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SYSTEM SIMULATION OF THE BEHAVIOUR OF TRAWL FLEET UNDER
ALTERNATIVE MANAGEMENT POLICIES IN THE WEST COAST OF
PENINSULAR MALAYSIA

By

MOE SHWE SIN

September 2016

Chairman : Tai Shzee Yew, PhD
Institute : Agricultural and Food Policy Studies

The Malaysian trawl fishery is besetting with many issues including overcapacity,
overfishing, trash fish landings, IUU fishing etc. The fishery resources in the West
Coast of Peninsular Malaysia are alleged to be overexploited due to the rapid
development and expansion of the trawl fleets since 1960s. Management policies have
been implemented in the hope of attaining sustainable exploitation of the fisheries
resources in the region. The zonal licensing scheme was applied to control the
overcapacity of trawlers by restricting access through the issuance of vessel licenses.
However, problems such as excessive fishing effort and overexploitation of the
demersal fish stocks by trawlers, encroachment of trawlers into the inshore areas, and
conflicts among traditional fishermen and trawlers still exist in the West Coast of
Peninsular Malaysia.

In the context of management of trawl fishery in the West Coast of Peninsular
Malaysia, the responses of fishers to management measures need to be evaluated in
order to predict the appropriate management interventions. Therefore, the study is
conducted with the objective to evaluate the impact of alternative management policies
on the trawl industry in the West Coast of Peninsular Malaysia. To achieve the above
objective, a system simulation model is developed to evaluate the performance of trawl
fleets and, based on the results of simulations, management policy recommendation
will be proposed for the Zone B and Zone C trawl fishery of the West Coast of
Peninsular Malaysia.

The system simulation model is developed with the three-way interaction between fish
stocks, industry and management measures and is used to simulate and evaluate the
performance of fishery. These interactions will be tested in the simulation model,
including sensitivity analysis. The interconnection between the three main modules
such as biological module, economic module, and industry module is evaluated. Under



each main module, the interface variables such as sustainable catch, profit, and effort
are computed through the estimation of the relevant parameters in each module.
Moreover, the system model is validated in order to get the closely mimic the real
world system through the sensitivity analysis. The behavior and performance of the
industry are simulated using the system model with two scenarios such as open-access
and simulated behavior in response with the alternative management policies.

The performance of the industry is evaluated through some key performance variables
such as fishing effort, total sustainable catch of the three targetted species groups, total
profit and profit per vessel in order to propose the proper combination of the
management policy implication in the West Coast trawl fishery in Peninsular Malaysia.
The data used in this study include both primary and secondary data for the estimation
of the parameters and constants of the mathematical equations. The annual catch and
effort data of the three targetted species groups is used from the Annual Fishery
Statistics of Department of Fishery, Malaysia. The economic data especially for the
cost data such as operation costs: bait, fuel, maintenance, gear replacement or repair
and food for the workers, and fixed costs: haul, engine, equipment and the possible
opportunity cost of the vessels will be collected from survey data.

In Zone B, the open-access simulation result showed that fishing efforts are increasing
over time from 2012 until 2062. However, the catches of the targeted species groups
are declining and the CPUESs of the three targeted species groups are also decreasing.
This condition can be explained due to the unlimited increasing of fishing effort. Even
with the increasing of fishing effort, the catches of all target species groups are
decreasing. Base on the results of the open-access simulation analysis, this may suggest
that the zone B trawl fishery will be overexploited in the long run. The results of policy
(1) analysis of reduction in vessel license, the results indicated that decreasing licenses
give the decreasing of fishing effort and the higher catch and the proper level of
license issued reduction in zone B is policy 1 C and 1D of 30 per cent and 50 per cent
license reduction levels. The results of policy (2) of fuel price subsidy reduction
showed that there is no significant effect on fishing effort, catches and profits of the
industry and this can be seen that fuel price subsidy reduction policy can be low impact
to the Zone B trawl fishery. The results of policy (3) of increasing landing charge
imposing with different levels showed that increasing landing charge caused the
increasing cost and lowered the profit level which in turn reduced the fishing effort.
The results of policy (4) analyzes of Zone B showed that the higher catch and also
higher profit can be ascertained from policy 4C of 50 percent license reduction coupled
with 20 percent fuel price subsidy reduction and 15 percent landing charge. In the
numerical expression of proposed policy for zone B trawl fishery, the license issued for
the Zone B is 1,500 licenses with 20 per cent fuel price subsidy reduction and the
landing charge of 15 percent of total revenue should be imposed in the effort control
management of West Coast Zone B trawl fishery from 2012 to 2042.

In Zone C, the open-access simulation results showed that fishing efforts are increasing
over time until 2062. However, the catches of the targeted species groups are also
increasing and decreasing trend was found in only in the later 15 years of simulation
from 2047 to 2062. Base on the results of the open-access simulation, this may suggest
that Zone C trawl fishery can be regarded as it is not in overexploited condition yet.



Therefore, the fishing effort in Zone C can be increased to the certain level which can
give higher catch and profit for the industry. The results of policy (1) analysis:
increasing in vessel licenses, showed that the proper level of license issued increasing
in Zone C is policy 1C and 1 D of 50 percent and 100 percent license increasing from
the 2012 level. The policy (3) of increased landing charge imposing with different
levels showed that the proper level of landing charge percentage should be considered
in Zone C of the West coast trawl fishery. The results of policy (4) analyzes showed
that increasing license issued gives more catch and get higher profit per vessel, and in
this study, 100 % license increasing (policy 4C and 4 D) gives more profit than 50 %
license reduction (policy 4A and 4B). Therefore, the proper policy combination for
Zone C is policy 4C and it is the combination of 100 % license increasing and 15
percent landing charge. In the numerical expression, the license issued for the Zone C
is 1,400 licenses coupled with landing charge of 15 percent of total revenue should be
imposed in the effort control management of West Coast Zone C trawl fishery from
2012 to 2042.

