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Abstract

The longlinc fishcry b*cd in Beli her expended rapidly in rcccnt ycrrs: 291 vcarcls,
mdnly of reiwancsc origin, operatcd out of Benor in 1993. Tuna crught for the frcsh
seshimi markct are cxportcd through Ngureh Rai Airport in Bdi to'Japm, Heweii,
cdifornie, singaporc, Hong Kong end Francc. catchcsln 1993 werc -lnitorod at on.
of four companics processing tuna for cxport. Ycllowfin tune (s2.7%l dominatcd thc
cetch,.followcd by bigeyc tuna (31.3.6), elbacorc (3.8%), billfish (3.6%), southcrn btuefin
tune (3.19o) end othcrs (0.9%). Thc totd longline catch of tuna hndcd in Bali in l99j
wrs cstimatcd to be 24 800 tonncs. Thc lrgcst cetchcs of routhern btucfin tune wcre in
Jenuary, with thc estimatcd 765 tonncs of southcrn blucfin tun., {98 tonncr wcrc
:y"I.4 with negligiblc cetches from May to August. The drcsscd wcight of southcrn
bluefin tunr rangcd from 55 to tzo kg with a mean of r03 kg. Thc lengtls renged from
164 ro 199 cm with a mean of l8Z cm.

f,EfvoRDS: southern bluefi n tuna, Thunnus maccoyii,tongrine tunl Indoncsie, Bati

Introduction

The tuna rcsources in Indonesian waters have not been fullv utiliscd in thc
past. The tuna fishery expanded when foreign tuna longlinc vesscls were
fl-o1ed to operate in Indonesian waters on paymcnt of a"fishing fcc or by
iointly -operating with private Indonesian companies. sincc lggi the higir
demand for fresh tuna,-espccially by Japan, has resulted in rapid cxpansiorrif
longline fishing and a dramatic increasi in catches of tuna. Siouthcrn blucfin
tuna, while a small p1t of the tuna catch, are landed in significant quantities
relative to the world-wide fishcry for this species. Thc indonesiai fishcry
catches adult southern bluefin tune that migratc to thc fishing grounds to
spawn. As southern bluefin tuna stocks are considcred to bc ovcr-eifloitcd, and
parental stocks in particular are depleted (Anon. 1994, caton a ali, tl9o1', it is
important that these catches are monitored. As a cons€quence, a ioint rfir.hprogram was set up by thc Commonwealth Scientific and Industrial Rcscarch
organisation (cslRo) Australia and the Research Institute for Marine
Fishcries (RIMF) Indonesia in september 1992 to monitor the catches of
southern bluefin runa in the longlinc fishery. Initially landings at Muara Baru,

") Rcscechcr at Rcscarch lnstitutc for Mtrinc Fishcrics, Jakerte
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fava and Benoa, Bali were monitored. However, as few southern bluefin tuna
were landed in Muara Baru, and because there had been a shift in fleet
operations from Muara Baru to Benoa, landings are now only monitored at

Benoa. All landings by fishing companies processing tuna et PT. Perikanan
Samodra Besar in Benoa have been monitored. This is one of four companies
processlng tuna for export in Bali. This paper provides a historical perqpective

of the longline fishcry, its development in Bali and the results of catch
monitoring of tuna processed at PT. Perikanan Samodra Besar (PSB) in 1993.

Matcrials and Methods

Cetch SamPling

All tuna landings at PSB were monitored and the total weight and number
of tuna by species and export stetus was recorded. Any southern bluefin tuna
(SBT) were individually weighed and, if possible their lengths w€re measured.

A total of 1208 SBT were processed at PSB in 1993. All of these fish were

weighed and dressed (gutted, gilled, fins removed and tail stock intact), and the
fork lengths of 899 SBT were measurcd. Other biological data such as gonad

weights and otoliths were also collected.

Catch Volume

The total landing of SBT at Benoa (Bali) was determined by using the ratio
of exported to total SBT processed by PSB and extra polating that to total
landings by all processors.

Fishing Ground

The positions of SBT catches were compiled from daily reports from PSB

fishing boats during three years from 199l-1993.

