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GEOGRAPHIC LOCATlON OF THE MAIN FISHING AREAS OF THE SMALL PELAGIC RESOURCES IN THE JAVA SEA
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146 ABSTA Cli

This study is based on the catch and effort data, collected 1rom different sources between
1976 and 1986. The composite model 01 Caddy and Garcia (1982), one 01 the models derived
1rom the Schae1er and Fox model, was used to estimate the MSY (Maximum Sustainable
Yield) and the optimum effort 01 the small pelagic resources in the Java Sea. It seems that
the current status 01 exploitation is near ~s maximallevel. The 1isheries exploit a /ot 01 species
w~h various ecological behaviors. Some, such as the coastal species, are 1ully and heavily
exploited while others, such as the oceanic ones, are partially exploited. Thus it is difficu~ to
give an accurate assessmenl. Other approaches (analytical models) would allow more
precise results. This is why the statistical data collection as well as the biological and
behavior study must be continued. Since 1976 the catch 01 small pelagic increases
contínuousfy, in 1985 it reaches 150000 tons. During this period the CPUE 11uctuates a 101.

Penelftian iniberdasarkan data hasiltangkapan dan upaya penangkapan yangdikumpulkan dari
berbagai macam sumber sejak 1976 sampai dengan 1986. Model komposit dari Caddy dan
Garcia (1983), adalah model yang diturunkan dari model Schaefer dan Fox dan dicoba untuk
menduga MSY dan upaya optimum dari sumberdaya pelagis kecil di Laut Jawa. Tampaknya
sítuasitingkatpengusahaan saatinihampirmendekatitingkatmaksimum Pengusahaanperikanan
ditujukan terhadap ikan-ikan yang mempunyai sffat dan kebiasaan yang berbeda, ikan-ikan
yang dekat pantai tampaknya telah menga/ami tekanan penangkapan yang tinggi, sedangkan
ikan-ikan yang bersifat oceanik belum se/uruhnya diusahakan. Oleh sebab itu suatu kajian
sumber daya yang tepat tidak mudah untuk dilaksanakan. Pendekatan /ain (model analítik)
diharapkan dapat memberikan hasil yang /ebih baik, sehingga pengumpu/an data statistik,
biologidan lingkah /aku harus tetap terus di/aksanakan. Sejak tahun 1976 hasi/ tangkapan ikan
pe/agis keci/ meningkat terus dan pada tahun 1985 mencapai 150000 ton, se/ama ini hasíl
tangkapan per unit upaya menga/ami peningkatan dan penurunan.

INTRODUCTION
The continuous increase 01 the 1ish catch intheJava Sea reflects the development that has taken
place in the last decade. As 1ish resources are not unlim~ed intense 1ishing may greatly affect
them. To assess the 1ishing effect on the resources there should be reliable in10rmation on the
main parameters 01 the 1isheries such as catch, effort and biology 01 the main species caughl.

. Stock assessment is one 01 the important component 01 the 1isheries management. Althoug h
there has been an increasing' number 01 assessment models in the recent years, they
generally 101l0w three major streams : (1) analytical models, (2) surplus production models,
and (3) linear models.
The surplus production model allows to estimate the MSY (Maximum Sustainable Yield) and
the optimal effort. A~hough the concept was initiated by Graham (1935), it was Schae1er
(1954) who 1irst described it as a mathematical 1unction based on the logistic growth model
01 Velhurst·Pearl. The simplicily 01 the model, which only requires catch and effort data, is
very attractive especially in a s~uation where biological data is lacking.

The catch and effort data 01 the small pelagic species caught between 1976 and 1986 in the Java
Sea was collected 1rom several sources by the project, while the data on mini purse and Danish
seines was extracted 1rom the national statistical data 01 the Directorate General 01 Fisheries.



In this paper we present the data used lor the study and we apply the composite model 01 147
Caddy and Garcia (1982) one 01 the model derivad Irom Schaeler and Fox models.

Schaeler (1954, 1957) supposed that the relationship between CPUE (elf), catch (e) and
effort (f) could be represented by :

then,

c/f = 8 + bf

c =f (8 + bf)

(1)

(2)

Fox (1970) has substituted to the linear relationship 01 Schaeler an exponential relationship
where the equations are:

then

c/f =8 • e-bf

c = f (8 . e-b~

(3)

(4)

In this model any lish population is treated as a single unn without any consideration 01 the
structure 01 the population ; thus, the dynamic 01 the population depends on the population
itself. The model relies on asteady state condition where the yield balances the growth 01 the
population.

Considering that the small pelagic biomass exploned in the Java Sea increases in relation
wnh the extension 01 the lishing ground eastward, we apply the composne model 01 Caddy
and García, derived Irom Schaeler and Fox models. It is built by normalizing the catch and effort
data in order to use tha data which originates Irom different sizes 01 the stock in the same model.

This method is based on the relationship between CPUE and lishing intensity (effort divided
by the surface 01 the exploited lishing area). The linear and exponential relationships are
represented as lollows :

c/f = 8 + b(f/A)

c/f =8 • e -b(f1A)

where A =surface 01 the lishing area.

