, black-footed albatross, Laysan albatross, Bonin
petrels, sooty storm-petrels, masked boobies, blue-gray noddies,
brown noddies, black noddies, and white terns begin breeding.
Christmas shearwaters, red-tailed tropicbirds, brown boobies,
red-footed boobies, great frigatebirds, gray-backed terns, and
sooty terns breed in spring, and Bulwer's petrels and wedge-
tailed ShearwaterS breed in Summer. BrOwn nOddieS generally
begin a second period of breeding in the summer.

The cycles for certain species may vary by as much as three
months from one end of the archipelago to the other. For exam-
ple, the phenology of egg laying of the sooty tern varies with
location  Figure 14!. Sooty terns generally initiate breeding on
Nihoa in early February, on Laysan Island in early April, and on
Midway Islands in early May. In addition, the timing of breeding
of a species may be delayed or protracted from year to year
depending on weather and/or oceanographic conditions. Thus, geo-
graphic, seasonal, and annual variations in phenology exist for
the seabird population of the NWHI.

hei d way

Laysan

Nihoo

APRMAR jUNMAY JUL

Figure l4. Phenology of sooty tern egg laying on Nihoa,
Laysan, and Midway Islands
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The type of breeding cycle, whether synchronous or asynchro-
nous, is also an important factor relating to the magnitude of
populations over time. Species that breed synchronously have a
period of concentrated high energy demand because all birds build
egg reserves and feed chicks simultaneously. Asynchronous spe-
cies have a more extended breeding period and a lower peak energy
demand. The shearwaters, petrels, albatrosses, and frigatebirds
are the most synchronous NWHI species, whereas the noddies and
terns are generally asynchronous. The boobies and tropicbirds
are somewhere in between these two extremes. The degree of syn-
chrony also varies annually.



When phenology and populations data are considered together,
the magnitude of the populations of individual species, groups of
species, and/or the entire seabird population can be determined
for specific time periods. This is illustrated by the phenology
of the population of seabirds on French Frigate Shoals throughout
the annual cycle  Figure 15!.

PEEDXNG ECOLOGY OP SEABIRDS

An understanding of the food requirements of any wildlife
species is basic to its management. Given the potential for
increased fishery development and competition with seabirds for
prey, future management must be based on knowledge of each spe-
cies' food requirements. What does each species eat? How do
diets change seasonally, annually, or geographically? How adapt-
able is each species to changes in food supply? Answers to such
questions provide guidelines for resource management. To answer
these questions, FWS and NMFS initiated a study of food habits of
NWHI seabirds in 1978. Results of the analysis of 4,315 food
samples collected between 1978 and 1981 on an irregular series
of visits to various islands in the NWHI are reviewed here
briefly. The study is described in detail in a publication by C.
Harrison, T. Hida, and N. Seki, �983!. Several factors
concerning food sampling and analysis must be considered before
interpreting the results. These are discussed below.
Methods

Practical considerations rather than statistical requi re-
rnents dictated sample sizes in this study. Thus, sample sizes
for species varied as a result of several factors including �!
the inaccessibility of many islands, especially during the win-
ter; �! the seasonal occurrence of many species on the islands;
�! the limited distribution of several species within the study
area; �! the inaccessibility of certain species on certain
islands; and �! the inability to locate birds with full stomachs
during certain months' Sample sizes for each species were not
di tributed equally among the islands  Figure 16! or throughout
the study period  Table 4!. Thus, in the analysis it was neces-
sary to pool data from various seasons and locations. It is
possible that this procedure masked some local or temporal food
preferences or requirements'

Food samples were obtained from bird regurgitate. Varia-
bility occurred in the behavior of the birds in relation to their
willingness to regurgitate food. For example, all boobies and
terns regurgitated readily if they contained food. The shear-
waters, petrels, and albatrosses presented the greatest sampling
problems. Adult albatrosses rarely regurgitated but chicks did
if recently fed. Christmas shearwaters and wedge-tailed shear-
waters were induced to regurgitate with some difficulty. Samples
from sooty storm-petrels, Bulwer's petrels, and Bonin petrels
consisted of food so digested that frequently only gross
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Figure 16. Number of food samples analyzed for each species of
NWHI seabird
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identification of prey items was possible. Stomach oils found in
the samples from the laboratory analysis were excluded.

To insure the highest possible proportion of usable speci-
mens and to minimize the problems of differential digestion
rates, food samples should be collected from feeding birds. This
was not always possible, however. Differences in digestibility
of different prey items may have occurred and, if so, would have
biased results. Variability in digestion may affect the ability
to identify and to determine the volume and length of prey items.
For boobies and terns, less than 1 percent of the volume of the
samples was classified as unidentified remains. Unidentified
remains were common in other species ranging from less than 2
percent of the sample volume in Christmas shearwaters to 24 per-
cent in Bonin petrels. Only the best specimens were used to
determine mean length and volume for common prey species. Prey
length data from albatrosses, which shred prey items, must be
viewed with caution. For all the samples collected from each
species, the average percentage of volume is presented for major
groupings of prey items, including fish, squid, and crustaceans
 Figure 17!. These data are also presented for the major fish
families found in the samples  Figure 18!. Lengths and volume of
important prey items of each species are discussed in C. Har-
rison, T. Hida, and M. Seki, �983!.

Prey Diversity

Seabirds in Hawaii feed on a wide variety of shoaling fish
and squid and apparently take any prey of appropriate size that
occurs in surface waters. This diversity is reflected in the
fact that no bird ate any one prey species to an extent that it
comprised 50 percent or more of the volume of the diet. The anal-
ysis is confounded by prey material that could not be identified
to species, but even the highest ranking undifferentiated prey
family for many birds was relatively low by volume: brown booby
 l5 percent!, wedge-tailed shearwater �8 percent!, white tern
�0 percent!, brown noddy �8 percent!, and black noddy �1 per-
cent!. Diets that contain 20 to 40 prey families are very
diverse when compared with those of northern latitudes  Pearson,
1968!. This may reflect the patchy distribution of prey items in
tropical waters. The most specialized diets were those of gray-

t4 "' ' ' "" I "-' ' ~
footed albatrosses �4 percent flyingfish, Exocoetidae, eggs!,
but the latter included more than one species  C. Harrison, T.
Hida, and N. Seki, 1983!.

The opportunistic character of the feeding strategies of
Hawaiian seabirds is evidenced by the many prey items that were
taken during a single season or at a single location. Nany prey
taxa were eaten only in certain months, probably reflecting sea-
sonal occurrence in surface waters. The difference between rela-
tive and absolute prey abundance could not be distinguished.
Much of the variation in diet occurs in the relative proportions
of several common prey items such as flyingfishes, squids
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 P " p" 1 p spp.!, juvenile
goatfishes  Nullidae!, juvenile lizardfishes  Synodontidae!, and
mesopelagic fishes. Birds apparently supplement this diet when-
ever another prey resource is available. Goatfishes, lizard-
fishes, opelu, and mesopelagic fishes rarely occur in the diets
of tropical seabirds elsewhere, but flyingfishes and squids are
commonly eaten at all tropical colonies.

Prey Size

The size of the prey species taken by each seabird species
is an important factor in the assessment of food requirements.
For example, both masked boobies and brown noddies feed on opelu.
However, noddies feed on juvenile fish  90 mm! and boobies feed
on adult fish �00 mm!. A reproductive failure of opelu, which
would diminish the availability of juvenile fish, would affect
terns immediately but would not affect boobies until subsequent
years, if at all. Both seabird species could be affected by a
reproductive failure of an important prey species but not at the
same time.

Relationship of Pood Habits to Phenology

The amount of food eaten by each species of seabird near the
NWHI varies seasonally and depends on seabird breeding phenology.
For many species, non-breeding birds scatter across the ocean to
feed in areas distant from the NWHI. Nany birds  e.g., wedge-
tailed shearwater, great frigatebird, Laysan albatross! appar-
ently fast when courting or establishing breeding territories and
live off fat reserves. During the incubation period, food
demands become more localized around the islands than, during non-
breeding periods. The ability of several species to be away from
the colonies for several days at a time implies that they may not
feed near the islands. The maximum food demands in the vicinity
of the colonies occurs during the chick-rearing periods, which
for most species occurs in spring or summer  Figure 13!. The
need to provide food for adults and growing chicks plus the fact
that birds seem to feed much closer to the colony indicate that
food consumption near the islands will be at a maximum. During
these various stages, food preferences may change, and it is
possible that some prey items which are not present in abundance
in our generalized analysis could be critical at certain stages
of the life cycle.

Within the NWHI, variation in diet is more correlated with
season than location. However, during certain months at Nidway
Islands, prey species that are absent elsewhere are taken  C.
Harrison, T. Hida, and M. Seki, 1983!. Nore samples are needed
to refine our assessment of geographic variation in the diet.

