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New informat ion on d i s t r i b u t i o n and r e l a t i v e abundance of tuna 
j u v e n i l e s i n the c e n t r a l and wes tern P a c i f i c Ocean was o b t a i n e d by 
examination of stomach contents from 12,135 tunas caught by p o l e - a n d - l i n e 
gear between October 1977 and August 1980. Analyses focused on sk ip jack 
juveni les i n adult skipjack stomachs, s ince sk ip jack accounted for over 
t h r e e - q u a r t e r s of the samples of p r e d a t o r s and p r e y . Two i n d i c e s , 
percentage occurrence and number of juveni les per 100 p reda to r stomachs, 
were assumed to measure r e l a t i v e abundance of j u v e n i l e s . Three- and 
four-way G-tests of independence were used to examine var ia t ion i n juveni le 
occurrence i n p reda to r stomachs with d i s t a n c e from land , time of day, 
season and geographical locat ion from which predators were sampled. 

Skipjack juveni les occurred in 4.5 per cent of stomachs of 8,175 adult 
skipjack from t r o p i c a l w a t e r s , and i n 2.0 per cent of 1,711 ye l lowf in 
stomachs from t ropica l w a t e r s . Other common s p e c i e s of j u v e n i l e s were 
f r iga t e tuna, albaoore, and mackerel tuna; each occurred i n l e s s than one 
per cent of p reda to r stomachs. J u v e n i l e sk ip jack occurrence i n a d u l t 
skipjack stomachs was highest l a t e r i n the day and f u r t h e r from land and 
t h e r e was e v i d e n c e t h a t s k i p j a c k j u v e n i l e s form s c h o o l s . Such 
d i s t r ibu t ions of juveni les were postulated to minimise mortal i ty caused by 
surface-dwelling predators. 

Skipjack juveni les were absent from samples of predator stomachs taken 
in subtropical waters, and were uncommon from samples of predator stomachs 
taken i n the region of the nor th e q u a t o r i a l counter c u r r e n t and i n the 
region of equatorial upwelling. Juvenile skipjack occurred most frequently 
in adult skipjack stomachs between October and March south of the Equator, 
and i n two broad geographical areas, one including eastern French Polynesia 
and the other encompassing Papua New Guinea, Solomon I s l a n d s and Vanuatu. 
I t was hypothesised that skipjack spawning ac t iv i ty i n the study a r ea was 
most intense in these months and areas . 
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SPATIAL AND TEMPORAL DISTRIBUTIONS OF JUVENILE TUNAS 
FROM STOMACHS OF TUNAS CAUGHT BY POLE-AND-LINE GEAR 

IN THE CENTRAL AND WESTERN PACIFIC OCEAN 

1 . 0 INTRODUCTION 

Tuna juveni les and larvae are common in t ropica l surface waters of the 
Pacific Ocean, but for most tuna species they are uncommon polewards of the 
24°C surface isotherm (Klawe 1963; Ueyanagi 1969; Yoshida 1971; Mori 1972). 
Knowledge of the general d i s t r ibu t ion of l a rva l tuna i n the Pac i f i c , based 
on plankton net sampling, has been summarised by several authors (Matsumoto 
1966; Nishikawa e t a l . 1978; Suzuki, Tomlinson and Honma 1978; Matsumoto 
and Skillman MS). There i s , however, l i t t l e publ ished in format ion on 
r e l a t i v e abundance of tuna early l i f e -h i s to ry stages, p a r t i c u l a r l y i n the 
central and western Pacif ic . For skipjack (Katsuwonus pelamis) f t h i s gap 
great ly l im i t s the understanding of population s t r u c t u r e and r e c r u i t m e n t 
(Anon 1981; Skipjack Programme 1981). 

Occurrence of juveni les in predator stomachs has been used in the past 
to infer d i s t r ibu t ion and r e l a t i v e abundance of j uven i l e s w i th in p o r t i o n s 
of the Skipjack Programme study area (Waldron and King 1963; Nakamura 
1965a; Yoshida 1971; Mori 1972). The Skipjack Survey and Assessment 
Programme provided an oppor tun i ty to study d i s t r i b u t i o n and r e l a t i v e 
abundance of juveni le tunas over a v a s t a rea of the c e n t r a l and wes te rn 
P a c i f i c (Figure 1) through examination of j u v e n i l e s found i n stomach 
contents of tunas caught by pole-and-line gear. 

In t h i s paper, general descript ion of the to ta l da ta s e t i s followed 
by presentat ion of r e s u l t s from analyses of var ia t ion in the occurrence of 
tuna juveni les in predator stomachs with s ize of p reda tors , d i s t a n c e from 
land, time of day, season and geographical l o c a t i o n from which p r e d a t o r s 
were sampled. These analyses concentrate on skipjack juveni les s ince t h i s 
species accounted for over three-quarters of tuna j u v e n i l e s found i n the 
stomachs of p r e d a t o r s . For the purpose of t h i s s tudy, p r e d a t o r s a r e 
defined as those species caught by pole-and- l ine gear t h a t were found to 
include tuna juveni les in the i r d i e t ; and j u v e n i l e s a r e defined as tuna 
from the p o s t - l a r v a e s tage (10-12 mm t o t a l l eng th ) to 150 mm s tandard 
length (Matsumoto 1958; Mori 1972). 

2 . 0 METHODS 

2.1 Data Collection 

Collection of juvenile tuna data was constrained by the ob jec t ives of 
the Skipjack Programme, par t icu lar ly those pertaining to the d i s t r i b u t i o n 
of t agg ing . Considerable e f f o r t was d i r e c t e d towards t iming t agg ing 
ac t iv i ty and resource surveys within the waters of individual countries and 
t e r r i t o r i e s to coincide with seasonal a c t i v i t y of l o c a l l y based sk ip jack 
f i s h e r i e s , or with any known or suspected period of h i g h e r s k i p j a c k 
abundance within countries and t e r r i t o r i e s which did not have f i s h e r i e s 
(Kearney 1982). The r e s u l t s presented in th i s repor t are from skipjack and 
other species, pr incipal ly immature ye l lowf in tuna (Thunnus a l b a o a r e s ) f 
t h a t were not tagged for va r i ous reasons such a s hook i n j u r i e s and 
excessive handling time. 



FIGURE 1. THE AREA OF THE SOUTH PACIFIC COMMISSION. Sampling a rea of the Skipjack Programme 
included waters within the South Pacific Commission area, as well as waters w i th in 200 
miles of the coasts of the North Island of New Zealand, the east coast of Australia and 
the Bonin Islands of Japan. 
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Between October 1977 and August 1980 the Programme conducted t h r e e 
cruises , each of approximately 10 months ' d u r a t i o n , us ing a l i v e - b a i t 
pole-and-line vessel of Japanese r eg i s t ry . Appendix A g ives the sequence 
of surveys to countries and t e r r i t o r i e s for each c r u i s e ; Appendix B g ives 
dates for each survey. 

South of the Equator, samples were c o l l e c t e d i n every month except 
August and September; north of the Equator, samples were c o l l e c t e d a t the 
beginning (October, November) and end (July, August) of each cru ise . Since 
the routes and timing of the three cruises were qui te different , and the re 
were only a few countries and t e r r i t o r i e s t h a t were surveyed during the 
same season on successive cruises , the juveni le tuna data were not examined 
for v a r i a b i l i t y between years . 

Argue (1982) detai led f ie ld methods used by the Skipjack Programme for 
col lect ing general biological data, for sampling of tuna juveni les , and for 
d e s c r i b i n g tuna schoo l s . Stomachs from a maximum of twenty f i s h per 
s p e c i e s per school were examined for tuna j u v e n i l e s . Other s tomach 
c o n t e n t s from a maximum of f i v e f i s h per s p e c i e s pe r s c h o o l were 
c l a s s i f i e d , i n the f i e l d , i n t o b r o a d , e a s i l y r e c o g n i s e d t axonomic 
categories - generally to the family level for f i s h , and to the c l a s s or 
order level for inver tebra tes . 

2.2 Ident i f ica t ion of Tuna Juveniles 

Tuna juveni le samples were accumulated on board the r e s e a r c h v e s s e l 
and were forwarded every two to three months to the Noumea l a b o r a t o r y of 
Office de l a Recherche Scientif ique et Technique Outre Mer (ORSTOM) where 
each specimen was measured (s tandard l e n g t h ) and i d e n t i f i e d to s p e c i e s , 
whenever possible . For damaged specimens, l e n g t h s were es t imated to the 
nearest millimetre using one of the regression equations of Yoshida (1971), 
or i n cases where t h i s was impossible, a range in length was estimated from 
pieces of the ver tebral column and skul l . 

Most of the charac te r i s t i c s used to identify tuna juveni les a r e based 
on the anatomy of the ver tebral column as descr ibed by v a r i o u s a u t h o r s , 
pr inc ipal ly Nakamura (1965b), Gibbs and C o l l e t t e (1967) , Pot thoff and 
Richards (1970), and Potthoff (197*0. These features r e q u i r e ca re fu l use 
due to var ia t ion among individual specimens and due to the de l i ca t e na tu re 
of some body par t s , par t icu lar ly for specimens damaged by d i g e s t i o n . The 
use of a l i z a r in dye, which s ta ins bones red, was often helpful in exposing 
more obscure s k e l e t a l f e a t u r e s ( e . g . the haemal p r e z y g a p o p h y s i s ) . 
Whenever possible, severa l d i s t i n g u i s h i n g c h a r a c t e r i s t i c s were used i n 
iden t i f i ca t ion of juvenile specimens (Conand and Argue 1980). 

Ident i f ica t ion of tuna j u v e n i l e s to the gene r i c l e v e l i s normally 
possible by following the above procedures (98 % of specimens ident i f ied to 
generic l e v e l ) ; iden t i f i ca t ion to the species level i s a l s o p o s s i b l e , but 
often d i f f i cu l t . For example, i n the genus Thunnus t j u v e n i l e a lbaco re 
(T. alalunea) can be readily distinguished from ye l lowf in (T. a l baca r e s ) 
and bigeye (T. obesus) f but s e p a r a t i o n of the l a t t e r two s p e c i e s of 
juveni les was not possible. Bigeye have been grouped with yellowfin in the 
present study, and a l l specimens of these species have been retained in the 
hope that separation wi l l be possible a t a l a t e r date. I d e n t i f i c a t i o n s of 
several specimens of the major species were confirmed by Dr Shoji Ueyanagi, 
Far Seas Fisher ies Research Laboratory, Japan Fisher ies Agency. 
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2.3 Gepsraphioal Saj3PijL£rpiU>iag 

During 30 months of f ie ld sampling the re were 59 s e p a r a t e v i s i t s to 
countries, t e r r i t o r i e s and s u b d i v i s i o n s thereof . These a re defined as 
"country v i s i t s " and number two or more for some countries and t e r r i t o r i e s . 
Although samples were obta ined from a broad expanse of the wes tern and 
central Pacific Ocean, sample s izes were small w i t h i n i n d i v i d u a l v i s i t s . 
Thus, to examine var ia t ion in the occurrence of tuna juveni les with respect 
to geographical locat ion, season, time of day, and d i s t ance from land , i t 
was necessary, for s t a t i s t i c a l purposes, to combine some individual country 
v i s i t s . Geographic and oceanographic c r i t e r i a were the basis for combining 
country v i s i t s (Table 1) s ince such c o n d i t i o n s migh t i n f l u e n c e t he 
occurrence of tuna juveni les . 

2.4 S t a t i s t i c a l Analyses 

Two indices of juvenile occurrence in stomachs of p r e d a t o r s , assumed 
to provide information on the r e l a t i v e abundance of tuna j u v e n i l e s , were 
used in t h i s study. The f i r s t index was the number of predators containing 
one or more iden t i f i ab le tuna juveni le i n t h e i r stomachs, expressed as a 
percentage of the number of predators whose stomachs were examined for tuna 
j u v e n i l e s (percen tage occu r r ence ) . The second index i s based on t h e 
numbers of prey of a par t icu lar species tha t were found per 100 p reda to r 
stomachs. Yoshida (1971) and Mori (1972) called th i s an index of "apparent 
abundance" of tuna j u v e n i l e s i n t h e i r ana lyses of s k i p j a c k from t h e 
stomachs of s e v e r a l t una and b i l l f i s h s p e c i e s . Both i n d i c e s a r e 
conse rva t i ve s ince an unknown, but p resumably r e l a t i v e l y c o n s t a n t 
p ropor t ion of tuna j u v e n i l e s was o v e r l o o k e d due t o t h e e f f e c t s of 
digestion. 

S t a t i s t i c a l ana lyses of temporal and s p a t i a l v a r i a t i o n i n t h e 
occurrence of tuna juveni les were carried out on the presence-absence of 
juveni les (numbers of predator samples with or wi thout j u v e n i l e s ) , us ing 
three- and four-way G-tests of independence (Sokal and Rohlf 1969, p. 601). 
Predators with or without juveni les were c lass i f ied according to the time 
of day, d i s t a n c e from land , season and geographica l l o c a t i o n (country 
group) of the i r capture. Chi-square t e s t s were used for some comparisons 
among c la s s i f i ca t ions . 

Analyses of va r i ance were used to compare the s i z e of s k i p j a c k 
juveni les found in predator stomachs, among predator s i z e groups , country 
groups, times of day and distances from land, and to compare v a r i a n c e i n 
skipjack juvenile s ize among p reda to r s and w i t h i n i n d i v i d u a l p r e d a t o r s . 
Analyses excluded those j u v e n i l e s for which only a range i n l eng th was 
avai lable . 

3.0 RESULTS AND DISCUSSION 

3.1 The Total Data Set 

During 30 months of fieldwork 12,135 stomachs from tunas and o ther 
predators were examined for tuna juveni les ; 10,604 (87 %) of these samples 
were from fish taken in t ropical waters (Table 2 ) . For each country v i s i t , 
sample s izes , by predator species, and numbers of tuna j u v e n i l e s of each 
species t ha t were found i n the stomachs of p r e d a t o r s a r e presen ted i n 
Appendix B. Seventy-seven (77) per cent of the t o t a l of 1,346 j u v e n i l e s 
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TABLE 1 . GEOGRAPHICAL GROUPS OF COUNTRIES AND TERRITORIES IN TROPICAL WATERS 

Group No. 

