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1

REPORT OF THE WORKSHOP ON STOCK ASSESSMENT OF YELLOWFI N TUNA
I N THE INDIAN OCEAN

Colombo , Sri Lanka , 7 - 12 October 19 9 1

1. OPENING OF THE MEETI NG.

The Wo r ks h op o n stock Assessment o f Ye l l owf i n Tu na in t h e
Indian Ocean was h e l d at the Hotel Cey l o n Inter-Cont inental,
Col ombo , Sri La nka , f r om 7 through 1 2 October , 19 9 1 . The pa r t i ci­
pant s were welc ome d to t he meeting by Mr T . Sakura i , Pr og r a mme
Le ader o n b e ha l f o f the staff of IPTP , a nd Mr P . Hijmans, FAO
Re p r e s entat ive f o r Sri Lanka and Maldives on beha l f o f FAO.

On b ehalf o f the Hon. Joseph Michae l Perera , Min i s t e r of
Fi s h e rie s and Aquatic Resources , Mr N.V.K.K. We r a g oda, Secretary
of t he Min i s t ry of Fisheries and Aquati c Resources read the
i naugura l a ddress a nd opened the meeting. The i naugura l address
i s a t tached a s Append i x 1.

2. ADOPTION OF AGENDA AND ARRANGEMENTS FOR THE MEETING.

The Prov i s i onal Ag end a prepared by the Secre tariat wa s p re ­
s e nte d and a d opted wi t h mi no r amendments . The adop t e d a g e nd a is
attached a s Appendix 2 .

Dr A. Font ene au, from ORSTOM , was nominated as the chairman
o f the me eting. Th e following rapporteurs we r e appo i nted for the
d i f f e r ent p o int s of the agenda, and Mr.R . Pianet wa s designated
t o coord i nate a nd finalize the report:

Agenda i t e m 3 -

Agenda i t em 4 -

Agenda item 5 -

Ag enda item 6 -

Ag enda item 7 -

Agenda item 8 -

Review of working papers :
Dr P. P. Pi l l a i ( India ) .

Review of t he Wo r k ing Grou p me e t i ng s:
Dr S . Tsu ji (J apan).
Mr J. P. Hallier (ORSTOM, Seyche l les )

Rev iew of the ~ountry r e ports :
under the respons i b i l ity of each cou­
ntry representative .

Review of the" database :
Dr C. Ande r s o n (FAO/ BOBP).
Mr R. Pianet (ORSTOM).

Review of biolog ica l parameters :
Dr P. Cayre (COl).

Creation of catch -at-lengt h data:
Mr F . Ma r sac (ORSTOM, Seychell e s ),
pu r s e - s e i ne .
Dr S. Ts uji (Japan ), l ongline.
Mr M. Yes a k i ( FAO/ I PTP), a r t i s a na l
f i s h e r i e s .
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All p a r t i c i p a n t s introduced thems elves by their names and
f u n c tions in their r espective governments and organizations . A
l i s t of p a r t i c i p a n t s i s attached as Append i x 3.

,
.-

Agenda item 9 -

Agend a item 1 0 -

2

status of s t ock :
Dr J . Majkowski ( FAO/HQ), trends o f
c pue .
Mr P. Wa r d (Au s t r al i a), c a t ch- ef f o r t
r elationship .
Mr J. P. Hallier (ORSTOM, Seychelle s),
catch at age tables .
Mr R. Pianet (ORSTOM), Sequential Popu­
l a t i o n Analys is.
Dr J. Hamp t o n (SPC) , yield per r e c r u i t
a na l y s i s.

Re commendations:
Dr J. Majkowski ( FAO/HQ) .

3 . REVIEW OF WORKING PAPERS

~ 1

I
;1

i

I

A total o f 34 wo r k i ng documents - i nc l uding t h e t wo Working
Group report s o n surface (Ma u r it i u s) a n d l ongline (Shimizu)
fi sherie s dealing wi t h statistics , biology and population
dyna mi c s o f y e llowf i n tuna were briefly introduce d by part ici­
pant s and the Se c r e t a r i a t. The l ist o f these document s is
attached as Append ix 4.

Dr Fonteneau also pre sented the recently released pUbl i cat i on
from t he ICCAT yellowfin programme , " F i s h e r y, b i o logy a nd stock
assessment of t he At l a n t i c Ocean y e llowf in t u na fi shery".

4. REPORTS OF THE WORKING GROUP MEETI NGS

4.1. Mau r i t i u s Preparatory worki ng Group (TWS/91/04)

Dis cus s i on, results and r e c ommendations o f the preparato ry
Wo rking Gr oup held in Mauritius (Al b i on, 17 -23 May, 1991 ) were
r epo r t ed to t he participants by Dr P. Cayre . Th e group r e v i e wed
t he y ellowf i n surf ace fisheri e s database f o r cat ch, effort and
size f r e qu enc i e s . It also addr e s sed s ome recommend a tions to the
preparatory Shimizu Wo r k i ng Group r esponsible f o r t he l ongl ine
fi she r i e s relative to the updating and standardization o f d a t a
and methods of data s u bst i t u t i on .

Regarding artis anal fi sheries , the Ma u r i t ius Worki ng Group
a ttempted to complete a historical database dating f r om 1952 a nd
to r ecommend to IPTP to do the s a me for countries such as
Ma l d i v e s, Sri La nka, Pakistan a nd Indonesia . The Wo rking Group
al so recommended that the yellowfin s t a t ist i cs b e c hec ked f o r
fi sh caught a long the c oast of South Africa up t o 15 °E as t hese
c atches are not r eported to IPTP despite t h e fact that these
fi she s belong t o the Ind i a n Ocean stock.

Th e situation of purse-seine f i s h e r y data was recognized as
satisfactory; recommendations were t o i nc l u d e 198 2-8 3 data in the
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French database, to verify if Spa n ish l ength data from 1985 to
1989 c ou l d be us ed a nd , if so , t o us e a c ombined French a nd
Spanish length file f or c atc h by s ize s ubst i t u t i on of both
fleets. Japanes e a nd USSR purs e - s e ine data r emained incomplete
despite SFA efforts in c o l lecting them, and help was reque sted
from the corresponding countrie s and IPTP. In t erms of fi shing
effort , the difficulties in estimating the increasing fishing
power o f t he purse-seine vessels was raised , and t he Working
Group cal l e d for investigations into this issue , whi c h has a
direct bear ing on the estimation of t he indices of a bund a nc e .

The Wo r k i ng Group agreed to adopt the standardized formats
and codes (s pe c i e s , gear, area, c ountry , ... ) used in t he ICCAT
database for catch and effort a s well as s i ze (or catch by size)
frequency f i l e s, and recommended that all files be presented in
these formats for the present Workshop.

The main biological parameters s uc h a s length-weight , dorsa l
and fork length relationships and growth parameters were r eviewed
through t he l a t e s t available analysis, a nd agreement wa s reached
on values t o be used for the constitution o f the database.

4. 2. Shimizu Preparatory working Group (TWS/ 91/05)

Discussions, results and recommendations of the p r e pa r a t o r y
Wor k i ng Group held in Japan (Shimizu, 24 -28 June , 1991 ) were
reported to the participants by Mr. M. Yesaki. Th e goa l of this
work wa s to discuss problems related to longline fi sheries
statistics in the Indian Ocean with the scient ists present from
Indonesia , Ko r e a, Japan and IPTP; information was e xchanged by
FAX during t he meeting with the Taiwanes e s c i e nt ist who could not
attend . The meeting r eviewed the status of catch and effort
statistics and s i ze data of all the nations concerned.

The meeting discus sed dis crepancie s in some sets of the
nominal catch records provided by e a c h nation. It was not e d that ,
in the I ndonesian s t a t i s t i c s , the yellowfin catch in 1989
corresponded exactly with the tot a l tuna catch o f that year.
Korean statistics showed no dis crepancies between different
nominal catches. Severa l sets o f n ominal catches we r e provided
for Japan , i nc l ud i ng one f r om FAa s t a t ist i c s and one e stimated
from catch i n number and s i ze data by NRIFSF sc i e n t i s ts . Th e
latter set wa s recommended for us e f o r s c ient i f i c purposes, the
discrepancy be t we e n the two data ' sets being mainly due to
differences in methods used and different area definition f or
statistics. Taiwanese data s howed big di s crepancies b etwe en
reported statistics which could not be so l v e d by FAX exchange s
wi t h Taiwan Un i ve r s i t y ; consequently, the Working Group d e cided
to l e ave thi s p r obl e m t o IPTP f or resolution .

Catch and e f fort data by month and 5 degree square are
al r e a dy install e d i n the IPTP data base. The time periods covere d
f o r respe c t i v e l y J a pa ne se , Korean and Ta iwa ne s e fisheri e s a r e
19 52- 88, 1975 -8 7 and 1967-89 . Nom ina l catch rates in t he same
time-area s tra ta were h ighest for the Japane se , f oll owed by the
Taiwanese a nd Ko r e a n more o r l ess a t t he same l e ve l . CPUEs of all

IOTc-2008-SC-INF15



I

ii

4

three n a t i on s standardized by the Honma method a nd overal l GLM
standard ized CPUE showed similar h i s t o r i c a l trends a nd seasonal
p a t t ern s .

size da t a are available for 1952-88 for Japane s e , 198 3-8 5
f o r Korean , and 1985-88 for Taiwanese fisheries ; h owe v e r, Ko rean
dat a we r e o n l y avai lable i n computer files o n a y e a r l y g r ouping.
Th e ave r a g e s ize of fish caught decreased by i n c r e me nt s o f
app r oximat e ly 10 cm from Korean to Japanese a nd Taiwanese
f i s h e r i e s . Whil e Ta i wanese a nd J a pane s e s i ze f r e qu e n c i e s often
s howed plural mode s, Korean data always s h owed a single mode .

A qua r t erly 10 x 20 degree s quare was a dopt e d a s a stand a r d
time-ar e a stratum for s i z e frequency data . Al though sever a l
di s c r epanc i e s wer e ident i fied b e t we en size f r eque ncie s f r om t he
three nations , the me e t i ng d e c i d ed to u s e the J apane s e s i ze da t a
t o crea te catch-at-size matrices u nle s s f urther improvement was
achiev e d in Ko r e an and Taiwanese size data before the Wo r k s hop .
The meet i ng al s o decided to apply a n a nalytical VPA- t y p e app r oach
o n l y for the p e r i od from 1975 t h rough 1990 , where deta iled c a t c h
a nd e f fort data were ava i l a b l e f o r all t hre e c ount ries . Th e
NRI FSF wa s r e q uested to p repare c a tch-at-s i z e data f o r l ongline
fleets before t he Wo r k s hop .

stock str uctur e , l ength-we i g h t re l ationship and g r owth were
d i s c u s s e d . The mee t i ng s upporte d t h e sing le-st oc k hyp othe sis as
we l l as the l ength-we ight re l at ionships p roposed by t h e Ma u r i tius
Me e t i ng. Probl ems i n growth estimat ion we r e rec ogn ized a nd
f u r t h e r detai l ed study wa s e ncou r a ged .

5. REVI EW OF THE NAT I ONAL YELLOWFIN TUNA FI SHERIES I N THE
I NDIAN OCEAN

( 1) AUS TRALIA

Yellowf in t una are an inc i dental catch o f rec r e a t i onal
a ng l i ng f o r marlins off Exmouth ( 23° S), and a mino r by c atch o f
other f i s h e r i e s, s uch as t r o lling, in we stern regions o f t h e
Australian f i s h i ng zo n e . Betwe e n 5 a nd 1 2 j oint v e n t u r e Aus t rali ­
an- flagged Japane se style l ongl iners have fi s h e d occas i ona l l y o f f
t he we s t c oast since 198 6 , a n nua l c a tches of yel l owf i n t u na
ranging up t o 180 mt . These act i v ities are s i mi l a r to those o f
J a p ane s e l ongline r s , wh i ch report 100-120 mt of yellowf i n t u na
each y e ar i n t he area . Japanese l ong l i n e act i v i t y oc cur s during
t he s ummer (Oc t ob e r - Fe b r u a r y ) , a lthough catch r ate s of yel l owf in
t u na d o n ot decline during t he wint e r. Catch rate s are genera l l y
v ery low ( l e s s t han 10 kg/ 1000 h o o k s ) south of 29 °8 , whe r e t he
t a rge t s pec ies is b igeye t u na .

( 2) CHINA ( TAI WAN)

Th e Taiwanes e l ongl ine fishery i n t h e Indian Ocean ha d
dif f e r e n t t arget spe c i e s dur ing t hree d i s tinct p e r i ods: yel l owfin
and b i g eye tunas b e f o r e 197 2 and a f t e r 19 86 , and a lbac o r e between
19 73 and 1985. I n 1990, 27 6 l ongl i ne v e s s els were opera ting in
the I ndia n Oce an, o f which 9 3% were over 2 0 0 GRT; a pp r o x i ma te ly
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8 5 % o f the s e ves sel s were classified as fishing with deep l o ng ­
l i ne s.

The t o t a l catch of y ellowfin tuna in 1 990 is est imated at
15, 567 mt, of wh i ch 15,483 mt were caught by deep l o ng l ine s a nd
84 mt by ordinary longlines. Those amounts are almost equ ivalent
to t he annual y e llowf in catches by Ta iwa ne s e long l i ners s i nce
1987. The monthly c a t c h stat is tics by 5 degree s quare areas are
regularly s ubmitted to t h e IPTP. Some r ese a rch o n yellowfin t u na
i s currently in p r ogre ss.

( 3) FRANCE

Since 198 4 - when the Fr e nc h pu r s e - s e ine f i she ry wa s well
estab l ished in t he we s t e r n Indian Ocean - y e llowfin catches
fluc tuated within t he range o f 37 - 45 , 00 0 mt , with a p e ak o f
5 4 ,000 mt i n 1988 , thi s year being considered as e xcept iona l l y
g ood for yellowfin i n terms o f c atch a nd CPUE . Al though t h e
Fr ench pur s e - s e i ne f leet wa s t he larger i n t his fi she ry dur i ng
i t s first y e a r s, i t ha s n ow been s u r passe d b y the Spanis h fl e et,
who s e number o f v e s s el s cont i nues to inc r e a s e whil e some French
ves s e ls have returned to t he Atl a n t i c Ocea n or a r e pulled o u t o f
the fis h ery f o r economic reasons.

De s p i t e the f act t hat yellowfin i s targeted by the French
fl e et , this s pecies r e presents l e s s t h a n 50% o f the mean 1984 -9 0
t otal catch, a nd is mo s tly caught o n f r e e s wi mmi ng schoo l s
(n e a rly 75 % of the t otal yellowf i n catch ) .

The bulk o f the catch i s made between 0- 5 °S a nd 55-65 °E
during the fi r s t qua r t e r o f the year , which corresponds to t he
main s pawn i ng season o f l a r g e y el lowf i n ( FL>100 c m) . Overal l ,
large adult yellowfin a re c a ught f r om fre e s wi mmi ng schools , a nd
s ma l l j uven i l e y ellowfin from l og a ssociated schools . The tota l
y e a rly tuna catc h pe r v e s s el s h ows an inc r e a s ing trend s i nce t h e
beginning o f the fi she r y . This i s al so t r ue fo r the y e arl y
y e llowfin catch per v e s s el . The CPUE, u s ing fi shing or searching
days as unit s of e f fort , s hows a n inc r e a sing trend from 4.2
(1 98 4 - 8 6) t o 6.7 (198 7- 90) mt p e r s e a r c h i ng d ay. During t h is t i me
s k i p jac k CPUE s h owe d a h i gh a nnua l v a r iability, from 6. 2 ( 198 4 )
to 7 .2 ( 19 90 ) mt p e r s e a r c h i ng day , wi th a maximum of 15.5 mt per
search i ng d ay ob serve d in 1 98 6.

Th e fi shing patt e r n d o e s no t c ha nge much f r om y ear t o year,
most of t h e yellowf in being c a ug h t we s t of 70 °E betwe en 5 °N-I0 °S .
Th e on l y e xception is a s e aso n a l fi she ry on l og associated
schoo ls from mid-Ma r ch t o May i n t he Mo za mbique Channe l , e xcep t
in 1988 wh i c h wa s the b e s t year f or yellowfin.

(4 ) INDIA

Th e ye l l owf i n tuna fi shery i n t he Ind ian EEZ in recent yea r s
comprise s o f ( 1 ) occasional l andings f r om d r ift g il l ne t s, trol l
l i n e s and h ooks and l i ne s in the s ma l l -sca le sector a l o ng the
mainland c oasts , (2 ) small - scale pol e -and-line ( l i v e - b a i t) and
t r o l l l ine f i s he r i e s in th e Lak shadweep Is l ands , ( 3 ) the ocean i c
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s urvey / training longline vessels o f t he Govt . of India , a nd ( 4)
l ongline r s commercial ly operated or chartered from Taiwan.

Dur ing t he 1986-90 period , t he average ·catch o f yellowfin
t una f r om chartered fl eets of Ta iwanese orig i n flying ot her flags
a nd f r om commercial ves sels is e s t i ma t e d a t 4 ,481 mt . However ,
in 1990 t he total longline a nd art isa na l fi sherie s r ecor ded a
tota l catch of 12,453 mt.

On the mainl and o f I ndia, landings o f young yellowfin t u na
were in the range of 7 70 -880 mt during t he pe r i od 1986-9 0,
constituting about 5% o f the tota l a nnual t u na landings in India
(45 ,208 mt in 198 9). In La kshadwee p , t he t ot a l yellowfin catch
increa s ed f r om 73 0 mt i n 198 6 to 1,036 mt in 1989. The annual
catch r ate i n t he pole-and-line fishery varied be twe en 17.4 and
56. 6 kg per d a y during t he period 1976 -90, while it r a ng e d from
4 . 8 to 20 . 9 kg per day in t he tro l l line f i s h e ry .

I n t he l ongl ine fishery , t he land ings o f yell owf in tuna by
c ommer cial v e s s el s ranged from 4 t o 22 9 mt (1986-90), t hose by
the GOI v e s sel s f r om 12 to 416 mt (1983 -9 0 ) a nd those b y the
chartered longline r s from 3 t o 10,352 mt ( 198 5- 9 0 ). In 19 90,
yel l owf i n tuna c onstitu t e d 82 % of the tuna catch o f the 58
c ha r t e r e d vessel s operat i ng in the Arabi an Sea and 66 % in the Bay
o f Be ng a l, with CPUE averaging 1.4 mt pe r day . The s e vesse ls
concentrated i n ·the a r ea betwee n 19 -23 °N a l o ng northwest coast,
12-18 °N along t he eas t coa st and 11-15 °N we s t of t he Andaman
Islands .

The MSY o f yel l owf in tuna f r om the Indian EEZ has been
tentatively e s tima t e d a t 21 , 00 0 mt (TWS91/22 ) whe reas the t ota l
annual c a tch (sur f a c e and l ongl ine fisher ies ) wa s around 12,500
mt in 1990.

Biologica l i nformation on ye l low f i n t u na p resented at the
meeting are (1) s ize d i s t r ibutions (1984 , 85 and 87) and
l e ng t h - we i gh t r el a tionsh ip from t he drift g i llnet fishery based
at Cochin (Wes t coast o f India), ( 2) size distributions
( 198 4- 9 0 ) , length -w e ight r elationships a nd mortality e s timates
from the pol e -and- l i ne f i shery data, and (3) l ength-weight
relat i onship, food and feeding hab i t s, sex ratio, s i ze distr i ­
bution (1983- 8 6 ; 1989 - 91 June ) , gonad index, growth pa r ameters
and natural morta lity est imates based on l ongline fi shery data.

In a ddition , t he s tock s t a t us o f yellowfin tuna (po l e - a nd ­
- l i ne f i she ry) wa s estimated b y appl y i ng Schaefer , Fox, S&T model
and Y/R a na lys i s (TWS/ 91/ 22).

( 5) I NDONESIA

There are t wo t ypes o f yellowfin t u na f i s he rie s in the
I ndi a n Ocean: (1) an industrial t u na longline fi shery based a t
Denpasar and Jakarta, and (2) artisana l fish e r ies us ing sma l l
pu r s e - s e i ne s (Banda Aceh, North Sumatra ) , troll l i ne s (Pada ng,
West Sumatra), g il l ne t s and danish-seines ( Pe l abuhan Ratu , West
Java) . The longl i ne fi s he r y commence d in 197 2 wi t h thre e 100 GT
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v e s s el s and yellowf in as a target s pecies (yellowfin ca t ch v ar i ed
f r om 50% to 85 % of t he t o t al t una catch ) . Th e fi shery wa s r un by
t he s tate Enterprise Fishing Company ; t he number o f l ongline r s
inc r e a sed from 18 i n 1979 t o 24 i n 1985 , t hen decre a sing to 8 in
1986. The yellowfin catch ranged from 289 to 1,848 mt d u r i ng
1979-86.

The l ongl ine f i shery ha s deve loped rap i d l y since 1987, the
number of l ongl ine r s i ncreas ing f r om 48 in 198 7 to 168 in 1989,
then decreasing to 151 i n 1 99 0 due t o some vessels moving opera ­
tions to Biak o n t he Pac i fi c coast . The yell owf in catches
incre a sed f r om 1 ,554 t o 7 ,03 6 mt from 1987 to 19 89 , and decreas ed
to 3 ,961 mt i n 199 0 (pre limi na r y f i g u r e).

( 6) JAPAN

Longline a nd pur s e - s e ine fisheries c urre nt l y operate in t he
Ind ian Oc ean, y e l l owf in tuna being a secondar y ta r get s pec ies f o r
b o th l ongline a nd pur s e - s e i n e f i s h e r i e s ; estimated catches f or
1989 are 3 ,900 a nd 330 mt, respect ively.

Lo ng l i n e r s started operat ion dur ing 1952 , initially aiming
f o r tropical tunas. Targ e t species s h i fted from yell owfin and
albacore to bigeye a nd sou t h e r n bluefin tuna as o f the early
70 ' s ', i n accord with t he s h i f t in demand from canning material
t o " s a s h i mi" grad e t u na . Current f i sh ing grounds f or Japane se
l ongliners are tropical to s ubtropical wa ters target ing bigeye
a nd wate r s in t he highe r latitude south o f 30 0S f or southern
blue fin tuna, whi ch i s one o f the most important fi shing grou nds
f o r the Japane s e l ongline f ishery . .

Purse- s eine r s started operations in t he I ndian Ocean i n t he
mid 80 ' s , a nd are c urrentl y limi t e d to four v e s s els.

(7) KOREA

The numb e r of Korean longline v e s s el s operat i ng in t he
Indi an Oc e a n inc r e a s e d from 105 to 185 duri ng 1970-7 5, thereafter
r emaining a t a relative l y constant l e v el unt i l 1980. Thei r numbe r
has d e c r eas ed regu larl y since t hen to 62 i n 19 8 5 a nd i ncreased
aga in until 1988 to reach 112 , a lthough i t decre a sed again to 77
i n 199 0 .

The c a t ch o f yellowfin t u na s howed a level o f 10-19 ,000 mt
b etwe en 197 5 a nd 1988 , wi th high e r catches o f 25- 31 , 000 mt f or
1977-78 and t he lowest l evel at 7 ,000 mt in 1990. Th e CPUE (in
number of yellowfin per 1 ,000 h oo ks) f l uctuated within a r a nge
of 4.0-8 .7 during 19 75-89 , e xcept i n 197 7 which had the highe st
l evel of 13.4. Fork lengths ranged from 60 t o 194 c m, with a mode
at 130-132 c m a nd a me an around 1 31 cm during the 198 6- 8 9 period .

( 8) MALDIVES

The Ma l d i v e s i s a ma j or artisanal tuna f ishing nation.
Fi s h i ng is most ly c arr ied o u t from local woode n craft called
"masdho n is" which are abou t 10m long . The ma i n fi s hi ng method
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empl oyed is l i v e bait pole-and-line fishi ng , bu t t unas are also
caugh t by trolling and handlining. Th e major s pec ies caught is
s kipjack , wi t h yellowfin tuna as the second mo s t i mportan t
species. Recent yel lowfin catches have b e en o f t he order o f
4 - 7 ,000 mt p e r year , which is about 10% of t he t o t al t u na catch .
Most o f t he y e l l owf i n caught in Maldive s a re juvenil e s t aken by
pole -and- l i ne. Th i s f i s h e r y is h ighly season a l , occurring o f f t he
Eas t (n o r t h e a s t monsoon season ) and We s t ( s out hwe s t monsoon
season ) c oasts .

s i nce 19 86, it h a s bee n p o s sibl e f or f o reign l ongl i ner s to
oper ate u nder l i c e n c e in t he outer wat e r s o f the EEZ ( i. e . 75 to
2 0 0 mile s offshore ) . Taiwanese-Maldivian j o i nt ventu r e l ongl iners
operat i ng under t his scheme caught a tota l o f about 400 mt o f
yellowfin dur i ng 1986-90 .

( 9) MAURI TI US

Ma uri t i u s has served as a base for tra nssh i pme nt o f catches
by longliner s since 1965: dur i ng 19 89 a nd 1990 , 315 and 1 46 mt
of yellowf in t una we r e un loa d e d i n Port Lou i s harbor f or
tra nsshipment by Ta iwa n e s e, Japane s e a nd Ma uri t i a n l ongliners .
Ca tches o f l onglin e r s we r e d ominat ed b y a l bacore , which c omprised
about 84 % o f the c atch, yellowfin tuna contr i bu t i ng only f o r some
5% . An a nnu a l average o f 315 mt of yellowfin tuna we r e unloa d e d
s i nce 1987.

Th e f i r s t Maur i t i a n purs e - se i ne r wa s l aunched i n 197 9 and
wa s j o i ne d by a second one eight years l a t er. Fo l l owi ng expansion
o f the loca l canning f a c t ory, a t h ird purs e - seine r has sta rte d
oper at ions s i nce 1991 . Tota l c atches o f y e llowfin t u na landed
during 1989 and 1990 were respect ivel y 1 , 68 0 and 1,3 5 0 mt ,
yellowf in constituting onl y a b ou t 2 0% o f t h e t otal catch; a n
annual ave rage o f 1 ,465 mt hav e b e e n un l oad ed since 198 7.

An art isana l f ishery is a c t ively developing . Tuna has been
tradi t i ona lly caught in t he o f f l a g oo n region by s ports a nd
a rtisanal fi s h e rmen enga ged in trol ling , handlining and some
l ongl in i ng activities , the catch comprising mostly of y e l l owf i n
t u na . Du ring the l a s t two years , t he catch o f y e l l owf i n t una had
incr eas ed s harp l y , to a t ta i n 48 mt i n 1989 a nd 51 mt i n 199 0.

conscious of the importance of t he tuna fi she ry, t he
cou ntries of the Commission de I' Ocean lndien (Ca l : Comoros ,
Mada g a s c a r, Ma uri t i us, Seychel les and Fr a nc e ) h a v e set up t he
Re gio nal Tuna Project since 1987 , wh o s e ma i n object i ve i s to
assist t he me mb e r countries i n developing their t una fi she r i e s.

Re s e a r ch on tuna is mainly carried out unde r the Reg i onal
Tu n a Pr oj ect, Mauritius having b e en allocated t he r e s ponsibil i ty
f or studies wi t h a view to stock a s s e s s ment. Act ivi t i e s include
c o llection of biologica l information , t a gg i ng , and col lection and
p r oces s i ng of t una s tat ist ics f o r the cor regi on. As s i s t ance for
r e s ea r c h is b e ing p r ov ided by a sc i e nt is t f r om ORSTOM and a
c omputer s p e c i a l ist under Fr enc h Volunta ry Ass istance Programme.
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(10) MOZAMBIQUE

Mozamb i que' s d ome s tic tuna catches a r e all taken by non- t ­
arget artisanal a nd recreationa l f ish i ng , mostly with hand-line s;
there is no r e liabl e est i ma t e of annual tota l s , but they would
probably be of the order o f a few tens of tons.

( 1 1 ) OMAN

Yel l owf i n tuna is increasingly assuming an i mpo r tan t role
in the Oman fisher ies, and at present constitutes f o r some 20 -25 %
o f total landings . The catch has incr e ase d sharply from 5,000 mt
in 1985, reaching 16,000 mt in 1 98 9 . The tra d i t i o na l fishermen
using handlines and gillnet continue t o harvest the bulk of
yellowfin tuna . The indus t r ial long l i ne fi shery which commenced
its operations i n la t e 1989 caught o n l y 3,663 mt between 1989 and
1990.

Most of the fishing takes p lace between October and April,
the majority of the c a tch comi ng f r om the Gu l f o f Oman, between
Mu s c at a nd Sur.

( 1 2) PAKI STAN

The re is no aimed fishery for tunas in Pakistan, where an
artisanal activity is carried out by 20 -25 meter long wooden hull
gil l -netters, the c a t c h being usu a l l y salt-dried on board the
vessels . Four ma j o r s p ecies o f tunas are f ound in Pakistani
waters: yell owf in, wh i ch cons t itutes nearly 3 0% o f all the tuna
caught in Pak i stan, thus occupying the s e cond pos ition in
quantity after s k i p j ack ( 37%) in 1990. The c a t c h rate f or
yellowfin v a r i ed annual ly between 5 and 34 6 kg/day during
1987-90, mean s i ze s r a ng ing between 45 - 90 c m during t h is period.

( 1 3) SEYCHELLES

The tuna fi shery in Seyc hel l e s i s o f an industrial nature,
and is largely d ominated by f o r e i g n pu rse-se i ne fleets. However,
during the c ourse o f 1990-91, the Gove r nme n t h a s promoted the
idea of a domes tic fl eet o f pu r s e - s eine v e s s el s . This fleet at
present consists of 2 purse-seiners, o n e o f which i s a new and
somewhat experimental glas s r ei n forc ed pl a st i c (GRP) vessel wi th
a capacity for 200 mt o f fi sh; t his ves sel - the larges t GRP
seiner y e t buil t - i s presently u nde r go ing sea trial s .

The Seyche l l e s f leet i s due to b e expanded by the acquisi ­
tion o f 3 more GRP purse- s einer s over the next 3 t o 4 years. The
sol e full y operat i ona l ves sel, the "Duc d e Pra slin", has been
fi shing in the we s t e rn Ind i a n Ocean reg ion since April thi s year
and has shown sat is f actor y resu lts to date .

