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F'OREWORD

In SEAFDEC'S constart drive to locate and de6ng 1s\a, fishing grormds

and sources of animal protein, this work stands as a shining example of the dedica-

tion I have come to expect fiom the research teams. The paper acts as a working
document to any that have the wherewithal to undertake purse seine operations in the
East Indian Ocean and serves as a guide to such operations. The work also serves to
highiight peculiarities that can possibly occur tbrough remote clirnatic disturbances
ltke EI Nino and El lvilra In any event, this work ii a tibute to the dedication ofthe
SEAFDEC research teams in their efforts to sustain the peoples ofthe region with
new souces of maxine productioq be it in deep waters or in the near-shore areas of

our member countries.

I expect nothing less than excellence in the work that is conducted by
the Center and this work serves to encourage that expectation.

Panu Tavarutuaneegul

Secretary-General



Preliminary Results on the Exploration of Tuna Resources
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{BSTRACT

Tuna purse seine fishing opemtion of M.V SEAfDEC in the East Indian Ocean has
been caried out since 1994. Aggregating tuna by floating FADS (Fish Aggregating Devices)
are used in the fishing ground. Tracking ofthe FAD drift route during each season ofthe year
was recorded. It \\,as found that, in the early months ofthe year (from February to March),
FADS set above latitude 5" S drifted in Do(heasterly direction and some, afternearly reaching
the equator, tumed back toward the west whereas FADs set below latitude 05'S drifted in an
eastly direction. In the latter period ofthe year (October-November), FADs drified eastward
and then tumed to the southeast at abour longitude 088"- 091' E. The track ofthe FADS jn

1997 was exceptionally unusual, all FADS set during the yeal drifted rapidly westward, which
is possibly a consequence of the El Nitlo Effect. Matr' catch during the fishing operation
werc Skipjack tuna K.r tsu|ottus pelanis (Linnaeus. 1758). Yellowlrn luna Thunnus albacares
(Bonnaterre, 1788) and Bigeyc tuna Z obesus (Lorve. I839)

Keywords : Tuna purse sejne, FADS, Early nronths oflhe yeat Latler months ol the year,
Drift ing dircction. East Indian Ocean
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Explontion ofTuna Reso rces in the East Indiin Ocean

1. Introduction

MV SEAFDEC, the Fisheries training and Research Vessel, has conducted tuna
purse seine fishing in the East Indian Ocean from 1994 until today. Because of the
situation of declining coastal fishery resources in the Southeast Asia region, oceanic
fishery resources are expected to be the new sources ofprotein in the future. Tuna and
tunalike species are also considered as under exploited oceanic fishery resources. The
research objectives are to determine the abundance of tura species, identify appropriate
fishing methods and fishin8 techniques and also the oceanographic aspects that are
related, Southeast Asian cor.mkies, especially Thailand, have an advantage in shorter
distances from their base to the fishing grounds. Results of the exploration might be
useful for those who would like to establish a tuna purse seiner fleet for operations in
the East Indian Ocean, which is considered to be a new fishing ground for tuna purse
seine compared with others.

2. Material

2.1 Purse seiner

M.V. SEAFDEC, Fishedes Training and Research Vessel, came into service ir
February 1993. Principal particulars including length over all and tonnageetc. ale given
in Table 1.

Table 1. Principal particula$ of M.V. SEAFDEC

Principal padiculars

Leng th  ove r  a l l , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 .02  m.
Length between perpendiculars ..........57.00 m,
Brcad th ,  mo lded  . . . . . . . . . . . . . . .  . . .  . . . . . . . . 12 .00  m.
Dra f t  ,  mo lded  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 .658  m.
Sewice speed a14.50 m. draft . . . . . . . . . .14.3 knots
Max. sea trial speed(measured). - . .-. I 6.640 knots
Dead  we igh t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 744 .42  tons

Gross  tonage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1178  tons
Ne t  t onage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  354  tons
Total comp|ement . . .  .  . . .  .  . . . .  . . .  . . .  .  . . .  .  . . .  . . . . . .63 P.
Fish hold capacity(bale)... . . . . . . . . . . . . . . . . .145.38 m3
Freezing rcom capacity ..  . .  .  .  . . .  . . .  .  . . . . . . . .20.48 m3
Freezing abil i ty (bnne)... . . . . . . . . . . . . . . . . . . . . . .2lt /d^y

