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INTERACTIONS BETWEEN TUNA FISHERIES — A CRITICAL REVIEW BASED ON SOME ATLANTIC EXAMPLES

SUMMARY

This paper describes some interactions observed in the Atlantic Ocean

between troplcal tuna fisheries. Several types of Interactions are

distinguished. It 1s first shown that for tropical tunas, there is pres-
ently no clear relationship between adult fisheries and juvenile fisheries.
This 1is probably because,

desplte the high level of fishing effort, re-

cruitment overfishing never has been observed in the Atlantic, probably
because of the high fecundity and wide spawning areas of these species. The
interactions between small-tuna fisheries and large-tuna fisheries are also
analyzed for yellowfin and bigeye. For both species this interaction is
estimated to be significant at the ocean level, because of the important
catches of juveniles.

The interaction between gears catching large tunas, such as longline

and purse seine, is analyzed. The particularities of the vertical stock
structure are hypothesized for both species from the catches and CPUE by
gear. As a consequence of this vertical stock structure, the purse seine is
the gear which can take full profir of the yellowfin biomass, and longline
is the only gear capable of exploiting intensively the deep bigeye stock.
Some other short-term interactions within small time and area units are
also described and discussed; several examples of those 1interactions are

presented. A wmore detalled -discusslon concerning the short-term inter—

actions between fisheries operating in different areas 1s presented using a

"boxes model."

Such a model needs a huge amount of detalled data (catch,
effort and slze statistics by small time and area strata, intensive tag-
ging), but seems to be a key tool in evaluating the short- and medium—term
petential iInteractions between fisheries exploiting a migratory resource

congsidered as a. stock. All the present work demongtrates, at least, that

the fnteraction study, much more than any other stock assessment work,
needs very detailed and complete statistics associlated with intensive
sampling.

A. Fonreneau

CRODT, B. P. 2241, Dakar, Senegal
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RESUME

Cet article dcrit quelques interactlions observées dans 1'Atlantique

entre des pB8cheries de thonidés troplcaux. Plusieurs types d'interactions

sont distingués. L'absence de relation clalre entre la taille du stock
reproducteur et le niveau du recrutement est tout d'abord montrée. Cette
stabilité du recrutement et l'absence de chute du recrutement qui est
observBe malgré les niveaux de pdche E&levBs correspond 23 1'absence de
“recrutement overfishing”. Cette situation est interprdtée comme &tant due
4 la forte fBcondité et & 1'existence de vastes zones de ponte qui sont des

caractdres généraux de ces espdces. La compétition entre les pécheries qui

exploitent les juvEniles et celles qui exploitent les adultes d'albacore et

de patudo est exawinZe. Celle-ci semble significative pour les deux espd-

ces, au moins au niveau de 1'océan, par suite des prises Lmportantes de

juvéniles qui sont observées. La compétition entre les engins qul captu-

rent les indlvidus de grande taille, par exemple les senneurs et les palan-

griers, est analys€e. Pour les deux espdces, cette compétition est inter-

prétée 2 partir d'une hypothdse sur la structure verticale des stocks
reposant sur les tendances des prises et des efforts par engin. 11 appa-
raft que la senne est l'engin qui est le mieux 3 mBme d'exploiter pleine-
meat la blomasse d'albacore, alors que la palangre est le seul engin capa-—
ble d'exploiter intensfment les gros patudos de profondeur. Un autre type
de compétitions, celles observfes 3 court terme entre des p&cherles p2chant
dans de petites zones, sont aussi examindes et plusieurs exemples sont
présent&s. Enfin une discusslon concernant les interactions 3 court terme
eutre p8cheries exploitant des zones de piche différentes est présentfe.
Un mod2le informatique "I boftes” a &té Etabll A cet effet. Ce type de
maddle qui reste en cours de développement utllise une grande masse de
données détaillBea: prises et prises par unité d'’effort par railles, selon
des zones et pérlodes r&duites, marquages intensifs. Cette approche semble
tovtefois &tre du plus grand ifnt&r8t futur pour &valuer les interactions 3
court et meyen terme entre des pEcherles exploltant une ressource migrairi-

ce .

Le pr#sent tyvavall montre bien ls nfcesslt&, pour conduite 4 blen les

{d

228

Brodes interactione 2

n

u

e

anive

f

cherles, dexcellentes statistiques de

péche, finse et cowplites, sssocibes & des marquages inteneifs.