The artisanal and s port fis heries i n Seychel les does not
t a r g e t f o r t u na s peci e s, which are r e g arded a s a b y - c a t ch; their
respect ive total c a t c hes in 1 99 0 were in the order of 2 a nd 3 mt .
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( 1 4) SRI LANKA

Ye llowfin t una c ont r i b u t e s a bout 2 5% o f all tuna l anded from
the seas o f Sri Lanka in recent y e a r s. The pre s ent a nnua l
production h a s remai ned a rou nd 7 , 00 0 mt during the past f ew
y ears , ma k i ng i t the second s pecies in the Sri Lanka I s t una
fish e r ies .

Practically, t h e t o t a l catch of yel lowfi n i s l a nded by
craft s with inboard e ng i ne s , mainly t h e 3.5 GT cra fts (which are
the mainstay o f t h e t una fisherie s o f the i s l a nd) and 11 me t er
boats. Th e maj ority o f t hese c r a fts c a r r y out mu l t i - d a y fish i ng
op e rat i ons in the o ffshore are a s o f the Sri Lanka EEZ . At
present, yellowfin a nd other t un a v a rietie s are e xploited by five
main gear types: gillnet, troll line, p ol e -and-line , l ongl ine and
h a nd l i ne . Most o f these craft carry out fishing wi t h a combina­
tion of gears, with gillnets a s the dominant gear.

( 1 5) SPAIN

The Spanish are conducting an industri a l la r g e purse -se i ne
yellowf i n tuna f i s h e r y , which started in 1984 as the r esu lt of
a s hi ft o f some boa t s from the Atlantic to t h e India n Ocean.

The actual area covered by this fishery i s f r om 15 °N-2 5 °S
and 30 0 -7 5° E . The number o f boats have increased to 22. The tre nc
in the catche s went up from s ome 14,000 mt i n 1984 to 4 0 , 00 0 m~

in 1990. Th e CPUE shows t h e s a me increasing trend a s the c atch.

Distinc tion betwe en log-as socia t ed and f r e e s wimming s chooI s
wa s made in the c a tch and size di s tribution fi l e s ; this clea r l y
puts in ev i dence t he s t r o ng diffe renc e between the two histo­
grams: s ma l ler f ishes on l ogs , larger o nes on free sw i.mmi nc
s c h ools . On average, t he total cat ch i s s h a r e d by 20 % on l og ana
t h e remaining 8 0% on fre e schools.

( 1 6) USSR

The Soviet union ye l l owf i n tuna fi shery in the Indian Oce a r
started in 1959 with research l o ng l i n e vessels , c onsisting 01
medium sized t r a wl ers c onverted for l onglining ; their total catc h
did no t e xcee d 50 mt, and no a c curate data are available .

Th e l o ng l i ne fi shery started on a comme r c i a l basis in 19 64 ,
when the firs t mothe rboat s h i p ~as built. I n the Indian Ocean ,
up t o 3 s hips of t h i s c l ass operated annually , totalling c
y e llowfin catch which d i d not e xceeded 3 , 10 0 mt in one year ,
Mothe r ships e nded t heir oper at ions in 1988 ; in 1989 , a smal l
amount of yellowfin wa s taken by resea rch v e s sels.

Purs e - s eine fi sheri e s f or yellowfin began in 1983 dur i ng
one-two months, no catch and effort data b eing available fro~

t h is period. Fr om late 1 98 4 to Ap r i l 198 5 , f our purse-seiner~

we r e fishing in the western Indian Ocean, some 10 % o f the ir tota~

c a t c h being ye l low f in. Si nce September 19 8 5 , t h e Soviet fleet h a s
c onti nued working in the Indian Ocea n a ll year r ound, opera tint
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two type s of v e s s el s : medium (up to 3 s hips until 1988 ) a nd l arge
s ized (up t o 9 s h ips i n 19 90) purse-se i ners . The ma ximum
yellowfin c atch wa s obtained i n 19 88, with 3 , 8 0 0 mt .

6. REVIEW OF DATABASE

The e ntry o f Japane se l ongliner s into the I nd i an Ocean in
1952 marked the s t art o f indus trial tuna fi shing i n this area.
IPTP aims to col l ect and mainta in dat a on all c atches f r om a l l
fi sherie s as from 19 52. Th e work d one by IPTP in c ollecting this
data a s well as the imp e tus p r ovided by t h e Mauritiu s and Sh i mi zu
wo r k s h op s t o the completio n o f the data set were ack nowled ged .

It s h ou l d b e noted that d a t a which f e ed the IPTP d a t aba se
are comi ng from diffe r ent sources , either national (a s lis t ed in
the f ollowing t able s) or f r om scientists o f t he a rea . Fo r the
pres ent meeting, p a rticipant s h av e c hecked care f u l l y a l l
available data and adopted t he b est scienti f ic e st i mate s ( s p e c i e s
composition , c ontribution by gear s, ... ) f o r conduct i ng their
future work .

The current status of catch , effo r t a nd length frequency
statistics by gear (longl ine , purse-se ine a nd a rtisanal ) in the
IPTP database was presented in TWSj91j7; much o f t h e 199 0 data
a re prel i mi n a r y . Several oth e r pape rs dea l ing wit h nat iona l
f i she r i e s stat istics a nd presented i n s e ct i o n 5 o f the report
were used , as well a s t he r eport s o f t h e Mauritius and Shimizu
wo r k s h op s f o r s u r f ace and l ongline fis h e ries , respect i v e l y .

6 .1 . Nomi n a l catch s tatis t ics

6. 1. 1. Longline

Ye llowfin c a tch data from the t h ree maj or indus trial
longl ine f isherie s a r e ava i lab le in the I PTP databas e from the ir
inception (Ja p a n in 19 52, Taiwan i n 195 4 and Korea in 1966 ). As
mentioned i n t h e Sh i mizu report, there wa s some t roub l e with
several d i f f e r e nt sets o f stat ist ics f r om Taiwan. A d e scription
of the s i t u a tion was p r e s ent ed a t t he meeting , a nd i t wa s dec i ded
to use the most recent set ava ilable; h owever, Ta i wa n e s e l ongline
data from recent y ea r s are s t.i l l be i ng revised b y national
s c ientists.

Over the 3 year p e riod 1988- 9 0, l onglining acc ou nted f o r
some 2 2% of the recor ded yellowfin catch . Maj o r chang e s a n
l ongline c atche s can l a r gely be attribu ted t o c hanges in t a r g e t
s pec ies , from yellowfin t o sou t her n b l uefi n tuna f rom the e nd o f
the 60 ' s f o r J apane s e l ongliners a nd t o a l bacore tuna from the
b eginning of t he 70' s f or Ta i wane s e l ongline r s . Some s hift from
r egular to d e ep l ongline s (a i me d at big eye tuna ) al s o t ook place
from 1975 for J a panese a nd Ko r e an l ongliners.

Yel lowf i n caught off South Africa ( in part as a by-ca t ch of
t he J a panes e southern bluef in tuna fi shery ) are c onsid ered to be
pa r t o f t he Indian Ocean yellowfin s t oc k . Th is i s because
ye llowfin in th is a r ea have a continuous distribut i o n with t hat
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Table 1 sums the yellowfin catches o f t he longline fisher i e s
in t he Indian Ocean from 1952 to 1990 (preliminary f igures).

Longline c atc hes o f ye l lowf in from coasta l countr i e s
(no t ably I ndia , I nd o n e sia a nd Oman ) now accou nt f o r a significa n t
propo r tion of the Indian Ocean l o ngl ine c a t c h . Thi s is in part
t he result of j oint-venture operat ions bet ween t h e coast a l
countries a nd Ta iwan .

o f I ndian Ocean , but are separated f rom tropical Atlantic
y e l l owf in b y an expanse of cold wa t e r s off Ang ol a a nd Na mib i a
( s e e 7.4) . I t is necessary to include a l l yellowfin c atches from
off South Afr i c a i n the IPTP database with a limit a t 15°E, a nd
n ot b e limit e d to the boundary of FAO stat ist i ca l are a 51 a t
30 0E.

Purse-seine6 . 1.2 .

Complete purse-seine catch data a r e available in the I PTf
database. Th e maj or we s tern I ndian Ocea n purse-seine fishe r y
s tart ed in 19 8 3- 84 . 19 88 was a p e a k year f or y e ll owf i n c atche s ,
a fac t whic h can large ly be a t t ribut ed t o oceanogra ph ic f a c t ors .
Dur ing the three yea r per i od 1988 -90, purse-seiner s a c c ou n t e d fen:
5 4% of the tota l I ndian Ocean yell owfin c atch.

'.:Jr.
:rj

As there are significa nt d ifferences i n yellowf i n catche !
( s uch as size distribution or effort est i mate s ) fr om sets on f r e:
s wi mming schools and on d rift ing l ogs, the importance o f
maint a i n i ng separate catch files was n ot ed. France, I v o r y Coas
and Spa i n have maintained s uch separate data; 98% of Japanes .
pu rse-seine sets have been on l ogs, wh ile Mauri tian purse-seiner s
op e r ate e xclusively wi th art ific i al logs (d r i f t i ng FADs )
Purse-seiners from the USSR h a ve col lected separate data on l
since 1990, but seem to behave in the s ame manner a s French a nu
Spani sh fle e t s.

An important problem with pur s e - seine t una ca t c hes is t h
species composition of the smal l f i shes, mainly the mixing of
yellowfin and bigeye . Since 1989 , a spec i f i c sampling procedur
deal s wi t h this problem and i s u s e d to cor r e c t t h e catches .

wi th a f e w exceptions , y e l l owf in c atch data from t J :!
art i sanal f isheries of the coasta l countries are only availabl e
f r om the 80' s, e v e n though many of these f isherie s have been in
existence f o r d e c a d e s or even cent u r ies.

The Wo r k s h op asked to make available the t wo data sets o r
purse-seine catches separated between l og-as s oc iat ed and f r e ~

s wimming schools. Table 2 sums total , log a nd fre e school catche~

of the different Indian Ocean purse-seine fi sheries from 1977 t o
1990.

6.1. 3 . Artisanal fleets

Estimates of yellowfin catches have been ma d e by IPTP back
t o 195 2 , t a k i ng i nto account existing fisher i e s s ta t i s t ics a j
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i n consultation with national scient ists . To t al yellowfin catches
by coast a l a r t isa na l f i sheri e s now a mou nt t o over 40 ,000 mt
annually , corresponding t o some 24 % o f the t ot al Indian Ocean
yellowfin c a tch ov e r t he thr e e year p e riod 1988- 90.

Ma j o r artisanal fi shing nations include India , Indone s i a,
Mald i v e s, Oman and Sr i Lanka. Tabl e 3 s ums artisana l fishery
c atches o f ye l l owf i n in the Indian Ocean by country from 1952 to
1990.

6 . 1. 4 . Total nominal catches

f
e
5

e
e
n

The best available est i mates of Indian Oc ean y e l l owf i n
catches in total and by gears categor y (longline, l og a nd free
sch o ol purs e - s e i ne and art isa na l ) i s reported in Table 4. Figure
1 shows the s pec t acu l ar evolut i on o f yellowfin c a t c he s by the
t hree f i shing methods from 19 52 t o 1990.

Year JPN KO R TA l SUN ION INO OMN SYC M US AUS IR N KEN TOTAL

1952 8 858 0 0 0 0 0 0 0 0 0 0 q 885E

1953 13 258 0 0 0 0 0 0 0 0 0 0 0; 13 25.'
195-1 2-1883 0 210 0 0 0 0 0 0 0 0 ~ 25 093

1955 46459 0 689 0 0 0 0 0 0 0 0 O! 47140

1956 64 -102 0 1 089 0 0 0 0 0 0 0 0 ~ 65 491

1957 36036 0 1 252 0 52 0 0 0 0 0 0 O! 37 34(
t

1958 25727 0 1 825 0 55 0 0 0 0 0 0 0: 27 60 1

1959 24428 0 2 380 0 58 0 0 0 0 0 0 q 268M
1960 40 292 0 2 241 0 65 0 0 0 0 0 0 o! 42598
1961 34 551 0 2 877 0 68 0 0 0 0 0 0

~
37 496

1962 51 665 0 3 468 0 70 0 0 0 0 0 0 0: 552Q3
1963 25 888 0 3 402 100 73 0 0 0 0 0 0 o! 29 463
1964 24752 0 2 859 300 75 0 0 0 0 0 0 o! 27 986
1965 27579 0 2 180 900 78 0 0 0 0 0 0 o! 3073 /
1966 44 106 100 4368 2600 80 0 0 0 0 0 0 o! 51 254
1967 31 597 200 3 404 3 100 83 0 0 0 0 0 0 o! 3S 3S-1
1968 50475 4000 22 652 2700 85 0 0 0 0 0 0 J 7991.:

1969 25228 6000 21172 1600 88 0 0 0 0 0 0 ~ 54088
1970 14459 7000 II 135 2 000 84 0 0 0 0 0 0 0: 34 678
1971 13 471 6454 16427 1 500 120 0 0 0 0 0 0 0 3797
1972 8 800 9 580 8868 1600 140 0 0 0 0 0 0 0 2898r
1973 3400 9919 427 1 900 154 0 0 0 0 0 0 0 1864-1
1974 441 5 115 63 3291 500 150 0 0 0 0 0 0

~
1991 9

1975 4 719 11 694 3469 120 122 0 0 0 0 0 0 2012-1
1976 2 74-1 128-18 2 513 90 184 0 0 0 0 0 800 q 19179
1977 2 061 31 383 6 051 230 586 0 0 0 0 0 625

J
-10 93~

1978 4024 251 65 3179 280 1 216 0 0 0 0 0 0 33864
1979 2 023 17788 2775 10 1 27-1 0 0 0 0 0 347 o 2-1 21 /
1980 3304 12573 2 850 20 1 478 0 0 0 0 0 322 61 2061-1
1981 4699 II 777 3071 150 1 806 0 0 0 0 0 0 171 21 67-1
1982 6355 18654 3 532 190 1 8-18 0 0 0 0 0 0 20-1 30 78
1983 7 039 15337 4179 220 1 025 14 0 43 0 0 0 322 28 179
1984 7467 9 895 4 353 160 1641 42 0 198 0 0 0 0 23 756
1985 9 263 120 17 5145 160 1 38-1 118 0 140 0 0 0 0 28 22 /
1986 10 955 1-1 891 12145 50 289 1534 0 0 190 0 0

J

.w054
1987 7552 12 575 16029 280 1 554 712 0 0 70 4 0 38 776
1988 8554 13 -128 14424 77 1 740 760 0 0 98 7 0 39088
1989 3568 8 103 13 273 2 7036 2922 879 0 105 206 0 36 09-1
1990 3 500 7 006 IS 567 0 3961 10 369 3 663 0 23 66 0 44 155

JPN = JAPAN. KOR= KOREA. TAl = CHINA(TAIWANl. SUN = USSR. ION = INDONESIA . IND = INDIA. OM ;-\=O\ l AN,

SYC = SEYCHEL l.ES, \l LJ S =\l AUI<ITIUS. AUS =AUSTRA LIA. WN = IRAN. K EN = KENYA

Table 1 : Yel l owf i n catches o f the l ong l i ne f i s heries I n the
Ind i a n Ocean, 19 52 -90 .
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Lo schools Cat ch

Year FIS J AP (I ) MUS (I) PAN(2) S PN SU N(3) T otal

1977 0 34 0 0 0 0 34
1978 0 215 0 0 0 0 215

1979 0 103 0 0 0 0 103

1980 0 122 0 0 0 0 122

1981 98 32 0 0 0 0 130

1982 390 120 0 0 0 0 510

1983 3624 198 1 057 0 0 0 4 879

1984 8 222 242 1 234 480 1867 0 1204"

1985 11 120 75 9 14 1 063 4082 184 17438

1986 8496 160 661 1 432 3226 643 14618

1987 14337 261 1597 963 4906 1148 23 212

1988 9 346 390 1 231 886 8 150 732 20 73"

1989 15 376 883 1 679 1206 16663 1 183 36990

1990 10493 2 973 1357 2393 6 724 516 24 456

Fre e s wirn rnin a schools Catch

Yea r FIS JA P (I) MUS(I) PA N(2) SPN SUN(3) T ola l

1977 0 0 0 0 0 0 0

1978 0 0 0 0 0 0 (

1979 0 0 0 0 0 0 0

1980 0 0 0 0 0 0 0

1981 162 0 0 0 0 0 162

1982 643 0 0 0 0 0 643

1983 7 577 0 0 0 0 0 7577

1984 34 848 0 0 2262 9641 0 46 751

1985 27064 0 0 3223 12 955 491 43733

1986 28 183 0 0 3074 14 050 221 47520

1987 22 798 0 0 2 796 14 652 2288 42534

1988 44 822 0 0 5 571 32670 330 , 86 370

1989 23053 0 0 1 891 25 816 1805 52565
1990 34 871 0 0 8 176 33550 1912 78 509

Total Ca tch

Year FIS J AP M US PAN SPN SUN Total

1977 0 34 0 0 0 0 34
1978 0 215 0 0 0 0 21"
1979 0 103 0 0 0 0 103

1980 0 122 0 0 0 0 122
1981 260 32 0 0 0 0 292
1982 1 033 120 0 0 0 0 1 153
1983 11 201 198 1 057 0 0 0 12 456

1984 43070 242 1234 2 742 11 508 0 58 796
1985 38 184 75 914 4286 17037 675 61 171
1986 36679 160 661 4506 17276 2856 62 138
1987 371 35 261 1 597 3 759 19 558 3436 65746
1988 54168 390 1231 6 457 40 820 4039 107 105
1989 38 429 883 1 679 3097 42479 2 988 89555
1990 45364 2 973 1 357 10 569 40 274 2428 102 965

FIS =FRANCE+ IVORY COAST, l AP =JAPAN. MUS =MAURlCl US,
PAN =PANAMA + MALTA + UK, SPN =SPAIN, S UN =USSR

1- All catches assumed as Log catches
2- Sharing acco rding to Sapnish repart ition
3- Sharinz accordina to France + Spain repart ition

Table 2: To t al, l og ass ociat e d
purs e - s e i n e c a t c he s i n
fisher ies, 197 7-90.

and f r e e s wimming s c hoo l s
the I nd i a n Ocean purse- s eine
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MDV LKA AUS PAK OMN IRN SYC SAF TZA YEM MUS MOZ SO M ION IND COM

YEAR I.Z 3 4 5 6 6 7 8 8 9,10 6 II 6 TOTAL

1952 2000 318 0 I 196 700 0 0 10 60 80 0 15 1061 180 ISO 100 5 870

1953 2000 549 0 1 265 700 0 0 10 60 80 0 15 322 189 ISO 100 5440

1954 2000 1782 0 1311 720 0 0 10 60 80 0 15 37 210 ISO 100 6 475

1955 2000 1 890 0 1357 750 0 0 10 60 80 0 15 725 220 150 100 7 35~

1956 2000 3024 0 1288 750 0 0 10 60 80 0 15 1 334 240 ISO 100 9051

1957 2 000 3537 0 3266 760 0 0 10 60 80 0 15 1 177 260 ISO 100 11415

1958 2 000 2619 0 1587 800 0 0 10 60 80 0 15 1 752 275 ISO 100 9 448

1959 2200 3 294 0 1610 850 0 0 10 60 80 0 15 1286 289 ISO 100 9944

1960 2100 2970 0 1978 1 000 0 0 10 60 80 0 15 1396 325 ISO 100 10 184

1961 2 600 4050 0 1 794 1 100 0 0 10 60 80 0 15 760 337 ISO 100 11056

1962 2200 5265 0 1 357 1100 0 0 10 60 80 0 15 543 3SO ISO 100 11230

1963 2 200 8 72 1 0 2070 1 200 0 0 10 60 80 0 15 2 523 363 ISO 100 17 492

1964 2200 5000 0 2 208 1 250 0 0 10 60 80 0 15 1 515 375 ISO 100 12963

1965 2 200 5 600 0 1 817 1 300 0 0 10 60 80 0 15 316 349 I SO 100 11997

1966 2 000 6600 0 2300 1350 0 0 10 60 80 0 15 798 360 ISO 100 13 823

1967 2 300 9 400 0 2346 1 400 0 0 10 60 80 0 15 61 372 ISO 100 16294

1968 1800 12400 0 2 369 1450 0 0 10 60 80 0 15 16 383 ISO 100 18833

1969 2 300 7000 0 2 139 l S00 0 0 10 60 80 0 15 621 394 ISO 100 14369

1970 1989 5 800 0 2 875 1 500 0 100 10 60 80 10 15 SOO 516 ISO 100 13 705

1971 1 227 4700 0 2346 1 550 0 100 10 60 80 10 15 SOO 480 ISO 100 11328

1972 2 076 6500 0 2 806 1600 0 100 10 60 80 10 15 SOO 860 139 100 14 856

1973 5475 5100 0 2 208 1650 0 100 10 60 80 10 15 SOO 946 200 100 16454

1974 41 28 6070 0 3016 1650 0 150 10 60 80 10 15 SOO 921 300 100 17010

1975 3774 6611 0 3328 1700 0 100 10 60 80 10 15 SOO 747 400 100 17435

1976 489 1 6915 0 3122 1 750 0 50 10 • 60 80 10 15 SOO 1133 496 300 19 332

1977 4 473 5 720 3 2790 1 800 0 80 10 60 80 10 15 500 1759 61 1 300 18211

1978 3 584 5369 15 1625 1850 0 100 10 60 80 12 15 SOO 1595 639 300 15754

1979 4289 6 166 28 2809 1 900 0 128 10 60 80 4 15 500 1962 1 223 300 19474

1980 4229 6906 34 1 297 2 000 0 357 10 60 80 0 15 500 1870 937 300 18595

1981 5284 7 662 20 1991 2200 0 949 10 60 80 1 15 SOO 1544 819 300 21435

1982 4004 8 350 8 2492 2400 0 518 10 60 80 0 15 SOO 1 892 947 300 21576

1983 6 241 9046 18 84 1 2 600 0 114 166 60 80 0 15 SOO 4863 780 SOO 25 824

1984 7123 6439 41 909 2 800 0 0 0 60 12 0 188 SOO 2 606 936 SOO 22 114

1985 6 066 6 716 43 1 513' 3 000 0 13 811 6l'J 511' 12 15 500 3159 1438 500 23630

1986 5321 7977 4~ 2 0~3 5 000 / 0 26 / 0 60 510 10

!
sob 1859 1 5,53 seo 25 466

1987 6670 7147 lAo 1330 i 0 ! 6
I

399 i 7 sOO 1487 5005 843 16 '60 2365 26 295

/ 9 / 60
I

/ 8
I

/ 396 f,oo1988 6 535 7426 / 12 5 424 15485
/98~

4 1/252 15 ,500 2 857 41583

/ 667 / 48 .. SOO
,

/tOO1989 6 082 7536 9 7681 15 998 4 4 I 60 15 35SO 2081 45915

1990 5434 6 406 5 5409 114 084 / 2 280 5 ! 4 I 60 / 500 I
I 51 15 500 j 683 1837 : 700 40973

MDV = MALDIVES. !J(A = SRI LANKA. AUS = AUSTRALIA. PAK =PAKISTAN. OMN;,,= OMAN.IRN = IRAN. SYC = SEYCHELLES.

SAl"= SOUTH AFRICA" TZA =TANZANIA. YEM = YEMEN. MUS =MAURlTlU S. MOZ =MOZAMBIQUE.
SOM = SOMALIA. ION = INDONESIA. IND - INDIA. COM - COMOROS

1- Estimated, 1952-58: 1962-65
2- 14% of small skipjack and yellowfin catch. 1959-61; 1966-69 (Anderson. 1986)
3- 27% of total tuna catch (Administ rative report of the Acti ng Director Ge neral of Fishe ries, 1952-53:

FAO Yearbook of Fisheries statistics . 1954-69)
4- 23% of total tuna catch (FAO, Yearbook of Fishery Statistics , 1952-85), estimated, 1990
5- Estimated , 1952-86
6- Estimat ed. 1952-69 and 1990
7- Estim ated. 1952 -81 and 1990
8- Estimated . 1952- 1982
9- Canned tuna production . 1952-58 landings at canneries. 1959-69 (Losse, 1970)
10- Est imated . 1970-90
11- Estim ated for all years except 1972. 1985. 1987 and 1989 . 27% of total tuna catch - IPTP. 1988: Pillai , 199 1)
~

::>1
i n e Ta ble 3 : Ye l l owf i n t u na artisana1 fi sherie s cat ches in t h e

Ind i a n Ocea n b y country, 1952 -90.
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Yea r Longline Purse-seine Coas tal To tal

Log Free

1952 8858 0 0 5870 14728

1953 13 258 0 0 5440 18698

1954 25093 0 0 6 475 31 568

1955 47 148 0 0 7 357 54 505

1956 6549 1 0 0 905 1 74542

1957 37 340 0 0 11 415 48755

1958 27607 0 0 9448 37055

1959 26866 0 0 9944 36810

1960 42598 0 0 10 184 52 782

1961 37 496 0 0 11056 48 552

1962 55 203 0 0 11 230 66433

1963 29463 0 0 17 492 46 955

1964 27986 0 0 12963 40949

1965 30 737 0 0 11 997 42734

1966 51254 0 0 13823 65077

1967 38384 0 0 16294 54 678

1968 79 912 0 0 18833 98 745

1969 54088 0 0 14369 68457

1970 34678 0 0 13 705 48383

1971 37972 0 0 11328 49 300

1972 28988 0 0 14 856 43844

1973 18 644 0 0 16454 35098

1974 19 919 0 0 17010 36929

1975 20 124 0 0 17435 37 559

1976 19 179 0 0 19332 38 511

1977 40936 34 0 18 211 59 181

1978 33 864 21 0 15 754 49 833

1979 24217 10 0 19 474 43794

1980 20614 12 0 18595 39 331

1981 21 674 13 162 21 435 43401

1982 30 783 510 643 21 576 53512

1983 28 179 4879 7577 25824 66 459

1984 23 756 12045 46 751 22114 104 666

1985 28227 17438 43 733 23630 113 028

1986 40054 14 618 47520 25 466 127658

1987 38 776 23 212 42 534 26 295 130817

1988 39088 20735 86 370 41 583 187 776

1989 36094 36 990 52565 45 915 171"564

1990 44 155 24456 78509 40 973 188093

Note : 13esides the above catch, the following catches of Gillnet
fishery caught by the Taiwanese fleet are recorded in the lPTP
Database: 33 MT (1986),1740 MT (1987), 35 MT (1988),
38 MT (1989) and 13 MT (1990)

Ta ble 4: I nd i a n Oc e a n yel lowf i n c atc hes in t ot al and by fi shing
met h od (l ongl ine, l og and f r e e schoo l purs e - seine ,
a r t i s a na l ) , 195 2-9 0.
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Fi g u r e 1: Ev o l u t i o n o f yellowf in catches by the three main
fi sh ing method s (long l i ne, purse-seine a nd artisanal) ,
1952 -90.

20 S

o

40 S
20 E .40 E 6 0 E 80 E 100 E 12 0 E

o Coastal fishery ~ Longline fishery 8 Purse-seine fishery

i r I

nE- ,
Figu r e 2: Yel l owf i n catc h d i s t r i bu t i o n by 2 0 d egree s quares o f

the t hre e main fishing methods (l ong l ine, purs e - s e i ne
a nd a r t i s a na l ) , 1990 .
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6 .2 . Catch and effort s t a t is t i cs

Through both Mauritius a nd Sh i mi zu workshops , IPTP ha s
implemented a s t a ndardized databas e for Indian Ocean yellowfin
s t a t i s t i cs , with a monthly 5 d e g r e e s qua r e stratification. The
bul k of the fi sherie s s tatist i cs a r e a v a i l a b l e on t hi s basis ,
even though problems r emain f or s ome fi sheries which a r e st i l l
incompletely covered.

Table 5 recapitulates the present status a nd cha r a c t e r i s tic s
( t i me - a r e a s t r a t i f icat i on , type of c a tch a nd effort , pe r i od
available ) of the IPTP catch and e f f o r t statistics b y gear and
c ountry. The best est i mate o f the Indian Ocean ye l l owf i n catch
distribution by are a f or the thre e main fi shing me t hods ( l ongl i ­
ne , purse - s eine and a rtisana l ) i s s h own on Figure 2 .

'.j

tI: ;

Ta b l e 5: Pres ent s tat u s and c har act e r ist i c s (time - a r e a strat i ­
f i c ation , t ype o f c a t c h a nd e f f o r t , pe riod available )
by gear a nd cou nt r y of the IPTP catch and ef fo r t
d a t a ba s e .

Count ry Gear Type Time Area Unit of Un i t of Years Data
catch effor t Avai lable

Indus t r i a l Fi sheries

Japan LL Month 5° x5° No . Hooks 1952-1989
Ko rea LL Month 5°x5 ° No . Hooks 1975-1987
Korea LL Month 5° x5 ° No . Hooks 1975-1987
Ta iwan LL Month 5°x5° No./kg Hooks 1967·1986
Taiwan LL Reg/ Deep Month 5° x5 ° No ./kg Hooks 1987- 1990
Indonesia LL Quarter 5° x5 ° kg 1980·1988
Fra nce PS Log/Free Month 5° x5 ° Ton No. days 1982-1990
Spain PS Log/ Free Month 5° x5 ° Ton No. days 1984-1990
Mauri t i us PS Log Month 5° x5 ° Ton No. days 1989-1 990

r U. S. S.R. PS Dai ly Ton No. Set s 1985-1991

; ~ Coas t a l fisheries

L Sr i Lanka GiII Month kg No. days 1985- 1990

~
Ma ldives P/L Month Ato ll No./ kg No. days 1970-1990
Paki s tan GiI I - Month Loca l kg No. days 1987-1990

~ Indones ia PS Month kg No . days 1979- 1990

~ Indonesia Trol -
Indones ia Sen

!
'J

LL = Longl ine (Reg = regular, Deep = deep)
PS = Purse-sei ne (Log = lo g schools , Free = Free swimmingsc hools )
Gi ll = Gil lnet , Trol =Trolling, P/L = Pole- and-Line , Sen =Artisanal Purse -se ine
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For the longline fishery , the maj o r a rea where yellowfin are
caught has r emained rel at i vel y stable , e ven though the e f fo r t
pattern , as s hown on Figur e 3 , h a s c hanged between the three
periods , 1955-70 , 1971-81 a nd 1982-89 ; no strong seasona l
variations are notic e ab l e (Figur e 4). Catch and effort d i s tribu­
tions b y 5 degree square o f t he t hree ma in l ongline fi sheries
(J a p a n, Korea and Taiwan ,) f o r the p e riod 1982-89 are s h own o n
Fi gu r e 5 .