1 

2 

3 

4 

5 

6 

7 

8 

* Average 
Average 
Average 
Average 
Average 

Countries and Territories 

Papua New Guinea 
Solomon Islands 
Vanuatu 

American Samoa 
Western Samoa 
Fiji 
Niue 
Wallis and Futuna Islands 
Tonga 

Southern Cook Islands 
Society Islands 
Tuamotu Islands 

Marquesas Islands 

Federated States of Micronesia 
Marshall Islands 
Northern Mariana Islands 
Palau 

Kiribati 
Nauru 
Tokelau 
Tuvalu 
Northern Cook Islands 

Queensland 
New Caledonia 

Gambler Islands 
Pitcairn Islands 

annual water temperature moderate 

annual surface salinity moderate. 

Surface Oceanographic and Geographic 
Features* 

Water temperature high; salinity low; 
large, high land masses; South Equa
torial Current 

Water temperature high; salinity moder
ate; high islands; South Equatorial 
Current 

Water temperature high; salinity high; 
mostly small islands and atolls; South 
Equatorial Current 

Water temperature high; salinity high; 
small islands (some high) 

Water temperature high; salinity low; 
mixture of small islands (some high) and 
atolls; North Equatorial Countercurrent 

Water temperature moderate; salinity 
high; atolls; equatorial upwelling 
region 

Strong seasonal variation in water 
temperature; salinity high; large 
land mass; Coral Sea 

Strong seasonal variation in water 
temperature; salinity moderate; 
small islands 



TABLE 2 . NUMBERS AND INCIDENCE OF TUNA JUVENILES IN THE STOMACHS OF ALL PREDATORS SAMPLED FROM 
TROPICAL WATERS 

P r e d a t o r P r e d a t o r s 
Examined f o r 
F u l l Stomach 

Con ten t 

S k i p j a c k 
Katsuwoniis n e l a m i s 

Ye l lowf ln 
Thunnua a l b a c a r e a 

Mackerel Tuna 
Euthvnnus a f f i n i s 

F r i g a t e Tuna 
Auxis t h a z a r d 

Dolph in F i s h 
CorvDhaena h l n n u r u a 

Wahoo 
Acanthoovbium s o l a n d r l 

Rainbow Runner 
E l a g a t l s b l p i n n u l a t u 3 

B lgeye Tuna 
Ihunnus nhaaus 

Dogtooth Tuna 
Gvmnosarda u n i c o l o r 

Double Lined Mackerel 

3896 

1018 

145 

90 

31 

2 

197 

17 

9 

7 
Gramnatoevnus M c a r i n a t u s 

S p a n i s h Mackerel 
Scomberomorua commerann 

Layang Scad 
DecaDterus macrosoma 

W h i t e - s p o t t e d T r i g g e r f i s i ] 
C a n t h i d e r m i s r o t u n d a t u s 

Shark 
C a r c h a r i n u s S D . 

B a r r a c u d a 
SDhvraenfl s p . 

TOTALS 

3 

2 

1 

1 

1 

5416 

P r e d a t o r s 
Examined 
f o r Tuna 
J u v e n i l e s 

8175 

1711 

233 

146 

33 

2 

273 

17 

9 

7 

3 

2 

1 

1 

1 

10604 

Prey 
S p e c i e s 

S k i p j a c k 
Y e l l o w f i n / 

B igeye 
Mackerel Tuna 
F r i g a t e Tuna 
A l b a c o r e 
Dogtooth Tuna 
Thunnua 3 p . 
U n i d e n t i f i e d 

Tuna J u v e n i l 

S k i p j a c k 
Y e l l o w f l n / 

B l g e y e 
Mackere l Tuna 
F r i g a t e Tuna 
Thunnua s p . 

Mackere l Tuna 

S k i p j a c k 

Y e l l o w f l n / 
B igeye 

S k i p j a c k 
A l b a c o r e 

No. of 
J u v e n i l e s 

884 
17 

31 
148 

52 
2 
1 
1 

e 

122 
2 

30 
20 

1 

2 

23 

7 

2 
1 

1346 

P r e d a t o r s 
w i t h 

J u v e n i l e s 

364 
14 

19 
60 
38 

2 
1 
1 

34 
1 

2 
3 
1 

1 

3 

3 

1 
1 

J u v e n i l e s p e r 
100 P r e d a t o r s 

10.81 
0 .21 

0 . 3 8 
1.81 
0 . 6 4 
0 .02 
0 .01 
0.01 

7 . 1 3 
0 . 1 2 

1.75 
1.17 
0 .06 

0 .90 

15 .75 

21 .21 

100.00 
50 .00 

P e r c e n t a g e 
of P r e d a t o r s 

w i t h J u v e n i l e s 

4 . 4 5 
0 .17 

0 . 2 3 
0 . 7 3 
0 .46 
0 .02 
0 .01 
0 .01 

1.99 
0 .06 

0 . 1 2 
0 .18 
0 . 0 6 

0 .4 5 

2 . 0 5 

9 .09 

50 .00 
5 0 . 0 0 
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were sk ip jack and 86 per cent of sk ip jack j u v e n i l e s were from a d u l t 
sk ip jack stomachs. Numbers of sk ip jack j u v e n i l e s per 100 s k i p j a c k 
predators for each country v i s i t are presented in Appendix C. 

Tuna juveni les were absent from l a r g e samples of p reda to r stomachs 
(1,511) taken in the subtropical waters of New Zealand, Norfolk Island, New 
South Wales and from a small sample (20) taken i n wa te r s near the Bonin 
Is lands. In t ropica l w a t e r s , the number of sk ip jack j u v e n i l e s per 100 
skipjack predators ranged from high va lues of 25 to 50 i n the Marquesas 
Islands, Vanuatu, and Wallis and Futuna, to values of ze ro to four i n the 
r eg ion of the nor th e q u a t o r i a l counter c u r r e n t (Fede ra t ed S t a t e s of 
Micronesia, Marshall Islands, Northern Mariana Is lands , Palau) and i n the 
region of equatorial upwelling (Kir iba t i , Nauru, Tokelau, Tuvalu, no r the rn 
Cook Islands) (see Appendix C). 

Table 2 presents the numbers of tuna prey per 100 p r e d a t o r s and the 
percentage occurrence of tuna prey for the t o t a l da ta s e t from t r o p i c a l 
waters. Skipjack juveni les occurred more frequently than other spec i e s of 
j u v e n i l e s i n the stomachs of a d u l t sk ip j ack ( 4 . 5 % o c c u r r e n c e ) and 
yellowfin (2.0 %). Frigate tuna (Auxis thazard) and a l b a c o r e , the second 
and third most common species of tuna juveni le in sk ip jack, each occurred 
in l e s s than one per cent of skipjack stomachs. Juvenile albacore were not 
widespread (Appendix B), occur r ing p r i n c i p a l l y i n two a r e a s - Tuamotu 
Islands and near Wallis Island. 

Tuna j u v e n i l e s were absent from the stomachs of a l l 273 ra inbow 
runners (Elaeat is bipinnulatus) examined, most of which were sampled from 
locat ions where juveni les were common in the stomachs of other predators. 

Except where noted, analyses that follow omit the subtropical predator 
samples. 

3.1.1 Size of predators jsxaffiine_d_£fir__fcujaa_ jMYenlle.s 

Predator length frequency d i s t r i b u t i o n s i n Figure 2 show the s i z e 
range and average l eng th for those f i s h from t r o p i c a l wa te r s t h a t were 
examined for juveni les . Frigate tuna were the sma l l e s t of the p r e d a t o r s 
examined, and as with skipjack, their s ize frequency d i s t r ibu t ion was qui te 
narrow. Yellowfin, rainbow runners and dolphin f ish (Corvphaena hippurus) 
were larger and were sampled over a g r e a t e r range of l e n g t h s . The s i z e 
d i s t r ibu t ions under- represent , to vary ing degrees , the small and l a r g e 
p r e d a t o r s of each spec i e s due to s i z e - s e l e c t i v e p r o p e r t i e s of t he 
pole-and-line f ishing technique , and due to d i f f e r i n g a c c e s s i b i l i t y of 
predator size classes to pole-and-line gear. 

3.1.2 Size of tuna juveniles 

Tuna j u v e n i l e s ranged i n s tandard l eng th from 15 to 240 mm and 
averaged 69 mm in length (Figure 3, lower r ight graph). Less than two per 
cent were greater than the a r b i t r a r y 150 mm upper s i z e l i m i t which Mori 
(1972) used to separate juvenile and young tuna. Size d i s t r i b u t i o n s fo r 
juveniles of each species had large variances, and were skewed to the r igh t 
(Figure 3) ; generally the d i s t r ibu t ions were qui te similar in shape. Modal 
lengths ranged from 35 mm for skipjack to 85 mm for a lbacore . During the 
two v i s i t s to French Polynesia, large numbers of small sk ip jack j u v e n i l e s 
(20 to 40 mm) were found in predator stomachs. Exclusion of these samples 
shifted the modal l eng th for sk ip jack j u v e n i l e s from 35 to 75 mm. The 
sharp declines i n numbers of juveniles to the l e f t of the modal lengths for 
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FIGURE 2 . SIZE FREQUENCY DISTRIBUTIONS OF TUNAS AND OTHER SPECIES THAT 
WERE EXAMINED FOR TUNA JUVENILES. Mean fork l e n g t h , s t a n d a r d 
d e v i a t i o n of the mean (SD) and sample s i z e (N) i n d i c a t e d on 
each graph. 
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FIGURE 3 . SIZE FREQUENCY DISTRIBUTIONS OF TUNA JUVENILES FROM THE 
STOMACHS OF ALL SPECIES THAT WERE EXAMINED FOR TUNA JUVENILES. 
Mean standard length, standard dev iat ion of the mean (SD) and 
sample s i z e (N) indicated on each graph. 
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each prey s p e c i e s were p r o b a b l y due to t h e combined e f f e c t s of 
s ize -se lec t ive feeding by p r e d a t o r s , and r ap id d i g e s t i o n of small prey 
beyond r ecogn i t i on a t time of sampling. The more gradual decrease i n 
numbers of j u v e n i l e s to the r i g h t of the modes was probably due t o a 
combination of s ize -se lec t ive feeding by predators, inc reased capac i ty of 
larger prey to escape predators, and reduced abundance and a v a i l a b i l i t y of 
larger individuals . 

3.1.3 Species QpaPOSltloiLi?JLJ:unjLj.av,e.rU>l.es 

For skipjack predators, the o v e r a l l r a t i o of sk ip jack j u v e n i l e s to 
other species of juveni les was 3 .5 :1 , and the r a t i o of sk ip jack j u v e n i l e s 
to yellowfin/bigeye juveni les was 52:1 (Table 2 ) . The l a t t e r r a t i o i s much 
higher than the r a t i o s of 4:1 or l e s s r epo r t ed by Matsumoto (1966) and 
Higgins (1970) for larvae and very small juveni les of these species sampled 
with plankton and midwater trawl gear from Hawaiian waters, and fo r l a r v a e 
sampled with plankton gear from Marquesas I s l a n d s wa te r s (Nakamura and 
Matsumoto 1967) and from the much l a r g e r I n d o - P a c i f i c r eg ion (Ueyanagi 
1969). However, i t i s closer to the r a t i o of 24:1 reported by Waldron and 
King (1963) fo r j u v e n i l e s from the stomachs of sk ip jack sampled from 
central Pacific waters. I t i s p o s s i b l e t h a t sk ip jack e x h i b i t a feeding 
preference for their own juveni les . I t i s also poss ib le t h a t between the 
la rva l and juvenile stages, ava i l ab i l i ty or abundance of ye l lowf in /b igeye 
may decrease substant ia l ly compared to that for skipjack. 

3• 2 Size-Selective Predation 

Previous invest igat ions of skipjack d ie t in the waters of the Hawaiian 
is lands (Yuen 1959; Waldron and King 1963) and Marquesas Islands (Nakamura 
1965a) showed that the percentage occurrence and volume of f ish in skipjack 
stomach contents increased with increased skipjack s ize . Figure 4 suggests 
a similar posi t ive re la t ionship between s ize of skipjack predators and both 
numbers of sk ip jack j u v e n i l e s pe r 100 p r e d a t o r s (uppe r g r a p h ) and 
percentage occurrence of sk ip jack j u v e n i l e s (middle g r a p h ) . Based on 
t - t e s t s , slopes for l inear regressions of these juvenile occurrence indices 
on predator l eng th were a l l s i g n i f i c a n t l y g r e a t e r than ze ro (p<0 .05) . 
Numbers of sk ip jack prey per p reda to r with prey (lower graph) ranged 
between one and four over most of the p reda tor s i z e r ange . Yellowfin 
p r e d a t o r s , covering a broader s i z e range than s k i p j a c k , had s i m i l a r 
re la t ionships between juveni le sk ip jack occurrence i n d i c e s and p reda to r 
size (Figure 5) . 

Closer inspection of Figures 4 and 5 sugges t s t h a t the two i n d i c e s , 
prey per 100 predators and percentage occurrence, were r e l a t i ve ly cons tan t 
for predators i n the s ize range of approximately 42 to 59 cm. Within t h i s 
size range, slopes for l inear regressions were not s ignif icant ly d i f f e r e n t 
from zero (p>0.10) . Therefore, to minimise v a r i a b i l i t y i n occurrence 
indices due to s ize-se lec t ive predation, predators outside the length range 
42 to 58.9 cm were excluded, except where noted, from remaining a n a l y s e s . 
This adjustment or f i l t e r for suspected s i z e - s e l e c t i v e p r eda t ion was the 
simplest method to minimise a potent ia l source of bias and s t i l l main ta in 
suff ic ient samples (8,018 of 10,604 predators) for remaining analyses. 

