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1BJEEAEE 

The Skipjack Survey and Assessment Programme was an external ly funded 
part of the work programme of the South Pac i f i c Commission. Governments 
which provided funding for the Programme were Australia, France, Japan, New 
Zealand, United Kingdom and t h e U n i t e d S t a t e s of America, and the 
generosity of these governments i s grateful ly acknowledged. 

The Skipjack Programme has been succeeded by the Tuna and B i l l f i s h 
Programme which i s receiving funding from A u s t r a l i a , France, New Zealand 
and the United S t a t e s of America. The Tuna Programme i s designed t o 
improve understanding of the s ta tus of the stocks of commercially important 
tuna and b i l l f i s h species in the region. Publication of f inal r e s u l t s from 
t h e S k i p j a c k Programme, i n c l u d i n g r e s u l t s from the P r o g r a m m e ' s 
invest igat ion of yel lowfin tuna r e sou rce s of the r eg ion , i s con t inu ing 
under the Tuna Programme. R e p o r t s f o r each of t h e c o u n t r i e s and 
t e r r i t o r i e s for which the South Pacific Commission works have been prepared 
i n a f i n a l country r e p o r t s e r i e s . Most of t h e s e r e p o r t s have been 
co-operative ef for ts involving a l l members of the Tuna Programme s t a f f i n 
some way. 

The staff of the Tuna Programme a t the time of p r e p a r a t i o n of t h i s 
r e p o r t comprised the Programme Co-ord ina tor , R.E. Kearney, R e s e a r c h 
Sc ien t i s t s , A.W. Argue, C.P. Ellway, R.S. Farman, R.D. G i l l e t t , P. Kleiber, 
J.R. S iber t , W.A. Smith and M.J. Wil l iams; Research A s s i s t a n t s , Susan 
Van Lopik and Veronica van Kouwen; and Programme Secretary, Carol Moulin. 

Officials of the Ministry of External Af fa i r s of Vanuatu and of the 
former a d m i n i s t r a t i o n s of France and the United Kingdom a s s i s t e d t h e 
Skipjack Programme in many aspects of the survey in the waters of Vanuatu. 
Since the survey, Jim Crossland, Director of Fisher ies , Vanuatu Ministry of 
Land and Natural Resources, has provided valuable information. 

Tuna Programme 
South Pacific Commission 

For bibUPKraphic purposes, this document 

Tuna Programme (1983)• An assessment of the 
skipjack and baitfish resources of the 
Republic of Vanuatu. Skipjack Survey 

Report No.9, South Pacific Commission, 
Noumea, New Caledonia. 
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AN ASSESSMENT OF THE SKIPJACK AND BAITFISH RESOURCES OF 
THE REPUBLIC OF VANUATU 

1.0 INTRODUCTION 

The Skipjack Survey and Assessment Programme was c r e a t e d i n r e s p o n s e 
t o r ap id expansion of su r face f i s h e r i e s for sk ip jack (Katsuwonus p e l a m i s ) 
i n t h e w a t e r s of the c e n t r a l and w e s t e r n P a c i f i c d u r i n g t h e 1970s . The 
o b j e c t i v e s of t h e S k i p j a c k Programme were t o s u r v e y t h e s k i p j a c k and 
b a i t f i s h r e s o u r c e s w i t h i n the a rea of the South Pac i f i c Commission, and t o 
a s s e s s the s t a t u s of sk ip jack s tocks and the degree of i n t e r a c t i o n be tween 
f i s h e r i e s for sk ip jack w i t h i n t h e Commission r e g i o n and beyond. These 
assessments would p r o v i d e a b a s i s f o r r a t i o n a l deve lopment of s k i p j a c k 
f i s h e r i e s and sound management of the r e source throughout the r eg ion . 

Tagging and s u r v e y o p e r a t i o n s i n t h e c e n t r a l and w e s t e r n P a c i f i c 
c a r r i e d out by the Skipjack Programme between October 1977 and August 1980 
t o t a l l e d 847 days, 14 of which were spent i n t h e w a t e r s of Vanua tu . The 
t o t a l study a r e a inc luded a l l of the c o u n t r i e s and t e r r i t o r i e s i n t h e a r e a 
of the South P a c i f i c Commission and a l s o the wa te r s of nor thern New Zealand 
and e a s t e r n A u s t r a l i a (Figure A, i n s i d e f ron t cove r ) . 

The survey of the w a t e r s of Vanuatu commenced on 5 December 1977-
Since e a r l i e r surveys (Anon 1972; Anon 1973) had i n f e r r e d t h a t the b a i t f i s h 
r e s o u r c e was l i m i t e d , i n i t i a l work of t h e Programme c o n c e n t r a t e d on 
exp lo ra to ry b a i t f i s h i n g . The survey ves se l depar ted f o r New C a l e d o n i a on 
12 December 1977 a f t e r n igh t b a i t f i s h i n g ca tches proved to be i n s u f f i c i e n t 
to support tuna f i s h i n g a c t i v i t i e s . I t r e t u r n e d to Vanuatu on 20 J a n u a r y 
1978 c a r r y i n g b a i t from New C a l e d o n i a and resumed a c t i v i t i e s f o r f i v e 
a d d i t i o n a l days. Fur ther survey work i n Vanuatu by the Skipjack Programme 
was not planned because of the b a i t f i s h s i t u a t i o n . However, one day , 31 
March 1980, was s p e n t be tween Matthew and H u n t e r I s l a n d s 1 w h i l e i n 
t r a n s i t be tween New Z e a l a n d and F i j i . T h i s r e p o r t summar i ses s u r v e y 
r e s u l t s and g ives assessments of the s k i p j a c k and b a i t f i s h r e s o u r c e s of 
Vanuatu and r e l a t e s these assessments t o those of the r eg ion a s a whole. 

1.1 Background to the Tuna Fishery 

Vanuatu i s an a r c h i p e l a g o composed of a d o u b l e c h a i n of abou t 80 
i s l a n d s l o c a t e d between 12 and 23 degrees s o u t h l a t i t u d e and 166 and 173 
degrees e a s t l o n g i t u d e . The c o u n t r y h a s a l a n d mass of 13 ,480 s q u a r e 
k i l o m e t r e s w i t h a 2 0 0 - m i l e zone of 848 ,404 s q u a r e k i l o m e t r e s ( T u n a 
Programme, unpublished d a t a ) . The i s l a n d s , mostly of vo lcan ic o r i g i n , lack 

Matthew and Hunter I s l a n d s , which l i e to the south of Vanuatu and t o the 
e a s t of New Ca ledon ia , a r e c l a imed by bo th Vanuatu and F r a n c e . The 
South Pac i f i c Commission s t r e s s e s t h a t i t s i n t e r p r e t a t i o n of o c e a n i c 
zones or i n t e r n a t i o n a l boundaries a r e for s c i e n t i f i c p u r p o s e s on ly and 
should not i n any way p re jud ice the c l a ims of any c o u n t r y t o a r e a s of 
the r eg ion i n which we work. As t h e r e a r e two c l a i m s t o Matthew and 
Hunter I s l a n d s , r e p o r t s on the a c t i v i t i e s of the S k i p j a c k Programme i n 
the approximative 200-mile zone around these i s l a n d s have been i n c l u d e d 
i n the r e p o r t s for both Vanuatu and New Caledonia. 
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extensive barr ier reefs and lagoons. Coral formations occur pr incipal ly on 
fringing reefs , from which there i s an abrupt t r a n s i t i o n to deep wate r . 
The waters around the archipelago are t ropical oligotrophic and s e c t o r s of 
high productivity are r e s t r i c t e d to the es tuar ies of r i ve r s and to zones of 
turbulence around the land masses (Grandperrin 1977). 

The only l a r g e - s c a l e commercial f i s h i n g a c t i v i t y has been t h e 
ope ra t i on s ince 1957 of the South P a c i f i c F i sh ing Company (SPFC), a 
transhipping company for frozen tuna and b i l l f i s h . The major shareho lder 
in the company i s Mitsui and Company (Tokyo); the Government of Vanuatu 
holds a nine per cent share. Annual sa les of transhipped f i s h , p r imar i ly 
to the United States and Japan, averaged 877 m i l l i o n Vatu per year (US$9 
mill ion) between 1976 and 1981 (Anon 1982). This company has i t s f r eeze r 
f a c i l i t i e s a t Palekula on E s p i r i t u Santo and r e c e i v e s c a t c h e s from 
Taiwanese vessels f ishing mainly between 8°S and 35°S in the Tasman and 
Coral Seas (Bour, Kulbicki and Marsac 1982). Landings increased from 3,930 
tonnes i n 1959 to a high of 15,600 tonnes i n 1972. S ince t h i s t ime 
landings have f luctuated but shown a decrease i n r e c e n t y e a r s to 4,345 
tonnes in 1981 (Bour, Kulbicki and Marsac 1982). 

2.0 HEIiiQES 

2.1 Vessels and Crew 

Two Japanese commercial fishing vessels , the Ha t su to r i Maru No. 1 and 
the Hatsutori Maru No.5t were chartered a t different times by the Skipjack 
Programme from Hokoku Marine Products Company Limited, Tokyo, J apan . 
D e t a i l s of both v e s s e l s a re given i n Kearney (1982b). The 192-tonne 
Hatsutori Maru No.1 was used during the survey of Vanuatu in December 1977 
and January 1978. The waters of Matthew and Hunter I s l a n d s were b r i e f l y 
surveyed on 31 March 1980 with the 254-tonne Hatsutori Maru No.5. 

The Hatsutori Maru No.1 was opera ted with a t l e a s t t h r e e Skipjack 
Programme s c i e n t i s t s , nine Japanese off icers and twelve F i j i a n crew. For 
the Hatsutori Maru No.5, an add i t i ona l t h r e e F i j i a n crew were employed. 
Appendix A l i s t s s c i e n t i s t s , observers and crew who were on board during 
the survey in the waters of Vanuatu. 

2.2 Fishing. Tagging and Biological Sampling 

Both vessels used by the Skipjack Programme were commercial l i v e - b a i t 
pole-and-line fishing vessels and the bas i c s t r a t e g y of approaching and 
chumming schools normally employed by these vessels was not changed. As in 
the case of commercial vessels , minor v a r i a t i o n s i n technique were t r i e d 
from day to day depending upon the behaviour of sk ip jack schools and the 
quantity and qual i ty of l ive bai t carr ied. 

The number of crew on the Ha,tsutori Maru No.1 and No.5 was l e s s than 
ei ther of these vessels carry when f i s h i n g commercially. The e f f e c t i v e 
number of fishermen was further reduced because a t l e a s t one crew member 
was required to a s s i s t each s c i e n t i s t in the tagging procedures. Moreover, 
the need to pole tuna accurately into the tagging cradles reduced the speed 
of individual fishermen. Clearly, these factors would decrease the f ishing 
power of the research vessel . During the f i r s t survey in the wate rs of 
F i j i (26 January to 10 Apr i l 1978), the H a t s u t o r i Maru No.1 f i s h e d 
commercially for approximately one month, under an agreement between the 
Programme and the v e s s e l ' s owners . From compar i son of su rvey and 
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commercial catches at t h i s time, i t was estimated that the fishing power of 
the Hatsutori Maru under survey conditions such as in Vanuatu was 28.8 per 
cent of i t s f ishing power during commercial fishing (Kearney 1978). 

