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ABSTRACI

The situation of small tuna f iehery in the Gulf of
Thailqnd r€s analysed by principal conponent analysis and cluster
Enalysis, using the dsts in the SEAFDEC Fishery Statist icel
Bullet ins and the Catch-Effort Statist ics for 1978 to 1988.

In purse seine f ishery, the 1'1 year€ were divided lnto
tFo groups, i .e., from 197A to 19A4 6nd from 1985 to 1988. The
first group of yesrs (1978-1984) 6hol{ed the fol lowinb featurcs!
'1) a dr€stic reduction in sardine cotches; 2) a drastic one-f i f th
reduction in round sc6d cetches from'105,500 Ml i^ 1978 Lo 22,tOO
MT in 1979i 6nd l) e dr€matj.c increase in longtai l  t ' . ine cetcheo
from 1981, kawskswa from 1982 and Indo-Pacif ic nackerel from
1981. The second group of years (1985-1988) showed the
fol loning: 1) e steadily increasinq trend in longtai l  tuna
catchosi 2) stabLe catches of kewak€via, Indo-Pscif ic mackerel and
sardine; f) gror.th in cetches of jack-cav€Ils-trevally, hardt€i l
sced, black pdnfret end snchovy from the previoud gtoup of yeaas;
snd 4) large incresses in catches of longtai l  tun6, karoka|{€ snd
jsck-cavalla-trevally in 1985 and 1988. The Eituation of $all
tuna f ishery by purse seine in the Gulf of Thail€nd vr6s
sumsrized by catches of longtai l  tuna snd kawakais incressing
drarnatical ly from the e€rly 1980s, with €n ea.ly peak .eached in
1981i this r6s because nuch effort y|as spent in catching snall
tunes by vessels equipped ri th modern electronic equipment. ln
sddit ion catches of small tunas increased both in 1985 and 1988
because of expansion of the f ighing grounds to the centr€] GuIf,
snd off Malaysia 6nd Indonesia. A l€rge -increase in the c€tch of
snall  tunas vri l l  be diff icult other Lh6n by furthe. expansions of
f ishing grounds, and proper mensgenent of small.  tune f ishery by
purse seine, in the Culf of Thailand End its vicinity, vri th
consideration to f isheries interactions snd the I i fe histoties of
ma joa  spec ies .

-  l r 1  -



ln d.i . f t  giI I  net f ishery, the '11 yeerg r lgre divided
into two qroups of ye6.s, i .e., f .om 1978 to 198'l  end froh 1982
to 1988. lhe f irst group of yesrs (1978-1981) shor€d s steady
incresse in catches of narrow-barred king Deckerel, longtdi l  tun€
and kawakswa, ahd po3it ive cetch rel€tionshipg between the thtee
species, The second group of yes!6 ( '1982-'1988) showed increasing
trends in longt€i l  tuna and kaw6k€N,6 catches ri th 6 temporgry
decrease in natrow-bglred king m8ckeael, snd negetive relotion'
ships of CPUE values in longtai l  tuna and kawakara compsred to
nefrow-bgrred king mackerel. gnall  tuna f ishe.y by drif t  qi l l
net in the Gulf of lhei land showed catches of longtai l  tun8 snd
kaw€kel, ia increasing f!om the early 1980s, as with purse seihe;
drif t  gi l l  net t€rget species lhen chsnged from naaror-berred
king mEckerel to longtai l  tun€ 6nd karakara betneen 1982 and
1985, As catches of longtai l  tuna, kanakawa and naaror-baraed
king m6cke.e1 {e.e sini lar to each other after '1985 End the total
c€lches of drif t  gi l l  net f ishery fron 1982 to 1988 rere stsble,
i t  is conside.ed th6t d.i f t  gi l l  net catches of small tunas and
nsrrow-barred king macketel were steble after '1985 in the Gulf of
l h6 i l 6nd .
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I . INIROOUCTION

Smell tuna f ishery in the culf of Thailand has developed
rapidly since the early 1980s because of the increasing demand of
the tuns canning industry in ThaiIand. The three small tuna
species found in the Gulf of Thailand include lonqtai l  tuna
( Ihutmus tonggol ), kawakawa ( Euthynnus dffinis) and lrigate tuna
\ Aurts thazayd ) and the th.ee kinq mackerel species are nafror4-
barred king nackerel ( Sconberotnonts eorn:aer'sorl, Indo-Pacilic king
mackerel (,5. guttatus ) and streaked seerf ish ( S. l , iaeolatus ).
Lonqtai l  tun€ and kawakawa are f ished using two mejor f ish:ing
qea ts ,  i . e . ,  pu rse  se ine  and  d r i f t  g i l l  ne t .  K inq  macke re l s  a re
cap tu red  p r i nc ipa l l y  by  d r i f t  q i l l  ne t .  I n  1988 ,  t he  ca tch  o f
longtai l  tuna wes 91,628 MT, that of kav{akawe (includinq Friqate
tuna )  49 ,869  MT and  tha t  o f  k i ng  macke re l s  ( t h ree  spec ies )  ' l l , l ' 19

l '4T.

Small tuna catch in 1981 yJas 20,198 I ' lT (a 57% inc.ease
from the previous year), catches then doubled in 1982 and aqain
in 1981, but decreased sl ightly in 19A4 Lo 69,BOi MI. After
1984, tuna catches increased steadily to 96,)54 in 1987, then
increased dranatical ly in'1988 to 141,497 MI (a 47xj increase from
the prev ious year) . This .biq increase in small tune catch
between 1981 and 1988 shov{ed a more rapid incaease rate than the
to fa l  f i sh  ca l ch  ra te  f o r  f he  Gu l f  o f  l ha i l and .  Becausp  o l  t h i s ,
there may have been some eFFect upon the othe. f isheries. I t  is
therefore considered important when monito.ing and managing small
t una  f i shea ies  to  c la r i f y  f i r s t  oF  a I I  t he  s i t ua t i on  o f  sma l l
t una  f i she . i es  i n  t he  cu l f  o f  Tha l l €nd .

Th is  paper  p resen ts  the  ca tch  f rFnds  o f  sma l l  t unas  and
tuna-l ike species, catch and effort data, and the relationships
between species g.oups, as well as the situation of small tuna
fishery analysed by principal component analysis, to assess the
impact of the recent upsLlrqe in small tuna f ishery and its status
in  the  Gu l f  o f  Tha i l and .
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II. I{ATERIALS AM)

Data used
Fishery Statist ical
the South Chi^a Sea

l,f Thfirs

in this analysis was obtained from the SEAFDEC
Bullet ins and the Catch-Effort Statist ics for
A rea  f o . ' 1978  t o ' t 988 .

As regards data in the Gulf of Thailand given in the
Bullet ins, catch of kawekawa actually includes c8tch of f t igate
tuna, and catch of n€r!oH-barred king mackerel includes three
species of king mackerels. In this paper, the species group

kawakawa therefore represents cstches of kavrakawa and f!igate
tuna, and the species group narrow-barred king mackele] representa
catches of three species of Sconbetdnoras (Table 1),

Fu r the rno re ,  pu rse  se ine  as  de6c r ibed  i n  th i s  paper

includes Chinese, Thai, lurinq and tuna purse seine.