3.3 Temporal and Spatial Variation in Tuna Juvenile Abundance 

3.3.1 Seasons 

In a preliminary report, Conand and Argue (1980) suggested that 
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SKIPJACK JUVENILE PREY PER 100 PREDATOR STOMACHS ( u p p e r 
g r a p h ) , PERCENTAGE OCCURRENCE (middle graph) AND AVERAGE 
NUMBERS OF SKIPJACK JUVENILES PER PREDATOR WITH SUCH JUVENILES 
(lower graph) FOR SKIPJACK PREDATORS IN ONE-CENTIMETRE LENGTH 
INTERVALS. P r e d a t o r sample s i z e s ±HQ p e r s i z e i n t e r v a l ; 
p o i n t s omit ted f o r i n t e r v a l s wi th no samples. 
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SKIPJACK JUVENILE PREY PER 100 PREDATOR STOMACHS ( u p p e r 
g r a p h ) , PERCENTAGE OCCURRENCE (middle graph) AND AVERAGE 
NUMBERS OF SKIPJACK JUVENILES PER PREDATOR WITH SUCH JUVENILES 
( lower graph) FOR YELLOWFIN PREDATORS IN FIVE-CENTIMETRE 
LENGTH INTERVALS. P r e d a t o r s a m p l e s i z e s 2 1 0 per s i z e 
i n t e r v a l . 
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TABLE 3. PREY PER 100 PREDATOR STOMACHS AND PERCENTAGE OCCURRENCE OF SKIPJACK JUVENILES IN SKIPJACK 
PREDATORS FOR THREE-MONTH PERIODS AND INTERVALS OF 12* OF LATITUDE. Skipjack l e s s than 42 cm 
and greater than 58.9 cm excluded. N i s the number of skipjack predators; % Occur, i s the 
percentage of skipjack predators with skipjack prey. 

Latitude 

24°00-35,59'N 

12"00-23*59'N 

00°00-ir59'N 

oo'oo-irsg's 

12°00-23o59'S 

24,00-35°59'S 

36°00-44*59,S 

* No samples 

N 

0 

34 

0 

856 

1040 

462 

247 

taken 

January/March 

Prey 
per 100 
Predators 

-

-

-

7.24 

9.14 

0 

0 

% 
Occur. 

-

-

-

5.25 

4.23 

0 

0 

during September. 

N 

0 

0 

0 

1091 

1219 

448 

98 

April/June 

Prey 
per 100 
Predators 

-

-

-

3.21 

5.33 

0 

0 

% 
Occur. 

- -

-

-

2.93 

2.38 

0 

0 

July/August* 

N Prey 
per 100 
Predators 

0 

0 

297 

136 

0 

0 

0 

-

-

0.67 

2.21 

-

-

-

% 
Occur. 

-

-

0.34 

1.47 

-

-

-

October/December 

N Prey % 
per 100 Occur. 
Predators 

20 

0 

198 

1132 

644 

0 

0 

-

-

1.52 

24.21 

10.40 

-

-

-

-

1.01 

7.86 

5.12 

-

-
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seasonal d i f f e r e n c e s i n occurrence of sk ip jack j u v e n i l e s i n a d u l t s k i p j a c k 
were not g r e a t between the Equator and 25°S. Data from November 1979 t o 
the end of f ie ldwork i n August 1980 a r e now i n c l u d e d w i t h t h o s e from t h e 
p re l imina ry r e p o r t , and a r e p r e s e n t e d by t h r e e - m o n t h i n t e r v a l s and 12 
degrees of l a t i t u d e i n Table 3 . Samples were i n s u f f i c i e n t n o r t h of t h e 
Equator to examine s e a s o n a l i t y i n j u v e n i l e occur rence . Between the Equator 
and 24°S , s k i p j a c k j u v e n i l e s were most common i n a d u l t d i e t s b e t w e e n 
O c t o b e r and March. However, s o u t h of t h e E q u a t o r t h e s u r v e y v e s s e l s 
obta ined samples from a l a r g e , d ive r s e a r ea , from Manus I s l a n d , Papua New 
Guinea i n the west to P i t c a i r n I s l and i n the e a s t . Over t h i s a rea t h e r e i s 
geograph ica l v a r i a t i o n i n s u r f a c e w a t e r t e m p e r a t u r e and s a l i n i t y , and 
t iming of peak p r e c i p i t a t i o n (Donguy and Henin 1976). Such e n v i r o n m e n t a l 
v a r i a b i l i t y , coupled with unequal temporal d i s t r i b u t i o n of samples (samples 
e a s t of 150°W l o n g i t u d e a l l c o l l e c t e d between December and February) , could 
have given r i s e to the seasonal d i f f e r e n c e s i n j u v e n i l e occurrence observed 
i n the t o t a l da ta s e t . 

S u r v e y s i n t h e w a t e r s of P a p u a New G u i n e a , So lomon I s l a n d s , 
Queensland, New Caledonia, Vanuatu and F i j i took p lace dur ing both Oc t obe r 
to March and Apri l to August time pe r iods , p r o v i d i n g t h r e e d a t a s e t s f o r 
smal ler geographica l a r e a s wi th which to examine s e a s o n a l d i f f e r e n c e s i n 
the occurrence of j u v e n i l e s (Table 4 ) . For each da ta s e t , the inc idence of 
sk ip jack j u v e n i l e s i n the October to March per iod was approximate ly d o u b l e 
the i n c i d e n c e f o r t h e A p r i l t o September p e r i o d , a l t h o u g h none of t h e 
i n d i v i d u a l d i f f e r e n c e s was s t a t i s t i c a l l y s i g n i f i c a n t based on c h i - s q u a r e 
t e s t s . Resu l t s from a more powerful three-way G- t e s t of independence ( two 
t ime p e r i o d s , t h r e e c o u n t r y g r o u p s and o c c u r r e n c e ) showed t h a t , 
c o l l e c t i v e l y , the o c c u r r e n c e of s k i p j a c k j u v e n i l e s was h i g h e s t be tween 
October and March (p<0.001) . The t e s t f o r i n t e r a c t i o n was not s i g n i f i c a n t . 
A s i m i l a r per iod of peak occurrence for l a r g e r sk ip jack j u v e n i l e s from t h e 
stomachs of b i l l f i s h e s , captured i n southern t r o p i c a l w a t e r s be tween 180° 
and 137°W, i s suggested by da ta p resen ted by Yoshida (1971) . Nakamura and 
Matsumoto (1967) found i n the Marquesas I s l a n d s t h a t s k i p j a c k l a r v a e were 
most abundant between January and A p r i l . 

TABLE 4 . SEASONAL VARIATION IN THE PERCENTAGE OCCURRENCE OF SKIPJACK 
JUVENILES FROM THE STOMACHS OF 42 TO 5 8 . 9 CM SKIPJACK 
PREDATORS FOR SELECTED COUNTRIES. N i s t h e number of 
p r e d a t o r s examined. 

Papua New Guinea 
Solomon Islands 

Queensland 
New Caledonia 
Vanuatu 

Fiji 

TOTALS 

* G-statisti 

I 

% 
N 

% 
N 

% 
N 

Predators 
with prey 

N 

3, 1 df. 

Dctober-
March 

5.33 
319 

6.05 
562 

3.68 
163 

57 

1044 

April-
August 

3.47 
894 

2.42 
124 

1.87 
697 

47 

1715 

Total 

3.96 
1213 

5.39 
686 

2.21 
860 

104 

2759 

Chi-
square 

2.14 

2.62 

2.02 

12.78* 

Probability 

0.144 

0.106 

0.155 

<0.001 
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Based on female gonad i n d i c e s shown in F igure 6 , t h e r e i s a l s o 
seasonality i n the s t a te of gonad development. Gonad indices were h ighes t 
(45-60) from November through F e b r u a r y , o r , r o u g h l y , t h e s o u t h e r n 
hemisphere summer. Index v a l u e s over 50 a re a s s o c i a t e d w i t h f emale 
skipjack whose gonads have a high percentage of eggs t h a t a r e ready to be 
spawned (Raju 1964). Results in Figure 6 are similar to those presented by 
Lewis (1981) and Wi lson (1982) fo r f ema le s k i p j a c k sampled from 
pole-and-line catches in Papua New Guinea, to those presented by Naganuma 
(1979) for a large , widely d is t r ibuted sample of female skipjack from south 
of the Equator, and to those presen ted by Yoshida (1966) f o r f ema le 
skipjack from the Marquesas and Tuamotu Islands of French Polynesia. 

Argue and Kearney (1983) contrasted female skipjack matu r i ty i n d i c e s 
between tropical and subtropical wa te r s for sk ip jack samples taken from 
south of the Equator between December and A p r i l . None of the sk ip jack 
examined from subt rop ica l wa te r s showed evidence of spawning, which i s 
consistent with the absence of j u v e n i l e sk ip jack i n stomach samples of 
predators taken from these waters a t that time. 

3.3.2 Time of dav and distance from land 

The data se t from t ropical waters for juvenile skipjack, f r i g a t e tuna 
and mackerel tuna from skipjack and yellowfin stomachs was used to examine 
whether occurrence of juveni les varied with time of day and d i s t a n c e from 
land. This data set does not include some samples from the f i r s t c r u i s e 
(October 1977 to August 1978) for which d i s t a n c e from l a n d was no t 
recorded. 

The upper graph in Figure 7 shows tha t the percentage occurrence of 
skipjack and f r iga te tuna j u v e n i l e s i n the d i e t s of sk ip jack inc reased 
substant ia l ly after 1700 hours. The same data were then arrayed in to eight 
i n t e rva l s of distance from land. Results presented i n the lower graph of 
Figure 7 show that skipjack juveni le occurrence increased with i n c r e a s i n g 
distance from land. Occurrence of j u v e n i l e f r i g a t e tuna was r e l a t i v e l y 
constant with respect to distance from land. 

A simple presentation such as the above might suf f ice i f i t could be 
assumed that time of day and distance from land e f fec t s were independent . 
To adjust for confounding effects of time of day and distance from land , a 
four-way c l a s s i f i ca t ion of the data was constructed. I t was necessary to 
choose time of day and distance from land in t e rva l s that resul ted i n usable 
numbers of samples within each of the four c l a s s i f i c a t i o n s . The c l a s s e s 
selected were distance from land (^10.0 miles, >10.0 miles) , time of day 
(<1500 hours, .£.1500 hours), country groups ( 1 , 2, 3, 4 , 5 and 6 combined, 
see Table 1) , and presence/absence of tuna juveni les . Since groups 5 and 6 
are contiguous and both consist mainly of a t o l l s , they were combined to 
i n c r e a s e sample s i z e . There were s u f f i c i e n t numbers of s amples f o r 
skipjack juveni les in skipjack predators for each s t r a tum. For sk ip jack 
j u v e n i l e s i n ye l lowf in p r e d a t o r s , f r i g a t e tuna j u v e n i l e s i n sk ip j ack 
predators, and mackerel tuna j u v e n i l e s i n sk ip jack p r e d a t o r s , da ta were 
only sufficient for three-way categorisat ions (summed over country groups). 
Table 5 presents percentage occurrence and sample s izes for th i s analys is . 

A four-way G-test of independence was used to t e s t the hypothesis that 
occurrence of skipjack juveni les i n sk ip jack was independent of time of 
day, distance from land, and country group. I t i s assumed here t h a t time 
of day, distance from land , and country e f f e c t s a r e independent of the 
season in which the data were col lected. Table 6 p r e s e n t s the r e s u l t i n g 
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AVERAGE GONAD INDICES ( c i r c l e s ) AND TWO STANDARD ERRORS ON 
EITHER SIDE OF THE AVERAGES ( v e r t i c a l l i n e s ) , BY MONTH, FOR 
SKIPJACK FEMALES SAMPLED FROM TROPICAL WATERS SOUTH OF THE 
EQUATOR. Standard errors omitted for one small (<5) sample 
(top graph, March); other sample s izes were at least eight and 
most exceeded 100. No samples for August and September. 
Gonad Index = 107 (gonad we ight g m / ( f i s h l e n g t h mm)3), 
from Schaefer and Orange (1956). 
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PERCENTAGE OCCURRENCE OF SKIPJACK AND FRIGATE TUNA JUVENILES 
IN THE STOMACHS OF 42-58.9 CM SKIPJACK PREDATORS VERSUS THE 
TIME OF DAY (upper graph) AND DISTANCE FROM LAND (lower graph) 
AT WHICH PREDATORS WERE CAPTURED. Predator sample sizes for 
all time and distance intervals exceeded 75, and most exceeded 
500. 
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TABLE 5 . PERCENTAGE OCCURRENCE OF TUNA JUVENILES FOR TWO DISTANCE FROM LAND INTERVALS, 
TWO TIME OF DAY INTERVALS AND FIVE COUNTRY GROUPS (SKIPJACK ONLY). S k i p j a c k 
p r e d a t o r s l e s s than 42 cm and g r e a t e r than 58.9 cm excluded. N i s t he number of 
p r e d a t o r s examined. 