(Air blast).. . . . . . . . . . . . . . .1.6Y36hr

2.2 Purse seine net

The Tuna and skipjack purse seine net of M.V. SEAFDEC was made by Nichimo
Co.,Ltd. With a total net length of 1,155.9 m.(contracted), it is composed of20 portions.
The netting yarn is all nylon and the bunt part (porhons 1-2) are constructed with 90-
160 ply,/90 mm.-mesh size and 40 plyl105 mm.-mesh size in the body part of the net
(portion5-18). The wing attached to the bunt (portion 3-4) is made of 60 plyl9O rnm.-
mesh size and the right wing (portion 19- 20) is 60 plyl105 mrn. and 90 plyl105 mm.
The upper and lower selvages are constructed of Polyethylene Ultra Cross (PE UC) 320

Southcasl Asinn FishetiE Dculopment Centel 1-



Explolatbn ofTunt Resources in ttu E?st India Ocehn

plyl150 rnm.-s meshes depth. The floats are made of plastic EVA, witl.r dimensions of
160(L) x I 90(D) x 33(H. D. ) and a buoyancy of 4,000 grams. They are yellow rn color. fhe
chain is made of Super Alloy, wilh a diameter of 1i,13 mm. lais attached with a bridle
charn with single rope 10 pcs. and plus bridle chain double o4 pcs. The purse ring is
made of Calvanized Iron, 22 mm.-diameter x 260 mm.

. .I^ Iy." 1994, the lapanese Master fisherman irnproved the purse seine net by
changing the poftio-n 7-15 from Nylon_netting of 40 plyli05 mm. to Tetron 60 plyl21b
rr,m.a dT0ply /2I0 mm. Two doublebridle ihains were alternated with a bridlechain
with a single rope. Other components were retained. (Arylex I)

_ _ In August 1992 the floats (model E-40) of the purse seine net were replaced with
model E-50 ftuoyancy 5,000 grams).(Annex II)

The last improvement was cauied out inAugr"ut 199g. When two portions were
added to the body part of the net. Thus, the purse selinenef now has 22 portions and its
length is increased to 1,155,9 m.(Anner ll l)

2.3 Fish aggregating Devices (FADs)

The FADs are ofthe floating typecomposed of 3.5 m. bamboo poles sequentially

t
ti r f
i -::-
flf-'* "-r-'" "---r," ̂ 1.t1

Fig.1. Construction of FAD (Fish Aggiegating Device) of MV SEAFDEC

Southeast Asian Fisheries De|.)eloptnent Cefitel



Exolontiotl ofT no Reso rces in the Eosl Indhn Ocean

tied around a 1.5 inch-diameter iron-pipe frame of 3.4 x 2.7 m. The FADS ale covered by
large size twine net to provide more shade and strength. Beneath the FADS, there are
four pieces of 7 m. net hangin8 like a 'skirt' and these are decorated with white rope to
attract the fish to thet shelter. Construction and dimension of M.V. SEAFDEC's FADs
are given in Fig.1.

2.3 Nautical instruments for fishing

M.V. SEAFDEC has three frequency (28kHz,75kI1za1d94kHz) Color Scanning
Sonar installed, one 288 kHz Color Echo-sounder, two Wet-paper Echo-sounders with
frequencies of 28 and 50 kHz. . There are also two sets of Radio direction finders for
locating the position of radio buoys. Three Net-Zonde receivers, 40,50 and 60 kHz for
detecting net depth while shooting and hauling the purse wire. There are also
environment observation instr.rments related to fishing including a Dopple! sonar
current indicator and general weather observation systems and a NOAA receiving
system.

In the workboats, SEAFDEC 3&4, a 200 kHz Tele-sour.rder is installed. These are
used for detecting fish schoosl beneath FADs before and during fishing operations.
Echo traces from Tele-sounders are converted and kansmitted in the form of radio
signals to M.V. SEAFDEC these are converted back to show a hace on the monitor on
the bridee.