(5)

(6)

Composlte Model on Small Pelaglc Reaources



148 By multiplying the equations (5) and (6) by f/A, we obtain the following normalized
production model :

e/A = (f/A)(a + bxflA)

e/A =(f/A)(a . e-b(tlA»

(7)

(8)

From the equations (7) and (8), we can rebuild the theoretical production model for each
considered zone by mu~iplying the two axes of the model by the surface of the fishing area (A):

e = f (a + btlA)

e =f (a . e-b(tlA»

(9)

(10)

Since 1976 the large seiners fishery has extended twice its fishing areas (fig. 1). Three fishing
areas can now be recognized :

• The North coast of Java, Karimunjava, Bawean (91 000 km'2), since 1976.

• The Masalembo and Matasiri Islands (88 000 km'2), since 1983.

• The Makassar Strait (23 000 km'2), since 1985.

2.1 Cateh

The small pelagic species in the Java Sea are mostly caught by large purse seines. Only a
small part is caught by mini purse seines and Danish seines, ·Payang". The annual catch
for every fishing gear is given in table I from 1976 to 1986.

Between 1976 and 1978 the catch slightly increased. It kept stable from 1979 until 1982,
before increasing sharply in 1983. The stagnation of the large purse seines catch between
1976 and 1982 seems due to the heavy fishing pressure exerted on the trad~ional fishing
ground. The extension of the fishing area to the East in 1983100 to an ¡ncrease of the catch
related to the beginning of the exploitation of new small pelagic resources or a larger part of
the s10cks already exploited. The mini purse seines catch increased regularly. In 1986 it was
4 times higher than in 1976 while during this period the Danish seines landing kept stable .

2.2 Flshlng effort

Among many indexes, the fishing effort can be expressed in number of fishing vessels
registered or in number of days at sea. If we had used the number of fishing vessels as aunit
of fishing effort, the result would have been biased.lt would have been over estimated since
many vessels while not fishing anymore are still registered.



Allhis stage of lhe sludy, considerlng Ihe available documenls (based on Ihe large purse seine 149
dala from Ihe fishing por.tand harbormaslerof Pekalongan), lhe besl estimalion forfishing effort
on small pelagic species in lhe Java Sea is lhe number of days al sea. Since every year lhe
average horse power of seiners increases, a correclion of Ihe fishing effort was used in lable 11.
Olher paramelers affecting lhe fishing poweroflhe fisherysuch as lhe lncreaseof lhe fishing vessels
capacity, lhe nel size or lhe changes in lhe flshing lactics are nollaken inlo accounl in lhis sludy.

Conceming Ihe days al sea, Ihe correcled fishing effort of!he Iarge purse seines increáses from
197610 1986 wilh a peak in 1985 (aimosl20 limes lhal of 1976). This sharp increase is due lo
Ihe fasl exlension of lhe fishery since Ihe Irawl ban in lhe Java Sea in 1980 and 1981. Many
Irawlers were Iransformed ¡nlo purse seines and widely modlfled Ihe figure of Ihe flshery.
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150

Small pelagic species are caughl eilher by large purse seines, mini purse seines or Danish
seines ("Payang" and "Lampara"). The large purse seine is lhe mosl importanl lishing gear
exploiling lhe smaJl pelagic resources in lhe Java Sea. In 19B3 and 19B4 large purse seiners
expanded lheir lishing area up lo lhe Masalembo and Malasiri Islands (Iig. 1). Around 63% 01
lhe effort 01 lhe large seíners was exerted in lhis area, and only 37% in lhe lradilional area. In
19B51he easlern exlension 01 Ihe fishery continued, reaching lhe Makassar Slrail. The fishing
elfort in lhe lradilional lishing areas decreased and was aboul25% 01 lhe lolal elfort, while Ihe
rale 01 exploilalion in Masalembo - Malasiri area increased lo aboul 66% in 19B5. Since 19B5
Ihe lishing eflorl 01 lhe large seiners is dislribuled among Ihese Ihree fishing areas.

Using lhe composile model 01 Caddy and Garcia, lhree lishíng areas were laken ¡nlo
consideralion. This model allows lo use alllhe available series 01 dala lrom 1976 lo 19B6 in a
same model, allhough since 19B21he surface 01 lishing areas changed (Iab. 111). To oblain Ihe
lishing inlensily, Ihe correcled lishing eflort was divided only by Ihe surface 01 Ihe Iradilional
lishing area Irom 197610 19B2. while since 19B3 il was calculaled lor Ihree fishing areas.

Table 111
TOTAl. CATCH, TOTAL EFFORT (N OAYSAT SEAlAAGE SENERSSTNDARO), e PU EAND TOTAL FlSHNG NTENSITYOF SMAU.