Availability of Prey

The availability of prey is an indirect factor which may
affect the ability of seabirds to obtain food. All NWHI seabirds
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feed in surface waters. Variations in the extent of subsurface
feeding exist, but the 5 m maximum diving depth of the masked
booby is the deepest. Fish, squid, or other prey which are in
the water column but not at the surface are not available to spe-
cies whose feeding is confined to the top several meters. Large
predatory fishes drive prey to the surface for many terns, boo-

1 . 11 1
1 11Mt 1 1
fishes in relation to seabird feeding in the NWHI, but uluas
 Caranx spp.! are apparently important to inshore-feeding black
noddies. Breeding birds must be able to locate prey within a
reasonable distance from the colony, which varies with species.
Prey resources distant from colonies are essentially unavai3.able
to breeding seabirds.

FORAGING HABITS AND AT-SEA DISTRIBUTION OP SEABlRDS

The knowledge of methods and locations of areas used by sea-
birds for feeding is important in assessing the potential effects
of fishery development. The location of feeding areas is an
indication of which areas may be most vulnerable to seabird/fish-
ery competition. Generally, feeding areas for breeding seabirds
are localized around banks and shoals within specific distances
from the breeding colonies. Non-breeding seabirds are also asso-
ciated with these areas but they are not restricted to areas in
the vicinity of breeding colonies. Several detailed studies have
been conducted concerning the at-sea distribution of tropica3.
seabirds of the Pacific Ocean as part of the POBSP research
 King, 1970, 1974; Gould, 1971!. However, these studies were not
limited to the NWHI and thus specific data on this area are
scarce. During this study, FWS personnel conducted at-sea obser-
vations of seabirds on ships of opportunity and NMFS personnel
reported on seabird observations on cruises of the 3m~~~~d

Additionally, Harrison and Stoneburner �981! tested
the feasibility of using radiotelemetry to locate seabird feeding
areas. In order to accurate3y locate feeding areas, radial tran-
sect surveys were proposed for this study. However, due to
logistical and funding constraints, transect surveys were not
conducted. Seabirds have evolved to exploit prey by using dif-
ferent foraging methods and by foraging in different locations
 Figure 19, Table 5!. Many rely on feeding associations, often
finding prey by visual cues from other birds. For ease of dis-
cussion, the 18 breeding species of the NWHI have been grouped
into five feeding guilds: �! albatrosses, �! Pelecaniformes,
�! terns and shearwaters associated with predatory fishes, �!
nocturnal petrels, and �! neuston-feeding terns.

Albatrosses

Both Laysan and black-footed albatrosses feed by sitting on
the surface of the water and seizing prey  Figure 19!. In addi-
tion, black-footed albatrosses regularly and Laysan albatrosses
occasionally scavenge naturally occurring carrion or human refuse
from ships. These birds often feed in intraspecific flocks, but
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TABLE 5 . FORAGING HABITS OF NORTHWESTERN HAWAI IAN ISLANDS
SEABIRDS

Intraspecifici
Associations

Interspecific
Associations

Feeding Location 'L iBird

Hone

Hone

NOne

OffshoreBul ver ' s peer el Rare

Wedge-tailed sheacvater Offshoce Occasianal

OffshoreChristmas sheacwacer Occasional

Hone

Hone

Red-footed booby Offshore None

Hone Hone

Occasional: Sooty tern
W-t snearwater

Rare

We 1 1 offshore CommonSooty tern

Gray-backed tern Ins bare Occasional

Occasional: Black noddy

Common:

Black noddy Inshore CommonCommon i

White tern Inshore!Offshore RaceCommon:

! Inshore w vatei's subject to effe< te of emergent lands, shoals and banksc Of fshoce deep waters
enate fram Ring �9~0!, Oiamand �978!, O.S. Pish and Wildlife SeCVirw Obaerwatians
e pate frees Gould �971!

Black-footed albatross

Laysan al.batross

Bonin pet c el

Soa ty star tc-petr el

Red-tailed tropicbird

Basked booby

Brawn babby

Great frigatebird

Blue-gcay noddy

BcOwn noddy

Well offshore

well offshore

Offshoce

Offshore

Offshore

Otfshoce

Inshore

Off shore

Inshoce

Inshore/Offshore

Rarec W-t sheacwatec
Sooty tern
Gr frigatebird

Rarec W-t shearwatec
Sooty tern
Gr frigatebird

Common i Sooty teen
White tern
Brown noddy
Gr frigatebicd

Occasional. Gi' frigatebicd
W-t shearwatec
Sooty tern
White tern

Common: Sooty tern
Brown noddy
W-t sheacwatec

occasional: sooty tern
'W-t shearwater
White tern
Brown noddy

Common; W-t sheacwatec
White tern
Gr frigatebird

Occasianal. Saoty tern
White tern
W-t sheacwater

Soaky tern
W-t sheacwatei
White 'tarn
Red-footed boaby

Sooty tern
W-t sheacwacec
Brown noddy
Christmas sheacwater

Sotty teen
W-t sheacwatec
Gc fcigatebicd

Common

Rar e

Bone

None

None

Common

Common



not in association with other species  Gould, 1971!. The length
of incubation bouts and times between feeds of growing young
imply that each species is capable of feeding very far away from
the colony. During a homing experiment with Laysan albatrosses,
Kenyon and Rice �958! reported that this species can fly over
300 miles per day, allowing very long foraging flights even for
birds which must return to the colony to feed their young every
other day. A comparison of rhodopsin in the eyes of these spe-
cies indicated that Laysan albatross are much better adapted for
nocturnal vision than black-footed albatross  A.J. Sillman, per-
sonal communication!. Feeding at different times of the day may
account for many of the differences in the diets of these spe-
cies.

Pelecaniformes

The five species of this order form a convenient ecological
unit. for discussion apart from any taxonomic considerations. The
three boobies and the red-tailed tropicbird plunge-dive and pur-
sue fish and squid under water  Figure 19! to depths of several
meters. Great frigatebirds are restricted to snatching prey from
surface waters, probably no more than about 15 cm deep, because
of their structural inability to take off from the water. At
sea, the great frigatebird rarely associates with its own species
 Gould, 1971!, but occurs fairly regularly with sooty terns and

wedge-tailed shearwaters. Both brown boobies and red-tailed
tropicbirds feed entirely in a solitary fashion. Masked and red-
footed boobies rarely associate at sea with other boobies, but
each commonly feeds with flocks of sooty terns, brown noddies and
wedge-tailed shearwaters. Red-footed boobies also frequently
occur with white terns  Gould, 1971!. Among this group of birds,
only brown boobies feed inshore; the others forage far out at sea
 King, l970; Diamond, 1978!. Red-footed boobies are particularly
pelagic and can be found 100 to 150 km from the breeding colony
and more than 70 km from land  Nelson, 1978!, but many of the
far-ranging birds are immature  King, 1970!. Diamond �978!
recorded them feeding as close as 1 km from the reef at Aldabra
Atoll and suggested that this species might better be termed a
"deep-water" rather than offshore feeder since water 1 km from
the reef can be over 500 m deep. The prevalence of opelu and
goatfishes in the diets of this guild in Hawaii underscores the
influence that local availability of surface-schooling fishes has
on the diets of seabirds in a given location.

Terns and Shearwaters Associated with Predatory Pishes

The six species treated here are of fairly similar size'
ranging from the wedge-tailed shearwater  x = 388 g! to the black
noddy  x = 108 g!. Other species include Christmas shearwaters�
brown noddies, sooty terns, and white terns. All species feed on
similar prey items of similar size and feed largely in associa-
tion with predatory fishes, especially tunas  Ashmole and
Ashmole, 1967! . Several of these species occur in flocks  Table
6! ranging from 97 percent of the sightings for black noddies



 King, 1970! to about 50 percent of the sightings  Gould, 1971!for Christmas shearwaters. There are some differences among
these birds in their ability to exploit food far away from theislands. Sooty terns and shearwaters apparently have the great-
est capacity to forage far offshore, whereas the capacity of
brown noddies are intermediate. Both black noddies and white
terns are regarded as inshore-feeding species  Diamond, l978!,
yet white terns can regularly be seen far out at sea  King,1970!. Black noddies often feed within a few meters of shore,
sometimes in association with ulua  Johannes, 1981; FWS observa-
tions! .

