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Abstrak

Dari tujuh jenis cephalgpods yang terdapat di Selat Sspe, setiap tahunnya empat jenis cumi-cumi mendominasi
(90%) tangkapan cephalopoda. Ferikanan cumi-cumi dideskripsikan, terutama berkaitan dengan terjadinya
Fluktuasi tangkapan vang besar karvena efek-ganda dari kegiatan penangkgoan dan variabilitas iklim. Dua jenis
alat tangkap utama, Bagan—-Prahu dan Jala-Oras distandarisasi sebelum dipakal dalam analisis targkapan-upaya
penangkapan, sedangkan variabilitas iklim diwakili dergan Indeks osilasi selatan (90I). Suatu model dikonstruksi
cengan cara menginkorporasikan nilal rata-rata tahunan SOI, upaya penangkapan dan tangkapan cumi-cumi.
IMbdel ini dapat dipergunakan dalam memperkirakan tangkapan cumi-cumi. Penggunaannya untuk memprediksi
dan mengelola perikanan cumi-cumi memerlukan dilakukannya secara teratur (bulanan) monitoring tangkapan,
tingkat upaya penangkapan dan SOI. Implikasi hasil kajian ini untuk riset dan pengelolaan dibahas dalam
Kata Jamci: ogohalopoda, cumi-cumi, variabilitas iklim, ENSO, indeks osilasi selatan

Abstract

Of seven cgphalarod species occwrring in the Sgpe Strait, four species of sguid constitute 0% of the annual
cephalopod catches. The squid fishery is described, with emphasis on its fluctuating catches due to the
aombined effects of fishing and climate vardability. Two most inportant fishing gears, ‘Bagan Pahy’ (boat raft
ret) and ‘Jala Qras’ (Light lured payang) were used and standardized in catch and fishing effort analysis. The
southem oscillation index (90I) was used to represent the climate variability component. A model was then
develaped by means of inoorporating the S0I, fishing effort and squid catch. Average amnual values of these
three conmponents were used to construct the model. The model can be a usefil tool for predicting the squid
aatches. Its use for forecasting and managing the fishery requires regular monitoring the catch, fishing effort
and the SOI, preferably monthly. Research and management inplication of this finding is discussed.

Key words: cephalopod, squid, climate variability, ENSO, southemn oscillation index

Introduction period. Although the cephaloped resources had been
exploited since early 1960s, records on their fishery
in the Strait are made relatively mach later in mid

1970s. As an obwious result, cephalopod resource

The Sape Strait is located between eastern
Surbawa island in the west and western Komodo
islard in the east, ard between the Flores Sea in the

north and the Sunba Strait and the Indian Ocean in
the saxth. The oceanography of the Strait is therefore
primarily influenced by the three nelgbouring marine
ervircnrents.

The fishery in the Sape Strait is dominated by
‘ala Oras’ (payang-type fishing gear) and 'Bagan-
Prahu’ (boat raft-net) catching upon sguid and sare
arall pelagic fishes. Squid are caught throughout the
vear, but the fshery tends to be seasorel. The heaviest
landings during the year are nomally made between
Cetober and April, which is usually the rainy season

and fishery for this area are poarly wderstaood.

The life of cephalopods is due not only to their
interral Heological daracteristics, hat also inflienoed
by the environments they live. Laboratory studies

learly indicate this feature at relatively advanced
stages, hut uselly on limited experimental individals
and confinements. The present knowledge of
emvironmental influences on cephalopods at natural
stock levels is rather poor. Among the available
information are reports of Viojkovich (1%89) and Iyrn
et al (1998), all for Galifiomia cephalopod species.
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El-Nific and La-Niha are extreme phases of a
retirally ccarring climate ccle to as El-lifn/

Southem Oscillation. Both temrs refer to large-scale
changes in sea-surface tenperature across the eastem
tropical Pacific., Uselly, ssa-arface readings off South
America’s west coast range from the 60s to 70s°F,
while they exceed 80°F in the “warm poolffjlocated
in the central and western Pacific. This wamm pool
Brands to cover the tropics during El-Nifio, but
during La Niha, the easterly trade winds strengthen
and cold upwelling along the equator and the West
coast of SOLJ Ierica intensifies. Sea-surface
temperatures along the equator can fall as much as
m' below normal. La Nifia is defined as cooler than
nomial sea-surface temperatures in the tropical Bacific
ocean that {fact gldal weather pattems. la Nifa
conditions may persist for as long as two years
(NOAA, 2005) .

