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1. Introduction 

1.1. Background 

The rapid expansion in skipjack (Katsuwonus pelamis) catches in recent 
y e a r s has greatly increased the r e s e a r c h requi red to enable adequate a s se s smen t 
and evaluation of this , economically the most significant, tuna spec ies . In r ecog ­
nition of the need to identify any shortcomings in the present approach and to 
define new a r e a s in which skipjack r e sea r ch could be most productive the South 
Pacific Commission (SPC), International Center for Living Aquatic Resources 
Management (ICLARM), Food and Agriculture Organization of the United Nations 
(FAO) and Inter-American Tropical Tuna Commission (I-ATTC) cooperated to hold 
a n Ad Hoc Meeting of Scientists to Discuss Skipjack F i sher ies Developments and 
Research Requirements . The Meeting was held at the South Pacific Commission, 
Noumea, from 6th to 10th December 1976. 

Par t ic ipants were officially welcomed by the Secre tary-Genera I of the 
South Pacific Commission, Dr E. Macu Salato. 

J . Joseph was elected Chairman and J . A. Gulland Rapporteur. Chairmen 
for the individual sess ions on major r e s e a r c h topics (agenda i tems 3. 1 - 3. 8) were 
accepted as proposed by the Convener (R. E. Kearney) and were 3 . 1 , J . A. Gulland; 
3 .2 , R. S. Shomura; 3 . 3 , R. C. F ranc i s ; 3 .4, G. D. Sharp; 3 .5 , R. E. Kearney; 3.6, 
A. Fonteneau; 3.7, R. C. F ranc i s ; 3 .8 , A. D. Lewis. 

1.2. Agenda 

1. Election of Chairman and Rapporteur 

2. The s ta te of stock a s se s smen t of skipjack based on current knowledge 

3. Topics of major individual significance to skipjack r e sea rch 

3 .1 Population identification and migration 

3.2 Growth 
3.3 Mortality 
3.4 Life history 
3. 5 Physiology, behaviour and the environment 
3. 6 Density 
3.7 Models 
3.8 Statistics 

4. Suggestions for future r e sea rch 

5. Adoption of repor t 
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2. Resource Assessment 

During the past decade there has been a major expansion in the skipjack 
f isheries of the Pacific. A rough summary of the s ta t is t ics , which were in many 
cases merely guesses of total catch based on information available during the meeting, 
is given in Table 1. 

Table 1: Summary of catches (thousand tonnes) of skipjack in the Pacific 

1970 1971 1972 1973 1974 1975 1976 

Papua New Guinea 2 17 12 27 40 15 26 

Solomon Islands 0 5 8 6 1 0 7 17 

Japan Southern 
Waters 

Palau 8 2 2 3 5 7 6 

53 79 80 107 145-196 (133) (160-200) 

Philippines 0 1 21 27 17 (18) (20) 

Indonesia (10) (10) (10) 

Total Area 71 

Japan Home Islands 
(Area 61) 

Total West Pacific 
(Areas 61, 71) 

New Zealand 
(Area 81) 

63 

151 

214 

-

104 

99 

203 

-

123 

156 

279 

-

170 

201 

371 

-

227-278 

128 

355-406 

-

190 

(117) 

307 

1 

239-279 

(100-140) 

379 

5 

Tahiti 

Hawaii 

E. P. Ocean 

Total 
Areas 77, 87 

1 

3 

56 

60 

1 

6 

105 

112 

1 

5 

33 

39 

i—
i 

5 

45 

51 

1 

3 

79 

83 

1 

3 

116 

120 

1 

4 

130 

137 

TOTAL PACIFIC 274 315 318 422 438-489 428 521 

Note: ( ) Based on available s ta t i s t ics up to 1974, and est imations by the 
group for 1975 and 1976. 



3 

This shows that the total Pacific catch has about doubled since 1970, to slightly 
over a half million tons in 1976. The increase has been most str iking in the 
western central Pacific (FAO stat is t ical a rea 71, Fig. 1), which includes the 
Japanese southern (distant water) fishery, and the f isheries of Papua New Guinea 
and the Solomon Islands. In this a rea the catches have increased approximately 
four-fold, whereas the catches in the Japanese home waters and in the eastern 
Pacific have fluctuated without any very marked trend. 

There a r e a number of s e r i e s of data of catch per unit effort that can 
be examined as possible measures of the changes in relat ive abundance of skipjack 
in the western Pacific. These a r e summarized in Table 2. 

Table 2: Catches per unit effort in some western Pacific skipjack f isheries 

1970 1971 1972 1973 1974 1975 1976 

2.7 3.7 4 .4 2.7 5.1 

2 .3 3.2 4.7 

30 38 50 64 50 

6.43 

Note: (a) tonnes per boat per day 
(b) tonnes per boat per month 

All data a r e based on the catch per day (at sea, or fishing) of baltboats, and a re 
subject to the possible e r r o r s discussed in Section 3. 5. In par t icular , they a r e 
likely to be subject to saturation due to the limited capacity of the gear for hand­
ling large catches, so that the figures of c. p. u . e . a r e likely to underest imate the 
yea r - to -yea r changes in the density of fishing on the grounds, part icular ly at high 
catch r a t e s . Also, no correct ions have been possible for differences in efficiency 
among gear or for changes in the average fishing power of the vesse ls in the fleet. 