RESUMEN

Describe algunas interacclones cobservadas en el Atlfntico entre pes-
querfas troplcales de tunidos. Se distinguea varfos tipos de interacciones.
En primer lugar, la falta .de. una relacifni-clara entre la talla del stock
reproductor y el nivel.de reclutamiénto. Esta estabilidad del reclutamiento
y la ausencla :de una-cafda en el reclutamiénté. que-se obsérva — a pesar de
los niveles de pesca elevados ~ corresponde a la-ausencia de "recruitment
overfishing”. Esta sltuacifn se. Interpreta como debida a la gran fecundidad
y a la existencia de amplias zonas. de -desove, que son caracteristicas de
estas especles. Se examina la competenciad entre las pesquerfas que explotan
los juveniles.y las .que-explotan los adultos de rabil y patudo. Esta parece
ser lmportante para 1asidoé especles, al menos al nivel del ocBano, a causa
de las importaantes capturas de Juvenilés. Se estudia la competencla entrve
los artes que capturan individuos 'de. grai- talla, pér ejemplo, los cerqueroe
y los palangreros. La competencla, para ambas especles, se iInterpreta a
partir de una hipbtesls sobre la estructura vertical de los stocks, basada
en las tendencias de las capturas y del esfuerzo por arte. Parece que el
cerco es el mejor arte para explotar plenamente la blomasa de rabil, wien-
tras que el palangre es el Unico arte capaz de explotar Intensamente los
patudos grandes de profundidad. Asimlsmo, se examinan otros tipos de com=
petencias, observadas a corto plazo entre las pesquerfas que capturan em
zonas reducldas, y se presentan divérsos ejemplos. Se ofrece una discusifn
referente a las interacclones a corto plazo eantre pesquerfas que explotan
zonas de pesca diferentes. A estos efactos, se establecif un modelo infor—
mitico "de cajas”. Este tipo de modelo que est§ eun curso de desarrolle
utiliza una gran cantidad de datos detallados: capturas y capturas por
unidad de. esfuerzo por tallas, seglin las zonas y perfodos reducidos, mar-
caje Intensivo. Este enfoque parece ser, sin embargo, del mayor interfis en
el futuro para evaluar las interacclonés & corto y wmedio plazo entre las
pesquerfas que explotan un recurso migratorio. El presente trabajo muestra
ampliamente la necesidad, para llevar a buen fin los estudios sobre las
Interacclones entre .pesquerfas, de excelentes estadisticas de pesca, finas

y completas, junto con marcado intensivo.
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1 - INTRODUCTION

The concept ©f interactions between fisheries 1is quite
complex and can be studied freom d{fferont points of view. Among
others, three meajor typeo ©f imteractions can be distinguished :

(a).. To what exxemnt Jarge size tuns fisheries can compete
with small size tuna fisherics, for long living species? {In the
medium and long term).

(b).. To what extent fisheries catching small size tunas can
compete with large size tuna fisheries ? {In the medfum term, in
general during the exploitaed phase of the fish ).

fc).. To what extent ¢we or several fisheries catching the
same sizes of fishes are competing for this common resscurcs 2
{In the short term ). .

In this type of interaction ,two cases need Lo be analyzed
separately :

) - Those exploiting small tunas (in general a plurispecific
mixture of small yellowfin, bigeye and skipjack )

- Those exploiting large size tunas .

. Tris distinction seems necessary because small size tunas
live in plurispecific surface schools, while large size tuna tend
te be in both deep and surface layers, with a differential
geographical distribution between species .

These studies of interactions between fisheries need several
types of data.which can be listed as follows :

(1).A correct species identification of catches in the
stat?stics. When small bigeye are called yellowfin and both
species often registered as sxipjack in the statistics, it will
be impossible to estimate_sny interaction for any of the three
species. Those problems of species identification are often found
for small size tunas and difficult to solve.

{(2).A good sizc sampling for all fisheries , necessary to
study the trends of age specific cpue and to conduct VPR L
] {3).Catch &nd effort statistics established for each gear,
with detailed time and area etratification, which are necessary
to calculate peries of cpue which can be representative of
abundance of each year class .

(4!.Good knowledge upon stock structure, preferably based
upon direct evidence, guech 8s those obtained by intensive
tagging.

(5).Gooed bioclogicel studies especially on growth,
reproduction processes and fecunéity. Growth knowledge is
necessary to keep track of cohorts of fishes exploited by
fisheries ¥ spawning " biclogy 1is necessary to estimate
potentials of the spawning stocks.



(6) .Preferably high level of fishing efforts, covaring
various areas and all sizes of fishes, so that the complete range

of geographical Adistribution and all ages of fishes are
exploited.

(7). stock assesment studies , aespecially B©Btock size
estimates by age, based on Virtual Populstion Analysis {(VPRA).

(83 . Yield per recruit analysis based upon age specific
fishing mortalities of each gear.

(9. Mathematical models must be developped on computers in
order to analyse the lnteractions between fisheries. Those models
are still quite new in the field of tuna stock managment but
are toe be desvelopped in order to better understand the
interaction problems ;

A1l these results must be combined and compared. When they
are <btained during a long period of time, they can provide
reascnably good answers on the different types of dinteractions

betwerrn Tisherles o
The Atiantae ocean offers gqood exemples for all possible
tyjpos 54 interactions(type a to c); furthermore these

1.0 e 7

“t ..t van be well analyzed because of intensive statistics
and research conducted in the Atlantic during long periods of
time under thae coordination of the International Commission for

the enservation of Atlantic Tunas ( ICCAT). All researches from
type 1 to type 9 have been done in the Atlantic at different
degrees, depending on species . ’

Subsequently the goal of this paper will be to review and
discuss the present knowledge and researches on the interactions
in the Atlantic.

2 .DATA USED.

The data used for this study are extracted from the ICCAT davra
base available ar the end of the year 1986. Those data are
basically the catch, effort and size data . for yellowfin
skipjack and Ligeye tuna, available during different periods of
time for cach fleet, with a variable degree of precision. For
more detalils upon the nature of those data, the ICCAT Data Record
num. 26 can be usefully consulted. In the case of some fleet where
the data was nhot available, the standard strata substitutions
done by SCRS scientists were performed when necessary (see the
reports of ICCAT ad hoc working groups).

