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ABSTRACT 

The five-year objectives of the U.S. Fish and Wildlife Service 
(FWS) are to enumerate Northwestern Hawaiian Islands seabird 
populations, inventory food utilized, locate major feeding 
areas, and determine consumptive rates. To date, preliminary 
assessment of populations has begun and a comprehensive food 
habits study is nearing completion. The 3,000 food samples 
from 18 seabird species analyzed thus far indicate that most 
birds feed opportunistically on shoaling fish and squid. The 
fish families Exocoetidae, Mullidae, Carangidae, Synodontidae, 
Duss.umieriidae, Coryphaenidae, Molidae, and Holocentridae and 
the squid family Ommastrephidae appear to be especially 
important. Prey length data indicate that most terns and shear- 
waters feed on prey species in the 2 to 8 cm range and that boo- 
bies feed in the 10 to 20 cm range. An encouraging feasibility 
study using radiotracking with the brown noddy on Oahu resulted 
in a technique to locate feeding areas. Future objectives 
include completion of food studies and refinements of population 
estimation techniques. Information gaps still include location 
of feeding areas and knowledge of consumptive rates of seabirds. 
We need a better understanding of life histories, age struc- 
ture, and annual production of important prey items including 
Chnmastrephidae,. Exocoetidae, Mullidae, and Synodontidae. 

Northwestern Hawaiian Islands 
seabirds 
feeding ecology 

INTRODUCTiON 

Seabirds are a relatively poorly studied group of birds. They can 
be characterized as being relatively long-lived, displaying deferred 
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m a t u r i t y ,  reproducing s lowly ,  and possess ing  s a l t  e x c r e t i o n  g l ands  which 
enable  them t o  d r i n k  sa l t  water (Bourne, 1963; Lack, 1967) .  Most s p e c i e s  
spend most of t h e i r  l i v e s  a t  sea, but  t h e  f ac t  t h a t  they must r e t u r n  
t o  land  t o  breed emphasizes t h e  f ac t  t h a t  they a r e  t e r res t r ia l  e x p a t r i -  
ates. Hutchinson (1950) contends  t h a t  s e a b i r d s  perform an impor tan t  
f u n c t i o n  f o r  r ee f  communities by concen t r a t ing  n u t r i e n t s  i n  a l o c a l i z e d  
area. 

Large p o r t i o n s  of t h e  worldwide breeding  range of t h e  black-footed 
a l b a t r o s s  (Diomedea n i g r i p e s ) ,  Laysan a l b a t r o s s  ( g .  immutab i l i s ) ,  
Bonin p e t r e l  (Pterodroma hypoleuca) ,  Chris tmas shearwater  (Puf f inus  
n a t i v i t a t u s ) ,  soo ty  s torm-pet re l  (Oceanodroma t r i s t r a m i ) ,  blue-gray 
n o d d y e l s t e r n a  c e r u l e a )  , and gray-backed tern (Sterna l u n a t a )  
are w i t h i n  t h e  Northwestern Hawaiian I s l a n d s  (NWHI). Addi t iona l ly  11 
breeding  s p e c i e s  occur  i n  t h e  a rch ipe lago  wi th  t o t a l  numbers o f  s e a b i r d s  
be ing  e s t ima ted  a t  10 m i l l i o n  b i r d s .  Seabi rd  popu la t ions  have plummetted 
when f i s h e r i e s  d i r e c t l y  competed wi th  b i r d s  f o r  t h e  same p r e y  s p e c i e s  i n  
Peru ( I d y l l ,  1973) ,  South Af r i ca  and Southwest Af r i ca  (Crawford and 
Shel ton ,  1978), and p o s s i b l y  C a l i f o r n i a  (Ainley and L e w i s ,  1974). Recent 
f i she ry - seab i rd  models i n d i c a t e  t h a t  b i r d s  may be  unal?le t o  produce 
young i f  f o r a g e  f i s h  f a l l  t o  70% of v i r g i n  l e v e l s  (MacCall, 1980). 
T rop ica l  s e a b i r d s  g e n e r a l l y  f eed  a t  t h e  s u r f a c e ,  o r  i n  t h e  case of some 
b i r d s  of t h e  o r d e r  Pe l i can i fo rmes ,  w i t h i n  t h e  f i r s t  f e w  meters, Ashmole 
and Ashmole (1967) contend t h a t  l a r g e  preda tory  f i s h ,  e s p e c i a l l y  scom- 
b r i d s ,  are impor tan t  because they d r i v e  prey t o  t h e  s u r f a c e  and make 
them a v a i l a b l e  t o  t h e  b i r d s .  