The calculations of correlation coeff icient ahd theit
tests were made usinq TCoRRELATI0N", and ca1eul€tions of factor
Ioading, eigenvalue, percentaqe of varisnce (ratio of contribu-
t ion) end factor score coeff lcient matrix using TFACToR" ih SPSS/
PC+ softwere. Factor scofes were comDuted bv facto! scote coef-
f icient calculated by TFACToR" and generelized vsriables (Z-score)

calculated by "DESCRIPTIVES". Cluste. analysis vras done with
factor scores by rrCLUSTERrr, For the principal component analysis,
co r re la t i on  ma t r i x  was  used  i n  th i s  oaoer .



Table 1 List of small
e n 6 - i 4 a  F r n n

tuna species and Luna-l ike
the culf of Thailand.

English Narne
Species groups
in this study

Codes

Scient i f ic Neme ISSCAAP SEAFDEC

Longtai l  tuna

l(awakawa (Eastern

l i t t l e
tuna)

Narrow-barred
king mackerel

Thunws tonggol LoT Ihalr,rtus tanggol

ltuthgnraB affinis
Auiia thazayd

connerson
5. guttatlls
S. Lineolatus

EulthAnnls affinis KA|{.

t604

J606

Sc onberonoru'
conner9ofl

c0t4 t609

I I I .  RESUL]S

'1. Siell Tuna Fisheries

1 . ' l  Pr]rse Seine Fishery

1.1.1 Pli.nci.WL Conponent Analg slts

The results of the principal component analysis
foD hmped c€tches snd CPIJE values by purse seine f ishery €re
shown in Table 2. Petcentages of va!iance (ratio of contribu-
t ion) fo. f i .st, second, third, fourth and f i f th principal com-
ponents ere 42.8y", 18,8%, 1J.7%, 10.6% and 7.7% respectively, and
the cumulated pe.centage from first to f i f th is 9r.5t;.  Ihus, over
90% of the informetion in the total veriat ion is ettr ibutable to
the f irst f ive principal components.

The fsctor gcores of the f iast and second prin-
cipal components are plotted in Fiq. 1 , to shori clearly the
situation by purse seine f ishery in each year, The cumulated
ratio of contribution of the f irst end second o.incioel com-
ponents is 62%. The facto. scores f.om first to f i f th principel
conDonents are also shown in Table 2.



Table 2 Results of the principal cqnponent analysis on the catch
quan!ity and the CPUE values by purse sei.ne f ishery.
RoUNDS, lound scad; JACATR, jsck-cavBlla-trevally;

SELARS, sela. scad; HARDTA, hardtai l  scad; ELACKP, blsck
pomfret; SARDIN, sardinei ANCHoV, anchovy; LoNGTA, long-
tai l  tuna; KAWA(A, kawakawa; INDMAC, Indian meckerel;
INPAf4A, Indo-Pacif ic mackerel; I I ISCFI, miscell-eneous
fish, These abbrevietions l, l i l l  be fol lowed at every
table and f iqure reqarding purse seine f ishery. C at
the end of the species name shows catch quantity and E
shows CPt E values,

-4 -

P r i h c l p a l  c o n p o n e n t  P c  I P C  3 P C 4 P C 5P C 2

Perc ,  o f  va . iance

2 , 5 3 5 3 1  1 . 8 3 8 2 9
1 0 . 6  7 , 7
8 5 , 9  9 3 . 5

10.28100
4 2 , 4
1 2 . 4

4 . 5 0 5 2 6
1 8 . 8
6 1 . 6

3,28270
1 3 .  ?
7 5 , 3

ROUNDSC
JACATEC
SEI,ARSC
HARDTAC
Bl,ACt(PC
SAEDINC
ANCHOVC
LONGTAC

I NDtticc

Itil scFI c
ROUNDSE
JACATRI
SEIARSE
HAROTAE
BLACKPE
SARDINE
ANCHOVE
LONCTAE

I NDI{ACA
TNPAIIAE
f l ISCFtr

- 0 . 4 0 0 5 0
0 , 6 8 4 8 6

-0.09420

0 . 5 9 5 5 0
0 . 7 1 0 9 8

- 0 . 6 ? 5 1 3
0 . 7 5 9 8 8
0 . 9 3 1 6 6
0 . 9 2 2 5 8
0 . 3 9 6 5 3
0.13320
0 , 9 1 2 1 5

- 0 . 6 3 2 7 1

0 , 3 4 8 3 4
- 0 . 6 1 8 3 3
0 . 2 5 1 9 1
0 . 4 9 7 3 ?

-0,82792
0 . 6 ? 2 3 8
0 . 9 2 6 8 5
0 . 8 9 8 1 9

- 0 . 0 1 6 8 0
0 . 0 5 3 2 9
0 . 6 9 3 3 2

0.67217
0 . 3 1 0 4  2

- 0 . 1 3 5 6 0

0 . 6 7 5 0 5
0 . 4 3 5 9 6
0 , 4 3 0 4 9

- 0 . 0 2 5 4 4
0 . 2 3 3 4 5

- 0 . 0 1 ? 9 8
0 . 0 6  5 2 6

-0,47467
- 0 , 1 3 4 1 3
0 . 5 ? 5 9 2
0 ,  t 1 7 3 0

- 0 . 2 3 5 9 9

0 , 9 2 0 9 3
0.59233
0 . 1 4 4 9 0

- 0 . 0 4 0 9 8
0 . 1 7 1 3 3

- 0 . 1 5 0 5 7

0 . 0 1 4 0 ?
- 0 . 8 7 1 9 8
- 0 . 4  2 l  1 6

0 . 6 0 9 1 6
0.22991
0.13212

- 0 , 2 0 8 8 3

0 . 1 9 ? 6 0
0 , 0 6 6 3 3
0.49737

- 0 , 2 1 5 3 6
- 0 , 1 5 2 3 3

0 . 0 9 6 6 5
0 . 1 6 1 7 3
0 . 1 8 3 9 6
0 . 6 0 1 3 6
0 . 3 5 3 4 7
0 . 6 8 4 3 6

-0,2t237
0 . 3 ? 5 3 8
0 , 1 2 5 2 3
0 . 5 5 5 3 6

- 0 , 1 5 1 6 6
- 0 , 0 ? 4 6 9

0,21924
0 . 3 5 9 2 6
0,42268

0 . 0 6 5 4 9
- 0 . 2 0 8 1 6

0 , 4 9 9 2 9
0 . 1 6  t  4 I

- 0 . 2 9 3 6 4
- 0 , 2 5 8 5 9
0 , 0 2 9 9 ?