All the measures of catch per unit effort, with the exception of the 
Japanese southern fishery, show considerable fluctuations, which a r e typical also 
of Skipjack f isheries elsewhere (eastern Pacific and Atlantic). The longest s e r i e s 
of data on the western Pacific - those of the Japanese home fishery - show y e a r -
to-year differences of up to three t imes (see background document 3). There is 
also some evidence, especially in local f i sher ies , that there may be longer periods 
of fluctuations, such that a few yea r s of good catches will be followed by some 
yea r s of considerably lower catches. These variat ions a r e important in deciding 
on future fishery policy, e .g . concerning investment in new vesse l s , since future 
catches can be quite different from es t imates made on one or two y e a r s ' data. 

Papua New Guinea (a) 4. 8 4. 2 

Solomon Islands (a) 5. 7 

Palau (b) 91 20 

Japanese southern 
„. , , , 5. Ab 5. 83 
fishery (a) 
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The meeting discussed at some length whether these fluctuations in catch 
rates were due to real or apparent changes in the abundance of skipjack. The 
fluctuations are often similar over wide areas, which suggests that some large-scale 
environmental phenomena are responsible. The general feeling of the meeting was 
that fluctuations in catch per unit effort reflected real changes in the abundance of 
skipjack, but the changes in c.p. u. e. were not necessarily proportional to the 
changes in abundance. 

While the general magnitude of the catch rate in any given skipjack 
fishery in a given year is largely determined by environmental factors, this does 
not preclude the possibility that the precise levels of the catch rates are also 
being affected by the fishing effort. 

Since no stock or population is unlimited, increased fishing must at some 
point or points begin to significantly affect the local abundance of the stock, or the 
catch rates. These need not necessarily occur at the same point. For example, 
the catch rate may fall before the abundance is affected, due to interference between 
vessels. Also, if the fishery is operating on the fringe of a large population, a 
local reduction in stock abundance may be insignificant in relation to the abundance 
of the entire population. It should be stressed that moderate reductions in catch 
rate or in the abundance of a stock or population are not in themselves proof that 
the stock or population has become fully exploited, or is in any sense "over-fished". 

For the long-established Japanese home-water fishery, some evidence 
(see background document 3) suggests that current levels of fishing have reduced 
the catch rates. This is supported by the fact that the Japanese skipjack fisher­
men have found it necessary to extend their operations southwards. 

In the more southern waters the total catches up to about 1970 were not 
of sufficient magnitude that they would have been expected to have had any detectable 
effect on the stocks. Given the high degree of natural variation, the recent period 
of increasing catches has been so short that the effects of fishing would only be 
detectable if they were extremely severe. It is clear, e. g. from the high value 
of catch per unit effort in Papua New Guinea and the Solomon Islands in 1976, that 
this is not the case and that, up to the present, fishing has not detectably reduced 
the abundance of the stock. 

It is not possible, however, to determine whether or not more moderate 
reductions in catch rates (e. g. by up to half the values that would have occurred if 
there had been no fishery), which are typical of fisheries making moderate or full 
utilization of a resource, are beginning to occur. This important determination' 
must await further study, for which the availability of longer series of data, im­
proved measures of catch per unit effort, better estimation of the stock structure 
so as to allocate catches from each fishery to the correct subpopulation, and 
quantitative information of the effect of environmental factors on abundance and 
availability are likely to be particularly useful. Proposals for relevant studies 
are given in later sections of this report. 
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The meeting discussed the possibility of est imating the total catch that 
could potentially be taken from the whole Pacific. Some es t imates of this 
potential have been published, varying from 500,000 to 1,200,000 tonnes upwards. 
These es t imates were made when the Pacific catch was only 200-300 thousand 
tonnes. Current catches a r e approaching the lower es t imates , but there a re st i l l 
wide a r e a s in the mid-Pacif ic in which no significant catches a r e taken. Even in 
the western Pacific there a r e , at least in good y e a r s , large unfished a r e a s , though 
the stocks in these a r ea s may be exploited in other par ts of their range. It seems 
therefore that significant further increase in the Pacific skipjack catches can be 
taken, part icular ly from those stocks or subpopulations occurr ing in the mid and 
south Pacific. 

3. Topics of Major Significance 

3 . 1 . Population Identification and Migration 

Population identification is essent ia l to the assessment of the interactions 
between f isheries , and to enable the prediction of the possible effects of exploitation 
of a fishery in one a rea on other f isheries . 

An attempt was made to define the basic t e rms relevant to population 
identification as follows: 

(a) Population - all individuals of a species which inhabit a specified 
region (e.g. all skipjack tuna in the Pacific Ocean). 