The El-Nifio have been reported to affect many
fisteries, such as the Fenwian andyovy stock (Qushing,
1982) and aquaculture in the Philippines (Guerrero,
1999) . Trese latter atthors also strongly indicated that
such environmental variations effectively influence
more an the smll pelagic fish resoarces rather than
other resources. This 1s because they inhebit pelagic
marine erwviroments, where the air-sea interactions
mostly take place.

Af present there is no stirlies on the effects of
climate variability on cephalopods in Indonesia. This
study 1s an attempt to: (1) describe the develogment
of marire caphue fisheries for cephalgpads in the Sape
Strait; (ii) identify possible relaticships between the
cephalopod resources and climatic changes, and (iii)
model  the cephalopod fishery which incorporates
of this study is in providing information of cephalapod
fishery in the Sape Strait, which has currently been
unavailable, and in providing a tocl for the
management of the cephalopod fishery using a
climatical ly-sensitive ggoroach.

Material and Methods

AL 1ts earlier stage the significance of
environmental variation influences has been
emphasized on some aspects, such as on general
acoont in living marine rescurces (Bakn et al, 1984;
Barber and Cravez, 1986), on fisheries (Regier, 1976;
Cushing, 1982,1984). Pauly (1980) specifically
remarked the relationships between fish growth
parameters, mortality and mean environmental
temperatures. More recently Willoughby et al (1996),
CGhofar (1996, 2000, 2001), Gofar et al (2000), Ghofar

and Mathews (1996) and gave an account on the
methodology for studying the natural enwircrmental
and pollution inflhences of fisheries. (ne of the major
phenomena which has been regarded t@fffect the
fisheries worldwide is the so-called El- Nifio and
Southern Oscillation (ENSO). This phencmenon is
assoclated with inter-armal climatic variasility. Major
El- Nifio events occurred in 1891, 1911, 1917, 1925,
1930, 1941, 1957, 1965, 1972, 1976, 1982, 1986,
1992 and 1997. The opposite cordition is usually
called Lalifia.

Cata on fishing boats, fishing gears and lardirgs
for cephalopods are published anmaally by the Dinas
Ferikanan Tirgkat 1 (Provincial Fisteries Office) located
in provincial capital at Mataram and by Dinas
Ferikanan Tingkat 11 (District Fisheries Office) at Bima,
West Nusa Tendggara.

Cata are collected according to a methodology
established by FRO and the Indonesian Directorate
General of Fisheries in 1976 throughout Indonesia
(Directorate General of Fisherdes in 1975) . Nevwertheless
it was considered necessary to visit the Dinas
Ferikaran Tingkat 1T (Fisherdes Service) . Therefore the
arthor has visited Mataram and Bima to collect fiseries
statistical data (catch by species, murber of fishing
gears), and made dboservations at the landing places
and squid stores (“gudang cuard”) in the Sape Strait.

[ata on climatic variaticons are available from
NORA/ Intermaticnal Research Institute for Climate
Prediction, U.S. and the Climatological Research Thit
of the East Anglia University, UK. Gofar (1999, 2001)
arnd Mathews and Ghofar (1999) had shown that the
Saathem Oscillation Index (SCI) is a useful parareter
that can be coveniently employved in studying the
impacts of climatic changes on marine rescurces and

The relationships between squid catch, fishing
effort and the 5301 was studied using the CLIMPROD
program (Freon et al, 2000). It provides a means of
identifying and determining whether the
envircnmental variability has no effects upon the
cephalopod fishery; or affects the cephalopod
abundance of the living rescurces; or affects
catchability upon cephalopod; or affects both
abundance and catchability of cephalopods.

