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Abstract

The Alas Strait squid fishery is described, with emphasis on its fluctuating catches due to the combined
effects of fishing ard climate variahi lity., The fishery almst exclisively aploys Yala oras’ (Light-luwed payang-
type fishing gaars), which was used in catch and fishing effort analysis. Five squid species amstitute 95% of
the cumlative annual cechalopod catches. The southern cscillation index (S0I) was used to represent the
climate variability component. A 44-year data set, starting fram 1960 to 2003, comprising the S80I, fishing
effort and squid catches was used in the analysis. There is a very strong aorrelation (0. 001) between the
three components. Amodel for the Alas Strait squid fishery was therefore develqgeed by maans of inoorporating
these three components. Average arual values of S0I and fishing effort were used to construct the model.
The model can ke a useful tool for predicting the squid catches. However, it should be carefully used for
forecasting and managing the fishery. In order to effectively used the model, mnitoring the catch, fishing
effort and the 80T should be carried out, preferably monthly. A suggestion for improving the fishery managament
1s outlined, involving participatory fishery research, planning and managament, . in an attenpt to enhance
the ownership of the fishery.
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Abstrak

Tulisan ini mendeskripsikan perikanan cumi-cumi di Selat Alas, khususnya berkaitan dengan fluktuasi tangkapan
yang terjadi karena pengaruh aktivitas penangkapan dan variabilitas iklim. Cimi-cumi ditangkap dengan jala—
aras (sejenis payang dengan lanpu sebagal alat bantu mengunpulkan cumi-cumi); tangkapan dan alat tangkap
inilah yang dipakal dalam analisis. 90% tangkspan cephalgpods beripa cumi-cuml yang terdiri dari 5 spesies.
Inckks osilasi selatan (SOI) dipakal sshagel paraneter vang mewakili variabilitas 1klim. Satu set data 44 tahun
(18960-2003) , mengenal S80I, upaya penangkapan dan tangkapan cumi-cumi dianalisis. Diperoleh korelasi yang
sangat kuat (p>0.001) antara ketiga komponen. Dengan memasukkan ketiga komponen tersebut, suatu model
perikanan cumi-cumi untuk Selat Alas dikembangkan. Untuk mengkonstruksi model tersebut dipergunakan nilai
rata-rata tahunan untuk S80I dan upaya penangkapan. Model yang dihasilkan dapat dipergunakan untuk
memprediksi tangkapan cumi-cumi. Meskipun demikian penggunaannya untuk peramalan dan pengelolaan
perikanan haruslah hati-hati. Renggunaan model secara efektif mensyaratkan dilakukannya monitoring terhadsp
ketiga kawponen diatas setigp bulan. Disarankan cara-cara meningkatkan pengelolaan perikanan cumi-cumi,
khususnya sehubungan dengan riset, perencanaan dan pergelolaan, samuanya secara partisipatif, sebagal upaya
untuk meningkatkan rasa-memiliki masyarakat terhadap sumberdaya perikanan cumi-cumi.

Kata ki @ ami-cuni, variabilitas iklim, ENSD, indeks osilasi selatan

Introduction E to 0905 8/ 116°20' E in the west and 08°05 8/
11730 E to 0905 8/ 117°00° E in the east. Althouch
it has sare shallow parts, espacially those aporoaching
the two coasts having depths of 1-20 m, most of its
area are rore aan 200 m deep, specifically those
goproaching the Bali Sea, the Flores Sea ard the Ticlian
Ocean. Daily changes cccur 1in water masses
transporting fram the south to north, and back; this
alternating curment is usally strorg.