(b) Subpopulation - a subset of a population which is a self-sustaining 
genetic unit (e.g. Fujino's (1972) postulated western Pacific skipjack 
subpopulation). 

(c) Stock - the exploitable group of fish existing in a par t icular a rea 
at a par t icular t ime (e. g. the group of skipjack tuna exploited by 
the New Zealand purseseine fishery during the 1975-76 fishing 
season). 

It was pointed out that a stock could contain severa l subpopulations and 
that a given subpopulation could consist of part or all of severa l s tocks. 

The subpopulation s t ruc ture of skipjack in the Pacific was discussed at 
some length. Reports were made of subpopulation hypotheses based on both bio­
chemical genetics and tagging with the following r e su l t s : 

1) The stocks of Pacific skipjack can be divided into at least two 
(Figure 2) and possibly as many as five (Figure 3) subpopulations 
based upon examination of existing s e r u m es t e r a se gene frequen­
cies (Figure 4). 

2) Clarification of the latter case of 1) may require the examination of new 
genetic sys tems (e .g. LAP - four phenotypes, or , TO - six pheno-
types) (see Working Paper 7). 

3) The degree of genetic heterogeneity in skipjack may be considerable, 
even to the extent of occurr ing within single schools. 



The ranges of different subpopulations overlap and vary in both 
time and space. 

Tagging results suggest the existence of two non-mixing units 
in the eastern Pacific skipjack fishery (one occurring south of 
15°N and another north of 15°N) and possibly three partially 
mixing units in the western Pacific (one which ranges from the 
Japanese home island fishery south to the equator, a second 
which ranges from approximately 10°N, south into the Bismarck 
Sea, and a third which extends south of the Bismarck Sea). 

The topic of alternative methods of population identification was discussed. 
It was reported that concomitant morpho metric-genetic studies of the eastern Pacific 
yellowfin subpopulation structure have indicated a lack of consistent correlation 
between morphometric and biochemical genetic varieties taken on identical sets of 
fish. It was recommended (Recommendation No. 1) that morphometric analyses 
of skipjack not be encouraged. 

It was emphasized that in order to maximize the information content of 
any tagging study, blood sampling and tagging should take place simultaneously. 

A discussion took place of where and when additional tagging and sampling 
for genetic studies would likely be most productive. It was concluded that major 
emphasis should be given to sampling pre-recruits ( < 40 cm) to the major skip­
jack fisheries of the Pacific. Four stocks of particular interest are those exploited 
by the New Zealand fishery, the south-eastern Pacific fishery (S of 15°N), the 
Gilbert Islands fishery and the Philippines. Investigation of the structures of 
these stocks will require extensive tagging and blood sampling in an area south 
of the equator, bounded on the west by New Caledonia, south by New Zealand and 
east by the Marquesas Islands. It was pointed out that a substantial sampling 
effort will have to be undertaken in areas where, at present, no viable skipjack 
fisheries exist. 

In summary the following recommendations were made: 

Recommendation No. 2 

In order to further investigate the stock structure of skipjack in the 
Pacific, a large-scale tagging effort should be undertaken, with substantial 
sampling effort being undertaken in areas where, at present, no skipjack fisheries 
exist. This ad hoc group of skipjack scientists therefore recommends that the 
tagging programme being coordinated by the South Pacific Commission be imple­
mented as soon as possible. 

Recommendation No. 3 

Tagging and genetic sampling should be done simultaneously on the same 
groups of skipjack. 

4) 

5) 
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Recommendation No. 4 

Any fishery organizations contemplating genetic sampling should contact 
Dr Sharp (I-ATTC) or Dr Fujino (Kitasato University) regarding the analysis of 
those samples. 

Recommendation No. 5 

Emphasis should be placed on tagging pre-recruits ( < 40 cm) to the 
major skipjack fisheries of the Pacific. 

Recommendation No. 6 

Sampling for genetic studies directed towards population identification of 
skipjack should be extended to include larval and juvenile tuna. 

3.2. Growth 

The study of growth rates and size structure in exploited populations is 
important to assessment of these populations. The interaction between growth and 
natural mortality estimates, regardless of their relative magnitudes, affects the 
estimation of yield and standing stock using age structured models. 

The collection of growth data and age structure data can be the best 
indicator available of the biological effects manifested in a changing fishery or 
one having already changed from historically normal conditions. 

Often the comparison of growth rate and age structure data can be 
used to hypothesize or corroborate population stratifications. This may account 
for two potentially important stratifications, age specific movement or migration 
behaviour, and subpopulation or racial differences (e. g. the growth rate and 
size distribution appear dramatically different between the western and eastern 
Pacific skipjack stocks). These comparisons and variations are often our best 
information about mortality and depletion rates in exploited populations. 