- 0 . 0 0 6 0 6
0,020t2
0 . 8 6 1 9 3

- 0 . 1 3 0 2 ?
- 0 . 1 0 3 5 ( j
- 0 . 0 7 6 4 6
- 0 . 2 3 9 5 0
0 . 0 5 6 2 6
0 . 1 2 9 6 6

- 0 . 3 8 5 t 1
- 0 . 3 3 5 6 6

0 . 0 3 6 2 0
0 . 0 3 5 2 1
0 . 0 5 4 1 3
0 . 8 8 8 8 3

- 0 . 2 9 9 5 8
-n.22932

0 , 1 5 5 7 6
- 0 . 5 2 4 0 1

0 . 4 ? ? 9 0
0 , 2 5 9 ? 8
0 . 3 3 1 1 3
0 , 0 6 1 0 4

.  , 0 , 1 t 9 6 2

0 . 1 4 1 0 7

.  0 . 1 4 9 0 2
- 0 . 0 3 1 9 5

0,22526
0 . 2 1 8 5 6
4 . 9 2 4 7 7

- 0 . 7 4 9 5 4

0 . 2 t 2 1 7
0.0?46.{
0 . 2 8 6 1 6

- 0 . 0 8 9 6 7
-0.  t790?
- 0 . 0 0 7 6 3

0.02626
0 , 3 2 3 2 6
0 . 0 3 6 7 4
0 , 0 5 3 1 0



For the f irst paincipal cdnponent, i t  is con-
sidered that jack-cavalla-trevelly catches, hsrdtai l  scad
calches, black pomfret catches and CPUE values, snchovy catches
€nd CPUE values, Iongtai l  tuna catches and CPUE values, ksweket,s
catches €nd CPUE values, Indo-Pacif ic mackerel cstches 6hd
miscelleneous f ish catches and CPUI values are reflected
posit ively; and tound scad and selar scad CPUE values, and
sardine catches and CPUE values are reflected neqativelv.

For the second principal conponent, i t  is con-
s ide red  tha t  round  scad  ca fches  and  CPUI  va lues ,  hs rd t6 i l  scad
catches end CPUE values and black ponfret CPUE values ere
reflected posit ivelyi and Indo-Pacif ic mackerel catches snd CPUE
veltres ate reflected neoativelv.

t i l  . la
lo r  |  -_  .ga

|||'^{a c,c

Fig. 1 Year plots of faetor scoreg for c€tch quantity €nd
the CPUE values by purse seine f ishery on the f irst
and the gecond principal component ! Each species
name is shown as a rerlection of each axis. Yeer6 in
the f iqure are omitted fof thousand and hundred
un i t s .
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1 .1 .2  C lus te t  A rn lgs i s

For the puapose of combining the year groups
which aae closely related each other, cluster analysie r i th
factor scores fron the f irst to the f i f th r{ i th }reights accoading
to the retio of contribution was done.

The result of the clustef analysis for combining
the  yea r  g roups  i s  shown  in  F iq ,  2 .  F i r s t ,  1986  j o ined  1987  a t
the coeff icient 0.005, and fonned the year group (1986, 1987).
Next, 1979 joined 1980 at the coeff icient 0.021, end forned the
year group (1979, 1980\ t 1981 joined 1982 st the coeff iclent
0.058, and formed the year group (19A1, 19AZ) t the yesr group
\1979, 1980) joined year group (1981, 1982) at the coeff icient
0.116, and formed the year qtroup ( ' | .979, 1980, 1981, 1982)i fBA
jo ined  yea r  g roup  (1986 ,  1987)  a t  t he  coe l f i c i en t  0 .119 ,  and
fo rmed  the  yes r  g roup  (1986 ,  1987 ,1988) ; ' 198J  j o ined  1904  a t  t he
coeff icient 0,244, and formed the year group (1981, 1984). Then,
1985 joined the yeet qroup (19A6, 1981, 1988) st the coeff icient
0.141, and formed the year group (1985, 19A6, 1987, 1988)t thus
all  years after '1984 becane a single year group. The year qroup
(1981, 1984) joined the year qroup (1979, 19AO, 1981, 1982) at
the coeff icient O.592, and formed the yee. group (1979, 1980,
19A1 ' 1982, 198t, 19A4). Fins]ly, '1978 joined the ye€r group
(1979, 1980, 1981, 1982, 198t, 1984) 6t the coeff icient 0.889,
and formed the yee. group (1978, 1979, 1980, 1981, 1982, 19A3,
1984); thus al l  years before 1985 became a single group.
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Fig. 2 Dendrogram from Waad method cluster anslysis on the
distance matrix computed from five factor scores by
Purse seine f ishery.

1.1.3 Concluaiot of the Ana.Lvsee

From the results of the principal component
snalysis and the cluster snalysis, the situation of purse seine
fishery durinq the 11 years from '1978 to 1988 ere preaumed ss
fo l l ows  (F ig .  r ) .  I he  11  yee rs  6 re  d i v ided  i n to  t | , l o  ma jo r  yea r
g roups ,  i , e . ,  f r om l9TB to  1984  6nd  f ron  1985  to  1988 .

2E

In the f iast group of yeers, 1978 shoned s catch
and CPUE pattern which reflected round scad (catch & CPUE), hard-
tai l  sced (cetch & CPUE) and bl€ck pqnflet (c6tch). The years
fcon 1979 to 1984 showed different patterns to 1978. and 1979
showed e pstern which reflected ss.dine (catch & CPUE), round
scad (CPIJE) and selar sced (CPUE). This pattern then gfsduslly
chanqed to a pattern which reflected small tunas (lonqt€iI tuna
end kawak6wa cstch and CPLJE), hackerels, jeck-cavalls-trevsl ly



-B -

( caLch ) ,  ha rd ta i l  scad  ( ca tch ) ,  b lack  pomf re t  ( ca tch  &  CPUE) ,
anchovy (catch & CPUI) and niscellaneous f ish (catch & CPUE) t
1991, 19AZ and ' l98f in part icular showed patte.ns which strongly
reflected Indo-Pacif ic mackeret (catch & CPUE).
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Fig. I The t l , , ,o m€jor clusters and sub-clusters in years, in
purse seine f ishery. The factoas are extracted from
catch quantity and the CPtIE value, and cluster anely-
sis |aas done by the Ward method using the f irst f ive
factor scores.
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In the second group of years, 19B5 and 1988
showed different patterns from the yeer group of 1986 $d 198j.
Flowever, the second group of yea.s essentiat ly showed o pattern
which rei lected small tunss (longtai l  tuna and kawakawa cstch and
CPUE), Indo-Pacif ic mackerel (catch & CPUr), jaek-cavalta-
t t eva l t y  ( ca tch ) ,  ha rd ta i l  scad  ( ca tch ) ,  b leck  pomf re t  ( ca tch  &
CPUE), anchovy (calch & CPUE) ond miscellaneous f ish (catch &
CPUE). The year 1985 showed a pattern which reflected not only
smell tunss (catch & CPUE) but atso mackerels, especi€l ly Indo-
PaciFic mackerel (Catch & CPUE), as.sini lar to 1994 f igures, but
'1985 showed a greater reflection of small tun6s then the previous
yea.s (the First group of yea.s lron 1978 to 19A4). The year
groop of 1986 and 1987 retained the psttefn reflected by small
Lunas, but showed less reflection for Indo-Pacif ic msckerel. In
1988 a pattern sho{ing greater aeflection fof Lhe two kinds of
small tunas (longtai l  tune and kawakawa) from f.he previous years,
vras evident.