3 B HOW MUCH LARGE TUNA FISHERIES
CAN AFFECT SMALL SIZE TUNA FISHERIES ?

In most exploited fish stocks- at least small pelagic and
demersal species - there is mome relationship between adult stock
of spawners and number of recruitc gererated by thie spawning
stock . In wmost fish stocks, this relatfonship between
recruitment and stock is highly variable, but a reduction of the
spawning stock will tend either to decrease {usually the case),or
to increase (Ricker type model) the recruitment level (see figure
la).

However this typical stock recrultment model dont really
apply for tropical tunas : in any case , at least for tropical
species , it seems that recruitment shows only some moderate year
to year variability, but no trend , even at high level of
exploitation of the adult stock {see figure 1b) .

However , this stability of recruitment over a large range
of spawning stocks cannot be indefinitely extrapolated : 1if the
number of spawners  tends to become egual to zero . the
recruitment is necessarily affected . This critical level of
spawners beyond which the recruitment could be affected has been
hypothetized to & 10 & level of the virgin stock, but has never
been observed in tuna fisheries , at least for tropical species.

Irn fact a decreasing recruitment trend due to overfishing -~
i.e. a recruitment overfishing- has never been ‘observed for
tropical tunas , even for highly exploited ones .

Conseguently the present paradigm for tropical tunas is
that, at moderate or relatively high level of fishing efforts,
there will not be any effect or interaction of the adult
fisheries on the juvenile ones .

This specificity of tunas {at least the tropical species)
seems to be related to the extremely high fecundity of these

individuals ; each female of mature yellowfin , skipjack or
bigeye will spawn several millions of eggs, several times each
year,  covering extensive areas and periods of time (Cayre et al.
in press FAO) ({(see figure 2 to 4) , where their larvae can always
(statistically) find good conditions for their survival . In such
conditicns of Spawning . the recrulitment will be limited in
general, much more by the carrying capacity of the nursery
areas , than by the size of the spawnina stock .
4 . HOW FISHERIES CATCHIRG SMALL TUNAS

WILL AFFECT LARGE TUNAS FISHERIES ?

4.1.The problem:

This type of interactiecn concerns mainly yellowfin and
bigeye tunas, which are exploited at small sizes by surface
fisheries and later at large sizes by longline and ©purse seine
fisheries.



How the fisheries catching juveniles will affect fisherias
catching adults is consequently an important question to solve .

The Atlantic ocean offers good observations and _relevant
analysis in that field,

This type of study is based primarily on the analysis of
fishery data.

4.2. Atlantic bigeye tuna .

It should be first noted that the fisheries of juveniles are
located in areas which are different from the areas of adult
concentrations (see figures 5 to 6). This observation is easily
explained by the physiology of the species : the young bigeye
tunas are physiologically a tropical species, 1living in  surface
warm waters; it becomes a temperate deep species when becoming
adult B except during seasonal spawning when they come back to
tropical waters (see figure 3).

The juveniles of Dbigeye tuna are quite difficult to
recoygnize from the juvenile yellowfin . In the Atlantic as in
other oceans the small bigeye have been widely misidentified
with yellowfin for many years. This species composition problenm
of juveniles has been treated  seriously only since 1976
(FONTENEAU 1975). A systematic control of the species compusition
of the small tuna catches has been developped in the Atlantic on

a routine basis only since 1979. Hisrtorical data have Dbeen
tentatively corrected by 1ICCAT in 1984, but are 5ti1ll
questionable. A review of the pending problems for species
identification is given in the report of the ICCAT working group

held in 1987 on this subject.

The catch of small (less than 90 cm) bigeye taken ‘in the
Atlantic since 195%, beginning of the industrial fisheries,are
shown in figure 7, together with the catch of large bigeye.

The  cpue of small bigeye for surface fisheries shows
fluctuations, but without trend (see figure B J. The cpue of
large bigeye, given by the longline Honma index (see figure 9),
shows a moderate and regular decline since the beginning of the
fisheries. .

The stock assessment analysis on bigeye concludes that this
decline can be explained by the increased catch of the longliners
and by increased catches of juvenile; the great numbers of small
bigeye taken by surface gears correspond to a relatively low
fishing mortality (see figure 10} and has had only a
moderate effect on adult stock size. This is shown by the
results of the VPA, which give estimates of the recruitment in
the adult fishery. The decrease of this adult recruitment 1s
clear, at a rate of approximately 20 % between the virgin stock
and recent years (see figure 11 ), but is relatively moderate.
It can be noticed also that present yield per recruit analysis
indicates that the juvenile fishery affects the longline fishery,
but does not significantly reduce the overall yields, at least
at present levels of fishing mortalities (see figure 12}
(PEREIRA 1986) .,
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4.3. Atlantic yellowfin.

The fishing zones of small yellowfin are gquite similar <o
the adult ones(see figure 13 and 14 ), at east for purse

seiners. However 1t is noticed that small yellowfin in general
stay in more coastal waters that the adults . The adults of
yellowfin taken by longliners also show a wider area of
distribution(see figure 14b ), scsttered between 10 north and
south, from America to Africa.

The numbers of small (-90 ¢m) and large{+90 cm) yellowfin
taken by atlantic fisheries are given in figure 15, This figure
shows well the dramatic increase of small yellowfin in the
catches during recent years (by baitboats and purse seiners), and
the increase of catches of large yellowfin (by purse seine}.