The importance of the growth rate estimates strongly indicates a need 
to validate traditional growth estimation procedures. It is therefore recommended 
(Recommendation No. 7) that any future working group should arrange for a syste­
matic tabulation and examination of available growth estimates. Tagging and 
recapture techniques as applied to growth studies can yield highly variable growth 
estimates, therefore in order to reduce the variations caused by cross population 
sampling problems (overlap of distinct subpopulations) the sampling for age deter­
mination should ideally be coordinated so as to have corresponding genetic data 
available. This is best accomplished by collecting the materials for these studies 
simultaneously. There is also a need to examine the effects of size selectivity 
on the fishery and size-specific vulnerability to fishing effort on the overall growth 
rate estimates. Potentially severe biases in growth rate estimate will occur if 
either of these two processes exist and therefore they need to be looked for and, 
where necessary, compensated for. 
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The development of bet ter and more direct ageing techniques should be 
promoted. In par t icular , techniques for reading the apparent daily r ings on otoliths 
need to be validated, and if found valid should be applied to the Pacific-wide 
skipjack ageing and growth ra te s tudies . Precaut ions should be taken to not 
duplicate effort in the development of the techniques necessary to this work. The 
goal should be to s tandardize and automate, if possible, the technique, so as to 
make it as r igorous and e r r o r - f r e e as possible. The search for other direct 
methods for ageing tunas should be continued. 

3 .3 . Mortali t ies 

The group agreed that, under certain c i rcumstances (e. g. to improve the 
precis ion of simulation models) it is des i rab le to have accura te es t imates of mor t a ­
lity (natural and fishing). However, it recognized the difficulties involved. These 
include: 

(i) the accuracy of the es t imates , given the available techniques; 

(ii) application of the es t imates (e. g. the inadvisability of t ransposing 
re su l t s between a r e a s , e t c . ) ; 

(iii) the difficulty of separat ing total mortal i ty components from other 
factors . It was agreed that the discussion would more real is t ical ly 
be addressed to loss r a t e s from f isher ies . 

Recognizing these difficulties, the group agreed that other methods apar t 
from those based on tagging and cohort depletion might profitably be considered in 
skipjack f isher ies . Again, the absence of a re l iable ageing technique r e s t r i c t s the 
number of a l ternat ives available. It was felt that knowledge of any changes in the 
abundance of large skipjack would be valuable, and to this end, recommended 
(Recommandation No. 8) that nations having longline f isher ies which take large sk ip ­
jack, be encouraged to upgrade and update the data base and make it available on 
a routine bas is . 

Advances in technology in other fields of biology which might be relevant 
were foreshadowed. In general , however, because of the lack of knowledge in so 
many cr i t ica l a r ea s of skipjack biology (e .g. the spawner / rec ru i t relationship), 
prospects for obtaining bet ter es t imates of mortal i ty do not appear good. It was 
thus felt that new techniques should be given every encouragement and that ways 
of est imating population change independent of mortality coefficients be looked at. 

It was suggested that predation on skipjack of various s izes by billfish 
and cannibalism may be important sources of natural mortali ty which have not 
previously been examined in any detail. To this end, it was recommended 
(Recommendation No. 9) that these be investigated. The I-ATTC undertook to 
examine the question of billfish predation on skipjack. 

3.4. Life History 

In f isheries science, studies of life history include a variety of subjects 
but most often concentrate on spawning and reproductive behaviour, larval develop­
ment and distribution, t ransi t ion from one stage in life to the next, and migratory 
pat terns . 



9 

The opinion was expressed that there is a need to est imate the effects of 
surface and subsurface fishing on the numbers of individuals that re turn to the 
spawning mode if we a re to be able to predict survival at different s tages of life 
and at the cr i t ical s tages in the relationships between spawners and rec ru i t s , if 
any such relat ionships exist. 

If such relat ionships a r e to be found, it is important to determine e scape ­
ment t imes from one life history stage to another and to identify spawning a reas 
and t imes as well as the distribution of larvae. 

P resen t knowledge of the distribution of larvae shows that most of those 
sampled to date occurred in near surface wa te r s , after 60 met res or less , and at tempera 
tu res of 24°C or above. They a r e most abundant in the western and central Pacific 
to about 150°W, diminishing in occurrence in the eas tern Pacific. 

Other than these few general i t ies there is a significant gap in our know­
ledge of the early life history and the relation of the spawners to the distribution 
of eggs, larvae and juveniles. We need to be able to improve our ability to locate 
zones where the ear ly life s tages a r e spent. The sampling problem is substantially 
one of having to examine the ent i re water column in search of smal l skipjack. If 
the otolith is a record of daily growth, or near daily growth, then the application 
of the techniques (X-ray spectrometry) developed by Dr John Calaprice (I-ATTC) for 
elucidation of stock and genetic s t ruc ture as measured by f ine-scale chemical com­
position in fish t i s sues , may prove to be invaluable to the location of the thermal 
zones where smal l scombrids a r e found. These techniques have a part icular value 
in that t empera ture dependent equilibria a r e measured, which allows one to 
examine the thermal history of mater ia l s which a r e deposited in a regular t i m e -
dependent fashion, such as the otolith growth r ings . This may enable us to con­
centrate sampling in those a r ea s or par ts of the water column in which larvae or 
juveniles a r e most likely to occur. 