The i n t e r n a t i o n a l l y  recognized importance of t h e  NWHI s e a b i r d  
r e source  and t h e  p o t e n t i a l  f o r  adve r se  impacts  from improperly managed 
f i s h e r i e s  i n  o t h e r  p a r t s  of t h e  world prompted t h e  U.S. F i sh  and W i l d l i f e  
S e r v i c e  t o  a g r e e , t o  enumerate NWHI s e a b i r d  popu la t ions ,  inventory  food 
u t i l i z e d ,  l o c a t e  major f eed ing  areas, and determine consumptive rates.  
Crawford and She l ton  (1978) p o i n t  o u t ,  "The i n t e r r e l a t i o n s h i p s  of 
p e l a g i c  f i s h e r y  and s e a b i r d  popu la t ions  s i g n i f y  t h e  o v e r r i d i n g  
importance of sound f i s h e r y  management f o r  o t h e r  ecosystem components." 

METHODS 

The remoteness  of t h e  Nihoa t o  Kure s tudy  area has  made access a 
major problem. 
command f l i g h t s  t o  Midway, U.S. Coast  Guard f l i g h t s  t o  Kure, and r e c e n t  
EWS involvement on Tern I s l a n d  have provided sporad ic  o p p o r t u n i t i e s  t o  
s tudy  t h e  mar ine  b i r d  r e sources .  
I s l a n d  from March t o  August i n  1979 and 1980 have provided an oppor tun i ty  
t o  i n t e n s i v e l y  f o l l o w  rep roduc t ive  b io logy ,  c o l l e c t  monthly food 
samples, and make d e t a i l e d  popu la t ion  estimates. 

Cru i ses  on t h e  R f V  Townsend Cromwell, m i l i t a r y  a i r  

I n  a d d i t i o n ,  f i e l d  camps on Laysan 

The v a r i e t y  of s t u d i e s  c a r r i e d  o u t  t o  d a t e  p rec ludes  a d e t a i l e d  
d e s c r i p t i o n  of techniques  and methods. Popula t ion  assessments  have 
been made w i t h  s e v e r a l  t echniques  inc lud ing  d i r e c t  counts  and s t r a t i f i e d  
random sampling. A l l  food samples have been c o l l e c t e d  on t h e  i s l a n d s  
by u t i l i z i n g  g e n e r a l l y  non- le tha l  techniques .  Approximately 100 Bonin 
p e t r e l s  and Bulwer's p e t r e l s  (Bulweria b u l w e r i i )  had t o  be  s a c r i f i c e d  
due t o  i n a b i l i t i e s  t o  induce  r e g u r g i t a t i o n .  I n  t h e  l a b o r a t o r y ,  s t anda rd  
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analytical techniques including sorting, identification, counting, volu- 
mizing, and measuring standard lengths were carried out (Ashmole and 
Ashmole, 1967) .  A telemetry project utilizing a 5.4 g transmitter pack- 
age is described in detail in a forthcoming publication (Harrison and 
Stoneburner , in preparation). Reproductive biology, phenology , incuba- 
tion shifts, and chick feeding intervals on Laysan Island were carried 
out with standard observation techniques, details of which will appear in 
forthcoming publications. 

RESULTS AND DISCUSSION 

It cannot be overemphasized that all statements and conclusions are 
tentative in this continuing study. 
Subtleties of feeding habits, including a somewhat different assessment 
of critical prey items, may well turn up when geographic and seasonal 
considerations are explored and the entire data base is accessible with 
automatic data processing techniques. 

Population estimates will be refined. 