TABLE 6. FLOCKlNG TENDENCY OF SEABIRDS

Birds in
Flocks

Total No.
of Birds

Percentage
in Flocks

Type of Seabird

30,802
8,733
3,937
1,209

624

435
413

304

227

28,625
5,941
3,344

817
58

420

19

124

152

92.9
68.0

84.9
67. 6

9.3
96.6

4.6

40.8
67.0

Sooty tern
Wedge-tailed shearwater
Brown noddy
Boobies

Bulwer's petrel
Black noddy
Tropicbirds
Great frigatebird
White tern

Source: King, 1970
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The mixed feeding flocks associated with yellowfin and skip-
jack tunas have been described by King �974!. When fish are not
surfacing, wedge-tailed shearwaters and noddies fly lowest, usu-
ally no higher than 10 m above the water. unasked and red-footed
boobies fly between 10 and 30 m, whereas sooty and white terns
fly between 20 and 60 m above the water level. Great frigatebirds occur substantially higher, at least at 120 m. The longerthe periods between surfacing, the higher the sooty terns fly andthe mare dispersed the flock becames. They act as the "eyes" of
the flock, and by spotting the flash of white from long distances
as they bank from a horizontal flight, exposing their white
underparts against the sky in a dive toward surfacing fish,
fishermen can locate schools of fish. Generally, all species inthis guild flock with their own species as well as with others,
but this is less pronounced with white terns and Christmas shear-
waters which often occur as the solitary individual of its
species in a mixed species feeding flock. Interspecific feedingassociations in this guild vary to some extent  Table 5!.



Nocturnal Petrels

Considered here are Bonin petrels, Bulwer's petrels, and
sooty storm-petrels. Each apparently feeds primarily at night or
under reduced light conditions. Feeding techniques are somewhat
uncertain for these birds. Bonin petrels probably feed by dip-
ping or surface seizing  Figure 19!, but definitive observations
are lacking. Bulwer's petrels feed sitting on the water with
wings spread and head dipped below the surface  Gould, 1971!.
All storm-petrels feed strictly at the surface  Figure 19! and do
not submerge the body beneath the surface  Crossin, 1974! . Each
of these feeds offshore, rarely associating with its own species.
Bulwer's and Bonin petrels occasionally associate with feeding
wedge-tailed shearwaters, sooty terns, and great frigatebirds
 Table 5! .

Neuston-Feeding Terns

Gray-backed terns and blue-gray noddies are considered
together here because their unique feeding habits do not conve-
niently fit elsewhere and because there are some similarities in
their diets. Both apparently feed inshore  Diamond, 1978!, eat-
ing minute prey. Gould �971! contended that gray-backed terns
are gregaiious, feeding by plunging  Figure 19! with other spe-
cies. Blue-gray noddies feed by dipping and pattering at the
surface and are not dependent on schools of predatory fishes to
drive prey to the surface. This is probably also true for gray-
backed terns, but convincing data are lacking. Blue-gray noddies
commonly feed in intraspecific flocks, but rarely in association
with other species. Gray-backed terns occasionally feed with
other gray-backs, sooty terns, white terns, or wedge-tailed
shearwaters  Table 5!.

CONSUMPTIVE RATES OF SEABIRDS

It is necessary to know the relationship between the food
requirements of seabirds and the total resource available in
order to understand the seabirds' potential competition with
commercial fisheries. As top predators in the marine ecosystem,
seabirds have a very significant effect on prey resources,
especially during the breeding season when foraging ranges are
restricted and energetic demands are highest.

Since the amount of food consumed by seabirds cannot be
measured directly, a model was used to estimate the energy
requirements of seabirds and then the amount of food necessary to
supply that amount of energy was determined. Models based on
bioenergetic equations result in relatively accurate estimates of
consumption. Complete methods are presented in the model for
French Frigate Shoals  see report in this proceedings by Pettit
et al.!. For the NWHI model, the population variables were
changed to include the entire seabird population  Table 3!.



Briefly, the model includes the energy required by adults
for daily existence multiplied by the total number of days the
birds are associated with the islands and by the total number of
seabirds  breeders and non-breeders! associated with the island.
Added to this are the energy needed to produce an egg  multiplied
by the number of eggs laid! and the energy required to raise a
chick from hatching to fledging  multiplied by the total number
of chicks! . Energy requirements were calculated for each species
individually. Egg energy was determined directly by bomb calori-
metry of egg contents and estimates of the cost of synthesis.
Chick daily energy requirements were obtained from growth equa-
tions resulting from chick weight data. Using data on diet
composition  C. Harrison, T. Hida, and M. Seki, l983! as well. as
caloric content of specific prey items  see report in this
proceedings by Pettit et al.!, the energy requirements were
converted into grams  metric tons! of food consumed. The results
of this analysis are presented in Table 7 and discussed below.

Consumptive estimates of seabird communities should be
interpreted with caution. Seabird species with high body weights
and/or large populations are responsible for a large proportion
of the total food consumed. In the NWHI, Laysan albatross
consume an estimated 250,000 metric tons or 60 percent of the
estimated annual consumption of the entire NWHI seabird
population. Five species including Laysan and black-footed
albatrosses, Bonin petrels, wedge-tailed shearwaters, and sooty
terns account for 94 percent of the total consumption in the
NWHI. The remaining 13 species have relatively low body weights
and/or small populations and thus account for a relatively small
amount of the total prey consumption. Thus, it is important to
consider the composition of the prey consumed by each species
because of the emphasis in the summarized data  Tabl.e 7! on
species which consume the most.

Prey consumption figures are approximations. Variables of
the model including diet composition and population magnitude
vary annually. Approximations of consumption provide an indi-
cation of the important role seabirds have in the marine ecosys-
tem.

POTENTIAL EPPECTS OP PISHERY-RELATED ACTIVITIES ON SEABIRDS

Until the latter half of the nineteenth century, the remote-
ness and inaccessibility of the NWHI served to isolate the
islands as sanctuaries for plants and animals. During the last
100 years, human activities have had both positive and negative
effects on seabird populations. Prior to the NWHZ being placed
in a protected status in 1909, guano mining and large-scale fea-
ther hunting radically altered the habitat and decimated certain
species of seabirds. Most populations of seabirds have since
recovered but some, such as Christmas shearwaters, have not. Due
to the continued protected status of the NWHI and the protection
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of seabirds by treaty, these activities are not a problem at
present. The specif ic impacts of these activities are described
elsewhere  Ely and Clapp, 1973; Clapp and Wirtz, 1975! .

Currently, among the threats to seabirds in the NWHI are
those associated with increased commercial fishing. Direct
effects include mortality from fishing gear and competition for
fishery resources. Indirect effects from fishery-related activi-
ties may include the introduction of exotic predators, insects,
and vegetation; human disturbance on breeding colonies; loss of
habitat; and environmental contamination by oil, heavy metals,
and organochlorine compounds.

Fishery-related activities could have some positive effects
on seabirds, but these would be minimal. Such effects could
include the provision of food via fish offal, potential removal
of fish competitors for seabird prey items, and a reduction of
sharks that prey on seabirds,

Direct Effects

Fishing activities in the NWHI directly impact seabird popu-
lations through interactions with fishing gear or through changes
in the food web, increasing or decreasing prey availability.

MORTALITY FROM FISHING GEAR

The magnitude of seabird mortality due to interactions with
fishing gear in the vicinity of the NWHI is not expected to be
significant but could result in substantial mortality if gill-net
fisheries for squid or other resources become widespread. The

1  ~ .!, h
have operated since 1952 in the North Pacific, have been very
destructive to seabirds. Annual mortality is estimated to be
between 200,000 and 700,000 birds  King et al., 1979; Ainley et
al., 1981! . Lost nets cause significant additional mortality of
North Pacific seabirds which become entangled in such nets and
drown  DeGange and Newby, 1980!. Although net fragments regu-
larly wash up on NWHI beaches and are implicated in seal and
turtle entanglement, there is currently no evidence that these
fragments are adversely affecting NWHI seabird populations. Mor-
tality of both Laysan and black-footed albatrosses occurs when
birds are caught on longline tuna fishhooks  Robbins and Rice,
1974!. Seabirds, particularly masked boobies, are frequently
hooked during trolling operations in Hawaiian waters. However/
mortality is rare and most birds are released uninjured.

DIRECT COMPETITION FOR FISHERY RESOURCES

Seabird population changes resulting from changes in the
food web are known throughout the world. It has long been
accepted that seabird reproductive success is sensitive to food
availability  Ashmole, 1971!, but this relationship has been
difficult to demonstrate directly due to a lack of long-term

48



observations and difficulties in the measurement of food
availability. Seabirds are generally top-level predators in
marine ecosystems and as such are potential competitors with
commercial fisheries. There have been demonstrable changes in
ecosystem structure in many areas of the world due to overfishing
as well as natural climatic and oceanographic fluctuations. It
is inevitable that these will influence seabird populations
through alterations in the availability, quantity, or quality of
their food supplies. In order to make management decisions or to
predict the effects of such changes, it is important to
anticipate what effects changing fishing practices are likely to
have on seabird populations.