The Alas Strait is located in the West Nusa
Terggara (NIB) Province, between the districts East
Lcrnbokj.nthemesta:i Surrbawa in the east, and
is comnected to the Bali Sea and Flores Sea in the
north and the Indian Ocean in the south.
Geagraphically the Strait is lined by 08'05'S/ 116°20'E
to 08°05'5/ 117°30"E in the north, 09°05'S/ 116°20'E
to 09°05° 5/ 117°00° E in the south, 08'05 S/ 116°20°
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Tre fisheries of the Alas Stralt are sugoorted by
artisanal fishemren. Several fishing gears employed
in the area include the ‘jala—oras” (a light lured,
lanff§a-type seine net), 'bagen perahy’ (boat raft-
Liftret), ‘piat prtal’ peadh seire), Maring KiGK (ddft
gillret), “jaring insang tetap’ (set gillnet), ‘el tre’
(e long lire) ard fish traps. The armlative armaal
catches usually consist of about 40 fish species and
about 20 others (crustaceans, molluscs, mammals and
sea weeds) . These include clupeids, carangid,
scanbroids, sphyrhaenids, magilidae, sharks, rays,
histiophoridae, stromateids, exoooitidae, belonidee,
panadasyidae, lutjanidae, leiognathidae, squids,
artlefistes, clan, ms=els, ackles, shrinps, cras and
Idceters.

The Alas Strait has been the larmgest contributor
to Indonesia’s ogohalopod landings. Fifteen species
of cephalopods occurring in the area, but the
arilative amel catches aonsist almost entirely uoon
five squid species, i.e. the Comron Squid - Ioligo
edulis, the China Squid - Loligo chinensis, the Siboga
squid - Loligo sibogae, the Arrow Squid - Uroteuthis
bartschi and the Purpleback Flying Squid -
Stheroteuthis oualaniensis (Ghofar, 1989).

Although it is well understeocod that living
arganiams are affected by their natural ervironments,
our present knowledge about natural envirormental
influences on cephalopod resources worldwide is
abeolutely scarme. Previaas studies had been scattered
In several interests for non-ceptalopod, such as: the
general acoonts of erviramental vardakility influences
upan living marine resources (Bakun et al, 1982;
Barber ard Chavez, 1986), and upon fisheries (Regier,
1976; Cushing, 1982,1984) . Pauly (1980) specifically
remarked the relationships between fish growth
parameters, mortality and mean environmental
taneratures.

More recently Willoughby et al (1996), Ghofar
(1996, 2000, 2001), Chofar et al (2000), Ghofar and
Mathews (1996) and gave an account on the
methodology for studying the natural environmental
and pollution influences an fisheries. Ore of the major
phenomena which has been believed to affect the
fisheries is the so-called El-Nifo and Southern
Oscillation (EN3D) . Sare fin-fish fisheries have been
reported to be affected by El-Nifio, such as the
Peruvian anchovy stock (Cushing, 1982) and
agqueculture in the Filipoines (Guerrero, 1999). These
latter authors also strongly indicated that such
ardramental variations effectively influence more on
the amall pelagic fish resources rather than other
resources. This is because they irhabit pelagic marine

ervironments, where the air-sea interactions mostly
take place.

The ENSO phencmenon is associated with inter-
ammual climatic variability. Major El- Nifico events
occurred in 1891, 1911, 1917, 1925, 1930, 1941,
1957, 1965, 1972, 1976, 1982, 1986, 1992 and 1997.
The goposite codition is usaally calls ifa. The
term El-Nifo/Southern Cecillation refers to lange-saale
charges in sea—surface tearperatire across the eastem
tropical Pacific. Usally, sea-surface readings off Saith
Arerica’s west coast range from the 60s to 70s°F,
while they exceed 80°F in the “warm poolflocated
in the central and westem Pacific. This wamm pool

to cover the tropics during El-Nifio, but
during Ia Nifia, the easterly trade winds strengthen
and cold upwelling along the ecuator and the West
coast of Souff) Arerica intensifies. Sea-surface
temperatures along the equator can fall as mich as
E‘ kelow nonmal. Ia Nifia is defined as cooler than
nomal see-surface tenperatures in the tropical Bacific
ocean that impact glcbal weather pattems. Ia Nifia
conditions may persist for as long as two years
(NORA, 2005) .

Previous studies including Ghofar (2002) and
Mathews et al (2001) had indicated that a model
incorporating ENSO effects anto the Alas Strait squid
fishery would be feasible, when long encuch time-
series data are available. This study is an attant to:
(1) describe the develogrent of squid fisheries in
the Alas Strait fram 1960-2003; (1i) exanine possible
links between the squid rescurce and ENSC, (iii)
icentify the extert to which ENSD affect the fisheries,
and (iv) when feasible to model the relaticnships
between the fishery and climate variabi 1ity.