Prey Spec ie s / 
Preda tor Spec ies 

Skip jack / 
Skipjack 

Skip jack / 
Skipjack 

Skip jack / 
Skipjack 

Skip jack / 
Skipjack 

Skip jack / 
Skipjack 

Skip jack / 
Skipjack 

Skipj ack/ 
Yellowfin 

F r i g a t e Tuna/ 
Skipjack 

Mackerel Tuna/ 
Skipjack 

Country 
Group 

1 

2 

3 

4 

5 & 6 

TOTALS 

TOTALS 

TOTALS 

TOTALS 

% 
N 

% 
N 

N 

% 
N 

% 
N 

% 
N 

% 
N 

% 
N 

N 

0-

< 1 5 0 0 
hours 

1.38 
290 

.76 
395 

0.85 
354 

3.70 
622 

1.73 
462 

1.93 
2123 

.35 
287 

.18 
2206 

.09 
2206 

•10.0 mil 

2.1500 
hours 

2.61 
115 

1.36 
147 

5.35 
243 

10.82 
379 

85 

6.09 
969 

1.35 
74 

1.08 
1018 

.59 
1018 

es 

Tota l 

1.73 
405 

.92 
542 

2 .68 
597 

6.39 
1001 

1.46 
547 

3.23 
3092 

.55 
361 

.47 
3224 

.25 
3224 

>10.0 mi l e s 

<1500 
hours 

2.32 
302 

2.55 
431 

6.98 
172 

3.59 
167 

28 

3.27 
1100 

.30 
328 

.27 
1104 

.09 
1104 

i.1500 
hours 

8.95 
190 

5.13 
39 

7.69 
78 

16.88 
237 

4.05 
74 

11.00 
618 

13-70 
73 

.78 
641 

• 31 
641 

Total 

4 .88 
492 

2.77 
470 

7.20 
250 

11.39 
404 

2.94 
102 

6.05 
1718 

2.74 
401 

.46 
1745 

.17 
1745 

<1500 
hours 

1.86 
592 

1.70 
826 

2.85 
526 

3.68 
789 

1.63 
490 

2.39 
3223 

.33 
615 

.21 
3310 

.09 
3310 

Total 

11500 
hours 

6.56 
305 

2.15 
186 

5.92 
321 

13-15 
616 

1.89 
159 

8.00 
1587 

7.48 
147 

.96 
1659 

.48 
1659 

Total 

3.46 
897 

1.78 
1012 

4.01 
847 

7.83 
1405 

1.70 
649 

4.24 
4810 

1.71 
762 

.46 
4969 

.22 
4969 
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G - s t a t i s t i c s . The t e s t for i n t e r a c t i o n , t h a t i s , whether the degree of 
associat ion between one pa i r of f a c t o r s d i f f e r s over the l e v e l s of the 
others, was s ignif icant (p=0.043). Three-way G-tests of independence were 
a l l s ignif icant (Table 6), as were main e f f ec t G - s t a t i s t i c s fo r sk ip jack 
juveni le occurrence in skipjack versus distance from land, time of day and 
country groups (p<0.001). Inspec t ion of the f i r s t f i v e rows of da ta i n 
Table 5 shows tha t within each of the country groups, percentage occurrence 
of skipjack juveni les was h i g h e s t a f t e r 1500 hours and f u r t h e r than 10 
miles from land (8 of 10 comparisons). From these r e s u l t s i t i s concluded 
that skipjack juveni les were more common in the d ie t of adult skipjack both 
l a t e r in the afternoon and further from land. 

TABLE 6. G-STATISTICS FOR TESTS OF INDEPENDENCE FOR THE FOUR-WAY 
CLASSIFICATION OF SKIPJACK JUVENILE OCCURRENCE. C i s 
country group, D i s distance from land, T i s time of day and 
0 i s occurrence. 

Hypotheses Tested 

CxDxTxO interaction 
CxDxO independence 
CxTxO independence 
DxTxO independence 
CxDxT independence 
DxO independence 
TxO independence 
CxO independence 

• p<0.05. 
*** p<0.001. 

Degrees of 
Freedom 

4 
13 
13 
4 
13 
1 
1 
4 

G-statistics 

9.88* 
459.94*** 
342.42*** 
104.48*** 
831.84*" 
20.72*** 
76.40*** 
70.02*** 

Summed over country groups (6th row, Table 5 ) , sk ip jack j u v e n i l e s 
occurred in 3.4 times (8.00/2.39) as many stomachs a f t e r 1500 hours , a s 
compared to e a r l i e r i n the day; and occurred 1.9 t imes (6 .05 /3 .23 ) as 
frequently a t distances greater than 10 miles from land, compared to 0-10.0 
mi les from l and . These r e s u l t s show t h a t for the time and d i s t a n c e 
in te rva l s chosen, time of day influences occurrence of sk ip jack j u v e n i l e s 
in predator stomachs more so than distance from land. 

Three-way t e s t s of independence ( t ime, d i s t a n c e , occurrence) were 
carried out for skipjack juveni les i n yellowfin, f r iga te tuna j u v e n i l e s i n 
skipjack, and mackerel tuna juveni les in skipjack. The l a s t three rows i n 
Table 5 present percentage occurrence and sample s i z e s for these t e s t s . 
Tests for in te rac t ion were not s igni f icant . The occurrence of sk ip jack , 
f r iga te tuna and mackerel tuna j u v e n i l e s were a l l s i g n i f i c a n t l y h igher 
(p<0.01) l a t e r i n the day. The occurrence of f r i g a t e tuna j u v e n i l e s and 
mackerel tuna juveni les did not differ with respect to distance from l and . 
Skipjack juveniles were more common in yellowfin stomachs further from land 
(p<0.05). 

3*3.3 Geographical var ia t ion 

Although in the previous t e s t , country groups d i f fe red s i g n i f i c a n t l y 
wi th r e s p e c t to j u v e n i l e sk ip jack occur rence , implying t h a t a p p a r e n t 
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abundance of juveni le skipjack var ies over the study area, t h i s d i f f e r ence 
may have been confounded by the season in which the samples were obta ined 
for each country group. There were suff icient samples for the October to 
March period to examine whether, within th i s period, occurrence of juvenile 
skipjack differed among country groups. Table 7 p r e s e n t s da ta t h a t were 
used for th i s comparison. The distance from land s t r a t a , which showed l e s s 
va r i ab i l i t y than the time of day s t r a t a , had to be aggregated i n order to 
ob t a in s u f f i c i e n t sample s i z e s f o r t he c o u n t r y group c o m p a r i s o n s . 
G- s t a t i s t i c s from a three-way t e s t of independence between country groups, 
time of day and juvenile occurrence confirmed that occurrence of sk ip jack 
juveni les differed s ignif icant ly amongst country groups (p<0.001) , and as 
in the previous section, skipjack juveni les were most common i n p reda to r 
stomachs l a t e r i n the day (p<0.001) . The t e s t for i n t e r a c t i o n was not 
s igni f icant . Selected comparisons showed that group 4 (Marquesas I s l a n d s ) 
and group 1 (Papua New Guinea, Solomon I s l a n d s , V a n u a t u ) , bo th had 
s i g n i f i c a n t l y higher occurrence l e v e l s (p<0.001) than groups 5 and 6 
( a t o l l s and s m a l l i s l a n d s i n t h e n o r t h e q u a t o r i a l c o u n t e r 
c u r r e n t - e q u a t o r i a l upwell ing r e g i o n ) . F i g u r e 8 i s a more d e t a i l e d 
geographical presentation of prey per 100 p r e d a t o r s (apparent abundance) 
for A p r i l t o August and Oc tober to March samples w i t h i n 12°x10° 
la t i tude- longi tude c e l l s . Apparent abundance i n d i c e s were averaged over 
the before-1500-hour and after-1500-hour pe r iods i n order to g ive equal 
weight to the i n d i c e s for each time per iod , r e g a r d l e s s of numbers of 
samples. Isopleths on the f igure indica te two centres of h igher j u v e n i l e 
skipjack abundance roughly 3,500 n a u t i c a l mi les a p a r t , one amongst the 
Marquesas and Tuamotu Islands i n the e a s t and the second near the l a r g e 
land masses of Papua New Guinea, Solomon Islands and Vanuatu i n the wes t . 
Within the north equatorial counter c u r r e n t - e q u a t o r i a l upwel l ing r eg ion , 
and in the waters between the Samoan Islands and Society Is lands, sk ip jack 
juveni les were occasionally present in adult skipjack stomachs, but a t much 
lower l eve l s . 

TABLE 7. OCTOBER TO MARCH PERCENTAGE OCCURRENCE OF SKIPJACK TUNA 
JUVENILES IN SKIPJACK PREDATORS FOR TWO TIME OF DAY 
INTERVALS AND FIVE COUNTRY GROUPS. Skipjack preda tors l e s s 
than 42 cm and g r e a t e r than 58.9 cm excluded. N i s the 
number of p r e d a t o r s examined, i nc lud ing p r e d a t o r s from 
schools for which distance from land was not recorded. 

Country Group 

1 

2 

3 

4 

5 & 6 

TOTALS 

% 
N 

% 
N 

% 
N 

% 
N 

N 

% 
N 

<1500 hours 

3.08 
260 

3.51 
171 

2.85 
526 

3.68 
789 

0.36 
550 

2.68 
2296 

21500 hours 

10.84 
166 

3.53 
85 

5.92 
321 

13.15 
616 

1.34 
302 

8.39 
1490 

Total 

6.10 
426 

3.52 
256 

4.01 
847 

7.83 
1405 

0.70 
852 

4.89 
3786 



FIGURE 8. APPARENT ABUNDANCE OF JUVENILE SKIPJACK (NUMBER OF JUVENILES PER 100 SKIPJACK PREDATOR 
STOMACHS) FROM 42-58.9 CM ADULT SKIPJACK SAMPLED WITHIN 12° LATITUDE BY 10° LONGITUDE 
CELLS. Upper values of each pair are for April to August, lower va lues for October to 
March. Apparent abundance i n d i c e s have been averaged over two d a i l y time p e r i o d s 
(<1500 hours, £.1500 hours) except where indicated by s tars ( s i n g l e s t a r <1500 sample, 
double s tar i.1500 sample). All predator sample s i z e s £.10 per s e a s o n per c e l l ; most 
>75. NS or blank denotes no sample. I s o p l e t h s of apparent abundance were drawn by 
hand. 
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FIGURE 9. GONAD INDICES FOR 4 2 - 5 8 . 9 CM FEMALE SKIPJACK SAMPLED WITHIN \2* LATITUDE BY 10° 
LONGITUDE CELLS. Upper v a l u e s of each p a i r a r e fo r Apr i l t o August, l ower v a l u e s f o r 
October to March. All sample s i z e s ^ 5 pe r s e a s o n p e r c e l l ; most >75 . NS or b l a n k 
denotes no sample. 
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Figure 9 i s a s imilar geographica l p r e s e n t a t i o n of female s k i p j a c k 
gonad index. Figure 10 shows the re la t ionsh ip between apparent abundance 
and female s k i p j a c k gonad i n d e x f o r s a m p l e s from t h e same 12*x10* 
la t i tude - long i tude c e l l s and seasons. I t i s assumed t h a t j u v e n i l e s grow 
f a s t enough so that any lag between high gonad i n d i c e s and occurrence of 
j u v e n i l e s i s captured w i t h i n the s ix -month time p e r i o d s . E s t i m a t e s of 
dai ly growth for j u v e n i l e s k i p j a c k (Uchiyama and Struhsaker 1981) and 
ye l lowf in (Harada, Murata and Oda 1980) of over one m i l l i m e t r e per day 
support t h i s assumption. There was a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n 
between apparent abundance of j u v e n i l e s k i p j a c k and s k i p j a c k m a t u r i t y , 
primarily due to the strong re la t ionsh ip between j u v e n i l e occurrence and 
maturity for samples from the two r e g i o n s of h igher j u v e n i l e occurrence 
( s o l i d symbols i n Figure 10) . Skipjack j u v e n i l e s and s k i p j a c k spawning 
would thus appear to be s imi lar ly d i s tr ibuted over the study area. 

FIGURE 10. RELATIONSHIP BETWEEN SKIPJACK JUVENILES PER 100 SKIPJACK 
PREDATOR STOMACHS AND FEMALE SKIPJACK GONAD INDEX, FOR SAMPLES 
OF 4 2 - 5 8 . 9 CM ADULT SKIPJACK FROM 12° LATITUDE BY 10° 
LONGITUDE CELLS. The c o r r e l a t i o n c o e f f i c i e n t for the t o t a l 
data s e t was 0.60 (p<0.01) , and for the French Polynesia-Papua 
New Guinea to F i j i subsets i t was 0.84 (p<0.01) . 
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One must be cautious in interpreting these results since i t i s always 
possible that cyclic fluctuations in oceanographic parameters (Wyrtki 1975; 
Donguy and Henin 1981; Schreiber and Schreiber 1983) might a l t e r the 
distribution and relative abundance of skipjack juveni les . Nevertheless , 
these results complement the Programme's analyses of blood genet i c s data 
(Anon 1981). A gradient in esterase gene frequency, a genetic marker used 
to infer population structure, was evident from west to east across the 
tropical Pacific between approximately 120*E and 120*W (Figure 11). The 
gradient i s consistent with a r e l a t i v e l y even d i s t r ibut ion of skipjack 
spawning in tropical waters across the study area. I t was also postulated 



FIGURE 1 1 . SKIPJACK SERUM ESTERASE GENE FREQUENCY FOR 163 SAMPLES FROM INDIVIDUAL SKIPJACK 
SCHOOLS, VERSUS LONGITUDE OF THE SAMPLE LOCATION. The r e g r e s s i o n l i n e on t h e l e f t of 
the do t t ed l i n e i n c l u d e s 145 samples c o l l e c t e d between I n d o n e s i a and P i t c a i r n I s l a n d 
( c o r r e l a t i o n c o e f f i c i e n t - 0 . 8 1 ) . E s t e r a s e gene f r e q u e n c i e s f o r 18 e a s t e r n P a c i f i c 
samples a r e shown to the r i g h t of t h e do t t ed l i n e . Redrawn from Anon (1981) . 
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(Anon 1981) that the gradient could represent a region of "overlap" of 
skipjack from two or more centres of higher spawner dens i ty a t the 
approximate extremes of the study area or beyond. The s imi la r i ty between 
eastern Pacific esterase gene frequencies and those from French Polynesia 
suggests that eastern Pacific skipjack and skipjack in French Polynesia 
have a similar genetic or igin, and could co l lec t ive ly r e p r e s e n t the 
spawning group at one extreme. Evidence that there i s minimal skipjack 
spawning in the eastern Pacific (Klawe 1963) supports th i s hypothesis. 
Previous results for juveni le skipjack apparent abundance and skipjack 
maturity support the supposition of two or more centres of heavier or more 
"successful" skipjack spawning in the study area. 