3. Method

Because SEAFDEC is a regional training center, the cruises of M.V. SEAFDEC
are arranged in accordance with the training program of the center. Also, the fishing
season in the East Indian Ocean fishing grounds are also considered. M.V. SEAFDEC
has been operating purse seines twice a year, in February to March and October to
November, these pedod areinbetween the tuna fishing season, which is mid September
to mid March, for the East Indian Ocean (Chantawong,1995).In the pedod ofoperations
there were two cruises made, the first was a preparatory cruise for setting the Fish
Aggregating Devices (FADS), searching for other floating objects, collecting fishing
ground information and environmental data and perhaps some pwse seine fishing using
the identified floating objects o! some Japanese allies'FADS like those ofNippon Maru
or Fuguichi Maru. The second cruise, had the main purpose of haining on sevelal tl?es
of fishing gear including purse seine. Purse seining was conducted using the FADs
that were set in the first cruise. Because of limited time and the fish hold capacitv of the
vessel,3-5 purse seine fishing operations were carried outin a ciuise of8-1b dayi in the
fishing grourrds.

3.1. Setting FADS and locating fish and fishing ground

Determination of environment information including wind, cunent direction

Southeast Asian Fisheries DmeLapment Center
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and speed, the FADS were set in an area of latitude 01"N-06'S longitude 082'-090"E.
This position is chosen because of the available information on the FAD'9 drift rate and
direction, this is recorded year after year, to avoid FADS drifting into the Indonesian
Exclusive Economic Zone (EEZ\ and drifting away eastward which is too far for
conducting fishing operations because of the l imited time available. Others
considerations for the selection of the FAD setting areas relate to the present catch
information from the Japanese tuna purse seiner fleet. Other indications are the
appearances of a front (or frontal zone) , drifhng garbage or flocks of birds. Setting
FADs in such areas may attract tuna schools sooner (Pokapan, 1997).

To locate and detect FADS all are fitted with Selective call (Sel-call) radio buoys,
whichwill transmit only when they receive an interrogative signal from the vessel, this
conserves the batteries.. The signals sent from the radio buoy are received by the
Direction Finder on the vessel and are decoded to disDlav the distance and direction
from the ship to the buoy.

Searching for floating objects or flotsam like drifting logs and garbage etc. is
another way to locate tuna schools. The attraction of fish to floating objects has long
been observed. Thisbehavior is explained, both in terms offloating objects serving as a
single orientation point in the middle of the ocean and in terms of a gradual buildup of
a food chain community under and around the floating objects (Ben-yami,1994).
Searching for floating objects by the crew of M.V. SEAFDEC, was done after the vessel
left the Indonesian EEZ from early morning until twilight. There are three size of
enlarging power, 7x50, 10x50, and 20x120, binocular used in the ship for searching from
the Compass Deck. After finding interesting flotsam, the vessel is maneuvered dead
slow to check for fish schools by the Scanning sonar and Echo sounder.Ifa few fish are
detected a small FAD and radio buoy are attached to attractmore fish for operations at
the next opportunity. On the other hand, if there are a lot of fish, the radio buoy and
light buoy are attached for purse seine fishing operations the next morning.

3.2. Preparations for fishing operation

As soon as the vessel is in the fishing ground, the covering sailcloth over the net
is removed the net is wettedby spraying sea water, this is to increase its sink rate while
shooting. Sufficient purse line from the main drum is pulled out, threaded through the
davit and all pulse rings are aranged on the starboard side and connected with the
bunt end and the skiffboat. The towingwire is also pulled from the drumand threaded
through another block on the davit, then through the towing wire cage roller and
connected to the other end of the net. The towing line used by the skiff to pull the net
out of the vessel is prepared along the port side. The skiff launch preparation is by
changing the normally held wire for a Pelican hook. A choker rope is also used to ensure
holding the skiff until just before shooting when it is taken off.

Whether it is a FAD or a floating object for operation the next morning these are
attached with the light buoy for easy sighting in the dark. The vessel will cruise away
upwind at least 10 nautical miles, to avoid disturbing the fish school and will just drift
back. Time usage at every step before shooting the net mustbe considered and calculated

Southeast Asiatl Fishcties Depelopfieflt Ce ler
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carefully. The twilight time of the operating day is determioned as a key time because
of hrna behavior. They will appear near the sea surface before suffise then dive into the
deeper layers as the brightness increases (Shibata arld Nishimura,1997). Therefore, the
time ofpurse line haulingis scheduled to the twilight in order to catch all fish in the net
before thetu behaviour pattern is activated. Thus, other working schedules pdor to
pursing including launching the work boat, settin8 the lure light and start shooting is
fixed after the twilight, The timing of each step of the work can be determined as the
sample in the following table:

Table 2. Sample ofoperafing time calculation

step Description Time Supposition time
usage sample

I .Launching work boat -Launching two work boat
-work boats running to FAD or
floating obiect

20 min- 0515-0535llrs

2.Luring light -Work boat start luring light by

-CoDfirm fish school target by Tele-
sound€r and Scannins sonar

l5 min. 0535-055ohrs

3.Shooting the net -Shootins and surroundinq the net I0 min. 0550-0600 hm
4 Finish pursing -PuJse I ine haul ing 20 min. 0600-0620 hrs

-Finish puse |ne haul inr c iv i l r$rf isht t 'me

3.3. Fishing operation

On the operating day, the ship will approach the target are and will interrogate
the radio buoy and receives both course and distance from radio direction finder and
then using binoculars will search for the light buoy attached on the day before. Fish
schools and environment conditions, including wind and cwrent speed and direction,
are considered in the decisions whether to fish or not and for net shootins. There are
many times that the operation is canceled because of too few fish detected by the aco us tic
equipment, too stlong a wind, too strong a cu ent or strongly contravention directions
among each current layer. The Master fisherman considers all related factors and makes
his decision whether or not to go ahead.

I/vhen the proper time arrives, the two work boaLs-SEAFDEC No.3 and 4 are
launched and ordered to go to the FAD. When the crew have made fast the boat to the
FAD, the underwater lamp is prepared awaiting the order from the Master fisherman
to switch it on. Meanwhile as the preparations and the lu ng light progress, The Master
fisherman and staff observe the tele-sounder monitor on the bridge to estimate the
amount of fish aggregated beneath and around the FAD. As pleviously mentioned,
M.V. SEAIDEC isa starboard side shooting purse seiner, thevessel sets thesurrounding
net in a clockwise direction at a speed of 10 knots. The circling radius measures
approximately 220 meters. Afterwards, the skiff sets the net bunt end and goes to the
stern of the ship to pull it away from the net to preventher propeller tangling in thenet.
Purse linehauling and rings bansfer takes about20minutes andbefore starting to haul

South?trst Asiun Fishetics D@eloplnmt Centel
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the net, SEAFDEC No.3 and 4 will drag the FAD out of the circle.

Time usage on net hauling depends on the quantity of catch. It may take 4-5
hours ifthe catch exceeds 70 tons. The skiff is used, during the catch transfer from bunt
to fish holds, to keep the bunt float line at a distance from the seiner s' side and to help
in scooping the catch ftom the bunt. After all the catch is transfeEed, fhe bunt part is
pulled out into the water for cleaning then all gear is rearranged for the next fishing
operahon.

3.4. Catch handling

After scooping fish from the buntpart of the net, the catch is passed through the
turntable funnel situated at the stern and then to the fish hold. Because the catch of a
tuna purse seine is often a lalge amount, the bdne-freezing system is used as the first
step to refrigerate the catch rapidly and dry freezing will be used later to maintain the
catch in good condition (Munprasit, 1993). The brine solution is prepared by dissolving
salt in seawater/ at a ratio about 1:4, this is pumped into the fish hold and mixed using
a submerged pump circulating system. The specific gravity mustbe checked frequently
untill it is 1.17(at 15-C) by Hydrometer or 21.1 in the Baum€ scale. This is the ideal
specific gravity for achieving the lowest freezing point(-2l.2"C) of the NaCl solution.
The solution is then transferred to another fish hold and refriserated to -18.C. Excess
salt in the fish hold is used for dissolvine for thenextcatch. Brineitock will be transferred
to each fish hold aboutone-third ofits capacitv. Catch is transferred into fish hold until
90 percent of capacity is reached, This allows spa ce for fish body expansion after freezing,
the full fish hold is treated with brine solution and wooden screens are used to cover
lhe hatch to press all fish under the bdne. The catch is submerged in brine solution for
at least 12 hours or until the temperature is -15"C, afterwards, the solution can be
discharged and kept in other fish holds. The catch might then be transferred to dry
freezing room or kept in the fish hold at a temperature of -40"C until it is unloaded
ashore.

3.5. Data recording

Environmental data and techrdcal data are recorded both during FADS setting
and fishing operations. The drift hacks of the FADs are also defined for information for
next setting. The catch of each haul is estimated in total quantity and sampled for species
composition. Since 1994, researchers of the center also check and record the length-
weight relationship of Skipjack t:ur'a (Kttsuwonus pelat is), \ellowfitt tuna (Thunnus
albacares) and Bigeye tuna (7, obesus) by sampling 1 scoop from the catch during the
transfer from bunt.