Materials and Methods

Data on fishing boats, fishing gears ard landings
for cephalopods are published armual ly by the Dinas
Perikanan Tingkat I (Provincial Fisherles Cffice) located
in provincial capital at Mataram and by Dinas
Berikaren Tirgkat IT (District Figeries Office) at Selag
— East Lombok, West Musa Tenggara.

Data are collected according to a methodology
established by FRO and the Indonesian Directorate
General of Fisheries in 1976 throughout Indonesia
(Directorate Gareral of Fisteries in 1975). Nevertheless
1t was considered necessary to visit the Dinas
Perikaran Tirgkat IT (Fisheries Service). Therefore the
auttor hes visited Mataram and Selong to collect such
fisheries statistical data, and mede cheervations at the
larding places and sguid stores (“gudang caml”) in
the Alas Strait.

ENSD Effects on The Alas Strait Sguid Resource and Fishery (A, Ghofar)
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Data on SOI (Souffferm Oscillation Index) are
available fram NORA/IRT (International Research
Institute for Climate Prediction), U.S. and the
Climatelegical Research Unit of the East Anglia
University (EACRU), U.E. Ghofar (1999, 2001) and
Mathews and Ghofar (1999) had shown that the SCI
is a useful parameter that can be conveniently
employed in stidying the impacts of climatic changes
on marine resources and fisheries.

The potential relationship between squid catch,
squid fishing effort ard S0I was studied using the
CLIMFRCD program package (Freon et al, 2000) . The
software provides a methodology for identifying and
determining whether the enviramental variakd lity: (1)
does rot affect the fishery; (ii) affects the abadance
of the living resorces; (1ii) affiects catchalilityy (iv)
affects both abundance and catchability. A 44—year
data set, conprising the 501, fishing effort ard squid
catches was used in the analysis and model
anstmrtion.

Results and Discussion

The Resource and the Fishery

Fisheries statistical data for the Alas Srait had been
recorded since 1960. The fishery based in West
Srtewa 15 almost entirely directed toward the Bali
Sea and Flores Sea, and there is o landings” partition
betuween the Strait and the Bali/Flares Sea. Recording
of the latter distrid’ s fisheries statistics started later In
1976. Because the West Surbawa contributicn to the
Alas Strait squid fistery is relatively regligible, the
East Lambok statistics may be considered as
representing the whole Alas Strait for squid fishery.

The developrent of aquid fishery in the Alas Strait
fram 1960 to 2003 is shown in Table 1 and Figure 1.
Tre nirber of ‘Jala—(ras’ boats goes up almost steadily
from 60 units in 1960 to 700 units in 1978. This
apradmately twelve-fold ircrease of fishirg effort bas
had an impact on squid catches, which increased
roughly seventeen times fram 70 tons to over 1, 600
tans during this periods. However, when fishing effort
was pushed further to about 730 units by means of
fishery motorization in 1979, the catches declined to
about 1,000 tons in 1979, as a result. Unforbaorately,
the increase in fishing effort during the successive
years was unoontrollable, reaching a record of over
1,700 units in 1980-1981. As a result a fall teo almost
a half in squid catches (500 tons) in 1980-1981 was
unavoldable, and the following years were marked
by sharp fluchiations in catches.

It should be considered that the catches during
the fluctating pericd (1979-1999) still show another
Jume (in 1996) to 1,800 tors and a sharp fall (in 1997)
to around 600 tens, and again in 2002-2003. The
lowest catches were recorded to cccur in 1994 and
2002-2003 (about 50 tons) . Camparing these results
with data in Figure 1, it is clear that althouch soquid
regoirce in the Alas Strait had been heavily exploited,
fishing effort is rot the sole factor affecting the fidery.
There must be another factor, i.e. erwvircrmental
variakility, which also influences the resomrces.