The cpue for small yellowfin, (baitboats and purse seiners),
shows some year to year variability, but no definite trend, sug-
gesting a relatively stable recruitment {figure 16). The cpue for
large yellowfin is given for two gears : longlinerxs catching only
large fishes, and purse seiners (sece figure 17}. In order to ob-
tain surface index for adults, the wusual overall purse seine
index has been corrected by the amount of small yellowfin in the
catches. Those two adults cpue show, for recent vyears a similar
serious decline. This decline of the adult cpue corresponds to a
decline of the adult abundance. The VPA analysis shows that this
decline of adult stock is a consequence of two factors:

l.the development of juvenile fisheries which reduces the
recruitment to the adult stock .

Z?.the increased effort and increased catches on adults which
reduces directly the adult biomass.

Present analysis suggests that the first effect, interaction
between juvenile and adult fisheries, would be _relatively
significant. This is shown by the decline of the ‘adult
recruitment ({figure 18)estimated by VPA at approximately 50 &,
decline due to the increased catch of juveniles.

However subsequent yield per recruit analysis shows that the
juvenile fishery does not seriously decreases the yield per
recruit of the overall fishery because the juvenile catch in
weight is only sligthly less than the subsequent theoretical
loss of the adult fisheries (FONTENEAU 1986).

4.4. Conclusion H juveniles against adults fisheries.

Foxr both species, the catch of juvenile seems to reduce
significantly the catches of the adult fisheries of about 20 %
for Bigeye and 45 % for yellowfish this interaction seems to be
moderate compared to the millions of small fishes taken ,because
of the relatively low fishing rates éstimated on juveniles.

It should also be noticed that the Present yield per recruit
analysis indicstes for both species that the overall vyield per
recruit has suffered only a minor reduction due to juvenile
fisheries.

5 . HOW LONGLINE AND PURSE SEINE SHARE THE BIG TUNA BIOMASS 7?



5.1.Catch versus effort for bigeye and yellowfin for the two
gears.

How the two gears compete in the short term to exploit large
yellowfin and bigeye tuna is an important problem.

The relationship between fishing efforts of purse seine and
longline, and their respective catches of large fishes shows
completely different patterns for the two species :

. for yellowfin, the increase of longline effort has produced
a decreasing yield curve, while a simultaneous increase of effort
by purse seiners has increased the catches at a level much more
higher than the catches by longliners (see figure 20).

. for bigeye tuna there is a reverse observation B the
increase of longline effort is still producing an increase of the
catches, while <the increase of surface effort has produced a
stable or even decreasing level of catches (see figure 21).

These observations are in contradiction with the yield per
recruit analysis v which indicates that increase of effort by
purse seiners should have increase the catches of large bigeye
and that the longliners should have increased their vyellowfin
catches. This contyadiction between the expected and observed
yields for the two gears and the two species is summarized on the
figure 24.

5.2.The vertical stock structure heterogenelty hypothesis.

The nost probable explanation for this observation is
related to a vertical stock structure heterogeneity:

- Yellowfin is a surface tropical tuna, even at large sizes.
The purse seiners can exploit the ressource with great efficiency
and high fishing mortality . The longliners can exploit only a
marginal and fragile fraction of the stock, the deeper one.
Consequently the longlinexs can never exert a real high fishing
mortality on the total stock because of the excessive reduction
of the deep biomass. Conseqguently the yield per recruit concept
does not really apply to the longline yellowfin fishery because
the longline adult recruitment does not show the same trend that
the purse seine adult recruitment .

-Bigeye is an opposite case : being basically a deep and tem-
perate tuna, the tropical purse seiners will always exploit the
ressource with a very low fishing mortality, even at high
nominal fishing effort. Any increase of fishing effort does not
produce an increase of ¥. The longliners, on the contrary, can
easily concentrate theix effort on deep bigeye, and an increased

longline effort produces a corresponding increase in fishing

mortality, especially with the introduction of the more efficient
deep longlining.

This general hypothesis has been summarized graphically in
figure 25,

Under the present hypothesis the sharing of the adult
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biomass between surface and dee; gears would be related ruch more
to & wvertical stoch structure heterogeineity, than to a real
interaction :

- for bigeye, the decline of surface adult cpue is not due
to the longline catches or to a real decrease Of the total
biomass.

- for yellowfin, the early decline of the longline cpue is
not a consequence of interaction with purse seine fisheries, but
would be related to a vertical stock structure heterovgeneity .

5.3.0ther more direct interactions between purse seiners and
longliners to catch large tunas.

There is still probably some real and direct interactions
between the two gears on the adults ; these interactions can be
of two types :

- The "urn® interaction, as described in chapter 6 ,whete,
in summary, a tuna taken by one gear cannot be taken by the other
gear, which gives an advantage to the more efficient gear.

. The geographical interaction, where two gears exploiting
the same area are more in interaction than if they are
exploiting distant areas, even in the case of a unique stock.
This is related with the probability of migratory distances of
tunas : the probability of moderate migration (for instance less
than 500 miles), is always greater than the probability of very
large ones{ for instance more than 2000 miles). The situvations

are different depending on the species:

(a)Yellowfin .

In that field it is noticed that the areas where the highest
purse seine catches of large yellowfin are observed are the areas
where the highest longline catches rates were historically
observed {figure 26). Presently it is noticed that the longline
cpue are lower {(figure 27) that the average in this fishing zone
for the purse seiners (see figure 14a).