Korean l ongl ine catch a nd e f fort f or 1988-89 we r e only
available on a n quarter l y basis for t he Workshop. It wa s
the r efore only p os s ible t o est i mate t he fishing e f fort di r e cted
o n yellowfin over periods when -the ma j o r e f f o r t s h i f ted south f or
albacore or sout hern bluefin tuna .

The Wo r k s h op s t r essed t he value o f monthly catch and e f fo r t
data for f u r t h e r analysis.

6. 2.2. Pu r s e - s eine

A c ompl e t e set o f purse-seine c atc h and effort d a t a by mo nth
and 5 degree s qu a r e is available in t h e IPTP database for the
period 1977-90. Me a n ( 198 3- 9 0 ) c a tch (log and schools separately )
and total effort dis tributions by 5 deg ree s qu a r e of the c ombined
French-Spanish purse- s e ine fi shery, a s we ll a s the catch (on log)
distribut ion of Japane s e purse- s eine r s a r e shown on Figure 6.

6 .2 .3 . Arti s ana1 fi sherie s

The artisanal fi sherie s o f t h e coasta l countries represent
t he major problem in this a rea ; n e v e r thele s s, at least an order
o f magnitude e stimate o f c atch as well a s details o f fi shing
areas a re a vailable f or mo s t o f t hem. However , rel iable effort
statistics are o f t e n not a va i lab le , and - even when they are ­
it i s di ff icult to s tand a r dize e ffo r ts for a multitude o f
different gears.

The development o f catch-ba s e d stock assessme nt model s , a s
implemented by the Sout h Pa cific Commission , may offer some
c hanc e of overcoming the se problems in the futu r e.
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(c ent e r ) a nd 1982 -89 ( l owe r )

IOTc-2008-SC-INF15



21

\
\ 0

r ::> . I) 0

~[7 N> 0 0 0 0 0 • ......t-+-+ + --l- -f
' - , ' I 0 0 0

;llD 0 0 0 0 0 0 0

t 2 • • . .
1,>-- Y" I~IJ " I'
KJ.> ... I~ I f

i--> ." ·~ .- \
b--, I.rl,t:tP~. I~ It-.. ')
f\ "<'r-A~
\ ['\, } If '-

\[/ • II!

/' IA' ./,--'i-" I/f ". 0

, ~ - . , .
0 °

\.. 0 0

'\ o v-. 0 ·
1>- ° °

"\1----' • - v ". - -:.... ·y . 0 0 0 0
~

T

'If
0 0 0

00 ·f
\ : 00 0 .

f
f\1 fQ '<;' t--.

: 0

V bk .' t'---, K', v-
I-- \~ J-

~ ""-
OJ , h

1,-
"- ,'6.,

~ . ( 0 --l!
I;' I: • <> i

, ,

u: 2 .. e
~

. 0

~ IJ. Y" r .... V "
~ ~ , I ~ If
t h . " .~ .- \' . I,......l,~ ~~ I~~ ~ I~

;f'\ H ~!'-.

¥ "\ I'\. ! t ~

~ '/ ;..

~ f -;f ./ ·, " c.-.;;FJ ~ '. 0

;'" - . 0 0

;1 \. 0 0

-. i-. 0 0,
tJr 0 0 e

;1"\ I-<- 0 · ' . - -:.-"" ' 0 ·
'Vo 0 0 0 0 °1

' II
° 0 0 0 .

r-, 0 0
f \. ., 0

f\ r-, 0 t-
1....- !7' 0 t'---,

. V
~ \~ ' r:

~ ""- oj::) , r-.. 0 '

"- ~ .
t
' I j o,I . ---. --- -~~

2 .
s '

2 C ~ I

. . ,, .

it 2 • 0

~
- .

~
L~ f"tl1 -e-;,I)' ,,"

~ KJ.> ... !ti f

L 1.->, . " • 0 .- \
~t-. Ir I,t'''' ~~. ~ I't... I

1'-<~r::: 0

~ "\ ', I'\. ! If 0 ~

~
,,:/ .

~ f -;J ./, " r-'FJ ;r- ", 0

, .s:' 0 '..,. , ..:

, \.. 0 0 0 0, ~ 0 A 0

~
C>- o 0 0

2
"\1----' . ', c- '. .

' V 0 0 0 0,
' II

0 0 0 0

~ 0 0 0 ..f
\ : 00 0 0,

1\ \ k> ~ t:::::.0 0:
i7" '. o T'-<, V 0 0

~'rv- L..- \ 0 0

~""- ~p k
"- ,~: , ( 0

!

Figure 4: Mean qua r t e rly d i s t r i b u t i o n by 5 degree squares o f
longl ine c atch e s in t h e I ndi a n Ocean, 19 82-8 9.

IOTc-2008-SC-INF15



2 2

Effort Japan
Ca:t ch

!
- . ~ . ~ -.- - - ._ . ..... .... _.0'1 -... : "'~ . •• -•• --: .. .~ .•.- .- .- .- .- - - .-"-;~N:".o~r ·;;·~: '-· ' - · '- · '~

.. .- .. ' M .-.- .. ~ - -
? ,j " "t r~ V / \- . \ k:~+~' 1\' j') :
~~

I \ t> ~ 1\ ' n 1\r: .• .. . .,.1'11 ~ ,r _+- - I- V I ,_ I ! ~ f'\: rr;; ~ ~ ,-
. (>; ~ - - 0 0 0 0 , I ~ [) 0 ', :,c I.M, I-H'0 0 0 0 , I ~ p- o : r»;

' {
I- •

00 00 ; 0 • ' , ~ , VI '!: ,v- 0 0 0 0 ; . . I~~ V ~ . . "r:; ' .lu 0 . ' r--V \ .' ~>;;
17- ' lu 0 0 0 0 0 . . r-- f~ " •.. I- I-r-' •

0 0 ° f':::::h -. , d , 0 0 . . 0 .
~: o · ~~;>- tt'. 1-

t<'"~
.- .' 0 . 0. 0 0 0 ;

011 "
...

r - 1/ . 0 11 - t- 'r 1/ .• - ..· .~ / 0 0 ~ / Iq.- - ..· I) 0 17 0 .
· .• ..

S>' >-- --': /f. ,:', 0 0 >--"""lA. 0y 0 .• .- L ,· 0 0 0 0 0 a °
1- 0 00 a ..- ..·

" ot 0 0 0 a 0 0 ° I0 ,-, 0 0 0 0 , 0

· .• -. I:, . 0 ~
, 0

· __ __ ...._ _.... _.... .~ .~ -0. -.... -- - .. .. .- .. - - - - . ~ . ~ -- - .- ..... .._-....... ...... ..... .... .... ...-.-- ; . .. c. -. -.-- - - ~ -. - - - .-
-

Korea

I

. II'

o 0"' ''''' - ' 1d!

. -< /

0 0 0 0 0 0 0'
.' • 0 0 0

. 1\ o 0 0 0 0 , •

I t) ro O O o o o o o

I)

r: v '

" ~ p- ', r;... .AP

v \ / " LA 1'< . b

f-{>OO O O ' .

>-- r-, ,A. _ ,

. ' • 0 0

, /

0 0 0 0 0 0

° 9 ° 0 0 00 .

\

It)

I)

r - t>

- _.
.- - . - -. - - -- -- -- -- . - - - -- -- -- - - u. _• • __ ' '-_+:-'_---+::.•--'.•::-'-_-_'-'_-_.1-l_......._-".~'-'-_.-_'--'-_-_'--'-_:-.-'-::_:-'__..........--'..:-::-_-'-:._=-','-::-_...'-:. .. • .

Taiwan

.i
i

- · n .• .. -. -- -- - - .. · n - -- --- ---... -... .... -.- - .... - ..- -

/1\ " 0 0l.-\ I,..h l--'Vy -
1\ °l~ 1/ 0 ~ I" " Il
I~ I-' 0 ~ 0 a j l ~ ~

0 0 0 0 ,I Y t} a :... 1,,('f~. 0 0 a 0 .. 0 0 a o l~ ~ l/ \ ",,t) 0 0 ,; 0 0 0 0 o' 'r-- f ~ o' Nr '
" . 0 0 0 0 a 0 r-... - ,

"
0 . . . . · . ~ ~..

r 1/ 0 0 0 0 0 . · 0 . , II" ""0

.(1 a 0 0 , .,
) . . . · 0

_l/ . 0 0 a 0 0 0 a a ° 0 0 >-- --,
lA.

0 0 0 0 0 0 0 0 0 0 0
,-

.- .- .- - ," .• .. - - - - ._._ -... -... ..... - ... .... - .. -

- - - 00 _ ,... - .- - - - - . ~ .~ - - - ~
.... ._.... -.... ._.._ . ~ -

/ 1\ olo ~ I.-h ... l--'V i/ -
j -1\ r<> o ~ if 0 v- 1\' Il

1':1 ':::. . 9 0 0 1 1"" ~ ..1...
a 0 0 0 q I V I)- 0 ,., If-.IiD -. 0 0 0 0 •0 0 0 O~ ~ l/ ~

"

i t. 0 0 0 0 0 0 0 . ' r-- f ~ o ' .~
" , . . 0 0 0 0 >;::,;f-.c - , , --:. c

0 t- tt
r - V . II' f'

t-.( I
I)

l- t- '-'~ 'f4
r-

I
-1

.. .- - - - .~ . ~ - - -- ._. _. ,_.".._ .,:::" . ,.

Figu r e 5 : Catch a nd effort
the three ma i n
1982- 89 : Japa n
( lower ) .

d i s tributions by 5 degree squa res 0f
l ong l i ne f i s heries f or t he peri j

(u p pe r ) ; Kore a (center ) and Ta i.we n

IOTc-2008-SC-INF15



23

• , • • I ' ' !

· . ,

tC 2 .. ...

;1
.
1 "" ..". ";1 I)> , J" f

~" -'" .~ T" ~. .. ~;::... r-c r,oL! .~ ~ '<...
~

i\ ··<fV I'--.
;J '\ -, f\. Sit
;1 \ .> ~
" /' A: 1 !
;~ <--' ~ .

I-
: ~ (

,,
i ~

-, ,~ ,
(: J ,
;: '" -- ~ ":.'.. ,
;1" . a 0

I
1

i ~
0 a ,

!,I 0 0 00 0 ,
" " 0 0 0

i
"\ -- !

!
. 0 0 !

/"7'" '0 ~

! x !
< .r: ~ ,r . ~ '""': -~ -I- - f.-.->. -, ,,,

~ \
!

\
;

. '---'-- - e

, ' . , , . . , , , ~

.. '" T ;e •

u: t • •
r

. ,
~

if'<' ~

~ CJ: , 6- r
? - . \
~ r- "1:. i';::

""': !'-(fV

¥ '\ -. f\. i It ....~

!
{, ~/

! /' A
.-0; ~ .

f
"

,
, . r' -. ,
; t ,, .'\, ~

J
,, -- ~

,
'V

,
0 0

0 0
,

'if
0 ,

0 00 0

00 0

,
0 ,

"\ -0 0 o a-- --.
/"7'" 0 0-"'"

!
!

",- \ !
"- ' J '""' !

~ \
\

;

~--
,

...t::
(,).....
5
<Il

"0
0

I ...t::
(,)

l <Il

OIl

I .3
...t::
<Il
'2
d
0..

en
"0
c
d

....t::
(,)

c
C)

I....
~

"'2.....
0

E-<

•,

I I: • j; t

· . ,, .

t C Ii: .. ... · .
~

i -"'l ~ lf -..:

~
Q-' 6 f

~ . ~-
.~ "1 .- \

~ ~~ 1"'- )
'--" '---

"\ -, \.. I f
c;

! "/ ;,

! j' -;;
r- /f 'I,.... - .

;
! I" ~, r>
, f.- , -

if a,
f 0 0

: 0 0,
.\ 0 ~ --~!

./ 7'" '. '-

• 0 0

~r I...- \
! "-

. J ~

~ '\,,

(( s: • • , , ,
;1 11 "'" ..".. "";1 ~ , ~ (

;! - ~. ~ .. \
i::... ,.-..Ir:..o .,<:. ,~ It...,
;\ ' ('''''

ii '\ \.. I rd~\ "/
!: /' ~ ./

:~ . r:

~ /."j '
- . "

!: t
,
;

i: '\ :~ ,
(: J ,
,i '"

z> " ....."'.. ~ ~ ,
j' 0 0! . I

r! 0 ;
1 0 0 0 0

'. ,
: 0 0 0

i ,
, k> 00 r--

!
; »« -.p . 0 o r-..,.-

!
, ." \ !
! "- ' J '""' !
(

~ \ ;, ,

Figure 6: Me a n catch and e f fort distribution s by 5 degr~e

s quare: tota l French-Spanish purse- s eine r s e f fort
(uppe r le f t ) , l og assoc iate d c a tches (upper , r ight)
and free s wi mming school c atches ( l owe r l e f t) ; Japa­
nes e l og a ssociat ed catches (lower, r i gh t ) , 198 3- 90 .
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6.3. Si z e frequencies

All t he size f r e qu e n c y data f r om t he different Indian Oc ean
yell owfin f isheries held by IPTP are n ow maint ained in a sta nd a r d
comp uter format , which will make u s ing t he data ver y stra i g h t fo r ­
wa rd . I t wa s recommended t hat all exist ing s ize distribut i on data
sti l l mi s sing b e made avai lable o n t he s t a nd a r d IPTP s t r a t i f ica ­
tion (mo n t h by 5 degree square ) a s f ar as p o s sible , o r o n the
fi n e s t strata available. Table 6 recapitu lates t he p r e s ent status
a nd c haracteristics ( t i me - a r e a stratification , typ e o f size
me a sure a nd i nterval , period a v a ilabl e) of the I PTP s ize
frequency d a t a b a s e by gear a nd country .

Country Gear Time Area Interval Measure Yea rs Data
Availabl e

Industrial Fisher ies

/Japan LL Month 10°x20° 2cm FL 1952-1988
Korea LL - - 2cm FL 1983-1985
Korea LL Quarter - 2cm FL 1986-1989
Taiwan LL Month 5°xS° 2 cm FL 1985-1988
Indonesia LL Month - 1 kg Weight 1987
France PS Month 5°xSo 2 cm FL 1984-1990
Spain PS Month S°XS° 2 cm FL 1984-1990
Mauritius PS Month S°XS° 2cm FL 1989-1990
U.S.S.R. PS (Raw Data) - - FL 1986-1989

Coastal Fisheries

SriLank a Gill Month - 2 cm FL 1983-1990
Indonesia Trol,PS Month - 2cm FL 1981-1990
Maldives P/L Month - 2 cm FL 1983-1990
Pakistan Gill Month - 2 cm FL 1987-1990

I..:L =Longline, PS =Purse-seine, Gill =Gillnet, Trol =Trolling, P/L =Pole-and-Line
FL - Fork Length

Table 6: Pr e s e n t status and characteristics (t i me - a r e a s t r at i­
f i c a t i on, type of s ize measure a nd inte rval, p e riod
a va ilab le ) by gear a nd countr y of the IPTP s i z e
f requen c y da t a bas e.

, ....
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Quarterly yellowf in me an weight s ( e stimated from s i z e
frequency data and l ength -we i ght relat ionsh i ps , as d e s cribed
under Agenda i t em 7 ) of t he ma j or f i she rie s (Japanes e l ongline;
purs e -seine, log a nd school sets separated ; artisanal fi she r i e s
o f Maldives , Sri Lanka a nd Oman ) are reported in Table 7.

6 .3 . 1. Long1ine

IPTP has a comp lete s e t of size f r e quency dat a by 10 x 20
degree s qu a re f r om t he J apa n e s e longline f ishery from 1952 to
1988. Data are availab l e f or the Ta i wa n e s e a nd Ko r e an f i sherie s
from 1985 and 1983 respectivel y , but t hese need e i t h e r t o b e
c heck e d or ente r ed. Some data from t he Ind i an l ongline fi s h e ry
were al so made avai l able to t he meeting.

size fre quenc y d i s t ribu t i on s of t he J apane se l ongline a t the
beginning of t he e xp loitation (19 52- 6 0) a nd in a r e c ent period
( 197 5-88) are s hown on Figur e 7 .

Japan 1952-641

N%06 ~~' s:?2.h~ --,

2000 l--- --- --- - -

J500 J---- - - --- --t

1000 J-- --- - - - --;;

500 ~---------:

o ~-++-...........................~~l'!'

W ~ ~ W 100 lW I~ I~ IW
em.

Japan 1975-88

~o . fish
2500

2000 l--- - - --- - - - ------i

1500 l--- --- --- - - ---- --i

1000 ~---------

500 ~--------::

o ......................._.....,.e~­
W ~ ~ W 100 IW I ~ I~ IW

e m.

Figure 7: Me a n s ize f r e quency distributions o f J a p ane s e l ongl ine
c a tches a t the beginn i ng o f t he exploitat ion (1 9 5 2- 60, l eft) and
in a recent period (19 75-88, r ight ).

6.3 .2 . Purse-seine

An a l mo s t c ompl e te set o f l ength frequency data i s now
available f or the we s t ern Ind ian Ocean purse- seine fi shery ,
although it wa s n ot ed t hat Spanish data f or the period 1984-89
were ob t a i ne d by strata s Ubstitution o f Fr ench samp l i ng . New data
f rom USSR were made avai lable to the meet i ng .

Purse-seine catches f r om free s wi mmi ng a nd l og schools s how
v ery different size d i s t r ibut i ons, t he former having a l a r g er
p roportion of l a r g e f i sh than the l a t t e r. Ev en f ewe r l a r g e fish
a r e assoc iated with arti ficial logs , wh i ch are p e rha p s not
~eployed l ong enough f o r s uch f i sh to aggregate . This phenome n on
1S clearly highl ight e d in Fi gur e 8 . Consequent l y , the importance
o f main t a i ning separate l e ngt h f r equ ency fi les for the different
type s o f s ets (a s was r ecommended f or c atch-effort da t a) was
r e cog ni z ed .

rlf e a n siz e f rE:: que nc y . distr ibut ion (log, f r e e or c omb i ned
s c hool s). of t he mai.n p u r se- se i ne f l e e t s (Fr ance , Japan , Hau r i t i us
;: ncl Spi'll n) a re s hown o n Figure 9, while Figure 10 e xh i b i ts the
: ;'-' <1 :'>0 11<3 I var ia t i o ns (by qua r te r , l og a nd f ree schools s epa ra ted)
0 1 t h e Fr e nc h purse -se i ne c a tch s i z e c ompos i ti o n .
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LONGLINE

2 6

PURSE-SEINE

I

JAPAN

YEAR I 01 I 02 I 03 I 0 4 I AVE

52 40.5 52.1 46.5

53 47.0 52.1 56.0 46.1 47.3

54 47.7 46.8 48.5 45.0 46.6

55 47.6 47.9 52.5 47.5 48.0

56 46.0 45.2 48.2 46.1 46.0

57 47.6 44.0 39.5 43.4 44.3

58 46.0 41.1 36.8 44.1 43.5

59 39.6 37.6 39.8 40.6 39.0

60 35.8 34.3 41.0 40.1 37.6

61 38.6 36.7 30.8 41.3 38.4

62 37.0 31.6 29.9 38.7 36.2

63 38.7 34.5 32.6 35.9 36.7

64 39.2 37.3 35.3 41.3 38.5

65 43.8 31.4 28.1 32.0 32.4

66 35.2 32.8 33.8 39.7 36.1

67 34.7 34.2 30.4 35.5 34.2

68 37.7 29.1 27.9 36.1 34.3

69 33.9 28.4 26.2 35.4 31.8

70 39.8 39.0 34.7 36.0 38.2

71 37.2 25.0 21.3 29.2 29.7

72 35.9 23.3 22.9 34.0 30.0

73 38.5 42.1 38.7 46.4 39.6

74 43.9 36.1 36.1 39.1 39.6

75 42.0 31.4 32.0 34.3 36.2

76 37.9 24.8 34.2 45.9 35.1

77 39.2 30.5 35.0 45.3 38.1

78 46.6 41.7 33.0 40.8 42.5

79 41.6 46.2 37.2 42.2 4 1.8

80 40.9 37.4 38.7 40.4 39.4

81 34.7 29.7 36.2 40.6 35.1

82 37.0 26.8 30.5 42.6 33.8

83 39.0 33.6 38.2 37.0 36.4

84 37.5 32.8 38.0 40.9 37.9

85 40.4 36.6 38.0 35.5 38.2

86 39.2 35.2 37.8 37.3 33.1

87 39.7 35.3 38.2 40.5 39.2

88 40 .5 34.8 38.5 39.1 39.0

LOG SCHOOLS

YEAR 01 02 03 04 AVE

82 4.8 5.4 4.7 4.7

83 4.1 7.5 4.7 7.6 5.9

84 9.7 28.4 8.7 5.7 8.0

85 11.5 11.3 5.9 3.5 5.2

86 9.3 7.0 11.9 9.3 9.3

87 16.9 9.0 10.0 12.8 11.1

88 5.7 5.3 5.9 4.6 5.4

89 6.4 9.4 7.3 6.9 7.5

90 4.8 8.5 5.6 7.8 6.5

PS FREE SCHOOLS

YEAR I 0 1 I 02 I 0 3 I 04 I AVE

82 23.3 32.7 31.4 27.4

83 29.4 36.9 10.8 29.2 24.2

84 25.8 34.8 13.8 12.8 17.9

85 21.6 25.5 8.6 6.8 15.5

86 30.8 12.9 16.6 17.0 21.4

87 31.1 16.3 17.4 13.7 19.9

88 18.7 31.2 12.5 14.5 17.9

89 17.2 12.9 5.9 5.0 10.7

90 12.1 19.8 18.8 24.2 17.3

ARTISANAL FISHERIES

OMAN

YEAR I 01 I 02 I 03 I 04-"] AVE

89 I 20.71 9.51 12.31:.=§] 13.7

SRI LANKA

YEAR I 01 I 02 I 03 I 04 I AVE

85 5.8 7.1 7.1 11 7.4

86 16.4 8.5 7.2 12.1 8.1

87 16.5 8.6 7.6 8.0 8.3

88 11.9 12.2 6.7 8.7 9.1

89 9.1 4.6 6.9 11.3 7.4

90 16.9 10.5 10.3 10.8 11.6

MALDIVES

YEAR I 0 1 I 0 2 I 03 I 04 I AVE

84 3.5 4.1 8.3 5.5 4.3

85 3.6 12.7 8.6 2.5 3.2

86 3.4 6.5 12.6 4.4 3.8

87 3.3 3.0 6.9 4.4 3.6

88 4.1 3.4 4.6 5.5 4.3

89 5.2 2.8 4.4 3.9 4.4

90 7.0 6.1 7.5 3.7 5.4

Table 7: Qua r t e r l y yellowf i n mea n we ight s in t h e main fisheries
(Japa nese longl ine ; purse-seine, l og a nd school s ets
s epara t ed ; artisanal fisheries o f Ma l d i v e s, Sr i Lanka
a nd Oman) .
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France, Log sc hools, 1982-90 Fra nce, Free schools, 1982-90
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Figure 9 : M~an si ze f reque ncy distribution ( log, f ree o r com­
blned school s) of t he mai n purse-seine flee t s (Fra nce,
Japa n , Mauriti us a nd Spa i n ) .
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6.3.3. Arti s anal

Length f r equency d a t a f r om most o f the major artis ana l tuna
fi shing count r i e s ( Ind one sia, Maldive s , Oman, Pakistan , Sri
Lanka ) a re availabl e f r om t he 80 ' s in the IPTP databas e , although
the variety of diffe r ent gears may b e difficult to handle. A
limited (1984 -90) set o f si ze frequency data wa s mad e available
on hardc opy t o t he me eting from India, but cou ld not be used .
Mean size frequency distribution o f the main a r t i s a na l fi sheries
(Ma l d i v e s, Oman a nd Sri Lanka) a r e shown on Figure 11. For s t oc k
a sse s sment , artisanal fi sheries s i ze frequency data from recent
years have t o be s ubstituted in the c a l c u l a t i on of catch a t
length for ear lier y e a r s.

Maldives, 1975-90 Oman. 1989 Sri -Lanka. 1975-90

200 200 200

150 150 150

~ ~

~ 100 100 ~ 100

B B
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Figure 1 1 : Mean si z e
art i sanal
Lanka) .
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d istribution of
(Maldives , Oma n
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6.4. Tagging

t

t
~
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r
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During 1990, I PTP c a r r ied out a tuna tagging programme in
the Ma l d i v e s (TWSj91j 08), in cooperation with the Ministry o f
Fisheries and Agriculture. Nearly 10,000 tunas we r e tagged , 1,907
of whic h were yellowfin. To date , 1 18 ye l lowfin have been
recaptured, of which 12 were from outside the Ma l div e s (mor e t han
3 0 0 nautical miles fr om t he release s i t e ) . Release and recovery
data are maintained by half degree s qu a r e a nd month . Le ng t h at
releas e and reca ptu re are also available, but the length at
r ecapture data are known t o be of p oor quality.

other tuna t agging e xper i me nts had been c onduc ted i n the
we stern Indian Oc ean. These include tag g i ng during Japane se
r e search cruis e s (3, 749 ye l lowf i n t u na t agged from 1980 to 1990,
114 rec apture s), by t he " Commi s s i on d e l'Ocean Indien" (4 19
yellowfin tuna tagged in 1988 -89, 8 r e c apture s ) a nd by a
cooperative USSR-Mo zambique t agging progr amme ( 200 yellowfin
tagged s i nc e 199 0 , no r e captures until now) . Data from these
e xpe r iments are not included in the IPTP databa s e, but t h e
necessity of maintaining a centra l file o f a ll I ndian Ocean
tagging data a t IPTP was noted. The importa nc e of good fish ing
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e f fort (o r at least catch ) data f or the int e r p r e t ation o f t ag
recovery info r ma t i o n wa s empha si z e d.

7 . REVIEW OF BIOLOGICAL PARAMETERS

7.1. Le n g t h- we i g h t relationship

Document TWS/9 1/14 gives the calculation a nd equations
d e s cribing diffe r ent relationships betwe en f i r s t dorsa l length
(FDL) - fork l e ng th ( FL), FDL - we i g h t (W) a nd FL - we i ght. The
FL - W relationsh ip adopted during the Mauritius Working Group
(TWS/91/04 ) involve s t wo r ela t i o n s depending on t he si z e o f fi sh
cons i d e r e d :

Yell owf i n wi th FL< 64 cm :
W = a.FLb , whe r e a = 5. 313 x 10-5 , b 2 .753661

Yellowfin wi th FL> 64 cm:
W = a.FLb , whe r e a = 1 .58 5 x 1 0 -5 , b = 3.04 4983

The l ength-weig h t tab le calculated from t hese e quations i s
given in Tabl e 8. Th e s e r elat i o n s were c a l c u l a t e d from a large
s a mp l e (n=2, 2 42 ) i n c lud ing small and l a r g e yellowf in from 30 t o
185 c m FL . Docume nt TWS/91/ 2 1 present a length -we ight r e l at ion ­
s hip calculated f r om a much s ma l l e r s a mp l e (N= 28 2) r e s t ricted
to yell owfin c a ught in t he Lakshadweep ( I n d i a) area .

Tabl e 8: Length-we i gh t relationship of Indian Ocean y e llowfin
tuna as derived f r om t h e selected e q u a t i on s .

Thus the participants agre ed to u s e t he l e n g th-weight a nd
o t her r elation ships from document TWS/91/1 4 f o r a l l t he fisheries
(pu r s e - s e i ne, a r t isa na l a n d l o ng l i n e fi she r i e s). It wa s stressed
tha t n o s igni ficant d iffe r e n c e coul d b e det e cted between
FL-we i ght re l a t i ons h i p s o f males a n d f e males.

1

E
7

y
t
t

e
e

9'
a
.n
;e
Ie
In
19

FL W
em kg

21 0.2
23 0.3
25 0.4
27 0.5
29 0.6
31 0.7
33 0.8
35 0.9
37 Ll
39 1.3
41 1.5
43 1.7
45 1.9
47 2.1
49 2.4

FL W
em kg

51 2.7
53 3,0
55 3.3
57 3.6
59 4,0
61 4.4
63 4.8
65 5.3
67 5.8
69 6.3
71 6.9
73 7.5
75 8.1
77 8.8
79 9.5

FL W
em kg

81 10.3
83 ILl
85 11.9
87 12.8
89 13.7
91 14.6
93 15.6
95 16.7
97 17.8
99 18.9
101 20.1
103 21.3
105 22.6
107 24,0
109 25.3

FL W
em k~

111 26.8
113 28.3
115 29.8
117 31.4
119 33.1
121 34.8
123 36.6
125 38.5
127 40.4
129 42.3
131 44.4
133 46.5
135 48.6
137 50.9
139 53.1

FL W
em k~

141 55.5
143 57.9
145 60.4
147 63.0
149 65.7
151 68.4
153 71.2
155 74.1
157 77.0
159 80.0
161 83.1
163 86.3
165 89.6
167 92.9
169 96.4
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For J apane s e l ongl ine d a t a, s uch a l ength-weight r elationship
wa s u s ed t o estimate tota l catch in weight from r e corded catch
in numbe r a nd s i ze f r e que n c i e s. Ko r e a and Taiwan are using
s i mi l a r methods t o est i mate t he i r l ongline c a t c hes in weight.

It wa s rec ommended to e xa mi ne the c onsequence s of using
differ ent l ength-weight r elationships to est i ma t e the total catch
in weight in l ongline fi sherie s.

For the s urfac e fi sherie s the l ength-weight relationship is
used to draw up the catch a t s i ze d a t a fil e s (see 8).

7.2. Growth

Seve ral document s dealing with g r owth estimates from
different areas and u s ing d ifferent tech n i qu e s were presented:
TWS/91/09, 11 and 17 pre s ent growth c u r ves calculated from modal
progres sions o f d iffe r ent sets o f data; TWS/91/11 uses length
frequencies of yel l owfin tuna c a ug h t by l ongline in Indian s e as ;
TWS/91/09 utili z e s t hree d ifferent sets of length frequencies
(French purse - seine, Japanese l ongline and Sri Lankan small scale
fishery); TWS/91/17 uses s i z e frequency s a mp l e s f r om the French
purse-seiners from 1984 t o 1989.

The age at s ize r esulting from the different growth c urves
are in relatively g o od agreement f or fishes over 70 cm FL. The
discus sion was f ocus s ed o n t h e growth and size at age o f the
s ma l l yellowfin tuna under 70 c m FL b e cause of the diverging
r e sults p r e s ented in d ocument TWS/91/09, using Sri Lankan small
s c a l e fi sheries l ength f r equencie s, and in document TWS/91/17,
u sing French pur s e - se ine r s d a t a. Th e c h o ice of a growth curve for
the se small fi sh may be o f some importanc e for s t ock a s s e ssment,
becaus e they a r e (in ter m o f number of fi shes ) a major component
of the s u r f a c e fisherie s.