1 .2  Dr i i t  G i l ]  Ne t  F i she ry

-9  -

. . : . 1  1  r , . ' i p J l  t , h p o n p n r  A n a l ! ' s t ! )

The .esults ol the principal component analysis
for lumped catches and CPUE values by drif t  gi l l  net f ishery a.e
shown  in  Tab le  l .  Pe rcen tages  o f  va r i ance  ( ra t i o  o l  con t r i bu -
Lion) for f i .st, second, third, fou.th, f i f th and sixth principsl
conponents sre 40.5%, 23.991, 2l,9ri ,  12,J%, 1.O% and 4.9i6 respec-
t i ve l y ,  and  the  cumu la ted  pe rcen tage  f rom f i r s t  t o  f i f t h  i s100%.
Therefore, 100% of the inFormation in the total variat ion i6
att. ibutable to t.he l irst six principal components.

The factor scores of the f irst and second princi-
pal components are plotted in Fig. 4, to show clearly the
situetion by dfi f t  gi l l  net f ishery in each year. The cumulated
rat io of conhribut ion of the f irst and second Drinciosl
conponents is 64%. The factor scores fron f irst to sixth
principal components are also shown in Table l .



Tab le  l Results of the principal component analysis on the
catch qlrantity and the CPUE velues by drif t  giI I

JACATR,  j ack -cava l l a - t reva l l y ;

-  10  -

P C 2 P C 3 P C 5 P C 6

ne t  f i she ry .
SELARS, selar scadi HARDTA, ha.dtai l  scad; BLACKP'
black pomfret; W0LFHE, wolf hetr ingi LoNGTA' 1on9-
tai l  tuna; KAWAKA, karakara; NBKMAC, narrovr-barred
king macketel; INDMAC, Indian mackelel; INPAIV1A'

Indo -Pac i f i c  macke re l :  l " l ISCFI .  m isce l l aneous  f i sh .
These abbreviations wil l  be fol lowed in every table
and f igure reqa.ding drif t  gi1l net f ishery, C at
the end of the species name shows catch quantity
and E shows CPUE values,

Prlnctpal coieonent PC 1 P C {

Etgenv!he
Perc.  of  var lance
Con. Perc€ntage

1,55007 toa622
? .0  { . 9

100 .0  100 .0

8.9063?
{ 0 . 5
{ 0 . 6

5,25898
2 3 . 9
6 { . 4

t . 6 0 7 7 5
2 0 , 9
8 5 . 3

2.71590
1 2 . 3
9 1 , 1

Frctor loadtn8
JACAIRC
SELARSC
fiANDTAC
BLACITPC
HOI,FHSC
LONC1AC
Mt{AMC
IIBx'|ACC
IND CC
IfPAIiIAC
l'll scFI c
JACATRE
SELARST
HAADTAE
BLACKPS
HOLTHES
t0l,lclAB
tufAKAI
NBXIiIACE
tND ACE
INPAIIAE
II ISCFIE

0 . 7 8 ? 3 1
0 .  ? 6 1 { 6

- 0 , 6 2 { 1 9
- 0 . 8 9 1 3 0
- 0 . 2 5 5 1 ?
- 0 . 6 8 9 1 2
- 0 . 9 1 4 7 1
-0. {6130
0 . 6 4 8 9 5
0 , 2 6 { 1 0

- 0 . 8 ? 8 0 3

0,78902
o,19t77

-0,26900
-0.59{60

0 . 3 4 3 3 1
0 . 0 8 1 3 2

- 0 . 5 2 5 5 1

0 . 8 1 ? 6 2
0.82087
{.50090
0 . 0 5 2 8 4

-0.53203

0.{0962
0.21850

-0.02370

o,12279
0 . 0 { 0 4 2
0 , 0 7 1 4 c
0 , 5 1 8 ? 5
0.07?54
0.s4624
0 . 3 2 6 5 0

- 0 . 6 4 8 3 1

0.38132
0 . 3 4 9 3 ?
0 . 0 1 1 1 6
0 , 8 3 7 2 5
0 .  { 3 3 4 5
0 . 2  t  5 1 4
o,417'12

- 0 . 0 5 9 5 4

0 . 8 2 0 9 5
0 . 7 7 1 9 3

- 0 . 0 { 1 2 3
-0,28615
-0,55039
- 0 . 0 9 3 4 6
-0.5?081

0 . 5 1 1 { 0
0 . 3 0 1 l 9

- 0 . 4 9 3 1 7

0.59482
0 . 2 3 6 3 1
0 , 2 2 5 1 0

-o,01236
-0,24529
-0. ?0678
0.06{t0

- 0 , 4 { 7 8 9

0,88202
0 ,  ? 1 4 3 6

-o,22243

0 . { 5 6 6 9
0.36902
0 . 5 8 t 4 8

-0,3532{

0 .55133
0. {4602

-0 ,04660
-0.23231
o,21232
0 .1?539

-0.03399
0,60821

-0 .3 {315
0 .09e92

-0 ,36049
0 .60 t93
0,60635

-0,289{{
-0 .46068
0 .03923
0 .00150

-0 ,18529
o,42132

-0 .2?136
-0.06333

0 , 1 { 5 1 0
-0,061?0

0 , 1 0 0 1 3
0 . 3 9 2 4 1

-0.05.343
-0.29099

0.06388
o.42835
0 . 2 9 7 1 0

- 0 , 0 6 1 t  5
0 . 2 1 6 8 7
0 . 0 8 7 4 6
0.00280

-o.15217

0.576{6
- 0 . 3 1 3 0 {
- 0 . 3 5 5 1 2
- 0 .  t 5 6 7 6
o.22843
o . t 2 2 t 1
o.2a7t3
0. 14869

o,20802
- 0 . 1 3 3 { 8

0,19979
- 0 . 1 5 8 3 0

0 . 3 1 ? 4 8
0 . 3 4 7 9 1

-o.02743

0.35323
0 . 1 3 3 4 5

- 0 . 0 3 9 5 6

0 . 2 6 6 7 6
0 , 1 2 4 8 4

- o , t 2 7 t l
- 0 , 2 3 3 7 9
-0. {953?
- 0 . 1 5 8 0 7

0 . 0 6 6 0 ?
- 0 . 2 5 9 8 {
-0.06889

0,06390
o . z l 7 a 7

- 0 . 1 9 3 0 8



For the first principal component, it is con-
sidered that jack-cavalla-trevelly catch and CpuE values, seler
scad cetch 6nd CPUE v61ues, Indian mockerel catch ond CPUE
valuea, nalrow-barred king macketel CPtE Volues and Indo-p6cif ic
mackerel. CPUE values a ..  ref lected posit ivelyi and hordtsi l  scad
c€tch, bleck ponfret catch End CPUE values, longt€i l  tuns catch,
ka||akar€ cetch and CPIJE v€Iueg, narror-barrcd kinq mackerel catch
End miEcellaneous fish catch are reflected negatively.

Foa the second principal conponent, it is con-
sidered thst nolf herring catch and CPUE values, narror-bsrred
king mEckerel catch, Indo-Pacifie mackarel catch and CPIJE vglues
€nd niacellaneous fi6h CPUE valuea ere .eflected positivelyi and
jack-cevell€-trevally catch end CPUE values ate !ef lected
negstlvel y,
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1 .2 .2  C lus te r  Ana lAs i s

For the purpose of combining the year qroups
wh ich  a re  c lose l y  re la ted  each  o the r ,  c l us te f  ena lys i s  w i th
factor scores from the I rrst to the sixth with weights acco.ding
to  the  ra t i o  o f  con t . i bu t i on  was  done .