3.3.4 Random versus clumped distribution 
of skipjack juveniles 

Table 8 presents the observed numbers of p r e d a t o r s with z e r o , one, 
two, e t c . juveni le sk ip jack i n t h e i r stomachs. P r eda to r s i nc lude a l l 
species sampled from t ropica l waters, regardless of t h e i r s i z e . The long 
t a i l t o the d i s t r i b u t i o n sugges t s t h a t i t i s a contag ious or clumped 
d i s t r ibu t ion . To t e s t t h i s hypothesis the observed preda tor numbers were 
compared with the expected numbers c a l c u l a t e d from the formula for the 
negative binomial frequency d i s t r ibu t ion . Based on a t e s t of goodness of 

TABLE 8. NUMBERS OF SKIPJACK PREDATORS (ALL LENGTHS) ON JUVENILE 
SKIPJACK FOR CLASSES OF OBSERVED PREY PER PREDATOR 

Number of 
Prey per 
Predator 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
13 
15 
17 
19 
22 

TOTALS 

Observed 
Number of 
Predators 

MEAN PREY/PREDATOR 

VARIANCE:MEAN 

* From formul 

RATIO 

a for 

7811 
189 
76 
39 
16 
6 

15 
5 
8 
1 
2 
3 
1 
1 
1 
1 

8175 

0.108 

5.25 

negative 

Observed 
Percentage 

of Predators 

95.55 
2.31 
0.93 
0.48 
0.20 
0.07 
0.18 
0.06 
0.10 
0.01 
0.03 
0.04 
0.01 
0.01 
0.01 
0.01 

100.00 

binomial d i s t r i b u t i o n . 

Expected 
Number of 
Predators* 

7811.5 
190.0 
74.3 
38.1 
21.9 
13.4 

8.5 
5.5 
3.7 
2 .5 
1.2 
0.6 
0.3 
0 .2 
0.1 

<0.1 
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f i t using c h i - s q u a r e , the observed f r equenc ie s were not s i g n i f i c a n t l y 
different from the expected f r equenc ies (p>0.05) , and t h i s r e s u l t was 
consistent within each country group. One in te rp re ta t ion of these r e s u l t s 
i s t h a t the s p a t i a l d i s t r i b u t i o n of sk ip jack j u v e n i l e s was c lumped, 
assuming that predators encounter ing sk ip jack prey had s i m i l a r feeding 
i n t e n s i t i e s and that each predator i nges t ed j u v e n i l e s over a r e l a t i v e l y 
short time period. The contagion parameter for the nega t ive binomial did 
not i n c r e a s e or decrease s y s t e m a t i c a l l y for d i f f e r e n t t i m e s of day , 
implying that the degree of clumping of juveni les in predator stomachs was 
approximately the same between 0600 and 1900 hours. 

Clumping of skipjack juveni les could represent some form of school ing 
response. If so, groups of prey might be expected to be associated on the 
basis of s i ze , much as adul ts are , and individual predators might therefore 
be expected to have, on average , s i m i l a r s i zed prey i n t h e i r stomachs. 
Under these conditions the variance i n s i z e of sk ip jack j u v e n i l e s found 
within individual skipjack predators should be l e s s than the v a r i a n c e i n 
mean juvenile s ize amongst skipjack p r e d a t o r s . As a t e s t , p r e d a t o r s of 
similar size and containing three or more juvenile skipjack, were s e l e c t e d 
for ten one-way ana lyses of v a r i a n c e . The t e s t s were c a r r i e d out for 
predators from the same school (Table 9) . The hypothesis of l e s s v a r i a n c e 
in s ize amongst juveni les within predators was accepted i n s i x of the ten 
t e s t s . P r o b a b i l i t i e s from each of the ana lyses of va r i ance were then 
pooled us ing the method of Sokal and Rohlf ( 1 9 6 9 , P. 621) and t h e 
hypothesis of l e s s variance in s ize amongst juveni les within p reda to r s was 
accepted (p<0.001) for the combined data in Table 9. These r e s u l t s suggest 
that juvenile skipjack may form s ize-speci f ic schools or aggregations. 

3.4 Size of Skipjack Juveniles 

Conand and Argue (1980) noted that skipjack preda tors between 40 and 
70 cm in length a te skipjack juveni les over a broad s ize range, but wi th a 
tendency for larger predators to contain l a r g e r prey . This r e l a t i o n s h i p 
was further examined in a two-way analysis of v a r i a n c e , us ing l e n g t h s of 
skipjack prey for t h r e e s i z e groups of sk ip jack p r e d a t o r s and for s i x 
country groups. 

There was a s ignif icant predator s ize c l a s s e f f e c t (p<0 .01) . Small 
sk ip jack (40-49.9 cm) a t e j u v e n i l e s averaging 57 mm s tandard l e n g t h , 
50-59.9 cm skipjack a t e j u v e n i l e s averaging 78 mm in l e n g t h , and l a r g e 
skipjack (60-69.9 cm) a te juveni les averaging 87 mm in l eng th (Table 10) . 
These r e s u l t s support previous observations that larger skipjack p r e d a t o r s 
tend to contain larger juvenile prey in thei r stomachs, although the re was 
cons ide rab le v a r i a b i l i t y i n the s i z e of prey ea ten by p r e d a t o r s of a 
pa r t i cu la r s i z e . Average prey s i z e a l s o d i f f e r ed s i g n i f i c a n t l y among 
country groups (p<0.001). This might r e f l e c t geographica l v a r i a t i o n i n 
timing of spawning, in growth, or in food preferences, none of which could 
be adequately tested with the available data. 

To examine whether juvenile sk ip jack s i z e d i f f e r e d with r e s p e c t to 
time of day a t which predators were captured, lengths of juveni le sk ip jack 
were used in a two-way analysis of variance (two time p e r i o d s , before and 
a f t e r 1500 hours ; s i x country g roups ) . The t e s t was r e s t r i c t e d t o 
juveniles from skipjack predators of 50 to 59 cm in length. The l eng th of 
juveni les did not differ s ignif icant ly between time periods. 

Size of juvenile skipjack may also vary with distance from land. Such 
differences were not obvious fo r j u v e n i l e sk ip jack captured by pe l ag i c 



TABLE 9 . DATA AND RESULTS FROM ONE-WAY ANALYSES OF VARIANCE FOR VARIATION IN LENGTH 
OF SKIPJACK PREY WITHIN AND BETWEEN INDIVIDUAL SKIPJACK PREDATORS 

School 
Nun bar 

1 

2 

3 

4 

5 

6 

7 

8 

9 

to 

• TUA -

Country/ 
V i s i t * 

TOA1 
T0A1 
IUA1 
T0A1 

HAQ2 
MAQ2 
MAQ2 
HAQ2 
HAQ2 
MAQ2 
MAQ2 
HAQ2 
MAQ2 
HAQ2 
MAQ2 
MAQ2 

MAQ2 
MAQ2 
HAQ2 
MAQ2 
NAQ2 

MAQ2 
MAQ2 
MAQ2 
HAQ2 

MAQ2 
MAQ2 

MAQ2 
MAQ2 

MAQ2 
MA02 
MAQ2 

MAQ2 

MAQ2 

S0L2 
S 0 L 2 
S 0 L 2 

S 0 L 2 
S0L2 

Yr/Mo/Day/Tlme 

78 12 
78 12 
78 12 
78 12 

79 12 
79 12 
79 12 
79 12 
79 12 
79 12 
79 12 
79 12 
79 12 
79 12 
79 12 
79 12 

79 12 
79 12 
79 12 
79 12 
79 12 

79 12 
79 12 
79 12 
79 12 

79 12 
79 12 

79 12 

15 
15 
15 
15 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 

23 
23 
23 
23 
23 

23 
23 
23 
23 

24 
24 

25 
79 12 25 

79 12 26 
79 12 26 
79 12 

80 01 
80 01 

80 06 
80 06 
80 06 

80 06 
80 06 

26 

21 
21 

20 
20 
20 

21 
21 

r u a m o t u I s l a n d s ; MAQ -

" F r i g a t e tuna predator . 

1750 
1750 
1750 
1750 

1710 
1710 
1710 
1710 
1710 
1710 
1710 
1710 
1710 
1710 
1710 
1710 

1740 
1740 
1740 
1740 
1740 

1810 
1810 
1810 
1810 

1700 
1700 

1130 
1130 

1730 
1730 
1730 

1700 
1700 

1335 
1335 
1335 

1040 
1040 

Lati tude/Longitude 

14'53'S 147'35'W 
14'53'S 147'35'W 
14*53'S 147'35'W 
14'53'S 147'35'W 

10'29'S 141*11 'W 
10'29'S 141'11'W 
10'29'S 141*11»W 
10"29'S 141'11'W 
10'29'S 141'11'W 
10'29 'S 141'11'W 
1 0 ' 2 9 ' s i 4 i * u ' w 
10'29'S 141'11'W 
10'29 'S 141'11'W 
10'29 'S 141'11'W 
10'29'S 141'11'W 
10'29'S 141'11'W 

10'00'S 139'33'W 
10'00'S 139"33'W 
10'00 'S 139"33'W 
10'00 'S 139"33'W 
10'00'S 139'33'W 

10'02'S 139'30'W 
10'02'S 139'30'W 
10'02'S 139'30'W 
10'02'S 139'30'W 

09"02'S 140'11'W 
09'02*S 140'11'W 

09'14 'S 139'59'W 
09 '14 'S 139'59'W 

09*01'S 140'08'W 
09*01'S 140*08'W 
09 '01 'S 140'08'W 

10'22'S 141'18'W 
10'22'S 141'18'W 

08 '09 'S 160'16'E 
08 '09 'S 160*16*E 
08*09'S 160'16'E 

08 '28 'S 160'20'E 
08 '28 'S 160'20'E 

Marquesas I s l a n d s ; SOL -

Length of 
Predator 

552 
522 
534 
522 

458 
460 
473 
460 
545 
469 
466 
480 
520 
468 
457 
460 

403 
424 
396 
430 
446 

528 
538 
545 
480 

508 
500 

464 
470 

414 
408 
432 

462 
454 

587 
637 
613 

4 3 0 " 
4 2 4 " 

Prey 
Average 
Length 

6 6 . 0 
84 .0 
7 5 . 3 
8 8 . 0 

35 .2 
47 .7 
38 .0 
39 .8 
40 .7 
37 .0 
3 6 . 3 
38 .4 
50 .1 
35 .0 
2 9 . 7 
3 6 . 7 

32 .0 
36 .7 
33 .5 
31 .0 
33 .0 

35 .0 
3 6 . 3 
4 1 . 0 
33 .6 

3 4 . 0 
2 8 . 0 

3 9 . 3 
35 .0 

6 2 . 7 
4 4 . 3 
7 3 . 3 

7 1 . 4 
5 8 . 7 

46 .7 
4 9 . 2 
54 .0 

30 .8 
2 4 . 4 

Solomon I s l a n d s . 

Number 
of Prey 

4 
5 
3 
3 

6 
6 
3 
8 
3 
3 
4 
7 
7 
6 

15 
19 

3 
3 

13 
3 
3 

3 
17 
6 
8 

9 
3 

3 
7 

3 
3 
3 

5 
6 

3 
6 
6 

4 
17 

F Rat io 

3 .67 

3 . 1 9 

1.10 

3 .36 

9 .00 

3 . 8 2 

8 .35 

4 . 9 3 

1.10 

5 .96 

Degrees o f 
Freedom 

3,11 

11,75 

4 ,20 

3 ,30 

1,10 

1,8 

2 ,6 

1,9 

2 , 1 2 

1,19 

P r o b a b i l i t y 

0 .048 

0 .001 

0 .384 

0 . 0 3 2 

0 .013 

0 .086 

0 .019 

0 .054 

0 .354 

0 .025 
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trawl gear a t s ta t ions between 7 and 57 km from shore i n Hawaiian wa te r s 
(Higgins 1970); and were not s i g n i f i c a n t for our da ta s e t fo r j u v e n i l e s 
from 50 to 59 cm skipjack predators based on a two-way analysis of variance 
(i10 miles from land and >10 miles from land; six country groups). 

TABLE 10. MEAN STANDARD LENGTH (MM) OF SKIPJACK JUVENILES FOUND IN 
THREE SIZE CLASSES OF SKIPJACK PREDATORS. SD i s t h e 
s t a n d a r d d e v i a t i o n and N i s t h e number of s k i p j a c k 
juveni les , with the number of predators t h a t were examined 
for juveni les shown in brackets. 