I
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180 . i

Document TWS/91/09 p r opos e s a classic s i ng le von Bertalanffy
growth c u rve which indic a t e s a f a s t growt~ r ate o f 2.8 e m/ mont h
fo r yellowfin bet ween 30 a nd 90 em FL, whlle d ocument TWS/91/17
propo s e s a line a r s low growth rate (1. 5 e m/ mon t h ) f or 40 -70 e m
FL yellowfin tuna, f ollowe d by a c lassical v on Be rtalanffy g r owth
c u rve for large r fi sh (Figure 12 ) .

Length (em )
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1- Tlf S/91/17 .. on T1fS/91/09 I
Figure 12 : c omparis on between the t wo main growth curves
presented a t the wo r ks h op (from d ocuments TWS/91/ 09 and 17 ).

Discussions f ollowe d o n the d i f f e r e nt arguments to be t a ke n
into a c c ou nt to make a c hoic e between these two growth patterns .
I t wa s not e d that an apparently s low growth of small y e l lowfin
ha s alrea d y be e n observed i n ot her areas, such as the Atlanti c
(1 . 5 em/year , ICCAT) and t h e we stern Pac ific (2.0 e m/ y e a r , SPC)
Oceans . It wa s a lso pointed out t hat growth can be highly
variable according to the time a nd are a , this phenomenon being
reflected i n the increasing variance o f l ength frequency modes
wi th age.
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As it wa s not pos s ible to mak e a c ho ice bas ed o n o b jecti v e
argument s , the part i cipant s a greed t o u s e both growth curve s a s
two different working hypothe s e s, a nd to build up t wo s ets o f
catch at a ge tables f or comparing t he results. For that purpose,
a compos ite g r owt h curve c omb i ning t hose presented in document
TWS/ 91/ 09 a nd including a fast growth ra t e for small f i she s was
dra wn ( Figur e 13). The a ge at s i ze deduced f r om this c urve wi ll
be used a nd compared with those deduced from the growth curve
p resented in d oc ume nt TWS/91/17.

Lengt h (em)
180

160

Month .----. S mall scale -- Long li n e

Fi(lun~ 13 : Composi te q r owt.h c u r ve us e d to de r ive t he "fast "
q !'O\'Jt h hy po the sis .
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Neverthele s s, it wa s s t ressed tha t - whatever will be the
final decision - the growt h patter n which will be u s ed must be
cons i der e d a s working hypothe s i s. It wa s s t rong l y recommended to
unde rtake yellowfin tuna growth s t ud ies by mu .l.t i.p Le methods
(d i r e c t age r e ading, tagging ... ) s o as to b e able to est i ma t e
the growth of s ma l l yellowfin tunas in the Indian Ocean and to
a s s e s s the growth v a r i ability betwe en area , s e a s ons , s e x and
i nd ividual f i s h.

7. 3. Natural mo rtality

Severa l documents (TWS/91/04, 09 , 11, 21 ) g i ve estimates o f
the apparent natura l mo r t ality f a ctor (Table 9 ). I t wa s pointed
out that no new informa tion e x ists whi ch permit to reach any
c onclus ion f or a va lue of M diffe ring drastica l ly from the
p r e v i ou s estimates from ot he r oce a ns .

Table 9 : Appa r ent yellowfin tuna natural mortality values
available i n the Indian Ocean .

Document M Va lues

TW S/91/04 M =0.8 (Fishes age 0+ and 1)

M =0.6 (fishes age 2 to 6 )

TWS/91/09 M =0.61 - 0.70

TWS/91/l1 M =0.74

TWS/91/2 1 M =0.54

It appears from sex-ra t io related to s i ze o f t he fi sh (s e e
paragraph 7.4 ) that male s and f emale s c ou l d have different
natura l mortalitie s a nd/or growth, and thus catch at age s hou l d
be split by s e x in order t o use di ffe rent M and growth c oe f f i­
c ients in f urther s tock ana l ys is . Sens itivity analysis c onducted
on a theoretical basis s hows that an over- e stimate of M general ly
leads , f or a given catch , to a n ov e r-est i mate of the population
and to an under-es timat e of the fi shing mortality , but that the
extent o f bias varies, d e pending on ot her fa ctors such as trends
in fish ing mor t a l i t y F and recruitment.

The participant s a g reed to adopt a moderate constant value
(M=0 . 6) i n order t o r ema in conservat i ve and prudent , although it
wa s recognized that - f o r evident physiological and biologica l
reasons - a natural mortality depending on age (a s u s e d in the
Atlantic Ocean, where M=0.8 f or yellowfin up to 8 0 cm LF , then
M=0.6 : TWS/ 9l/04 ) s hou l d b e c onsidered in future work.
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7. 4. sto ck structure a nd biological c haracteris t i c of t he
stock

Paper TWSj91j08 s umma r izes the r e s ul t s (tagging a nd r e c ov­
e r ies ) o f the t a g g ing operation s cond ucted i n Maldive s und e r IPTP
a s s i s tance a s well a s t h e l o ng rang e r e c ov e r ies o f yellowfin tuna
f r om ot her t a g g ing p r og r amme s i n the Indian Ocea n (Table 10).

Tabl e 10: Summary o f yel lowfin tuna tagged in the I nd i a n Ocean
( f r om TWSj91j08) .

Year Location Number Recovery Source
Released Recovered rate (%)

1980-1990 Indian Ocean 3749 114 3.04 Yano , 91 (SEAC/90/17)

1988-1989 Western Indian Ocean 419 8 1.91 Cayre, Ramchamm, 91 (TWSfJO/61)

1989 Java, Indonesia 6 0 0.00 Naamin, this meeting, 1991

1990 Maldives 1907 118 6.19 Yesaki & Waheed, 1991 (TWSf)1108)

1990 Mozambique 200 0 0.00 USSR Report , this meeting, 1991

1980-1990 Total 6081 240 3.95

Th e Sh i mizu Working Group (TWSj 9 1j05) s uggeste d that t he
wo rking hypothesis of a s i ng le y e llowfin t una s t o c k in the I nd i a n
Oc e a n be adopt ed, as no e v ide nce o f mult iple stoc ks can b e drawn
from the longline d a t a. Th i s hypothe sis i s con fi r me d by the
preliminary r e sult s of the p r e s ent t a g g i ng s t u d i es , as sugges ted
o n Fi g u re 14 (TWSj 9 1j 08 ) .

• - JAM ARC (Ya n o • 1991 )

100·£90 ' £

\

80 'E

• - Ma ldive s

Coc os

"" - IOC ( Ca yr e a n d Ra mch a r r un , 1991) , Is

70'E60 ' E

10· N

O·

e
t
1
e
n

i
{

1

Figure 14 : Long distance recove ries o f y e llowfin tuna in t h e
Indian Ocea n (fr om TWSj91j 08 )

Tuna l arval d ist rib ution s t u d ies i n t h e Indian Ocean are too
P~tch~ to be c onclusive in any s e nse ; mo r e over , l a rva l d i s tribu­
t10n 1S generally a we ak method to a s s e s s s tock structure.

I t wa s re~ommended t h a t deta i led analysis o f t he h ug e amount
o f c atch by slzejareajtime data ava i l a b le from every fi sheries
be cond u c ted t o improv e k nowl e d g e on s tock str ucture . Howe v er ,
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it wa s al s o s t ressed tha t stock a na l ysis s hou l d b e conducted in
the future t aking int o account many more e nv i r onment a l f actors
which obvious ly constrain y ellowfin tuna distribution, a s
indicated by di f f e r ent studies i n the I ndian Ocean a s well as in
other oceans.

The catches of yellowfin obser ved o f f the sou t her n p a rt of
Africa up to 15°E c learl y belong t o t he Indian Ocean stock , a s
evidenced by t he J apane s e l ongl ine CPUE d a ta distribution ( Fi g u r e
15 ) . Becaus e o f s i mi lar e nv i ronmenta l a nd cat c h distribution
evidence , it was s uggested t he e astwa r d b oundary of the Indian t
Ocean s tock o f yellowfin o f f the southern part of Australia be
fixed at 140 0E inste ad o f 150 0E. The South Pacific c ommi s sion I
(SPC) ment ioned that tagging will b e unde rtaken i n the extreme '._
we stern part o f the Pacific Ocean which cou l d allow the reality ,
o f this 140 0E east ward b oundary t o be v e rified .
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Figure 15: Mo nt h l y CPUE o f Japanes e l ongliners , f i r st quarter all
months dur ing the period 196 2-86 in Atlantic and Indian Ocean .

NB 1: Random positions o f all monthly catch es are c alculated
within each 5 degre e s quare , which explains s ome catches
appe aring on land; the a pparent we ak g ap in front of Mozambique
coast i s due t o the reduced eff o r t during this period , wh e r e a s
the large one in front o f Namibia a nd Angol a i s d u e to oceano­
graphical c onditions (c o l d wat ers o f the Bengue la current) .

NB 2: Th e f i r s t quarter was chosen a s an examp l e as n o notable
season a l var iat i ons t ake p l a ce i n this a rea.

7. 5. size a t fi r st maturity

Doc ument TWS/ 91 / 32 g i v e s the r e s u l t s o f r e s e arch c onducte d
by USSR from 19 66 to 1990 i n the we ste r n part o f I ndian Ocean
(S eyche ll es EEZ and northern part o f Mauritiu s EEZ) ; t h e mean
size at which all the yellowf i n tuna females found are mature i s
12 0 c m LF , whil e t he mi n i mum s i ze a t maturity fo u nd was 52 cm LF.
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A Sri Lankan paper pre s ented at IPTP' s 1 986 s ess i on (Malde n i y a
and Jos eph , 19 87 ) , s howed the f i rst s ize a t maturity ( 5 0%
maturity ) wa s at 100 c m FL (Figur e 1 6) while Ha s ani and Stequer t
at the 199 0 IPTP me eting (TWS/90/ 68) p r e s ented a s t u d y sett i ng
the first size at maturity a t 116 c m FL . All t hese results are
in relative agreement.

W estern Indian Purse-seine fishery Sri-Lanka ArtisanaI fishery

2 0
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Prcdorsal (LD1) 0 Fork (LF) Length (in em)

Fi g u r e 16 : size at maturity o f yell owf in tuna: in the west­
ern I nd i a n Oc e a n purs e-s e ine fishery ( l eft, from
TWS/ 90/ 68 ) and in coast a l waters o f Sri Lanka
( r i ght, from TWS/86/18) .

7. 6. Spawning

Gonad i ndex v a l u e s c a l c u l a t e d from a s i x month Sept e mb e r
- Ma r c h s a mp l e c ollected o n l ongline v e s s els operating i n the
Indian EEZ (TWS/91/11) indicate t hat higher values (GI>1 5) we r e
observed i n t he February-March months.

A s ub s t a nt i a l s a mp l e of g onads wa s col lected f r om USSR
longliners (TWS/ 91/ 3 4 ) oper a t i ng in the we stern part of Indian
Ocean (Seychel l e s EEZ) over the 1966-90 p e riod. Th e ana l ysis of
t hese s amp les and maturity coefficient v alue s i ndicates that , in
the area s a mp l e d , the s pawn i ng season f alls in the Nov e mb e r - Fe b r ­
uary p e r i od (F ig. 17A); it wa s al s o pointed out that t he 3 month
peak s p a wn i ng per i od shifts from year to year wi t hin this p e r i od .
All ~hese res u l t s are in agreement with the results (TWS/ 90/ 68 )
prevlously updated at I PTP (Fig u r e 17 B) .

.J
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A - USSR Longliners, western Ind ian Ocean (TWS/91/32)
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B - French Purse-seiners, western Indian Ocean (TWS/90/68)
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Fi gure 17: Seasonal variat ions o f ye l l owfin t una f e c undity
in t he weste rn Indian Oc e an .

A Matur i t y coef f icient c hanges by month f or ye llowf in t u na
f ema l e s f r om USSR l ongl iners i n t he we s t ern I nd i a n Oc ean
( f r om TWS/91/3 2; nume r al s i s numbe r o f s ampl es ) .

B Me an monthly v a ria t i ons o f Gona d Index during 198 2-89 f or
yellowf i n tuna c a ught i n the we s t e rn Indian Ocean Fr ench
purse-seine fishe ry (fr om TSW/90/68) .
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It wa s stre s s ed during the me eting tha t reproduct i o n indic e s
s hou l d b e gathered a nd assessed o n a wide g e ographi c al scale
cove r ing in a s much d e t ail as possible t he e ntire area of
distribution of the yellowfin in the Ind i an Ocea n ; moreover , it
was r e c ommended that this ind ex s hou l d b e calcu lated as a r outine
activity to ass e s s the variability o f reproduction from y e a r to
year. The participants were info rm e d t hat a p r eliminary analys i s ,
which i s b e ing c onducte d by French a nd Seyche l les scien t ists ,
seems to indicate f rom samp les col lected in the pur s e-seine r s
catche s that a small second rep roductive season c ould f all during
the winter (July- Augu s t) in the weste rn p a rt o f Indian Oc e an
(b e t we e n Seychel les and Chagos I slands).

The r e s ults pres ented i n d ocument TWS/9 1/ 32, were dis cus s ed
and it wa s s t r e sse d that high g onad ind i c e s and hydrated ovocyt e s
we r e very rarely observed in the s amp les c ollected from longline
catches in other oceans. Thus , the s e r e sults, if c onfirmed , cou l d
i nd i c a t e a particular reproductive habit of yellowfin tuna in the
I nd i a n Ocean .

7.7. sex r a t i o

A s t u d y conducted from l o ng l i ne s u r v e ys in t he Indian seas
(TWS/ 91/11) ind i c a t e d that males are predominant at a l l s i zes
sampled from 6 0 to 180 cm LF; their percentage increases
d r a s t i c a l ly at s izes over 140 cm FL (Figure 18B).

A large sampl e of 3 , 309 yellowfin tuna s c ollected f r om 19 66
to 1990 , during 13 r e sea r ch cruis e s a boa r d USSR v e s sels (Se y ­
chel les and n o r t h e r n part o f Mauritius EEZ, TWS/91/32 ) i nd i c a t e s
ma l e s are prevailing at all s i zes from 7 0 t o 2 0 0 c m FL ( Fi g u r e
18A) : the s e x ratio i s c lose t o 50% f o r s izes c omp r ised b etwe en
101 and 1 40 c m FL, but as , in the previously mentioned analysis ,
their proportion gradually inc r e a s e f or sizes over 140 c m FL ;
v e r y big s p e c i me ns (FL> 180cm) are exclusively males .

Th e predominance of mal e s a t large s i zes observed in b oth
doc ume n t s is in agreement with previous r e sul t s presented at IPTP
(Ma l d e n i y a a nd Joseph , 1987; Has ani and Stequ e r t , 1990 : Figure
18C and D) . Ne v e r t h e l e s s , some dis crepancies are observed
comparing t hose results with others c oming from other areas : in
the Pacific Ocean , male s become predominant from 125 em FL ,
whe r e a s i n t he At l a n i c Oce an femal e s are s i g n i f i c a nt l y dominant
f r om 125 to 14 5 cm , males the n bec oming more numerous .
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Fi gure 18: Indian Ocean yell owfin tuna sex r atio evolu t ion with
s i ze :
A USSR c rui s e s i n Seyc h e l l e s a n d Ma u ritian EEZ ( from TWS/91/32)
B Longline f ishe r y i n the Ind i a n EEZ (from TWS/ 9 1/ 1 1 )
C Art i sanal fishe r ies o f f Sr i La n ka (f rom TWS/ 8 6/ 1S)
D Purs e - seine f i s he r y in t h e we s t e rn I n d ia n Ocean (f r om

TWS/90/ 68 )
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The different hypothe s e s which cou l d e xp la i n this change o f
sex r a tio wi t h s ize we r e r e c a lle d : differences in g rowth a nd/or
natur al mort ality b e twe en sexes , reduced catchab i l i t y of large
f ema l e s . In the Pa cifi c Oc e an, a d i fference o f growth b etwe en
male s and f emale s wa s d emons t r a t e d. In the Ind ian Ocea n there i s
no e v i d e nc e on which hypothe s i s could e xp l a i n this trend in the
s e x ratio .

It wa s recommended t o c heck by statist ica l analysis the
s i g n i f i c a nc e of t he sex r at i o a t each s ize and to undertake
physiological r e s e arch o n growth p a t t e rn, b e cause this obs erved
trend i n the s e x ratio c ould have important implications on s toc k
assessment .

7 .8 . Feeding habits

Gut content s t ud y o f yellowfin tuna from longline catches
off the n o r t h - we s t c oast of Indian a s well a s in Andaman sea
(TWS/91/11) confirms the dive r sity and s e ason a l variability o f
prey organisms ingested (Figu r e 19) . Document TWS/91/31 analyses
a nd com pares stomach contents o f yell owfin tuna caught by
purse-se i n e and by long-line in the western part o f I nd i a n Ocean ,
wh ile d ocum ent TWS/91/ 33 a nalyses the diet o f yel lowf i n tuna from
l ong line i n the same area.

Teleost

fishes
(35.6%)

Pelagi
prawns
(1.6%)

Arabian sea

Others
(2.7%)

Crabs

08.6%)

Squids
(41.5%)

Adaman sea

Tcleost fishes
(38.8%)

Figure 19 : Gut contents of l ongline yellowfin tuna caught
in the Indian Ocea n : Arab ian s e a (left ) and
Andaman s e a (right), from TWS/9 1/11.

Both documents indicate a sign i f icant seasona l c h a nge in
the prey organisms inge sted b y yel l owfin from the l ongline
fishery: during t h e winter season (De c ember-January ) a large
dominance of cephalopods and c r a bs (Charibdis edwardsi ) wa s
observed ; o n t he opposite, during the summer season
(Apr il-July) Charibdis edwardsi was rare, and a g r e a t number
o f Au x i s ~. we r e f ound in the stoma c h s . These obs ervat i ons
a r e simi l a r to those reported in the eastern Pa ci f i c, where
t he ye l l owfi n tuna d iet switche s to the .r e d crab Pleuroncodes
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planipe s during the upwel l ing season . In the wint e r season ,
pelagic f i sh species l ong - f inned fat head (Cubiceps pauciradia­
t us ) a nd Japanese a nchovy (Eng r aulis japon icus ) we r e the main
ob j ects of tuna diet i n s urface school (TWS/ 91/31).

I t wa s obs erved (TWS/91/31 ) tha t stomach s of y e l l owfi n t u na
c aught by pur s e - se ine a rou nd l ogs are general l y e mpty .

8 . CREATION OF CATCH-AT-LENGTH DATA.

Catch a t l ength tables are t he bas i c d a t a ne e d e d to r un
sequential p opulat i on a na l ys is . Th e g oal i s to est imate c a tch a t
s ize b y unit of t i me , which i s l a t er converted int o catch a t age
using t h e g r owth equat ion sel ected . Th e bas ic in f o rma t i on is
f ou nd i n the l e ngth frequency s a mp les relev a n t t o e ach gea r ,
c omb i ned and rais ed to t ot a l catch by area- t i me str atum . s i nc e
all t h e s trata e xploited by the fisheries are not s amp led f or
sizes , some s ubstitutions mus t b e c arried out , size compos i t i on
o f known s t rata being u s ed to fi l l in g aps in the non samp led
strata . This step - whi ch i s a sens it i v e o ne - is genera l l y
e f fected by na t i onal scientists who know t he i r fi she r i e s, b e cause
cri t e ria and c h o ices mu s t b e d e t ermined on a r e al i s tic basis.

8 . 1 . Long1ine f isheries .

8 . 1.1. J a p an , Kore a a n d Taiwan .

The Shimi zu me e ting recog n i z e d t hat t her e were some dif­
f e r e nc e s in ave r a g e s ize a nd s i z e di s tr i but i on p a t t e r ns o f
l ongl ine catch between Japan , Kore a a nd Taiwan. I n genera l ,
Ta i wane se catch showed s mal lest ave r age size , f ollowe d by
J a p a n e s e a nd Ko r e an with approximately 10 c m diffe r enc e betwee r.
n a t i o ns. Wh i l e Japanese a nd Taiwanese data o ften s howed distinc t
p l ura l mod e s, Ko r e a n data a l wa ys s howed s i ng l e mod e d i stribution .

At t h e v enue of the me eting, Ko r e an s ize data we r e not
ava i l a b l e i n c omput e r i zed f orm , a nd c ould not b e u s ed; complete
d a t a wi l l b e sent soon t o IPTP. Ta i wanes e mont h l y s i z e data fron
198 5 to 1988 have b e en made avai lable to t h e IPTP , but wen..
e xp e c t e d t o conta i n some e r rors s i nce no c on f i r ma t i o n wa s made.
Therefore , t he J apane s e s ize d a t a we r e u s e d t o crea t E
catc h - at- si z e matr i c e s fo r l ongline f l e e t s o f all t hree na tions .
i n s p i te o f t he d i f f e r e nc e s recogn i zed at t he Sh i mi zu me e ting .

All catch data we r e extrapol ated o n a quarterl y b a s i s. Whilt
t h e a r e a s trata by 10 x 2 0 d egre e we r e appl ied f o r 197 5 to 1988,
n o area considerat ion wa s mad e f o r y e ars befo r e 1974, a s t h e
quarterly c a t ch distr ibution f r om Japan - the o n l y fi shery the '

wa s a l rea dy e xtra po l a ted t o the whole Indian Ocean . 'I'h ,
s ubstitution o f t i me-a rea s t r a t a wa s p r e p a r ed b e f o r e the me eting
by the NRI FSF s c i e nt i s ts a c c ording to t he rule agr eed on at th
Shimi zu meeting . The s ubst i t ut ion was made within t h e s ame tim
strata as long a s p o s s ible , put ting higher priority to s ubst i t u­
tion from t he s a me lati t ude t h a n from the same longi tude.
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Catches f o r Japan and Korea for 1990 were est i mated .
Catch -at-s i ze f or t he last t wo years ( 1 98 9 and 1990) we r e a lso
extrapolated , assuming the same catch-at-size p a t t e rn by qua r t e r
as i n 1988 . Howeve r, t his was done for provisiona l p u rpos e s o n l y
a nd wi ll b e s ubstituted wh en estimates using standard t i me-area
str ata b e come avail a ble.

"I'

:[!
/.1·

8.1.2. Indone sia

Monthly catche s from t he Japanese l ongline fi shery during
19 53 were u sed t o proportion the Indonesian annual catches .
Simi l a r l y , length f r e que nc i e s for the Japanese l ongline fi she ry
were substituted for a l l y e a r s .

c ountr i es i ncluded i n th i s group we re Aus tralia, Ind i a,
I r an, Keny a , Maur i t i us, Oman , Seychelles a nd the USSR. Monthly
c a tches f or the l ongl ine fishery based i n Oman during 19 90 we r e
u s ed t o p r oport i on t ota l catches of this group . Qua r terly l eng th
f r equencie s for the Japanese l onglin e f i she ry were substitut ed
for all years.

8.1.3 . othe r s

I,
I

8. 2. Purs e - s eine

One of the main character i st i c s of the purse-seine f i s h e r y
i s the wide range o f s izes e xploited a nd t h e dicho tomy o f fi shing
activ i t y betwe en log-associated a nd free s wimmi ng schools . Since
the s i ze distribut i on is quite d i f f e r e nt i n t hese t wo t ypes , each
sampl e i s clearly i d e ntif i ed as a l og or f r e e school sample . The
sampling unit is t he h o ld o n board vessels , h olds containing a
s i ngl e set b eing p r e f e r r ed to t hose with multiple sets . I n a ny
case , sets in each ho l d had to belong to t he s ame 5 degree
- for t n i ght stratum.

To create t he catch at l eng th table , one s tarts with a ny 1
degree f o r t n i gh t catch of a p a r t i cul a r school t ype. All samp les
o f e ach sch o o l type are summed u p wi th i n 5 d egr e e mo nth strata .
At t h is l evel , 90 % o f t he catch f r om French p u r s e-s eine r s i s
already p r oces sed. If samples are missing i n t he fi shed strata ,
a second step i s i nit iated: t he 5 degree stratu m is e n l arged by
1 degre e s teps up to a maximum of 9 degree . If samples are no t
yet f ound , one comes b a ck t o the i n i t i al 5 d e g r e e s quare but
search is made int o t he previous and fol lowing fortn ight . This
l a t t er pro c edure allows catch at l e ng t h for additiona l 8 % of t he
French catch t o b e obtained. The remain i ng c atch is p r oc e s s e d a t
a l a rge r r ang e of s ubstitution . The number o f fish which
constitute the samp les selected are extrapolated to t he t ota l
c a t ch o f t he s trata .

Following the Ma u r it i u s preparatory meet i ng , Span ish samples
we r e c h ecked and compared wi th Fr ench samples. I t wa s found t hat
up to mid-90, t hese samp les h ad to be re j ected as unrel i able.
Th erefore , all t he s p a n ish cat ch f r om 198 4 to 1989 were proc e s s ed
using the French s i ze data set , u s ing t h e method d e s c ribed in t he
preceding parag r a p h ; at t h e f i r s t level, 80 % of the Spanish catch

m; , I ' ...
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i s already p roc e s s ed. For 1990, comb i ne d s i ze s amp les from French
and spanish pur s e - s e ine r s were us ed. The validity of s uc h
s ubst i t u t ion i s justi f i ed as both f leets operate on the same
fi shing grounds.

since the Japane s e purse- s eine r s a r e only operating on
artificial logs, and as a n insignificant number of samples were
available , the French data r elevant t o log fi shing were used for
s ub s t i t u t i on .

Th e same sit ua tion prevai ls f or Sov iet pur se- seiners, e xcep t
that the break down of t h e catch b etwe en l og a nd fre e schools was
on l y available f or 1990, after the intr oduction of new l og books
on t hese v e s sel s by t he Seychel les Fishing Authority. From 1987
to 1989 , catch at l ength we r e obta i ne d from the French samp l e s
without taking i nto account the t ype o f schools . In 1990, the
same s ubst i t u t ion wa s carrie d ou t , but distinguished b etwe en log
and free s chools.

Th ese r e sul t s will soon be updated by using samples col ­
lected between November and April, from 1986 to 1989. As they
were not on a computeri zed f orm, they could not be used for this
meeting. In any case, t he cov e r a g e will have to be completed by
the Fr e nc h samples for t he othe r months.

'l'he Japanese scientist was asked to send to IPTP any
available s i ze samples col lected on Japanese purse-seiners. It
was also s uggest e d that the f ew s amp les from Japanese purse
-se i ners obtained i n Seychel les b e compared with thos e from
Mauritian v e s s els. Ac tually, i t see ms t h a t s i ze of YFT caught on
artificial l ogs i s s mal ler t ha n on na tural logs ; sinc e the s e two
fl e ets have the same f i shing s t r ategy , it cou l d be more r elevant
to s ubst i t u t e within t his s peci fic fi she ry instead of u s ing the
French log samples.

Th e s i ze s amp l i ng intensity was c hecked by the French
scien t ists . De spite t he l og/free strat ification , it was found
that the number o f f i sh me a sured by 5 d egree -fortnight s t r a t um
i s proportional to t he catc h , a s it s hou l d be in reliable
s a mp l i ng .

8.3. Small-scale f isher i es .

8.3.1. Maldive s

Th e 1987 l ength frequencie s were s ubst i t u t e d for the years
1975 to 1984. The highe st number of fi sh were mea sured and all
months were s a mp led dur ing t h is y e ar. In the future , it would be
better to u s e sepa r ate eastern and weste rn s amples , a s they are
quite different; catches s hou l d a lso be distinguished.

8.3.2. Sri Lanka.

Length frequenci e s
Re sources Agency (NARA)
years 1975 to 1984. A

col l e cte d by the Na t i ona l Aquatic
during 1985 were substituted for the
hand line fishery for yellowfi n t una
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associated with p orpo i s e developed along t he we st coast as from
198 6 , s o l ength f requencies o f r e c e nt years c o nta i n a relatively
h i gh proportion of l a r g e fi sh. The 1985 f requencies mo s t probably
better approxima t e the s ize composit ions o f the yel l owf in catch
of t he s e v e nt ies a nd ear l y e ighties . Monthly l andings est i mated
duri ng 1 98 5 from t he NARA samp l i ng programme we r e u s ed to
proportion annua l catches .

8.3.3. others

c ountrie s included i n thi s c ategor y were Aus t r al ia, Comoros ,
I ran , Mauritius, Mo za mb iqu e, Oma n , Pakis tan , Sey c h e l l es , Soma l i a ,
South Afric a, Tanzania a nd Yemen A.R. The 19 8 9 length frequencies
f o r Oman we r e s ubst i t uted for a l l years . Monthly c a tches i n Oma n
f or 1990 we r e u s e d t o proportion annu a l c a tches .

9. STATUS OF STOCK

9.1. Tr ends of catch-per- unit o f fi shing e ffor t

The catch-per - u n i t o f fi s h i ng effort (CPUE) has been
trad i tionally u s e d a s a me a s u r e o f relative c hang e to a ll s t ock
abundance. The d i ff i c ul ty with the determinatio n o f such a n i ndex
i s in defin i ng e f fective fi shing e ffort i n a way that would
result in a linea r relationsh ip b etween CPUE a nd abunda nce. The
indices pres ented dur i ng t h e Works hop are r e v iewe d below.

9.1.1. Longline f i sherie s

St a nda rd i zed CPUE f o r the Japa nese , Korea n a nd Taiwa ne s e
l ongline fi she rie s we r e est i mated at t he Sh i mi zu me e ting using
t he Honma me thod . Th e GLM method wa s t hen app l ied to determine
s t a nd a r d i z e d CPUE f or the combined l ongline fi sher i e s ; b ot h a r e
s h own on Figur e 20 from TWS/ 9 1/0 5.

The obtained trend s o f sta ndard i zed CPUE are s i mi l a r . Th e
i n i t i a l r a p i d dec l i ne wi t h larg e f l uc t u a t i ons unt il t h e mid 70 's
i s c har a c t erist i c o f yellowfin in mos t t una l ongl ine f i sher i e s.
I t c an b e e x p l a i ne d by fi shing an a c cumu l ate d s t ock , and
e xtend i ng fi shing grou nd s t o are as o f l e s s product i vi t y : such a n
e xpan s ion i s like ly t o sig n if icant l y overest i ma te t he i n i t i al
decl i ne in t he abundanc e o f age-classes ( 2. 5 to over 5 year old )
exploited by t h e l ongl ine fisheries.