Another potential value of these techniques lies in population identification 
and perhaps even to as fine resolution as that necessary to re la te the parent and 
progeny, given that it is eventually possible to obtain,reasonably consistently, 
samples of the young life s tages of skipjack. 

Studies of the distribution of larval tuna in relation to the distribution of 
mature fish in space and t ime as evidenced by gonad indices and ova diameter 
measurements suggests that such studies may be useful in elucidating subpopulations. 
It was also suggested that examination of the distribution of juveniles might 
lead to the elucidation of stock s t ruc ture . This was based on the observation that 
the distribution of skipjack less than 15 cm cor re la tes well with larval distribution. 

3 .5 . Physiology, Behaviour and the Environment 

Skipjack must feed, migrate , obtain oxygen, and dissipate the heat p r o ­
duced in these act ivi t ies . These requirements determine certain environmental 
conditions (particularly tempera ture and oxygen content) which a r e favourable to 
skipjack, and which vary according to the s ize of the animal. There a r e also 
differences between stocks/subpopulations according to the manner in which they 
a r e adapted/accl imated to different environmental conditions. 
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The study of physiologically determined tolerance limits in skipjack tunas 
offers a potentially valuable tool for assessing population variations. The oxygen 
and temperature sensitivity of each racial component of skipjack may be a distin­
guishing feature. Overlap in these characteristics to some degree is expected. 

The procedures for examining physiological tolerance limits of skipjack 
are relatively uncomplex and portable to the extent that the required facilities can 
be used aboard ship. An effort should be made to develop and test shipboard 
apparatus to be used in the various realms of skipjack exploitation. Evaluation 
of the feasibility of a Pacific-wide study of temperature and oxygen tolerances of 
skipjack needs to be made. The primary areas of interest and potential variation 
from the baseline Hawaiian data would be Papua New Guinea, a warm environment, 
and New Zealand, the cool habitat extreme. The importance of obtaining data 
from the available size range of skipjack for each hypothesized stock needs to be 
emphasized. 

The best conditions for catching skipjack in the eastern Pacific occurs 
when there is a surface layer of water favourable to skipjack sufficiently deep to 
be attractive to the fish (i.e. not less than about 40 m), but sufficiently shallow 
that they are kept within range of the gear (i.e. not deeper than about 80 m). 
For eastern Pacific skipjack and fish with similar requirements, this means that 
purseseine fishing is most promising where the 20°C isotherm is between 50 and 
80 m deep. The limiting concentration of dissolved oxygen of 2.5 ml/L may act 
as a relatively important barr ier to the escapement of skipjack from purseseine 
gear in a fashion similar to the temperature gradients. These conditions occur, 
on the average, over relatively wide areas off the American coasts, but elsewhere 
they are only known to occur in narrow strips at the northern (e. g. off Japan) 
and southern (e. g. around New Zealand) extremities of the skipjack range (see 
Working Paper 9). 

Development of a cooperative surface and subsurface hydrological survey 
system on a permanent and ocean-wide basis, employing for example, ships of 
opportunity equipped with XBT or BT equipment, would be valuable in defining the 
skipjack habitat. 

The scientists working on hydroclimate studies and their application to 
fisheries need to meet together with fishery scientists to examine available data 
and to devise the necessary future cooperative studies. 

There should be some effort to employ aerial surveys with teledetection 
gear to study behaviour and availability of schools associated with thermal fronts 
or other oceanographic structures. For the same reason, fishing vessels should 
be encouraged to take XBT or thermograph recordings. 

A knowledge of the physiological characteristics of skipjack can therefore 
be of direct value in predicting the best fishing areas either under average condi­
tions or, if up-to-date detailed environmental data are available, within a particular 
year. This knowledge is also useful in the study of population dynamics. First, 
the total volume of suitable water determines the relation between average density 
of fish and their total abundance. Second, the conditions on the fishing ground, and 
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part icular ly the depth of suitable water , determine the vulnerability of the fish to 
the gear being used. Together, these two factors help determine the relationship 
between the observed catches per unit effort and the actual abundance. If they 
a r e known, it should be much eas ie r to in terpret catch per unit effort data. In 
par t icular it may be possible to cor rec t for much of the large yea r - t o -yea r variations 
that occur, and which make routine stock as sessmen t studies difficult, and obscure 
possible effects of fishing on the stock. 

3. 6. Density 

Estimation of relat ive population density is one of the most important 
problems to be solved in the a s ses smen t of skipjack stock dynamics. Unfortunately 
skipjack a r e not randomly distributed over their range (a three dimensional volume 
of water bounded by the 20°C hyperplane). 

The most common measure of stock density is catch per unit of effort, 
and its relation to density can be written a s : 

U = qkP 

where U = c. p. u. e. 

q = constant of proportionality, re la ted to the 
fishing power of the gear 

P = underlying stock bio mass 

k = an environmentally re la ted variable which 
re la tes the availability of the stock to a 
par t icular type of gear . 