Sa theast Asink Fishcries Dewlopmcnt Cenler - 6 -
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4. Result

4.1. FADs' drifting speed & direction detection

4.1.1 The Year of 1994

In the early period of the year, three FADS were set along longitude 082"40' E in
between latihrde 04"42' S to 04"53' S on 12 February, thev were found in the next cruise
on 9-10 Malch in between latitude 00'39'-01"38' S ind longitude 085'52'-088'49' E. The
average drifL speed is 14.14 NM/day in a NE direction.(Fig.2.) In the late period of the
year on27-28October, four FADs were set along longitude 089"15' E in betvveen latitude
02"01'-02'52 S. thev were found in Lhe next cruise on 12-13 Novembel in the area of
latitude 01"57'-03"1i' S, longitude 087'331088'22' E. The average drift speed being 5.29
NM/day in a westerly direction.(Fig.3.)

i '

,t:)

fig.Z. Drifting direction ot fal, in uu.ty ot
yeat 1994

Fig.3. Drifting directio" 
"ruoD. 

t t"r"t, 
"*yeat 1994

4.1 .2  fhe  Year  o f  1995

In the early period of the year on 20February, seven FADs were set. Five of them
were set alonq longitude 88'57; E in between latiiude 02"12 -03'15'S. The other two
were set at la hi-tude"01' 52' S, longitude 090"48' E and latitude 01"09' S,longitude 089'53'
E. They were found on 20-24 Fedruary. The upper setting SrouP above latitude 02'40'5,
driftedina northerly direction and the lower group drfted NE. The average drift speed
being 5.09 NM/day.(Fig.4.)

In late period of the vear on 28-30 October, seven FADS were set, five in the area
oflatitude 02"57'-03"17' S, longitude 082'06'-084"36'E. The upper setting one was for.nd
drifting in an East North Easterly direction, while the rest of this group was found in

Sa theast Asian Fisheies Derelopmenl Cenler
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Fig.s. Ddfting dnecdon ofFADS in lately of

the area of latitude 0 g'22'-05'27' S,lorlgl.tude 085"05'-087'48' E which is in the direction
of ESE. Two FADs in another group were set along longitude 087-46' E, latitude 04-20'
and 04'56'S and found in latirud;04"51'-05^20'i, longrtude 0q0"t5'-09t"t5' E, these
d fted to the ESE. The average drift speed of all FADs is 14.9S NM/day.(Fig.5.)

---=->
\ . - - -

l '- -r-

t
q "
!

4.1.3 The Year of 1996

ln early period of the year on I March, sir FADs were set alonS longitude 088"35'
E in between latitude 05- l0 -06- 16' S, they were found in the nert cruise on 19-21 March
in between latitude 04'23,-05"00'S and lo;gitude 094"02'-094'56' E. They had an average
drift speed of 19.48 NM/day in an ENE direction. One ddfting log was found and
marked with a radio buoy on 7 March at.latitude 06"13'S, longitude 091"18' E, this was
found again on 22 March at latitude 06"54'S, longitude 091"18'E. Its drifting speed
being 4.38 NM/day in a SE direction.(Fig.6)

In late period of the year on 28-31 October, three FADs were set on latitude 01"40',
OfrA', OS'20'b in Uetweeniongitude 086"34'-088"42' E. They were found again on 11-14
November at latitude 01'39', 01"41', 04'56', in berween longitude 090"50-094"55' E. The
average dlifting speed being 24.41 NM,/day in an easterly direction.(Fig. 7)

4.1.4 The Year of 1997

^ In early period of the year on 1.7 March, two FADs were set along longitude
088"29' E in between latitude 01"14'- 01"15' E, and then were found in the next cruise on
30-31 March in between latitude 03"04'-03"13' S,longitude 082"53'-083'18' E. An average
drift speed of 25.39 NM/day in a WSW direction.(Fig.8.)

year 1995

In late period of the year, six FADs were set near longitude 090- E, three near

\) _.
{ -'t"
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latitude 04' 3O'S and the rest near 02'E, and then found drifting eastward. Another
group was set al l}le upper latilude of 02'S in behveen longitude 085"-087" E, and then
for.rnd drifting in a In/NW direction. A1l FADs were set on 24-30 October and fourd on
11-17November. The average drift speed being 18.32 NM/day. (Fig. 9)