Since tagging was the primary r e s e a r c h t o o l , a t t e m p t s t o t a g l a r g e 
numbers of skipjack and, secondarily, yellowfin (Thunnus albacares) usually 
dominated the f ishing s t ra tegy. The tagging techniques and a l t e r a t i o n s to 
commercial f ishing procedures have been described in de ta i l by Kearney and 
G i l l e t t (1982). 

Specimens of tuna and o ther pe l ag ic spec i e s which were po led or 
t r o l l e d , but not tagged and r e l e a s e d , were r o u t i n e l y ana lysed . Data 
collected inc luded l eng th , weight , sex, gonad weight , s tage of sexual 
maturity, and stomach content. In addi t ion, a log was maintained of a l l 
f ish schools sighted throughout the Programme. Where possible, the species 
composit ion of each school was determined. Records were kept of the 
chumming response and catch by spec i e s from each school . Argue (1982) 
describes methods used for the col lect ion of these data. 

Skipjack blood samples for genetic analysis were c o l l e c t e d according 
to the methods described by Fujino (1966) and Sharp (1969), and were frozen 
and packed on dry i c e for a i r f r e i g h t i n g to the A u s t r a l i a n N a t i o n a l 
Un ive r s i t y , Canberra, A u s t r a l i a , where they were e l e c t r o p h o r e t i c a l l y 
analysed (Richardson 1983). 

Beginning in December 1979, body c a v i t i e s of sk ip jack were examined 
for the presence of macro-parasites and complete se ts of g i l l s and v i s c e r a 
were taken from f i v e f i sh from each school (up to a maximum of t h r e e 
schools per day), frozen, and subsequently a i r freighted to the Un ive r s i ty 
of Queensland, St Lucia, A u s t r a l i a , for d e t a i l e d examination for t he 
presence of paras i tes . There were i n su f f i c i en t ca tches i n March 1980 i n 
the v ic in i ty of Matthew and Hunter Islands for paras i te sampling. 

2.3 Baltfishins 

Most b a i t f i s h i n g a c t i v i t y was c a r r i e d ou t a t n i g h t u s i n g b a i t 
a t t r ac t ion l i g h t s and a "bouki-ami" net. In some countries, beach se in ing 
during daylight hours supplemented night ca t ches . Beach se in ing was not 
attempted by the Skipjack Programme in the waters of Vanuatu. D e t a i l s of 
both techniques and a l l modifications employed by the Skipjack Programme 
are given in Hall ier , Kearney and G i l l e t t (1982). 

2.4 Pata Compilation and Analysis 

Five separate logbooks formed the basis for compiling data accumulated 
during the fieldwork outlined in Sections 2.2 and 2 .3 . The techniques used 
to enter data from these logs in to computer f i l e s and to process data a re 
discussed by Kleiber and Maynard (1982). Electrophoret ic da ta from blood 
samples and paras i te iden t i f i ca t ions from skipjack viscera were a l s o coded 
and entered into computer f i l e s . Data processing was c a r r i e d out on the 
Programme's Hewlett Packard 1000 computer in Noumea. 

Assessment of the skipjack resource and p o s s i b l e i n t e r a c t i o n s among 
skipjack f i she r i e s was approached from several viewpoints. Studies of the 
migra t ion of tagged sk ip jack , us ing a n a l y t i c techniques descr ibed i n 
Skipjack Programme (1981b), have formed the b a s i s of i n v e s t i g a t i o n s of 
movement patterns and fishery in te rac t ions . Evaluation of the magnitude of 
the skipjack resource and i t s dynamics based on tagging da ta have been 
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d e s c r i b e d by K l e i b e r , Argue and Kearney ( 1 9 8 3 ) . Methods employed i n 
b i o l o g i c a l s t u d i e s of growth a re descr ibed i n Lawson and Kearney (MS) and 
S i b e r t , Kearney and Lawson (1983) , and fo r j u v e n i l e a b u n d a n c e , i n Argue, 
Conand and Whyman (1983) . Procedures used to compare f i s h i n g e f f e c t i v e n e s s 
between d i f f e r e n t b a i t f i s h f a m i l i e s a r e d e s c r i b e d i n S k i p j a c k Programme 
(198lf ) and Argue, H a l l i e r and W i l l i a m s (MS). E v a l u a t i o n of p o p u l a t i o n 
s t r u c t u r i n g a c r o s s the whole of the wes tern and c e n t r a l P a c i f i c has cen t red 
on a comparison of the tagging r e s u l t s wi th the blood g e n e t i c s work (Anon 
1980, 1981; Skipjack Programme 1 9 8 1 c ) . O c c u r r e n c e and d i s t r i b u t i o n of 
sk ip jack p a r a s i t e s have a l s o been evaluated (Les t e r 1981). 

3-0 SUMMARY OF FIELD ACTIVITIES 

Figure 1 shows t h e a r e a s u r v e y e d f o r t u n a and b a i t f i s h d u r i n g t h e 
f i r s t v i s i t . At t h a t time the wa te r s around the i s l a n d s of E s p i r i t u Santo, 
Malekula, Efa te , the Maskelynes, Epi and Ambrym were surveyed. The w a t e r s 
between Matthew and Hunter I s l a n d s were surveyed i n March 1980. 

B a i t f i s h i n g a c t i v i t i e s a r e summarised i n T a b l e 1 . F i v e h a u l s were 
made d u r i n g t h e f i r s t v i s i t . B a i t was c a r r i e d t o V a n u a t u f rom New 
Caledonia dur ing the f i r s t v i s i t and to Matthew and Hunter I s l a n d s from New 
Zealand dur ing the second v i s i t . 

Skipjack f i s h i n g a c t i v i t i e s , i nc lud ing s i g h t i n g s , tagging and c a t c h e s 
a re summarised i n Table 2 . Overa l l , an average of n i n e h o u r s per day was 
spent searching and f i s h i n g , excluding days when no t ime was s p e n t e i t h e r 
sea rch ing or f i s h i n g . 

A t o t a l of 4,163 kg of sk ip jack , 1,028 kg of y e l l o w f i n and 46 kg of 
o ther tuna was caught, or 5,237 kg i n a l l . This g ives an average c a t c h of 
873 kg per day for those days on which b a i t was c a r r i e d and time was s p e n t 
f i s h i n g . 

Of the 1,254 s k i p j a c k t a g g e d i n Vanuatu be tween December 1977 and 
January 1978, 30 were d o u b l e t a g g e d . As of 1 March 1983, none of t h e 
double- tagged sk ip jack and only seven of the s i n g l e - t a g g e d f i s h have been 
r e c o v e r e d , two w i t h i n and f i v e o u t s i d e V a n u a t u ' s 2 0 0 - m i l e z o n e . The 
Programme s c i e n t i s t s tagged an a d d i t i o n a l 25 sk ip jack i n March 1980, none 
of which has been recovered . 

A summary of numbers of f i s h sampled for b i o l o g i c a l d a t a i s g i v e n i n 
Table 3 . The s i z e d i s t r i b u t i o n of sk ip j ack tagged (F igure 2) shows a range 
of 35-78 cm. The ave rage l e n g t h was 5 0 . 4 cm, t h e same a s t h e S k i p j a c k 
Programme's o v e r a l l average. M a t u r i t y d a t a a r e summarised i n F i g u r e 3 , 
sk ip jack d i e t i tems i n Table 4, and the inc idence of tuna j u v e n i l e s i n t h e 
stomachs of sampled sk ip jack and ye l lowf in i n Table 5 . Blood samples were 
taken from 73 skip jack from a school near the wes tern t i p of Ambrym on 21 
January 1978. 

4.0 RESULTS AND DISCUSSION 

4.1 B a i t f i s h A v a i l a b i l i t y 

The bouki-ami can be a very e f f e c t i v e method of ca tch ing l i v e b a i t for 
p o l e - a n d - l i n e f i s h i n g ; however, for b e s t r e s u l t s t h i s ne t must be o p e r a t e d 
i n wa te r s of s u i t a b l e depth, p r o t e c t e d from e x c e s s i v e wind , c u r r e n t and 
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FIGURE 1. SURVEY AREA AND BAITFISHING LOCALITIES FOR THE SKIPJACK 

PROGRAMME SURVEY IN THE WATERS OF VANUATU 
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TABLE 1 . SUMMARY OF BAITFISHING ACTIVITIES IN THE WATERS OF VANUATU 

Anchorage 

T u r t l e Bay 

Time 
of 

Hau l s 

E s p i r i t u S a n t o 
1 5 ' 2 0 ' S 

1 6 7 ' 1 0 ' E 

P o r t S t a n l e y 
Maleku la 

1 6 ° 0 6 ' S 
1 6 7 ' 2 6 ' E 

P o r t Sandwich 
Maleku la 

1 6 ' 2 5 ' S 
1 6 7 ' 1 6 ' E 

N i g h t 

N i g h t 

N igh t 

Number 
of 

Hau l s 

1 

3 

1 

Dominant Species 

L§ punctatua * 
Stolephorus dev l s l 
Apogon(Rhabdamia) . 

Spra te l lo ldes 
Hvpoatherlna ovalaua 

;sichthvs punctatus 

Stolephorus lndicus 
Pterocaeslo £isaug. 
Pterooaeslo sp. 

E s t . Av. 
Catch 

pe r Haul 
(kg) 

6 
5 
2 

18 
10 

4 

44 
3 
3 

Mean 
Length 

(mm) 

99 
68 
27 

37 
41 
49 

105 

Other Common Species 

Benthosoma flbulatum 
P t e r o c a e s l o r^afrramma 
SslSJC- orumenophthalmus 

Appgon(miat>dajnla) cypseiuru.g 
Decaoterus maorosoma 
Prlaoanthus sp. 

Spratelloldes dellgatUlUg 
XiPhasia setlfer 
Arohamia llneolata 

Several revisions of specific names used in a previous Skipjack 
Programme report on Vanuatu have been maintained. The most 
notable changes in nomenclature have been : 

Herklotslchthvs punctatus to Herklotslchthvs auadrlmaculatus 
Pranesus plneuls to Atherinomorus lacunosa 

Notes 

Anchorage 

Number of Hauls 

Dominant Species 

Average Catch (species) 

Mean Length 

Recorded pos i t ions are truncated to the nearest minute. For l a r g e bays t h e r e may 
be more than one pos i t ion tabulated. 

Number of hauls a t the anchorage pos i t ion . 
was placed in the water. 

A haul i s defined as any time the ne t 

Those species tha t made up a t l e a s t one per cent of the numbers caught from one or 
more ba i t hauls a t a pa r t i cu l a r loca t ion , ranked on t h e i r weighted p r o p o r t i o n of 
the catch. 

The average catch i n kilograms per haul i s given for the dominant th ree species for 
each anchorage and gear type. This average catch i s the product of the t o t a l catch 
i n kilograms for the pa r t i cu l a r anchorage and gear type and the weighted proportion 
of the pa r t i cu l a r species i n t h i s catch. The weighted propor t ion of each s p e c i e s 
was determined from the numerical proportion i n the catch mul t ip l ied by the cube of 
the mean s t anda rd l e n g t h for t h a t s p e c i e s , anchorage and gear type , and by a 
s c a l i n g f a c t o r . The s c a l i n g f a c t o r was chosen so t h a t the sum of w e i g h t e d 
proport ions would equal the sum of numerical p r o p o r t i o n s . I f the mean s t anda rd 
length was unknown, the numerical proportion was used. Since the average catch per 
haul i s given for only the dominant th ree s p e c i e s , the t o t a l of the t h r e e i s i n 
general l e s s than the t o t a l catch for the anchorage and gear type. 