The result oF the cluster analysis for combining
the year qroups is shown in Fig, 5. First, 1987 joined ' t9BB at
the  coe f f i c i en t  0 .002 ,  and  fo rmed  the  yea r  g roup  (1987 ,  1988) ;
then 1986 joined the year group (1987, 19BB) at the coeff icient
0 .006 ,  and  fo rmed  Lhe  yea r  q roup  (1986 ,  1987 , ' 1988) .  Nex t ,  1984
joined '1985 et the coeFficient 0.012, and io.med the yeer group
\1984, 1985)i 19Bl joined the year qroup ( ' i994, '1985) at the
coeff icient 0.050, and formed the year group (198t, 19A4, 1985).
1978 joined 1979 at the coeff icient 0. '109, and formed the year
qroup (1978, 1979)i year qroup (1981, 1984, 19A5) joined the ye6r
q roup  (1986 ,  1987 ,1988)  a t  t he  coe f f i c i en t  0 .201 ,  and  fo rmed  the
year  g roup  (9A i ,  1984 ,  19Ar ,  1986 ,  1987 ,198A) i  and  1980  jo ined
1981 at the coeff icient 0.465, end forrned the year group (1980,
1981) .  Then ,  1982  j o ined  the  yea r  g roup  (198J ,  1984 ,  1985 ,  1986 ,
'1987, 1988) st the 0,716, and fo.med the year group (1982, 198J,
19A4 ,  1985 ,  19a6 ,  198"1  ,1988) ;  t hus  a l l  yea rs  a f te r  1981  became a
single yeEr qroup. Final1y, the year group (1978, 1979) ioined
the year qroup (1980, 198'l) at the coeff icient '1.299, and formed
the  yes r  g roup  (1918 ,  1919  ,  1980 ,  1981) ;  t hus  s l I  yea rs  be fo re
1982 became a single group.
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F ig .  5 Dendtoqram From l iard method cluster enalysis on the
distance matrix computed from five factor scores by
. l r i  f t  n i l l  n a l -  F i a h a r -

1.2.3 Conclusian of the AnalAses

From the results of the principel coflponent
analysis end the cluster analysis, the situation oi dri f t  gi11
net f ishery during the 11 year€ froln 1978 to 19BB are presLrned €s
fol lows (Fig. 6). The 1' l  years are divided inho t l , lo m€jo! year
g roL rps ,  i . e , ,  f r om 1978  Lo  1981  and  f rom 1982  lo  1988 .

In the f irsl group of years, progressing from
1978 t.o 1981, there was a change in cetch and CPUE pattern from
one  {h i ch  reF lec ted  j €ck -cava l l a - t reva l l y  ( ca tch  &  CPUE) ,  t o  a
pattetn which reflected wolf herrinq (catch & CPUE), mackerels
( narro|{-baraed king mackerel catch and lndo-Pacif ic mackerel
catch & CPUE) and miscellaneous f ish (CPUE), Lhrough jack-
cava l l a - t reva l l y  ( ca tch  &  CPUE) ,  se la r  scad  ( ca tch  &  CPUE)  and
mackerels (narrow-barred king meckerel CPUE, Indian mackerel
catch & CPUE and Indo-PaciFic meckerel CPUE).
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In the second group of years, 1982 showed a
pattern which reflected no typical species, but 198, showed a
nove torards the petteans shown sfter 1981. After '198J, esch
yea! showed a similer pattern reflecting small tuno6 (longtdi l
tuna catch and kawakawa catch & CPUE), nearow bgrred king
mackerel (catch), hardtai l  scad (catch), black pomfret (catch &
CPUE) and miscellaneous f ish (catch).

2. Species Coposition

2.1 Purse Seine Fishery

Taends of catch by species group€ from pur6e seine
fishery are shown in Table 4 snd Fig. 7, dnd the percent species
comDosit ion is shown in Fio. 8.

The total purse seine catch decreased from J45,600 MT in
1978 to 2)1,4OO MT in 1980, then increased to 4'18,100 MT in 1985
and over 470,000 l ' , lT f iom 1986 to 1988.
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In the major target species groups by purse seine
fishery, catches of round scad snd sardine were over 100,000 t4T
each, and accounted for 68% of total puase seine cetch in 1978,
but in 1979, round scad catches decreased to one fifth of the
previous year. The sardine catch declined to 75,600 Hl in 1980
(accounting for Jt% of the totsl purse seine cstch), then
increased to '115,100 MT (accounting for l7i{) in 198'1. Sardine
was the most dominant, except for miscelloneous f ish, with
catches of between 64,500 and 92,900 MT during the yesls 1982 to
1987. Cetches of Indo-Pacif ic nackerel increased fron 1981.
kawak€wa from 1982, end lonqtai l  tuna and Indien mackeref f lom
198t. In 1987, catches of these four speciea groups accounted
for t27o of the total purse seine catch and equaled Lhe catch of
miscellaneous f ish t{hich starLed to increase in 1984. Catch of
Iongtai l  tuna at 82,900 MT was the second nost abundant after
niscelleneous f ish in 1988.
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Fig. 7 Catches of msjo. species by purse seine f ishery in
the Gulf of Thailand frdn 1978 to '1988.
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I r e n d s  o l  c a f c h  b y  s p e c i e s

f ishery are shown in Tsble 5 and Fig.

c o m p o s i t i o n  i s  s h o w n  i n  F i q .  1 0 .

' t984 1946

Fig. I Percent species composit ion by purse seine f ishery in
the  Gu i f  o f  Tha i l and  f . om 1978  to  1988 .

g roup  f rom d r i f t  g i l l  ne t
9, end the percent species

To ta l  g i l l  ne t  ca tches  i nc reased  f f om 6 ,000  MI  i n  1978
to 24,Jo0 MI in 1982, and wefe then constant between the yeats
'1981 f.o 1988 af 21,500 to 25,900 l4T with the exception of 1981
when  i t  was  18 ,500  MI .
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Ca tches  o f  t he  th ree  ma jo r  spec ies  g roups ,  i . e . ,  l ong -
tai l  tuna, kawakawa end narrow-barred king mackerel, accounted
for over B7,od of the total gi l l  net catch betv{een '1978 to '1988.

Catch trends of longtai l  tuna and kawakawa v/e.e similer to those
o f  t he  to t6 ]  d r i f t  q i l -  | l 3 t  ca tch .  However ,  i n  ' 1982  the  cs tch
taend of nartoer-barred kinq mackerel showed a drastic reduction
of 39% fton the previous year, Naraow-barred king mackerel
constituted only 1l% of the total catch by drif t  gi. I l  net;
compared Lo 40% in the years before 1981. From 1981 to 1988, the
calch of narrow-barred king mackerel shovred an incfeasing trend,
bu t  i t s  ac tua l  con t . i bu t i on  to  the  to ta l  d r i f t  g i l l  ne t  ca tch
rema ined  l ow  a t  15% to  24%.  0n  the  o the r  hand ,  t he  pe rcen tage  o f
longtai l  and kawakawa exceeded 5096 of the total dri f t  qi l l  net
cetch in 1981, then stayed at beiween 66% and 8A% unti l  1988.
The  ma jo r  t a rqe t  spec ies  g .oups  o f  d r i f t  q i l l  ne t  f i she ry  the re -
Fore chanqed fror narror,r-barred king nackerel lrhich dominated
be fo re  1981 .  t o  l ono ta i l  t ona  and  kawakawa the rea f te r .
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,. Relationship of species Gtoups