Results and Discussion
The species

The Sape Strait has been cne of the major
contributors to the country's ocephalopod landings.
Seven species of cephalopods coourring in the area,
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but the landings consist predaninantly (average of
90%) wpon four leliginid squid, the Arvow Squid-
Uoteuthis bartschi, the Camon Squid-Loligo edulis,
the Siboga squid-Loligo sibogae and the Hocked
Squid-Abralia spaercki. The rest of the landings
aaprise two arttlefish species-Sapia latimamis, Sepia
handaensis and 1 octopod-Cotopus sp. Their relative
contributions to the anmual cephalopod landings are
sumarized in Table 1.

Cephalopod resource and fishery

The Sape Strait cephalopods contribute
approdimately about 2% to the overall value marine
capture fishery in the area, which involve over 40
species of fishes, crustacean, molluscs (including
cephalopods) , turtles and seaweeds. Total fisheries
production in 2003 acoonted for 19,019 tas (valued
at Rp 64,679,242,000), of which 314.3 tons (or Rp
1,009, 375,000) were cephalopods. The Sape Strait
fishery is dminated by Uala Qras” (payang-like fishing
gear) and ‘Bagar-FPrahw’ (boat mftnet) catching upon
squid and small pelagic fishes. The existing fishery
nmns cn artisanal basis, using both fishing gears
amloying light to attract the scattered squid.

The development of squid fishery in the Sape
Strait from 1976 to 2003 is shown in Table 2. There
was a gradmrl increase in fishing effort in the fishery
during the early four years. The nmber of Yala Qras”
was 88 units in 1976, increasing to 160 unit in 1979.
This nnber mairtaired relatively constant during the
following years until 2002 and again in 2003, when it
decreased to 50 units. The decrease was most likely
to be influenced by the rapld dewvelopment of the
‘Bagan Prahu” fishing, which catches squid some 7
tires as more poverful then the Uala (ras’. The latter
fishing gears was introdiced in the Sape Strait in 1979,
ard their mmbers had increased remarkably fram 130
mits (1979) to over three times (>400 units) in 2002
and 2003. Scquid catches of both fishing gears
showed an overall increase during 1976-2003, from
<100t to 2,000 tons, with sharp fluctuations.

4s shown in Table 2, the nuarber of standardized
fishing effort (using ‘Bagan Pralu’ as standard gear)
ramainad at low level (less than 75 nits) until 1979,
when 130 ‘Bagan Prahu’ was introduced. During this
period a massive increase in squid landings was
remarked, from 70t in 1976 to ower 500t in 1980.
However, when fishing effort was pushed further to
about 260 units  in 1981, the landings declined to
less than €0 tas as a result. Tre redoction in fishing
effort in 1985 from over 300 units to about 200 units
had caused a massive recovery in squid catches,
reaching over 2,000t in 1988. Unfortunately, the

Increase of fshing effort daring the successive years
still tock place, reaching a record of over 400 units in
2002. As a result a drop to almost a half in squid
landings was unavoidable, and the fellowing years
were marked by remarkable fluctuations in landings
(Figre 1).

It must ke consldered that the landings during
the fluctuating peried (1980-2003) still show other
jumps (in 1996, 1999) to =1, 000-2,000 tons and
sharp falls (in 1979-1991) teo arcund 200 tons, and
again in 2000-2003 to 170 tons.

The influences of climate variability

Aplot of squid catch against standardized fishing
effort is shown in Figure 2. The data clearly show an
extremely scattered featire. This is a typical sign of
a fishery where ratural environmental variations
(including climate) had an effect. Application of
comentional suplus yield modelling for the scartersd
data is not recommended (Mathews et al, 2001). It
was therefore attampted to incorporate a factor of
climate variability to the model. Mathews et al
(1999), Ghofar et al (2000) and Ghofar (2001) had

ed this methodology conveniently for the
menagement of sardine fishery in the Bali Strait (no
squid fishery in this area) and Ghefar (in pres, 2005)
for squid fishery in the Alas Strait.

It was identified that the southem oscillation
irdex (30I) can similarly be goplied to the Sape Strait
squid fishery, as was for Mathews et al (2001). The
sguid fishing 1s stragly affected by the ewvinomental
variatias. Tre climate variahi 1ity, as irdicated by the
301, are likely to affect both squid abundance and
catchability. Squids are highly sensitive to
oceanographic disturbance, whidh 1s related to climatic
variations. The occorrence of such process 1s assumed
to last dboit a vear ar less. It is Likely that thewse of
light to attract the scattersd sqiids in the sea is also
ineffective when the sea is rough, which may redoce
catchability upon sguids.