Results and Discusslons

Historicd Developnent of the l-ongline Fishery

PT. Pcrikanan Samodrr Besar (PSB) became the first national tuna comPany
in Indonesia to longline for tuna when it began operations in the Indian Ocean

off the west coast of Sumatra at Sabang in 1972.It expanded its opcrations to
the Indian Ocean off the Lrsser Sunda Islands in 1974, and in 1977 shifted its
base to Benoa, Bali. Yellowfin tuna was the main species caught bcrween 1978
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and 1991 (Table l). About 20 vessels fished up to 1985, but when low tuna
prices and high fuel costs forced the company to limit effort to 5 vessels, they
only fished from october to December in 1986. Since then, the price of fresh
tuna €xports has risen. Although 13 vessels were available for fishing, the high
costs of fuel and maintenance of the ageing fleet limited PSB's operations to
about 7 vessels. At the same time, it expanded its operations to process tuna
landed by other companies for export. Since 1992, PSB has targeted bigeye tuna
(BET) resulting in lowered catches overall but with a high proportion of bigeye
(>80o/o). SBT continue to be avery smalt part of the catch: between 0.1 and
0.7"h.

Table 1. Catch composition of tuna ceught by longline by PT. Perikanan
samodra besar for the years 1978-1993,

Ydlo?fir BiF G Nbacorc Southcrn btucfin Totrl

Tmncr Pcrcat Tonncr Pcrat Tonncr Pcrccnt Tonncr Pcrccnt Tonncr

1978 1215.7 66.9

1979 1273.9 67.4

1980 1478.0 72.9

l98l 1806.3 79.4

1982 1847.9 76.4

1983 1024.5 69.6

1984 t641.2 85.2

1985 1383.7 80.5

39s.8 21.8

371.5 19.7

367.2 18.1

319.8 14.0

426.6 17.6

200.2 13.6

230.3 lt.9
288.3 16.8

202.2 11.1 4.0 0.2 1817.7

23s.9 r2.4 9.7 0.5 1891.0

173.3 8.7 7.9 0.3 2025.s

147.6 6.5 2.7 0.1 2276.4

r42.s s.9 2.2 0.1 2419.2

24s.2 16.6 2.8 0.2 1472.7

54.1 2.8 1.3 0.1 1926.9

43.7 2.5 4.0 0.2 1719.7

1986 Data not available

1987 905

1988 575.9

1989 428.2

1990 412.2

1991 289.2

1992 91.6

1993 60.1

455.3 27.4

364.5 34.0

526.9 42.7

264.4 32.4

106.3 24.0

540.7 81.0

529.3 81.4

293.1 17.7 2.7

126.1 12.0 3

94.5 7.7 8.4

136.6 16.7 3.5

46.1 10.4 2.1

31.3 4.7 3.6

56.6 8.7 4.2

0.2 1656.1

0.2 1069.1

0.7 1234.9

0.4 816.7

0.5 443.7

0.5 667.2

0.7 650.1

54.7

53.8

34.7

50.4

65.1

13.7

9.2

Soutcc: PT. Perikanen Samodra Besrr Crbeng Benor, Beli
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The shift of longline effort to the fresh sashimi export market, and the sub
sequent relocation to Benoa of the sector of the fleet catching SBT have
simplified the monitoring of the SBT fishery. Previously, southern bluefin tuna
were brought to Muara Baru, Jakarta, es a frozen product which was mostly
transhipped ovcrsees without processing. This meant that tuna were not landed
and henie available for inspection and documentation. Longliners with the
capacity to freeze catchcs could stay at sea for long periods and hence access the
SBT grounds of the Indonesian Exclusive Economic Zone end the high seas. At
pr€s€nt, virtually all SBT caught by Indonesian-based fisheries is landed fresh
at Benoa because this port is close to the fishing grounds. This facilitates
monitoring.

The shift of longline operations from Muara Baru to Benoa has been largely
responsible for the dramatic increase in the longline fleet and tuna landings in
Bali in recent years. Few vessels of this type are still operating out of Muara
Baru so the influx of vcssels to Benoa will slow in future, unless more vessels

relocate from Taiwan.

- Fishing grounds

There are two maior longlinc grounds in the Indian Ocean fished by
Indonesian-based fleets: southwest of Central Java extending to '!/est Sumatra
(landings at Port Muara Baru, Jakarta); and southeast to East Timor (landings
at Port Benoa, Bali) (Figure 1). SBT are caught on the latter ground. Japanese,
Korean and Taiwanese longliners formerly fished this ground and froze their
tuna catches. After 1987, effort by these countries was grcatly reduced as the
fresh tuna fishery developed. Data provided by PSB on the position of longline
sets that included SBT catches for the years 1991 to 1993 indicate that they
were mainly caught on the central part of this fishing ground, although they
have been caught as far east as Timor (Figure 2). SBT have been caught very
near the coast off Cempi Bay, Sumbawa.