Weighted by numerical abundance when t h e r e were m u l t i p l e h a u l s a t t h e same 
loca t ion . 

Other Common Species The three species which were next i n numerical occurrence to the dominant species . 



TABLE 2 . SUMMARY OF DAILY FIELD ACTIVITIES IN THE WATERS OF VANUATU. S c h o o l s s 
s p e c i e s : SJ = sk ip jack or s k i p j a c k w i t h o t h e r s p e c i e s e x c e p t y e l l o w f i n 
ye l lowf in with o ther spec ie s except sk ip jack , S+Y = sk ip jack w i th y e l l o w f 
y e l l o w f i n and o t h e r s p e c i e s , OT = o t h e r s p e c i e s w i t h o u t s k i p j a c k o 
u n i d e n t i f i e d , but most l i k e l y schools with tuna. 

Date 

05/12/77 
06/12/77 
07/12/77 
08/12/77 

09/12/77 
10/12/77 
11/12/77 
12/12/77 

20/01/78 

21/01/78 
22/01/78 
23/01/78 
24/01/78 
31/03/80 

TOTALS 

General Area 

N Vanuatu 
Santo 
Port Stanley 
Malekula Is -
Efate Is 

Vila 
Vila - Lamap 
Maskelyne Is 
Malekula Is -
Efate Is 

Efate Is -
Malekula Is 

Epi Is 
Ambrym Is 
E Vanuatu 
E Vanuatu 
Matthew and 
Hunter Is 

Principal 
Activity 

Steaming 
In Port 
Steaming 
Fishing 

In Port 
Steaming 
Fishing 
Steaming 

Fishing 

Fishing 
Fishing 
Steaming 
Steaming 
Fishing 

Bait 
Carried 
(kg) 

0 
0 
0 
50 

0 
0 
60 
0 

444 

270 
120 
0 
0 

125 

Hours 
Fishing 
and 

Sighting 

12 
0 
5 
6 

0 
10 
4 
0 

12 

12 
12 
4 
0 
12 

89 

Schools Sighted 

SJ 

0 
-

2 
3 

-
1 
1 
— 

5 

3 
4 
0 
-
1 

20 

(numbers) 
YF 

0 
-

0 
0 

-
0 
0 
— 

0 

0 
0 
0 
-

0 

0 

S+Y 

0 
-

0 
2 

-
0 
0 
— 

0 

1 
2 
0 
-

1 

6 

OT 

0 
-

0 
0 

-

0 
0 
— 

0 

0 
1 
0 
-

0 

1 

UN 

0 
-

1 
0 

-

5 
0 
— 

2 

0 
3 
1 
-

4 

16 

Fish Tagged 
(numbers) 

SJ 

_ 

-

0 
51 

-
-

0 
— 

171 

755 
277 
-
-

25 

1279 

YF 

w 

-

0 
0 

-
-

0 
-

0 

225 
23 
-
-

27 

275 

O 
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TABLE 3 . SUMMARY OF NUMBERS OF FISH SAMPLED FOR BIOLOGICAL DATA FROM 
THE WATERS OF VANUATU 

Species 

Skipjack 
Katsuwonus Delamis 

Yellowfin 
Thunnus a l b a c a r e s 

Mackerel Tuna 
Euthvnnus a f f i n i s 

Frigate Tuna 
Auxis thazard 

TOTALS 

Total No. 
Measured 

275 

67 

4 

7 

353 

Total No. 
Weighed 

131 

22 

4 

7 

164 

Total No. 
Examined 
for Sex 

157 

22 

4 

7 

190 

Total No. 
Examined 

for Stomach 
Content 

91 

17 

4 

7 

119 

Total No. 
Examined 
for Tuna 
J u v e n i l e s 

134 

17 

4 

7 

162 

TABLE 4 . STOMACH CONTENTS OF SKIPJACK SAMPLED BY THE SKIPJACK 
PROGRAMME FROM THE WATERS OF VANUATU 

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 

Diet Item 

Fish and Invertebrates 

Chum from Hatsutori Maru 
Fish remains (not chum) 
Squid (Cephalopoda) 
Tuna juven i l e (Scombridae) 
Acanthurldae 
Alima stage (Stomatopoda) 
Empty stomach 
Chaetodontidae 
Unidentif ied f i s h 
DecaDterus S D . (Caraimidae) 
Gempylidae 
StoleDhorus buccaneeri (Enaraulidae) 
Aluteridae 
Euphausiid (Euphausiacea) 
Carid shrimp (Decapoda) 
B a l i s t i d a e 
Penaeid shrimp (Decapoda) 
Pteropoda (Gasteropoda) 
Megalopa stage (Decapoda) 
Holocentridae 
Bramidae 
Stomatopoda 
Priacanthidae 
Caesiodidae 
Exocoetidae 
B i l l f i s h juven i l e (Ist iophoridae) 
Trichiuridae 
Tetrodontidae 
Anthiidae 
F i s t u l a r i i d a e 
Siganldae 
Bothidae 
Ranzania SD. (Molidae) 
Ostraciidae 

Total Stomachs Examined 

Number of 
Stomachs 

56 
42 
33 
20 
14 
12 
11 
8 
7 
6 
6 
5 
4 
4 
4 
3 
2 
2 
2 

91 

Percentage 
Occurrence 

61.54 
46.15 
36.26 
21.98 
15.38 
13.19 
12.09 
8.79 
7.69 
6.59 
6.59 
5.49 
4.40 
4.40 
4.40 
3.30 
2.20 
2.20 
2.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
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FIGURE 2 . LENGTH FREQUENCY DISTRIBUTION FOR TAGGED SKIPJACK FROM VANUATU 
(upper graph) AND FOR THE TOTAL SKIPJACK PROGRAMME STUDY AREA 
(lower graph). N i s the sample s ize . 
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FIGURE 3 . DISTRIBUTION OF FEMALE SKIPJACK BY MATURITY STAGE FOR SAMPLES 
FROM VANUATU (upper graph) AND FOR ALL SKIPJACK SAMPLED FROM 
TROPICAL WATERS BY THE SKIPJACK PROGRAMME ( lower g r a p h ) . N i s 
the sample s i z e . 
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TABLE 5. INCIDENCE OF TUNA JUVENILES IN THE STOMACHS OF TUNA SAMPLED IN THE WATERS OF V 

Predator 

Skipjack 

Yellowfin 

Mackerel Tuna 

F r i g a t e Tuna 

TOTALS 

Predators 
Examined 

134 

17 

4 

7 

162 

Prey Species 
(tuna) 

juveniles) 

Skipjack 

Yellowfin 

Mackerel Tuna 

Frigate Tuna 

Albacore 

No. of 
Prey 

40 

3 

4 

69 

1 

117 

Predators 
with Prey 

12 

3 

3 

15 

1 

Prey per 
100 

Predators 

29.85 

2.24 

2.99 

51.49 

0.75 

Perc 
of Pre 
with 

8 

2 

2 

11 

0 
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wave action. After close examination of admiralty c h a r t s , only the t h r e e 
larger i s l a n d s of E s p i r i t u Santo, Malekula and Efate appeared to have 
favourable s i t e s for bai t f ishing with a bouki-ami. The bouki-ami was s e t 
f ive times during the seven nights when the Hatsutori Maru No.1 b a i t f i s h e d 
in the waters of Vanuatu. On three other occasions (twice a t Port Vila and 
once a t the Maskelyne Is lands) , the net was not set because b a i t f i s h were 
not evident around ba i t a t t r a c t i o n l i g h t s . D e t a i l s of b a i t ca tches and 
species composition for the three s i t e s surveyed are shown in Table 1. 

Bait ca tches i n December t o t a l l e d 124.5 kg i n four h a u l s , for an 
average of 31.1 kg per haul. This i s similar to the average catch per haul 
of 30.7 kg for nine hauls executed during the JAMARC surveys (Anon 1972; 
Anon 1973) but i s among the lowest achieved by the Skipjack Programmme i n 
the different countries surveyed (Skipjack Programme 198le). These catches 
are insuff ic ient for sustaining commercial f ishing a c t i v i t i e s with a vessel 
the s ize of the Hatsutori Maru No.1. considering that 50 kg per f ishing day 
i s a normal, average da i ly requirement (Kearney 1975). The survey was 
suspended un t i l January when the vessel returned to Vanuatu ca r ry ing b a i t 
from New Caledonia. One addi t iona l haul was then made a t Por t S tan ley , 
catching 52.5 kg of ba i t . 

Six hundred and f o r t y ki lograms of l i v e b a i t were t r a n s p o r t e d 400 
kilometres from Port Bouquet i n New Caledonia to Vanuatu. Although t h i s 
ba i t , mostly Stolephorus heterolobus and Gymnocaesio gymnopterusf suf fered 
an i n i t i a l mortali ty of 40 per cent during the f i r s t two days, i t was used 
successfully to chum eight skipjack schools from which 926 sk ip jack were 
tagged and r e l e a s e d . This experiment demonstrated the f e a s i b i l i t y of 
maintaining and carrying t ropical bai t species for use in areas where b a i t 
are l e s s p len t i fu l . Experiments of th i s type had been few a t the time and 
th i s was the f i r s t in the waters of Vanuatu. 

Sixty ba i t species caught in bouki-ami hauls in Vanuatu are l i s t e d i n 
Table 6 together with their percentage occurrence i n the b a i t hau l s and 
estimated contribution by weight to the to ta l catch. The dominant spec i e s 
by numbers and by weight was the blue sprat , Spra te l lo ides d e l i c a t u l u s T a 
small fish regarded as excellent skipjack ba i t . I t i s easi ly a t t r a c t e d to 
l i g h t s around which i t forms surface aggregations, gtolephorus indicus was 
the second most abundant species by v i r tue of i t s r e l a t i v e l y l a r g e s i z e . 
However, th i s species i s extremely d e l i c a t e and i s t h e r e f o r e v i r t u a l l y 
useless as ba i t . Two other species, the hardyhead Hvpoatherina ovalaua and 
the sardine Herklotsichthys punctatus2

f also contr ibuted s u b s t a n t i a l l y to 
c a t c h e s . Only the l a t t e r spec ies i s regarded as good s k i p j a c k b a i t 
(Skipjack Programme 198lf). 

The prospects for day bait ing or night bai t ing in areas shallower than 
those fished with the bouki-ami could not be evaluated a t the time of the 
1977/1978 Skipjack Programme survey (Kearney, Lewis and H a l l i e r 1978). 
During January and February 1982, 85 beaches were surveyed by the Vanuatu 
F i s h e r i e s Department. A beach se ine was used during the day on f i v e 
beaches and a lampara net was used around ba i t a t t r a c t i o n l i g h t s a t n ight 
on twelve beaches. At the request of the Vanuatu Fisheries Department, one 
s c i e n t i s t from the Tuna Programme a s s i s t e d i n these o p e r a t i o n s . The 
r e s u l t s of t h i s survey, combined with those of additional t r i a l s conducted 

The taxonomic nomenclature for t h i s spec i e s has been changed from 
Herklotsichthys punctatus to Herklotsichthys quadrimaoulatus. 
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TABLE 6 . BAIT SPECIES, PERCENTAGE OF BOUKI-AMI HAULS CONTAINING A 
PARTICULAR SPECIES, AND ESTIMATED TOTAL CATCH, FOR THE 
SKIPJACK PROGRAMME SURVEY IN THE WATERS OF VANUATU 

Species 

SDratelloldes delicatulus 
StoleDhorus indicus 
HvDoatherina ovalaua 
Herklotsichthvs Dunctatus • 

Stolepborus devisi 
ADOEon(Rhabdamia) cvDselurus 
Pterocaeaio pisane 
Pterocaesio SD. 
Sardinella â rm 
Selar crumenoDhthalmus 
Sp. of Anguillidae (j) 
Sp. of Siganidae 
Sp. of Acanthuridae 
Scomberoidea 3D. 
Decaoterus macrosoma 
Sp. of Sphyraenidae 
Praneaua Dineuis 
Sardinella cluoeoides 
Sp. of Chaetodontidae 
Sp. of Holocentridae 
Sp. of Mullidae 
Priacanthus 3D. 