Seabirds are an important component of marine ecosystems
because they consume a relatively large quantity of the produc-
tion of lower trophic levels. Population/energetics models of
seabird communities substantiate this fact. Wiens and Scott
 l975! estimated that the seabirds of coastal Oregon consume 22
percent of the annual fish production there. Furness �978!
estimated that the seabirds of Foula, Shetland consume the
equivalent of 29 percent of the fish production within a 45-km
radius of the colony.

Seabirds in the NWHI consume approximately 410,000 metric
tons  900 million lb! of fish, squid, crustacea, and other prey
 Table 7! . The amount of prey of each of the major fish families
consumed by the total NWHI seabird population is presented in
Figure 20. Until biomass estimates for these prey items in the
vicinity of the NWHI are available, the percentage of biomass
consumed by seabirds cannot be determined. However, it is clear
that seabird predation is quantitatively important. It is also
certain that direct competition with fisheries for their prey
would have a direct effect on seabird populations.

The actual effects of natural food shortages and fishery
competition on seabird populations have been documented in many
parts of the world. The food shortages that result from El Nino
in the Peruvian current are well known  Idyll, 1973!. These
effects occur much farther west than was previously thought
 Schreiber and Schreiber, 1983!. Harris �969! recorded the

d   '   ' EL' ll
in the Galapagos Islands. Size of feeds decreased as adults
returned to the colony to feed their young, even when they found
little food. Then the frequency of feeds was reduced and incu-
bating birds had their bouts prolonged. As the situation wors-
ened, adults abandoned their young immediately after hatching.
Eggs were found abandoned and no new eggs were laid. Ultimately,
all adult birds abandoned the colony, leaving any unfledged young
unattended to die.

Similar periodic mortality of chicks from starvation has
been reported from other tropical seabird colonies. Young of
black noddies  Ashmole, 1962!, sooty terns  Ashmole, 1963!, and
brown boobies  Dorward, 1962! have starved on Ascension Island.
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Sooty tern chicks have also starved on Christmas Island
 Gallagher, 1960! and in the Kermadec Islands  Guthrie-Smith,
l936!. Lesser frigatebirds have starved on Christmas Island and
apparently many species of seabirds recently delayed breeding
there due to a lack of food  Schreiber and Schreiber, l983!. In
the Hawaiian Archipelago, mass starvation of young has been
reported for sooty terns on Midway Islands  Bartsch, l922!, for
brown noddies on Manana Island, Oahu  Richardson and Fisher,
1950!, and for Laysan albatrosses on Pearl and Hermes Atoll
 Galtsoff, l933! .

Seabirds of the NWHI are most vulnerable to food shortage
during the breeding season. At other times of the year, many
species forage far out to sea and have no biological obligation
to relieve a mate incubating an egg or feed a chick which will
starve if food is not forthcoming. Consequently, the effects of
decreased food availability on seabirds are likely to be most
profound during periods of incubation or chick-feeding.

The most critical areas for feeding seabirds during the
breeding months are those banks and shoals most closely associ-
ated with the breeding islands. Certain breeding species and
non-breeding birds of many species range farther out and feed at
distant banks where fishery resources appear concentrated.
Shoals and banks in the vicinity of Nihoa, Laysan, and Lisianski
Islands are probably the most important because of the large
populations of sensitive bird species there, but banks surround-
ing all colonies  with the possible exception of Gardner Pinna-
cles! are also very important.

Several fisheries have potential for growth in the NWHI,
including tuna, baitfish, bottomfish, shellfish, billfish,
sharks, and seamount fish species  DLNR, l979!. Most of these
fisheries will probably not have a significant effect on NWHl
seabird populations through the food chain, including fisheries
for bottomfishes, lobsters, shrimps, kona crabs, billfishes,
sharks, and seamount species. However, significant fisheries for
skipjack and yellowfin tunas, tuna baitfishes, squids, and adult
opelu in the vicinity of the NWHI are likely to adversely affect
specific seabird populations, especially on large colonies during
sensitive stages of the breeding cycle. Each fishery will be
described below to detail its potential effects on the seabirds
of the NWHl.

Tuna Fisheries

Fisheries for several tuna species including skipjack  aku!,
ye 1 1 owf i n   ah i !, bi g eye  T. i~i~~!, alba cor e  T. ~i~i~i~!, and

d f
Several species of seabirds associate with surface schools of
skipjack and yellowfin tuna in the NWHI. The most important
relationship between tuna and seabirds is the ability of the
former to drive prey to the surface.
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Many species of seabirds can catch prey only when the latter
is very close to the surface, and this happens mainly when the
prey is pursued from below by surface schools of skipjack and
yellowfin tunas  Ashmole and Ashmole, 1967!. Consequently, if
too many surface-feeding tunas were removed from the NWHI ecosys-
tem, the carrying capacity of the area for seabirds would be
diminished. Seabird associations rarely occur with bigeye and
albacore tunas because they occur in fairly deep water and are
unlikely to drive prey to the surface. King's �970! at-sea
observations in the vicinity of the main Hawaiian islands
revealed that several species occurred regularly in, flocks
 defined as five or more birds!  Table 6!. Our observations and
those of Gould �971! in waters south of Hawaii parallel King' s
findings of flocking species associated with tuna schools. From
these studies, it is clear that. the birds associated with tuna
schools include wedge-tailed shearwaters, Christmas shearwaters,
masked boobies, red-footed boobies, great frigatebirds, sooty
terns, brown noddies, black noddies, and white terns. The pri-
mary species to be affected by a decrease in surface tuna
schools, would be those feeding in flocks associated with these
schools, especially sooty terns, wedge-tailed shearwaters, and
brown noddies. Other species would probably be affected if the
situation worsened, but alternative prey resources cauld be
exploited. Black noddies often associate with schools of other
predatory fishes in inshore waters, especially ulua  Johannes,
1981; FWS, unpublished data!, and therefore have an alternative
method of acquiring food that could minimize the consequences of
food stress due to diminished tuna populations.

Our information on phenologies indicates that reproductive
periods from March to September are critical for most species
that may be affected by surface tuna fisheries  Figure 13!.
Additionally, wedge-tailed shearwaters feed their young through
November, and black noddies commence breeding as early as Novem-
ber on Nidway IsLands. The least sensitive months for most spe-
cies would be those occurring in late fall and winter.

Seabirds and surface schools of tuna feed near the ocean' s
surface. Ashmole and Ashmole �967! compared diets of seabirds
with those of surface-caught yellowfin tuna in the Central
Pacific Ocean. They found that each of the most important fish
families in the diet of the tuna was not found in the food of
seabirds or was found only in very small numbers. They concluded
that there was little overlap between the diets of seabirds and
surface-caught yellowfin tuna.

A comparison of seabird diets with those of yellowfin
 Reintjes and King, 1953! and skipjack  Waldron and King, 1963!
tunas caught at various depths indicates that tuna fisheries
could marginal1y enhance the numbers of prey species such as
squid and certain fishes. However, subsurface prey would be
largely unavailable to diurnal surface-feeding birds in the
absence of sufficient populations of surface-schooling tunas.
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Tuna fisheries and seabirds coexist in the vicinity of the
main Hawaiian islands. Until the first part of this century,
seabird colonies were decimated by native egg collecting and meat
and feather hunting. Seabirds, which depend upon an association
with tunas to feed, recovered from this decimation during a 70-
year period when a substantial skipjack tuna fishery prospered in
the main Hawaiian islands, especially in nearshore waters. Since
the beginning of the twentieth century, the populations of brown
noddies and sooty terns have increased on Nanana Island  Oahu!
after a long period of extensive human harvest. In addition, the
wedge-tailed shearwater breeding population on Nanana Island is
estimated to be 10 to 20 thousand. These three species feed in
association with tuna schools. Populations of terns are compared
with the average skipjack tuna catch per year for each decade of
the twentieth century  Figure 21!. It is possible that the



recovery of the bird populations on Manana Island would have
occurred much faster in the absence of the tuna fishery, or that
the present carrying capacity would be much larger if tunas were
more numerous. It is also possible that the tuna population has
not declined below a level necessary to provide feeding opportu-
nities for the present number of seabirds and, therefore, the
removal of tuna has not measurably harmed the populations of
sooty terns, brown noddies, or wedge-tailed shearwaters.