- I-onglinc fishing floc

The fishing fleet operating out of the
rapidly in recent years (Figure 3). This

Port of Benoa, Bali has built up
has been due to the influx of

Indonesian-flagged longline boats of Taiwanese origin. In 1993, 291 longline
boats owned by 21 companies opcrated out of Benoa. Benoe is the closest port
in the region with access to an international airport (Ngurah Rai Airport, Bali)
which is important, as most longline tuna catches are cxported to the fresh
sashimi markets of the world. Thc frcsh export markct has also been the
stimulus for a steady exodus of vessels previously based at Muara Baru, Jakarta,
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to Benoa which is closer- to thc longlinc grounds. Tuna exports through
lvg".tm Rai Airport, Beli havc incrcascd drematicelly, matching thc influx-of
longline vesscls opereting out of Bcnoa (fablc 2).

Table 2. Export of tuna from Bdi 1988-1993.
Unit : toncs

Ycer Frcsh trrn Ftozcn orm pcrqt frcsh Totrl tuna
r988

1989

1990

t99l

1992

1993

t284.9

3796.1

3636.6

7739.3

120t4.4

t2582.1

881.1

3041.9

2585.6

1387.8

2740.5

4129.3

59

56

58

85

82

75

2166.0

6838.0

6222.2

9127.1

14824.9

167tt.4
Rcsourccs: Provincid Pishcricr Scwicc of Beli, l.:boretory Qudity Cootrol and Fich Inrpcction, Dircctor.tc

Gcrcrd of Fishcricc.

.A

G
otl
o
c,lr
E
Jz

Figure 3. Number of longlinc vesscls operating out of the port of Benoa
between 1986-1993.

._ Three ryq.r o! boats operatc-in thc longline fishcry: mini-longline, regular
(Taiwanese) longline and dcep longline. Mini-longline boats arJless thir zo
tonnes gross weight, have 6-8 crew, and fish for about 10-14 days pcr trip. Thc
boats are not equipped with electronic navigationar eids. Tirey usc mon(>
filament main lines 27-i3 km tong, rnd 4-6 branch lines with ldo-eoo hooks,
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which fish at depths of 50-180 m. Milkfish from East Java is most commonly

uscd s live baii and squid, milkfish and Decapterff spP. as frozen baits.

Rcgular longline boats oi 20-50 tonnes gross weight with tO'tZ crew, fishing

for"about 1OIZO days pcr trip, are the most common tyPe of boat in the fishery

(Figurc a). They uie thc Taiwanese style of longline fishing with monofilament

tn"In fincs of li-+Okm lenph arnd4-6 branch lines with 7OO'1200 hooks, which
fish at dcpths of SO-ZZO -. Th" boats are equipped with GPS, echosounder end

SSB redio, and radio buoys are attached to the longlines. Live milkfish supplied

from farms in l:mongan and Surabaya (East Java) are generally used as bait.

The use of live bait rather than frozen bait increases the hook rate for
yellowfin tuna 2-4 times. However, during the full moon tuna aPpear t9 fe;d

at greeter depths, so frozen baits are used to facilitate deeper sets, which also

."tih " 
gr*i"r proportion of bigeye tuna. Deep longline boats arc generally

larger tlian 50 tonnes gross weight, have 15-18 crew and make fishing trips of

10--14 days. They use ihe 1"p"tt"te autoline system with multifilament main

lincs of ibout S6 km in length, and 9-11 branch lines with 1500-2000 hooks

that fish at 90-350 m depth. They use frozen milkfish, sardinella spp.,

Decapterus spp. and squid as baits.

o
C'Io
E20q,
o
o
o-

Figurc 4.

10-20 20-30 30-50 50-100 > 100

Classification of 251 boats surveyed in the Port of Benoa in 1992

by vessel type and size (tones)

- Proccssing and cxPort

Thcre are four processors at Benoa which prePare iced tuna for export. The

largest is PT. Sari Segara (Jtama, followed by PT. Perikanan Samodra Besar,
pT. Hemakaruna Citia Bali and PT. Bali Nusa. The tuna are gutted and gilled
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at see and stored on ice. The largest proportion of tuna are semi-dresscd for
clport to Japan, which involves removing fins but leaving the tail stock intect.