Populations 

Seabird populations, like any real population of wild animals, are 
dynamic over time. 
mation techniques for some species are inherently imprecise. 
cliff nesting blue-gray noddies and white terns (Gygis alba) on Nihoa and 
Necker are extremely difficult to census without low level aerial photo- 
graphic capabilities. Sooty terns (Sterna fuscata) can be censused effec- 
tively only when incubating eggs. Adults scatter when an investigator 
enters a colony and once eggs hatch, chicks form creches and density esti- 
mates become very imprecise. Given the propensity of this species to lay 
in sub-colonies over a 6 to 8-week period, an accurate census is only 
possible on a particular island by placing investigators at that location 
for at least a month during spring. Counts of roosting red-footed boobies 
(Sula sula) and black noddies (Anous tenuirostris) peak at approximately 
0400 and censuses at other times of the day underestimate, often grossly, 
the true numbers of birds in a colony. On sandy atolls, nests or immobile 
young, e.g., albatross, are generally the easiest birds to census. This 
technique ignores large numbers of non-breeding birds which roost at a 
colony and forage in the vicinity. The attachment of pre-breeders and 
failed breeders to a colony is insufficiently understood for any species, 
but is necessary to determine true colony size and concomitant require- 
ments for nearby marine food resources. Burrow nesting birds such as 
Bonin petrels and wedge-tailed shearwaters (Puffinus pacificus) also pre- 
sent special problems. Burrows can be easy to census if not crushed in 
the process, but may extend far underground and must be excavated in 
order to determine occupancy. It is a goal for the second half of this 
study to develop repeatable census methodologies for each species and 
habitat. 

This volatility is confounded by the fact that esti- 
For example, 

Table 1 presents our best present estimates of NWHI seabird popula- 
tions and, additionally, mean adult weights for each species. Most bird 
weights are from Laysan Island and represent a sample size of approximately 
50 adult weights per species. 
from Christmas Island (Pacific Ocean) as reported by Ashmole and Ashmole 

NWHI birds are generally heavier than birds 



a, 
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(1967). Most popu la t ion  d a t a  a r e  taken  from t h e  A t o l l  Research B u l l e t i n  
series (Amerson, 1971; Amerson et  a l . ,  1974; Clapp, 1972; Clapp and 
K r i d l e r ,  1977; Clapp e t  a l . ,  1977; Clapp and Wi r t z ,  1975; Ely and 
Clapp, 1973; Woodward, 1972).  Our d a t a  have g e n e r a l l y  co r robora t ed  t h e s e  
e s t i m a t e s ,  b u t  some changes w i l l  undoubtedly be  forthcoming a t  t h e  
conclus ion  of t h i s  s tudy .  Revis ions  w i l l  r e f l e c t  bo th  genuine popu la t ion  
changes and improved census  technology. Estimates f o r  Midway are our  own. 
The l a r g e s t  c o n c e n t r a t i o n s  of t o t a l  b i r d s  and av ian  biomass occur  on 
Laysan, L i s i a n s k i ,  and Midway. Midway's popu la t ions  have been reduced 
by l a r g e  s c a l e  h a b i t a t  d e s t r u c t i o n  and t h e  i n t r o d u c t i o n  of R a t t u s  r a t t u s .  

Food h a b i t s  

Publ i shed  accoun t s  of f eed ing  h a b i t s  of t r o p i c a l  P a c i f i c  s e a b i r d s  
are  l i m i t e d .  Ashmole and Ashmole (1967) provided d a t a  f o r  8 Christmas 
I s l a n d  s p e c i e s  ( N  = 800) and Schre ibe r  and Hensley (1976) added 3 addi -  
t i o n a l  s p e c i e s  f o r  t h e  same s tudy  area (N = 175) .  Table  2 l is ts  samples 
c o l l e c t e d  by s p e c i e s  and month through November 1979. This  s tudy  i s  t h e  
most comprehensive t r o p i c a l  s e a b i r d  work y e t  a t tempted .  We expec t  t o  have 