Bait Fishing to Support Skipjack Tuna Fishing

A pole-and-line fishery for skipjack tuna in the NWHI is
dependent upon a reliable supply of good baitfishes. It has been
suggested that shoaling schools of baitfish such as the oceanic

! i ~ " i~ P
or akule  ~t~~ c ! be harvested from the waters
adjacent to the NÃHI for this purpose  DLNR, 1979!. Piha  ~g~

!'! p
ial baitfishes, and adult opelu and akule, which may be harvested
f ox human consumption, are also included in this discussion.
These fishes are important foods for most species of NWHI sea-
birds. Approximately 39,000 metric tons  85 million lb! of these
baitfish species are consumed annually by NWHI seabirds  Table
9! . The value of each of these fish species to NWHI seabirds are
reviewed below.

i" ii.
commonly used baitfish in the main Hawaiian islands. The oceanic

ii!. ~! ' ! ' !
 Table 9!, but this prey item is incidental for each in terms of

i .!.I ''!
to wedge-tailed shearwaters and red-footed boobies during the
fall at Pearl and Hermes Atoll, Midway Islands, and Kure Atoll.
Approximately 390 metric tons  860,000 lb! of nehu are taken by
NWHI seabirds annually  Table 9!. The length of fishes eaten is
about 70 mrn. At present, there is no practical means for fisher-
men to locate and harvest oceanic nehu, but if a means were
developed, wedge-tailed shearwater young in the northern portion
of the archipelago could be adversely impacted during the fall.

t ' . Juvenile goatfish are extremely impor-
tant as forage items to many seabirds in the NWHX  Table 9!. If
a large fishery for goatfish is developed, it would affect the
availability of this important forage item to seabirds. Approxi-
mately 2l,000 metric tons �6 million 1b! of goatfish are con-
sumed annually by NWHI seabirds  Table 9!.

hi~ Juvenile akule are eaten by
wedge-tailed shearwaters and brown noddies  Table 9! . Adult
akule occur irregularly in the diets of brown boobies and great
frigatebirds. Relatively few akule are taken by seabirds when
compared with other baitfish prey items. Only about 135 metric
tons �00,000 lb! of akule are consumed by NWHX seabirds annu-
ally.
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Piha in the 30 to 40-mm

size range are taken by five seabird species  Table 9!. They are
particularly important to gray-backed terns and black noddies.
Piha are also important to white terns on Laysan and Lisianski
Islands during the summer months when this tern is raising young
and therefore sensitive to depletion of this resource. Gray-
backed terns at Pearl and Hermes Atoll may be sensitive to the
abundance of piha during the summer, and black noddies may be
sensitive throughout the NWHI year-round. Approximately 490 met-
ric tons �.1 million lb! of piha are consumed by seabirds in the
vicinity of the NWHI each year.

A bait fishery for opelu may have
serious conflicts with seabird populations. Opelu occur in the
diets of 16 seabird species. Baitfish-sized opelu occur in the
diets of 10 species  Table 9! . Opelu are among the top ten prey
items for five species, and among the top four prey items for
wedge-tailed shearwaters, Christmas shearwaters, and brown nod-
dies. The baitfish-sized classes of this species probably become
available to birds when tunas drive them to the surface. Wedge-
tailed shearwaters would be most sensitive to depletion of opelu
during the summer months at Laysan and Lisianski Islands. Christ-
mas shearwaters would be most sensitive during spring and summer
on Laysan and Lisianski islands. Brown noddies would be sensi-
tive throughout the NWHI, especially during spring and summer.
NWHI seabirds consume about 16,000 metric tons �5 million lb! of
opelu annually. A depletion of young opelu near breeding colo-
nies would be manifested by any of the symptoms of food shortages
mentioned for seabirds. Adult opelu, also an important prey
item, are especially important, for each of the pelecaniform spe-
cies  Table 9! ~ The birds, most of whose diets consist largely
of adult opelu, breed in spring and summer. Consequently, the
months between April and September would be most sensitive to an
intensive fishery of adult opelu.

1' P
fishes which could be exploited in the NWHI, including opakapaka
	 ~~! 1" !'PJ
!PP"~ ~l P" !P

P ' '!! ~ " " " !! ' P
fishery for bottomfishes could have some secondary effects
through the food chain which could enhance the populations of
some seabird prey species. However, these bottomfish prey are
largely unavailable to the diurnal surface-feeding seabirds.

Uluas  !~agz spp. ! are important to seabirds in shallow
water areas. Black noddies, and presumably other species, feed
on prey driven to the surface by uluas in fairly shallow waters
 FWS, unpublished data; Johannes, 1981!. Depletion of nearshore
uluas in the vicinity of seabird colonies during the first 6
months of each year could affect the breeding of black noddies.

Squids were found in food samples of each af the 18
seabirds which breed in the NWHI. An estimated 222,000 metric
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tons �90 million lb! of squid are consumed by seabirds annually
in the vicinity of the NWHI. They are an impartant food item to
all seabirds, except gray-backed terns and blue-gray noddies. Of
outstanding importance is the surface-dwelling family Ommastre-
!'d, ' !

had mantle lengths between 50 and 100 mm, the largest intact
"'! ! Y! IL

as large as 460 mm  Okutani and Ih-Hsiu, 1978! . However, many af
the squids taken by the albatrosses may have exceeded 300 mm, but
since their feeding methods involve shredding their prey. the
larger squid mantles were not available intact in the regurgi-
tations and hence could nat be measured. Although at the present
time there is no seriaus fishery propasal for squid in the NWHI
 DLNR, 1979!, we consider it here because of the large potential
impacts such a fishery would have on seabird populations. Tech-
niques to harvest this squid have been successfully developed in
Japan  Okutani and Ih-Hsiu, 1978!, and it is canceivable that a
squid fishery will accur in the NWHI.

! d 2.
~s' . Although this species undaubtedly becomes available to
birds when pursued to the surface by tunas, it is probable that
some accur in surface waters in the absence of predatory fishes.
For example, albatrosses, red-tailed tropicbirds, and Bulwer ' s
petrels generally feed in a solitary fashian  Gould, 1971! and
yet consume many squids.

There are no published accounts of seabirds being affected
by squid fisheries, yet a fishery for the ommastrephid P~|~i-
4~a spp. near sooty shearwater  P. ~~~~~! colonies in New
Zealand is currently being monitored ta determine if fishing
should be restricted near the colanies since the squid is an
important component of the shearwater diet  Imber, personal

!!
most NWHX seabirds implies that any harvesting of this resource
near breeding colonies must take place with great caution.
Numerous species raise their young during the spring and summer
months, making those months sensitive throughout the archipelago.
A fall  September-November! fishery would primarily impact
wedge-tailed shearwater young, and the major colonies affected
would include those on Laysan and Lisianski Islands. A winter
 December-February! fishery could affect the black-foated
albatross, Laysan albatross, and Bonin petrels. The most
sensitive areas to the winter fishery would include Laysan and
Lisianski Islands, Pearl and Hermes Atoll, and Midway Islands.

Queer. The relationship between the remaining fisheries
that have been proposed for the NWHI  DLNR, 1979! and seabirds is

! . ' ' P'

I! ~! "d
probably have little effect through the food web on seabirds
since these species were not found to be important prey items.
Any precious coral fishing would occur below 40 fathoms and
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should have no food chain effects on seabirds. Seamount fisher-
d 1

f
hence, they also should have no direct effects on seabird popula-
tions.

At least 14 shark species which could be fished are known to
occur in Hawaiian waters  DLNR, 1979!. Fishing for these species
could enhance the populations of Laysan and black-footed alba-
trosses, since young birds are taken adjacent. to the colonies in

y h
~cr~i~! ~ Other incidental effects of shark fishing could be an
increase in smaller predatory fish species including smaller
shar ks which may increase competition with birds f or forage
fishes and may also increase predation on seabirds. Troll fish-

t~ I
1

on predatory fishes to drive smaller prey to the surface, but
data are very limited on the incidence of bird flocks appearing
in association with these f ishes. The populations of these
fishes appear small relative to those of yellowfin and skipjack
tuna; consequently, they probably do not have a major influence
on NWHI seabird populations.

Synergistic effects of fishery competition: While the
effects of one fishery may be predicted with some certainty, the
effects of two or more fisheries pursued simultaneously can have
more severe impacts on seabir d populations than simply the sum-
mation of the expected effects from each individual fishery.
This phenomenon has been clearly demonstrated in the Southwest
African declines in seabird populations. There, birds adjusted
somewhat to the exploitation of one prey species but could not
adapt to deteriorations in both horse mackerel and pilchard
stocks  Crawford and She3.ton, l978! . NWHI seabirds may withstand
depletions of a single prey resource because they are able to
opportunistically exploit an alternative species, but if simul-
taneous fisheries are developed leading to the depletion of sev-
eral important prey resources, population declines will follow.
If seabird colonies are reduced below a certain threshold popula-
tion, the existence of the colony could be threatened. The prob-
lem for birds is not only whether there is enough prey near the
colony, but also whether it can be located in an energetically
economical manner. This notion was well-stated by King �974!
"the ephemeral nature of the food supply suggests that, to a
point, more, rather than fewer, birds help to make the food
supply more readily available"  p. 66!.