Brsraua'rBros »p, 
Sp. of Cruatacea 
Sp. of Syngnathidae 
Sp. of Baliatidae 
Fistularia sp. 
MeealasDis cordvla 
SDratelloldes araeilis 
Sp. of Squid 
Arehamia lineolata 
Caranx sexfasciatus 
Gazza minuta 
Grammatorcvnus bicarinatus 
Arehamia zosteroDhora 
Sp. of Synodontidae 
Selar POODS 
Sp. of Apogonidae 
Apogon fraenatus 
Sp. of Bothidae 
Sp. of Caesiodidae 
Sp. of Pomacentridae 
Sp. of Priaoanthidae 
Caranx sp. 
Benthosema f^bulatum 
Pterocaesio diaeramma 
StQlepborua batayiensis 
Plotoaus aneuillaris 

Leiognatlms elongatus 
Sp. of Hyctophidae 
Sp. of Aluteridae 
XiDhasia setifer 

Pussunieria 3P-
Stomatopod larvae 
Sp. of Paralepidae 
DecaDterus 3D. 
Sp. of Cru3taoea (j) 
Pseudamia Dolvstiema 
Sp. of Lutjanidae 
Sp. of Octopus 

Percentage Estimated 
Occurrence 

100 
20 
80 
100 
40 
80 
20 
20 
100 
100 
80 
80 
80 
80 
80 
80 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

• Several revisiona of specific names used in 
Programme report on Vanuatu 

Catch 
(kg) 

54 
44 
28 
15 
4 
3 
3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a previous Skipjack 
have been maintained. The most 

notable changes in nomenclature have been : 

Herklotsichthvs Dunctatus to Herklotsichthvs auadrimaoulatus 
Pranesua Dineuis to Atherinomorus lacunosa 
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by the Fisheries Department between March and June 1982, gave an average 
catch of 29 kg for nine se ts of the beach seine and 39.2 kg for 14 s e t s of 
the lampara net (Grandperrin e t a l . 1982a). 

The average beach seine catch obta ined by the F i s h e r i e s Department 
survey compares favourably with those of the Skipjack Programme in o ther 
countries (Skipjack Programme 198le). The average lampara net catch seems 
comparatively good but includes one very la rge , 364 kg haul. Furthermore, 
t h i s haul consisted mainly of Herklotsichthy.s punc t a tu s , a spec i e s which 
has been shown to undergo s ignif icant natural f luctuat ions in abundance, as 
noted in Vanuatu by Grandperrin et a l . (1982b), in the Marshall Islands by 
Hida and Uchiyama (1977), and in Kir iba t i by Kle iber and Kearney (1983) . 
In Palau, t he re was a marked d e c l i n e i n abundance of t h i s s p e c i e s i n 
apparent response to f i s h i n g p res su re (Johannes 1981). I t s a b i l i t y to 
support regular catches i s therefore questionable. The average lampara net 
catch without that haul i s reduced to 14.2 kg for 13 hauls, much l e s s than 
averages with ei ther the bouki-ami or the beach seine in Vanuatu. 

During a j o in t SPFC-Fisheries Department ba i t f i sh survey in March 1982 
Japanese bai t f ish experts estimated potent ia l bai t catches of two and f i v e 
tonnes per haul in Hog Harbour and Turtle Bay (Espir i tu Santo) respectively 
(Blackburn 1982). However, actual night bai t f ishing t r i a l s in September of 
that year fa i led to confirm these estimates, suggesting that the e s t i m a t e s 
were unduly o p t i m i s t i c and/or were a f fec ted by the s e a s o n a l i t y of the 
resource (Grandperrin e t a l . 1982b). 

Although no b a i t f i s h i n g was c a r r i e d out near Matthew and Hunter 
Islands, the b a i t r e sou rce s of these two i s l a n d s are considered to be 
n e g l i g i b l e s ince both i s l a n d s have a complete l ack of s u i t a b l e b a i t 
hab i ta t . 

4.2 Skipjack, Fishing 

Of the to ta l of 14 days spent in Vanuatu, only 6 were spent with b a i t 
on board. Therefore skipjack catch r e s u l t s are based on a r e l a t ive ly short 
time spent actually f ishing. 

The average catch of 873 kg per day achieved by the Programme v e s s e l 
represents an estimated equivalent commercial catch r a t e of 3.03 tonnes per 
day, using a conversion factor of 3.47 (Kearney 1978). This i s about 11 
per cent l e s s than the average catch per day over the e n t i r e du ra t i on of 
the Programme. This o v e r a l l catch r a t e i s perhaps m i s l e a d i n g a s i t 
includes days when the fishing potent ia l was reduced due to the low amount 
of bai t carr ied, and includes one day spent in an e n t i r e l y d i f f e r e n t a rea 
during the second v i s i t . If only the f i s h i n g r e s u l t s a round E f a t e , 
Malekula, Epi and Ambrym is lands , when bai t was p l e n t i f u l , a re used, then 
the average catch increases to 5.5 tonnes per day. This f a l l s between the 
3 tonnes per day caught by the Japanese f l e e t f ishing in the same a rea and 
the 6.2 tonnes per day caught by that same f l ee t f i sh ing i n the nor the rn , 
northwestern and western Pacific a r e a s of Vanuatu between 1974 and 1979 
(Skipjack Programme 1980). 

A to t a l of 43 schools were sighted during the 10 days spent search ing 
or f ishing, for an average of 0.48 schools sighted per hour. This i s wel l 
below the Programme's overall average of 0.75 schools per hour. Species 
could be ident i f ied for 63 per cent of a l l schools sighted in Vanuatu. Of 
these, 74 per cent had sk ip jack and 22 per cent had both sk ip jack and 
yellowfin. 
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Generalising from a survey l i m i t e d to a few days f i s h i n g i n a r ea s 
concentrated around the main i s l a n d s i s tenuous. The r e l a t i v e l y high 
estimate of potent ia l commercial ca tch (5 .5 tonnes per day) for days on 
which ba i t was carried should not be extrapolated to an annual expectation, 
especially since these r e s u l t s were obtained during mid-summer, a period of 
possible above-average abundance. 

4.3 Skipjack Population Biology 

Many a spec t s of sk ip jack p o p u l a t i o n dynamics and b i o l o g y were 
considered by the Skipjack Programme, including sexual maturity, ecology of 
juveni les , recruitment, feeding, growth, popula t ion s t r u c t u r e , p a r a s i t e 
in fes ta t ions , mortal i ty, production and migration. 

4.3.1 Maturity and juvenile recruitment 

Figure 3 presents female sk ip jack ma tu r i ty da ta for Vanuatu (upper 
graph) and for a l l Skipjack Programme samples from t r o p i c a l c e n t r a l and 
western Pacific waters (lower g raph) . In both graphs maturing sk ip jack 
(stage 3) dominate, as they do in most samples from p o l e - a n d - l i n e ca tches 
i n the t r o p i c a l western P a c i f i c . Presence of sk ip jack f e m a l e s w i t h 
recovering gonads (stage 7) in Vanuatu in December 1977 and January 1978 
implies that a t l ea s t some skipjack spawning took place during t h i s survey 
period. 

Seasonal change i n female gonad index 3 for a l l Skipjack Programme 
samples from t r o p i c a l wa te r s sugges t s t ha t sk ip jack spawning i s most 
intense south of the Equator between October and March (F igure 4 ) . This 
trend i s very similar to the trend presented by Naganuma (1979) for samples 
collected from a wide area of the t r o p i c a l south P a c i f i c , and to t h a t 
presented by Lewis (1981) for samples from the Papua New Guinea f i s h e r y , 
j u s t a few degrees south of the Equator. Skipjack sampled from Vanuatu i n 
December 1977 and January 1978 had high gonad index va lues (42.7 f o r 
40-49.9 cm skipjack and 58.0 for 50-59.9 cm skipjack), s i m i l a r to o v e r a l l 
averages in Figure 4 for these skipjack s izes and months. Three sk ip jack 
sampled from Hunter Island on 31 March 1980 had gonad indices l e s s than 20, 
similar to overall averages for March and Apr i l . These r e s u l t s suggest 
t h a t sk ip jack spawning i n the w a t e r s of Vanuatu e x h i b i t s s e a s o n a l 
periodici ty similar to that observed in the larger data set from the en t i re 
study area. 

Another index of spawning a c t i v i t y i s the inc idence of s k i p j a c k 
j u v e n i l e s observed i n the stomachs of p r e d a t o r s . An average of 2 9 . 9 
skipjack j u v e n i l e s per 100 skip jack preda tor stomachs was observed i n 
Vanuatu (Table 5 ) . This i s one of the h i g h e s t l e v e l s observed i n the 
Programme study a r ea . Argue, Conand and Whyman (1983) p r e s e n t more 
detai led ana lyses of the tuna j u v e n i l e da ta , t ak ing i n t o account s i z e 
se lec t ive predation by adul ts , time of day, distance from land and season 
that adults were sampled. They hypothesise tha t dur ing the 1977 to 1980 
survey period, abundance of j uven i l e sk ip jack w i t h i n the study area was 
highest in two areas, one roughly bounded by Solomon I s l a n d s , Papua New 

Gonad index=107(gonad weight gm/(fish length mm)3). 
High index values, par t icular ly over 50, a r e a s soc i a t ed with sk ip jack 
whose gonads have a high percentage of eggs tha t are ready to be spawned 
(Raju 1964). 
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FIGURE 4 . AVERAGE FEMALE GONAD INDICES, BY MONTH, FOR SKIPJACK SAMPLED 
BY THE SKIPJACK PROGRAMME FROM TROPICAL WATERS SOUTH OF THE 
EQUATOR. C i r c l e s denote means and b a r s d e n o t e two s t a n d a r d 
e r r o r s about the means. S t anda rd e r r o r s o m i t t e d f o r sample 
s i z e s l e s s than 5; most sample s i z e s exceeded 75 . No s amp le s 
for August and September. 
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Guinea and Vanuatu, and the o ther i n c l u d i n g the Marquesas and Tuamotu 
Is lands. Skipjack juveni les also occurred most frequently i n the stomachs 
of skipjack between October and March i n the Programme's samples from 
t r o p i c a l wa te r s south of the Equator, which i s roughly the period of 
maximum gonad deve lopmen t i n 3 k i p j a c k i n t h e s e w a t e r s . Howeve r , a s 
v i r tua l ly nothing i s known about the movements of j u v e n i l e sk ip jack , the 
extent to which local spawning contr ibutes to r ec ru i tmen t i n Vanuatu and 
elsewhere cannot be established. 