The influences of climate variability

A plot of squid catch against fishing effort
(rurker of jala cras) 1s shown in Figare 2. The data
show an extremely scattered feature, which makes
the goplication of canerntianal suplus yield model ling
impessible. It was therefore attenpted to identify the
cause of such strong variations in order to enable
irncorporation of thet factor to amodel. Gofar (2001),
Ghofar et al (2000) and Mathews et al (1999) had
used this methodology conveniently for the

menagarert of the Bali Strait sardine fishery.

It was identified that the scuthern oscillation
index (SCI) can similarly be applied to the Sape Strait
squid fishery. The squid fishing is strongly affected
by the emwirormental variations. Climate variability,
as indicated by the 501, are likely to affect squid
abundance. Sgquids are highly sensitive to
ccearographic distirbance, which is related to climatic
variations. The onset of such process is assumed to
last dboat a year or less. Catdhability upon squids is
unlikely to ke affected in this fishing method, where:
(1} squid schools undertakes inshore spawning
migration in the vicinity of Tarmjung Ringgit to Tarjung
Iuar areas; (i) lidht 1s an inportant elanerts in squid
fshing gperation, and (111) fishing is operated by mears
of actively encircling the attracted squid school .

Figure 3 shows a multiple yield curves, each

plot can be represented by the equation:

Yield= E . [(0.00103 . SOI**7%)
] & @)

. —0.00074 .

where E 1s the fishing effort and 501 is the
southern cecillation incex.
Tre ocorrelation aeefficient, r of this egatim is

0.53 (very strong correlation, g0.001), irdicating that
this model can ke used for prediction.
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Teble 1. Squid catch and nunders of fishing gears gperating in the Alas Strait Strait, 1960 - 2003

Year MNo.hlaOras (units) Squid catch (tons)
1960 63 68.5
1961 101 161.0
1962 142 203.8
1963 198 240.6
1964 244 260.3
1965 305 300.0
1966 321 403.8
1967 364 444 3
1968 378 450.9
1969 409 531.3
1970 453 580.6
1971 489 508.8
1972 501 661.3
1973 523 633.8
1974 548 788.0
1975 605 792.3
1976 623 1629.0
1977 655 870.0
1978 702 350.0
1979 728 1011.0
1980 1673 506.0
1981 1738 622.0
1982 1071 990.0
1983 937 717.0
1984 1164 628.0
1985 853 941.0
1986 510 668.0
1987 483 442.0
1988 507 902.0
1989 371 607.0
1990 300 181.0
1991 372 161.0
1992 391 605.0
1993 391 132.0
1994 391 58.0
1995 412 516.0
1996 595 1810.0
1997 547 426.0
1998 451 3754
1999 394 504.2
2000 394 535.5
2001 503 629.9
2002 553 95.2
2003 555 66.7

The squid vield at S0I = -2, which usually takes
place during the El-Nino years, reaches a peak of
about 350 tons, at an effort lewvel of approximately
600 jala cras units, beyond which the vield contimes
to decrease to almost zero. AL present, there are 550
jala oms units in the area, which means that if in the
aoring years the 301 1s at the negative side as aboue,
addition to fishing effort should rot ke allowed.

At 50I = 0, the squid yield shows a modest
Increase, up to the current effort lewel (550 units),
which means that 1f similar climetic condition takes

place in the fellowing year, the fishing effort lewvel
can ke encouraged to increase, preferably to about
1,400 units. This lewvel may raise the squid catchup
to aoout 1,100 tans in the following vear.

At SOI = +2, the squid yield continues to
increase, up to the awrent effort level (350 undts),
which means that if similar climatic conditicon takes
place next year, the fishing effort level can be
encouraged to increase, preferably to about 1, 800
wdts. This level may raise the aquid catch up to about
2,500 tons in the following year.

ENSD Effects on The Alas Strait Sguid Resource and Fishery (A. Ghofar)
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Figure 4 Squid CHE at different SOI levels

Figue 4 shows the values of catch per unit effort
[CHE) at the different levels of S0I ard fishing effort.
This model can be used comveniently to describe and
predict the sgquid catch at irdividal (each fishing boat)
level, which may be nore attractive to aquid fishers.