Indirect Effects

Potential landings, groundings, human activities and commer-
cial development on the islands, and environmental pollution from
chemicals accumulated in the marine ecosystem threaten NWHI sea-
bird populations. The potential indirect effects on seabirds
resulting from these threats include: �! the introduction
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andior spread of exotic predators, insects, and vegetation; �!
habitat alteration; �! disturbance; and �! environmental con-
tamination by oil, heavy metals, and organochloxine compounds.
Indirect impacts have the potential for catastrophic effects on
seabird populations in the NWHE. 1n the recent past, human
activities in the NWHI have affected seabird populations and
productivity. Each effect must, be seriously considered in an
evaluation of fishery proposals.

Proposed commercial fishing in the vicinity of the NWHI will
result in an increased likelihood of adverse human-related
impacts on seabird colonies. The historical record is replete
with documentation of numerous vessel groundings in the NWHI.
Four fishing vessels that regularly fish in the NWH1 grounded in
Hawaiian waters  two in the NWHI! during the 5-year tripartite-
Sea Grant study period. In addition, a large freighter went
aground on French Frigate Shoals. No serious impacts were
recorded as a result of these incidents. However, they illus-
trate that even experienced boat operators familiar with the area
and possessing the required equipment may be involved in ground-
ings. The probability of such accidents occurring increases with
additional vessel use of the area, particularly if operators are
not familiar with NWHI waters. Disturbances may result from
accidental landings on uninhabited islands. Disturbance and
habitat destruction may occur as a result of proposed fishery
support station developments on certain islands. Fishery opera-
tions will increase the amount of refuse introduced into the
marine environment. Ships introduce surface pollutants including
tar and plastic  Wong et al., 1974! which contain organochlorines
and heavy metals. The development of fishery support stations
could result in localized point source discharges laden with
organic matter. Potential indirect effects on seabirds resulting
from the proposed commercial fishery are reviewed below.

INTRODUCTION OF PREDATORS

One of the most important potential threats to breeding
colonies of seabirds in the NWHI is the introduction of preda-
tor s. Polynesian rats  R~m ~1~g!, roof rats  R. r~~g!,

introduced by man on certain islands. Since rats occur on some
fishing vessels, the potential for their introduction exists.
Polynesian rats and seabirds have been associated with Kure Atoll
for over 100 years. The breeding success of several seabird spe-
cies has undoubtedly been reduced in certain yea~s. Ten species
of seabirds have been recorded as victims of rat predation on
Kure Atoll  Table l0!. Rats probably caused complete breeding
failure in Bonin petrels on Kure Atoll from 1964 to 1968
 Waodward, l972!.

Not all species are equally susceptible to predation by
Polynesian rats. Adult: red-footed boobies and sooty terns either
are aggresive towards intruders or fly away quickly when dis-
turbed and thus are predation-free in the adult stage. Masked
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boobies, whose adults defend their young, are free from nestling
predators. Since Polynesian rats cannot break through shells of
albatross and booby eggs, these are not eaten.

TABLE 10. AVIAN SPECIES PREYED UPON BY POLYNESIAN RATS ON GREEN

ISLAND, KURE ATOLL, 1963-69

Stage Preyed Upon
Species

Young AdultsEggs

Black-footed albatross
Laysan albatross
Bonin petrel
Wedge-tailed shearwater
Red-tailed tropicbird
Great frigatebird
Sooty tern
Gray-backed tern
Brown noddy
White tern

Source: Woodward, 1972

The most detailed information of rat predation on Midway
Islands concerns the Bonin petrel which was considered to be the
most abundant nesting species there in the late 1930s  Hadden,
1941!. A significant decline in the numbers af this species on
Sand Island, and the total decimation of this species on Eastern
Island between the mid-1960s and February 1979, has occurred due
to the effects of rat predation. Intense predation of the eggs
of Bonin petrels on Sand Island has been noted  Grant et al.,
1981!. Rats also consume chicks. Additionally, they compete
with birds far nesting burrows, taking them over and converting
them to rat burrows by modifying the entry-ways.
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The introduction of roof rats on Midway Islands occurred in
1943 as a consequence of military development. Norway rats
currently occur on Midway Islands, the only islands in this area
with populations of these rats. Burrowing seabirds have suffered
most directly, but no species has escaped the impact of preda-
tion. Further, the presence of black rats has apparently
affected the distribution of nesting birds on Sand Island, Mid-
way. Brown noddies on Midway Islands nest as high as 10 m in
ironwood trees, whereas on other NWHI this species nests on the
ground. Rats depressed the populations of Bonin petrels,
Bulwer's petrels, black noddies, and white terns shortly after
they were introduced. They have apparently extirpated the popu-
lation of Bulwer's petrels.



Red-footed boobies, red-tailed tropicbirds, and albatross
have also been preyed upon by rats on Eastern Island, Midway
 I udwig et al., l979!. An abandoned black-footed albatross egg
was consumed by a rat on Sand Island  Grant et al., 1981!.
Shrub-nesting species, such as the red-footed booby, great
frigatebird, and red-tailed tropicbird, have also been indirectly
affected by the loss of natural nesting habitats. Black rats
feed on native beach naupaka  <i~i~i~ ~~i~!, resulting in
less habitat availability for shrub-nesting species,

The probability of rats and feral pets being introduced to
the NWHI will increase if the proposed expansion of commercial
fishery activities in this area takes place. The increased
probability of shipwrecks or landings occurring on the remote
islands, resulting in the introduction of stowaway predators, is
an important consequence associated with the proposed fishery.

INTRODUCTION OF EXOTIC INSECTS

Insect introduction in the NWHI is likely to occur simulta-
neously with landings and human activities. Mosquitoes are a
significant management concern on Midway Islands, since their
introduction has resulted in problems associated with avian
diseases. The mosquito   ~i~~ ' ' ' s!, an exotic spe-
cies on Sand Island, has been implicated in the transmission of
avian pox, a viral disease causing extensive facial lesions and,
in some cases, death in young albatrosses and red-tailed tropic-
birds. Exotic birds including the canary �eringg ~c ~maxiz!, com-

P
may be carriers of avian pox virus on Sand Island. Outbreaks of
avian pox occur on Midway Islands every year in varying numbers
of birds. The large number of birds present in the NWHI, and the
potential for spread of avian disease to other islands by migra-
tory birds, dictates that diseases be prevented or controlled.

Exotic insects may also indirectly affect several species of
seabirds by influencing the availability of their nesting habi-
tat. Naupaka on Lisianski Island is infested with scales

1 ':l t p
communication!. Such scale-weakened plants would have a poorer
survival rate than normal during stress periods such as winter
storms or summer drought Naupaka dieback has occurred on Laysan
Island. The dieback on Laysan Island could lead to movement of
sand which would affect the habitat of burrowing, ground-nesting,
and shrub-nesting seabirds, endangered land birds, and the
endangered Laysan duck.

INTRODUCTION OF EXOTIC VEGETATION

Considerable changes in the composition of vegetation have
occurred in the NWHI since humans began to visit the area in the
late nineteenth century. Changes in the composition of vegeta-
tion on an island may have drastic effects on the breeding
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seabird population. The largest change occurred when rabbits
overgrazed vegetation on Laysan and Lisianski Islands, resulting
in the near denudation of these islands. Less drastic, although
significant, changes have been attributed to the introduction of
exotic plants. A review was made of the status of plant species
on each of the islands. Approximately ll3 species are nonculti-
vated exotic, i.e., plants of accidental or deliberate introduc-
tion that have become naturalized on the islands  some of which
may have since died out!. Certain exotic plant species compete
with endemic island vegetation and may result in the extinction
of endemic plant species. Further, the introduction of certain
exotic plant species may result in the loss of habitat used by
breeding seabirds, although direct evidence of this type of
competition is lacking.

Not surprisingly, islands with the most human contact have
the largest numbers of exotic plant species  99 for Midway
Islands, 38 for Kure Atoll, and 28 for French Frigate Shoals!.
Among the exotic species with documented effects on seabird

!c !u ! d
!EC h!

!E
and are still present on French Frigate Shoals, Laysan Island,
Lisianski Island, Pearl and Hermes Atoll, Midway Islands, and
Kore Atoll. On Midway Islands and French Frigate Shoals, wild
plants have seeded from the introduced planted specimens. The
ecology of ironwoods has been investigated on Midway Islands
where the trees have spread widely on both major islands af the
atoll since their introduction. Some ironwoods now exceed 25 m
in height. They form thick canopies and drop considerable litter
which reduces or eliminates other species of plants in the
understory. The loss of beach-binding plants, such as naupaka

t'a ~a gg~!, can lead ta severe
beach erosion problems. Ironwood trees are wind-disseminated and
are able to colonize on virtually any habitat.