TABLE 2. TOTAL FOOD SAMPLES COLLECTED .JANUARY THROUGH NOVEMBER 1979 

SPECIES MONTH 

JAN FEB MAR APR MAY JUN Jl lL AUG SEP OCT NOV DEC TOTAL 

Black-footed Albatross 

Laysan Albatross 

Bonin Petrel 

Bulwer's Petrel 

Wedge-tailed Shearwater 

Christmas Shearwater 

Sooty Storm-Petrel 

Red-tailed Tropicbird 

Masked Booby 

Red-footed Booby 

Brown Booby 

Great Frigatebird 

Sooty Tern 

Gray-backed Tern 

Blue-gray Noddy 

Brown Noddy 

Black Noddy 

White Tern 

4 1  12 28  42 3 

1 15 20  30 50 4 1 

5 36  5 1  

20  1 3  10 27 

2 0  19 1 3  19 11 7 24  

4 3 22 11 28 39  7 

7 1  

4 3 1  25 6 3  5 1  22  1 8  

11 1 6  42 10 12 33 2 3 15 

13 25 15 10 55 11 1 8  4 1  14 15  22  

4 10 25 8 2 0  27 2 1  

5 5 15 50  11 14 19 7 1 2  6 

7 2 1  9 9  27 28  7 9  9 

7 2 3  8 8  10 5 33 

a 42 1 

14 14 6 9  4 70 6 1  3 9 1 

17 8 8 3 1  95  13 79 4 5  15  37 

4 6 2 4 3 4  23  1 8  6 1  28  11 5 

126 

1 2 1  

9 2  

7 0  

113 

114 

8 

214 

144 

239 

1 1 5  

144 

270 

166 

4 3  

245 

348 

196 

TOTAL 35 104 114 248 8 3 6  192 379 536 118 112 9 4  0 2768 
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adequa te  sample s i z e s  f o r  a l l  breeding  NWHI s p e c i e s  except  f o r  t h e  
soo ty  storm p e t r e l ,  b u t  t h e  ex t remely  d i g e s t e d  sample c o n d i t i o n  makes 
i t  d i f f i c u l t  t o  p rov ide  as  much in fo rma t ion  a s  w e  had hoped f o r  t h e  
Bulwer 's  p e t r e l  and t h e  Bonin p e t r e l .  
based on sample s i z e s  of 30 t o  50 per  s p e c i e s  and ignore  p o t e n t i a l l y  
impor tan t  d i f f e r e n c e s  i n  yea r ,  season ,  and l o c a t i o n .  We s u s p e c t  s easona l  
changes may be v e r y  impor tan t .  Continuing c o l l e c t i o n s  are  des igned  t o  
f i l l  i n fo rma t ion  gaps  i n  geography and season .  

Data p resen ted  h e r e  are  g e n e r a l l y  

NWHI  s e a b i r d s  feed  on f i s h ,  squ id ,  and a r th ropods .  By volume, t h e  
blue-gray noddy f e e d s  on t h e  h i g h e s t  percentage  of a r t h r o p o d s  (25%), 
e s p e c i a l l y  t h e  i n s e c t  Halobates  sp .  
than  8% of t h i s  phylum. P r o c e l l a r i i f o r m e s  ( a l b a t r o s s ,  shea rwa te r s ,  and 
p e t r e l s )  feed  on s l i g h t l y  more f i s h  than  squid  by volume, except  f o r  t h e  
Laysan a l b a t r o s s  (70% squid)  and t h e  Bonin p e t r e l  (86% f i s h ) .  The 
Pe l i can i fo rmes  (boobies ,  t r o p i c b i r d s ,  and f r i g a t e b i r d )  feed  almost 
e x c l u s i v e l y  on f i s h  (>93% by volume) except  f o r  t h e  red-footed booby 
(Sula  s u l a )  (F igu re  1 ) .  Terns  feed  predominantly on f i s h  wi th  t h e  

Remaining s p e c i e s  feed  on no more 

-- 

NUMBER VOLUME 
FREQUENCY OF 
OCCURRENCE 

N=34 

SULA 
sula 
N=47 

SULA 

FISH SQUID 

Figure  1. R e l a t i v e  importance of f i s h  ( s t i p p l e d )  and squid  ( l i n e d )  
i n  d i e t s  of 3 boobies  
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except ion  of t he  sooty  t e r n  which f eeds  on 38% f i s h  and 62% squ id .  
Genera l ly ,  "HI s e a b i r d s  eat  a g r e a t e r  percentage  of f i s h  than s p e c i e s  
on Chris tmas I s l a n d .  