The stabili zation o f CPUE f r om t he mid 7 0' s i s a l so c har­
acte ristic o f many l ong line f i she rie s , s uggest i ng t hat t h e
catc hes in t h e c orresponding period are s ust a i nab le , i f CPUE i s
prop o r tional during t hat period to t he e n t i re a bu ndance of t he
age -clas ses e xp lo i ted by l ongline r s .

The a ssumptio n o f proport i ona l ity b e twe en CPUE and a bu nd a nce
wa s questioned. The s harp i nc r e a s e i n the purs e - seine cat ch from
39, 000 (1983) to 151, 000 ( 1989) mt wa s likel y t o affect t h e
abundance o f f i sh availabl e t o l o ngl iners. Howeve r, longl ine CPUE
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appeared not to be affected by this tremendous i ncrease ; poss ible
explanation of t his event were discussed .

CPU E
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Figure 2 0: s tanda r d i z e d longl i ne CPUE o n y e l l owf i n using
Honma 's method (J apan, Ko rea and Taiwan), 1967 -8 9
a nd the Genera l Linear Model (a ll flee t s),
1975-89 (TWS/9 1/05 )

Four al t e r na t i v e hypothesis we r e suggested for e xp l a i ning
the trends i n standardized CPUE for t he l o ngline fi she r i e s:

( 1) only a part of the population - which is inde p e ndent
of t he abundance of t he earlier popul a t i on i s
available to the longline fisheries ,

(2 ) a n increased productivity of the stock ,
( 3) an e xtremely large populat ion ,
( 4) a b i a s e d measure of fish i ng e f fort , or
( 5) a comb ina t i o n of t he above-ment ioned facto r s.

The sig n ificant increase in l o nglin e fi shing e f fort t hrou­
ghout the period o f the fi shery with the fl a t t ening a nnual catch ,
t he f i ve fo l d increase in the purse-seine annu a l catch from 1983
t o 1 989 as well as t he lack of impact of t he purs e - s eine fi she ry
on t he l ongline f i she r y suggested t hat hy p othe sis ( 1) o r (3) may
be v alid. Howeve r, the relative l ikelihood o f t he four a lterna­
t ive e xplanations for the s t a b i l i z a t i o n of CPUE wa s d i ffi cul t to
determi ne with any certainty, leaving the trend in t he abu ndance
o f fish older t han 2.5 years u n c ert a in for t he enti re period o f
fi shery operat i on.

, .
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Pu r s e - s eine f isheries .

I

t

Stand a r d i zed CPUE fo r t he French purs e - s einers s i nce the 'I

beginning of s ubstant ial operation in 1984 are r eported in
d ocument TWS/91/18. The numb e r of search i ng a nd fi shing d ays
( f r e e s c h oo ls ) have be en u s ed as measures of f ish i ng e f fo r t . In
both c a s e s , the CPUE t r end wa s i ncre a s ing t h roug hou t the p e r i od
of operation of purs e - s eine r s or i nc reas i ng a nd , then, s tab i l i z-
ing (Fi g u r e 21 ) . The participants concl uded that the variabi lity
in the d ata i s likely t o p r e vent a s t atist ica l distinction
between the t wo hypothe s e s.

s tandard i zed CPUE f or the Spanish purse-sei ners are p r e ­
sented i n Figur e 22 ; they are s imi lar i n general to those o f
French purse-seiners. The diffe r enc e s between them are likely to
be c a use d by the Fr ench purs e - seiners tar geting more for
yellowfin tuna (a nd especi a l l y l a r g e ones ) than s k i p j ack , a s
compared to t he Spa n ish purs e - s einers .

Yellowfin tuna CPUE - French-Ivory Coast purse-seiners
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Figure 21 : French-Ivory Coast pur s e - s eine yellowfin CPUE
(fishing a nd search i ng days ) , 1984 -90.
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YeUowfin tuna CPUE - Span ish purse-seiners
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Figure 22:
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Span i s h purse-seiners yellowfin CPUE (f i s h i ng and
s e a r ching days), 1984 -90.

The very significant gradual increase in the ef f i cie nc y o f
purs e - seining throughout t he o peration o f t h e fi shery wa s pointed
out; th is phenomenon c a n b e a t t r ibut ed t o:

( 1) the intr oduc tion o f sophist icated e lectronic equip­
ment, i ncl uding a radar f or d e t ecting b i r d s usually
a s sociated with tuna schools ,

(2) a reduced t ime of setting n e t s ( r e sulting in more set s
per da y ) and,

(3 ) other genera l ways of i ncreasin g fi shing p ower a s
satel l ite inf orm a t i on, i mproved n e t s , u s e o f auxiliary
boa t s , ...

wi t h respect t o item (1), the e f fec t o f introducing a radar
h a s been e xami ned by performi ng .s i mu l ations . Their r esults ,
p r e s ented during t he Wo r kshop, demonstrated t hat the eff i ciency
of purs e - s eining (c omp a r e d wi th c lassic scout i ng u s ing binocu­
l ars ) might inc r e a s e from 3 t i mes f or high sch oo l d ensity up t o
9 t ime s f o r the most common l y occurri ng l ow school densitie s; the
non-line a rity o f t h is relationship b etwe en bioma s s and e ffi c i ency
i s a n import ant p oint to be taken in account in future s t ud ies .

with r e spect t o item (2), t he d e c r e a sing of t h e set t i ng time
obser ved s i nce the begi nn ing of t he f i she ry wa s u s ed as a
c orr e ctive f a cto r t o t he CPUE t i me ser ies . Though not c ompletely
sat is f a c t o r y , this corrected CPUE int e g r ate s at l east part o f the
c hange in e f f iciency , and s houl d b e pre f e r r ed to traditional
f iShing days.

Th i s increased efficiency led t he part ic i p a nts to b e lieve
that the rise in CPUE may be too sma l l to be cons istent wi th a
const a n t abundance o f the age- classes exp l o i ted by the
purse-seiner s (1 t o 4 o r even 5 year o l d ) , which suggests the
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pos sibi l ity o f declining abundance o f these age-classes can not !r
be excl uded . 1

Further a nalysis are required t o a s sess more comprehensively
a l l f a c t ors which can a ffect the efficiency of purse - s e i ne .
However , the available s e r i es of purs e-seine CPUE we r e regarded
by t he pa rticipa nt s a s being of l i mi t ed va l ue in e s tabl i s h ing t he
t r end of popul a t i on a bundance : they are a s sumed more l ike l y t o
r efle c t c hanges in catchability than in abundance .

Th e need for constructing CPUE series separate l y f or
free- swimming a nd l og - a s s oc i a t e d s c hoo ls was discussed. Th e
pos sibility o f u s ing CPUE f r om Japane se purse-seiners , whi ch do
not t arget a t yellowf i n tuna, was also examined .

The l ikely e f fects o f oceanographic conditions c hanges on
t he p r oduction of t he yellowfin stock and catchab i l ity coeffi­
cients were dis cus s e d. An i ndex of water mixing wa s s uggested as
a like ly predic t o r o f ye l l owf i n abundance 18 months l a ter .

9.1.3 . Art i s ana l fisherie s

Be cause o f very l im i t e d areas o f operation o f art i sanal
f i sherie s , i t wa s r e c ogn i ze d by the participants that CPUE f or
these fi she ries may re f lect local abundance rather t ha n the
entire population.

Th e inc r e a sing t rends of CPUE f or the pole-and- l i ne fi sh­
eries o f f eas t and we s t Ma l d i v e s ( Fi gu r e 23 ) r e f lect t he
i mp roving e f f iciency o f boats (me c ha n i za t i on) that s tarted in
1974 a nd was c ompl e t e d i n 1980. The decreasing CPUE t r end since
198 3 or 84 may be e xplained by:

( 1) the assumption that " l oc a l" CPUE may not be r e l a ted to
abundance,

( 2 ) a s ma l ler loca l ava ilability of yel lowfin to t he Mal ­
dive s f i sher i e s du e to a c h ange o f t he oce a nograph ic
c onditions ,

( 3 ) a reduc e d r e c r ui tm e nt to the ent ire stock ,
(4) the i mpact o f purs e - s e i ne r catches , or
( 5 ) a c ombina t i on of the above-mentioned f a c t o r s.

Th e r e l a tive l i ke l i hood of t he different causes f or the
d e clining CPUE wa s . impossib l e to determine.

Fo r Sri Lanka , CPUE i s provided i n Table 11 ( f r om
TWS/91/12 ) .

HI

,
it
!
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Figure 23 :

Table 11 :

CPUE f o r t he pole a nd line Mald i v i a n f i sheries :
Ea s t c oa s t during t he nor thea s t monsoon (u pper)
and We st coast during t he s out hwe s t monsoon
( l owe r)

Yel l owfin t una c a t c h rate s o f t he art i s ana l
f i s he r i e s i n Sri La nka : 3 , 5 and 11 t ons boa t s.

Boat Type

Year
NW

3.5 to ns

Are a
w SW S

CPUE
kg/day

I II tons I

1967
1968
1969
1970

1971-82
1983
1984
1985
1986
1987
1988
1989
1990

51.9
56.7
77.8
50.9
36.3
43.8
56.1
33

3.3 13.9
7.1 13.3

20.6 15.3
18.2 9.1
28.7 22.5
28.7 22.4
21.3 25
17.5 20

16.9
14.1
22.6
19.3

10
21.1

14.4

41.8
56.8
51.8
52.1

21.5
22.7
34.1
24.4
29.2
26.2
28.1
21.3

70.8

44.2
38.9
39.2
25.3

25.5
20.2

Source: TWS/91/12 (- means no data)
II tons boats : I = ArtisanaI fishery , 2 = Exploratory fishing
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9.1. 4 . c onclus i o n s

51

Th e a nal ysis of CPUE t r e nd s for the above-ment ioned fish ­
eries led the participants to the conclusion tha t t he s tructure
a nd mig r ation of the y e l l owf in tuna stock may be too complex to
a l low a s i mp le tradit ional interpretation of CPUE. This, together
with d iff icu l ties in determining effective fish i ng e f fort f or the
purse-se i ne fi s her i e s , leaves trends in the pop u lat ion abundance
unknown to a significant e xtent .

9.2 . Relatio nship between catch and Effort

Pr oducti on models we r e useful in assessing l evel s o f e f fort
a nd catch for yellowf i n t una in Atlantic and Pacific Ocean . Earl y
ana l yses o f t he y e llowf i n tuna fishery ( 1 9 52- 77, TWSj 9 lj06 )
fi t t ed production models to catch and effort data of the l ongline
fi she ry in the I nd i a n Ocean.

9.2 .1. Lo c al estimates

Recent investigations were made on c atch and e f fort r e l a­
tionships for the live bai t p ol e - a nd - lin e f i shery o f the Mald ives
and Lakshadweep, developing " Pr od u c t i o n funct ion model s" that
i ncor pora t e int e r a c tion s b e twe e n boats, as the s t a nda r d Schaefer
and Fo x models d o not take into account s u c h interactions .
Anothe r local analysis on t h e longline fishery in Indian wa ters
(TWSj9j2l ) provides an e xamp le of techniques u sed in fi tt i ng
production mod e l s t o catch and e ffort data.

The workshop emphas i zed, howe v e r, t hat such a na l y s es did no t
provid e mean ingful est imates o f maximum sustainable yield (MSY)
or other indicat i on s o f total population size : production models
s hou l d b e appl i e d to the entire stock , where immigration and
emigration d i d not in f luence the biomass avai lable to e x p loita­
tion.

"
,

:'

9. 2.2 . General considerations

Ot her l im i t a t i o ns and assumptions o f p rod u c t ion model s we r e
di scus s ed . I t was particularly mentioned t hat

( 1) produc tiv i t y is not constant a nd might vary with e nvi­
ronment al conditions: in this situation , produc t i on
model s would give variable estimates of MSYi

( 2 ) p r oduc t i on models overlooked important features of t he
s tock , s uch as age structurei and

( 3 ) e f fort observations above the optimum fish i ng effort
( f o t) are necessary for an accurate est i mat ion o f f opt
and MSY.

Considering t h e
current s t r u c t u r e ,

r ecent h istory of t h e f i shery
pa r ticipant s h ighlight ed three

and its
specific
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limitations of a pplyi ng production models to the I ndia n Oc e an I
yellowfin tuna f i s he r y :

( 1)

( 2)

( 3)

it wa s difficult to obtain a single sat isfactory est i­
mate of effective effort b e c aus e severa l t ype s o f gear
we r e u s e d to fish apparently di f f e r ent c omponents of
t h e yellowfin tuna population ;
the avail able measures of effort probably d id not
r efle ct the effective e f fort i n any o f the fi sheries.
For e xample , technologica l deve lopme nt s in purse
-se i n ing , s uch a s "bir d r ada r" , had greatly improved
efficiency, y e t their affect on catch rate s c ou l d not
be quant i f i e d at this s tage ;
during t he l a t e 80 's t here wa s a rapid a nd s ubstant ia l
inc r e a s e i n catches by purse-seine . The yellowf i n t u na
population wa s probably not i n equilib r i um, whi ch may
affect t he relationship b e twe en the abundanc e index
( i . e . CPUE ) and effort. Nev e r t h e l e s s, some t e chnique s
al l ows t o t a ke i n account such situat i ons .

I

9.2 .3 . Calculation of the effect i ve effo r t

Th e basic principle of the method consis t s i n assuming t hat
any r easonable e s timat e o f abundanc e index (i. e. CPUE) is
s i g n i f i c a nt , and c onsequ ently has t he s a me weight , what e v e r t he
importance o f t he f i she r y. This hypothesis results in the
est i ma t i on of a standard i ze d a bundance index c omput e d as the mea n
CPUE re l a t i v e l y to a selected " s tand a rd" gear ; the t otal
" e f f e ctive" effort i s t hen estimated as the tot a l catch divided
by this estimated gl obal a bund a nce index.

Longline c atche s:

Calculations a r e deta iled i n Ta ble 12. For each fl e et
(J apane se , Ko r e an a nd Taiwanese ) , a nnual CPUE during 1952- 90
period was sta nd a r dized by div iding t hem by t heir 1975-87 average
(for e xa mp l e , t he J a panese sta nda rd ized CPUE i n 19 52 is
3.055/0.527 5.800). Then , t he t otal effect i ve effort was
c a lcu l a t e d as the t ota l catch d i v ided by the average adjusted
CPUE .

All fl e ets:

Ca lculat ions are deta i led i n ' Table s 1 3 a nd 14. For f ive
selected fl eets (both east a nd we st Maldivian pole- and-l ine
fi sherie s , Fr ench purse-seiners , l ongl ine/driftnet fi she ry of Sri
Lanka, a nd the comb i ned Asiatic longline fishery ) , the r e spe c tive
ra is i ng f actors we r e computed by dividing the me an French
pur s e - s e ine CPUE (s e l e c t e d as the reference ) dur i ng the 1984 -89
p e riod by their me an CPUE during t he same period (Ta b l e 13: for
e xamp le , the raising fa c t o r of the Ma l d -1 fi shery is 3 .56/130 .5
= 0.0 273 ) . Next, each i nd i v idual CPUE was r aise d by this factor,
the s tand a r d i ze d CPUE be i ng the ave rage o f those five s tandard
CPUE . Finally , the total ef f ect ive effort was c a lculat ed a s the
tota l I nd i a n Ocean cat ch divided by t he resulting standardized
CPUE.

I
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Year JAPAN KOREA TAIWAN TOTAL

C(J) U(J) Us(J) X(J) COO U(K) Us(K) X (K) C<n U(T) Us<n X<n Ctot Uadj Xtot

1952 8.9 3.06 5.80 1.5 0.0 0.00 0.00 0.0 0.0 0.00 0.00 0.0 8.86 5.80 1.5

1953 13.3 2.25 4.28 3.1 0.0 0.00 0.00 0.0 0.0 0.00 0.00 0.0 13.26 4.28 3.1

1954 24.9 3.11 5.90 4.2 0.0 0.00 0.00 0.0 0.2 0.00 0.00 0.0 25.09 5.90 4.3

1955 46.5 4.35 8.26 5.6 0.0 0.00 0.00 0.0 0.7 0.00 0.00 0.0 47.15 8.26 5.7

1956 6404 3.03 5.75 11.2 0.0 0.00 0.00 0.0 1.1 0.00 0.00 0.0 65049 5.75 11.4

1957 36.0 2.31 4.38 8.2 0.0 0.00 0.00 0.0 1.3 0.00 0.00 0.0 37.34 4.38 8.5

1958 25.7 2.15 4.08 6.3 0.0 0.00 0.00 0.0 1.8 0.00 0.00 0.0 27.61 4.08 6.8

1959 2404 2.03 3.86 6.3 0.0 0.00 0.00 0.0 204 0.00 0.00 0.0 26.87 3.86 7.0

1960 40.3 2.04 3.87 lOA 0.0 0.00 0.00 0.0 2.2 0.00 0 .00 0.0 42.60 3.87 11.0

1961 34.6 1.70 3.23 10.7 0.0 0.00 0.00 0.0 2.9 0.00 0.00 0.0 37.50 3.23 11.6

1962 51.7 1.72 3.27 15.8 0.0 0.00 0.00 0.0 3.5 0.00 0.00 0.0 55.20 3.27 16.9

1963 25.9 1.25 2.37 10.9 0.0 0.00 0.00 0.0 304 0.00 0.00 0.0 29.46 2.37 1204
1964 24.8 0.95 1.81 13.7 0.0 0.00 0.00 0.0 2.9 0.00 0.00 0.0 27.99 1.81 15.5

1965 27.6 0.97 1.85 14.9 0.0 0.00 0.00 0.0 2.2 0.00 0.00 0.0 30.74 1.85 16.7

1966 44.1 1.15 2.18 20.2 0.1 0.00 0.00 0.0 404 0.00 0.00 0.0 51.25 2.18 23.5
1967 31.6 0.79 1.51 21.0 0.2 0.00 0.00 0.0 304 0.72 1.85 1.8 38.38 1.68 22.8

1968 SO.5 1.72 3.26 15.5 4.0 0.00 0.00 0.0 22.7 1.70 4.40 5.1 79.91 3.83 20.9

1969 25.2 1.14 2.15 11.7 6.0 0.00 0.00 0.0 21.2 1.13 2.92 7.2 54.09 2.54 21.3

1970 14.5 0.88 1.67 8.7 7.0 0.00 0.00 0.0 11.1 0.73 1.89 5.9 34.68 1.78 19.5
1971 13.5 0.95 1.81 7.5 6.5 0.00 0.00 0.0 1604 1.26 3.25 5.0 37.97 2.53 15.0

1972 8.8 0.77 1046 6.0 9.6 0.00 0.00 0.0 8.9 0.75 1.94 4.6 28.99 1.70 17.0
1973 304 0.71 1.34 2.5 9.1 0.00 0.00 0.0 4.3 0.67 1.73 2.5 17.84 1.53 11.6
1974 404 0.52 0.99 404 11.6 0.00 0.00 0.0 3.3 0.32 0.82 4.0 19.92 0.91 22.0
1975 4.7 0.66 1.25 3.8 11.7 0.36 0.76 1504 3.5 0.37 0.96 3.6 20.12 0.99 20.3
1976 2.7 0.52 0.99 2.8 12.8 0.57 1.20 10.7 2.5 0045 1.16 2.2 19.18 1.12 17.2.....
1977 2.1 0.77 1.46 104 31.4 0.82 1.71 1804 6.1 0.84 · 2.16 2.8 40.94 1.78 23.0
1978 4.0 O.SO 0.94 4.3 25.2 0.58 1.21 20.8 3.2 0.46 1.19 2.7 33.86 1.11 3004
1979 2.0 0.59 1.12 1.8 17.8 0042 0.87 20.5 2.8 0.29 0.74 3.7 24.22 0.9 1 26.6
1980 3.3 0049 0.93 3.5 12.8 0.27 0.56 22.6 2.9 0.22 0.57 5.0 20.79 0.69 30.2
1981 4.7 0042 0.79 5.9 U.8 0.38 0.78 15.0 3.1 0.28 0.72 4.2 21.67 0.77 28.3
1982 604 004 1 0.77 8.2 18.7 0047 0.99 18.9 3.5 0.24 0.63 5.6 30.78 0.80 38.6
1983 7.0 0045 0.84 8.3 15.3 0.44 0.92 16.7 4.2 0.26 0.67 6.2 28.18 0.81 34.7
1984 7.5 0.44 0.83 9.0 9.9 0.39 0.82 12.1 404 0.27 0.71 6.2 23.76 0.78 30.3
1985 9.3 0047 0.88 10.5 12.0 0046 0.96 12.5 5.1 0.31 0.80 6.5 28.23 0.88 (n C
1986 11.0 0.56 1.06 10.3 14.9 0.61 1.27 11.7 12.1 O.SO 1.30 9.3 40.05 1.21 \33.0
1987 7.6 0.58 1.11 6.8 12.6 0.46 0.96 13.1 16.0 0.53 1.38 11.6 38.78 1.15 33.8
1988 8.6 0.57 1.08 7.9 13.4 0.00 0.00 0.0 1404 0.38 0.98 14.7 39.09 1.03 38.0
1989 3.6 0.00 0.00 0.0 8.1 0.00 0.00 0.0 13.3 0.38 0.97 13.6 36.09 0.97 37.1

1975-8 0.53 0.48 0.39

Individual Fisheries (i):

C(i) =Catch 0 ,000 M11 ; U(i) =annual CPUE; Usfi) =standardised annual CPUE (period 75-87);
X(i) =effective effort (C/Ustd).

Total (tot) :

Ctot =Total yellowfin catch in the Indian Ocean ; Uadj =adjusted mean standard ised CPUE;
Xtot =tota l effective effort (Ctot/Uadj).

Tabl e 1 2 : St andardization of Japane se, Korean and Taiwa ne s e
longline CPUE a nd estimation o f the t ota l longline
effec t i ve effor t , 1 9 ~ 2 - 8 9.
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Ta ble 13: Ra i sing f a c t ors calcu lated f or five sel ected f l eets
(b o t h Ea st a nd We s t c oas t Mald ivi an pole - and-line fi sheries ,
Fr ench purse- s einers, l ongline j d ri f tnet fi she ry o f Sri Lanka , and
the comb i ned Asiatic l ongl ine fi s hery ) , 1981- 90.

Year Maldives-W Mal dives-E France Sri-Lanka Lo n line Total
U Ustd U Ustd U Ustd U Ustd U Ustd Uadi

1977 1.78 6.3 1 6.31

1978 1.11 3.94 3.94
1979 0.91 3.2 3.23
1980 0.69 2.45 2.45
1981 157.80 4.30 55.30 3.3~ 0.77 2.7 3.4t
1982 169.90 4.6 32.60 1.98 0.80 2.84 3.15
1983 263.90 7.20 51.40 3.12 21.50 2.79 0.81 2.87 3.99
1984 162.30 4.4 87.70 5.32 3.35 3.35 22.70 2.9<1 0.78 2.77 3.76
1985 142.20 3.88 60.20 3.65 2.54 2.54 34.10 4.42 0.88 3.12 3.52
1986 94.30 2S i 73.30 4.44 2.90 2.90 24.40 3.1C 1.21 4.29 3.47
1987 201.10 5.4E 49.40 2.99 4.18 4.11: 29.20 3.79 1.15 4.08 4.10
1988 100.60 2.7<1 47.60 2.89 4.83 4.83 26.20 3.40 1.03 3.65 3.50
1989 82.50 2.2( 34.00 2.0(' 3.55 3.5~ 28. 10 3.64 0.97 3.44 2.99
1990 49.70 1.3<: 42.40 2.57 4.11 4.11 21.30 2.76 2.70

84-89 130.50 58.70 3.56 27.45 1.00
RF 0.027 0.061 1.000 0.130 3.547

U =annual CPUE for each fishery
Ustd =standardised CPUE (period 1984-89) for each fishery
Uadj =Adjusted mean standardised CPUE

9.2. 4 . Re sults

Longline catches

St andardized CPUE o f t h e l ongline f leets plotted aga inst
y e a r ( Fi g u r e 20 ) a nd y e llowf i n t u na c a t c h p lotted aga inst
e ffect i ve e f fo r t ( Fi g u r e 24 ) provide graphical rep r ese n t a tio n s
o f trends in the l ong l i n e fi s hery ; because of the problems
ou t l i ned above , a y i eld c urve wa s not f itted t o the data .
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Figure 24 : Relationship bet wee n y e l low f in catch and s tandardized
e f f o r t (see text) i n the l ong l i ne f i shery, from 19 52 to 1989.
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Tabl e 14: Standa r d i z e d CPUE for five sel e c t e d fl e e t s (b ot h East
a nd We st coast Mald i v i a n pole-and-l i ne f i she r i e s,
Frenc h purse-seiners , l onglinejdriftnet f i she ry of Sri
Lanka, a nd the combined Asiatic long l i ne f ishery ) a nd
est i mation o f the total Indian Ocean effect i v e effort ,
1952-9 1 .

Standardised CPU E Total Indian Ocea n
Year Ma ld-W Mald -E Fra nce Sri -Lanka Longline Uadj Ctot Xtot

52 20.60 20.60 14.7 0.7
53 15.20 15.20 18.7 1.2
54 20.95 20.95 31.6 1.5
55 29.34 29.34 54.5 1.9
56 20.44 20.44 74.5 3.6
57 15.55 15.55 48.8 3.1
58 14.50 14.50 37.1 2.6
59 13.71 13.71 36.8 2.7
60 13.73 13.73 52.8 3.8
61 11.48 11.48 48.6 4.2
62 11.60 11.60 66.4 5.7
63 8.42 8.42 47.0 5.6
64 6.43 6.43 40.9 6.4
65 6.55 6.55 42.7 6.5
66 7.75 7.75 65.1 8.4
67 5.97 5.97 54.7 9.2
68 13.61 13.61 98.7 7.3
69 9.02 9.02 68.5 7.6
70 6.33 6.33 48.4 7.6
71 8.99 8.99 49.3 5.5
72 6.04 6.04 43.8 7.3
73 5.45 5.45 35.1 6.4
74 3.22 3.22 36.9 II .5
75 3.52 3.52 37.6 10.7
76 3.97 3.97 38.5 9.7
77 6.32 6.32 59.2 9.4
78 3.94 3.94 49.8 12.6
79 3.23 3.23 43.8 13.5
80 2.45 2.45 39.3 16.0
81 4.30 3.35 2.74 3.46 43.4 12.5
82 4.63 1.98 2.84 3.15 53.5 17.0
83 7.20 3.12 2.79 2.88 3.99 66.5 16.6
84 4.43 5.32 3.35 2.94 2.77 3.76 104.7 27.8
85 3.88 3.65 2.54 4.42 3.13 3.52 II3.0 32.1
86 2.57 4.44 2.90 3.16 4.30 3.48 127.7 36.7
87 5.48 2.99 4.18 3.79 4.09 4.11 130.8 31.9
88 2.74 2.89 4.83 3.40 3.66 3.50 187.8 53.6
89 2.25 2.06 3.55 3.64 3.41 2.98 171.6 57.5
90 1.36 2.57 4.II 2.76 2.70 188.1 69.7

Uadj = Mean adjusted standardised CPUE (MT/standard searching day of FlS purse-seine)
Ctot = Total Indian Ocean yellowfin tuna catch (I ,000 MT)
Xtot = Total effective effort in the Indian Ocean 0 ,000 FIS purse-seine standard scarchinz davs)

,

~ !

. '..
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Longline effort has p r ogre s sively increas ed t h roughout t he I
history of the fi shery: during 1 952 -74 , both effort and catch
increas ed s i g n i f ican t l y while CPUE d e clined greatl y ; then , during
the 8 0 's c atche s were l e s s v a r i able and , notably , did n ot decline I
during the late 80' s f ollowing the s pectacu l a r growth of the
purs e -seine f i shery a nd f urt her e xpansion in longline effort .

According to Figure 24 , t he workshop c oncl u d e d t hat large
increases in longline e f fort a bove c u r r e n t l evel s woul d probably
not significantly i ncrease catch .

All catches

198 9
--JIE- FR EN CH P.S.

1987
-f- MA L D.2

198 5
- MA L D.1

1983
YEAR

19811979

01---'---1--- '--- 1---'----i1--- '--- 1--- '---1---'-----11-----I

1977

6

2

4

standardized yellowfin tuna CPUE in fiv e sel ect:e d significant
f i s h e r i e s ( t h e longline/driftnet fi s h ery of Sr i Lanka , the Frenc h
purse-seiners , the comb i ned Asiatic l ongline fi shery and the t wo
east and we s t Maldivian pole-and-line f isher ies ) , a s well as
their mean resulting c ompo s ite CPUE are presented i n Figure 25 .

8r---- - - - - --- --------- --- - - ---,

-e- SRI LA NK A -->f- LO NG - LI NE - AVERAGE

Figure 25 : Standardi zed y e l l owf i n t u na CPUE (abundance i ndic e s)
i n f ive se lected fi sheries, and mean composite s t a nda r d i z e d CPUE.

The abundance indices show wide v a rianc e betwe e n t hese five
fi sheries, but no trend is a ppa r e n t in t he data . When c ombined
(Figure 2 6) the indices s how sma ll catch and very high CPUE in
ea r l y yea r s when the fishery was dominated by longl ine. App a rent
abundance declined and then s tabilized, a s effort and catches
grew due to f urther devel opmen t o f l onglining and, later, the
growth in purse seining.

i '::, ,.~ "...,-- ~ . ~ •
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Participants s uggested tha t the apparent abs ence of a
d e cline in longline catches a nd CPUE during the l ate 80 I S

(Fi gu r e s 20 and 24 ) might indic a t e t hat:
( 1) e nv i r onmenta l condi t ions h ave a s ign i f icant positive

effect on ava i lab i l i t y or abundance ,
(2) the measure s o f e f fect i ve ef fo r t o r abundance we re

poor , or
( 3) longl ine a nd purs e - s e ine a r e exploiting two mostly

i ndepe ndent component s o f the adul t s toc k .
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Figu r e 26: Relat i ons h i p between yellowf in catch and standardized
e ffort (s e e t e xt ) in the whole Indian Oc ean fi sher y , from 1952
t o 19 90 .