Figure 3 shows two yield curves, each
representing different 30T levels. This Sl-effort-catch
plot can be represented by the equation:

Yield = [40990.2751 . SOL*#*% | exp(-418.4150

ST5E B L E

- where E is the nurber of standardized fishing
efftst.

Trere is a strong carkined (301, yield ard fishing
effort) correlation coefficient, r for this egatiay r=
0.68 (p<0.01; N = 28), indicating that this model can
be used for prediction.
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Table. 1 Relative Species Contributions to the Annual Cephalcopod Landings in the Sape Strait in 2003,

Species Contributicn to cephaloped catches

Catch in tons

u

Squid:

Uroteuthis bastchi 95.7 50
Laligo edulis 28.8 15
Loligo sibogas 28.6 15
Abralia spaercki 18.1 10
Quttlefish:

Sepia latimenus N 4
Sepia bandsensis 7.6 4
Octopod:

Octopus sp 3.9 2
Total 191.4 100

Table 2. Suid catch and numbers of fishing gears cperating

in the Sgpe Strait, 1976 - 2003

Year Squid catch  Number of Number of Number of
(in tons)  Bagan Prahu Jala (ras standardized

furits) (uits)  fishing effort

(bagan units)

1976 68,5 - 88 13
1977 110, 6 - 106 15
8 194, 9 - 141 20

75 237,0 130 159 153
1580 549,0 162 123 180
1881 176,0 228 71 238
1082 57,0 250 109 266
1983 162, 5 313 50 320
1984 268,0 322 52 329
1985 576,0 183 131 212
1986 550,0 187 131 206
1087 1.383,0 187 131 206
1988 2.129,6 187 132 206
1989 1.224,0 234 105 248
1880 585,0 292 107 307
1881 228,0 292 107 307
1082 401,0 285 107 310
1993 406,0 285 99 309
1994 432,0 322 136 341
1985 627,0 322 147 337
1996 1.058,0 322 136 341
1997 1.311,0 322 136 341
1998 1.580,6 322 136 341
1999 2.008, 5 322 136 341
2000 837,0 324 143 344
2001 808.2 333 143 353
2002 493.1 409 50 416
2003 172.3 409 50 416

Source : Fisheries Offices at Mataram and Bima (1978-2005)
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The squid vield at S0I = -2, which usually takes
place during the E1-Nino years, reaches a peak of
about 700 tons, at an effort level of approxdmately
125 standard Bagan Prahu units, beyond which the
vileld continues to decrease to almost 80 tons. AC
present, there are 416 Bagan Pralu units in the area,
which means that if in the coming years the 301 1s at
the negative side as abowe, redaction of fishing effort
should wnavoidably be taken.

At S80I = +1, the squid yield continues to
Increase, up to the carrent effort lewel (416 wnits),
which means that if similar climatic condition takes
place rext year, the fishing effort level can ke
ercouraged to increase, preferably to about 500 units.
This level may raise the sguid catch up to doout 2,000
tans next year.

Figure 4 stows the values of catch per it effort
(CHE) at the different levels of S80I ad fishing effart.
At 5301 = -2, there is sharp exporential decrease in
CPUE, fraom 5 tons/Bagan Prahu to 1 ton/Bagan Prahu
(at amrrent effort level) . If the agnirng year similar climatic
changes ooour, it is likely that there would be ro squid
to catch, wless effort level is redaced to about half.

At 501 = +1, CPUEs are relatively constant at
about 4 tons/Bagan Prahu, excepting at the lower
effort levels of aroud 100 units. At the present effart
level (416 units) CHIE can slightly be increased if the

imilar climetic eondition cooars.

Between and beyond  these two 30T levels there
are many yield curves and CPUE curves, which can
ke generated by irserting the values of fishing effort
levels and the SCI. The coming SCI values can easily
be obtained fran climate forecast data, e.g. fram
NCAA and EACRI, as above menticned. Effort levels
can ke relatively more marageable, as it is up to the
fisheries managers and the stakeholders, who can be
usefial data soarces.