Table  3 p r e s e n t s  a ranking  of important  f i s h  f a m i l i e s  i n  NWHI 
s e a b i r d  d i e t s .  The rankings  are obta ined  by use  of t he  formula 
developed by Pinkas  e t  a l .  (1971) i n  which 

I R I  = F(N+V) 
where 

I R I  = Index of R e l a t i v e  Importance 
F = Frequency of Occurrence 
N = Numerical Percentage  
V = Volumetric Percentage  

We a g r e e  wi th  t h e i r  con ten t ion  t h a t  wh i l e  t h i s  equat ion  may not  be t h e  
las t  word i n  assessment  of importance of prey i t e m s ,  i t  is s u p e r i o r  t o  
t h e  e x c l u s i v e  use  of any one of t h e  commonly c a l c u l a t e d  s ta t i s t ics  which 
comprise  i t .  Rankings may change wi th  t i m e  of year  and l o c a l i t y ,  bu t  a t  
p re sen t  w e  r ecogn ize  t h e  f l y i n g  f i s h  (Family Exocoet idae,  e s p e c i a l l y  
Exocoetus v o l i t a n s  and Cypselurus  spp . ) ,  t h e  j a c k s  (Family Carangidae,  
a lmost  e n t i r e l y  Decapterus  s p p . ) ,  and t h e  g o a t f i s h  (Family Mull idae)  t o  
be  of ou t s t and ing  importance.  In shore  feeding  b i r d s  are marked w i t h  an 
a s t e r i s k  i n  Table  3 .  Addi t iona l  important  fo rage  fami l ies  f o r  t h i s  group 
are Dussumieri idae ( S p r a t e l l o i d e s  d e l i c a t u l u s ) ,  Synodontidae ( l i z a r d f i s h ) ,  
and Coryphaenidae (both  s p e c i e s  of mahimahi). 

Squid are almost  e n t i r e l y  of t h e  fami ly  Ommastrephidae, and inc lude  
t h e  genera  Ommastrephes, Symplec to teu th is ,  and Hya lo teu th i s .  

F igu res  1, 2 ,  and 3 p o r t r a y  feeding  comparisons of t h r e e  congeneric  
boobies ,  t h e  masked booby (Sula  d a c t y l a t r a ) ,  t h e  red-footed booby (m 
- s u l a ) ,  and t h e  brown booby (m l e u c o g a s t e r ) .  
percentages  of t h e  major prey groups (number, volume, f requency of 
occur rence ) ,  comparat ive use of f i s h  f a m i l i e s ,  and comparat ive l e n g t h s  
of  f i s h  consumed. An upcoming monograph w i l l  d i s p l a y  d a t a  f o r  a l l  
s p e c i e s  and compare l o c a l i t i e s  and seasons  where a p p r o p r i a t e .  

These f i g u r e s  p o r t r a y  

Seabi rd  d i e t s  are complex and no t  easy t o  g e n e r a l i z e  i n  t h e  N W H I .  
They feed  o p p o r t u n i s t i c a l l y  on s u r f a c e  shoa l ing  f i s h  and squid and 
o c c a s i o n a l l y  supplement t h i s  d i e t  wi th  c rus t aceans  and i n s e c t s .  They 
have evolved t o  u t i l i z e  an  assemblage of prey s p e c i e s ,  which may h e l p  t o  
moderate t h e  v i c i s s i t u d e s  of t h e  sub - t rop ica l  marine environment. The 
presence  of mid-water f i s h  such as l a n t e r n f i s h  (Myctophidae) and ha tche t -  
f i s h  (S ternoptychidae)  sugges t  t h a t  some s p e c i e s  feed  n o c t u r n a l l y  o r  
c r e p u s c u l a r l y ,  bu t  d i r e c t  obse rva t ions  are l ack ing  except  f o r  soo ty  
t e r n s  and wedge-tailed shearwaters  (Gould, 1967) .  Many "HI popu la t ions  
have a p p a r e n t l y  evolved breeding  ch rono log ie s  t o  t ake  advantage of  
s e a s o n a l l y  abundant f i s h  l a r v a e  and j u v e n i l e s  of Mul l idae ,  Synodontidae, 
and Holocent r idae .  
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TABLE 3 .  RANKED IMPORTANCE OF FISH FAMILIES I N  NWHI  SEABIRD DIETS 