For skipjack f isheries k appears to be highly var iable from year to year , and some 
understanding of these variations is highly des i rable if c . p . u . e . data a re to be used 
to provide useful information or r ea l changes in abundance. 

The problem of gear saturation relat ive to the estimation of stock density 
was discussed at some length. The basic problem is the nature of non-lineari ty 
in the relat ionship between catch per day 's fishing and stock density caused by 
physical limitations on the r a t e s at which various types of gear can physically a c ­
cumulate catch. These limits a r e generally functions of the gear itself and a r e 
independent of the amount of fish available for capture at a par t icular t ime. It 
was strongly suggested that this problem be investigated for both pursese ine r s 
and baitboats in o rder to determine its nature in the various skipjack f isheries 
of the world. In par t icular it should be examined incases where both baitboats and 
pursese ine r s operate simultaneously (eastern Atlantic, eas tern Pacific), in the 
Papua New Guinea baitboat fishery and in the developing New Zealand purseseine 
fishery. 

Several measures of stock density were discussed: 

1) number of schools encountered per unit of t ime; 
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2) average catch per set in a purseseine fishery - it was suggested 
that the relationship between average school size and total annual 
skipjack catch be investigated in the eastern Pacific; 

3) catch per bucket of bait in a baitboat fishery. 

It was pointed out that there is a need to develop estimates of trends in 
overall western Pacific skipjack abundance. The difficulties in obtaining these 
estimates are increased by the fact that the area covered by the large Japanese 
southern water skipjack fleet changes from year to year in relation to skipjack 
abundance. These can be illustrated diagrammatically as follows, where the Japa­
nese home ports are in the top left-hand corner, and grounds at different distances 

A l D l 

A2 ° 2 

A3 °3 

from port are represented by three successive zones, of area A..,A„,A . If the 
densities in each of these zones, D , D , D were known, then the total abundance B 
would be given by the equation 

B = A. D l * A2 D2 A 3 ° 3 

However, in many years, data are not available from all zones. In 
years of high abundance the fishery may not extend outside the local zone Ai, where­
as in years of low abundance the fishery may extend into the most distant zone, 
with little or no fishing in the inner zone. In the former case the density in the 
unfished areas is likely to be as high as in the fished zone, whereas in the latter 
it may be considerably lower. The extrapolation from fished to unfished areas to 
produce an estimate of total abundance needs to be done with considerable care. 

The problem of estimation of available fishing areas as a function of 
environmental conditions was discussed. It was pointed out that availability can 
be an extremely localized phenomenon as fishing tends to be concentrated along 
physical boundaries and fronts. An example of this is given in figures 5 and 6 
which show how the areas fished by the Japanese southern water fleet in August 
and October 1975 were concentrated along the North Equatorial Convergence Zone 
(see background document 5). 

The problems of aerial spotting were briefly discussed. It was pointed 
out that aerial survey information is useful for solving specific problems (such as 
locating fishable schools). 
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There a r e obvious difficulties in using sightings from aer ia l surveys as 
indices of density, some of which a r e common to catch per unit effort data, e .g . 
variation in the proportion of schools that occurs at the surface. 

The estimation of the density of eggs and larvae was also discussed. It 
was pointed out that presently available data a r e not sufficient to provide accura te 
es t imates of larval density, and that tuna eggs cannot be identified to family, much 
less to species . 

Finally, it was re -emphas ized that an analysis of longline catch r a t e s for 
skipjack may provide the best available es t imates of the stock densit ies of very 
large skipjack and such an analysis should be ca r r i ed out (see sections 3.3 and 3.8). 

The group recommended (Recommendation No. 10) the promotion and develop­
ment of p rogrammes to a s s e s s aggregation devices a s sources of information on 
density. Studies of aggregation r a t e s need to be ca r r i ed out in both a reas of con­
tinuous fishing effort, and, necessar i ly , in a reas of the skipjack habitat with cha r ac ­
ter is t ical ly low, or no fishing activity, so as to perhaps bet ter es t imate the overall 
abundance. 

3. 7. Models 

One of the objectives of modeling in f isher ies r e sea rch is to analytically 
descr ibe the causes of fluctuations in yield from a stock in order to give advice 
about development and management. 

Traditionally, fishery models have been concerned with the effects of 
"over-f ishing" on fishery r e s o u r c e s . In this context it is convenient to distinguish 
two ways the r e source can be affected - "growth-over-fishing" (in which case the 
manner in which effort is applied ac ross the population age-s t ruc ture causes sub­
sequent fluctuations in yield) and "recrui tment-over- f i sh ing" (in which case fishing 
has an effect on subsequent recrui tment) . 

It was pointed out that these types of models have proved to be of little 
use in assess ing skipjack fishery dynamics, due to the fact that most skipjack 
f isher ies exhibit l a rge-sca le fluctuations which appear to be quite independent of 
effort. It was further pointed out that modeling will only become a useful tool for 
the management of skipjack f isher ies when the responses of stock dynamics to 
physical and biological phenomena, independent of fishing effort, a r e understood 
and incorporated into the existing models. An example of this is the attempt to 
re la te skipjack catch dynamics in the eastern Pacific to fluctuations in the southern 
oscillation index which is repor ted in Working Paper 6. 