9 .3 . Catch at a ge table: cal c u lat ion a nd discussion of
trends

According " to the dis cus sion on growt h (Chapter 7.2 ) the
participants agreed t o accept different growt h c urve hypothesis.
The r e f o r e, two catch a t age t able s h ave b e en c a lcu lat ed : one with
a s low growth rate f or juvenile s, which i s comp lete l y based on
the French pu r s e - s e i ne data (TWS/91/17), t he other with a faster
g r owth r ate for j uve n i le based on Sri Lanka size data for small
fi sh a nd on J apa ne se l ongline data for l arger y e l l owf in
(TWS/91/09) .

Both c atch a t age t ables we re c alcu l ate d using t he c orre­
spond i ng s l i c i ng t a b les coming from t he s e t wo growt h c urv e s
(Tables 15) . Ta b l e s 16 a nd 17 give f r om 19 52 to 1990 and by
quart er the e s t i ma t ed number o f yellowfin tuna c aught by the
whole fishery , in thousands of f i s h .
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Howeve r t h e bre aking down of the s e catch a t a ge by gears i s
a va i lab le o n computer. s i x gears we r e u sed :

* l ong l ine a s a whole
* purse-seine log-as sociated school
* purse- s eine fre e s wi mmi ng sch o o l
* artisanal Maldives fi she r i e s
* artisanal Sri Lanka fisheries
* a l l other artisanal f isheries in o ne group c a l l e d

" Oman type " fishery .

Tabl e 15: "Slic i ng" t a ble s ( L e. monthly sizes limits betwe en
s ucc essive ages , in c m LF ) used to build the catch a t
age tables under both slow and f a s t growth h yp othe s e s
for juvenile yel lowf i n tuna .

A: Slow Growth A: Fast Growth

Month Length at Age Length at Age
Age 0 Age I Age 2 Age 3 Age 4 Age 5+ Age 0 Age I Age 2 Age 3 Age 4 Age 5+

1 44-63 64-108 109-137 138-153 154-20C 47-83 84-11 6 117-136 137-150 151-20C
2 46-65 66-112 113-139 140-155 156-20C 50-86 87-118 119-138 139-151 152-20C

3 46-69 70-11 5 116-141 142-155 156-20C 53-89 90-119 120-139 140-152 153-20C
4 48-73 74-118 119-143 144-157 158-20C 56-92 93-123 124-140 141 -153 154-20C

5 50-77 78-121 122-145 146-157 158-20C 59-95 96-124 125-141 142-154 155-20C

6 30-49 50-81 82-1 23 124-145 146-159 160-20C 25-61 62-98 99-125 126-142 143-155 156-20C
7 30-51 52-85 86-125 126-147 148-159 160-20C 28-64 65-101 102-126 127-143 144-155 156-2OC
8 30-53 54-89 90-127 128-147 148-161 162-20C 32-68 69-103 104-128 129-145 146-156 157-2OC
9 30-55 56-93 94-129 130-149 150-161 162-20C 35-71 72-106 107-129 130-146 147-156 157-20C
10 30-57 58-97 98-131 132-151 152-163 164-20C 38-74 75-107 108-131 132-147 148-157 158-20C
11 30-59 60-101 102-133 134-151 152-163 164-20C 41-77 78-110 111-133 134-148 149-157 158-20C
12 30-61 62-105 106-135 136-153 154-165 166-20C 44-80 81-113 114-134 135-149 150-158 159-20C

Dat a f r om t he two tables are p r e s ent e d o n Figure 27 f or e ach
o f the 6 age g r oups ( 0- 5) and both sets o f da ta (fas t and s low
g r owth c u r ves ) , s howing results as could b e e xp e c ted : fast g r owth
results in greate r numb e r f o r b oth y oung e r (age 0 ) and o l d e r (age
4-5 ) f i she s and, contrarily , lower number fo r interme diat e a ges
( 1-3 ) , differenc e s being l ow f or ages 3 and 4 .

This obser vat ion for age 5 ma y partl y resu l t from a s l i gh t l y
higher Linfinity i n the ;fast growth curve , based on l ongline data
ins t ead o f pur s e - s e ine data . Howeve r, diffe r ence s at all age
r emain , mo s t o f t h e time , minimal e xcept f or. age 2 group .

Ove rall each age group show a n importan t incre a s e in t h e
number of yel l owf in c a ug h t start i ng at t he beginning of t he
eighties . Th i s i s a direct c on s e qu e n c e of t he d evelopment o f the
purs e - s eine f ishery , a very efficient f i s hing method who s e catc h
c overed the e ntire spectrum o f s izes , from 4 0 t o 170 cm FL.
Ar tisanal fi s h e ri e s are a lso partly resp ons i b le f or t h is
increas e, especial ly fo r age groups 0 to 2 ( f o r ins t anc e t h e
recent i mp o r t a nt development o f the Oman fishery on yellowfin
t una) .
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9.4. Estimate s of popula tion sizes and fishing mortality
trends u sing s equent i al Popu lat i o n Analysis

Sequential Popula tion Analysis (SPA) is a powerful method
c ommon l y u s ed to est i ma te popula t i on sizes a nd manage fi sherie s.
This method, which r ely o n the ava i lab i l ity o f c a t ch at age data,
a s sume that s ome par amete r s (as na tur al mortality) are known, and
needs a s e t of hypothes e s to ca l i brate the fi shing mortalities.

9.4.1. Tuning of the SPA

I

I

I

Consequently t o the discus sions held o n i nd ices of abundance
trends, the Workshop de cided not t o u s e the traditional tuning
of SPA , no acceptable indices being availab le . Nevertheles s, it
wa s decided to try to find a reasonab le range o f population si zes
and exploitation rates , in order to e val uate the pos sible fi she ry
and stock trends. In that a im, the f ollowing parameters a nd
hypothesis we r e retained:

Growth: a ccording to previou s di s cus sions (see 7. 2 and
9.3) , the c a t c h by age matrix corresponding to
the slow juvenile growth hypothesis (Ta b l e 1 6)
wa s retained.

Natural mortality (M): a s new e sti ma t es presented we re con­
sistent with results obtaine d o n other yellowfin tuna
stocks, the "traditional" value M=0.6 on an annual basis
was taken for thi s first analysis, a l t hou g h it was stressed
than an age vector (as developed in the Atlantic Ocean, s e e
6 .7 ) may be more r ealistic.

Recruitment : as tuning the SPA wa s n ot p o s sible, it was decided
to run the analysi s from a set of "credible" recruitments.

In a first s t e p , minimal r e c ruitment r equired to s upp o r t the
historical fishery wa s e xa mi ned , using a backward cohort analysis
and assuming a high fi shing mort ality (.40) a t all terminal age.
This analysis (Table 18) showe d t hat a l evel of some 40 -50
millions of recruits was neces s ary t o e xp l a i n the observed catch.
It also resulted in a regular and strong incr easing of e stimat ed
recruitment ; as recruitment cou ld not have increased in s u c h a
way during this time, the Workshop r e tained the hypothesis of a
c o n s t a n t recruitment during the period 1952 -90, even though it
wa s recognized that s ome fluctuations (for example linked to
oc eanographical events s uch a s t he ENSO phenomenon) certainly
occurred , but without any notic eable trend.

In a second s t e p , it wa s d ecid ed t o evaluate a r ange of
rea sonable recruitments. In tha t purpo s e, a set of VPA - a ssuming
rec r u i t me n t s from 20 t o 2 00 millions of fi she s - wa s run, and t he
corresponding fi shing mortalit i e s (a g e s . 5 to 5 years) were
calculated for all c ohorts b o rn from 70 t o 86 (Table 19 ).
Examining these r e sults, the v alue of 6 0 millions of fishe s wa s
retained as an example of l ow rec ruitment, and a doubling of this
value considered as a reasonable example of high stock estimate.
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Aae (by cunrter)
Yen r 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Z1 22 23 24

52 1 9Q 37 109 71 137 150 121 64 5 1 21 56 9 3 11 91 1 1 1 5 1 1 1 I

53 1 9Q 37 110 72 132 144 125 68 45 11 47 69 26 10 57 38 4 2 9 2 1 1 1

54 1 9Q 38 119 74 158 177 138 85 78 52 85 49 107 83 57 32 27 12 4 6 1 1 1

55 1 9Q 38 120 75 17 1 194 163 103 80 29 119 174 244 117 117 79 40 11 11 11 1 1 1

56 1 9 1 39 128 77 206 238 204 133 137 95 169 322 267 175 118 116 42 15 11 15 1 1 1

57 1 9 1 39 132 79 245 288 263 160 150 79 116 176 148 44 58 113 32 2 3 14 1 1 1

58 1 9Q 38 125 76 209 241 208 135 143 39 85 150 134 11 46 83 19 1 3 7 1 1 1

59 1 100 43 140 85 226 26 1 230 138 149 64 100 158 170 41 45 25 6 2 5 1 1 1 1

60 1 95 40 133 8 1 224 260 233 208 278 83 213 232 184 63 62 33 10 6 9 1 1 1 1

6 1 1 118 50 167 100 257 311 265 160 145 16 1 24 1 195 107 32 125 25 4 2 5 2 I 1 1

62 1 100 44 154 89 260 325 263 212 293 300 350 307 121 71 I I I 32 4 7 2 1 1 I 1

63 1 10 1 46 178 97 395 474 465 229 202 90 147 212 106 32 69 31 6 1 3 2 1 1 1

64 1 100 44 152 90 284 338 293 180 181 157 122 130 107 6 1 50 32 6 1 2 1 1 1 1

65 1 100 44 156 90 276 338 308 157 207 193 20 1 152 90 36 32 53 4 2 2 3 1 I 1

66 1 92 41 153 85 305 376 334 26 1 311 210 278 288 127 77 112 39 7 3 5 3 1 1 1

67 1 106 48 188 102 370 451 387 29 1 274 169 218 236 152 33 37 42 11 1 4 4 1 1 1

68 1 84 41 182 92 425 529 464 435 647 379 294 487 233 69 72 139 20 3 6 17 1 1 1

69 1 106 48 173 98 343 425 346 404 328 299 315 321 107 56 57 56 7 3 2 4 1 I 1

70 1 69 62 112 84 277 413 329 183 171 223 178 173 93 83 51 39 9 4 3 3 1 1 1

71 1 47 33 104 55 244 432 300 185 39 1 28 1 200 182 96 54 23 42 11 3 2 2 1 1 1

72 1 68 80 94 84 320 520 33 1 221 321 246 159 179 52 . 19 27 38 4 1 2 2 1 1 1

73 1 167 163 256 200 346 590 313 213 126 83 69 110 65 30 62 27 3 1 3 2 1 1 1

74 1 131 114 273 130 354 536 377 182 165 87 132 110 56 32 55 30 7 3 4 1 1 1 1

75 20 129 62 77 352 377 463 398 211 193 133 156 80 48 34 19 36 14 4 3 3 1 1 1

76 25 96 73 178 410 368 494 454 242 214 156 102 87 40 22 30 28 8 5 12 3 1 1 I

77 39 75 62 111 505 318 42 1 424 269 200 194 130 98 88 90 167 34 21 24 25 6 3 2 1

78 27 62 56 138 397 288 369 379 218 156 116 203 243 95 30 74 42 12 4 6 6 1 1 1

79 21 124 67 122 355 383 454 473 241 199 153 109 151 79 35 41 31 12 3 8 3 1 1 1

80 28 99 72 105 438 367 458 43 1 220 171 129 83 105 69 31 39 42 9 6 8 4 I 1 1

81 40 136 68 168 560 429 479 494 265 184 170 14 1 86 57 30 48 25 11 7 7 4 3 1 1

82 21 52 79 172 473 389 542 531 297 279 212 256 120 59 3 1 69 28 6 3 8 8 1 1 1

83 33 243 185 34 1 800 68 1 685 757 343 274 20 1 257 140 94 62 72 42 8 6 12 9 1 1 1

84 53 197 636 1866 86 1 485 707 713 416 331 218 30 1 328 163 121 193 89 47 30 26 11 7 1 3
85 47 37 1361 4033 1071 872 1373 730 559 253 336 336 402 221 110 62 174 76 12 6 19 9 1 1
86 78 85 504 629 744 756 1232 92 1 495 356 432 371 596 167 137 7 1 193 19 12 5 25 3 1 1
87 47 270 601 843 533 779 1357 1131 542 483 500 459 525 113 147 113 129 7 6 23 14 1 1 5
88 150 141 2537 3756 2172 1813 28 13 2069 788 72 1 622 600 759 463 169 252 165 80 13 22 18 8 3 1

89 6 357 1463 2180 1719 1746 1395 1793 125 1 1064 457 558 588 140 60 117 165 23 4 13 14 3 1 1
9Q 18 86 825 1360 24 11 1029 1571 2048 864 630 442 789 593 273 220 224 87 43 33 12 7 4 3 1
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Age (b y q uart er)

AN 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 ZZ 23 24

52 1 138 106 194 109 129 92 39 28 11 11 54 7 3 9 83 1 I I 13 1 1 1 1

53 1 140 108 190 109 117 81 50 36 10 4 43 63 20 8 49 36 9 3 15 4 I 1 2
54 1 151 125 217 117 136 100 44 47 45 45 82 43 90 73 53 30 36 19 8 9 3 I I
55 1 152 128 232 126 160 116 64 6 1 38 21 106 162 217 104 105 73 56 19 23 21 4 1 1

56 1 161 144 268 135 198 152 80 103 96 84 152 285 222 151 104 118 62 30 24 23 4 2 I
57 1 166 154 312 147 252 199 9 1 108 78 57 108 158 124 37 52 106 42 4 9 24 4 1 1

58 1 158 140 270 138 209 158 70 86 85 21 n 134 116 10 43 80 27 1 6 13 1 1 1

59 1 In 158 293 144 22 1 169 92 107 95 44 85 128 148 35 40 26 9 4 9 2 1 I 1
60 1 168 150 290 144 254 176 104 184 196 65 184 19 1 156 5 1 57 33 16 9 13 3 I 2 2

61 1 211 188 342 176 243 235 126 108 n 103 204 168 94 28 118 27 7 2 12 3 1 1 1

62 1 194 186 330 161 245 313 147 204 235 In 290 239 98 61 107 34 7 10 6 3 1 1 1

63 1 223 238 457 191 37 1 328 214 165 114 47 119 18 1 92 29 65 29 9 1 6 4 1 1 1

64 1 192 185 354 161 267 232 105 130 116 128 109 108 9 1 52 48 33 9 3 4 3 1 1 1

65 1 197 191 346 166 289 283 181 96 105 104 138 134 76 31 31 53 10 3 3 5 1 1 1

66 1 192 207 378 162 290 270 146 253 242 159 242 218 107 65 104 39 10 7 13 5 1 1 1

67 1 236 250 449 214 353 316 161 212 173 106 183 201 131 28 34 42 19 3 5 6 1 1 1

68 1 228 272 491 246 543 482 210 333 421 205 239 429 186 55 68 130 30 7 9 32 1 1 1

69 1 218 224 404 191 382 420 166 390 194 137 264 239 85 45 55 55 12 5 4 8 1 1 1
70 1 151 248 332 168 27 1 287 135 124 104 173 153 147 78 68 48 37 14 9 5 5 1 1 1

71 1 112 226 289 147 454 409 205 114 123 115 110 159 81 48 21 41 19 6 4 5 1 1 1

72 1 159 303 317 179 427 446 144 162 130 99 123 143 42 16 25 36 6 2 4 5 1 1 1

73 1 295 500 482 308 298 281 93 128 53 57 62 87 56 28 59 25 5 2 5 4 1 1 1
74 1 248 386 54 0 226 343 302 125 98 62 51 117 98 48 28 46 29 12 5 13 3 1 1 1

75 20 225 260 286 473 383 336 223 100 95 67 123 7 1 40 28 17 32 17 7 4 7 2 1 I
76 25 190 30 1 421 530 373 340 232 146 117 86 82 63 33 15 26 25 13 7 13 5 1 1 3
n 39 152 248 346 642 320 296 203 146 129 145 117 84 72 7 1 149 28 28 28 39 12 4 4 5
78 27 133 216 349 502 294 275 199 142 83 54 173 214 79 25 68 37 25 5 10 11 1 1 1

79 21 215 267 385 473 383 333 236 17 1 114 77 84 103 66 30 38 28 17 5 8 5 3 1 2

80 28 193 283 330 559 359 309 22 1 112 87 70 68 92 57 25 35 38 19 9 11 8 1 1 1

8 1 40 245 284 433 706 423 326 246 132 84 113 123 73 48 21 45 21 15 9 8 8 4 1 2

82 21 154 324 454 618 407 381 290 168 165 132 216 104 47 26 67 23 12 4 9 14 1 1 1

83 33 404 530 727 971 65 1 419 410 188 148 129 218 124 83 52 68 36 15 8 15 15 1 1 3
84 53 319 1053 2350 1019 504 376 257 286 199 145 273 297 132 98 173 83 64 37 42 20 12 4 7

85 47 237 2382 4459 1464 794 428 358 182 138 27 1 282 374 182 9 1 57 171 10 1 20 10 34 17 2 2

86 78 436 1200 116 1 837 506 602 410 449 273 392 35 1 544 139 103 69 179 26 18 7 44 5 3 1
87 47 343 1481 1465 670 847 57 3 580 443 361 426 387 484 88 116 105 118 13 16 26 28 1 1 10
88 150 1089 4698 5299 2398 1100 759 57 1 642 5 18 533 556 670 384 143 236 157 121 19 36 36 15 5 5
89 6 582 2123 3338 2528 2116 882 717 500 480 317 475 5 19 115 5 1 110 162 34 6 18 27 6 2 3
90 18 352 1824 2612 2734 1022 644 890 646 411 395 695 485 211 175 211 8 1 62 47 23 17 8 8 2
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Figure 27 : Indian Oc e an yellowfin tuna catch at age ( i n number ,
age s 0 to 5 ) of the whole fi shery , accord i ng to both s l ow and
fast growth curve s hypothe s e s, 19 52- 90.
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9. 4 .2 . Re sul t s

6 3

According t o these hypoth e ses, and a s suming t hat al l cohorts
e nteri ng the fi she ry in 1952 were virgin , two s e ts o f a na l y s es
have been run. The resulting f i s h i ng mortality v e c t o r by age Fi
a r e shown in Tables 2 0 (l ow r e c r u i t ment, R= 60 millions) a nd 21
(high r ecr u i t me nt , R=1 20 millions) a s well a s in Figures 28 - 30:

Figure 28 shows, in the l ow recruitment case, the time s e r ies
of mean Fi vectors for s ma l l (a g e 3- 8 quarters ) , medium (age 9-12
quar t ers) and large (ag e 13 -2 0 qu a r t e r s ) s ized yellowfin t u nas .
Th ose seri e s clea rly demonst rate the t reme ndous increase o f
fi sh ing mortalitie s since 198 3, s p e c i a l l y o n the t wo first age
groups.

Figur e 29 e xhibits me a n Fi ' s vector f o r t h ree refere nce
periods, the two f o rme r wi th l ow (1955- 60 and 1970-7 5), and t h e
latter wi th high e xp loitation rates ; this fi gure a gain demon­
s trates c l e a r l y the considerab le change in t he fi shery which
occurred since the beginning of t he 80' s .

Figure 30 disp l ays the detai l ed s haring out a ccording to t h e
main gears in the f i r s t and l a s t per i od s , f o r b oth high and l ow
recruitment hypothesis. Th e general shape o f the two c u r v e s
related to the s ame per i od a r e simi l ar, b u t with some remarkable
differences between b oth periods:

* during the pe riod 1955-65, the bu l k o f the young f i sh
c a t ches was c orning from artisanal f isherie s, while the
o l der fishe s were e xc l us ive l y caught by t h e longl ine
fishery;

* during the per i od 1985 - 9 0 , t he s i t u a t i o n i s more c omplex:
a rtisanal and longl i ne fi she rie s continu e t o c a tch the s a me
s i ze pattern wi th c hange d exploitation r a t e s (h ighe r f or
a r ti s a n a l fi sherie s a nd lower f o r longl i ners ) ; t he new
purs e - s eine f i shery e xp lo i t s t he complete r ange of s izes
(with a notabl e di s c r epancy between l ogs and schools
e xp lo i t a t i on ) . Th e l a r g e morta lity o n l a r g e fi sh due to
purs e -seine r s (much h i ghe r than l ongline 's h i s t o r i cal ones )
s hou l d be notic ed.

Finally, in the p r e s ent s i t u a t i o n of rapidl y inc r e a sing
fi shing e f fo r t and in t he absence of r eliabl e ind ex o f abundance ,
it seems d i ff icu l t t o go fu rthe r u s i ng t his t ype o f a nal ys is , as
the r e c ruitment r ang e may possibly be muc h d ifferent t han what
wa s c hosen . It i s a lso importa n t t o point out that the r ecruit­
men t variability (rela t ive to e nv ironment 's o ne , and which may
be important ) could not be taken into accou nt in this analysis.
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Figure 28 :

64

Time series of average fi shing mortality by a ge
f or s mal l (a g e 3-8 quarters ) , medium (a ge 9-12
qua rte r s) a nd l a rge (a g e 1 3- 20 quarters ) sized
y e l l owf in t unas unde r t he l ow r e c r u i t ment hy­
pothe s i s, 1952-90.
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Figu r e 29 : Ave r a g e fi shing mortality by age for thr e e r e f ­
erence periods with l ow (1955-60 and 197 0- 75 ) and
high (198 6- 9 0) exploitation rates under the l ow
rec ruitment hypothesis.
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Year Rec rui tment Age (by Quart er)
(m illions) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

52 17.79 0.000 0.025 0.042 0.042 0.041 0.094 0.123 0.119 0.160 0.154 0.076 0.244 0.030 0.012 0.051 0.522 0.014 0.016 0.019 0.400
53 13.95 0.000 0.032 0.054 0.054 0.033 0.070 0.091 0.094 0.080 0.062 0.018 0.090 0.378 0.178 0.082 0.589 0.280 0.036 0.021 0.400
54 10.91 0.000 0.042 0.076 0.076 0.043 0.109 0.146 0.137 0.076 0.082 0.065 0.126 0.112 0.298 0.289 0.247 0.437 0.481 0.273 0.400
55 10.84 0.000 0.042 0.077 0.077 0.056 0.153 0.211 0.217 0.123 0.114 0.049 0.242 0.317 0.576 0.361 0.465 0.432 0.278 0.093 0.400
56 14.29 0.000 0.032 0.062 0.062 0.058 0.186 0.264 0.282 0.217 0.277 0.238 0.541 0.871 1.068 1.061 1.087 0.613 0.289 0.126 0.400
57 12.14 0.000 0.038 0,075 0,075 0.045 0.166 0.238 0.269 0.275 0.323 0.212 0.389 0.769 0.928 0.379 0.660 1.704 0.771 0.062 0.400
58 11.48 0.000 0.039 0.075 0,075 0.051 0.168 0.236 0.252 0.170 0.219 0.072 0.188 0.665 0.832 0.089 0.464 1.412 0.479 0.031 0.400
59 12.96 0.000 0.039 0,075 0,075 0.061 0.193 0.274 0.302 0.206 0.274 0.144 0.275 0.440 0.627 0.195 0.264 0.324 0.095 0.038 0.400
60 13.19 0.000 0.036 0.070 0.070 0.051 0.168 0.239 0.265 0.344 0.600 0.231 0.780 0.851 0.986 0.472 0.618 0.239 0.088 0.062 0.400
61 10.62 0.000 0.056 0.110 0.110 0.062 0.190 0.284 0.303 0.225 0.251 0.349 0.690 1.040 0.840 0.339 2.041 0.326 0.064 0.038 0.400
62 13.37 0.000 0.038 0.080 0.080 0.070 0.246 0.386 0.400 0.303 0.541 0.755 1.321 1.303 0.778 0.663 1.487 0.886 0.147 0.317 0.400
63 14.62 0.000 .0.Q35 0.084 0.084 0.059 0.293 0.448 0.580 0.450 0.521 0.299 0.636 1.288 0.999 0.420 1.294 0.634 0.158 0.031 0.400
64 17.28 0.000 0.029 0.061 0.061 0.050 0.190 0.278 0.301 0.291 0.370 0.411 0.411 0.780 0.921 0.753 0.879 0.923 0.233 0.047 0.400
65 15.96 0.000 0.031 0.067 0.067 0.042 0.154 0.230 0.258 0.200 0.327 0.387 0.525 0.680 0.546 0.282 0.313 1.438 0.155 0.093 0.400
66 18.21 0.000 0.025 0.058 0.058 0.043 0.185 0.281 0.313 0.272 0.410 0.354 0.613 1.060 0.677 0.557 1.161 0.490 0.110 0.056 0.400
67 15.63 0.000 0.034 0.083 0.083 0.045 0.197 0.296 0.319 0.344 0.413 0.325 0.542 0.713 0.631 0.177 0.242 0.636 0.216 0.023 0.400
68 15.56 0.000 0.037 0.109 0.109 0.048 0.268 0.423 0.482 0.458 0.940 0.795 0.883 1.879 1.624 0.758 1.166 1.269 0.259 0.047 0.400
69 · 12.56 0.000 0.042 0.096 0.096 0.070 0.298 0.471 0.503 0.555 0.605 0.759 1.180 1.501 0.778 0.560 0.782 1.458 0.265 0.139 0.400
70 12.61 0.000 0.027 0.061 0.061 0.055 0.218 0.408 0.419 0.344 0.410 0.715 0.800 0.989 0.771 0.995 0.901 0.753 0.229 0.124 0.400
71 10.34 0.000 0.023 0.019 0.069 0.Q35 0.188 0.416 0.370 0.299 0.845 0.875 0.903 1.220 0.987 0.808 0.470 1.106 0.409 0.139 0.400
72 16.62 0.000 0.021 0.028 0.039 0.066 0.306 0.650 0.559 0.346 0.662 0.698 0.618 1.221 0.515 0.241 0.432 1.093 0.157 0.047 0.400
73 27.04 0.000 0.031 0.035 0.066 0.098 0.204 0.437 0.295 0.476 0.364 0.303 0.316 0.577 0.451 0.265 0.717 0.568 0.080 0.031 0.400
74 16.47 0.000 0.040 0.041 0.116 0.039 0.227 0.233 0.201 0.213 0.237 0.152 0.284 0.660 0.449 0.329 0.749 0.468 0.137 0.070 0.400
75 17.54 0.005 0.037 0.021 0.030 0.180 0.236 0.363 0.399 0.136 0.150 0.124 0.176 0.213 0.155 0.132 0.088 0.681 0.351 0.124 0.400
76 16.27 0.007 0.030 0.026 0.076 0.192 0.211 0.352 0.414 0.308 0.343 0.315 0.257 0.118 0.065 0.042 0.067 0.156 0.053 0.039 0.400
77 14.22 0.012 0.027 0.026 0.054 0.260 0.202 0.332 0.426 0.312 0.291 0.355 0.300 0.308 0.349 0.458 1.211 0.090 0.066 0.089 0.400
78 14.87 0.008 0.021 0.022 0.064 0.232 0.207 0.329 0.431 0.278 0.247 0.227 0.504 0.741 0.389 0.153 0.472 0.437 0.157 0.062 0.400
79 19.10 0.005 0.033 0.021 0.044 0.197 0.262 0.391 0.531 0.352 0.369 0.361 0.326 0.493 0.333 0.183 0.263 0.252 0.119 0.035 0.400
80 32.75 0.004 0.Q15 0.013 0.022 0.189 0.193 0.297 0.352 0.320 0.312 0.295 0.236 0.399 0.334 0.186 0.289 0.337 0.089 0.070 0.400
81 24.02 0.007 0.028 0.017 0.048 0.138 0.127 0.171 0.216 0.272 0.234 0.267 0.276 0.304 0.251 0.162 0.319 0.229 0.123 0.093 0.400
82 25.36 0.004 0.010 0.018 0.046 0.162 0.161 0.275 0.338 0.158 0.180 0.166 0.244 0.293 0.177 0.112 0.306 0.232 0.060 0.Q35 0.400
83 39.02 0.004 0.031 0.028 0.060 0.261 0.276 0.348 0.496 0.274 0.272 0.247 0.398 0.163 0;132 0.104 0.145 0.231 0.053 0.047 0.400
8·1 .16.69 0.005 0.021 0.081 0.287 0.183 0.124 0.220 0.273 0.353 0.356 0.296 0.525 0.673 0.448 0.431 0.945 0.218 0.140 0.107 0.400
85 50.72 0.004 0.004 0.159 0.602 0.204 0.203 0.399 0.268 0.267 0.148 0.239 0.297 0.981 0.782 0.534 0.393 1.308 0.875 0.184 0.400
86 40.94 0.008 0.010 0.073 0.108 0.142 0.174 0.352 0.333 0.225 0.198 0.297 0.320 0.691 0.254 0.258 0.164 1.857 0.281 0.220 0.400
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Table 19 : Annual fi shing mo r t alitie s (F i ) f or different level s o f
recruitment: s l ow growth , const a nt natura l mortality
(M=0 . 6), cohorts born f r om 1970 t o 1986 .

Rec r-uitment Birt h da te of coh ort

(m illions) 70 71 7Z 73 74 75 76 77 78 79 80 8 1 82 83 84 SS 86

200 0.011 0.009 0.010 0.0 12 0.0 14 0.0 14 0.0 12 0.011 0.0 11 0.013 0.Q18 0 .023 0.026 0.Q2.8 0.039 0.053 o.o-o
150 0.015 0.0 13 0.0 13 0.016 0.019 0.0 19 0.0 17 0.01 4 0.Q15 0.0 17 0.024 0.032 O.oJ5 0.03.8 0.053 0.0 73 0.055

100 0.023 0.019 0.020 0.024 0.029 0.029 0.026 0 .022 0.022 0.026 0.037 0.04 9 0 .055 0.060 0.086 0.121 0.089

80 0.029 0.024 0.025 0.031 0.037 0.0 36 0.032 0.028 0.028 0.033 0.04.8 0.064 0.072 0.078 0.113 0.166 0.118

70 0.034 0.028 0.029 0.035 0.04 3 0.042 0.037 0.032 0.03' O.oJ8 0.0 55 0.074 0.084 0.091 0.136 02 05 0.14 1

6() 0.040 0.033 0.034 0.042 0.051 0.050 0.044 0.038 O.oJ8 0.045 0.066 0 .090 0.102 0.11 1 0.169 0269 0.177

50 0.049 0.040 0.042 0.051 0.063 0.062 0.054 0 .047 0.047 0.05 5 0.082 0. 113 0.129 0.142 0227 0.410 0239

40 0.06 3 0.052 0.054 0.066 0.082 0.080 0.071 0.060 0.060 0.072 0.109 0.154 0.178 0.199 0.36Q 0.386

30 0.089 0.072 0.Q75 0.094 0.119 0.115 0.100 0.085 0.085 0.102 0.161 0244 0.295 0.34.8

25 0.112 0.090 0.094 0.119 0.153 0. 148 0.127 0.106 0.10 7 0.13 0 0 2 15 0.358 0.474 0.666

20 0.152 0.120 0.126 0.163 0.216 0.209 0.175 0.144 0.144 0.180 0 .332

Table 20 : Quarterly fi shing mortalit ies (F i ) in the Indian Ocean
y e l l owf i n t u na fi she ry: l ow r e cruitment hypothesis (60
millions o f fishes), slow g r owth, constant natura l
mortality (M=0. 6), cohorts born from 19 5 2 t o 1990.