Once these two values can be dotained, the squd
yield for the canirg year can be predicted. This is the

CHJE at different S0I and effort levels for Ssape Strait squid fishery

dynamic featire, as well as the sinplicity of this model.
Simplicity is important so that the model can be easily
urderstood and implemented by fishery managers and
fishers. It 1is also dynamic because it enables the
maregers to adjust the fishing effort level at given S0L0
vales, so that it canbaefit most to the fishery.

Research and management implications

The squid resource has been heavily exploited,
most intersively durirg the last few years. The sharp
fluchatias in squid ladings in the Sgpe Strait clearly
Indicate that the sguid resoarce is inunstable state,
as a results of the catbined effect of heavy fishing
and unfavourable marine envirocnmental conditions,
occurring during the El-Nino years. This feature has
been the principal cause of low squid catches (sepi
cumi) during the El-Nino years, and brought about
ncertainty to most squid fishers.

In order to use this model for the management
of squid fishery, precauticnary approach should be
taken, particularly by means of updating data of the
three parameters (301, squid catch ard fishing effort)
imvelved. As a dynamic model, it is possible that
changes in the three parameters may lead its
updating. One of the principal challenges the
menagerrent of squid fishery in the Sape Strait ramains
in the area of monitoring the cperation of fishing
veszels. Regular monitoring, of fishing boats, fishing
gears and squid catches should ke done, preferably
anmonthly basis, so that timely fisheries maragement
could be performed. This role can ke led by Local
Offices for Marine and Fisheries (Dimas Kelautan dan
Ferikaran), with the adrice of figeries scientists. Tn
addition, the monitoring will identify whether there
are changes in size of fishing boats, fshing gears and
engines, vhich all uwsially affect fishing pover. hhereas
data on S0I and other climatic changes can be easily
obtained from the above address, which should be
the resporsildlity of fsherdes soientists, relidble data
on the nurber of operating fishing gears will depend
exlusively an modtoring results. Farthemmore, it is
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ard coeancgraphic changes over time, so that their
effects on squid resource and fishery can be
thoroughly understood.

Establishment of a fisheries management body
for the Sape Strait is essential, invelving all
stakeholders in this fishery and fishery scientists. The
soope of its work will not ideally limit onmerely aqud
fishery, hut should include all fisheries in the Sape
Strait as a whole. The form of the management body
and who should be the stakeholders will need to be
disossed at earlier stage. Initial meeting should ke
held between Local Offices for Marine and Fisheries
(Dinas Kelautan dan Perikanan), Development Plan
(Bappeda), key fisheries persomel in the fishing
communities and NGO. Furthermore, the
management body may strengthen coordination
retween institutiors, and between stakeholders. These
are the area of works which are supposed to consider.

Conclusions

Tre squid fishery is clearly influernced by climate
variability. The squid resource had been heavily
exploited, leading to an instability of the exdisting
fishery. The fluctuations in squid catches had been
the reaalts of a carbined effect of fishing and this
natural ervironmental variations. A sinple, dynamic
model was developed by means of incorporating
the southemn oscillation index (301), squid catch and
fishing effort. The model, represented as:
Yield = [40990.2751 . SOL - |
. SOI—E.QJ.&:—Z . EH . E

exp(-418.4159

can be used as a useful tool for predicting the squid
catches, provided that changes in fishing effort and
501 are monitored regularly each month. Further
ahead it can ke carefilly wsed for meraging the fishery,
taking into accant the fishery daracteristics ard their
potential changes. It should ke noted that a thorough
wncerstardings on the squid fishery is therefore vital
for fisherymanager in the area.  Effective wse of this
model in timely fishery management would also
require regular monitoring upon catch, fishing effort
ard the 501, preferably monthly. Cnce the values of
fishing effort and S0I can be identified, the squid
yield for the aoning years can be predicted. A fisheries
managerent body for the Sape Strait is required and
may be tasked to strengthen coordination among all
stakeholders in the fisheries and to ensure that the
above monitoring role are performed timely and
affciantly.
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