PElAGlC RESO.JR::ES N THEJAVA SEA ll-lREE FlSHlNGAREAS~ 1976TO 1986

T OTAl. HASIL TANGKAPAN, TOTAl. UPAYA P8'IANGKAP1W (OENOAN STNDARHARlI..NJT PURSE SENE BESAR), HASL

TANGKAPIW PEA UNITUPAYAOIW TOTAl. NTENSITASPe-lANGKAPIW DARI SUMBEAOAYA PElAGIS KECL ollAuT JAWA

BEFDASARKANTIGA DAERAH PENANGKAPIW YIWGBEABEOADARlTAHJN 1976SAMPAlDENGAN TAHJN 1986

f'lSHlllO AREA TciT~LCATCH. (:f»!JE TOTALl:FFORT TOrAt"'ISH1NQ
(TON~}LARQl:SElNEll~. ·"Tsu, . . ir;¡Ys~~seAJ

....f,;:A'M~~~,'¡ERS ·lW'~t) .
Trlldltlorial ·ÚU6
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19]8

W7ll
l~aO
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1982
1983
1984
1985
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1st exten.lon1983
1984·

19a5
1986

2ndextelu!lon198S
1986

·46980
52214
61:46·(
V'~§ ..
~5205

80~()

89~Ó

62?37

70655
7~4El2

69110
48705
52204

7?>~77
78911
58.63
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1263
fUI~
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91Q
1280
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15501
30~4

61287
711~4

103692
100 589

53194
~524

51008
-71247 ­

38042
3it385
49251
63638
4767
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4. MAXIMUM
SUSTAINABLE
VIELD AND
OPTIMAL
EFFORT

rabIe IV

RESULTS oF MSY AND OPTIMAL EFFORT ACCORDING TO THE

SCHAEFER AND Fox MODELS

NILAI HASIL TANGKAPAN LESTARI DAN UPAYA PENANGKAPAN OPTlMAL

MENURUT MODEL SCHAEFER DAN Fox
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The relationship between the
lishing intensity, CPUE and
productivity (Iig. 2) provides a
normalized model (indepen­
dent 01 the surlace 01 the lish­
ing area), which can be sub­
divided in three models ; lish­
ing area 1976-1982 (91 000
km'2), lishing area 1983 -1984
(179000 km'2andfishingarea
1985 -1986 (202000 km'2), by
multiplying the lishing inten­
sity and the produclivity by
the respective surtaces (Iig. 3).

The fishing intensity in the
traditional lishing area in­
creased between 1976 and
1982 and decreased in 1983
due to the eastward exten­
sion 01 lishing area which re­
duced the lishing pressure
elsewhere. The lishing inten­
sity was then translerred lo
the other lishing areas where
it increased quickly (tab. 111).

The decrease 01 the CPUE in
Ihe tradilional area urged Ihe
large seiners lo search lor vir­
gin fishing areas .

The resulls obtained by Caddy
and Garcia models are given
in table IV. The results
achieved by Ihe differenl mod­
els are very similar. The MSY
is lound between 175000 and
180 000 tons wilh an optimal
effort comprised between 138
000 and 187000 days at sea.



152 The calch and effort regislered in 1980 exceeded Ihe MSY and lhe oplimal ~ffort for Ihe Iradilional
area. Although Ihe effort increased in 1981 in lhis area, lhe CPUEdecreased and Ihe Iraditional
fishing areaseemed fully exploited. In 1983 the large seiners began to fish around lhe
Masalembo - Matasiri Islands. In lhis area, lhe ¡ncrease o, lhe effort is related to the increase of
CPUE. The same Irend Is observed in lhe Makassar slraitsince 1985. In 1986, Ihe catch of small
pelagic and lhe effort exerted on the resources in Ihe Java Sea are close lo lhe MSY and.optimal
effort values.U could mean that in 1986lhesmanpelaglcstockin lheJavaSeawasnealtyfullyexpoited.

Applying lhe composite model, we suppose lhal the considered stocks only differ in Iheir size
(lhen in lheir biomass) and thallhe olher sources of variations can be neglected (Garcia, 1984).
The pelagic species with high migratory behavior do not fully comply with this hypothesis. The
migratíon of the pelagic species is nol taken intoaccount by lhis model, and it is known Ihat in
the Java Sea the fish availability according to the years is highly related lo lhis behavior.

AII fisheries explo~ing pelagie resources ofthe Java Sea tend to ex1end theirfishíng ardas and
improve the fishing effieiency. Size and vessels number increase. Thus the fishing pressure
on the stock is higher. As the small pelagie are highly variable resources, it is necessary to
remain cautious about this trend. The numbef of days at sea woulu be one of the effort
estimation, but corrections have to be done to improve the qualíty of the effort estimatíon.

The resuhs given by this type of model depend on the accuracy of collected data statistics,
and the knowledge we have of the fisheries. Regarding the catch and effort data belween
1987 and 1991 concern, it seems that the data do not fit well with the model used, as some
important changes in the fishing strategyand tacties occurred and are not taken into account
by the model. However all pieces of inforrnalion cannot be taken ¡nto account. Those are only
tools allowing to give a first approximation of the exploited stage. Among the management
measures, allocation of the effort on the different fishing areas or freezing of the effort at the
current level can be considered. Ahhough fishery resources are Iimited the improvement of
the resource management entirely depends upon a good communieation among scientists,
administrators, fishermen and others ¡nvolved parties.

200.--------------------,
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