4.3.2 Diet 

Common diet items of skipjack i n Vanuatu, o ther than chum and f i s h 
remains, were squid (Cephalopoda), tuna juveni les ( severa l spec i e s i n the 
family Scombridae), surgeon f i s h (Acanthuridae) and the alima s tage of 
stomapods (Table 4) . Each of these items occurred in over ten per cent of 
stomachs examined; 33 items occurred i n a t l eas t one skipjack stomach. 

The wide variety of d i e t i t ems observed i n sk ip jack from t r o p i c a l 
waters indicates that skipjack are highly opportunist ic feeders. Community 
groups of skipjack prey species are thought to vary across the study a rea , 
and iden t i f i ca t ion of groups i s the subject of ongoing analyses. 

4.3-3 Growth 

The growth of sk ip jack , as i n o ther tunas , i s a func t ion of s i z e . 
Larger f ish grow more slowly than smaller f i sh (Skipjack Programme 1981 d ) . 
When a tagged f i s h i s recovered , i t s s i z e w i l l depend on not only the 
length of time i t was a t l ibe r ty , but also i t s s ize when i t was r e l e a s e d . 
For a given time at l i be r ty , a small fish wi l l have a g r e a t e r i n c r e a s e i n 
length than a la rger f i sh . These considerations complicate the eva lua t i on 
of growth by the analysis of tagging data. Table 7 p r e s e n t s a summary of 
size and growth information for skipjack tagged and r e l e a s e d i n the study 
area, for each s ize c l a s s for which t h e r e were adequate da ta . Size a t 
re lease var ies from 41 cm to 55 cm; time a t l ibe r ty var ies from l e s s than a 
day to over 300; growth increments vary from - 0 . 3 cm to over 12 cm. The 
effects of time a t l ibe r ty can be seen by noting the d i f f e rence i n growth 
increments between the two v i s i t s to F i j i (FIJI and FIJ2) where the f i s h 
were released a t approximately the same s ize , but the mean times a t l iber ty 
were qui te different . Similarly, the e f f e c t s of s i z e a t r e l e a s e can be 
seen by noting the difference in growth increments between the f i r s t v i s i t 
to Kir ibat i (KIR1) and the second v i s i t to Papua New Guinea (PNG2) where 
the f ish were a t l ibe r ty for approximately the same period of time, but the 
mean s i z e s a t r e l e a s e were q u i t e d i f f e r e n t . On t h e who le , growth 
increments are qui te small and the overall percentage of f i sh which did not 
show any measurable growth i s q u i t e high ( 4 0 . 1 $ ) . There are s e v e r a l 
reasons for th i s apparent lack of growth. F i r s t , the time a t l i b e r t y may 
have been too short for much growth to have occurred. Secondly, skipjack 
may be near thei r maximum size when tagged and released. Thirdly, they may 
encounter conditions unfavourable for growth. Fourthly, e r r o r s i n l eng th 
measurement a t both re lease and recovery may obscure what l i t t l e growth 
there i s . 

I t i s possible to calculate c o r r e c t i o n s for the e f f e c t s of s i z e a t 
r e l e a s e and time a t l i b e r t y on the observed growth increment . These 
calculat ions were carried out using analysis of covariance and a l inear ised 
version of the von Bertalanffy growth equa t ion . The c o r r e c t i o n s can be 
used to calculate a s tandard growth increment for an a r b i t r a r y s i z e a t 
r e l e a s e and t ime a t l i b e r t y ( S i b e r t , Kearney and Lawson 1 9 8 3 ) . 



TABLE 7. SUMMARY OF SKIPJACK GROWTH INCREMENTS BY VISIT FOR FISH AT LIBERTY FROM 10 TO 
explanation of country abbreviations see Appendix B. 

Country 
and 

V i s i t 

FIJI 
FIJ2 
KIR1 
MAQ2 
PAL1 
PAL3 
PNGO * 
PNG2 
PON1 
PON3 
S0L1 
TRK1 
TRK2 
VAN1 

Sample 
Size 

431 
208 
279 

26 
0 

14 
290 
609 

7 
13 
38 

1 
1 
1 

VAN1 « * 1 
WAL1 
WAL2 
ZEA1 
ZEA2 

0 
0 

213 
1 

* R e s u l t s for 
from 

RECAPTURES WITHIN COUNTRY OF 

Mean 
Size a t 
Release 

48.0 
51.2 
48.4 
48.3 

40.8 
54.6 
54.6 
53.9 
51.4 
51.8 
50.0 
53.0 
52.0 
52.0 

45.8 
54.0 

Mean 
S ize a t 

Recapture 

48.6 
55 .3 
49 .8 
48.0 

47.8 
56.4 
55.2 
57.7 
57.2 
54 .3 
56.0 
54.0 
52.0 
52.0 

46.4 
54.0 

sk ip jack tagged and 
1972 t o 1974. 

** Second en t ry for v i s i 
730 days. 

Mean 
Days a t 
L iber ty 

23.9 
108.7 
56.0 
18.9 

85.3 
87.6 
51.5 
84.7 

168.0 
192.5 
121.0 
21.0 

0.0 
0.0 

37.9 
76.0 

RELEASE 

Increment 
Standard 

Mean Devia t ion 

0.65 
4.09 
1.43 

-0 .27 

7.00 
1.78 
0.63 
3.86 
5.77 
2.45 
6.00 
1.00 
0.00 
0.00 

0.64 
0.00 

r e l e a s e d i n Papua New 

t VAN1 inc ludes f i s h a t l i b e r t y 

2.29 
5.34 
2.18 
1.31 

5.55 
2.46 
3.17 
2.67 
2.31 
4.28 
-
-
-
-

2.30 

" 

Guinea 

up t o 

Sample 
S ize 

3 
9 

15 
3 

14 
143 

16 
37 
12 
43 

2 
10 
6 
3 
5 

22 
7 

11 
3 

RECAPTURES OUTSIDE 

Mean 
Size a t 
Release 

51.3 
51.7 
51.0 
48.0 
59.0 
40.6 
53-4 
51.5 
53.9 
55.4 
52.5 
49.7 
53.5 
50.7 
48.6 
53.0 
52.9 
47.5 
50.3 

Mean 
S ize a t 

Recapture 

55.3 
61 .3 
55.2 
60.0 
63.1 
49 .3 
57.6 
56.8 
57.6 
59.9 
57.5 
56.7 
60.0 
57.3 
58.6 
54.4 
57.1 
54.2 
57.7 

COU 
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Standard ised growth increments a r e p re sen ted i n T a b l e 8 . I t can be s e e n 
t h a t the amount of growth can be expected to vary cons iderably from country 
to country . Fur ther a n a l y s i s shows t h a t g rowth i n c r e m e n t s a l s o d i f f e r 
s i g n i f i c a n t l y between v i s i t s t o a country and a l s o be tween f i s h r e c o v e r e d 
i n s i d e and o u t s i d e of the country of r e l e a s e ( S l b e r t , Kearney and Lawson 
1983). Skipjack growth i s seen to be h igh ly v a r i a b l e i n t ime and s p a c e . 
The observed growth i n tagged sk ip jack i s a func t ion of where the f i s h were 
tagged, the yea r i n which they were tagged, and where they were r e c o v e r e d . 
Thus, growth of sk ip jack may be c lo se ly coupled to environmental cond i t i ons 
such a s temperature and o the r o c e a n o g r a p h i c v a r i a b l e s t h a t r e g u l a t e t h e 
abundance of food. 

TABLE 8. CALCULATED GROWTH INCREMENTS FOR FISH RECAPTURED WITHIN 
COUNTRY OF RELEASE. C a l c u l a t i o n s fo r f i s h 50 cm i n l e n g t h 
a t r e l e a s e and a t l i b e r t y for 90 days . The 95$ c o n f i d e n c e 
i n t e r v a l of each i n c r e m e n t g i v e n i n p a r e n t h e s e s . See 
S i b e r t , Kea rney and Lawson ( 1 9 8 3 ) f o r d e t a i l s . F o r 
exp lana t ion of country a b b r e v i a t i o n s see Appendix B. 

Country 

FIJ 

KIR 

PAL 

PNG 

PON 

SOL 

ZEA 

Increment 

4.5 

1.4 

8.5 

3.6 

4.1 

2.5 

1.5 

(±1.2) 

(±1.2) 

(±6.4) 

(±1.9) 

(±4.1) 

(±1.4) 

(±5.2) 

Visits Included 

FIJI, FIJ2 

KIR1 

PAL3 

PNG2 

P0N3 

S0L1 

ZEA1 

I t i s not p o s s i b l e t o g e n e r a l i s e about growth of sk ip jack t h a t r e s i d e 
i n Vanuatu s ince only two f i s h were tagged and recap tu red i n Vanuatu , w i t h 
one r ecap tu red on the day i t was r e l e a s e d . 

4.3.4 Population structure 

4 . 3 . 4 . 1 Blood, g e n e t i c s and, tagfiiAg 

There i s movement of some sk ip jack a d u l t s over much of the wes tern and 
c e n t r a l Pac i f i c (Figure B, i n s i d e back cover ) , and such movement s u g g e s t s 
t h a t g e n e t i c e x c h a n g e i s p o s s i b l e among a l l c o u n t r i e s w i t h i n t h e 
Programme's study a r ea . On the o ther hand, f i s h e r y i n t e r a c t i o n a n a l y s e s 
completed to da t e suggest t h a t the a c t u a l l e v e l of exchange , f o r s k i p j a c k 
of the s i z e caught by p o l e - a n d - l i n e gear , i s low among a t l e a s t the l o c a l l y 
based p o l e - a n d - l i n e f i s h e r i e s i n t r o p i c a l wate rs (Argue and Kearney 1982, 
1983; Kearney 1982a; Kle iber and Kearney 1983). 

Resu l t s from e l e c t r o p h o r e t i c a n a l y s i s of sk ip jack blood samples show a 
g r a d i e n t i n e s t e r a s e gene f r e q u e n c y , a g e n e t i c marker u s e d t o i n f e r 
p o p u l a t i o n s t r u c t u r e , from wes t t o e a s t a c r o s s t h e P a c i f i c b e t w e e n 
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approximately 120'E and 120°W (Figure 5 ) . The esterase gene frequency for 
the sample taken in the waters of Vanuatu was 0.75f j u s t outside the 95 per 
cent prediction l imi t s for the regression l i n e , a r e su l t to be expected for 
f i v e per cent of the samples. There was c o n s i d e r a b l e v a r i a t i o n i n 
individual esterase gene frequency values along t h i s average l i n e , although 
the cause of t h i s va r i ab i l i t y was unclear (Anon 1981). 

Several models of popula t ion s t r u c t u r e of sk ip jack i n the P a c i f i c 
Ocean have been proposed (Fujino 1970, 1976; Anon 1981). One of these 
models, suggested by the tagging and blood g e n e t i c s da ta , i s c a l l e d the 
c l ina l population s t ructure model (Anon 1981). I t has the bas i c premise 
that the probabil i ty of breeding between skipjack i s inversely proportional 
to the distance between them. Acceptance of t h i s model implies t h a t t he re 
are no genetical ly i s o l a t e d sk ip jack subpopula t ions i n the study a rea , 
separa ted by s t a b l e geograph ica l b o u n d a r i e s , which i s c o n t r a r y t o 
hypotheses advanced by Fujino (1970, 1976) and Sharp (1978). 