T!:/ T. p:cked in plastic and foam-lined cardboard cartons which are kept
chilled with blocks of dry ice, They are exported with the head rcrnoved io
Hawaii, california, Singapore and Hong Kong, and as loins to France. Thcse
are exported through the Ngurah Rai Airport at Denpasar. There has becn a
marked increase in the proportion of fresh to frozen tuna exported since 1990
(T"!!. 2). A_small proportion of tuna not suitable for export is consumed
locally in Bali. Though most of the retained tuna is 

""trtt"d 
either in Bali or

East Java.

Pcrformene of the Beli Longline Fishery Activities

- Spocies compositi,on

A total of gsz vessel landings and 4050 tonnes of fish were processed at psB
in 1993 (Table 3a). Yellowfin tuna was the most abundant speci.s landed (57.2o/o

9{-l9gl landings by weight) followed by bigcye tuna (3r.3;/o), albacore (3.8"/"),
billfish (3.60/o), southern bluefin tuna (3.1%) and others (mainly sharks) (o.rv"y.
The-company 

-exported 
2726 tonnes of fish, of which g1.2 tonnes (3y") were

southern bluefin tuna (sBT). The average dressed weight of fish (calculated
from Tables 3a and 3b) was highest for snr 1tot.l kg), ihen biilfistr(5s.s kg),
yellowfin tuna (38.4 kg) an_d albacore (2r.r kg). The average price per i.ilog.fr
for whole tuna "free on board" (price landed in Benoi) paid Ly 

"*pJrt"r,buying at PSB in 1993 was sBT (US$5.2), bigeye tuna (us$i.2), endyeilowfin
tuna (us$4.2). A total of 16 711.4 tonnes of tutt" was exported from Bali
Province, in 1993 (Table 2).

- Assuming that the proportion of SBT exported by psB was representative
of the proportion exported by other pto.essors, thenabout 49g tonnes of sBT
were exported in 1993. Using the ratio (calculated from Table 3a and c) of
exported to total SBT processed by psB (g1.241 /124.g7 tonnes) and extra-
p9lting that to all proccssors gives an cstimated totel landing of sBT at Benoa
gf 765.tonnes. using-the ratio of exported to total tuna pricessed by psB (2
726.1/4 050 tonncs) the totel longline catch of tuna landei in Bali was 24 g0o
tonnes in 1993. This is a-significant component of the estimated global catch
of 13 750 tonnes SBT (Klaer et al. 1994), particularly as it consistientirely of
spawning fish. vhcther the species composition and proportion of .*port"bl.
tuna processed by PSB are representative of other .o-p"trie, will be cxamined
in the future subsampling landings at pr. sari segara IJtama, the largest
processor in Bali.
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- Scason l cetch cmposition

The seasonal distribution of catches by month for each species of tuna and

billfish is presented in Figure 5. The totai catch was fairly consistent through-
out the year except for February and, to a lesser extent, March and April.
Catches were low-and there were fewer landings (Table 3a) in February than

in other months due to the peak of the western monsoon. SBT catches showed

marked seasonality in contrast to catches of yellowfin tuna (YFT)' bigeye tuna
(BET) and billfish. The largest catch of SBT was in January and there were

negligible catches from Maylo August. Albacore catches also varied seesonelly'

being highest from May to September, when the water was cooler'
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Southern bluefin tuna

Figure 5.
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SBT remain a small component (3.1"/o) of the total longline catch in Bali. It
is unlikely that the proportion of SBT caught will increase in the future. In
rec€nt years, there has been a trend away from live bait,towards more

profitable deeper see with frozen baits, which terget BET and also catch the

iarge yFT. SRT, which is the highest valued species, appears to be caught more

toaity in shallow sets, but is a small component of a catch dominated by the

lower-valued, small YFT.

Biologicel Aspccts of Southern bluefin tuna (SBI)

A total of 1208 sBT were processed at PSB in 1993. I-engths ranged from
164-199 cm (mean of 187 cm). The length-frequency distribution was skewed,

with a pcak abundance in the 191-195 cm length class (Figure 6). The dressed

weightbf SBT ranged from 55 to 170 kg (mean of 103 kg). Most fish were in
the-76-125 kg weight class (Figure 6). The weight/lcngth plot of these fish

shows a somewhaticattered relationship due either to diffcrences in condition

or, possibly errors in the length measurernent (Figurc 7). Least-squares

regressions fitted to these data provided the following equations:

v = 0.00000 oo78l:'0r2 , df = l, 897 , p < 0.001 ,

where V= weight (kg) and L= length (cm).