1,1 P!!Ee Seine Fiehery

The correlation coeff icients of cstch quantity and the

CPUE values (kg,/hour) of lonqtai l  tuna and kawakawa compared to

othea species groups ftom purse seine f ishery |, lere cslculaLed and

tested by the two-L€ited signii icance et the 5% level (very

strong relationship), the 25% level (strong ElationshiP) and the

40% leve l  ( re la t i onsh ip ) .

leays f?on 19?8 La 1984

Ca lcu la ted  co t re la t i on  coe f f i c i en ts  and  resu l t s  o f  t es t s

between small-tuna species and the other species groups by purse

seine f isheay from 1978 to 1984 aae shown in Toble 6. Thele is a

very strong posit ive .elationship in catch quantity between

Iongtait tuna and kawakaw.r and a sttong Posit ive relationship in

CPUE va lues .
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Longtai l  tuna when compared to jeck-cavalla-treveLly and
hardtai- l  scad, showed strong posit ive relat ion€hips in ceLch
quantity; and compared to Indian mackerel sholved very strong
posit ive relationships in both catch quantity and CPUE value€.
Longtai l  tuna against round scad showed a negative relationship
in  ca tch  quan t i t y  and  a  ve ry  s t rong  nega t i ve .e la t i onsh lp  i n  CPUE
values; againsl sardine a stfong negative relationship in CPt,E
values; and against miscellaneous f ish a negative relationship in
CP l l [  va lues .

Kawakawa compared to Indian mackerel shorved a vefy
s t rong  pos i t i ve  re la t i onsh ip  i n  ca tch  quan t i l y  and  a  pos i t i ve
relationship in CPIJE values; ageinst Indo-Pacif ic mackerel a
posit ive relationship in catch quantityi and against rniscella-
neous f ish a strong posit ive relationship in catch quantity.
kawakarva compared to found scad showed a negative relationship in
CPuf values; against jack-cavalla-taevally a st.ong negative
relat: ionship in CPUE values; and aqainst sardine a strong
negative relationship in c€tch quantity and a ve!y sttong
negative relationship in CPIIE values.

Iears fron 1985 to 1988

Calculated correlation coeff: icients and results of the'
tests between small tuna species and the other species groups by
ourse seine f isherv from 1985 to 19BB are shown in Table 7.
There is a posit- ive relationship in catch quantity between long-
tai l  tuna and kawakawa.
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Longtai l  tuna cqnpared to hardtai l  scad showed e posi-
t i ve  ae la t i onsh ip  i n  ca tch  quan t i t y .  Long te i l  t una  aga ins t  se la r
scad shoy{ed s negative relationship; aqainst anchovy 6 strong
negative .elationship in catch quantity; and against Indisn
mackerel strong negative relationships both in catch quantity and
CPIIE values.

Kawakawa compered to hardt6i l  scad, black pomfret and
sardine showed posit ive relat ionships in catch qu6ntity,
Kayrakawa agsinst lound scad showed strdnq neqative relationships
in both catch quantity and CPUE values; against selar scad a
strong negative relationship in catch quanLity end a negative
relationship in CPUE values; aqainst anchovy a staong negative
relationship in catch quantityi aqainst Indign mackerel a
negative relationship in catch quanLity; and against miscella-
neous f ish a neqative relationship in CPUE values.

1 .2  Dr i f t  G i l l  Ne t  F i she .y

The correlation coeff icients of catch quantity and the
CPUE values (kg/hour) of longtai l  tuna and kawakawa compared to
the other species qroups from drif t  qi l I  net f ishery were
calculated and tested by the two-tai led signif icsnce at the 5%
Ieve] (very strong relationship), the 25% level (gtrong relation-
sh ip )  and  the  409 ;  l eve l  ( re la t i onsh ip ) .

Iears fron 1978 ta 1981

Calculated correlation coeff icients and results of the
test between small tuns species 6nd the other species qloups by
dtif t  gi l l  net l ishery from 1978 to 1981 are shown in Table 8.
Therp  i s  a  ve ry  s t rong  pos i t i ve  re la t  i onsh ip  i n  cs t ch  quan t l t y
and a strong posit ive relationship in CPUE values between
longtai I  tuna snd kawakewa.
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Longtai l  tuna compaled to wolf herring showed pooit ive
relationships in boLh catch quentity 6nd CPttE vEluesi og€in6t
n6rrow-barred king mackerel 6 gtrong po6it ive rolotionEhip ih
cetch qudntityi and eg€inst miacelleneoua f ish strong poalt ive
reletionship in both catch guqntity and CPUE values.

Ka[akara compgred to nolf herring shor€d a poaitive
rclotionahip in cstch quontiLyi snd sgainst lndo-Pacific ||tackerel
and miscellaneous f ish strong posit ive relatiof lahip8 in catch
quentity end positive relationship in CPUE value6,

fed?s f?on 1982 to 1988

Calculated cotrelation coeff icients snd r66ults of the
te6t belween €mall tuna specieg €nd the other species group6 by
drif t  gi l l  net f ishery from 1982 to 1988 were shovin in Tsble 9.
A strong positive relationship in CPUE vsLues between lohqtsll
tuna snd kawakawa is shown.



-29  -

3

E

=

o ^

6 6

9 9

9.5



Longtai l  tuna csnpared to jack-cavalls-trevally showed a
posit ive relationship in catch quantity and a stronq posiLive
telationship in CPUE values; against Indian mackerel very stronq
posit ive relationships in both cstch quantity and CPI-JE valuee;
and aqainst miscellaneous f ish a very strong posit ive relation-
6hip in CPUE v6lues. Longtai l  tuna against sela! gcad shov/ed 6
stronq neqative relationship in catch quantity and s negative
relaLionship in CPUE values; against hardt€i l  sc€d a strong
negative relationship in CPU€ valuesi against black pqnfret and
Indo-Pacif ic meckerel negaLive rel6tionships in c6tch quantityi
and eqainst wolf herring a very strong negative relationship in
CPIJE values.

(awakawa cdnpared to black pcmfret sho{ed a strong
posit ive relationship in c6tch quantity; against Indian mackerel
a strong posit ive relal ionship in CPUE valuesi and against mis-
cellaneous f ish a stronq posit ive relationship in c€tch qusntity
end a very strong posit ive relationship in CPIIE values. (awakawe

compaaed to jack-cavalla-treval1y showed a strong negetive rela-
t ionship in catch quantityi against hardtai l  scad end narrol{-
barred king mackerel a negative relationship in CPUE valuesi snd
aqainst wolf herring a sLronq negative rel6tionship in CPUE
va lues .

IV. DISCUSSION

In the decade from 1978 to 1988,6mall tuna catches in
the Gulf of Thailand incteased dasmatical ly becauge of a r ise in
demand  f ron  the  Tha i  l una  cann ing  i ndus tay .  SmeI I  t unas  i e re
caught mainly by pur€e seine and d.i f t  qi l l  net f i6he!ies in the
Gu l f  o f  Ths i l and .