The gradient in esterase gene frequency i s cons is ten t with more than 
one possible d i s t r ibu t ion of skipjack spawning, one being a r e l a t ive ly even 
d is t r ibu t ion of skipjack spawning in t ropical waters across the study area. 
Alternatively, one could view the gradient as the r e s u l t of "over l ap" of 
sk ip jack from two or more c e n t r e s of h igher spawner d e n s i t y a t t he 
approximate extremes of the study area or beyond. The s i m i l a r i t y between 
eastern Pacific es terase gene frequencies ( to the r i gh t of the dot ted l i n e 
in Figure 5) and those from French Polynesia suggests that eas tern P a c i f i c 
skipjack have the same genetic origin as skipjack in French Polynes ia and 
thus could col lect ively represent the group a t one extreme. Occurrence of 
skipjack juveni les (Argue, Conand and Whyman 1983) also appeared highest a t 
the longitudinal extremes of the Programme study area, including the waters 
of Vanuatu , t h u s l e n d i n g some s u p p o r t to t h e l a t t e r view of t h e 
d i s t r ibu t ion of skipjack spawning. 

After two workshops hosted by the SPC to examine the ques t i on of 
skipjack population s t ructure , i t was concluded that due to l i m i t a t i o n s of 
the extant blood genetics , tagging and anci l lary data, i t i s d i f f i c u l t to 
choose between the various populat ion s t r u c t u r e hypotheses (Anon 1981a; 
Skipjack Programme 1981c). However, the g e n e t i c s data supported t h e 
conclusions that there should be minimum shor t - t e rm i n t e r a c t i o n s between 
f i sher ies a t the extremes of the Programme's study a rea , and t h a t the 
p o t e n t i a l for i n t e r a c t i o n s should i n c r e a s e a s t he d i s t a n c e between 
f i sher ies decreases. 

4.3.4.2 The occurrence of paras i tes 

Parasi te samples were taken over a wide range of t ropical wa te rs , and 
a l s o from s u b t r o p i c a l w a t e r s of New Zea l and and Nor fo lk I s l a n d . 
Preliminary r e su l t s from a mult ivariate analysis presented by Lester (1981) 
show that the paras i te faunas of t r o p i c a l samples from widely separa ted 
areas are qui te similar, and that skipjack caught i n New Zealand c a r r i e d 
many t r o p i c a l p a r a s i t e s . Analyses of p a r a s i t e da ta a r e c o n t i n u i n g ; 
however, preliminary r e su l t s do not suggest a way of c l a r i f y i n g f i s h e r y 
in te rac t ions in t ropical waters based on paras i te fauna, nor i s i t l i k e l y 
that def ini t ion of skipjack population s t ructure wi l l be g r e a t l y improved 
by further analysis of the exis t ing paras i te data. 

4.4 Resource Assessment from Tagging Data 

Of the 1,254 tags r e l e a s e d i n Vanuatu between December 1977 and 



FIGURE 5. SKIPJACK SERUM ESTERASE GENE FREQUENCY FOR 163 SAMPLES FROM INDI 
SCHOOLS, VERSUS LONGITUDE OF THE SAMPLE LOCATION. The c i r c l e r e p r e s e n 
gene frequency for the sample from Vanuatu. The r e g r e s s i o n l i n e on 
do t t ed l i n e i nc ludes 145 samples c o l l e c t e d be tween Pa l au and t h e Ma 
( 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 
samples a re shown to the r i g h t of the do t t ed l i n e . 
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January 1978, 7 have been returned. None of the 25 tags released i n March 
1980 have been recovered. Of the 7 Vanuatu re leases that were recovered, 2 
were from the Programme's tagging vessel (one on the day i t was r e l e a s e d 
and the other af ter 44 days a t l i b e r t y ) . The o ther 5 were recovered i n 
Solomon Islands (4) and Papua New Guinea (1) af ter 8 to 22 months. Three 
f i s h tagged i n other c o u n t r i e s were recovered i n Vanuatu by J apanese 
pole-and-line vessels . One fish (out of a to ta l of 12,734) released in New 
Zealand wa te r s was recovered i n Vanuatu a f t e r being a t l i b e r t y for 12 
months. Two f ish (out of a to ta l of 2,651) released in Queensland wate rs 
were recovered in Vanuatu after being a t l i b e r t y for 10 months. The low 
number of r e t u r n s of tagged f i s h r e l e a s e d i n Vanua tu , and a l s o of 
r e c a p t u r e s i n Vanuatu w a t e r s , i s to be expected because of t h e l o n g 
distance to larger f i she r i e s and the small sk ip jack ca t ches i n Vanuatu. 
Tag and re lease data for these tagged f ish are presented in Table 9. 

The fo l lowing t h r e e s e c t i o n s h i g h l i g h t genera l r e s u l t s from t h e 
Skipjack Programme's re leases of tagged skipjack. In p a r t i c u l a r , r e s u l t s 
are given which bear on stock assessment and fishery in te rac t ion within the 
region and which are therefore relevant to Vanuatu. 

4.4.1 International migrations 

Figure B ( i n s i d e back cover) p r e s e n t s a s e l e c t i o n of S k i p j a c k 
Programme tag re turns plotted as s t ra igh t l i n e arrows between tagging and 
recovery locat ion. Returns were s e l e c t e d by p l o t t i n g no more than one 
example of a migration in each d i r e c t i o n between any pa i r of ten degree 
squares and no more than one example of a migration wholly w i th in any ten 
degree square. The impress ion from t h i s f i g u r e i s one of cons ide rab le 
mixing of skipjack. Clearly there a re few b a r r i e r s to movement of some 
skipjack within the study area. The lack of apparent movement beyond the 
area surveyed r e f l ec t s poor chances for recovery as a r e s u l t of low fishing 
effort and environmental ba r r i e r s to migration a t the l a t i t u d i n a l extremes 
(skipjack are seldom encountered polewards of 40 degrees l a t i t u d e where 
water temperatures are l e s s than 16°C). 

I t should be noted, however, t h a t the o v e r a l l impression of many 
wide-ranging i n t e r n a t i o n a l migra t ions depic ted by F i g u r e B does no t 
accurately r e f l e c t the average case for a l l the tag r e c o v e r i e s . This 
figure overemphasises long-distance, r e l a t ive ly ra re migrations, due to the 
procedure used to s e l e c t r e c o v e r i e s for the f i g u r e . In f a c t , the vas t 
majority (86 %) of tag recoveries were made l e s s than 250 n a u t i c a l mi le s 
from t h e i r r e l e a s e s i t e and w i th in 180 days of t a g g i n g ( F i g u r e 6 ) . 
Long-distance migrations are prevalent only w i th in the group of sk ip jack 
that were at large for more than 180 days (lowest graph in Figure 6 ) . The 
implication then i s t h a t few skip jack of the s i z e t h a t were tagged a r e 
available for long enough to be recovered a t g r e a t d i s t a n c e s from t h e i r 
re lease s i t e . 

As mentioned above, a small number of tagged fish were shown to have 
migrated e i t h e r i n t o or out of Vanuatu. These m i g r a t i o n s a r e shown 
schematically in Figure 7. There i s a suggestion of an appreciable degree 
of in ternat ional movement in these data; however, the recovery e f f o r t was 
too low to permit a rigorous analysis . Fishery in terac t ions throughout the 
study area are discussed in terms of their relevance to Vanuatu i n Sec t ion 
4 . 4 . 3 . 
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TABLE 9 . DETAILS OF ALL RECOVERED SKIPJACK TAGS RELEASED IN VANUATU 
AND ALL SKIPJACK TAGS RECOVERED IN VANUATU BUT RELEASED 
ELSEWHERE 

TAG NO. DATE LATITUDE LONGITUDE SIZE COUNTRY 

AY04271 release data: 
recapture data: 

At large for 44 days. 

A09340 release data: 
recapture data: 

At large for 260 days. 

A09760 release data: 
recapture data: 

At large for 254 days. 

BOO119 release data: 
recapture data: 

At large for 269 days. 

B00322 release data: 
recapture data: 

At large for 0 days. 

B01080 release data: 
recapture data: 

At large for 663 days. 

B00405 release data: 
recapture data: 

At large for 632 days. 

K32870 release data: 
recapture data: 

At large for 321 days. 

K34121 release data: 
recapture data: 

At large for 665 days. 

K03054 release data: 
recapture data: 

At large for 371 days. 

77/12/08 I6deg 15 
78/01/21 I6deg 15 
Distance = 4.8 

78/01/21 I6deg 45 
78/10/08 07deg 45 
Distance = 837.6 

78/01/21 16deg 15 
78/10/02 09deg 00 
Distance = 676.2 

78/01/21 I6deg 15 
78/10/17 09deg 00 
Distance = 601.5 

78/01/21 I6deg 15 
78/01/21 I6deg 15 
Distance = 0.0 

78/01/21 I6deg 15 
79/11/15 09deg 00 
Distance = 661.4 

78/01/22 I6deg 22 
79/10/16 02deg 07 
Distance = 1324.6 

79/05/02 17deg 36 
80/03/18 I6deg 16 
Distance = 942.5 

79/05/03 I6deg 22 
81/02/26 13deg 27 
Distance = 926.7 

79/03/13 
80/03/18 

37deg 38 
I6deg 21 

S I67deg 46'E 50.6cm VAN1 
S I67deg 51'E 48.8cm VAN 
naut. mi les i n d irec t ion 90.deg. 

S I67deg 56'E 50.0cm VAN1 
S 157deg 00'E 55.0cm SOL 
naut. miles in direction 309.deg. 

S I67deg 51'E 50.0cm VAN1 
S 159deg 00'E 60.0cm SOL 
naut. miles in direction 309.deg. 

S I67deg 51 'E 52.0cm VAN1 
S I60deg 45*E 57.0cm SOL 
naut. miles in direction 315.deg. true. 

true. 

true. 

true. 

S I67deg 51'E 52.0cm 
S I67deg 51'E 51.6cm 
naut. miles i n d irec t ion 

VAN1 
VAN 
O.deg. true. 

S I67deg 51'E 47.0cm VAN1 
S 159deg 20'E 57.0cm SOL 
naut. miles i n d irec t ion 310.deg. true. 

S 167deg 57'E 44.0cm VAN1 
S 150deg 49'E 64.0cm PNG 
naut. miles in direction 308.deg. true. 

S I48deg 09'E 58.0cm 
S I64deg 31fE 70.0cm 
naut. miles in direction 

S 150deg 12'E 48.0cm 
S I65deg 54'E 67.0cm 
naut. miles in direction 

S 176deg 33'E 52.0cm 
S I64deg 31'E 71.0cm 

QLD1 
VAN 
88.deg. true. 

QLD1 
VAN 
81.deg. true. 