Country Group 

1 

2 

3 

4 

7 

5 & 6 

To ta l s 

Mean 
SD 
N 

Mean 
SD 
N 

Mean 
SD 
N 

Mean 
SD 
N 

Mean 
SD 
N 

Mean 
SD 
N 

Mean 
SD 
N 

PREDATOR 

40-49.9 

53.2 
26.32 

21(14) 

79.1 
25.12 

29(16) 

99.6 
20.58 
11(8) 

50.5 
24.95 

236(90) 

83.8 
17.87 

13(10) 

54.0 
28.41 

4(3) 

56.5 
27.80 

314(141) 

SIZE INTERVAL 

cm 50-59.9 

78.6 
36.32 

61(41) 

99.7 
22.62 

38(20) 

94.0 
21.91 

51(27) 

52.9 
32.50 

69(25) 

79.0 
38.86 

33(14) 

80.9 
24.59 

17(10) 

78.1 
34.91 

269(137) 

(FORK LENGTH) 

cm 60-69.9 cm 

67.3 
28.08 

36(13) 

102.5 
25.70 

46(22) 

105.5 

1(1) 

80.5 
17.70 
8(4) 

85.7 
7 .33 
6(3) 

89.2 
41.99 

9(7) 

86.8 
30.98 

106(50) 

To ta l s 

70.6 
33.49 

118(68) 

95.6 
26.23 

113(58) 

95.2 
21.49 

63(36) 

51.8 
27.00 

313(119) 

81.0 
32.17 

52(27) 

79.8 
31.99 

30(20) 

69.6 
33.50 

689(328) 

I t has been suggested t h a t j u v e n i l e sk ip jack i n the c e n t r a l and 
western Pacific tend to migrate polewards as they grow to the size of f i r s t 
recruitment to p o l e - a n d - l i n e gear (Kearney 1978). Average l e n g t h s of 
skipjack j u v e n i l e s i n t h i s study are presen ted i n F igure 12 for t h r e e 
three-month time periods and two 12° l a t i tude zones south of the Equator . 
Skipjack juveni les from south of 12"S had average l e n g t h s c o n s i s t e n t l y 
greater than those of juveni les recovered closer to the Equator . For two 
of the three time periods, April to June and October to December, sk ip jack 
juveni les i n the southern most zone were almost twice as l a r g e on average 
as those from the more equatorial zone. These r e s u l t s offer some suppor t 
to the hypo thes i s of poleward movement by sk ip jack j u v e n i l e s as they 
increase in s ize . 
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FIGURE 12. SEASONAL COMPARISON OF JUVENILE SKIPJACK AVERAGE STANDARD 
LENGTHS FOR 12* LATITUDE INTERVALS SOUTH OF THE EQUATOR. 95 
per cent confidence l i m i t s are indicated above and below each 
average. J u v e n i l e s a r e from sk ip jack p r e d a t o r s t h a t were 
between 42 and 58.9 cm fork length. 
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3.5 Tuna Juvenile Occurrence Cor 
of Other Diet Items 

Occurrence 

To place the occurrence of tuna j u v e n i l e s i n stomach c o n t e n t s of 
skipjack and yellowfin in some perspective, i t i s useful to cons ider a l l 
d ie t items tha t were found in the stomachs of these spec i e s i n t r o p i c a l 
waters. Complete l i s t s of d ie t items and percentage occurrence l e v e l s fo r 
a l l skipjack and yellowfin that were sampled for d ie t content from tropical 
waters are presented i n Appendix D. Percentage occurrence l eve l s for tuna 
juveniles i n t h i s section differ s l igh t ly from those i n previous s e c t i o n s 
since these estimates are only for predators that were given a fu l l stomach 
examination. 

There were 113 d ie t items i n the stomachs of 3,888 sk ip jack and 95 
d ie t items i n the stomachs of 988 yellowfin, not including chum and various 
m i s c e l l a n e o u s i t e m s from t h e r e s e a r c h v e s s e l . Both s p e c i e s had 
representat ives of over 50 f i sh families i n t h e i r d i e t s . Tuna j u v e n i l e s 
were the seventh most common item (6.6 % occurrence) in skipjack stomachs, 
and the twen ty - th i rd most common item (2 .7 %) i n ye l lowf in s tomachs . 
Skipjack juveni les , a subset of the tuna juveni le category, occurred i n 5.2 
per cent of skipjack stomachs (ninth most common item) and i n 2 .3 per cent 
of ye l lowf in stomachs ( t w e n t y - e i g h t h most common i t e m ) . Based on 
percentage occurrence, tuna juveni les col lec t ive ly , and skipjack j u v e n i l e s 
in par t icu lar , do not appear to be dominant food i tems for sk ip jack and 
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ye l lowf in over the t r o p i c a l wes te rn and c e n t r a l P a c i f i c s t u d y a r e a . T h i s 
c o n t r a s t s wi th r e c e n t f i n d i n g s of Olson (1981) t h a t f r i g a t e tuna j u v e n i l e s 
were t h e dominant f o o d i t e m i n t h e d i e t of y e l l o w f i n c a u g h t w i t h 
p u r s e - s e i n e gear over a l a r g e p o r t i o n of the e a s t e r n t r o p i c a l P a c i f i c ( e a s t 
of 150CW). 

Stomach conten t of sk ip jack con ta in ing sk ip jack j u v e n i l e s was compared 
with stomach con ten t of sk ip jack t h a t did not con ta in s k i p j a c k j u v e n i l e s . 
Comparisons were made u s i n g e q u a l numbers of s k i p j a c k w i t h and w i t h o u t 
sk ip jack prey, from each school i n which t h e r e was a t l e a s t one s k i p j a c k 
w i t h and one s k i p j a c k w i t h o u t a s k i p j a c k j u v e n i l e i n i t s s t o m a c h . 
Comparisons were r e s t r i c t e d to chum, f i s h remains (not chum), s q u i d , a l i m a 
s t age of stomatopods, a c a n t h u r i d s , h o l o c e n t r i d s , gempylids and s y n o d o n t i d s 
( T a b l e 1 1 ) , s i n c e t h e r e were a t l e a s t f i v e s k i p j a c k , p e r c a t e g o r y , 
con ta in ing t he se p a r t i c u l a r i t ems i n t h e i r stomachs. This i s an a d v i s a b l e 
minimum sample s i z e f o r c h i - s q u a r e t e s t s . C o n t i n g e n c y c h i - s q u a r e 
s t a t i s t i c s were used t o t e s t whether percentage occu r r ence f o r i n d i v i d u a l 
d i e t i tems d i f f e r e d be tween s k i p j a c k c o n t a i n i n g s k i p j a c k j u v e n i l e s and 
sk ip jack wi thout sk ip jack j u v e n i l e s . The on ly d i e t i t e m f o r which t h e r e 
was a s i g n i f i c a n t d i f f e r e n c e was g e m p y l i d s ; i n t h i s c a s e , s k i p j a c k w i t h 
sk ip jack j u v e n i l e s had more than double (p<0.05) the inc idence of gempylids 
(15.6 %) compared to sk ip jack w i t h o u t s k i p j a c k j u v e n i l e s ( 7 . 4 $ ) . Th i s 
imp l i e s a degree of s p a t i a l a s s o c i a t i o n be tween s k i p j a c k j u v e n i l e s and 
gempylids. The gempylids from sk ip jack s tomachs were g e n e r a l l y somewhat 
l a r g e r than j u v e n i l e sk ip jack . They a r e t h o u g h t t o p rey on o t h e r sma l l 
f i s h e s (Monroe 1967; Grandperr in 1975), and t h i s may e x p l a i n t h e i r apparen t 
a s s o c i a t i o n wi th sk ip jack j u v e n i l e s i n t h i s s tudy. 

TABLE 1 1 . COMPARISON OF STOMACH CONTENTS BETWEEN SKIPJACK PREDATORS 
CONTAINING SKIPJACK JUVENILES AND SKIPJACK PREDATORS WITHOUT 
SKIPJACK JUVENILES FOR EQUAL REPLICATES OF SKIPJACK 
PREDATORS FROM INDIVIDUAL SCHOOLS 

Chum 
Fish remains 
Squid (Cephalopoda) 
Alima (Stomatopoda) 
Acanthuridae 
Holocent r idae 
Gempylidae 
Synodontidae 

TOTAL STOMACHS 
EXAMINED 

« p < 0 . 0 5 . 

Skipj ack 
wi th 

Skipjack 
J u v e n i l e s 

(50 

68.03 
53.28 
45.90 
18.03 
30.33 
17.21 
15.57 
6.56 

122 

Skipj ack 
wi thout 
Skipjack 
J u v e n i l e s 

(*) 

74.59 
58.20 
39.34 
18.85 
26.23 
14.75 
7.38 
6.56 

122 

Chi-
square 

1.28 
0.60 
1.07 
0 .03 
0.51 
0.28 
4 .03* 
0,00 
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11.0 DISCUSSION OF TUNA JUVENILE OCCURRENCE 

Skipjack juveni les , f r iga te tuna juveni les and mackerel tuna juveni les 
were found to occur most frequently in predator stomachs dur ing the l a t e r 
daylight hours, that i s between 1500 and 1900 hours; and skipjack juveni les 
occurred most frequently i n the stomachs of p r e d a t o r s t h a t were sampled 
further than ten miles from land. Other inves t iga tors have postulated tha t 
such r e s u l t s r e f l ec t predator feeding i n t e n s i t y . Magnuson (1969) showed 
experimentally that skipjack in confinement fed most i n t e n s i v e l y between 
0630 and 0830 hours, but not to f u l l stomach c a p a c i t y , and cont inued to 
feed a t lower i n t e n s i t y throughout the day. Waldron and King (1963) 
suggested that high stomach volumes observed i n skipjack sampled e a r l y i n 
the morning and l a t e i n the a f te rnoon from p o l e - a n d - l i n e c a t c h e s i n 
Hawaiian waters were due to increased skipjack feeding i n t e n s i t y a t these 
times. 

A l t e rna t i ve ly , i t could be argued t h a t h igher l e v e l s of j u v e n i l e 
occurrence i n p reda to r stomachs l a t e i n the day and f u r t h e r from land 
( sk ip jack j u v e n i l e s only) i n t h i s study were p r imar i l y the r e s u l t of 
increased ava i l ab i l i t y of j u v e n i l e s to p r e d a t o r s . Predator response to 
l i v e b a i t used by the Skipjack Programme (Figure 13) s u g g e s t e d t h a t 
predators, predominantly skipjack, maintained a r e l a t ive ly constant feeding 
response to ba i t and tuna lu res between approximately 0600 and 1800 hours , 
and with r e s p e c t to d i s t a n c e from l and . P rev ious ly , Nakamura (1965a) 
implied that i n French Polynesia l a t e afternoon and early morning peaks i n 
sk ip jack stomach volumes were a s s o c i a t e d with a v a i l a b i l i t y of f o o d . 
Several s tudies , using plankton and midwater trawl gear, provide evidence 
of upward ve r t i ca l migra t ions by both l a r v a l sk ip jack (S t r a sburg 1960; 
Ueyanagi 1969; Nishikawa et a l . 1978) and juveni le skipjack (Higgins 1970) 
towards dusk and during the n i g h t . Higgins a l s o found t h a t s k i p j a c k 
juveni les , somewhat smaller (7-47 mm) than those i n t h i s s tudy, were more 
common i n surface trawl catches a t a s ta t ion 57 km from land as compared to 
a s ta t ion only 7 km from land. These observations support the a l t e r n a t i v e 
hypothesis. 

By staying below the daytime feeding range of surface tunas, sk ip jack 
j u v e n i l e s may avoid cons ide rab le daytime p r e d a t i o n (Kearney 1978 ) , 
par t icu lar ly in the early morning period tha t Magnuson observed to be the 
period of most intense feeding by a d u l t sk ip j ack . Movement of j u v e n i l e 
skipjack to the surface a t dusk could mark the beginning of the i r period of 
intense feeding as they follow upward movement of zooplankton i n the deep 
scat ter ing layer . Juvenile skipjack found f u r t h e s t from land might a l s o 
avoid some predation since surface tunas and other p r eda to r s of ten appear 
l e s s abundant further from land, which Lewis (1981) suggests i s a response 
by surface tunas to the is land mass effect (Gilmartin and Rev el a n t e 1974) 
that concentrates many prey organisms near i s l a n d s (Murphy and Shomura 
1972). 

Analyses of s ize and spa t i a l d i s t r i b u t i o n s of j u v e n i l e s i n Sec t ion 
3.3.4 indicated that skipjack juveni les may form schools . This i s a l s o a 
mechanism that i s believed to reduce predation by great ly reducing the r i sk 
that an individual prey wi l l be eaten (Brock and Riffenburgh 1960), s ince 
in the open ocean predators have only a s l ight ly greater chance of f ind ing 
a school of prey than of finding an individual prey (Partridge 1982). 

Although skipjack may be " . . . t h e i r own g r e a t e s t p r e d a t o r s . . . " , as 
Kearney (1978) suggested, skipjack juven i les were not a dominant i tem i n 
skipjack stomachs over the t o t a l wes tern and c e n t r a l P a c i f i c a rea from 
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FIGURE 13. CHUMMING SUCCESS AND NUMBERS OF FISH (PREDOMINANTLY SKIPJACK) 
CAUGHT PER POSITIVE SCHOOL VERSUS TIME OF DAY (upper graph) 
AND DISTANCE FROM LAND (lower graph). A positive school I s a 
school from which at l eas t one f i s h was landed on board the 
research v e s s e l . Chumming success I s the percentage that 
positive schools are of the to ta l schools that were chummed 
with l i v e bait. The number of schools chummed (and p o s i t i v e 
schools) exceeded 100(50) for al l distance and time i n t e r v a l s 
except the f i r s t and las t time intervals when schools chummed 
(positive schools) exceeded 40(18). 
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which Skipjack Programme samples were obtained. Over 100 d i e t I tems were 
Ident i f ied from skipjack adul ts , and skipjack Juveniles were only the ninth 
most common Item In terms of percentage occur rence . This sugges t s t h a t 
skipjack juveni les are not a major source of food for skipjack adu l t s . 