Fig.6. Drifting direction of IADs in early of
yeat 1996

Fig.7. Drifting direction of FADS in lately of
yeat 7996

Fig,8. DriJting direction of FADS in early of
year 1997

Fig.g. Drifting direction of FADS in lately of
year'1997

Southust Asian Fisheries DeLvlapment Center -9 -
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4.1.5 The Year of 1998

ln early period of the year on 19 February, five FADs were set in the area of
Iatitude 04"25;-05"55'S, Iongitude 087"15'-088"21"E, then found asain on 13-14 March
in the area of Ia titude 04"53'-b5"29' S,longitude 092b5'-095"15' E. Aierage drifring speed
being 14.90 NM/day in easterly direction.(Fi9.10.)

" 
In late period of the year on 5-6 November, six FADS were set along longitude

088" E, the^ upper group (three FADs) near latitude 02' S and the lower group near
latitude 04- S. The upper group was found drifting in a NE direction then turned to the
SE direction on 11-12 November. This group was found again in fhe next cruise at latitude
04 35'S longitude 098- E on 26 November. The lower group of FADs was found drift ing
eastward then turned in a SSE direchon and found asain at latitude 05"47'-0/39'S
longitude 090"34'-092'10' E on 28-29 November.(Fig.1l j

Dlifting information and positions of the FAD settings and the found locations
are eiven in Amex IV.

! '

-=f.

Fig,10. Drifting direction of FADS in early of
year 1998

Fig.11. Drifting dilection of FADS in lately of
year 1998

4.2. Catch

4.2.1 Position of the fishing operations & Quantity of catch

There were 73 fishing operations conducted by M.V.SEAFDEC from 1993-1998.
The total catch was 1955.4 tons and the average catch per unit effort (CPUE) was 26.79
tons. Fishing operations were carried out in the area of latitude 02" N-08" S, longitude
080 -098- E, radiating around The Ninety East Ridge (Fig.12.).

Fishing operations in 1993-1994 were carried out mostly to the northward and
eastward of Ninety East Ridge, The five operations of 1993 were carried out in November
and the total catch was 39 tons. In 1994, There were 7 operations in February-March

Southenst Asian Fisheries Dmelopment Cmter -10 -
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and 6 in October-November. The total catch and average catch per operation were 354
and 27.23 tons, respectively. In 1995, twenty operations, 11 in February-March and 9 in
October-November, were carried out. In the early period of 1995, M.V.SEAFDEC
operated above latitude 03" S in betvveen longitude dS8'-000" E and had a total catch of
376.4 tons. In *re late pedod, operations too[ place under latitude 03'S longitude 084"
-094 E, with a total catch of 156 tons. Total average catch per operation in 1995 was
26.62 tons.

There were 14 fishing operations in 1996, eight times in March and six in October-
November. All fishing operations in this year took place under latitude 01" S. The average
catch per operation was comparatively high at 36.71, tons, and the total catch was 514
tons. In the followin g year,1997,lhe total catch decreased to 142 tons in 13 operations
which were carried out to the eastward oflatitude 088'E in betweenlatitude 02'-05'S.
The average catch per fishing opeiation in 1.997 was 10.92 tons. In 1998, there wele
eight fishing operations, five in February-March and the rest in November-December.
The^operation positions were below latitude 02'S to 08'S in between longitude 081 -
098 E. The total catch during the year was 374 tons in which 340 tons were caught in
the early period. There was a big haul of 200 tons, at la ti tude 04"53'.3 S longitude 095-14'.9
on 13 March which increased the average catchper operation of this year to 46.75 tons.

v 
The positions and catches of each operation are displayed in the table in Amex

I \

' . '  
! '.

.1. ' .

)

t

Fig.12. Purce seine fishing operation positions carried out in 1993-1998
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4.2.2 Catch composition

Skipjack tuna (K4lsrl wonus pelomis),Y ellowhr. tLlna (Thunnus albacares\ andBigeye
tuna (l obesas) are the main catch by tuna purse seine in the East Indian Ocean. Other
catch species included Rainbow runners (Elagatis bipinnulatus\ ,Dolphirfrsh (Corypheana
hippurus\ andMackerel scad (Decapterus macerellus),b!l lhese were less than five percent
of the total catch. There was a small quantity ofby-catch species,like Rough triggerfish
(Canthidetmis maculafas), Unicorn leathe4acket (Alutera monocelos), Longfin yellowtail
(Seriola rivoliana), White-tongued crevalle (Uraspis heloora), Btassy chub (Kyphosus
oaigiensis\ etc.