This is probably a local consequence of high purse seine

catches taken in this area. This geographical interaction is
similar to the interaction described in the simple “urn model".
However the migration of large tunas are much less known and
probably more important that those of small tunas; as a

consequence the strong hypothesis of a close system does not
apply well to the adult yellowfin or bigeye fisheries in any
area.

(b)Bigeye :

It is «clear for the adults of this species that the purse
seine fishery has no sigificant geographical effect on the
longline fishery. This is due to the low purse seine catches and
to the differences in fishing areas of the two gears (see figure
6) .

6. SHORT TERM COMPETITION IN THE SAME AREA : THE “URN" model :



6.1 .Concept: .

Tunas are clearly migratory ; however during limited periods
and in relatively small areas they can be considered as
pedentary, and considired as a locally and temporaly isolated
fraction of stock.

In this case, the term "fishing area” can describe a
relatively small geographical unit in which tuna can have random
movements. As an exemple , an area of 5° by 5° square, i.e. of
approximately 3600 nautical sguare miles, would be a reascnable

unit to study. In such type of interaction, only the short term
interactions, such as from 1 to 3 months, are concerned ; Ssince
tunas are migratory species, it is quite obvious that a group of

gmall tunas staying in a given area will migrate in an other area
if the elapsed time is long.

In theory, if the fraction of a stock is stable in the
areaf(e.g. no emigration and no immigration), the interaction
problem becomes guite simple.This stability of the sub stock can
cften be assumed during limited periods of time.

In such case the studies are simplified because:

-the growth of the fish can be neglected.

-the natural mortality becomes much less important that in
the long term interaction studies;

-fishing mortality rates can be easily calculated if the
total catches are known, and if there is a measure of local
abundance (local cpue for instance).

In this simple case, the recruitment in the area will be
shared between simultaneous fisheries. In such a simple case,
the interaction between fishing units will depend of the
available total biomass and on the relative effort and catch of
each gear. This type of competition will be the "competition™ of
type 1 as described by Ricker 19875: the catch of each day by a
boat reduces the catches of the other units later. The abundance
of fish is lower and lower as the fishing is developping, and the
rate of this decrease is proportionnal to the number of boats.
This has been expressed in figure 28b which is a local
production type curve, within a limited time and area stratum :
it shows the expected relationship between the local catch during
a fishing season and the total fishing effort. In this example
the initial biomass and potential catch is 10000 tons which can
be taken only with a very high fishing effort. If a local fishery
working on this substock takes 5000 tons per fishing season , the
addition of a new fleet catching 5000 tons will reduce
significantly the catch rates and catches of the first fleet.

6.2. Possible exemples of the “urn" model :
6.2.1.Introduction:

It is quite difficult to find in the real world of tuna

fisheries a true example of this urn model. This difficulty 1is
primarily due to the migratory nature of the tunas. However at
least three type of examples, belonging mere or less to this

"urn” concept, can be described in the Atlantic ocean.

€.2.2. The concentrations :

. Concentrations have been described in the Atlantic as
1mp?rtant groups of schools which are fished in a small area
during a short period of time.{FORT RY 1986) .

) Several examples of those concentrations have been analyzed
in the Atlantic. The figure 38 summarizes some important

char?cteristics of those groups of tunas({ yellowfin in that
case) .

The analyeis shows that the initial biomass can be wvery highl
possibly more than 10000 tons) ; tunas are concentrated in a very
zzziig)?rea {(with an area equal to 3 % or 30 % of a one degree

?hen the fishing effort is high (for instance 20 to 40 purse
selver§), the daily catches are very high, at least at ‘the
beglnm}ng of the exploitation. This high catch produces a
rgductxon of the catch rates, and a complete removﬁl of the
biomass within a short period of time (10 to 30 days)
Consgquently the analysis of this phenomenon needs very detaileé
statxs?i;s with daily catches for all boats, correspénding size
composition, and detailed satellite positions (to the nearest
mile). This type of concentration seems to be very often a closed
system{like the "urn" model}, where there is only some day to day
@OV§ment_ of the fish but little or no emigration from or
lmmigration to the system. '

6.2.3.The Cape Lopez summer fishery : {figure 30)

] This area has been extensively fished from May to August
since 19§2, by all types of fleets(longliners ,baitboats ané
pPurse seiners). This fishing zone and season is related to an
oceanographical front with highly productive waters (STRETTA
}977) which is stabilized in this area during this season. There
is probably some input and output of tunas into this strata which

are well shown by tagging done in this fishery (BARD 1984).
However, those movement may be limited and it is interesting to
relate the total catches in the fishing season to the fishing
effort (expressed -in purse seine fishing days). The result is
shown in figure 31. It can be seen that, as in the theorical urn
model, there is some maximal production in the local catches of
tunas. However, when the fishing effort becomes high (as in
recent vyears), ‘the catches are higher during "good"®
years (1974, 1978, 1981, 1982) . The <catch is stable or low

éuring other years {1975, 197, 1977, 1980, 1983) quite
independently of fishing efforts. In such a case 'it can
reasonably be assumed that the potential maximum catcé is not
rgal}y proportional to the fishing effort ; however an increased
fishing effort can produce a higher average catch , because it

can more easily remove nearly all the existing local biomass
.

especially during "good" years.



€.2,4. The Canary Island skipjack fishery.