ZEA1 
VAN 

Distance = 1426.8 naut. miles in direction 330.deg. true 
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FIGURE 6. NUMBERS OF SKIPJACK TAG RECOVERIES BY DISTANCE TRAVELLED AND 
TIME-AT-LARGE FOR THE TOTAL SKIPJACK PROGRAMME DATA SET. Data 
are for tag returns received by 4 November 1982. Recaptures 
for 96 f i s h , which trave l l ed more than 1,500 n a u t i c a l m i l e s , 
are included i n the sample s i z e s , but not shown i n the f igure . 
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FIGURE 7 . MIGRATION ARROWS FOR TAGGED SKIPJACK RELEASED IN VANUATU AND 
FOR SKIPJACK TAGGED IN AUSTRALIA AND NEW ZEALAND AND 
RECAPTURED IN VANUATU. No more than one arrow has been drawn 
be tween any p a i r of one d e g r e e s q u a r e s of l o n g i t u d e and 
l a t i t u d e . Tick marks i n d i c a t e i n t e r v a l s of 30 d a y s . I n t h e 
absence of i n t e r n a t i o n a l l y accepted zones , 200-mile boundar ies 
were es t imated by Tuna Programme s t a f f . The bounda r i e s shown 
below should not p r e jud i ce any boundar ies t h a t may be d e r i v e d 
i n t h e f u t u r e . 
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4.4.2 Mortality and production 

The distribution of tagging throughout the study areas was such that 
large numbers of skipjack were tagged i n the v i c i n i t y of important 
f isheries with similarly large numbers tagged in waters qui te remote from 
these f isheries . If movement of tagged skipjack away from fished areas i s 
assumed to be balanced by movement back into fished areas, then the decline 
in numbers of tag recoveries with increasing time-at-large can be assumed 
to be due to the following factors: death of tagged f i sh from natural and 
man-induced causes (e .g . predation, s tarvat ion , d i sease , "old age" and 
fishing); changes i n vu lnerab i l i t y to f i sh ing gears; and, to a l e s s e r 
extent, emigration away from the study area as a whole, for example, in to 
unfished central Pacific waters. These principles have been discussed by 
Kleiber, Argue and Kearney (1983) who developed an analytical model for the 
analysis of tag release and recovery data. Figure 8 shows the numbers of 
tag returns versus the numbers of months these tags were at large after 
release. This picture i s what would be expected with time i f a l l tags were 
released simultaneously in the different areas. The s tra ight l i n e i n the 
figure depicts the average number of tag recoveries one would predict per 
month from f i t t ing the mathematical model of Kleiber, Argue and Kearney 
(1983) to the catch and resulting tag returns. 

As can be seen from the figure, the actual data points (stars) deviate 
l i t t l e from the l i n e predict ing the average number of tag returns per 
month. The instantaneous rate of decrease of tag returns estimated from 
the f i t t ing procedure, i s called the tag at tr i t ion rate, which results from 
fishing and natural mortality, changed vulnerabi l i ty and emigration. An 
addit ional component, presumably small, inc ludes both the c o n t i n u a l 
shedding of tags and continual mortal i ty from the e f f e c t s of tagging 
(Skipjack Programme 1981 a) . The estimate of a t t r i t i o n rate was 0.18 per 
month (Kleiber, Argue and Kearney 1983). Thus, after six months at large , 
close to 70 per cent of the tag r e l e a s e s by the Skipjack Programme were 
unavailable for recapture, for one reason or another, and after a year this 
had increased to 90 per cent. 

The model also provides an estimate of the population s ize or standing 
stock in the study area that i s vulnerable to surface f isheries . This was 
estimated to be approximately three million tonnes during the 1977 to 1981 
study period (2.5 million to 3.7 mi l l ion) . 4 Average monthly catch, 19»000 
tonnes, divided by population s ize provides an estimate of average monthly 
fishing mortal i ty , in th i s case approximately 0.006, which i s a small 
proportion of the monthly a t t r i t i o n ra te . This l eaves l o s s e s through 
natural death, decreased vulnerability to fishing, and emigration. I t i s 
d i f f icul t to partition these las t three lo s s factors, although considering 
that the study area was vast and covered much of the area of skipjack 
distribution in tropical waters, i t has been assumed that emigration i s the 
smallest of the three. 

The product of standing stock (population size) and monthly a t t r i t i o n 
rate provides an estimate of monthly throughput for the study area. In 
this context, throughput measures the tonnes of skipjack being recruited to 
the standing stock each month, which i s assumed for the duration of the 

The estimates of population s i z e and throughput have been adjusted 
downwards using a coefficient, p, of <1.0 to account for recaptured tags 
that were not returned by fishermen or processors, for short-term 
mortality due to tagging, and for short-term tag slippage. 
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tagging experiment to be matched by an equal amount leaving each month (for 
r easons noted above) . From Skipjack Programme da ta , r e c r u i t m e n t was 
estimated to f a l l between 0.4 and 0.6 mil l ion tonnes per month. Average 
monthly loss due to catch r ep re sen t s approximately four per cent of the 
estimated monthly recruitment. Hence, there would appear to be p o t e n t i a l 
for great ly increased catches from the region as a whole before recruitment 
would be affected (Kleiber, Argue and Kearney 1983). The exper ience with 
much more mature sk ip jack f i s h e r i e s off the coas t of Japan and i n the 
eastern Pacific, where there has been no r e l a t i o n s h i p between catch per 
uni t effort and effort over a per iod of 20 or more y e a r s , suppor t s t h i s 
claim (Joseph and Calkins 1969» Kearney 1979). 

The resource of skipjack in the waters of Vanuatu i s obviously some 
small f ract ion of the to ta l standing stock i n the study area. Although the 
data for Vanuatu are insuff ic ient to quantify t h i s f ract ion or the s i z e of 
the local skipjack resource, i t i s safe to say that should the f i s h e r y fo r 
skipjack increase ten-fold i n the waters of Vanuatu, t h e r e should be no 
immediate concern that recruitment would be s i g n i f i c a n t l y impaired as a 
r e su l t of t h i s increase. There i s , however, cause for concern t h a t any 
great increase in skipjack f i she r i e s in neighbouring countries, such as the 
recent build-up in the purse-seine f ishery, could have serious de t r imen ta l 
impact on the quantity of skipjack available in Vanuatu. 

4.4.3 Fishery in te rac t ions 

One of the principal reasons for tagging skipjack was to i n v e s t i g a t e 
the degree of in te rac t ion among skipjack f i she r i e s throughout the wes te rn 
and central Pacif ic . Table 10 summarises the r e c o v e r i e s from sk ip jack 
released throughout the to t a l study area, by c o u n t r y / t e r r i t o r y of r e l e a s e 
and recovery. This form of presentation, however, takes no account of tag 
recovery effort , that i s , the catch from which the t ags were recovered . 
Reliable catch data a r e necessary for quan t i fy ing the i n t e r a c t i o n s and 
these were a v a i l a b l e to the Programme for the l o c a l l y based f i s h e r i e s 
during the period tags were a t large , but not for c a t ches , 1979-1982, by 
the large and growing United Sta tes and Japanese distant-water p u r s e - s e i n e 
f i s h e r i e s , nor for any of the c a t c h by t h e J a p a n e s e d i s t a n t - w a t e r 
pole-and-line f i shery . These f i s h e r i e s ope ra t e i n much of the wes te rn 
P a c i f i c , and over the per iod of tag r e c o v e r i e s they accoun t ed f o r a 
s ignif icant percentage ("20$) of Skipjack Programme tag re tu rns . Until the 
Programme receives monthly catch data from these f i s h e r i e s , e s t ima te s of 
in terac t ion between dis tant-water and l o c a l l y based f i s h e r i e s cannot be 
made. 

Using the a v a i l a b l e catch s t a t i s t i c s and tag r e c o v e r i e s , severa l 
measures of fishery in te rac t ions are possible, for example: the change i n 
catch in one fishery resu l t ing from increased catches i n o ther f i s h e r i e s , 
within a generation or between generations; the f ract ion of recruitment (or 
standing s tock) t h a t a r i s e s from immigrat ion from neighbouring f i shed 
areas; the change in yield per r e c r u i t r e s u l t i n g from d i f f e r e n t f i s h i n g 
s t r a t eg ie s . The absence of any demonstrable re la t ionship between catch per 
u n i t e f f o r t and e f f o r t fo r mature sk ip jack f i s h e r i e s s u g g e s t e d t h a t 
be tween-genera t ion f i s h e r y i n t e r a c t i o n s were n e g l i g i b l e for sk ip j ack 
f i she r i e s i n the western and c e n t r a l P a c i f i c . Therefore eva lua t ion of 
in terac t ions within one generation was considered more urgent. 

The i n i t i a l approach followed by the Skipjack Programme was to use 
tagging data plus catch s t a t i s t i c s to es t imate c o e f f i c i e n t s of migra t ion 
between par t icular f i she r ies (Skipjack Programme 1981b). The product of 



TABLE 10. SKIPJACK TAG RELEASE/TAG RECOVERY MATRIX FOR ALL TAG RELEASES 
RECOVERIES RECEIVED BY THE PROGRAMME AS OF 16 DECEMBER 1982. Release 
a re arrayed by tagging or recovery l o c a t i o n , u sua l l y a country or t e r 
cases where small geographical d i v i s i o n s were more i n f o r m a t i v e ; ab 
explained i n Appendix B. Not inc luded i n the t a b l e a r e r e t u r n s fo r w 
or a r ea was unknown. Releases a t Hunter I s l and a r e inc luded i n the V 

C O U N T R Y O F R E C A P T U R E 

AMS CAL FIJ GIL GUM HAW HOW IND INT JAP KOS LIN MAQ MAR MAS MTS NAU NCK NOR NSW PAL PAM PHL PHO PNG PON OLD SOC SOL TOK TON TRK 

775 AMS 

10194 
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174 
4569 

108 
297 
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327 
1229 

91 
1113 
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7233 

367 
59 
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e s t i m a t e of t h e t o n n e s of s k i p j a c k m i g r a t i n g be tween f i s h i n g a r e a s . 
Comparison of these e s t i m a t e s w i t h e s t i m a t e s of p o p u l a t i o n s i z e i n t h e 
r e c i p i e n t country, or i n the donor country , i l l u s t r a t e d s tock i n t e r a c t i o n s 
w i t h i n one sk ip jack gene ra t i on , s i n c e they measured t h e f r a c t i o n of t h e 
s t a n d i n g s t o c k t h a t m i g r a t e d t o or from a p a r t i c u l a r a r e a . R e s u l t s 
d e m o n s t r a t e d a g e n e r a l l y low l e v e l of s t o c k i n t e r a c t i o n f o r e x i s t i n g 
l o c a l l y based f i s h e r i e s . 

A more a p p r o p r i a t e e x p r e s s i o n of i n t e r a c t i o n i s t h e p e r c e n t a g e of 
r e c r u i t m e n t ( t h r o u g h p u t ) i n t h e d e s t i n a t i o n c o u n t r y t h a t i s due t o 
immigrat ion from the donor c o u n t r y ( m a n u s c r i p t i n p r e p a r a t i o n ) . I t i s 
independent of p, i f p i s the same i n the donor and d e s t i n a t i o n c o u n t r i e s . 
There were f o u r p a i r s of c o u n t r i e s and t e r r i t o r i e s i n t h e S k i p j a c k 
Programme s t u d y a r e a f o r which i t was p o s s i b l e t o o b t a i n q u a n t i t a t i v e 
e s t i m a t e s o f t h i s i n t e r a c t i o n ( T a b l e 1 1 ) . T h e s e w e r e P a p u a New 
Guinea - Solomon I s l a n d s , New Z e a l a n d - F i j i , New Z e a l a n d - S o c i e t y 
I s l a n d s , and New Zealand - Western Samoa (Argue and Kearney 1982, 1983 ; 
Tuna Programme MS; G i l l e t t and Kearney 1983; Kearney 1 9 8 2 a ) . As shown i n 
Column 4 of the t a b l e , s k i p j a c k i m m i g r a n t s from t h e f i s h e d a r e a i n t h e 
donor c o u n t r i e s were gene ra l l y a small f r a c t i o n of r ec ru i tmen t ( throughput) 
i n the d e s t i n a t i o n c o u n t r i e s ' f i shed a r ea ( l e s s t h a n 10 pe r c e n t ) , which 
imp l i e s t h a t i n t e r a c t i o n s amongst p r e s e n t l o c a l l y based f i s h e r i e s i n t h e s e 
c o u n t r i e s a r e minor. I t should be noted t h a t t h i s s i t u a t i o n a p p l i e s on ly 
to sk ip jack of the s i z e tagged by the Programme (most were be tween 40 and 
60 cm). Skipjack smal le r than t h i s could v e r y w e l l move l a r g e d i s t a n c e s 
and c o n t r i b u t e s i g n i f i c a n t l y to i n t e r a c t i o n s between s t o c k s i n t h e f i s h e d 
a r e a s . However, as f i s h e r i e s i n the study a rea a r e not y e t e x p l o i t i n g f i s h 
l e s s than 40 cm t o any g r e a t d e g r e e , i t can be r e a s o n a b l y assumed t h a t 
f i s h e r y i n t e r a c t i o n s r e s u l t i n g from movement of t h e s e sma l l f i s h a r e 
p r e sen t l y n e g l i g i b l e . 