Il.ocruUmont N.o (by qua.rt"j

Yu, (mlIlloml I 2 3 ~ S , 7 I , I I II 1Z 13 I~ IS I ' 17 18 I' 20 21 22 23 2-<

~ 6IX1Tl JJOO .oos ~ .ou JXB Jl2 1 JJZ1 Jl2S .015 .014 .rxn Jl21 ~ .oo:z .llO6 .063 .001 .001 .00 1 .llO6 .001 .002 .oo:z .002

~J 6IX1Tl JJOO .oos ~ .ou JXB Jl20 Jl26 Jl26 .017 .013 ~ .018 .030 .013 .llO6 .ll4Il .oJI ~ .002 .llll .003 .002 .oo:z .002

~ 6IX1Tl JJOO .oos ~ .013 .ll10 ~ .llJ2 .o:J9 Jl21 Jl22 .ll17 .lln Jl22 .ll56 .ll~ .D42 .ll26 .026 .013 .oos JXB .002 .002 .002

ss 6IX1Tl JJOO .oos ~ .ll l ~ .ll10 .ll26 .ll~ .034 .ll25 .ll23 .llIO .ll-<7 .ll80 .134 .on .09 1 .068 .G41 .013 .015 .017 .002 .002 .002

56 6IX1Tl JJOO .oos ~ .014 .010 .032 ~ .oo .D3J .ll4Il .032 J>01 .1~ .I~ .119 .ll~ .107 .Q.l6 .0 19 .ll16 :l2A .002 .oo:z .003

~7 6IX1Tl JJOO .oos ~ .015 .010 .ll38 ~ .D56 .ll4Il .D44 JJZ1 ssa .ll83 .ll83 .0:1:9 .G4S .109 .036 .003 .oes _ ::5 .002 .oo:z .003

58 6IX1Tl JJOO .oos ~ .014 .ll10 .032 ~ .D44 .034 .D42 .013 .ll34 .ll71 ~ .rxn .ll35 .ll76 .ll20 .001 .llG4 .ll:J .002 .002 .003

~9 6IX1Tl JJOO .oos .llG4 .ll16 .llll .D3S »a .IJ.49 .ll34 .co .022 .ll4Il .ll75 .oss .llV .ll35 .022 .006 .002 oW7 .(.";;2 .002 .002 .003

60 6IX1Tl JJOO .oos .llG4 .eis .llll .ll34 »a ~9 ~2 .082 .ll29 .087 .110 .1G4 .G42 .G49 .030 .011 .007 .Oll .C2 .002 .002 .00 3

61 6IX1Tl JJOO .010 ~ .019 .ll13 .ll4Il .D56 sst .ll4Il ..G42 .nss .D98 ~ .D62 .ll22 .100 .023 .004 .002 ,(0<;7 :·, 3 .002 .002 .003

62 6IX1Tl JJOO .oos .llG4 .017 .llU .ll4Il .D59 .D56 ~3 1$1 .106 .1"8 .iso .071 ~9 .090 .ll3O .004 .009 .00, .002 .002 .002 .003

63 sxm JJOO .oos .llG4 Jl20 .ll13 .061 1$1 .101 .D58 JJ60 .oJ I JJ60 .108 .064 .023 .O~ .ll3O .007 .001 .oos .ool .002 .002 .003

6-4 6IX1Tl JJOO .oos .llG4 .017 .llU .D44 .061 .063 .fl.46 ~ .D56 .D51 .063 .061 ~I .ll39 .031 .007 .001 .003 .002 .002 .00 2 .003

65 6IX1Tl JJOO .oos .llG4 .018 .ll12 ~3 .061 .066 .G40 .06 1 .068 .ll83 .07~ .0~ 3 .025 .026 .G49 .004 .003 .00 l .ODS .002 .002 .003

66 6IX1Tl JJOO .oos .llG4 .017 .011 .ll47 .068 .on .066 .D93 .075 .118 .I~ .ll7S .ll~ .D93 .037 .008 .004 .llO7 .ODS .002 .002 .ll03

67 6IX1Tl JJOO JXB .cos .021 .013 sst .ll82 ~ .ll74 .ll83 JJ60 .D92 .120 .D92 .024 .031 .G41 .013 .001 .oos .007 .002 .002 .003

68 6IX1Tl JJOO .llO7 .llG4 Jl21 .ou .066 .D97 .101 .1U .202 .I~ .134 .249 .145 .llSI .063 .137 .023 .004 .ll10 .031 .002 .002 .003

69 6IX1Tl JJOO JXB ~ Jl20 .ll13 .D5J .ll78 .ll7~ .lOS .102 .111 .140 .176 .ll70 ~ .o~ .058 .llO8 .llG4 .003 .D07 .002 .003 .003

70 6IX1Tl JJOO .oos .oos .013 .llll ~3 .ll7S .ll71 .047 .051 .079 .075 .092 .059 .062 .G4S .G42 .0 11 .006 .ODS .006 .002 .00l .00l

71 6IX1Tl JJOO ~ .DO) .oU .llO7 .038 .ll78 .064 .ll-<7 .1 18 .101 .ll8S .090 .D56 .037 .0 19 .G43 .013 .004 .D03 ,OO.l .002 .003 .003

n 6IX1Tl JJOO .llO6 .oos .011 .011 ~9 ~ .ll71 .D56 .D96 1$1 J>01 .D91 .llJI .ll13 .022 .ll36 .004 .001 .003 ,OO.l .002 .00 3 .003

73 6IX1Tl JJOO .ll14 .ll16 .0:1:9 Jl26 .ll~ .108 .068 ~ .ll38 .o:J9 Jl28 nss .ll38 .ll21 .O~ .026 .003 .001 .005 .DOl .002 .002 .003

7~ 6IX1Tl JJOO .llll .011 .031 .017 .o~ .ll99 .ll83 .ll-<7 .o~ .oJI .o~ ~3 .ll32 .021 .Q4J .ll28 .008 .004 .llO6 .002 .002 .002 .ll03

75 60003 .001 .llll .cos .009 »o .llS9 .ll86 .OSS ~S .llS9 .ll48 .066 .039 .028 .023 .0 15 .033 .015 .ODS .004 .ODS .002 .002 .003

76 6000J .oo:z .oos .rxn Jl20 ~ sst .D91 .100 .063 .066 sst .D44 ~ .023 .0 15 .024 .ll26 JXB .oos .ll17 .oes .002 .002 .003

n 60001 .DO) .llO6 .llO6 .ll13 .067 ~ .078 .D93 .ll70 .D62 .071 .056 ~9 .ll~ .063 .139 .ll32 .023 .llJI .ll37 .ll10 .oos .llOS .00 3

78 60001 .oo:z ~ .cos .ll16 ~3 .G4S .068 .ll82 ~ .ll48 .D42 .ll86 .1U .ll58 .ll21 .D62 ~I .O l~ .oes JXB .ll10 .002 .ooz .003

79 60000 .oo:z .010 .rxn .lll~ »o JJ60 ~ .1G4 .D62 JJ60 .oss .fl.46 .ll76 »o ~ .on .ll3O .014 .004 .llU .oos .002 .002 .003

80 60002 .oo:z .oos .llO7 .ll12 .058 ~ .085 ~ ~ .D52 .ll-<7 .035 ~2 .G40 .021 .03 1 .G40 .0 10 .008 .012 .007 .002 .00 2 .003

81 60001 .DO) .llll .rxn .019 .ll7~ .067 .ll89 .110 .069 sst .D62 JJ60 .oo .llJ3 Jl20 .ll38 .ll23 .0 12 JXB .ll10 .llO7 .oos .002 .003

82 60000 .oo:z ~ .oos .019 .Q6J .061 .101 .118 .ll78 1$1 .Q79 .113 .06 1 .ll35 .ll22 .056 .ll26 .rxn .004 .ll12 .01" .002 .002 .003

83 60000 .oo:z Jl20 .oI l .039 .107 .109 .131 .174 .D91 .ll86 ~ .114 .ll74 .D58 .G4S .D62 .ll4O .009 .llO8 .llIS ms .002 .002 .D03

~ 60000 ~ .ll16 .D62 .220 .117 .ll78 .136 .165 .115 .110 .ll86 .142 .176 .lOS .D93 .178 .09 1 .o~ .00 ~ .020 nis .oo:z .llO8
8S 60002 .D03 .003 .134 .soo . I~ .151 .292 .192 .I~ .ll8S .135 .163 .231 .155 .092 .062 .I~ .103 .ll19 .Oll .0 )7 .021 .003 .00 3

86 60001 .llO6 .rxn .IJ.49 an .116 .141 .282 .262 .158 .137 .202 .2U :JS7 .124 .121 .075 .23 1 .ll27 .lllD .ll10 , ; 5 .oos .003 .D03

87 60002 .DO) Jl23 .D59 .ll98 sm .127 .269 .279 .190 .206 .26J .301 .37~ .ll99 .I~ .144 .163 .llll .llIO .0-0. I . ~ .D03 .003 .ll18

ss 60000 .011 .llU ~ .480 .J09 .31A .659 ..665 .241 .27J .294 :JS7 M9 5 34 zso A7~ .256 .I~ .0:1:9
.Q58 1.ll<3

.023 .oro .004

89 60010 JJOO .030 .145 .265 .281 .359 .J6S .616 .544 .621 .3SO 556 .ASO .134 .068 .160 A02 .069 .Ol~ .ll~ .ll<-4 .Oll .llG4 .ODS
90 60002 .001 .llO7 .08 1 .160 .368 .196 .373 .640 .39 1 .36-4 .3U .768 .81~ 5 15 551 .767 . 1 ~3 .085 .on .o n .OJ-< .023 .020 .008
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Recrui tme nt AQe (by Quart ers)
Yenr (millions) I 2 3 4 5 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24

52 120322 .000 .004 .002 .006 .005 .010 .013 .0 12 .008 .007 .003 .011 .002 .001 .003 .031 .000 .000 .001 .003 .001 .001 .001 .00 1
53 120322 .000 .004 .002 .006 .005 .010 .013 .0 13 .008 .006 .002 .009 .015 .007 .003 .020 .015 .002 .00 1 .006 .00 1 .001 .001 .001
54 120322 .000 .004 .002 .007 .005 .012 .016 .0 14 .0 10 .011 .009 .016 .011 .028 .025 .020 .0 13 .013 .007 .003 .004 .001 .001 .001
55 120322 .000 .004 .002 .007 .005 .0 13 .017 .0 17 .0 12 .0 11 .005 .023 .039 .064 .036 .042 .032 .019 .006 .007 .008 .001 .001 .00 1
56 120322 .000 .004 .002 .007 .005 .016 .021 .021 .0 16 .019 .016 .033 .072 .071 .055 .044 .049 .021 .009 .007 .0 11 .001 .001 .00 1
57 120322 .000 .004 .002 .007 .005 .019 .026 .027 .0 19 .02 1 .013 .022 .040 .039 .0 14 .021 .049 .016 .001 .002 .0 11 .001 .001 .001
58 120322 .000 .004 .002 .007 .005 .016 .021 .022 .016 .020 .006 .016 .034 .035 .003 .0 17 .035 .009 .001 .002 .006 .001 .001 .001
59 120322 .000 .004 .002 .008 .006 .017 .023 .024 .0 17 .021 .011 .019 .036 .045 .0 13 .0 16 .0 10 .003 .001 .003 .00 1 .001 .00 1 .001
60 120322 .000 .004 .002 .007 .005 .0 17 .023 .024 .025 .040 .014 .042 .052 .049 .020 .023 .0 14 .005 .003 .006 .001 .001 .001 .00\
61 120322 .000 .005 .002 .009 .007 .020 .028 .028 .0 19 .021 .027 .047 .045 .029 .010 .046 .011 .002 .001 .003 .002 .001 .001 .001
62 120322 .000 .004 .002 .009 .006 .020 .029 .027 .026 .042 .050 .069 .070 .033 .022 .041 .0 14 .002 .004 .001 .001 .001 .001 .00 1
63 120322 .000 .004 .002 .010 .006 .030 .042 .049 .028 .029 .015 .029 .050 .029 .010 .026 .0 13 .003 .001 .002 .002 .001 .001 .001
64 120322 .000 .004 .002 .009 .006 .022 .030 .031 .022 .026 .027 .024 .030 .029 .019 .018 .014 .003 .001 .001 .001 .001 .001 .001
65 120322 .000 .004 .002 .009 .006 .021 .030 .032 .019 .030 .032 .039 .035 .024 .011 .0 12 .023 .002 .001 .00 1 .002 .00 1 .001 .001
66 120322 .000 .004 .002 .009 .006 .023 .034 .035 .032 .045 .035 .055 .067 .035 .024 .042 .017 .003 .002 .003 .002 .001 .001 .001
67 120322 .000 .004 .002 .011 .007 .028 .040 .041 .036 .039 .029 .043 .055 .042 .011 .014 .018 .006 .001 .003 .003 .001 .00 1 .001
68 120322 .000 .003 .002 .010 .006 .033 .048 .049 .054 .095 .066 .060 .114 .065 .023 .028 .061 .010 .002 .004 .0 14 .001 .00 1 .001
69 120322 .000 .004 .002 .010 .006 .026 .038 .036 .050 .048 .051 .064 .078 .030 .0 19 .022 .025 .004 .002 .00 1 .003 .001 .001 .001
70 120322 .000 .003 .003 .006 .006 .021 .037 .034 .022 .025 .038 .035 .041 .026 .027 .0 19 .0 18 .005 .002 .002 .002 .001 .00 1 .001,

.000 .002 .002 .006 .004 .019 .039 .031 .023 .056 .048 .040 .042 .026 .0 17 .008 .0 19 .006 .002 .001 .002 .00 1 .001 .0017 1 120322
72 120322 .000 .003 .004 .005 .005 .024 .047 .035 .027 .046 .Q41 .031 .042 .014 .006 .010 .0 16 .002 .001 .001 .002 .001 .001 .001
73 120322 .000 .007 .008 .014 .0 13 .026 .053 .033 .026 .0 18 .014 .0 13 .025 ,0) 8 .009 .023 .012 .002 .001 .002 .002 .00 1 .001 .001
74 120322 .000 .005 .006 .015 .009 .027 .048 .040 .022 .024 .015 .026 .025 .015 .010 .020 .013 .003 .002 .003 .001 .001 .001 .001
75 120013 .00 1 .005 .003 .004 .023 .029 .042 .042 .026 .028 .023 .031 .018 .013 .0 11 .007 .0 15 .007 .002 .002 .002 .00 1 .001 .001
76 120012 .001 .004 .004 .010 .027 .028 .045 .048 .030 .031 .027 .020 .020 .011 .007 .0 11 .0 12 .004 .003 .008 .002 .00 1 .001 .001
T! 120006 .001 .003 .003 .006 .033 .025 .038 .045 .034 .029 .033 .026 .023 .024 .029 .062 .0 15 .010 .014 .017 .005 .003 .002 .001
78 120000 .001 .003 .003 .008 .026 .022 .033 .040 .027 .023 .020 .040 .057 .026 .010 .028 .0 18 .006 .002 .004 .005 .001 .001 .001
79 120013 .001 .005 .003 .007 .023 .029 .04 1 .050 .030 .029 .026 .022 .035 .022 .0 11 .015 .0 14 .006 .002 .006 .002 .001 .001 .001
80 120001 .001 .004 .003 .006 .029 .028 .041 .046 .027 .025 .022 .0 16 .024 .019 .010 .0 14 .0 18 .005 .004 .005 .003 .001 .001 .001
8 \ 120007 .001 .006 .003 .009 .037 .033 .043 .053 .033 .027 .029 .028 .020 .015 .009 .018 .0 11 .005 .004 .005 .003 .003 .001 .001
82 120013 .001 .002 .004 .0 10 .031 .030 .049 .057 .037 .041 .037 .052 .028 .016 .010 .026 .0 12 .003 .002 .005 .006 .00 1 .001 .001
83 120003 .001 .010 .009 .019 .053 .053 .063 .082 .043 .Q40 .035 .052 .033 .026 .020 .027 .0 18 .004 .004 .008 .007 .001 .001 .001
8-l 120001 .002 .008 .031 .108 .057 .038 .065 .078 .053 .050 .039 .063 .079 .046 .040 .076 .0·10 .025 .0 18 .0 18 .009 .006 .001 .004
85 120004 .002 .002 .067 .238 .073 .071 .133 .084 .072 .038 .060 .071 .099 .065 .038 .025 .08 1 .042 .008 .004 .0 16 .009 .001 .001
86 120001 .003 .004 .025 .036 .053 .063 .123 .110 .068 .057 .082 .084 .150 .050 .048 .029 .092 .011 .008 .004 .022 .003 .001 .001
87 120004 .002 .011 .029 .048 .036 .061 .127 .127 .OT! .081 .100 .109 .142 .036 .055 .050 .063 .004 .004 .0 18 .012 .00 1 .001 .007
88 120000 .005 .006 .125 .225 .148 .149 .283 .259 .106 .115 .119 .138 .2 19 .163 .071 .126 .087 .050 .009 .0 19 .016 .008 .004 .001
89 120045 .000 .0 15 .072 .127 .125 .153 .147 .230 .193 .200 .104 .152 .163 .046 .023 .053 .099 .0 16 .003 .0 12 .014 .003 . .00 1 .002
90 120014 .001 1.004 ' .040 .078 .170 ' .087 .159 .253 .135 .118 .099 ! .213 .196 ' .109 1.105 .127 .047 .027 .024 I .010 .008 I .005 i .005 I .002
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9.5 Yield-per-r e c rui t ana l ysi s

Yield - p e r - r e c r u i t i s a me a s ure o f t he product i v i t y t hat one
c an e xp ect from a fi sh recru ited into the fi s hery , d e pending I n
t h e leve l of t h e f i Shing e ffort a nd t h e t ype of g e ar u s e d i n t he
fi she r y (mo r e s pec ifically age or s ize a t fi r s t c a p t ure ) .

The yie ld-pe r - r e c r u i t h ave b e e n calcu late d using Ricker 's
model under the j uv e n i l e s low growth rate hypothesis, wi t h
resul t i ng fi shing mor t alitie s fo r t he t wo f ollowing pe r i ods :

* 19 5 5-6 5 which corresponds to the e arl y age of t h e fi s her y :
when the l ongline me thod wa s by f ar t h e ma i n fi shing g e a r;
* 198 5-90 wh i c h cor responds to t he p r e s e n t s i t uation of the
fi sher y , with a maj or purs e - s eine f i she r y , a c tive art i s a na l
fi she r i e s whi l e longline fi s hery i s s ti l l s i gn i f i c a n t .

Th e two l eve l s of r e cruitme nt r e tain e d from SPA (s e e 9 . 4 )
were u s e d f o r t h e a na l ysis : a low l ev e l of 60 million fi sh a nd
a highe r l evel (bu t not cons i dered as a max i mum leve l) o f l ~ J

mil l i on fi s h . On t hi s ba sis , f our f igur e s have been p r oduc e d ~o

illustrat e t hese r e s ults (F i g u r e 31 ) , which give the y i e l
- p e r-r e c r u i t f or both pe r i ods u nder t he t wo l evel s o f p~ -­

c ru i tment hypothe s e s.

When int e r p r e t i ng these r e sults , it s h ou l d be kept in mind
t hat in t he c a s e of tuna f i she rie s , fi s hing e f fo r t can be e a s i l y
c h a ng e d ( incre a s e d or d ecre a s ed ) t h r ough t e c h n ica l or political
dec i s ions , but i t i s much more diffic u lt t o c ha ng e a g e a t f i rs~

c apture : s e v e r a l a t tempts in ot her t una fisher i es a t t his l eve ~

h ave s hown t hat t his type of action i s di ff i c u l t to put int o
practice.

For t he 19 55- 65 pe riod , figure s are v e ry s i mi lar , showi ng
t hat a n inc r e a s e d c atch would r esult f r om a n incre a s e d fi s h i ng
e f fort . Howeve r, thi s ' wa s not observed in t he longl ine fi she r y
d e spite a l ow e xp l o itation r ate.

For t he 198 5-9 0 period , figures are o f c ourse very differe~t

f r om the p r ev ious ones ; furthermore , t h e p a t t ern i s not s i mi l a r
accord i ng t o t he level o f r e cruitme nt :

I
I ,

* Und e r t h e 60 mill i on r e cruitment hypoth e s is , a s ubstant i a l
inc r e a s e of the y i eld-per-re c r u i t may result f r om an
incre a s e d fi s hing effort . Th i s i s due to the f act tha t man y
s ma l l y e l l owf i n are a lready caugh t , a nd tha t fish i ng
mo r t ality c oeffic ients are quit e h i gh under this hypothe ­
s i s : u nder t his set of h yp othe s i s (g r owth , natural mo r t ali ­
ty a nd r ecruitment ) , we might be clos e t o full exploitation
o f the s t ock , a nd there f o r e a n inc r e a s e of fi Shi ng e f f o r t
mi ght i ndu c e ov erfis h i ng .

* Und er t he 120 million recru i t ment hypothesis , an inc reased
fi shing e ffort will r e sul t i n a s ubst a nt i a l inc r e a s e o f
yield-per-re c r u i t, a s over a l l fi s hi ng mortality coe f f i ­
cients are muc h l ower u nder t his hypothesis; however th i s
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i ncre a s e will not b e tremend ous , as many s mal l yellowf i n
are a lre ady c a ught by t h e artisanal a nd purs e sei ne fi sher­
i e s.

It wa s s uggested to p r oduc e t h is y i eld-pe r - r e cruit ana lysis
u s ing t he f a s t er juveni l e growth c urve hyp othesis , a nd t hat a
tho r ough e xami nation o f the p a ttern of yiel d - p e r-r e c r u i t b e t we en
g e a r s b e c onduc t ed i n order to have a n i ns i de view o f gea r
inte r a ct i ons . Th os e a na l yses , whic h are s u pposed to take i nto
a c c ount a large r set o f hypoth e s e s, we r e not p o s s ible du r ing t he
r emaining time o f t hi s me eting. Th e r efo r e , partic ipa nts rec om­
mend ed to undertake s uc h a n a l yses f o r f uture meeti ngs .

Yield per Recruit., period 1955-65,.--------- - - - - - --=----,r'---- - - - ------ - -------,
Recrui tment = 60 millions Recruitment =120 millions
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Figure 31: Yel l owf in y i eld- p e r - r e c r u i t f o r t wo re f e renc e
periods wi th l ow ( 1955 - 65 ) a nd high ( 198 5- 90 )
e xp l oitati on ra t e s under both l ow ( 60 millions )
and h i gh ( 120 mill i ons ) l eve l o f recruitment
h ypot h e s e s .
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9.6 Review o f results

Although g r e a t imp r ovement s h ave been ma d e in the c omp i l at i on
o f cat c h , e ffo r t a nd size composition d a t a f or Indian Oc e an
yellowfin fi sherie s, gaps in our unde r s t anding of ke y biological
a nd fi shing proc e s s e s p r e s ently hinde r t he ob jecti v e inte rpreta­
tion of these data .

The probl em areas i nc l ude :

( 1) Th e nature of the relationsh i p b e twe en CPUE from the vari­
ous fi she rie s a nd yel l owfin abundance , which re~ains gener­
al l y unknown:
* fo r t he l ongl ine f isher y , t here i s uncertainty a s to

h ow cons istentl y the g e a r samp les the adult popula­
tion ;

* f or the pu rse-se i ne f ishery , t he e nv ironment a l e f fec t s
on CPUE a re stil l unc e rta in , a nd the effects of in­
crease d f i shing power o f the fl e et through improve ­
ments i n search i ng a nd catch i ng t e chnology have yet to
be est i mated , a nd are likely t o b e c omplex ;

* lastly, f or t he v a r i ous coast a l fi sheries , the r ela­
tionship betwe en CPUE, l o c al a b u nda nc e and ov e r a l l
abundanc e in the I nd i a n Ocean i s unknown . For these
reasons, none o f t he CPUE indices presented could be
used a s a tho r oughly a g reed indicator of relative
abundanc e of I nd ian Oce a n yellowfin.

( 2) The s t ock struc t ure - h aving a large be aring on stock
assessment - two aspects o f which are sti l l unclear at this
time :

I

t
I

~

*

*

firstly , the r e i s e v i dence t o s uggest t hat l a r g e
yel lowf i n are no t equal ly a vai lab le t o the nurs e - s eine
a nd l ongl ine fisheries ; h oweve r, t he e xtent of separa­
tion of s urface a nd s ubsurface " s t oc ks" , a s well a s
the me chanisms mediating this separat i on , if the y
e x ist , is u nknown. This furthe r c omplicate s the
interpr e t at i on of CPUE trend s, a nd casts doubt on
s t ock assessment methods f or which a h omog eneous s tock
(wi t h r e s pe ct t o t he t wo g e a r s ) i s a s sumed ;
second l y , t he strong disequilibri um in sex r a tio for
l arg e y e llowfin (ove r some 1 20 c m LF ) , which incre a s e s
r apidly with s ize in favour of mal e s (s uc h that f ew
f emale s l a r ger t han 180 c m h ave ever be en obs erved )
may b e o f paramount importance : this implie s a higher
rate of natur al mortality f or l a rger females , and/or
a sex-spec i f ic g r owth r e sulting in a s ma l ler maximum
s i ze of f emale s. No inf ormation i s curre ntly available
for e i t her a lternative tha t would a l l ow t his s t r uct ure
to b e inc orporat ed int o population models .

I
•
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(3) Th e c onside r able unc erta int y regarding severa l important
biological pa r ame t e r s which s till exists , i nc l u d i ng :

growth r ate s ( juvenile s, male/females ) ,
natural morta lity rates (g l obal, by age a nd by sex ) ,
the pattern o f reproduct ive maturi t y b e twe en s u r face
and s ubsu r face s e gments of t he popu lation .

Be cause of the difficultie s al l t hese p r oblems r aise fo r the
interpr etation o f fi she ry trends and sequent ia l age - structured
population models, no firm c onclusions o n the sta t us of the
Indian Ocean yellowfin s t ock cou ld b e r e a ched.

Sever a l avenue s o f inve s tig a t i on, which may clarify or
circumvent some o f the s e p r oble ms, we r e di s cus s ed; they a re
rec apitulated in the f o llowing section o n recommendat ions .

10.

10.1.

RECOMMENDATIONS

statistics

The Workshop was greatly impr e s s ed with t he marked im­
provement in the yellowfin tuna s tatistics col l ect e d by IPTP
during the past 10 years. They stressed t he impo rtance of IPTP
bridging the interval until a permanent tuna b ody i s e s t a b l ished ,
to assure continuity in t he s tatist ical info rmation: disruption
of this s t a t i s t ica l c olle ction s ystem would b e dis a strous for the
scientific community, and e x t remel y cost l y t o al l c ou n t r ies a nd
organizations involved to impl ement a not her s ystem to take its
place.

The Workshop noted t hat the fo l lowi ng recommend a t ions made
at the Expert Consultation on Tunas i n the Indian Ocean h eld in
Bangkok in 1990, were s t i l l r ele v ant :

I
I
I

*

*

*

*
*

*

*

countrie s s hou l d impr ov e reporting of the main tuna
specie s in c a t c h s t a t istics ;
countrie s s hou l d c r o s s c heck c atch stat i s t ics with
l a nd i ng s f or industrial l ongline fi she rie s, to improve
its accuracy;
Indone sia s hou l d intr oduc e a l og b ook s yst e ms for its
industrial pur s e-s eine a nd l ongline fi sheries;
IPTP s h ou l d cont i nues to assist c oa stal c o unt r ies to
maintain a nd i mpr ove sampl i ng p r og rammes ;
IPTP s h ou l d , as ICCAT, r e p ort s tat ist ics c o r r ected for
inconsistencie s betwe en report i ng c ountries in Lt.s
data s umma r ies , in l i eu o f o f fic ial flag figures;
every c ount r y s hou l d cont i nue to col l e ct r eliable s t a­
tistic s in the s ma l lest t ime - are a s t rata possible, a nd
to submit them to IPTP on a timely basis; the large st
recommended s t ra t a i s 5 ° s qu a re by month;
countries with historic al data sets that have not yet
been s ubmi t t e d to IPTP s hou l d c heck those data and
submit to IPTP in the required f ormat as soon as
p o s s i b l e ;
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* the recommendation to recor d separat e l y free and log
s c h o o l catches ma d e a t t he Expert Consultation has
b e en implement ed f o r the French a n d Spanish purse-s­
e i ne v e s s els; t h is s ystem s h ou l d be continued and
a d opted by t he ot her purs e - s eine fleets operating in
the Indian Oc e an.

Th e Workshop made the foll owing a dd i t i o n a l recommendations:

, ,

10.2.

*

*

*

*

*

*

IPTP s hou l d e ncourage c ountries implementing s t a t is­
tical col lect ion s ystems to adop t s tanda r d code s and
r e cording f orms as set up for the workshop to f acil ­
itate data e xchange a nd analys e s;
the a r ea of I PTP coverage s hou l d b e e x t e nded from 30 0 E
to 1 5°E t o includ e y ellowfin c a t c hes made off Sou t h
Africa a s t hese fi sh are part of the Indian Ocean
stock; IPTP s hou l d a lso consider r educing the coverage
area from 150 0E to 140 0E to exclude Pacific Ocean
y ellowfin tuna cap t ured off the east coast and s ou t h­
e a st c o r n e r of Australia;
Maldives s hou l d e xp a nd their samp l i ng programme to
other sites t o obta i n s i z e data f or yellowfin tuna
more repres entative o f the catches;
Indones ia s hou l d initiate a samp l i ng programme to col­
l ect s i ze data o f catch es mad e by national and foreign
flags v e s s el s bas ed in Jakarta and Bali ;
India s hou l d inve stigate means of initiating a s am­
pling programme t o col lect s i ze data of catches made
by c h a r ter e d v e s s el s ope rating in its EEZ;
fre e and log school purs e - s eine s i z e frequencies
s h ou l d b e r e c orded separ a tel y in the s ame way a s with
catches.