A second objective to fishery modeling is to give insight into the under­
lying population s t ruc ture and mechanisms, and falls under the general heading of 
s t ruc tura l models. It was pointed out that these types of simulation models have 
at t imes been useful for making inferences and testing hypotheses about various 
exploited tuna stock. 
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It was recommended (Recommendation No. 11) that if models are to be 
used for the assessment of skipjack stocks, their assumption be fully understood 
and investigated before the modeling is attempted. Indiscreet use of modeling 
is dangerous and misleading and should be avoided. 

Finally, it was pointed out that fishery analysts should be extremely 
careful to define their terms in any publications describing modeling exercises. 

3.8. Statistics 

The kinds of statistics needed to monitor a fishery range from gross 
annual figures of catch and value to meet minimal government needs, to detailed 
fishery and biological statistics required for stock assessment and prediction pur­
poses. In the western Pacific there are some areas from which data on skipjack 
are lacking or inadequate and in other cases data are not available for analysis 
on a timely basis. Basically, the problem has been the lack of a centralized 
mechanism for collecting or discussing these statistics. 

The group recognized the far-ranging habits of the skipjack tuna and 
recognized the existence of two or more subpopulations of this species and 
expressed the view that the proper monitoring of this resource in the western 
Pacific can only be logically done on a regional basis. This regional approach 
was also noted to be applicable for other commercially important tuna species 
which demonstrate wide-ranging movements. 

The group therefore recommended (Recommendation No. 12) that a 
regional mechanism be established to coordinate the collection, processing and 
evaluation of all tuna statistics, and that the South Pacific Commission and FAO 
be asked to assist in implementing this task. 

Three important aspects of statistics include the details, precision and 
timeliness of the data required. The details and precision of the data collected 
will vary with the fishery and the constraints imposed by the area, e.g. accessi­
bility. For localized fisheries, the total catch by a convenient time unit, e. g. 
months, should be the minimum statistic required. In this connection, the group 
recommended (Recommendation No. 13) that all countries fishing in the western 
Pacific be urged to collect accurate catch statistics even from small-scale tuna 
fisheries and further recommended (Recommendation No. 14) that all tuna fishing 
countries collect and process on a timely basis, all statistics necessary for stock 
assessment. 

The standardized statistics needed for stock assessment purposes have 
not been fully identified for the Pacific; however, the following information requested 
by ICCAT of its membership should meet the initial basic needs of the western 
Pacific area. 

Task 1: Total annual catch by species and total effort. 

Task 2: Catch and effort by month and area (1° or 5° squares) by gear. 
Size frequency distribution: by wide areas, quarters and gear. 
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The group also recommended (Recommendation No. 15) that the ICCAT 
strategy for data collection be considered for adoption and use in the western 
Pacific. The group also endorsed the recommendation of the Expert Committee 
on Tropical Skipjack made at the Tahiti meeting to use a standardized format 
for the collection of tuna pole and line catch and effort data (see background 
document 1). 

The importance of making the s ta t i s t ics available for evaluation in a 
t imely fashion was highlighted. For example ICCAT requ i res that all data be 
repor ted within six months of the end of the fishing year . The group recognized 
that Japan, a major tuna fishing country in the western Pacific, is making a 
major effort to reduce the t ime lag between data collection and data dissemination, 
and urged that this effort be continued. 

There is a need to identify the kinds of biological s ta t i s t ics that should 
be collected to further understand the skipjack re sources in the western Pacific. 
The group therefore recommended (Recommendation No. 16) that the Working Par ty 
on Skipjack Tuna (see section 4) review this topic and develop a set of biological 
data requirements for skipjack tuna. 

The group considered that s ize frequency data provided useful biological 
information, part icularly when examining differences between f isher ies , or between 
y e a r s , and that these data should be collected. It was s t r e s sed that the variability 
of the s ize-frequencies of fish in the catches was different in different f i sher ies . 
This variability should be studied when determining what intensity of length s a m p ­
ling is des i rable , and in developing suitable sampling procedures . 

It was noted that the annual catch of some fisheries for skipjack tuna 
was relatively smal l , e. g. Tahiti and Hawaii, and thus their catches a r e not 
significant when compiling s ta t is t ics of the total catch from the whole Pacific. 
However, there a r e many instances in which detailed catch and effort data or 
other information from smal l f isheries provide valuable leads to events of wide 
and general in teres t , e. g. concerning t rends in abundance or the relat ionship 
between availability and environmental conditions. In this connection the group 
noted that information from f isher ies on large skipjack tuna, e. g. the Tahitian 
and Hawaiian f isheries and the longline fishery, were likely to be part icularly 
valuable in providing some insight into the possible impact of the f isheries on 
smal l skipjack on the overal l mortality r a t e s . The catch ra tes in these f isheries 
should be monitored on a continuing bas i s . 