Table 3 shows the percentage composition of h]na caught by M.V.SEAFDEC from
1995-1998. The composition by average of individuals and their weight, Skipjack ttrra
is the highest except in the year of 1997. The average fork length (cm.) ofSkipjack tuna,
Yellowfin tuna and Bigeye tuna are 50.95, 56.05 and 56.49 in which their mode is 45.0,
50.0 and 43.0 respectively (Sukramongkol and Siriraksophon, 1999).

Table 3 . Catch composition of tunas speciesby individual and weight from 1995-1998

Skipjack tuna Yellowlm tutra Bigeye tuna
% by individual %byweight % by individual %byweight % by individual 7o by weight

1995

1996

1997

1998

62.8

69

47.8

83.7

50 .1

58.2

27.5

75.5

20.8

3 l . l

5r.2

15.2

29.l

10.7

21.3

9_3

t4.6

28 .1

26.5

10.9

22.6

1.9

25.7

Discussion

5.1. Fish school locating tedmiques related to fish behavior and schooling pattems

There are many reports on schooling patterns oftuna species in different fishing
Brounds. In the eastem North Pacific Ocean it is found that the Bluefin tuna (Tftanras
f,hyrrris) is main target catch of thepwse qeiner, appearing in boiling (feeding) schools',
breezing schools' and also in black spot- pattems. The feeding schools are preferred
for operations rather than the other two mentioned patterns (Scott & Flitter 1992). Ben-
Yami (1994) explained that it might be the facl of directional motion of the feeding tuna
school is slower, less prudent and swimming more shallowly. In the eastem tropical

' 
Boiling school. Feeding school. Boile$ : Fish (eeding intensively, and often in conjunction with marine

bids, crowding upon the prey and creating an impression of the top of boilingpot.
2 Breezing school. Breezers I Fish swimming very ctose to the surface of the water, usually in the single
direction, creating ripples which resemble those created by a lighibreeze.
3 Black spots : Subsurface schools appearint to the shipbome observer as black or dark spots.

Soulhersl Asintl Fisheties Deuelopment Centel - t2 -
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Pacific Ocean, Amedcan tuna fishermen depend on porpoises for locatingYellofin and
Skipjack tuna schools (Green, Perrin and Petrich, 1971). Abouthalfof the seine-caught
Yellowfin tuna from the eastern Pacific are captured from schools associated with
porpoises, spotted dolphins (Stenella graffmaai), spimers (S. longirosfris) and common
dolphins (Delphinus delplris). Therefore, fishermen in these fishing grounds use binoculars
to search for spouting of porpoises at the sea surface. Tuna purse seine fishing in the
Pacific Ocean also use airqaft,both fixed-wingand helicopters, for scouting fish schools,
porpoises, birds or flotsam in the wider areas. Similarly, Japanese tuna purse seiner
fleets operating off the West Coast of Africa also search for signs of birds, whales or
porpoises for locating tunas schools. On the conFary, schooling patterns like boilers,
breezers orblackspots are rarely seen in the east Indian Ocean. Schools oftuna in these
fishing grounds are frequently found aggregating with flotsam or drifting garbage.
Therefore, drifting FADS are widely used for aggregate tuna in the area. From the study
of the relationship between days of FADS drifting and quantity of catch (correlation
and regression analysis) by Veera (1997) found that there is a significant relationship
between them (correlation coefficient = 0.5214), Japanese purse seiners operatingin the
East Indian Ocean have 28-46 FADS (Proalai, 1995) for alternating use in fishing
operations all the season. When they find thef FADS drifting too far or nearly inside
the Indonesian EEZ, the FADS would be picked up and reset again in the selected area.
M.V.SEAFDEC, as mentioned previously, is operating in only two pedods of a year in
February-March and October-November. Thus, during such long time intervals between
the workingperiods, at the end ofeach period, all FADs must be picked up. Thisresults
in a lower amount of drifting days for the FADs in the fishing grounds. Anyway, a good
relationship between SEAFDEC s'Japanese Master fisherman and other Japanese purse
seine6', like the Nipponn Maru, Fuguichi Maru, could relieve this trouble by exchanging,
setting and resetting FADs among each other. Furthermore, fishing ground information
is exchanged to determine the best fishing spotfor thatperiod. Obviouslt there is great
advantage in fleet fishing operation over single-seiner operation.