Research

A large number o f questi ons r elative to yellowfin tuna
biology, ecology and p opulation dynami c s a r e still to be solved.
Pending questions and p o s sible methods to give an answer are
listed below , for the main s ub jects .

10.2.1.

I a.

stock structure

Determine the r elationship b etwe en the pool of fish
r e spectively available to longline and purse -seine
fi sherie s, a s well a s with the e n t i r e stock; both
hori z ontal a nd v e rtic al heterogeneities should be
inve stigat ed.
Methods:
* fine spatio-tempor a l analysis of historical

longline CPUE ;
* large sca le tagging programme, including sonic

and archival tags;
* d eveloping o f advanced mathematical integrated

models, s i mu l t a neous l y utilizing a l l available
data , to estimate parameters associated with

I
~
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various sets o f hypothe ses , in a s s ociation wi t h
s t a t ist i c a l t e sting o f thei r v alidity .

De t e rm i n e sex rat i o as a function of fi sh age , area ,
season a nd method of cap t u re .
Me t h od s :
* s u bsamp l i ng the measur ed fi sh to determine their

sex .

Growth

Refine e stimates o f fi sh growt h f o r b oth juvenile
(slow/ f a s t growth proble m) a n d sep a ra t e l y ma l e s and
f emales a d u l ts ( s ex d i fferential g r owth p robl em ) fi sh .
Me t h od s :
* tagging fi sh and marking their hard parts b y

tetracycline ,
* aging fi sh by r e ad ing h ard parts , including the

v a l i d a t i o n of the method;
* s t a t ist ica l l y t e sting the improvements in the fit

to data of Richards' s function compared t o von
Bertalanffy 's one, and u sing this funct ion i f de ­
sired.

Matur i ty and s p awn i ng

Impr ov e the knowledge o f yellowfin reproduct ion modes
a nd v a riab i l i t y.
Method s :
* Examine the variability in gonad indices among

different geographic al areas, s easons and y e a r s .
* biological s t u d ies , including behaviour and

physiology.

Natur a l mortality

Expl o r e the p o s sibility o f e stimating t he rate of
n a tur a l mortality , its c hanges with age a nd / o r sex as
well a s its limits of unce rtainty.
Method s:
* e va luate a n d test v a rious methods to estimate the

rate of natural mortality;
* s ensitivity analysis;
* biological studie s , including behaviour and

physiology.

oceano g r a p h i c conditions

Examine the impact of oce anographical conditions on
t he availability of fi sh t o different fishing g ears as
well a s on the produc tivity of the s t o c k .
Method s:
* collection o f oceanographic data ;
* d e t e r mi n e their influence o n fi sh a va i lab i l ity to

d i ffe r ent g ears ;
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* eva l uate the impact of the interannual var :i
a b i l ity on t he global p r oductivity of the st '~L
(ma inly t hrough recr u i t men t ) .

CPUE

To h ave a b ette r u nd e r standing o f the r elationship b8 ~

twe en effort a nd fishing mortality , i. e . betwe en CPUE
and abundanc e.
Methods:
* e stimate the impr ovements in fi shing eff ic i en~y

of purs e - s eine r s, longline r s and other vessel s ~

new e lectron ic e qu ipmen t (bird radar , r-emo t ...
sens i ng f a c ilitie s, ... ), improved fi shing g e a _
(d e e p e r ne t s, mono fil aments l ine s , ... ), c ha ng e a
in the fi shing stra teg y (spe cies targeting , .. . ) ;
.. . ,

* e xami ne the impa c t of e nv ironment a l conditions 0 1­

CPUE (c a t chab i lity coeff icient ) and develop ne~

model s including non-linear e f fec t s ;
* e xami ne the effect of targeting at species other

than yellowfin on CPUE calcu l a t e d for yellowf i n
(pur s e - s einers a s well as longliners ) ;

* further att empt s t o devel op g eneral linear mode l s
of CPUE f or t he various fisherie s , and in partic­
ular model s o f pur s e - s eine CPUE (inc l ud i ng non
linear models) t hat a c c ount for the effect o f
environment al variation a nd increased fishing
power.

stock a s s e s sment

In addit i on to b ette r understanding the r e l ationship
between CPUE a nd s tock abundanc e , other s o l u t i ons
s h ou l d be inve stigated.
Me t hods:
* further a ppl y t raditional approaches to stock as­

s essment with d ifferentiation of life parameters
between sexes ;

* development of a dv a nced integrated stock a s ­
s essme nt model s utilizing all available data
s i mu l t a neousl y a nd tes ting various hyp othe s e s;

* e xp l ore the f e a sibility , e ffectiveness and cost
of aerial a nd fi sheries obs erver surveys i n order
to have a n independent index of abundance ;

* c o l lect regu lar l y information on biological
paramete r s, as a mean of monitoring stock con­
dition;

* determine the r e sistanc e of the population to ex­
ploitation , using s i mu l at i ons .

I
I
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Tuna l a r g e - s c a l e tagging programme s have a lready been
conducted i n all the major tuna fi she rie s , with the exception o f
Indian Ocean . It was outlined that tagging i s - and s pec i a l l y
with regards to tuna - one o f the most powerful techniques to
obtain - i n a relative s hor t t e rm - information on biology , s t oc k
structure a nd f i s he r i e s interactions. It wa s al so not e d t hat s uc h
programmes efficiently complement a nd boost national capabilitie s
i n most o f t he fisheri e s concerns (improvement of fisheries
statistics , na t i ona l development a nd management of fisherie s ,
. .. ) .

General

Ta gg i ng

Complete the design o f a large-scale tagging programme
to satisfy recommendations la, I I and VI I I.

\

77

Determine the e xtent o f intera ctions a mong the fi sher­
ies.
Me t h od s :
* analys e s of available data f r om past tagging.
* implementing a l a rge - s c ale tagging programme in

the Indian Ocean.

Fisheries interactions

Formulate an Indian Oc ean Yellowfin Year Programme f or
t he consideration of the 1993 Expert Cons u ltation on
s tock Asse s sment of Tuna s in the Indian Ocean .

VIII.

1 0 .2 .9 .

10.2 .8 .

1 0 .3 .

IXb .

IXa .

I
I
I

I
I
I

I
I

I.I
I
I
I

I

I

The l a r g e s e t of que stions r elative to ye l l owf in tuna
biology , ecology and population dynamic s mentioned during
previous d iscussion (s e e 9 .6 and 10. 2 ) l ed the Wo r kshop to make
numerous recommendations , including a large sca l e tagging
programme and to propose an Indian Oc e an Yellowfin Year Programme
f or the consideration of the 19 93 Exper t Consultation ( r e c omme n­
dation I Xa & b ) . Furthermore, the a nswe rs to s evera l other
recommendations ( I V, VI, VII ) would be s t rong l y improv ed by the
companion s t udies and the results o f s uch a programme .

I

On a general b a sis, the importanc e for IPTP to work as a
central point of all t a gging e xper i ments c onduct e d in its area
of compe tence wa s s t r esse d , a nd l ed to the fo llowing recommen­
dations :

I . IPTP s hould maintain a c entr al file of all I ndian Oc ean
tagging data; countrie s or organi zations conduct i ng t agging
experiments s h ou l d s ubmi t a complete copy of those data to
IPTP ;

I I . IPTP s hould act a s a c ha nnel through which countries and
organizations conducting tagging e xp e r i me nt s with i n the
I ndian Oc e a n can publicize their activities in o rder to
maximiz e tag returns. IPTP s h ou l d also cont i nue to act as
an inter- reg i ona l c oo r d i na t o r t o ensure smooth t ransfer o f
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relevant ta~ging inf ormation with organizations i n other
Oceans , notably with SPC .

Although this Workshop wa s dev oted t o yellowfin tuna , it wa s
then emphasized that the d i s cus sion s hou l d b e e xtended , t aking
into account the mor e general concl usions of previous me etings
s uch a s the last Expert Consu ltation on s tock As s e s sment of Tuna
in the Indian Ocean (Ba ng kok , 2-6 July , 1 990 ): the determination
of the ob jec t i ves (s t oc k s tructure , b i ological parameters , s t oc k
management , fi she r i e s i nteractions ) of the tagg i ng e xper i ment
which is esse nt i a l and will determ i ne the str a t e gy (t i me - a r e a
s t rat a , s p e c ies , sizes ) to b e put int o act i on , t h e expected
number of returns , the type of v e s s el to b e u s ed .

Th e thre e maj or p r oblems r a ised on yellowfin tuna (t he
natur e o f the r el a tionship bet ween CPUE a nd a bu nd a nc e , the s t ock
s t r uct ure a nd migration p a t t e rn a nd the unc ertainties i n most of
the biological parameters) a re a lso v alid for s kipjac k a nd
bigeye. A fourth c apital issue - with l e s s s c ient i f i c impact but
of cons i d e rab le inte r e st f o r a l l the concerned parties - i s the
p r obl em of int eractions b e twe en fi she rie s and · specie s (on
" l oc a l", " r e g i ona l" a nd " spe cie s " ba s e s ) al so ne eds to be
examined .

Al though the Workshop d i d no t give any firm adv i ce c ons i d­
ering the proposed large - s c ale tagging p r ogramme to be imple­
mented , several general guideline s we r e ou t l i ned :

Area and s p e c i e s :

* The general area o f operat i on will be the we s t e r n
Indian Oc e an (west of 8 0~ ) , where the s urface fish ­
e r i es are well developed for both industrial and
arti s anal fi she rie s;

* Yellowfin s hou l d be the t arg e t s peci es ; other s pec ies
- mainly s k i p jack a nd bigeye tuna - will be tagged a s
far a s pos sible on an opportunis tic ba s is ;

Objectives :

I

*

*

*

The progr amme s hou l d f ocus as fi r st priority on s t oc k
s t r u c t ure a nd b i ological parameters , wh i ch are the
most critical unc e rtaintie s f or future stock assess­
ment ;
Given the pa ramount a nd r ather unique importance of
artis anal coa sta l f isher ies (wh i c h r epresent nearly
30% of the t otal Indian Oc e an t ropical tuna catch ) and
the v a r i e t y o f gears u s ed (p o l e - a nd - l i ne , gillnets ,
troll , pur s e - s eine, h andline s, ... ), fi s herie s inter­
actions s hou l d be the second priority ;
The tagging s trategy s h ou l d take into account the
order of the s e prioritie s ; however , the possibility of
aChieving othe r ob jectiv es for yell owfin and/or other
tuna s p e c ies without significantly increas i ng the cost
of the programme s hou l d be explored.

I
I
I ~

I
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Type of b o a t:

* Th i s point was t horoughly examined ; as i t i s essential
to b e able to tag in the main f ishery (i. e. t he l a r g e
pur s e - s e ine fishery ) all year round , a s u ffic iently
l a r g e t a gg ing boat is absolutely n e c e s s a ry . Howeve r,
complementary tagging from small scale artisanal
fi sheri e s (a s done in Maldives for e xample ) s hould b e
integ r a t e d i n t he programme as often as p o s s i ble;

* As i t is a n essential element of the s uccess of t h e
prog r a mme, due consideration shou ld b e g iven to
carefully c hoose t he type of vessel t o b e u s ed .

BUdget :

* Of course , i t will include al l e xpenses d irect l y
linke d to t he programme (v e s s e l c hartering , scient i f ic
s taff , travels , equipment and s upp l ies , r eward s and
lotte r i e s, . . . );

* It wa s also stressed that obtaining inf ormation o n r e­
captur e as we l l as the t horough a nal ys is of r e sulting
data are int e g r al parts of the programme a nd s hou l d be
includ e d in t he b ud g e t ; special ly , t he importance o f
adve r t i s ing (a dmin i str a t i o ns, fishe rmen , canneries ,
. .. ) as we ll as collecting a nd c hecking of a l l the
returns ne e d s s pecial attention .

The progr amme wil l be prepared on such a basis , a nd s u b ­
mitted for fund ing at the b e g inn i ng of . n e x t y e ar (EEC o r a ny
o t her sou r c e ) .

10. 4. Ma n a g e me n t

No r e commend a tion we r e ma d e by the Wo rkshop o n mana g e ment.

Howeve r , i t wa s not e v ident to participants tha t the stock
i s now thre ate ne d b y e xploitation , desp ite t he treme nd ous
i ncrease of t he catch t hese last 10 y e a r s. Neverthele s s ,
pa r ticipants p oint e d out nume r ou s u ncerta i nt ies that are deta i led
in the previous sect ions ; t hey concluded that s ign i f icantl y mo r e
r e s e a r ch i s n e e d e d as recommended above , before t he stat us o f the
stock can b e more precisely determined.

11 . ADOPTI ON OF THE REPORT

The r epor t o f t he Wo r kshop on stock Assessment of Yellowf in
Tuna in the Indian Ocean wa s adopted o n 12 October 19 91.
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App e n dix 1

I

INAUGURAL ADDRESS OF THE HON. JOSEPH MICHAEL PERERA
OF FISHERIES AND AQUATIC RESOURCES AT THE WORKSHOP
ASSESSMENT OF YELLOWFIN TUNA IN THE INDIAN OCEAN ,

SRI LANKA
7 -12 OCTOBER, 1 9 9 1

Distinguished Participants, La d ies & Gentlemen ,

MIN I STER
ON STOCK
COLOMBO,

I n v i ew o f t he empha sis pla c ed on exploitation of tuna species
wor l d over , I consider this Workshop o n stock Assessment of
Yellowfi n Tuna in the Indian Oc e an to b e a n e xt r e me l y important
one a nd I am happy to b e assoc iated with you to s hare a f e w
thoughts t h is morning.

I understand that th i s Workshop i s organi zed bas ed on a recom­
mendation made at the Expert Consu l tation on s tock Assessment of
Tunas i n the Indian Oc ean held in Bangkok, Thailand , i n July
1990. Tuna fi sheries i s o f p aramount importance for my country
as we l l as other countries in the region. Tuna fi sheries in sri
Lanka is artisanal and s mal l s cale fi shing commu nities are
engaged in e xploitation of t h is res our ce . Th e pre sent production
is in the region of 25, 000 metric tons and Yellowfin t u na
contributes substantially t o this c a tch .

As you are awa r e, UNDP/ FAO i s commi t ted to develop fi she r i e s in
our region . Under the policy guidanc e of the Indian Ocean
Fishery Commission and Indo-Pacific Fishery c ommiss ion , Ind o- ­
Pacific Tuna Programme ( I PTP) wa s estab l ish ed in 1982 i n Colombo .
Th e broad obejctive of the IPTP i s to a s sist the governments in
the long-term management a nd developme nt of fi sheries for tuna
and t una-like s p e c ies . within thi s f r ame wo r k , technical
objectives like c ompilation and diss emination of regional
statistics , coordination o f research , r egular r eview of status
of tuna stocks wa s undertaken under the important database
building object ive . A sel f-sust a i n i ng data c entre f unded by
coastal countri es , distant water fi shing countrie s , EEC and FAO
is proposed .

I am happy t o note that the IPTP ha s s uccess f u l l y achieved its
objective of establishing a r egional tuna information centre to
compi le a nd disseminate r egional tuna s tat ist i cs , coordinate
r e s earch and arrange for r egular r eviews on the s t a t u s o f tuna
s t oc ks and their exploitation. However , due to constraints on
funds and manpower , limited work on s t ock a s s e s sment ha s been
done .

Al though e xploitation of tuna stocks i s important f or t he
imp r ov e ment of nutrit ional sta nd a r ds o f our people , i t ha s to be
undertaken on a s u s t a i na b l e basis. Conservation-oriented
e xplo i tat i on i s p ossible only with r e I iable i n f o r mation on stocks
and there fo r e this Workshop is t i mely . wi t h t he deliberat i on s
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of t he Scientists gathered h e r e, the s t a t u s of tuna stocks in t he
Indian Oce an would be better known.

The e xcel len t work done by t he IPTP has to be con t i nued . The
p r op o s ed Indian Ocean Tuna Commi s sion i s the l og i c al e vol ut ion
of the IPTP a nd I wi sh to reiterate our committment to mana g ement
of Indian Oc e an Tuna by p r ovi d ing host faci l i t ies t o the Commi s ­
sion in Sri Lanka.

In conc l us i on , I wi sh t o t a ke t his opportu n i t y t o thank UNDP f or
the a s sistance a nd t he Orga nisers for the i nvitat ion extended to
me to inaugurate t h is Workshop. I a m s u r e that your deliberations
will a ssist the cou n t r ies in t he region in conservat i on-oriented
e xp l o i t a t ion o f tuna for the prov i s ion of much ne eded a n i ma l
p r o t eins for our p e ople a nd s o c i o - e c o n omi c improvement of
s ma l l-sc a le fi shing commun i ties. I am sure y ou will h ave s omet i me
off f r om your busy schedu les t o e n joy t he Sri Lank a n hospitality.
I wish you suc c e s s.

Thank you .
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App endix 2

AGENDA

1 . OPENI NG OF THE MEETING
2 . ADOPTION OF THE AGENDA AND MEETING ARRANGEMENTS
3. REVIEW OF WORKI NG PAPERS
4. REPORTS OF THE WORKI NG GROUP MEETINGS
5 . REVIEW OF NATI ONAL YELLOWFIN TUNA FI SHERIES I N THE I NDI AN

OCEAN
6 . REVIEW OF THE DATABASE

(1) Nomi na l catch statistics
( 2 ) Catch and effort statistics
( 3) Size frequency data
(4) Tag release and recapture data

7. REVI EW OF BIOLOGICAL PARAMETERS
(1) Length -wei ght relat ionsh i p
(2) Growt h
( 3) Natur al mor t al i t y
( 4) stock structure and biological c h a r act e r ist ics o f

t h e s t ock
(5 ) Others : s ize at first matu r ity , sex ratio by s i zes ,

etc

8. CREATION OF CATCH-AT-LENGTH DATA
9 . STATUS OF STOCK

(1 ) Trends o f stock abundance
( 2 ) Production model analysis
( 3 ) Catch at age table: calculation a nd dis cus sion o f

trends
(4 ) Estimates of population sizes and fish i ng mo r t ality

trends using Sequential Popu lation Analysis
( 5) Yi e l d - p e r - r e c r u i t ana l ys is
( 6) Revi ew of results

10 . RECOMMEN DATI ONS
(1) sta t istics and research
( 2) Ta gg i ng
( 3) Manag ement

11 . ADOPTI ON OF THE REPORT

IOTc-2008-SC-INF15



8 3

App e nd i x 3

LIST OF PARTICIPANTS

AUSTRALIA

Mr Pe t e r Wa r d
Senior Professional Offic er , Fisher ies Re s ources Branc h ,
Bureau o f Rural Re s ource s
Department of Primary Industri e s & En ergy P . o . Box Ell
Queen v i c t o r i a Terr a c e
Ca nberra ACT 2600
AUSTRALIA

CHINA (TAI WAN)

Dr Chien-Chung Hs u
Profe s s or
I nstitu te of Oceanography
Nat i onal Taiwa n University
P. O. Box 23-13 Taipei
Ta i wa n
REPUBLI C OF CHINA

Dr Ying- Ch ou Lee
As s ociate Pr o f e s s o r
Inst i tut e o f Oceanography
Na tiona l Ta iwan Unive r sity
P . o. Box 23 -13 Taipei
Ta i wa n
REPUBLI C OF CHI NA

I NDI A

Dr P . Para me sw a ran Pi l l ai
Senior Sc ientist (F i she r y Biology )
Centr a l Ma r i ne Fi sherie s Re s e a r c h I n s t i tute , Re s e arch
Ce n t r e
P. O. No. 244
Bol a r , Manga l o r e 575 001
INDIA

Dr D. Sudar san
Dire c t o r Genera l
Fis hery Survey o f India
Minis t ry of Food Pr oc e s sing I nd ustr ies , Botawala Ch a mbers
S i r P . M. Road
Bombay 400 001
I NDI A
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INDONESI A

Dr Nu r z a l i Na amin
Dire c tor
Bala i Penel i t i an Peri kanan Laut Kompl ek Pelabuhan Perik­
anan Samudera J1.
Mu a r a Baru Ujung
Jakarta 14440
I NDONESIA

Mr B. Gafa
Tuna Biologis t -
Balai Penelitian Perikanan Laut Komplek Pelabuhan Pe rik­
anan Samudera J1.
Muara Baru Ujung
Jakarta 14440
INDONESI A

JAPAN

Dr (Mr s ) Sachiko Tsuj i
Senior Biologist
Na t i o na l Re s earch Instit u t e of Far Seas Fisheries
Fi s h e r i e s Agency
7 - 1 Orido 5 Chome
Shimizu-shi , Shizuoka 424
J APAN

KOREA

Mr Yeong Chu l l Pa r k
Senior Scient ist
De ep Se a Re s our c e s Div ision
National Fi s h e r i e s Research & Development Ag e nc y Shi r ang­
- Ri , Kij an-up,
Yangs an- Gun Kyong s angnam-Do 626-900
REPUBLI C OF KOREA

MALDIVES

Mr Ahmed Hafiz
Senio r Fishe r i e s Re s e a r ch & Development Officer
Ma r i n e Re s e a r ch section
Mi n i s t r y of Fishe r i e s & Agricuture
H. White Wave s
Male
REPUBLIC OF MALDIVES

MAURITIUS

Mr Devanand Norunge e
Scientific Officer
Mi n i s t r y of Agriculture , Fisheries & Na t u ral Re s ou r c e s
( Fi s h e r i e s Division)
3rd Leve l , E . Anquetil Building
Port Loui s
MAURITIU S

•
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MOZAMBIQUE

Mr Paula E . S i l va
Fisher i es Biolog i s t
Instituto d e Inve s t i g a c a o Pe squeira (lIP )
C. Postal 4603 , Maputo
MOZAMBI QUE

OMAN
Mr Thabit Zahran Al -Abdis ala am
Director
Marine Scienc e & Fisherie s Centre , Mini stry of Agricul ­
ture & Fishe ries
P. O. Box 467 Mus cat
OMAN

PAKISTAN

Dr A. Ma j i d
Director General
OSD, Marine Fisherie s Department
Fish Ha rbou r, We s t Whar f
Ka r a ch i 2
PAKI STAN

SEYCHELLES

Mr Dav i d Boulle
As sistant Re s earch Di r ector
Seychel les Fishing Authority
P. o . Box 44 9
Fishing Po r t, Mahe
REPUBLIC OF SEYCHELLES

Mr Edwi n Grandcourt
Biologist
Seychel les Fishing Authority
P. O. Box 44 9
Fi s h ing Po r t, Ma h e
REPUBLIC OF SEYCHELLES

Mr Jean Pierre Hallier
Team Leader
Seyche l les Fishing Authority
ORSTOM
B. P . 57 0
Mahe , Vi c t o r i a
SEYCHELLES

Mr Francis Marsac
Tuna Biologist
ORSTOM
B. P . 570
Vi c t oria Mahe
SEYCHE LLES
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SPAIN

Mr Javier Ariz
Biologist
Centro Oc e anog r a fi c o De Ca n a r i as
Ap a r t a d o 1373
3808 0 Santa Cr uz De Tener ife
SPAI N

Mr s Alici a Delgado De Molina
Biologist
Centro Oceanografic o De Ca nar i as
Ap a r t a d o 1373
38080 Santa Cruz De Tene rife
SPAI N

Mr Jose Ignacio Parajua
Spanish Scientist (Biologist )
Seychelles Fishing Authority
P. o. Box 449
Fi s h i ng Port , Mahe
REPUBLIC OF SEYCHELLES

SRI LANKA

Dr (Mr s) Pauline Dayaratne
Di r e c t o r
Ma r i n e Biological Re s ourc e s Division
Na t i o na l Aquatic Re s ourc e s Agency
Colombo 15
SRI LANKA

Mr s Rekha Maldeniya
Research Officer
Ma r i n e Biologic al Re s our c e s Di v i s i o n
Na t i on a l Aquatic Re s ourc e s Agency
Colomb o 15
SRI LANKA

USSR

Mr E . V. Romanov
He a d
USSR Mi n i s t r y o f Fisherie s
Southern Scienti fi c Re s e a rch Institute of Ma r i n e Fi sher­
i e s & Oceanography (YugNIRO )
2 Sverdlov St r eet
33 4500 Kerch
USSR
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Mr A. V. Arlov
USSR Min i s t r y of Fisheries
Southern Scientific Research I nstitute of Ma rine Fishe r ­
i e s & Oceanography (Yug NI RO)
2 Sve r d l ov Street
334 500 Kerch
USSR

Mr S . Yu. Le o nt i e v
VNIRO scientist
All - Uni on Research I n s t i t u t e of Ma r ine Fi sherie s &
Oceanography (VNI RO)
17 V. Kr a snos e l ska y a
Moscow B-14 0 107 14 0
USSR

r oc

Dr Patric e Cayre
Re presentant of "As s ocia t i o n Thoniere "
As s ociat i on Thoniere de la Commission d e l'Ocean Indien
Albion Fis h e r i e s Research Centre
Albion, Pe t i t e Riviere
MAURITIUS

Spc
Dr John Hampton
Principa l Fisheries Scientist
Tuna a nd Bill f i s h Assessment Programme (TBAP)
Sou t h Pacific commission
B. P. 05 Noume a Cedex
NEW CALEDONI A

ORSTOM

Dr Alain Font e n e a u
Centre d e Recherches Oceanographiques de Da kar-Thia r oy e
B. P. 2241 Dakar
SENEGAL

Ms Viveca No r d s t r om
Systems Analys t
(He ad of C.R .O . D.T . Computer Department ) ORSTOM
B. P. 1 386, Dakar
SENEGAL

Mr Renaud Pi ane t
Scient ist
ORSTOM
B/P A5 Noume a
NEW CALEDONIA
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FAO HQ

Dr J a c ek Ma j kows k i
Fis h e r y Re s ou r c e s Officer - Ma r ine Re s our c es Serv ice
Fi s h e r y Re s ourc e s & Environment Division
Food & Agricultur e Organ izat i on
Via della Te r me di Ca racal l a , 00100 Rome
ITALY

FAOjBOBP

Dr R. Charl e s Ande r s on
BOBP Fi s h e ry Biolog i s t
Ma r i n e Re search section
Minis t r y of Fisheries & Agric ulture
H. Wh i t e Wave s
Male
REPUBLI C OF MALDIVES

FAOjIPTP

Mr Toshifumi Sakurai
Programme Leader
Indo - Pacif i c Tu na Development & Mana gement Programme
1st Fl oo r, NARA Bui lding
Col ombo 15
SRI LANKA

Mr Mi t suo Ye s a k i
Tuna Bi o l ogist
Ind o - Pa c i f i c Tuna Development & Ma nag e ment Programme
1st Flo or, NARA Building
Colombo 15
SRI LANKA

Mr J u lio Mor on
Tu na Bi o l og i s t
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Appendix 4

LI ST OF DOCUMENTS

TWSj91jOl Provis i onal agenda.
TWSj91j02 Provisional lis t of partici pants .
TWSj91j03 Provisional lis t o f documents .
TWSj9ij04 Report o f the Maurit ius Wo rking Grou p (p r e p a r a t o r y

Wo r k i ng Gr oup f or the IPTP Wo rkshop o n stock As s e ss­
ment of Yellowfin Tuna i n t he Indian Ocean ) to be
h eld in Colombo, Octobe r, 1991, Mauritius , 17-23 May
1991.

TWSj91j 05 Report o f the Working Group Me eting of longline
fishe ry f or s t ock assessmen t o f y ellowfin tuna in
the Indian Oc e an , 2 4-28 June, 1991 , Shimizu , Japan :

TWSj91j06 An e xt ract on Indian Ocean yellowfin tuna from the
r eport on State of Selected Stocks of Tuna and Bill ­
fi sh in the Pac i f i c a nd Indian oc eans ( FAO Fisheries
Technical Paper No 2 00 : FIRMjT200 1980 ) .

TWSj 91j07 Revie w of the d ataba s e - IPTP.
TWSj91j 08 Pr e l i mi na r y r e sults f or y ellowfin tuna (Thu nnu s

albacares ) from the Maldivian Tuna Programme - M.
Ye s a k i and A. Wa h e e d .

TWSj91j09 Population parameter e s t imate s of Ind ian Ocean ye­
llowfin tuna bas ed o n l ength d ata - M. Ye s a ki .

TWSj91j 1 0 Tr e nd s in tuna l ongline fishery in Indian seas wi t h
particular reference t o exploitation o f y e llowf i n
tuna - M. E . John, D. Sudarsan & A. K. Bhargava .

TWS j 91j 11 Some biological c onside r ations o f yellowf i n tuna,
Thunnus albacares ( Bo nna t e r r e) t aken by longline
gear in the Indian EEZ - D. Sudarsa n , M. E . John &
K.N.V . Nair .

TWSj91 j12 Present s t a t us of t he yellowfin tuna fi s heries i n
Sri Lanka - P. Dayaratne & R. Maldeniya.

TWSj9 1j13 Spanish s t a t us r eport o f y ellowfin tuna fi she r y,
1 984 - 1990 - J .I . Parajua.

TWSj91j14 Ye l l owf i n l ength-weight r elationships from we s t e r n
Indian Ocean purs e-s eine fi sheries - J . P. Ha ll i e r.

TWSj91j15 Ar t i s a na l and industrial (Surface and l o ngline)
fi sheries of yellowfin t u na in Mauritius from 198 7 ­
19 90 - D. No r u ng e e & A. Venkata sami .

TWS j91j16 Status r e po r t of the Ko r e an tuna longline fishery
for yellowfin tuna in t he Indian Ocean - Y. C. Park ,
W. S . Ya ng a nd T. I . Kim.

TWSj91j17 Growth of Indian Oc e an yellowfin tuna e stimated from
s ize frequencies d ata co l lected on French purse-sei­
n e r s - F. Ma r s a c .

TWS j91j18 Fr e nch and Ivory Coast yellowfin purse- seine fi shery
o f the western Indian Oc e an (1 9 8 4- 1 990) - J . P .
Hal l i e r .

TWSj9 1j19 Na t i ona l report o f Taiwan - Institute o f Oc e a nog ra ­
phy, National Taiwan University .

TWS j 9 1j2 0 Pre s e nt status o f yellowfin tuna f i shery in Ind one ­
s i a - N. Naami n & B. Ga fa.
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TWS/91/21 Fishe ry biology and statu s of stock of yellowfin
tuna - P. P. Pillai , K.P. Said Koya & T. M. Yohan­
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