Before discussing smal l  tuna catches by each f ishlng
qear,  the fol lowing should be mentioned concerning the condit lons

oF Thai f ishe. ies. Many Thai f ishing vessels afe designed for

m u l t i p u r p o s e  f i s h e r i e s  ( Y a n a q a w a ,  ' 1 9 9 0 ) ,  a n d  a r e  e q u i p p e d  w i t h
m u l t i p u r p o s e  g e a r s  f o [  . ] r u n i n g  p e l a g i c  f i s h e s  ( C h e u n p a n ,  1 9 8 7 ) ,
and so ta.get species groups and their  f ishing gears can easi ly

be changed depending on the i ishing condit ions, Fish pr ices and

catch quant i ty.  0wners of f ishing vessels therefore consider

catchabi l i ty and the pr ice of the target-ed species group, and
c h a n q e  t h p i r  f i s h i n q  q p a r  a n d  l a r q p l  s p p c r p s  a s  a p p c o p c i a t e .

Purse Seine lti sherll

B a s e d  o n  t h e  r e s u l t s  o f  m u l L i v a r i a t e  a n a l y s e s  -

pr incipal cof iponent analysis and cluster analysis -  purse seine
f ishery in the Gulf  of  Thai land, from 1978 to 1988, was divided

i n L o  t w o  m a j o r  y e a r  g r o u p s ,  i . e . ,  f r o m  1 9 7 8  t o  1 9 8 4  a n d  f r o m  1 9 8 9

to ' l9BB. The f i rst  group of years \1918-1984) showed: a dom-

inance of sardine catch despiLe a drest ic decfease in weight;  a

substant i€l  decrease in round scad catch in 1979 from the
previous year;  dramatic increases of both longtai l  tun€ and

kawakawa catches in 19Bl and '1982 respect ively;  an increase of

Indo-Pacif ic nackerel  catch in 1981. The second group of years
( 1 9 8 5 - 1 9 8 8 )  s h o w e d :  a  s t e a d y  r i s e  i n  t h e  c a t c h  o f  l o n g t a i l  t u n a i
stable catches oF kawakawa, Indo-PaciFic mackerel  and sardine;

i n c r e a s e d  c e t c h e s  o f  j a c k - c a v a l l a - t t e v a l l y ,  h a r d t s i l  s c a d ,  b l a c k
pomfret and anchovy; a consideasble increase in c€tches of

longtai l  tuna, kawakawa and jack-caval la-t teval ly in 1985 end

1 9 8 8 .

These changes in species composit ion betv{een the f i rst

and second qroup of years, mey be due to the expansion of f ishing
grounds for smal l  tuna cetches. This is assumed from the fact

that the purse seine catches increased in area off  Pattani  and

S o n g k h l a ,  e n d  i n  t h e  c e n t r a l  G u l f  o f  T h a i l a n d  i n  1 9 8 5  a s  c o m p a r e d

t o  t h e  p f e v i o u s  y e a r  ( C h e u n p a n ,  1 9 8 7 ) ,  T h i s  e x p a n s i o n  o I  t h e
purse seine f ishing qtounds led to increased catches of longtai l
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tuna, kawakawa and jack-cavalla-trevally with a .tow variat ion in
other species, In addit ion in '1988, expansion of the f ishing
grounds to oifshore l4alaysie and Indonesla duaing Lhe second/
th i rd  qua r te rs ,  | , i as  no ted  ( IPTP,  1990) .  A  poss ib le  reason  fo r
this concomitant increase of jeck-cavalla-trevolly catch with
that of small tunas, aftef expansion of the f ishinq grounds,
could be that the mesh sizes of purse seine telgeted for snall
tunas and jack-cavalla-trevally sre the sa,ne (okawara et al.,
1986). In addit ion the modern purse seiner equipped wiLh techno-
logy such as sonar, can adjust the ]endth of i ts net (a school of
j ack -cava l l a - t reva l l y  i s  sme l l e r  t han  tha t  o f  sma l l  t una )  t o  the
size of the target species. The chenges of species conposit ion
should also be exanined from the biolooical ooint of view.

Catches of Indo-Pacif ic mackerel and anchovy also
incleased. The possible reasons for this yiere exanined. There
ale several reports regardinq the broloqy of small tunas: Yesaki
comp i led  a  b io logy  on  l onq ta i l  t uns  (1987) ,  and  ks r , {akawa  (1989) ;

studies on the stomach contents of longtai l  tuna, f ind anchovies
(Se.venty, 1956i 5iIas, 1967) at\d mackefels (Jones, 1961; Si.Ias,
1967) in their stomachs; Shindo and Chullasorn (1980) described
longtai i  tuna and karakawa feeding on snall  pelegic f ishes such
as sar:dines, mackerels, anchovies and car€nqids; anchovies are
a l so  used  as  ba i t  f o r  l ong ta i l  t una  (Wi l son ,  1981) ,  I t  i s  t he re -
Fote cleer that Ionqtai l  tuna and kawakawa are the predators for
small mackerels and anchovies. The increese of lndo-Pacif ic
mackerel and snchovy catches could therefore be attr ibuted to the
decrease of the predaLors, Longtai l  tuna and kawakawa, through
Iarge catches of these srnall  tun8s by purse seine i ishery,

Next, to be considefed are cstch trends for sardine and
round scad, which used to be the tarqet species fo! purse seine
fishery. The trend for sardine catches, which dominated purse
seine f ishe.y unt i l  1987 with the exception of miscellaneous f ish
catches, was examined. There l{as a decrease from 129,600 l '4T in
1978  to  86 .000  MT in  1982 .  and  i t  t hen  rema ined  cons tan t  a t
around 80,000 l1T snd just below, However, the total purse seine
fishery catch showed a steady incfease from 145,500 MT in 1978 to



475,2OO ltll in 1988 (a peak of 496,600 t'lT ,ras reached in 1985)
r,{ i th 1ea9e increases of small tunss, msckelels and miscelleneoua
fish. Sardj.ne f ishery is therefore considered to be declining,
with 6 gteady dectease in i ts percentsge of the total purse seine
catch despite catches _^rrining constant between 1982 snd 1988.
The relationship between small tuna6 and sardines, sho|ed s
negative relst ionship of CPUE vslues against longtai l  tuna, and
strong negat ive relat ionshipg of both catch and CPUE vslues
ageinst kawakayra in the f irst group of years. l lowever, sardines
showed no reletionship against. longtai l  tuna and s strong
posit ive telationship of catch against kawekawa in the second
gtoup of yeacs. It  can therefore be considered that fhere have
been no real effects fron the inccease of small tuna cstcheg on
sa.dine cotches €fter 1984. In addit ion, the trends of sardine
catch y{ere exsnined using the l4SY which was estimated at 150,000
l"iT or over (Meno€veta, 1978). The catch of sardine in 1971 Hss
28,400 MT (00F, 1971) increasing Lo 100,200 MI i^ 1916. ln 1977
sardine catch in the GLrlf of Thsiland doubled from the previous
year and pe€ked at 2'11,100 l, l l ,  I t  can be assuned th6t the
decline oF sardine Fishery has been caused not only by increases
of small tunas but also the decrease oF sardine resources yrhich
have been exploited in the past. In addit ion, the l inited
p.ocessinq capacity of sardine canning factories fo. f isherieg in
the eastern part of the Gulf of Theiland 6ometines ceused en
excess of s€rdine supply, which l l /66 treated as trash f ish
( Ikenoue et al, .  1990) . The l6Bt. reason for the decrease of
satdine catch, €s recofded ln Lhe staList ics, is that small or
sLele supplies of sardines are also classif ied as trssh f ish.