On the o ther hand, i t i s tempting to s p e c u l a t e on the amount of 
mortali ty due to cannibalism. Given an e s t ima te of t h r e e m i l l i o n tonnes 
for the standing stock of skipjack vulnerable to surface f ishing gear in an 
area approximately the size of the South Pacific Commission area (Kle ibe r , 
Argue and Kearney 1983), and an average weight of 2.5 kg per adult skipjack 
based on sk ip jack caught by the Skipjack Programme (Tuna Programme, 
unpublished da ta ) , then there are roughly 1.2x109 sk ip jack p r e d a t o r s i n 
the s ize range captured by surface f i s h i n g g e a r s . Daily consumption of 
skipjack juveni les by adult skipjack predators i n t h i s s ize range, D , was 
estimated using the equation of Bajkov (1935) and Darnel l and Meierot to 
(1962), as modified by Eggers (1979): 

D = 24 AR 

where A i s the average amount of a food species i n the p reda tor ' s stomach 
over a 24-hour period and R i s the instantaneous g a s t r i c evacuat ion r a t e 
( h o u r s - 1 ) for t h a t food s p e c i e s . A was c a l c u l a t e d f o r s k i p j a c k 
juveni les , subs t i tu t ing numbers of juveni les for weight of juveni les , under 
the assumption tha t average s ize of j u v e n i l e s i n a d u l t stomachs did not 
vary systematically over the daily sampling period. The estimate of A was 
0.112 skipjack juveni les per skipjack predator and was calculated from the 
average of hour ly (0600 to 1900 hours) measures of prey per p r e d a t o r 
presented in Figure 4 (middle graph). The instantaneous gas t r i c evacuation 
r a t e , estimated to be 0.105 per hour from r e s u l t s i n Magnuson (1969) for 
captive skipjack tha t were fed small (10.2 gm average weight) w h i t e b a i t 
(Osmeridae), i s assumed to be r e p r e s e n t a t i v e for sk ip jack j u v e n i l e s i n 
skipjack adu l t s . The estimate of daily consumption of sk ip jack j u v e n i l e s 
by skipjack predators was 0.282 (24 x 0.112 x 0.105) j u v e n i l e s per a d u l t . 
The product of t h i s va lue and the e s t ima t e of the number of sk ip j ack 
p r e d a t o r s g i v e s a va lue of 3 .4x10 s sk ip jack j u v e n i l e s ea ten by a d u l t 
skipjack per day. At t h i s r a t e skipjack predators of a s ize vu lnerab le to 
surface f ishing gear would consume, i n j u s t over t h r ee days, a number of 
juveni les equal to the i r own number. 

There i s no doubt t h a t the number of sk ip jack j u v e n i l e s ea ten by 
skipjack adul ts i s l a rge ; however, t h i s in format ion i s of l i m i t e d va lue 
without, a t l e a s t , an estimate of the standing s tock of j u v e n i l e s w i t h i n 
the predators ' preferred s ize range, and some knowledge of the per iod of 
time juveni les are vulnerable to adult predators. The l a t t e r may be q u i t e 
short, perhaps a few months or l e s s , i f one accepts the average growth r a t e 
of 1.6 mm per day es t imated from d a i l y o t o l i t h i nc remen t s f o r sma l l 
skipjack by Uchiyama and Struhsaker (1981), and the s i z e d i s t r i b u t i o n fo r 
skipjack juveni les given i n t h i s paper. There i s also the unknown impact 
of other predator species on abundance of skipjack of a l l s i z e s , but most 
par t icu lar ly on juveni le and la rva l s tages. For example, squid are thought 
to prey heavily on la rva l and juveni le f i s h e s i n t r o p i c a l wa te r s (Arnold 
1979)» and the close spat ia l a s s o c i a t i o n between gempylids and sk ip jack 
j u v e n i l e s (Sec t ion 3.5) i s a l s o sugges t ive of p r e d a t i o n . In b r i e f , 
cannibalism may play an important ro le in r e g u l a t i n g sk ip jack abundance; 
however, there i s l i t t l e o b j e c t i v e b a s i s for concluding so a t p r e sen t , 
although th i s i s cer tainly an important area for further invest igat ion. 
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5.0 SUMMARY AND CQNCLDSIONS 

Stomachs from 12,135 tunas and o the r p reda to r spec i e s caugh t by 
pole-and-line gear between October 1977 and August 1980 in the wes te rn and 
central Pacific Ocean were examined for tuna j u v e n i l e s . In s u b t r o p i c a l 
waters, tuna juveni les were absent from the d i e t of t unas , p r i n c i p a l l y 
skipjack. In t ropical waters, near ly f i v e per cent of 10,604 p r e d a t o r s 
contained a t l e a s t one tuna juveni le . Seventy-seven (77) per cent of the 
to t a l of 1,346 tuna juveni les ident i f ied from these stomachs were skipjack; 
the remaining 23 per cent were predominantly f r i g a t e tuna, a l b a c o r e , and 
mackerel tuna juveni les , but included a few yellowfin/bigeye and dogtooth 
tuna j u v e n i l e s . Skipjack j u v e n i l e s occurred i n 4.5 per cent of a d u l t 
skipjack stomachs from tropical waters i n the study area; other s p e c i e s of 
tuna j u v e n i l e s each occurred i n l e s s than one per c e n t of s k i p j a c k 
stomachs. Skipjack j u v e n i l e s were found i n j u s t under two per cent of 
yellowfin stomachs. The s ize frequency d i s t r ibu t ions for each s p e c i e s of 
juvenile were skewed towards the larger specimens; the modal l e n g t h s f e l l 
between 35 mm standard l e n g t h ( sk ip j ack ) and 85 mm ( a l b a c o r e ) ; and the 
overal l range in standard length was 15 to 240 mm. 

The indices prey per 100 predator stomachs and percentage occurrence 
of prey in predator stomachs were assumed to represent r e l a t i v e abundance 
of sk ip jack j u v e n i l e s . Skipjack j u v e n i l e s appeared most abundant i n 
surface waters l a t e r i n the afternoon (af ter 1700 hours) and f u r t h e r than 
ten miles from land. Evidence was presented tha t skipjack juveni les formed 
s i z e - s p e c i f i c schools or a g g r e g a t i o n s . These t e m p o r a l and s p a t i a l 
d i s t r i b u t i o n s of s k i p j a c k j u v e n i l e s were p o s t u l a t e d t o r e p r e s e n t 
a d a p t a t i o n s on t h e p a r t of s k i p j a c k t o m i n i m i s e p r e d a t i o n by 
surface-dwelling predators. 

Selective predation by predators of d i f f e r e n t s i z e s and the time of 
day and distance from land t h a t p r e d a t o r s were sampled were taken i n t o 
account in an analysis of seasonal and geographical occurrence of sk ip jack 
juveni les in predator stomachs. Results for t ropica l wa te r s south of the 
Equator suggested tha t skipjack juveniles were in highest abundance dur ing 
spring-summer months (October to March), which coincided with a per iod of 
much higher female sk ip jack gonad i n d i c e s . Skipjack j u v e n i l e s a l s o 
appeared most abundant i n two geographica l c e n t r e s roughly 3,500 mi les 
apart in the Programme study area - one inc lud ing the wate rs surrounding 
the Marquesas and Tuamotu Is lands, and the other encompassing the waters of 
Papua New Guinea, Solomon Islands and Vanuatu. Juveniles were in very low 
abundance in large samples taken from wa te r s i n the r eg ion of the nor th 
equatorial counter current and the region of equatorial upwel l ing . These 
observations support the hypothesis that skipjack spawning i s h e a v i e s t i n 
two or more centres a t the approximate longitudinal extremes of the central 
and western Pacific study area. 
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APPENDIX A. SEQUENCE OF SURVEYS FOR CRUISES BY THE SKIPJACK PROGRAMME 
RESEARCH VESSELS. The Hatsutori Maru No.1 was cha r t e red for 
cruises one and two and the Hatsutori Maru No.5 was chartered 
for cruise three. 

Cruise One Cruise Two Cruise Three 

October 1977-August 1978 October 1978-July 1979 November 1979-August 1980 

Papua New Guinea 
Solomon Islands 
Vanuatu 
New Caledonia 
F i j i 
Tonga 
Wallis and Futuna 
American Samoa 
Western Samoa 
Tuvalu 
Kiribati 
Marshall Islands 
Kosrae 
Ponape 
Truk 
Guam 
Northern Mariana Islands 

Bonin Islands 
Northern Mariana Islands 
Guam 
Yap 
Palau 
Truk 
Ponape 
Kosrae 
Marshall Islands 
Kiribati 
Tokelau 
Northern Cook Islands 
Society Islands 
Tuamotu Islands 
Marquesas Islands 
Tuamotu Islands 
Society Islands 
Southern Cook Islands 
New Zealand 
New South Wales 
Queensland 
Papua New Guinea 

Bonin Islands 
Northern Mariana Islands 
Truk 
Ponape 
Kosrae 
Marshall Islands 
Kiribati 
Northern Cook Islands 
Society Islands 
Marquesas Islands 
Tuamotu Islands 
Pitcairn Islands 
Gambler Islands 
Tuamotu Islands 
Society Islands 
Southern Cook Islands 
American Samoa 
Western Samoa 
Niue 
Tonga 
New Zealand 
Norfolk Island 
New Caledonia 
Fiji 
Wallis and Futuna 
Solomon Islands 
Tuvalu 
Kiribati 
Nauru 
Kosrae 
Ponape 
Truk 
Yap 
Palau 



APPENDIX B. NUMBERS OF PREDATORS SAMPLED FOR PRESENCE OF TUNA JUVENILES AND NUMBERS OF 
JUVENILES OBSERVED IN PREDATOR STOMACHS FOR EACH COUNTRY VISIT 

Country V i s i t 

American Samoa 
American Samoa 
New Caledonia 
New Caledonia 
F i j i 
F i j i 
F i j i 
Gambler Is lands 
Bonin Is lands 
K i r i b a t i 
Kir ibat i 
K i r i b a t i 
K i r i b a t i 
Kosrae 
Kosrae 
Line Islands 
Marquesas Is lands 
Marquesas Is lands 
Northern Mariana Is lands 
Northern Mariana Is lands 
Marshall Is lands 
Marshall Is lands 
Marshall Is lands 
Nauru 
Northern Cook Is lands 
Northern Cook Is lands 
Niue 
Norfolk Island 
New South Wales 
Palau 
Palau 
Phoenix Is lands 
P i t c a l r n Island 
Papua New Guinea 
Papua New Guinea 
Ponape 
Ponape 
Ponape 
Ponape 
Queensland 
Southern Cook Is lands 
Southern Cook Is lands 
Soc ie ty Islands 
Soc ie ty Is lands 
Solomon Is lands 
Solomon Islands 
Tokelau 
Tonga 
Tonga 
Truk 
Truk 
Tuamotu Is lands 
Tuamotu Is lands 
Tuvalu 
Tuvalu 
Vanuatu 
Wal l i s and Futuna 
W a l l i s and Futuna 
Western Samoa 
Western Samoa 
Yap 
New Zealand 
New Zealand 

June 1978 
February 1980 
Dec. 1977-Jan.1978 
March 1980 
Jan.-Feb. 1978 
March-April 1978 
April 1980 
February 1980 
October 1978 
July 1978 
November 1978 
November 1979 
July 1980 
November 1978 
November 1979 
December 1978 
January 1979 
Dec. 1979-Jan. 1980 
October 1978 
November 1979 
July 1978 
November 1978 
November 1979 
July 1980 
Nov.-Dec. 1978 
December 1979 
February 1980 
March 1980 
April 1979 
October 1978 
August 1980 
December 1979 
February 1980 
October 1977 
May-June 1979 
August 1978 
Oct.-Nov. 1978 
November 1979 
July 1980 
May 1979 
February 1979 
February 1980 
Dec. 1978-Jan. 1979 
February 1980 
Oct.-Deo. 1977 
June 1980 
November 1978 
April 1978 
March 1980 
August 1978 
November 1979 
Deo. 1978-Jan. 1979 
February 1980 
June-July 1978 
July 1980 
Deo. 1977-Jan. 1978 
May 1978 
May 1980 
June 1978 
February 1980 
October 1978 
Feb.-March 1979 
March 1980 

Skipjack 

28 
31 

473 
4 

167 
88 

673 
19 
20 

179 
5 

27 
1 

17 
47 

1 
240 

1236 
7 

33 
6 

21 
18 

1 
199 

33 
6 

84 
595 

40 
225 

55 
11 

139 
765 

15 
65 

135 
207 
270 

6 
18 

181 

214 
278 

24 
104 
94 

5 
22 

554 
129 
348 

31 
130 
324 
121 
35 
31 , 
39 

652 
48 

PREDATORS 
Yellowfln 

5 

22 
4 

70 
24 

173 
20 

14 

5 

3 
46 

2 
55 

4 
3 

22 

7 

4 
43 

3 

173 
9 

77 
29 

219 

39 
43 
27 
35 

5 
8 

37 
127 

2 
68 

1 

35 
95 
71 

13 
20 
72 
18 
2 
3 

Other 

14 

18 

8 
1 
2 

10 

25 

1 

7 

1 

1 

1 

49 

19 

10 
34 
92 
6 
2 

24 

2 

23 
302 

22 
5 

1 

28 
11 
11 
9 
2 

17 
9 

37 

Total 

47 
31 

513 
8 

245 
113 
848 

49 
20 

218 
5 

33 
1 

20 
100 

1 
242 

1292 
7 

34 
10 
25 
40 

1 
206 

33 
10 

127 
647 

40 
417 

64 
98 

202 
1076 

21 
106 
202 
234 
307 

6 
18 

186 
8 

274 
707 

26 
194 
100 

5 
22 

590 
224 
447 

42 
154 
353 
195 
70 
42 
42 

689 
48 

TUNA JUVENILES 
Skipjack Yellowfln/ Albacore Mackerel Frigate Other Total 

Bigeye Tuna Tuna 

16 
10 
23 

14 
368 

1 
2 

2 
16 

1 
49 
54 

1 
3 

57 

16 
10 

1 27 

43 
4 

1 

15 
55 

7 
21 

59 
9 
5 

40 
169 

3 

2 
10 

3 
1 

1 

1 

28 

1 
15 

15 
2 

69 

110 
387 

1 
3 

2 
17 

6 
1 
1 

51 
60 

1 
4 

13 

1 
1 

35 
67 

10 
32 

87 
9 
5 

117 
185 
1 
3 
4 
10 

9574 1757 804 12135 1031 53 63 1346 



APPENDIX C. NUMBERS OF SKIPJACK JUVENILES PER 100 SKIPJACK PREDATOR STOMACHS FOR EACH 
COUNTRY VISIT 

Country V i s i t 

American Samoa 
American Samoa 
New Caledonia 
New Caledonia 
F i j i 
F i j i 
F i j i 
Gam b ie r I s l a n d s 
Bonin I s l a n d s 
K i r i b a t i 
K i r i b a t i 
K i r i b a t i 
Kosrae 
Kosrae 
Line I s l a n d s 
Marquesas I s l a n d s 
Marquesas I s l a n d s 
Northern Mariana I s l a n d s 
Northern Mariana I s l a n d s 
Marshall I s l a n d s 
Marshall I s l a n d s 
Marshall I s l a n d s 
Nauru 
Northern Cook I s l a n d s 
Northern Cook I s l a n d s 
Niue 
Norfolk I s l a n d 
New South Wales 
Palau 
Palau 
Phoenix I s l a n d s 