Seabi rd  
a, m a 
-4 
M 
C m u m 
V 

a, m 
5 
-4 
C 
a, m 
.c 
h u 
0 
V 

n 

a, 
m a 
4 
rl 
3 m u 
M 
C w 

a, m 
5 
*4 
u 
a, 
0 
U 
0 
X w 

a, m 
5 
.rl 
rl 
x 

4 u 

a, m 
5 
4 
LI 
u 
C 
a, 
c, 
0 
4 
0 
X 

a, 
m 

a, 
4 a 

Black-footed Alba t ros s  1 

Laysan Alba t ros s  1 2 

Bonin P e t r e l  

Wedge-tailed Shearwater  3 

Chris tmas Shearwater  2 1 

Red- ta i led  Trop icb i rd  2 4 3 1 

Masked Booby 2 1 

1 2  

2 1  

3 

3 

3 

Red-footed Booby 3 2 1  

Brown Booby * 2 1 

Great F r i g a t e b i r d  2 1 

Sooty Tern 5 2 4 3  1 

Gray-backed Tern * 4 1 3 6 2 5  

Blue-gray Noddy * 3 1 2 

Brown Noddy 3 6 7 5 4  1 2 

Black Noddy * 4 2 1 3 

White Tern * 3 2 1 

*Inshore feeding  b i r d s  
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40 

30 

O/o 60 'I 

S. SULA 8 
I 
8 
8 - NUMBER 

1 1 1 1 1  VOLUME 
I...I FREO OCCURRENCE 

s 
8 5. LEUCOGASTER ., e 

M L  

% 50 

S. DACTYLATRA 

0 0 0 0  

Figure 2 .  Comparison of f i s h  famil ies  
preyed on by three booby s p e c i e s  
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FISH LENGTH (CM) 

% 

301 

4-4 6 
% , 

10 

c 

S. LEUCOGASTER 

S. DACTYLATRA 

Figure  3 .  Comparison of f i s h  l e n g t h s  preyed 
on by t h r e e  booby spec ie s  
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Feeding r a t e s  

We have no d i r e c t  i n fo rma t ion  concerning f eed ing  rates. Table  1 
l ists  t h e  f i r s t  publ ished v a l u e s  f o r  weights  of NWHI s e a b i r d s .  Our 
Laysan I s l a n d  s t u d i e s  on growth rates of young, f l e d g i n g  times, and 
r e p r o d u c t i v e  chronology could b e  used t o  determine consumptive rates 
and t h e  amount of food necessa ry  t o  r a i s e  young i f  some b a s i c  physio- 
l o g i c a l  d a t a  concerning energy metabolism were a v a i l a b l e .  

Feeding areas 

Bourne (1963) s t a t e d ,  "There i s  c l e a r l y  a need f o r  more d i r e c t  
o b s e r v a t i o n s  of where and how b i r d s  f eed  a t  sea. ' '  Th i s  s i t u a t i o n  has  
n o t  changed i n  almost two decades.  
measure of f eed ing  areas by p o r t r a y i n g  t h e  l e n g t h s  of t i m e  i ncuba t ing  
a d u l t s  are away a t  s e a  du r ing  one s h i f t  and l e n g t h  of t i m e  between 
f e e d i n g s  f o r  growing ch icks .  I f  t h e s e  times are a t r u e  r e f l e c t i o n  of 
f eed ing  areas, a s h a r p  c o n t r a c t i o n  of f eed ing  r ange  o c c u r s  when t h e  
egg h a t c h e s .  
hypo thes i s  t h a t  t h e r e  i s  a s t r o n g  c o r r e l a t i o n  between f eed ing  d i s t a n c e  
and l e n g t h  of t i m e  an  a d u l t  spends away from t h e  colony. For example, 
two species wi th  v a s t l y  d i f f e r e n t  i ncuba t ion  i n t e r v a l s  could be f e e d i n g  
i n  p r e c i s e l y  t h e  same a r e a ,  b u t  one may t a k e  longe r  t o  l o c a t e  and 
o b t a i n  i t s  prey.  