The Canary Island skipjack fishery is a summer artisanal
fishery, where approximately 500 baitboats catch, among other
species, an average of 3000 tons of skipjack each year {1379 to
1985%). 7This fishery operates exclusively around the Canary
Islands. It has been extensively studied by spanish scientists of
IE0 who conducted tagging cruises on this specles every year
since 1879. Of the 3515 skipjack tagged during this period, the
average recovery rate is very high = 20 %. Host of the tags are
recovered in the local fishery, and very few in other areas
{Agores, Madeira and Senegal) after the end of the fishing
season. Thoses high local recovery rates strongly suggest that
there 1s a limited local skipjack fraction of stock, which 1is
mors or less gsedentary during the summer time season, and
which suffers a relatively high exploitation rate.

This fishery can be considered, at least to some extent, to
belong to the "urn" type,i.e. a close system, where during a
limited time and in a limited space, there is a high removal rate
by the fisheries and a direct interaction between fishing units
to catch this limited resource.

6.3. The statistical evidence: cpue and effort relationship
within small time and area strata .

The analysis of fishery statistics, cpue versus effort, at a
detailed time apd area scale, for instance 1° square and 15 days,
is also an interesting way to show the 1local instantaneous
interactions between fishing units.

Following that idea, it has been shown for Atlantic sgkipjack
(Fonteneau 1986) that

-when the effort is low within one square during 15 days,the
average cpue is often high or very high.

-when the effort is high in the same strata, the cpue isg
most of the time low.

This 1is also observed on the fregquency of the overall catch
rates of FISH and spanish purse seiners during the period 1980 to
1986 as shown by figure 33,

In this case of high local effort, it is clear that there
was probably, at least at the beginning of the period, a high
abundance which is in contradiction with the low cpue.

The easiest explanation for the final low cpue, 18 probably
related to the urn concept: the interaction between a great
number of boats on a limited local resource will 1increase the
catch, but will 1reduce the cpue, more guickly than a small
fishing effort.
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7. GEOGRAPHICAL COHPETITION IN THE MEDIUN TERM
{less than 2 years) SETWEEN FIBRIKG AXEAS: THE BOXEE MODEL.

7.1. The concept: migrations

ced as a diffusion processy

Any tuna fishery can be divided in timelex.month} and
area boxes (ex. 10° to 10%), which are fished or wunfished. In
every area there is at any time, a given number of fishes( often
unknown....). When the area is exploited , the abundance in each
box can be easily estimated vsing an unblaised cpue index. Aerial
survey and direct estimates of biomass can also measure the
abundance in each box, especially for the virgin stocks.

from one periocd to the other, the number of fishes in each
box will change because of :

i.Input to the box from other areas (immigration), positive
factor. \

2.0utput from the box toward other areas(emigration).

3.Removal by the natural mortality .

4.Removal by fishing mortality.

These three last factors are negative ones, and reduce the
local population.

Migrations can be measured by intensive and repeated tagging
results, associated %o significant fisheries covering as many
areas as possible.

Katural mortality is not estimated precisely for most of
tuna species, but this is not necessarily critical in the  short
and medium term studies .

The fishing wmortality in each exploited box will depend on
the fishing effort, and more directly on the total catches.

7.2. Bn example of the boxes model.

Computer models can easily be designed +to  describe in
egquations all the previous concepts of boxes, underlying
populations, migrations between boxes, fisheries and natural
mortalities. Such a model is presently under testing for the
eastern Atlantic skipjack fisheries: its framework is shown in
figure = 34. This wmodel has been built in order to analyze the
geographical interactions between skipjack fisheries in the
Eastern Atlantic (Figure 35). This model is a catenary reversible
differential model, with 5 In B the unit of time being the
month . A sixth box, adjacent the 5 others corresponds to
the unexploited fraction of the stock. This sixth box is the
"cryptic nursery" for the juveniles during their progressive
recruitment , and the “"black hole® concept (Fonteneau . 1983),
where adults skipjack become unavailable and disappear from the
fisheries.

Such type of differential linear model is widely used in



many research fields in order to describe diffusion
processes (Sheppard 1962,Jaquez 18972). . N
the end of
In our present model, the status of the system at
each monthly interval will depsnd of ths 18 potentiml migration
rates between boxes .
testing

7.3. Example of skipjack data used for developping and

the model:

The data used in this mode}l belong to the for following

sz .
cyee {a) The monthly cpue by age is given in number of skig]ack
taken by fishing day of FIS and spanish purse seiners (rigure
36). It has been calculated monthly for the 5 selected areas. of
the model. The cpue is calculated on the catch by size file,
assuming the same growth pattern as the one used by FONTENEAU
1986, i.e. an average growth of 12 cm per year {(figure 36). in
those ~calculation the the group of fishes measures from 37 cT to
50 cm in August 81. Some cpue data are missing in 2Z cases, f%rst
whern size data are missing or when the «catch is only from
baiboats.

(b} The catch is also calculated in numbers, from the same
size file and for the same grcocup of fishes, but is estimated for
alil fleets (baitboat and purseiners), in order to measgure the
total removal on the cohorxrt (VPA concept). )

{c) The recoveries of taggyed skipjach are extracted from
the best ICCAT recovery file presently available for the two
tagging conducted during skipjack year (1981} in Senegal and
Ghana areas (Figqgure 38 and 39).

(a) The total fishing mortality estimated on the eastern
Atlantic stock Dby age follows the general pattern estimated by
FONTENEAU 1986 (Figure 40).