June 1978 
February 1980 
Dec. 1977-Jan. 
March 1980 
J a n . - F e b . 1978 

Skipjack J u v e n i l e s 
per 100 Skipjack 

1978 

March-April 1978 
Apri l 1980 
February 1980 
October 1978 
J u l y 1978 
November 1978 
November 1979 
November 1978 
November 1979 
December 1978 
January 1979 
Dec. 1979-Jan. 
October 1978 
November 1979 
J u l y 1978 
November 1978 
November 1979 
Ju ly 1980 
Nov.-Dec. 1978 
December 1979 
February 1980 
March 1980 
Apri l 1979 
October 1978 
August 1980 
December 1979 

1980 

Preda to rs 

14.29* 
0* 

10.15 
0* 

8.38 
11.36 
2.82 

0« 
0* 

0.56 
0* 
0« 
0* 
0 
0« 

3.75 
25.72 
14.29* 

200.00* 
0* 
0* 
0* 

200.00* 
9.30* 

0* 
100.0* 

0 
0 
0 

2.22 
0 

Country V 

P i t c a i r n I s l a n d 
Papua New Guinea 
Papua New Guinea 
Ponape 
Ponape 
Ponape 
Ponape 
Queensland 
Southern Cook I s l a n d s 
Southern Cook I s l a n d s 
Soc ie ty 
Soc ie ty 
Solomon 
Solomon 
Tokelau 
Tonga 
Tonga 
Truk 
Truk 
Tuamotu 
Tuamotu 
Tuvalu 
Tuvalu 
Vanuatu 

I s l a n d s 
I s l a n d s 
I s l a n d s 
I s l a n d s 

I s l a n d s 
I s l a n d s 

W a l l i s and Futuna 
W a l l i s and Futuna 
Western 
Western 
Yap 

Samoa 
Samoa 

New Zealand 
New Zealand 

Skipjack J u v e n i l e s 
per 100 Skipjack 

P reda to r s 

February 1980 
October 1977 
May-June 1979 
August 1978 
Oct.-Nov. 1978 
November 1979 
J u l y 1980 
May 1979 
February 1979 
February 1980 
Dec. 1978-Jan. 1979 
February 1980 
Oct . -Dec . 1977 
June 1980 
November 1978 
Apr i l 1978 
March 1980 
August 1978 
November 1979 
Dec. 1978-Jan. 1979 
February 1980 
J u n e - J u l y 1978 
Ju ly 1980 
Dec. 1977-Jan. 1978 
May 1978 
May 1980 
June 1978 
February 1980 
October 1978 
Feb.-March 1979 
March 1980 

0* 
11.51 
6.14 

0* 
1.54 
2.22 

0 
3.70 

0* 
0* 

0.55 
0* 

7.41 
11.51 

0* 
1.92 

22.34 
0* 
0* 

9.93 
5.43 
1.44 

0* 
30.77 
50.16 

1.39 
8.57* 

0* 
20 .51* 

0 
0 

Ul 

* Less than 40 predators sampled. 



APPENDIX D. STOMACH CONTENTS OF ALL SKIPJACK 
TROPICAL WATERS BETWEEN OCTOBER 
yellowfin are included. 

Item 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

Die t Item 

Fi sh and I n v e r t e b r a t e s 

Chum Trent Hatsutorl Haru 
Fish remains (not chum) 
Squid (Cephalopoda) 
Alima s tage (Stomatopoda) 
Acanthuridae 
Holocentr idae 
Shrimp (Decapoda) 
Tuna j u v e n i l e (Scombridae) 
Blue g o a t f i s h (Hul l idae) 
B a l i s t i d a e 
Gempylidae 
Megalopa s tage (Decapoda) 
U n i d e n t i f i e d f i s h 
Sto lenhorus bucc^neeri (Engraulidae) 
Chaetodontidae 
J u v e n i l e f i s h 
Synodontidae 
Stomatopoda 
Aluter idae 
Exoooetldae 
Siganidae 
Anchovy J u v e n i l e (Engraulidae) 
DeeaDtarua S D . fCaranaidael 
Euphausiid (Euphausiacea) 
Carangidae 
Gastropoda 
Phyllosoma s t a g e (Decapoda) 
Carid shrimp (Decapoda) 
Danr.vlnntiirlu o r i e n t a l i s f BaovloDtarl dael 
Amphipoda 
F i s t u l a r i i d a e 
Priacanthidae 
Braaidae 
Ostrac i idae 
Coryphaena hippurus (Coryphaenidae) 
Paralepidae 
Crustacean remains 
Pteropoda (Gasteropoda) 
Argonauta (Cephalopoda) 
Tetrodontidae 
Copepoda 
0%ystoma crab l a r v a (Decapoda) 
Lutjanidae 
Nomeidae 
Heteropoda (Gastropoda) 
Yi phaala s p . (Xiphas i idae) 
Scaridae 
s a l a r s p . (Carangidae) 
Leptocephalus (Angui l l i formes) 
Octopus (Cephalopoda) 
B lennl idae 
Clupeidae 
Mollusca 
U n i d e n t i f i e d i n v e r t e b r a t e 
Tunicate (Urochordata) 
Syngnathidae 
Crustacea 
Diodontidae 

Number of 
Stomachs 

2667 
1669 
907 
576 
552 
387 
295 
256 
213 
210 
185 
180 
172 
169 
163 
154 
152 
133 
123 
117 
116 

94 
82 
70 
67 
67 
54 
42 
40 
35 
34 
30 
30 
30 
28 
25 
21 
21 
19 
18 
18 
16 
16 
15 
15 
15 
14 
14 
13 
13 
13 
12 
11 
11 
11 
H 
10 
10 

Percentage 
Occurrence 

68 .60 
42 .93 
23 .33 
14.81 
14.20 
9 .95 
7 .59 
6 . 5 8 
5 .48 
5 .40 
4.76 
4 . 6 3 
4 .42 
4 .35 
4 .19 
3 .96 
3.91 
3 .42 
3 .16 
3 .01 
2 .98 
2 . 4 2 
2 .11 
1.80 
1.72 
1.72 
1.39 
1.08 
1.03 
0 .90 
0 .87 
0 .77 
0.77 
0 .77 
0 .72 
0 .64 
0 .54 
0 .54 
0 .49 
0 .46 
0.46 
0.41 
0.41 
0 .39 
0 .39 
0 .39 
0 .36 
0 .36 
0 .33 
0 . 3 3 
0 .33 
0.31 
0 .28 
0 . 2 8 
0 .28 
0 . 2 8 
0.26 
0 .26 

AND YELLOWFIN SAMPLED BY THE SKIPJACK PROGRAMME FROM 
1977 AND AUGUST 1 9 8 0 . A l l s i z e s o f s k i p j a c k and 

Item 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

Die t Item 

Fish and I n v e r t e b r a t e s 

Chun from Hatsutori Maru 
Fish remains (not chum) 
Alima s tage (Stomatopoda) 
Squid (Cephalopoda) 
Acanthuridae 
Megalopa s tage (Decapoda) 
Stomatopoda 
Shrimp (Decapoda) 
B a l i s t i d a e 
Chaetodontidae 
Aluteridae 
Holocentridae 
StoleDhorus buccaneer! fKneraulldael 
Ostrac i idae 
Phyllosoma s tage (Decapoda) 
Unident i f i ed f i s h 
Amphipoda 
Bramidae 
Tetrodontidae 
Dactylopterus or1 antaj ,̂ a (Dacylopter idae) 
Crustacean remains 
Argonauta (Cephalopoda) 
Synodontidae 
Tuna J u v e n i l e (Scombridae) 
Juven i l e f i s h 
Gempylidae 
Oiqrstoma crab l a r v a (Decapoda) 
Blue g o a t f i s h (Hul l idae ) 
DecaDterus SD. (Caranaidae) 
Heteropoda (Gastropoda) 
F i s t u l a r i i d a e 
Siganidae 
Octopus (Cephalopoda) 
Carangidae 
Carid shrimp (Decapoda) 
Tunicate (Urochordata) 
Penaeid shrimp (Decapoda) 
Euphausiid (Euphausiacea) 
Exocoetidae 
Gastropoda 
Diodontidae 
Priacanthidae 
Xlnhaaia sp . (X iphas i idae ) 
Leiognathidae 
Nomeidae 
Trash mater ia l 
Syngnathidae 
Engraulidae 
Crustacea 
Sphyraenidae 
Pteropoda (Gasteropoda) 
B lenn l idae 
Scaridae 
Trichiur idae 
Zoaea s tage (Crustacea) 
Paralepidae 
Anchovy Juven i l e (Engraul idae) 
Lutjanidae 

Number of 
Stomachs 

577 
490 
390 
303 
254 
195 
170 
160 
141 

96 
87 
So 
75 
63 
53 
50 
40 
39 
36 
34 
33 
27 
27 
27 
27 
26 
26 
23 
23 
22 
22 
21 
21 
20 
18 
15 
15 
14 
13 
13 
13 
10 
8 
8 
8 
7 
7 
7 
7 
6 
6 
5 
5 
5 
5 
5 
4 
4 

Percentage 
Occurrence 

58 .40 
49 .60 
39.47 
30 .67 
2 5 . 7 1 
19 .74 
17.21 
16 .19 
14.27 
9 . 7 2 
8.81 
8 .10 
7 . 5 9 
6 . 3 8 
5.36 
5 . 0 6 
4 .05 
3 . 9 5 
3 . 6 4 
3 . 4 4 
3 .34 
2 . 7 3 
2 . 7 3 
2 . 7 3 
2 . 7 3 
2 . 6 3 
2 . 6 3 
2 . 3 3 
2 . 3 3 
2 . 2 3 
2 . 2 3 
2 . 1 3 
2 . 1 3 
2 . 0 2 
1.82 
1.52 
1.52 
1.42 
1.32 
1.32 
1.32 
1.01 
0 .81 
0 .81 
0.81 
0 .71 
0 .71 
0 .71 
0.71 
0 .61 
0.61 
0 .51 
0.51 
0 .51 
0 .51 
0 .51 
0 .40 
0 . 4 0 



59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

Caesiodidae 
Serranidae 
Sternoptyehidae 
Sphyraenidae 
Leiognathidae 
Billf i3h juvenile (Istiophoridae) 
Myctophidae 
Decapoda 
Anthias sp. (Scolopsidae) 
Mullidae 
Ptervcombus pe te r l i (Bramidae) 
Hemirhamphidae 
Trichiuridae 
Penaeid shrimp (Decapoda) 
Trash material 
Apogonidae 
Stomiatidae 
Engraulidae 
Anthiidae 
Ranzania SD. (Molidae) 
Chiaamodon SD. (Chiasmodontidae) 
Invertebrate remains 
Polychaeta (Annelida) 
Coelenterata 
Hyperiidae (Amphipoda) 
Seombrid juvenile (Scombridae) 
Plant material 
Ugla. OLQla. (Molidae) 
Rastrel l ieer so. (Scombridae} 
Plast ic material 
Gonostomldae 
Platycephalidae 
Cigarette material 
GastroDhvsus 3D. (I.affoceDhalidae) 
Gobiidae 
Cirrhit idae 
Prawn (Decapoda) 
Callionymidae 
Skipjack dart tag 
MeaalasDis 3D. (Caranslriael 
Theraponidae 
Paint material 
Feather tuna j i g 
MulloJdichthvs samoenais (Mulllriaa) 
Scomberoldes an. (Caranffldael 
Menidae 
Bothidae 
Eleotridae 
Caranx sp. (Carangidae) 
Fish eggs 
Mollusc larvae 
CvDSelurus SD. (Exoooetldae) 
Mollusc egg case 
Bark (wood) material 
Scorpaenidae 
Percoidei 
Isopoda 
Ktolephorua indicus (Engraulidae) 
Shark egg case (Elasmobranchii) 
Echeneidae 
Zoaea stage (Crustacea) 
Scombridae 

Total Stomachs Examined 

Percentage Empty Stomachs 

8 
8 
8 
8 ' 
7 
7 
7 
5 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3888 

6.43 

0.21 
0.21 
0.21 
0.21 
0.18 
0.18 
0.18 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

59 Echeneidae 
60 Plant material 
61 Anthias sp. (Scolopsidae) 
62 Sternoptyehidae 
63 Anthiidae 
64 Mullidae 
65 Billfiah juvenile (Istiophoridae) 
66 Gobiidae 
67 Fish vi3cera 
68 Stomiatidae 
69 Leptooephalus (Anguilliforme3) 
70 Coryphaenidae 
71 GastroDhvsus sp. (Lagocephalidae) 
72 Caesiodidae 
73 MegalOPS sp. (Megalopidae) 
74 Selar sp. (Carangidae) 
75 Copepoda 
76 Coelenterata 
77 Unidentified invertebrate 
78 BastrelHaer 3p. (Scombridae) 
79 Hemirhamphidae 
80 Bregmacerotidae 
81 Hemirhamphidae 
82 TaracIea sp. (Bramidae) 
83 Myctophidae 
84 Shark egg case (Elasmobranchii) 
85 Scomberojdea sp. (Carangidae) 
86 Ammodytidae 
87 Menidae 
88 Caranx sp. (Carangidae) 
89 Clupeidae 
90 Decapoda 
91 Eleotridae 
92 Seombrid juvenile (Scombridae) 
93 Labridae 
94 JlaU OSla (Molidae) 
95 Meqa]aspls sp. (Carangidae) 
96 Feather tuna jig 
97 Stolephorus indicus (Engraulidae) 
98 Invertebrate remains 
99 Apogonidae 
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Total Stomachs Examined 

Percentage Empty Stomachs 2.33 