The catch trends of round gcad, which decteased by one-
f i f th in 1979 from the previous yeerrs catch of over 100,000 XI,
vrere exdnined. After the drastic decteases of 1979, catches
remained constant at betvreen 22,tOO MI in 1979 and 2J,900 MT in
'1985. They then increased to 41,800 MT in 1987 before dec.easing
to 11,900 Ml in 1988. Round scad shovred a strong negative
relationship of CPIJE velues against Ionqtsi l  tuna in the f irst
group of yeers qnd showed strong negative relationships of catch
and CPUE values against k6wakawa in the second group of years.
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The estimated MSY of round scad was over 100.000 f ' lT (Menasveta.

1978), and the catch reached 106,000 l ' lT in 1978. Stocks of round
scad in the e€stern part of the Gulf of Thailand were depleted by
1982 and the proport ion of this Fish in the f ishing grounds

decreased (Ikenole et aI.,  1990). IL can be essLned that con-
stant low level cetches after 1978, and the drastic decre€se of
round scad cstch in 1979, were caused by heavy exploitat ion in
previous years, as well as the ]on price of round scad compated
with small tunas.

In summary catches of lonqtai l  tuna and kawakawa
incceased dranatical ly after the e€r]y '1980s a€ shown in the
first qroup of years (1978-1984), but with the peak reached in
1981 at the earl iest. Th€i purse seiners t iere well equipped with
rada r ,  dFp th  sounders ,  sona t  and  sa tp l l i t e  nav iga t i on  sys tF f l s
(Cheunpan, 1987), and purse seine f ishery foa longtai l  tuna and

kawakawa t, las therefore cataied out very eff iciently. Catches of
lonqtai l  luna and kawakawa increesed both in 1985 and '1988,

because of expansion of the f ishing grounds from coastel areas to

the central Gulf of Thailand (Cheunpan, 1987) and seas off
Ma lays ie  and  Indones ia  ( IPTP,  1990) .  The  eva i l ab i l i t y  o f  sna l l
tunas in the coastal waters of Thailand and Malaysia has been
greatly reduced by exploitat ion of snall  tunas by Thai putse

seiners in offshore waters (Yesaki, 1991) . A furLher large

increase in the catches of longtai l  tuna and kawakavra in the Gulf
of Thailand wil l  therefore be diff icLrl l  other than by expansion

of the f ishing grounds to the South China sea erea. Proper
management of longtai l  tuna and kawakawa f ishery by purse seine,
taking into consider€tion Fishefies interactions and the l i fe
h i s lo r i es  o f  ma jo r  spec ips ,  i s  psspn f i e . l  no t  on l y  i n  t he  Gu l i  o f
Tha i l and  bu t  a l so  i t s  v i c i n i t v .
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Drift  GiLL Net Fishery

Based on the results ol '  mult ivariate analysis -
principal component- analysis and cluste. analysis - dri f t  gi l l
net f ishery in the Gul i  i ,r  Ihai land between 1978 and 1988 v,,as
divided into two major ye€rr g.oups, from 1978 to'1981 and 1982 to

1988. The f i .st group of yeers (1978-'1981) showed steady
incfeases of nsrrow-bafted king mackerei, longtai l  tuna and
kawakavra catches, with posit ive catch relationships atnong these
small tuna and tuna-l ike species, The second group of years
(1982-1988) showed catch trends oF lonqtai l  tuna and kav{akawa
incfease with a ternporary decrease of narrol,{-barred king
mackerel, and neqative relationships of longtai l  tLlna end
kawakawe CPIJI values against natrow-barred king mackerel.

From 1978 to 1988, the total catches for dri l t  gi l l  net
f ishery showed a dramatic 4.J t imes increase, caused mainly by
the catches of longt-si l  tLrne end kawakawa. 0n the other hand, in

1982 the catch trend of narrow-barred king mackerel showed e
considerable decrease of J9% fron the Drevious vear. The
percentage of n€rrow-berred king mackerel declined in 1982'
eccounting for only lJ% of the totsl dri f t  qi l l  net catch; prior

to 1981 it  had accounted for around 40%. From 198) to 1988' the
catch tfend of narrow-barred kinq mackerel showed an increese,
bu t  as  a  pe rcen tage  o f  t he  to ta l  d r i f t  g i l l  ne t  ca tch ,  was  s t i l l

low at 17% to 24%. ln comparison, the peacentage of small tunas
exceeded 60% of the total dri f t  gi l l  net catch in 1981' and then

stayed aL 66' i  t .o Bo% up to 1988. The maior target species of
drif t  gi l l  net therefore chanqed between 1982 and 1985, from
narrow-barred king mackerel, which dominated before 1981 , to
longtai l  tuns and kdwekawa.

Narrow-barred king mackerel f ishery was Lherefore

examined. It  would appear from these analyses that natrow-berred

k inq  macke re l  f i she ry  by  the  d r i f t  g i l l ne t teE  dec l i ned ,  however ,

the Fishery i tself showed no decline, despite a decfease of catch

itt  1982. In fact the cetch of narrol,,r-barred king mackerel from

other f ishing qears, especial ly from trawl (pair trawl gear hed
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been modif ied for more eFficient targeting of pelagic f ishes),
was  fa i t l y  cons tan t  w i th  s l i gh t  i nc reases  f . om 1982  to  1985 ,  and
Lhereafter a steady i nctease. l '4sjor leasons for this can be
considered ss lol lows: cetches of narrow-barred king mackerel
from tra$l l4ere at good levels; theae was no serioos gtructural

difference in the drif t  gi l l  nets targeted for narro{-barred king
macketel and the nets targeted for lonqtai l  tuna snd kawakaws
(Yanaqawa, 1989; Yesaki, '1991)i the ptice of narroer-barred king
macketel remained constant, and at a higher level than two small
tuna species obtained by auction at Banqkok Fish Market (DOFr

1982 ,  19A5 ,  1988 ,  F i sh  l " l a rke t i ng  0 rgan iza t i on ) .

Ihe siLuation of small tuna f ishery by drif t  gi l l  net in
the Gulf of Thailand can be su|Imsfized as fol lows: catches of
longlai l  tuna end kewakawa increaaed from the ea.ly 1980s, the
same as for purse seine, and then, between 1982 and 1985, the
tatget species of drif t  gi l l  net f ishery chsnged fron narrow-
ba.red king mackerel to longtai l  Lun6 and kawakawa, As catches
of longtai l  tuna, kawekawa and narrow-barred king mackerel y{ere

similsr to e€ch other after '1985 end the total c€tcheg of the
drif t  qi l l  net Fishery fron 1982 to 1988 vrere stable et between
21 ,500  MT to  25 ,900  l l l  w i th  the  excep t i on  o f  18 ,500  MT in  1981 ,
it  is considered that catches of longtai l  tuna, kawakarva and
narrow-barred king mackerel by drif t  gi l l  net were stable after
1985 and uD to 1988 in the Gulf of Thailand.
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