Af 50T = -2, a sharp decrease in CHE is shown,
fron 0.9 tan/Jala aras to zerm. With arrent effort lewel
of 550 units, if the caming year similar climatic
changes ocour, there should be no increase in effort
lsel.

Af 501 = 0, CPUEs modestly decrease from about
1.4 tas/nit to 0.7 ton/unit. Increase in fishirg effort
level in the following year would reduce CPUE from
1.2 tons/unit to 0.7-1 tan/unit, although total catch
may be expected to increase as above.

At 301 = +2, CPUEs gradually decrease from
aboat 1.8 tars/init to 1.5 tas/unit. Increase in fishing
effort level next year would reduce CPUE fram 1.7
tonsAmit to 1.6-1.5 tons/unit, althoush the total catch
may go up to 2,500 tans as previocusly mentioned.

Between and beyond these three S0I levels
there are many yield and CFUE curves, which can be
generated by inserting the values of fishing effort
levels and the S0I. The caning 301 walues can easily
ke dotained from climate forecast data, e.q. from
IRI/NOAA website and EACRU, as above mentioned.
Effart levels can be relatively more menageable, as it
is up to the fisheries managers and the staleholders,
who can be useful data sources. Once these two
valies can be dotained, the aquid vield for the caming
year can be predicted. This is the dynamic featire, as

well as the simplicity of this model. Simplicity is
important so that the model can be easily understood
ard implemented by fishery managers and fishers. It
is also dynamic because it enables the menagers to
adjust the fishing effort level at given 301 vales, 20
that it can berefit most to the fishery and fishers. A
precautionary approach, however, should be taken,
particularly by means of updating data of the three
camponents involved. If this can be implerment, a
timely squid fishery management can be further
supported.

Tre sharp fluchuations in aquid catches in the Alas
Strait clearly irdicare that the sguid resource is in
wnstable state, as a results of the cobired effect of
heavy fishing and unfavourable natural conditiors. The
squid resource has been heavily exploited, most
exc.essive since 1978. One of the principal
challenges in the managarent of squid fishery in the
Alas Strait is likely to ke in the ares of monitoring.
Fegular monitoring of fishing beats, fishing gears and
squid catches should be carried out, preferably an
monthly basis, so that (as above) timely fisheries
management could be performed. In addition, the
monitoring will identify whether there are dhancges in
size of fishing boats, fishirg gears ard engires, which
all affect fishing power. Whereas data on SO0 ard other
climatic charges can be easily dotaired from the above
address, reliable data on the nurber of gperating
fishing gears will depend exclusively an monitoring
results. Farthermore, poor coordination between
Instifoions in the fshing ports lead to possible fshing
activities by ron-licensed fishing vessels. These are
the area of works which are sugposed to consider.

ENSD Effects on The Alas Strait Sguid Resource and Fishery (A, Ghofar)
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Management implications

Previcus studies (Ghofar, 2002; Mathews et al,
2001) had cutlined the menagement regimes exdsting
in the Alas Strait fishery. This paper does not interd
to review them, rather putting in place the model
which is obtained above onto the management
practice. It should be mace clear that a participatory
fishery management plan will have to be created.

The model clearly change the fishery
managarent perspectives from merely static (i.e. as
usually shown 1in management employing
conventional surplus yield modelling) to a more
dynaric ard active vision. As a tool for timely fishery
managerent, this model will require a pro-active
actiorns by the fishery managers and sclentists in order
to fulfil the above needs. A participatory fishery
management would be an advantage to be applied
in the area, as it can provide basic data and
information needed for management. And above all,
it would enhance the ownership of the fishery
management plan.

In order to perform a raticnal management of
the fishery, at the sclentific side, the processes
immolving climate-oceans-squid biarass production
should be clearly understood. A thorough study of
this area 1s required to address the above need as a
basis for the maragament of the Alas Strmit fishery as
awhole, but is particilarly inportant for the Al £l lment
of the recent need of the new existing management
system which requires a sclentific, independent
supports. Apart from stidies which are available from
existing research institutions and local universities,
participatory research should be encouraged. With
this, sclentists require to transfer fshery scace to the
stakeholders, partioularly the local fishers. It is dovddos
that a “fishery sclence made-easy” should first be
produced as teaching materials. It should cover: (i)
basic fishery processes; (1i) why we need to sustain
the fishery; (iii) how to assess the resources; (iv) how
figers can help sustain the fishery.