Golden crown-beard was accidentally introduced on Midway
Islands from where it spread to Kure Atoll. This plant is a
hardy, tall  up to 2 m! annual that poses a threat to the nesting
seabirds of the central plain at Kure Atall, especially the
masked baoby and Laysan albatross. Since its introduction it has
spread aver thousands of square meters of the plain, growing so
thickly that native vegetation is completely crowded out. Birds
nesting in the open will not be able to breed if this species
cantinues ta take over suitable nesting habitats. ~B'de s alba, a
composite plant with white flowers, was introduced on Midway
Islands where it currently occurs in tall, dense stands in
disturbed areas of Sand Island. This plant is a preferred
habitat for mosquitoes and flies. Laysan albatross which nest in
areas with dense stands of this species have a high rate of
infection of avian pax virus. Mosquitoes and flies which inhabit
these areas serve as vectors of the pox virus.
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The wild mustard has become a problem on Pearl and Hermes
Atoll where it was accidentally introduced. Wirtz in 1965 noted
that this species was expanding its coverage on Southeast Island
 Amerson et al., 1974!. This species may continue to encroach
native habitats, replacing native vegetation and destroying sea-
bird nesting habitats.

HABITAT ALTERATION

Alterations of the island habitats are not expected to be a
significant consequence of commercial fishery activities. Habi-
tat alterations have occurred in the recent past and have
affected and continue to affect seabird populations. Significant
areas of Midway Islands, Kure Atoll, and French Frigate Shoals
have been altered by construction activities' The enlargement of
Tern Island at French Frigate Shoals and Sand Island at Midway
has created nesting habitats for certain species of seabirds. On
the other hand, construction of roads, housing, and runway areas
on islands has removed seabird nesting habitats. Additionally,
antennas, towers, buildings, and aircraft interfere with seabirds
on the breeding colonies. On Eastern Island at Midway, Fisher
�966! reported that about 3,000 Laysan albatross were killed in
collisions with antenna wires during a 6-month period. These
wires have been partially removed. Sooty terns, red-tailed trop-
icbirds, and albatross also collide with antenna wires during the
breeding season on Midway Islands and Kure Atoll. Several thou-
sand sooty terns died after colliding with antenna wires on East-
ern Island  Fisher, 1966! . Lights near towers and buildings may
attract nocturnal shearwaters and petrels resulting in night
blindness and collisions. On Sand Island, bright lights associ-
ated with the aircraft hangar disorient Bonin petrels and I.aysan
albatross. Several individuals of these species are found dead
and/or stunned and injured each morning below these lights during
the breeding season. The presence of active aircraft in the NWHI
inevitably results in seabird collisions. Bird-aircraft co11i-
sions are not anticipated to have major impacts on the seabird
populations. However, bird control programs are necessary when
hazards of aircraft collisions exist. In extreme situations, the
attempt at controlling the numbers of birds involved in colli-
sions may result in loss of habitat and/or reduced populations.
During control programs on Sand Island between 1954 and 1964,
several thousand Laysan albatross were killed and significant
portions of nesting habitats were destroyed around the runway.
The U.S. Coast Guard crushed sooty tern eggs on Tern Island as
recently as 1977 in an attempt to drive them away from the
runway.

HUMAN DISTURBANCE

Disturbance of seabird nesting colonies during the breeding
season could have significant effects on the productivity af the
colony. Seabirds are extremely vulnerable to human disturbance.
Surface and shrub-nesting species are especially susceptible to
visits by humans. Eggs and nestlings become exposed to the sun
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or predators when the adult birds are flushed from the nest.
Human disturbance of burrow-nesting species such as petrels and
shearwaters is usually less widespread, but burrows crushed
under f oot trap and kill the inhabitants. In the NWHI, the sandy,
dry soil of the nesting colonies makes burrows extremely fragile.
Thus, human intrusion in shearwater and petrel colonies, espe-
cially the dense colonies of K,aysan and Lisianski Islands, could
cause widespread destruction of nesting burrows and have serious
impacts on the population of the seabird species.

OIL POLLUTION

In the NWHI, oil may enter coastal waters as a result of
spillage during transfer operations, shipwrecks, or bilge dis-
charge. Discharges from inhabited areas  e.g., street runoff,
sewage discharge! on Midway Islands also contribute to localized

7
miles north of Lisianski Island and spilled over 5 million
gallons of crude oil. It was a matter of chance that this oil
did not come ashore. The history of shipwrecks that mark the
beaches and reefs of the NWHI, including a Japanese fishing boat
aground on Laysan Island in 1969, and the recent groundings of
fishing boats and a merchant vessel at French Frigate Shoals in
1980 and 198l, indicates that the threat of an accidental spill
is genuine.

Although large spills have not been documented to affect
refuge resources, oil, in the form of tar balls, is frequently
found on beaches throughout the archipelago. Wong et al. �974!
studied the quantitative tar distribution in the Pacific Ocean
from Tokyo proceeding along latitude 35 N to California. They
found tar present as black or brownish lumps up to 3 cm in
diameter. Its concentration was higher in the western Pacific,
including the waters north of the Hawaiian islands. Concentra-
tions of tar were the same order of magnitude as the weight of
organisms. Incorporation of small lumps of tar into the food
chain from surface-feeding fish may be a hazard  Conover, 1971!.
The persistent tar distribution may result from marine oil
transport, augmented by accidental spills, prevailing wind
transport, and surface circulation.

Whatever the actual source, repeated sightings of seabirds
covered with oil make it clear that oil is present near the NWHI.
Among the species of seabirds observed covered with oil during
recent field studies in the NWHI were sooty terns, white terns,
black noddies, masked boobies, red-footed boobies, and Laysan
albatross. An increase in fishing vessels would likely result in
increased groundings and spills. Likewise, the use of an island
as a fuel storage area with increased fuel transfer operations in
the nearshore waters would create an increased potential for
spillage and bilge discharge in the area. The potential for a
catastrophic spill was recently reduced as a result of a rule
adopted by the Maritime Safety Committee of the Inter-
Governmental Maritime Consultative Organization specifying that



areas in the region of the NWHI be avoided by commercial ships
carrying cargoes of oil or hazardous chemicals. The "Area to be
Avoided" is described as a radius of 50 nautical miles around the
individual islands of the Hawaiian Islands National Wildlife
Refuge  HINWR!. This routing measure, which became effective on
May 1, 1981, should minimize the likelihood of catastrophic
spills. Unfortunately, this is only an advisory and carries no
sanctions.

Detailed information on the effects of oiling on marine
birds in the NWHI is very limited. Problems must be judged from
observations in other geographic areas. Several excellent
reviews of the effects of oil on waterbirds have been published
 Ohlendorf et al., 1978; Farrington, 1977; Albers, 1977, 1978;
Clapp et al., 1982!. The most serious effect of oil spills on
seabirds is feather oiling. In general, seabirds that spend much
of their time on the water  e.g., albatross! are more susceptible
to feather ailing than species that feed on the wing  e.g.,
shearwaters, petrels, terns, and, to a lesser extent, boabies!.
However, in the tropical and subtropical ocean environment, oil
slicks may indirectly attract birds. Oil on the water's surface
attracts fish to the water column below. Feeding seabirds are
attracted to the aggregating fish and may come in contact with
the oil while feeding. Oil disrupts the structure of feathers,
destroying their insulating properties and buoyancy. Moderately
or heavily oiled birds drown or die of exposure. Birds oiled in
warm weather and warm waters  conditions found in the NWHI! would
be expected ta have a much higher survival rate than those oiled
in a colder area, althaugh this has not been demonstrated quanti-
tatively. Further, warm water apparently causes the spilled
liquid oil to form tar balls that may be less hazardous to birds
 Bourne and Bibby, 1975!.

Many oil or petroleum praducts are toxic to birds. Birds
ingest oil while preening oil-coated feathers, drinking, or
eating oil-covered food. They may alsa ingest petroleum products
contained in tissues of fish or marine invertebrates. As a
result af oil ingestian, seabirds my die or suffer physiological
or behavioral changes, including reproductive failure  Crocker et
al., 1974; Grau et al., 1977; Miller et al., 1977; Szaro et al.,
1978b; Wooten et al., 1979!.