TABLE 11 . SUMMARY OF FISHERY INTERACTION RESULTS BETWEEN SIX REGIONAL 
FISHERIES 

Donor Country 

Solomon Islands 

Papua New Guinea 

New Zealand 

New Zealand 

New Zealand 

Fiji 

Destination Country 

Papua New Guinea 

Solomon Islands 

Fiji 

Western Samoa 

French Polynesia 
(Society Islands) 

New Zealand 

Average Annual 
Destination 
Country Catch 

in Tonnes (years) 

38400 

22100 

3800 

700 

1500 

8800 

(1978,1979) 

(1979-1981) 

(1979-1981) 

(1976-1978) 

(1978-1980) 

(1980-1981) 

Range of Estimates 
of Percentage of 
Destination Country 
Throughput from 
Donor Country 

Migrants 

1$ to 5% 

2% 

8% to 12$ 

14$ 

9$ 

<1* 
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F i s h e r y i n t e r a c t i o n s i n c r e a s e a s t h e d i s t a n c e be tween f i s h e r i e s 
dec rea se s . If f i s h e r i e s i n neighbouring c o u n t r i e s expand t h e i r a r e a s of 
o p e r a t i o n to inc lude wa te r s ad jacent to common b o r d e r l i n e s , t h e d e g r e e of 
i n t e r a c t i o n would be expected t o i n c r e a s e . Furthermore, i f d i f f e r e n t g e a r 
t y p e s w e r e t o o p e r a t e i n t h e same a r e a , s u c h a s p u r s e - s e i n e and 
p o l e - a n d - l i n e f l e e t s o p e r a t i n g on the same or nearby f i s h i n g g r o u n d s of a 
country , then the deg ree of i n t e r a c t i o n would be much h i g h e r t h a n t h a t 
measured amongst p r e s e n t l o c a l l y based f i s h e r i e s . The l i m i t e d tagging da ta 
i n d i c a t e some i n t e r c h a n g e of f i s h be tween Vanuatu and n e i g h b o u r s , t h u s 
showing t h e need t o m o n i t o r f i s h e r y i n t e r a c t i o n s i f t h e r e i s a marked 
i n c r e a s e i n f i s h i n g e f f o r t c lose to Vanuatu. 

5.0 CONCLUSIONS 

5.1 Baitfish Resources 

Prior to the survey of the waters of Vanuatu, examination of charts of 
coastal areas suggested that there were few s u i t a b l e , l a r g e b a i t f i s h i n g 
areas and that the t o t a l b a i t f i s h r e source would thus be l i m i t e d . The 
survey by the Skipjack Programme confirmed th i s l imi ta t ion of the b a i t f i s h 
resources vulnerable to exploi ta t ion by the bouki-ami t echnique . Surveys 
in other areas have shown that s p e c i e s which a re a v a i l a b l e e x h i b i t wide 
seasonal f l u c t u a t i o n s i n abundance. The absence i n Vanuatu of l a r g e 
q u a n t i t i e s of spec i e s such as StoleDhoru,s h e t e r o l o b u s , S. d e v i s i or 
Spratel loides g r a c i l i s , which const i tu te the bulk of b a i t f i s h ca tches i n 
Papua New Guinea and Solomon Islands, cer tainly de t rac t s from the s t a b i l i t y 
of the bai t f i sh resource. 

A recent survey by the Vanuatu Fisheries Department of the day-baiting 
potent ial resul ted in some reasonable da i ly ca tches (Grandperr in .§_£ .al . 
1982b), but largely of species which are l ike ly to show marked v a r i a b i l i t y 
i n abundance and rap id d e c l i n e i n abundance i n r e s p o n s e t o f i s h i n g 
pressure. I t i s therefore concluded tha t even though some sizeable catches 
are possible on a seasonal bas is , the b a i t f i s h r e s o u r c e s of Vanuatu a r e 
inadequate to support a commercial pole-and-line f l ee t year-round. 

5.2 Skipjack Resources 

Largely because of problems with obtaining adequate b a i t for normal 
f ishing a c t i v i t i e s , the survey of the sk ip jack r e s o u r c e s of Vanuatu was 
shorter than ant ic ipated. Because of th i s , only 1,279 f i sh were tagged. 
The lack of a sizeable skipjack fishery meant that few tags were recovered 
here, further reducing the u t i l i t y of tag r e l e a s e and recovery data for 
local resource assessment. Resource evaluation was therefore by neces s i t y 
dependent on the l imited fishing r e s u l t s from the Skipjack Programme and 
other sources, and comparisons with assessments for o ther r e g i o n s of the 
to ta l study area. Catch r a t e s by the survey vessel were average compared 
to those in other countries throughout the survey a r ea . Furthermore, as 
Vanuatu i s ad jacen t t o Solomon I s l a n d s and F i j i , which both have 
established f i she r i e s and assessed sizeable resources, there i s good reason 
to assume that the skipjack resource within the Vanuatu 200-mile zone i s 
indeed considerable. 

The present level of exploi tat ion of skipjack in the waters of Vanuatu 
i s very low and there i s probably negligible i n t e r ac t i on from the l o c a l l y 
based pole-and-line f i s h e r i e s i n o ther nearby c o u n t r i e s . However, the 
rapidly expanding pu r se - s e ine f i s h e r y could be a n t i c i p a t e d to i n t e r a c t 
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progressively with local stocks, pa r t i cu la r ly when purse-seine f ishing 
moves closer to the waters of Vanuatu. 

The lack of suitable baitfish resources does res t r ic t the options for 
local fisheries development. Small-scale skipjack f i she r i e s development 
could, at least in the short-term, be best directed towards opportunist ic 
exploitation of schools associated with fish aggregation devices. Larger 
commercial fishing activity might increasingly favour purse-seining, but 
the l icens ing of dis tant-water p o l e - a n d - l i n e f l e e t s should not be 
disregarded, at least in the short-term. 
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APPENDIX A. SCIENTISTS, OBSERVERS AND CREW ON BOARD THE RESEARCH VESSELS 

South Paolflc Commission Scientists 

J e a n - P i e r r e H a l l i e r 

Antony Lewis 

Robert G l l l e t t 

Des Whyman 

5-12 December 1977 
20-21 January 1978 

31 March 1980 
5-12 December 1977 

20-24 January 1978 
5-12 December 1977 

20-24 January 1978 
31 March 1980 

Observers 

Masakazu Yao 
Fisheries Biologist 
Far Seas Fisheries Division 
Fishery Agency, Japan 

5-12 December 1977 
20-24 January 1978 

Masao Hashizume 
Fisheries Biologist 
Far Seas Fisheries Division 
Fishery Agency, Japan 

Gary Voss 
F i s h e r i e s Technician 
New Zealand Minis t ry of 

Agr i cu l tu r e and F i s h e r i e s 

5-12 December 1977 
20-24 January 1978 

31 March 1980 

Gwiedo Kucerans 
Fisheries Technician 
New Zealand Ministry of 
Agriculture and Fisheries 

31 March 1980 

Japanese Crew 
Cruise One 

Japanese Crew 
Cruise Two 

Masahiro Matsumotu, 
Ryoichi Eda 
Sakae Hyuga 
Yoshihiro Kondoh 
Yoshio Kozuka 
Yoshikatsu Oikawa 
Akio Okumura 
Kohji Wakasaki 
Mikio Yamashita 

Captain Mitsutoyo Kaneda, Captain 
Kenji Arima 
Seima Kobayashi 
Yoshihiro Kondoh 
Yoshikatsu Oikawa 
Tsunetaka Ono 
Yukio Sasaya 
Kohji Wakasaki 
Mikio Yamashita 
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Fijian Crew Fiiian Crew 
Cruj.se Qne Cruise Two 

Eroni Marawa Eronl Marawa 
Lui Andrews Lui Andrews 
Vonitiese Bainimoli Samuela Delana 
Mosese Cakau Eroni Dolodai 
Kitione Koroi Kitione Koroi 
Jone Manuku Metuisela Koroi 
Isola Rodan Aminisasi Kuruyawa 
Jeke Savirio Josua Raguru 
Ravaele Tikovakaca Jona Ravasakula 
Samuela Ue Napolioni Ravitu 

Ravaele Tikovakaca 
Samuela Ue 
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APPENDIX B. ABBREVIATIONS FOR COUNTRIES, TERRITORIES AND SUBDIVISIONS 
THEREOF 

AMS - American Samoa 
CAL - New Caledonia 
COK - Cook Islands 
FIJ - Fiji 
GAM - Gambier I s l ands (French Polynesia) 
GIL - G i l b e r t I s l a n d s ( K i r i b a t i ) 
GUM - Guam 
HAW - Hawaii 
HOW - Howland and Baker I s l a n d s (U.S. T e r r i t o r y ) 
IND - Indonesia 
INT - I n t e r n a t i o n a l wa te r s 
JAP - Japan 
JAR - J a r v i s (U.S. T e r r i t o r y ) 
KIR - K i r i b a t i 
KOS - Kosrae (Federated S t a t e s of Micronesia) 
LIN - Line I s l a n d s ( K i r i b a t i ) 
MAQ - Marquesas I s l a n d s (French Polynesia) 
MAR - Northern Mariana I s l a n d s 
MAS - Marshall I s l a n d s 
MTS - Minami-tori shima (Japan) 
NAU - Nauru 
NCK - Northern Cook Islands 
NIU - Niue 
NOR - Norfolk Island 
NSW - New South Wales (Australia) 
PAL - Palau 
PAM - Palmyra (U.S. Territory) 
PHL - Philippines 
PHO - Phoenix Islands (Kiribati) 
PIT - Pitcairn Islands 
PNG - Papua New Guinea 
POL - French Polynesia 
PON - Ponape (Federated States of Micronesia) 
QLD - Queensland (Australia) 
SCK - Southern Cook Islands 
SOC - Society Islands (French Polynesia) 
SOL - Solomon Islands 
TOK - Tokelau 
TON - Tonga 
TRK - Truk (Federated States of Micronesia) 
TUA - Tuamotu Islands (French Polynesia) 
TUV - Tuvalu 
VAN - Vanuatu 
WAK - Wake Island (U.S. Territory) 
WAL - Wallis and Futuna 
WES - Western Samoa 
YAP - Yap (Federated States of Micronesia) 
ZEA - New Zealand 