4. Arrangements for Fur ther Research 

The group believes that during its meeting it made considerable p rogress 
towards understanding the skipjack stocks of the western Pacific, though perhaps 
less than was hoped, and certainly less than would be needed to give adequate 
scientific advice and predictions regarding the skipjack stocks and the f isheries 
on them. If such p rogress as has been achieved is not to be wasted it is essent ia l 
that a r rangements a r e made for the scientific work to be continued and properly 
coordinated. 
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Though questions still remain concerning the population structure of 
the skipjack in the western Pacific, and their migrations, it is clear that individual 
fish move over considerable distances, and that there is likely to be significant 
interaction between different fisheries. A considerable number of countries catch 
skipjack in the western Pacific, some at long distances from their home ports, 
and most of them carry out some scientific research. Without prejudice to any 
permanent regional arrangements that might be made in the future for skipjack 
research and management (which may or may not be carried out under the same 
arrangements) it is most important that some arrangements are made now for 
the continuing coordination of the research and related activities of all these 
countries. A particularly important aspect concerns statistics (see Section 3.8). 

At present no single regional grouping includes all countries with 
interests in the western Pacific skipjack. For example, the South Pacific Com­
mission has an ongoing programme on skipjack and has an Expert Committee on 
Tropical Skipjack, but several major fishing countries are not members of the 
South Pacific Commission, and there is significant movement of skipjack into and 
out of the area in which the Commission works. On the other hand the Indo-
Pacific Fisheries Council does not include among its present members Island 
countries and terri tories. This problem was recognized by IPFC in passing the 
following resolution in Colombo in October 1976, setting up a special working 
group on western Pacific skipjack. 

"Recognizing the rapid expansion of the fisheries on skipjack in the 
southwest Pacific and the urgent need for scientific advice so that 
timely and appropriate decisions on management and development 
can be taken, the Special Committee on Management of Indo-Pacific 
Tuna recommends to IPFC to establish a subsidiary scientific body 
or group on western Pacific skipjack, with the following terms of 
reference: 

In cooperation with the countries of the Central and western 
Pacific, and appropriate regional organizations, to promote and 
coordinate those scientific research activities which will lead to 
a better understanding of the skipjack resources of the Western 
Pacific, and which will enable proposals to be made for manage­
ment and rational utilization of these resources, which can be 
implemented at the appropriate national or regional level. 

In particular the group should endeavour to 

1) facilitate the better identification of separate skipjack stock 
or stocks in the region by (a) an intensive tagging experiment, 
(b) genetic studies, and (c) other relevant studies; 

2) investigate the feasibility of a workshop on skipjack catch 
and effort data no later than two years hence." 

The present jid hoc meeting therefore recommends (Recommendation No. 17) 
to the South Pacific Commission that it seriously consider the suggestion for active 
cooperation, and that it should consult with FAO/IPFC at the technical level so as 
to enable the proposed group, suitably widened in scope and membership, to under­
take the necessary scientific consultation, at least until more permanent arrange­
ments are made. 
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5. Summary Recommendations 

During its discussions the meeting identified a large number of different 
r e sea rch activit ies that needed attention. The reason for these act ivi t ies, and the 
detai ls of the proposals a r e set out in the previous sect ions, but the meeting also 
made the following broad general recommendations to all those concerned with 
wes tern Pacific skipjack. 

(a) High priori ty should be given to the proposed Skipjack Survey and 
Assessment (tagging) P rog ramme being coordinated by the South 
Pacific Commission (see Recommendation No. 2). 

(b) Arrangements should be made for coordinating skipjack r e sea rch , 
encompassing all countries with in teres ts in the f isheries in the 
region. For the immediate future, pending more permanent a r r a n g e ­
ments , this could be done through a working party sponsored jointly 
by SPC and IPFC (see Recommendation No. 17). 

(c) This working party should give early attention to the collection 
and compilation, on a regional bas i s , of catch and effort s ta t i s t ics , 
and of such environmental data as a r e likely to ass i s t in the in te r ­
pretation and analysis of the s tat is t ical data (see Sections 3. 5. and 
3 .8 . ) . 



Figure 1. The demarcation of FAO statistical areas in the Pacific Ocean 
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Figure 2. Proposed ranges of the western Pacific subpopulation 
(horizontally hatched area for summer and vertically hatched 
for winter of the northern hemisphere) and the central-eastern 
Pacific subpopulation(s), (unhatched circum-equatorial area), 
(See Fujino, 1972, Fig.4 for detail). 



Figure 3. Postulated subpopulations of skipjack in the Pacific Ocean (see Wor 
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Figure 4. Frequency distribution of samples from Fujino and Sharp with N>80 
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Figure 5. Positions of catches by the Japanese southern water skipjack f 
(see background document 5). 



Figure 6. Positions of catches by the Japanese southern water skipjack fl 
(see background document 5). 
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