Breeding populatians are particularly susceptible to oil.
The loss of one member of a pair may mean camplete loss of their
reproductive potential for that year. Depending on the number of
offspring usually produced, this could mean that every breeding
bird killed by oil represents a theoretical loss to the popula-
tion of two birds. Although this loss may be recouped in the
future, marine birds have a relatively low productivity rate and
their populations may take many years ta recover from one severe
oiling incident  Clapp et al,, 1982!. Oil in the vicinity of
breeding colonies may also diminish reproductive success in other
ways, such as nesting birds transferring oil fram their feathers
or feet to eggs whi1e incubating. Small amounts of oil  equal to
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a few drops! can kill embryos inside the eggs  Albers, 1977;
Szaro and Albers, 1977; Albers and Szaro, 1978; Szaro et al.,
197Ba; and others!. Oiling of gull eggs has also resulted in
deformed chicks  Stickel and Dieter, 1979!. Bird embryos are
most sensitive during the first 10 days of incubation, Chicks
may also be more susceptible to oil ingestion than adults. Fal-
lowing the large 1974 oil spill in the Strait of Magellan, a high
percentage of South American tern chicks on an island nearby died
 Smithsonian Institution, 197$!. In addition, reproductive suc-
cess in a colony may be diminished by disturbance to the colony
resulting from attempts to cantrol oil pollution  Bourne, 1976!.
Oil pollution also damages the marine environment where birds
feed and roost. Seabirds often abandon areas after an oil spill
because habitat quality is poor and prey populations are reduced
 Buck and Harrison, 1967; Abraham, 1975; Hope-Jones et al.,
1978! .

CHLORINATED HYDROCARBONS AND HEAVY METALS

At present, levels of chlorinated hydrocarbons and heavy
metals are not threats ta seabird populations in the NWHI.
Seabirds are top-level carnivores and consequently accumulate
concentrations of organochlorines far in excess of levels in the
ocean. Because cantralled dumping of refuse and bilge water by
fishing vessels in the NWHl may slightly increase the levels of
organochlarines and heavy metals in seabirds, the area should be
monitored.

Prior to this study, there had been little work conducted on
levels of pollutants in NWHI seabirds. Fisher �973! found that
the visceral fat from Laysan and black-footed albatrosses from
Midway Islands contained mean DDE  a derivative of DDT! levels of
8 and 22 ppm, and mean PCB  polychlorinated biphenyls! levels of
2 and 14 ppm. Comparing these data with those reported for cor-
marants on a worldwide basis  Ohlendorf et al., 1978!, the DDE
levels are not near the levels reported for areas exposed to
industrial pollution. For example, double-crested cormorants
were found to have egg lipid levels of 87 ppm PCB and 754 ppm DDE
 Gress et al., 1973!. Fisher �973! also reported that visceral
fat from black-footed albatross and Laysan albatross on Midway
Islands ranged from 0.075 ppm and 0.104 ppm mercury respectively.
However, it has been acknowledged that visceral fat was not the
best material for mercury analysis.

In order to provide baseline levels of chlorinated hydro-
carbons and heavy metals for future comparisons, in 1980 eggs of
wedge-tailed shearwaters, red-footed boobies, and sooty terns
were collected from Oahu, French Frigate Shoals, Laysan Island,
and Midway Islands. Mercury was found in all eggs, sometimes at
moderately high levels. The highest mean concentration �.36
ppm, wet weight! was in booby eggs from Midway Islands. In booby
eggs there was a distinct trend toward higher concentrations from
east to west. There were no apparent differences among sites for
the shearwater and tern eggs, except for somewhat higher mercury



concentrations in shearwater eggs from Oahu. Selenium also
occurred in all eggs; mean concentrations in shearwaters and
terns at each location were slightly above 1 ppm �.09 to 1.38
ppm! and in boobies they were slightly lower �.76 to 0.92 ppm!.
Cadmium was not found above the limit of detection �.1 ppm!.
DDB was found at low levels in all eggs of all species, and other
organochlorines occurred in some. Shearwater eggs contained the
highest concentrations of DDE  up to 1.5 ppm! and the broadest
array of organochlorines. In general, the seabird samples
further document the widespread occurrence of mercury and
organochlorines in the marine environment. Further results of
this study are forthcoming in a publication by H.N. Ohlendorf.
In Nay 1979, FWS personnel collected 467 feather samples from 17
seabird species throughout the Hawaiian Archipelago which were
analyzed for Al, Ba, Cd, Cr, Cu, Fe, Hg, Ng, Mn, Mo, Ni, Pb, Sr,
and Zn. These baseline data do not indicate hazardous levels
 FNS, unpublished data!.

Synergistic Effects of Fishery-Related Activities

awhile natural fluctuations in populations and productivity
occur, it is generally true that seabird populations in their
natural habitat. rebound and vary around the habitat's carrying
capacity. Certain short-term natural variations in oceanic
habitat conditions may result in changes in the availability of
prey and thus temporary decreases in seabird populations and
productivity. If availability of prey items is reduced due to
natural conditions and commercial fishery competition, and if
indirect effects of pollutants, exotic pests, and/ar diseases are
manifested, severe long-term declines in seabird populations
could result, These declines may not occur given any one of the
factors mentioned independently, but may occur due to the syner-
gistic effects of combinations of these factors. Further,
because of the inherent low reproductive potential of seabirds,
population recovery requires several years under natural condi-
tions. Given further constraints on the habitat's carrying
capacity due to the effects of human activities, recovery would
be further delayed, if it occurs at all. Therefore, careful
monitoring of seabird population/productivity trends is necessary
to inform resource managers about the status or health of the
population in order to effect management programs to mitigate
natural or human-induced effects on seabird populations.

MONITORING SEABIRD POPULATIOHS

Anticipated increases in human activities in the vicinity of
NWHI seabird colonies resulted in the need for methods to assess
seabird population trends and to determine causative factors for
the observed trends. From 1979 to l983, a major thrust of the
FWS seabird research effort involved collecting data on the food
habits, pollutant levels, and aspects of the breeding biology of
NWHI seabirds, which might prove useful to detect trends in sea-
bird populations. Population magnitude, reproductive success,
chick growth rate, egg size, and adult weight measurements may be
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Breeding population estimate. The number of birds
nesting each year is a good indicator of population
stability if examined over many years' However,
interpretation of such numbers is complicated by the
effects of phenology and reproductive success. Fur-
thermore, radical fluctuations in consecutive years
are common. These factors reduce the suitability of
using breeding population estimates as monitoring
indicators, especially for detecting population
changes over a short peLiod of time.

Phenology. Knowledge of the timing of a species'
breeding cycle is required to interpret all other
breeding biology measures and to plan research trips
for maximum effectiveness. The onset, synchrony, and
rate of progress of seabird breeding cycles can be
influenced by many environmental factors.

2.

Reproductive success. Reproductive success is an
important indicator of annual colony productivity
 number of fledglings produced! and ultimately of
population stability. In conjunction with good breed-
ing population estimates, success rates are the most
meaningful measure of a colony's condition.

3.

Adult weight. The relationship between body weight
and food availability is intuitive. Baseline studies
documented "normal" adult weights and variability.
Studies explored seasonal trends and/or effects of
breeding status on adult weights.

4.

Chick growth rate. Chick growth rates depend on the
quantity and quality of food and attention provided by
adults. Parental behavior, in turn, is influenced
greatly by food availability and forage conditions'
Chick growth rates correlate strongly with fledging
success. Growth rate data have been analyzed for a
number of species' Short-visit and long visit moni-
toring methods are being examined.

5.

Egg size. Egg size can be estimated from measurements
easily taken in the field. Larger egg volumes corre-
late with greater reproductive success in some seabird

6.
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usef ul as monitoring techniques. Baseline data on these para-
meters serve to document the natural variability in seabird popu-
lations. Changes due to food shortages or other factors may be
detected when comparing baseline data with data to be collected
in future years. Early detection of potential problems could
avert significant seabird population declines. Brief descrip-
tions of the various parameters investigated as possible monitor-
ing indices are included below. A report on the results of the
monitoring studies is being prepared by the Honolulu office of
the U.S. Fish and Wildlife Service.



species. In addition, egg volumes may reflect food
availability for female birds prior to egg laying.
Our data document egg volumes for most species
throughout the NWHI and examine correlations with
hatching success whenever possible.

Diet. Seabirds appear to feed opportunistically.
Thus, consistent. changes in their diet are probably
due to changes in the composition or abundance of
available fish stocks.

7.

Toxic chemicals. The effect of chlorinated hydro-
carbons and heavy metals on the health and reproduc-
tive success of some seabirds is well documented. Our
data establish baseline levels for NWHI seabirds which
can be used for future comparisons.

8.

An ideal monitoring system should include a combination of
short-term and long-term indicators selected for responsiveness
to the anticipated impacts on the ecosystem and animals being
studied. While it is sometimes possible to determine the most
probable cause of change in a species behavior, most indices do
not reflect "threat-specific" factors, but rather an integrated
picture of success of a species in its environment. Thus, moni-
toring pragrams serve best to warn managers of unspecified
changes in the environment that might require additional study or
management changes. Steps can then be taken ta protect the sea-
birds while the cause s! of the warning signal is explored. In
the NWHZ, such a system cauld benefit both seabirds and fisher-
men, since bath depend on a healthy ocean environment for their
livelihood.
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