5.2. Fishing operation positions and FADS drift directions

As mentioned earlier, the purse seine fishing operations of M.V. SEAFDEC in
lhe East Indian Ocean are are carried out in conjunction with drifting FADS or flotsam,
The operational positions and drifting routes of the FADS, may interpret directional
movement of surface currents in this specific area, In Fig.2, 4, 6 and 10, display the
routes of the FADS'drift in the early period of the years, show that FADS set above
latitude05"S driftedin a northeastly directionand sorne after nearlyreaching the equator
turned back to the west whereas, FADS set below latitude 05- S drifted in an eastly
direction. Fig. 13 shows overlay of the FADS'drift routes and also displays a facsimile
of the surface current direction in February-March in 1994-96 and 1998.

In the same way, Fi1.3,5,7 a d.11 show that the FADs'drift direction in late
period (October-November) of the years, are overlaid. These indicate that the FADS
drifted eastward from about longitude 082"E then split into two tracks at about longihrde
088"-089"E, the upper one drifting northeast then turning to southeast at about longi tude
090--091'E and the lower group drifted in a southeastly direction (Fig.14)

Pickard and Emery (1990) explained that the surface circulation of the Indian

Southeasl Asian Fisheries Dmelopment Ce ter
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Fig,13. Overlaid drifting routes of FADS and model of surface cuirent during Feb.-Mar. in
199496 a\d 7998

Fig.14. Overlaid dlifting routes of FADS and model of surface current du:ring Oct.-Nov. in
199+96 a d7998

:
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Ocean is because of the land mass to the north of the ocean, There is a seasonal variation
in the wind north of the equator. From November to March, these winds blow from the
northeast (North-east Trades or North-east Monsoon), from May to September they
blow from the southwest (South-west Monsoon). The South-west Monsoon winds really
continue across the equator of the South-east Trades which continue throughout the
year. The change of wind direction north of the equator then results in a change of
curents there. During the North-east Monsoon- (November to March) there is a
westward- flowing North Equatoial Curreflt from 8-N to the equator; from the equator
to 8-S there is a eastward-flowing Equatorinl Countercurrent. Dudng the South-west
Monsoon (May to September) the flow north of the equator is reversed and is to the
east. This combines with the eastlvard Eouatorial Countercullent and the whole
eastward flow from 15\ to 7'S is called the asouth-wes Monsoon Current (Fig.-15.).'Ihe
South Equatorial Current continues to the southwest of 7'S but is stronger than during
the North-east Monsoon. Considered of the drift route of the FADs (Fig.13. and 14)
and surface circtrlation model (Fig.15.).

Fig.15, Indian Ocean-Surface circulations; in Nolth-east Monsoon season(top) and South-west
Monsoon season(bottom). (redranm after Pickard, G.L. and Emery, W ,J., 1990)
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It is found that in the early fishing period (February-March) of M.V. SEAFDEC
was in the North-east monsoon season. The FADS' ddfting route was to the westward
and some in the higher latitudes were northward then inclined to the west through the
North Equatorial Current. In the late fishing period of the year, from October to
November which is in between the North-east and South-west Monsoon seasons, FADs'
drift routes seem much influenced by the South-west Monsoon Curtent. Thus, they
were found mostly drifting in a southeast direction.

In the year of 1997, the drift directions of the FADS were absolutely different
from others. All FADs set in the year were ddfting rapidly westward (Fig.8,9.). This
phenomen may have been a consequence of the El Nino Effect. It was noticed that some
characteristics of the sea had changed from the normal, for example; low temperatures
and high salinity of the swface water, a narrow thermocline layer and the direction of
rhe surface water changed ftom eastward to westward were observed (Siriraksophon,
Rojana-anawat and Seururgreong, 1997).

Even though all FADS are equipped with radio buoys for detecting their direction
and position, if the fisherman could predict their route rougNy, it would be a great
advantage in planning their work and also saving on fuel costs.
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Etplonfian ofT na Resoutccs in the Easl Indian Oceitl
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Emloration ofTunn Resolltces in the East lfidian Ocearl
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