F igu re  4 d e p i c t s  a n  i n d i r e c t  

However, we do no t  n e c e s s a i l y  a c c e p t  t h e  unproven 

A f e a s i b i l i t y  s tudy  of r a d i o t r a c k i n g  t h e  brown noddy ( h o u s  s t o l i d u s )  
took p l a c e  on Oahu i n  September 1979. 
our  16-km d e t e c t i o n  r ange  and consequent ly  w e  d i d  n o t  l e a r n  t h e  p r e c i s e  
f eed ing  areas, two important  p o i n t s  can be made from F i g u r e  5. 
f i r s t  i s  t h a t  b i r d s  of t h i s  s p e c i e s  do no t  s e e k  o u t  food i n  random 
d i r e c t i o n .  There i s  c l e a r l y  a s o u t h e r l y  d e p a r t i n g  azimuth. The second 
is t h a t ,  c o n t r a r y  t o  views o c c a s i o n a l l y  expressed i n  t h e  l i t e r a t u r e ,  
t h i s  s p e c i e s  does n o t  d e p a r t  a g a i n s t  the  p r e v a i l i n g  n o r t h e a s t  t radewinds 
and r e t u r n  wi th  them wi th  f u l l  stomachs. The f a c t  t h a t  Manana I s l a n d  
brown noddies  r e t u r n  a g a i n s t  t h e  wind i n d i c a t e s  sou the rn  f eed ing  
grounds may be s u p e r i o r  t o  n o r t h e a s t e r n  areas d u r i n g  summer. 
l o c a t i o n  c a p a b i l i t y  i n  t h i s  s tudy  would probably have p inpo in ted  f eed ing  
a r e a s .  

Although t h e  b i r d s  f l ew  beyond 

The 

A e r i a l  

FUTURE RESEARCH NEEDS 

The f eed ing  s tudy  needs t o  be completed and d a t a  e x h a u s t i v e l y  analyzed 
us ing  au tomat i c  d a t a  p rocess ing .  
t o  be r e f i n e d  and access t o  t h e  NWHI du r ing  c r i t i c a l  t i m e s  of t h e  yea r  f o r  
census ing  purposes  needs t o  be a s su red .  

Popu la t ion  e s t i m a t i o n  t echn iques  need 

P h y s i o l o g i c a l  work e x p l o r i n g  energy metabolism of wild and c a p t i v e  
b i r d s  wi th  concomitant bomb c a l o r i m e t r y  of important  p rey  i t e m s  should 
make i t  p o s s i b l e  t o  model marine r e source  u t i l i z a t i o n  and energy f low 
f o r  "HI s e a b i r d  popu la t ions  us ing  t echn iques  similar t o  Wiens and S c o t t  
(1976).  
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INCUBATION SHIFTS AND FEEDING INTERVALS 
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LAAL - Laysan Albatross 
BFAL - Black-footed Albatross 
BOPE - Bonin Petrel 
BUPE - Bulwer's Petrel 
WTSH - Wedge-tailed Shearwater 
CHSH - Christmas Shearwater 
SSPE - Sooty Storm-Petrel 
RTTB - Red-tailed Tropicbird 
MABO - Masked Booby 

M B O  - Red-footed Booby 
BRBO - Brown Booby 
GRFR - Great Frigatebird 
SOTE - Sooty Tern 
GBTE - Grey-backed Tern 
BRNO - Brown Noddy 
BLNO - Black Noddy 
FATE - Fairy Tern 

Figure 4 .  Comparative lengths of incubation shifts and chick feeding 
intervals for 1 7  Northwestern Hawaiian Islands seabird 
species (Knudtson and Naughton, in preparation) 

Effort needs to be directed towards the location of feeding areas. 
The radiotelemetry work needs to be expanded and aerial survey transects 
need to be flown using standard techniques (Harrison and Hall, 1978; 
Harrison, in press) to locate feeding areas for important NWHI colonies. 

To assess the importance and seasonality of important prey items in 
seabird diets, basic life histories and estimates of annual production 
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DEPARTING DIRECTIONS 

0" 

180" 

Figure 5. Departing directions of breeding brown 
noddies from Manana Island. Vector 
magnitudes signify number of birds 
detected departing in each 30" sector. 
(Harrison and Stoneburner, in preparation) 

data are needed for Ommastrephidae, Exocoetidae, Mullidae, Synodontidae, 
and Decapterus s p .  
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