The fitted line is somewhat lower than that given in \$/arashina and

Hisada's (lg7}) data for pre- and post-spawning SBT, indicating that in the

northern part of the spawning ground condition is lower than elsewhere. The

length and weight data were eiamined for seasonal trends. Lcngt! showcd litde
chalnge between January and June which is near the end of the 1992/93

tp"*iittg season (fig.rr. 8). krgest speciemens were caughtin August, with
smaller flsh spawning -ot. common late in the year. More intensive sampling

is required to determined whether this trend is significant. August appeared to

be the start of the lg93/g4 spawning season. Seasonal changes in the weight of
southern bluefin tuna matched those of length. Condition calculated es thc
observed weight divided by the weight predicted from the weight/length
relationship showed no discernible trend. Condition in April and August was

markedly high.t than in other months, but the difference may have been duc

to small sample sizes. Ovary weight expressed as a percent of body weight

showed no trends over the sampling period (Figure 9). Throughout the

sampling period, ovary weight generally exceeded 2o/o of body weight'

The capture of southern bluefin tuna at the surface may be linked to their
spawning activity rather than be a preference for feeding in varm shallow. It
is likely- that they spawn at the surface like their northern hanisphere

counteiparts, the northern btuefin tuna. Their larvae are found in the surface

8t
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Irngth and weight frequency-distribution of southern bluefin
tuna processcd at Pt. Perikanan Samodra Besar in 1993. The
numbers and proportions of fish in l0 cm length and 25 kg
weight classes are shown.

15O 160 17O 18O 19O 2OO

Length (cml

Veight/length relationship of dressed sourhern bluefin tuna
landed at Pt. Perikanan Samodra Besar in 1993. The solid line is
the regression line fitted to these data. The upper and lower
dotted lines represent the gilled and gutted weights of warashina
and hisada (1970) for pre-spawning and post-spawning southern
bluefin tuna > 130 cm length
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Figure 9. Ovary weight of southern bluefin tune expressed as a percent of
body weight collected each month during 1993.

TiId laycr (Davis et al. t99o). Thc warm shallow water in the tropics is not
thcir prcfcrred habitat for feeding. Bluefin tuna havc the most t€mperatc
distribution of dl tunas, having evolved a highly specialised blood vascular
systcm that cnablcs them to maintain elevatcd body tempcraturc while feeding
in cold water (Hollend et al. 1992).In Tasmanian waters, southern bluefin tuni
are targetcd by longlines fished at depths of 40-160 m and sea surface
tcmpereture of 10-12oc (cropp 199a). Despitc bcing adaptcd to feed in cold
watcr as edults, their carly life is spent, likc all Thunnus spp., in tropical and
subtropical wrtcrs (Nishikawa et al. tlts\.

The scasonal distribution of the catch of southern bluefin tuna is probably
related to the duration of their spawning seeson. The heavy ovaries in ail
months that southern bluefin tuna arc caught in the region 

-is 
evidence that

lhqr qpawn throughout this period (August 1o April). Thi largest carches were
in fanuary which would s-yggest that this is thJ month of highest spawning
activity. As ovary weight did not decline late in the year, the same individuali
probably do not remain on the qpawning ground for the whole season: they
mey spawn and then return to temp€rate waters. only spawning fish would be
on the grounds. This aspect requires further, more detailed study. The
maintcnance of condition through the spawning season supports the theory
that fish that havc lost condition through spawning leavc the ground and are
replaced by fresh fish.
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Only southcrn bluefin tune larger than 163 cm have so far been mersured

during monitoring of this fishcry. This is larger than the minimum size et first
maturity of about 150 cm dctcrmined from examination of the ovarics of fish
caught in thc Indian Ocean south of the spawning grounds (Davis l99a)-
Possibly the critcria uscd to .ssess maturity (ovary weight and oocytc diameter)

of thes6 fish caught furthcr south rcflects their potentiel to sPewn and that
somc of the smallcr, less meture, fish do not actually sPawn that scason-

Altcrnatively, it is possiblc that only thc older, larger fish rcach thc northcrn
part of the spawning ground that is the focus of the Benoa-based longline
fishery.
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