7.4. Estimating the underlying populations and migration rates :
from its

This basic
recruit

The model will follow numerically a group of fish,
early recruitment until the death of the oldest‘fish.
general concept is similar to the VPA or vyield per
calculations.

The method used to adjust the parameters of the model to the
existing data will be the following :

1.Knowing the <cpue by age in each box, the theoretical
underlying local population in each box must be proportiocnal to
the local cpue of the age (at each time).

2.Xnowing the catch by age in each box, the local underlying
population must be at least equal to the observed catch.‘ {The
removal of fishes by the fisheries is exactly known by fishery
statistics.)

3.The total fishing mortaility on the cohort (i.e. on the sum
of individuals in all the boxes}), is the fishing mortality
previously calculated on the overall stock by standard VPA.
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4.The 16 monthly m1xing rates between boxes must be jip
agrement with the observed diffusion of tagged fish. Only some
intensive tagging cruise can be used to that purpose, each one
with several thousands of tags applied within a2 very short time
in a small area (see table 1).
The migration parameters
agrement with the observed

by the model should be in
shown in figures 38 and 39,

Unfortunately, this type of adjustment by the model does not
give a unique sclutiocn for migration rates, unless in an ideal
and hypothetic case with intensive, generalized and permanent
tagging in all strata.

However, the prasent adjustment af the model to the sctual 4
sets of data can give a range of Fossible mixing rates which
will be wmore realistic and quite marrow compared to the previous
complete uncertainties.

This work is still under progress on the CRODT computer, and

& the possible range of mixing rates has not yet been
established.

€.4. Estimating interactions between fisheries with the box
ocdel.

Using the poxes model &nd its parameters, it becomes quite
simple to vcalculate some theoretical short and wmedium term
interactions between fisheries operating in different areas.

For instance,the effect of reducing or increasing the fishing
effort in any area, upon the catches and cpue in all other areas
can easily be tested by simulations. Also, catches and cpue in
each box under varjous local fishing mortality schemes, can be
tested .

The boxes model is still in its development phase,
in order to explore the full range of possible migration rates
between boxes. Several of those parameters will probably remain
undetermined because of unsufficient data.

especially

However, some preliminary results may be of some interest:

- most of the time the interactions are
proportionnal to the- distance. For instance the Ghana
fishery has some significant eftect on the Cape Lopez
distance = €00 naut.miles)and Liberia fisheries (900 miles). The
Senegal fishery has very little or no effect on the Cape Lopez
{1800 miles) or hAngola fisheries {2500 miles), but some effect on

universely
skipjack
(average

the Liberia fishery (600 miles)

- a short distance batwe two fishing areas 1is not an
evidence for strong potential intevactions: the Cape Verde Island
and senegal fisheries are located at a short distance, 200 miles
only, but show wvery 1little or no mixing between the two
fisheries. This absence of interactions has been clearly
demonstrated by the recoveries of two simultaneous intensive
tagging cruises conducted in the 2 areas.



- only intensive risherics and high catches in one darea . can
affect the other ones, because of the intensity (in general) and
the complexity of mixiny processes, at least for skipjack. For
instance the Angola fishery which operates presently at a low
level, compared to the local biomass, has no effect on any other
fishery because the Angola catch is small and the skipjack
biomass transient from Angola is diluted very quickly among
skipjack originated from other areas. especially with the
unfished fraction ot the skipjack stock migrating from the
Ycryptic nurscry" te the major fishing areas..

7.5. Discussion of the boxes model.

This type of model 1is a poteritially serious progress in
analyzing the stock structure problem , the migration patrerns
and the interactions between fisheries.

However it requires a huge amoeunt of detailed Statistics,
especially catches and cpuce statistics by sizes. Those statisticy
must cover all fleets(VPL concept). Intensive tagging with guod
recovery statistics must 2lso be available. Furthermore this Ty
¢f  model irn runduamentally bLaséd on the existence of signatficant
fisheries covering preferably most of the stock and operating at
velatively high level or fishing mortalivy (at least locaii ).
Even in  the optimum case when mixing rates can be estimated
during a limited period ot inteusive researches (such as Iisypy,
1t is not yet vlear to what dieyreco thi calculated migratvion
pattern can be extrapolated to an other period. More generally

the year to year wvariability of tuna migrations and its
determinism is still a great unknown .
Also the model rely  on  several underlying hypothesis,

especially on the homogeneity of boxes and on the box to box
relationship, which can probably be more analyzed and improved.
The heterogeneity of the senegalese box has for instance been
clearly demonstrated by the low exchange rate between Senegal and
Cape Verde islands. Furthermore the analysis assumes that group
of fishes is followed {catch and cpue) when the individual are
growing. The variance of growth between individuals and between
drea being apparently large {Rard et Antaoine, 1986}, this
hypothesis is not strictty justified.

However, this type of research is probably a very interesting
field to be develoupped.

8. CONCLUSION,.

The present paper has tried to demonstrate the complexity and
the heterogencity of the inturaction problem betwcen tuna
fisheries. It makes a provisional review of the present
observations done upon the atlantic tropical tunas in this field.
It is clear that the atlantic ocean offers good conditions for
those studies, because of intensive fisheries, good statistics
over a long period of time and some intensive tagging .
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Many of the Atlantic results can probably be extrapolated .
at least to some extent, from one ocean to the other, even when
the ecological conditions are quite different.

This type of worldwide analye¢iec of the interactions betgween
tuna fisheries seems presently 2 ! tion to conduct.