With reference to the model dotained, a general
strategy for the managarent of the Alas Strait aguid
fishery may be autlined as follows:

1 DMondtoring of the three ocomponents of the model
(201, =quid catches, fishirng effort) each mnths
50 as to anticipate an unomitrolled impacts as a
results of changes upcn one of the three
camponents. Chservations on catches should also
identifyy whether there is any changes in species
camposition. Fishing effart should be mondtored
as to identify any changes in nurker, size and

kind on fishing boats, fishing gears and light
scurces. This monitoring system should also be
ardicted in ander to perfama  “real time fishery
management” .

Z  Peal participation of all stakeholders irvolved
should be ercoaraged, including input fram ‘leocal
knowledge and wisdan' . Participation should be
performed at all managerent processes, from
issie identification, fishery shidy ard assesarent,
planning, implementaticn, monitering and
aaluation.

3 If weather forecast indicates an El-Nirnc (necative
ENS0) for the coming year or months, then the
following procedures may be considered:

Holding a coordination and discussion with
all stakeholders

(braining forecast climetic data, partiailarly
S50I. Based upon the model, predict the
fishery and give a briefing concerning all
possible consequences of the impacts, and
disass possible action to solve it.

A firm but wise statement may be
irtrodiuced that fishing effort rediction is
required in order to avoild the collapse of
Facilitating a stakeholders’ discussion on
altermative activity (ies) which may be taken
by fidhers, e.g. (1) sagoort of offdore fishery
for the Indian Coean tire, skdpjack, or sharks;
(2) facilitate (by padampingan) the fishers
to: (a) increase the gqality of fish landed to
increase fish price, =o that the higher price
per given weight is expected to reduce
fishing pressure; (b) experience relevant
coastal sea weed culture, as an altermative
livelitood for the family.

4 (nthe cotrary, if Anti El-Nino (positive ENED) is
forecasted to care, similar procedure shoald also
aplied, hit here at an aim to anticipate the ‘good
squid season’ so that fishers can be prepared to
fish and use their harvest wisely rather then
uroontrollable., This is similarly dnportant, becanse
uwise use of wealth will encourage intensive
resource exploitation next year (when the wealth
has gone), while no cne can assure whether next
vear is ‘good’ or ‘kad' squd seasons.

Conclusions

The squid fishery is clearly influenced by ENSO.
In addition, the squid rescurce had been heavily

112 ENSO Effects on The Alas Strait Squid Resource and Fishery (A. Ghofar)
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exploited, leading to an instability of the existing
fishery. The fluctiations in squid catches had been
the resalts of a corbined effect of fishing and this
natural envircnmental variaticns. A simple, dynamic
model was developed by means of incorporating
the southemn oscillation index (90I), squid catch and
fishing effort. The model, represented as:

Yield = E . [{0.00103 . SOI*#7%)
E] 1 (2.853831)

. =0.00074 .

can be used as a useful tool for predicting the squid
catches. Further ahead it can be carefully used for
managing the fishery, taking inte acoont the fishery
characteristics ard their potential dhanges. It shoald
be noted that a thorough urderstandings an the squid
fishery is therefore vital for Sabery manager in the area.
Effective use of this model in timely fishery
management would also require regular mondtoring
upon catch, fishing effort and the SOI, preferably
monthly. Cnce the values of fishing effort and 301
can be icentified, the squd yield for the caning years
can ke predicted.

There is an urgent need to improve the squid
fishery by means of participatary fishery research and
menagament, in which the stakeholders will play a
vital mole in isae idatification, assessing the fishery,
constructing a viable fishery managerent plan, its
iImplementation and evaluation. Only with this can
they be expected to have the ownership of the
managerent plan and the fishery.
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