In any case this paper well 16 the fundamental importance
for any interaction study of :

-Detailed fishery statistics(catch,effort and sizes taken by
gear) ,with a detailed time and area stratification.
-Intensive tagging.

The tagging of a great number of fish done simultanecusly in the
same spot, such as the senegalese ,cap verdian or japanese isyp
tagging, seems to be a key action towards the estimation of the
short term interaction between fisheries, at least those taking
small fishes.
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Table 1.~ Skipjack taggings done during recent years which can be

used for diffusion analysis because of a significant
tags released during a single cruise in the same place.

number of

COUNTRY

TAGGED
SXIPJIACK

80 GHANA JAPON

81 GHANA JAPON

B1 SENEGAL SENEGAL

81 SENEGAL CAP VERT
82 SENEGAL CAP VERT
82 SENEGAL SENEGAL

5976
7000
1391
2672
4552
2794

TOTAL ZONE SENEGAL

TOTAL ZONE GHANA
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Figure 26.- Catch per unit of effort of japanese longliners
during the first guarter e.g. the better fishing season in the
Gulf of Guinea (in tons/1000 hooks), for the historical fishery
1961 to 1969 (Each month and 5 te 5 degree square cpue s

represented randomly in the corresponding 5 degree square) .
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Figure 27.-Catch per unit of effort of japanese longlincrs during
the first quarter ( tons/1000 hooks), during the recent
1970 te 1982 (Fach month- § to 5 degree cpue is
randomly in the corresponding S deyree square) .
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28a ¢ THE "URK" MODEL CONCERT

YIRGIN POPULATION PHASE 1 OF EXPLOITATION

” Yo I Yo
*@mqu) 3 Fedipn e
}-ﬂi?@»‘%“ P
Fﬂﬁ P

TOTAL CATCH PHASE |

TATC, wsom’ CPUE RELAYIOMSHIP

LOCAL AVEHAGE

AYERAGE MAxidum CATCH b1OMANS
10008 wm e v oo SIS SOLITTEL R . e
\ e
A
\, 1(/
\ [45
~
\\ -
5000 on \
N,
5 LITRN
4 . *ng "’5 AT
. A
' .

LIS

GETOAT FUEET FISKERY PR
LFRORT OF ADDITIOWAL FISHEHY
Figure 2B.- The "urn model" concapt:
(2Ba)The general simple idez of & closeé and

resource.
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(2B8b) The catch and catch rate vrends when an additionnal fishery
i added to 2 first fishery:{a} is the cpue of the first fishery
hefore the arvival of tche zeond cax and (D) is the cpue after
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Figure 29.- Example of parameters concerning the exploitation of
three yellowfin concentrations in the eastern Atlantic.

{a) observed cpue of purse seiners( in tons by 10 hours of
searching),and estimated underlying populations by 3 days
puriods (From Fonteneau 1v86) .

{(b}Numbers of positaive sets by 3 days periods {Wwhich can Le
considered as the number of schools removed from the

concuentration)

(cyaverage weight of the yellowfin caught.
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F%gure 30.- The fishing area
distribution of the catches by
by 15 days period from 1978 to
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Figure 31.-~

The relation observed bLietween total catch {yellowfin,

skipjack and Liqeye) and fishing effort in the area of Cape L peu
during the tishing scason from may to july, from 1969 to 1984
{Curve adjusted by cvye).
- s - % . N E] % Ry
I ,LL,.A,‘TJ.A*u;ru._“ L‘_._Aj“‘u-u.u,gd =
i : ! ¢ i
: | S R B
x B e
p H r
3 ' .
i 4
]
: E
L B o -
o £
: 3
i
!
1 - -1
-
R b
: : }
I S S S AL sask At
= ® i B * 3 B
Figure 12.- Average fishing zounes of skipjack by one degree
squares, all fleets, period 1975-1982.,
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Figure 33.~Frequency of total cpue as a function of fishing
cffort for spanish and FIS™ rurse sejners fleets, Auring the
period 19850-1986. Each circle is proportionnal to the number of
catch rates observed in the 1°squares during 15 days periods for

increasing intensity of fishing eff?rts.
200 have beem limited arbitrarilyﬁat the
facilital. the overall representation.

Frequencies greater than
200 lcvel in order to
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Figure 34.~- The concept of the boxes
in the eastern Atlantic ; each arrow shows a moanthly tranfer rate
of individuals from one box to the other.
‘-
:
H
K]
. a
o e W I”
'ff‘(;ﬁzg‘;'&’/-:;:: 5
————— Limlie das phcheriae T
CITmm=> Misretiens aietbe
COCTD wigratioas probabias
QOO jmiginrien
a@ @ Essave [runt du Wimesiee
{(gvarnTYa )
rigure 35.,- Hypothetical migrations of skiplack

fasCern

Atlantic,

FA0 tuna synthesis undur pressh.

tuna

Bascd on tagging results {(from Cayre

in

(R

the

al.,

ANG OLA
2T -1 T 4 2
G HAWR
LBERIR

SE MEFRAL

Figure 36.- Momthly cpue for an age group of skipjack, by
1979-1942
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Figure 39.-Recoveries of tagged skipjack by month and area from
the Senegal area tagging (Senegal and Cape Verde cruises).

igure 38.-Recoveries of tagged skipjack by month and area from
he Ghana area tagging (japanese tagging).