Base on the results of West Coast trawl fishery, the fish resources in Zone B are
overexploited and it is needed to control the fishing effort by reducing the trawl vessels
in this area. However, the fish resources in Zone C are not overexploited yet and the
potential for the higher catch with increasing fishing effort is still out there. Despite
being needed to be banned the trawlers, the option of removing the trawlers from near
shore to offshore fishing will be another policy option to ascertain the resource
sustainability. From the simulation results from the study indicated that the zone B
trawlers should be decreased and whereas of Zone C still can be increased to the certain
level. The recommendation for the proposed policy option is to reduce the zone B
trawlers and transformed to Zone C licensed trawlers by pushing them to further away
from near shore fisheries. Therefore, the viable policy option is to transfer the excess
trawl fishing fleet from Zone B to Zone C without adversely affecting the
socioeconomic conditions of trawlers in Zone B. However, the success of the policy
recommendation in this study requires the perfect enforcement by the management
authorities. The limitation of the license issued for the trawl vessels might be the
minimum bound of the number of vessels and the number of vessels might be higher
than the recommended values because of the IUU fishing in this area. Therefore, the
strict and perfect enforcement of the policy is critically required in the successful
management of the trawl fishery in the West Coast of Peninsular Malaysia.
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Perikanan tunda Malaysia yang melanda dengan banyak isu termasuk lebihan kapasiti,
penangkapan ikan berlebihan, pendaratan ikan baja, “memancing ITUU” dan lain lain
sumber perikanan di Pantai Barat Semenanjung Malaysia dikatakan ada pengekstrakan
berlebihan disebabkan oleh perkembangan pesat dan pengembangan armada tunda
sejak tahun 1960-an.Dasar pengurusan telah dilaksanakan dengan harapan untuk
mencapai eksploitasi mampan sumber perikanan di rantau ini. Skim pelesenan zon
telah digunakan untuk mengawal lebihan kapasiti pukat tunda dengan menghadkan
akses melalui pengeluaran lesen kapal. Walau bagaimanapun, masalah seperti usaha
penangkapan ikan berlebihan dan eksploitasi berlebihan stok ikan “demersal” oleh
pukat tunda, pencerobohan pukat tunda ke kawasan pantai dan konflik dalam kalangan
nelayan tradisional dan kapal pukat tunda, masih wujud di Pantai Barat Semenanjung
Malaysia.

Dalam konteks pengurusan tunda perikanan di Pantai Barat Semenanjung Malaysia,
jawapan nelayan kepada langkah-langkah pengurusan perlu dinilai untuk meramalkan
campur tangan pengurusan yang sesuai. Oleh itu, kajian ini dijalankan dengan objektif
untuk menilai kesan dasar-dasar pengurusan alternatif kepada industri tunda di Pantai
Barat Semenanjung Malaysia. Untuk mencapai matlamat di atas, model simulasi sistem
dibangunkan untuk menilai prestasi armada tunda dan berdasarkan keputusan simulasi,
pengurusan dasar cadangan akan dicadangkan bagi Zon B dan Zon C tunda perikanan
di Pantai Barat Semenanjung Malaysia.

Simulasi sistem model binar dengan tiga cara interaksi antara stok ikan, industri dan
langkah-langkah pengurusan digunakan untuk merangsang dan menilai prestasi
perikanan. Interaksi ini akan diuji dalam model simulasi, termasuk analisis sensitiviti.
Sambungan antara ketiga-tiga modul utama seperti modul biologi, modul ekonomi dan
modul industri dinilai. Dibawah setiap modul utama, pembolehubah antara muka
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seperti tangkapan mampan, keuntungan dan usaha yang dikira melalui anggaran
parameter yang berkaitan dalam setiap modul. Selain itu, model sistem ini disahkan
dalam usaha untuk mendapatkan mimik yang amat serupa dengan sistem dunia sebenar
melalui analisis sensitiviti. Tingkah laku dan prestasi industri ini disimulasikan
menggunakan model sistem dengan dua senario seperti akses terbuka dan tingkah laku
simulasi sebagai tindak balas dengan dasar-dasar polisi pengurusan alternatif.

Prestasi industri itu dinilai melalui beberapa pembolehubah prestasi seperti usaha
menangkap ikan, jumlah tangkapan yang mampan daripada tiga kumpulan spesies
disasarkan, jumlah keuntungan dan keuntungan setiap kapal untuk mencadangkan
kombinasi implikasi dasar pengurusan dalam pukat tunda Pantai Barat perikanan yang
betul di Semenanjung Malaysia. Data yang digunakan dalam kajian ini termasuk
kedua-dua data rendah dan menengah bagi anggaran parameter dan pemalar persamaan
matematik. Tangkapan dan usaha data tahunan disaaaruan sebanyak tiga spesies
kumpulan digunakan daripada Perangkaan Tahunan Perikanan Jabatan Perikanan,
Malaysia. Data ekonomi terutamanya bagi data kos seperti kos operasi: umpan, bahan
api, penyelenggaraan, penggantian gear atau pembaikan dan makanan untuk pekerja
dan kos tetap: haul, enjin, peralatan dan kemungkinan kos lepas kapal akan diambil
dari data kajian.

Di Zon B, hasil simulasi akses terbuka menunjukkan bahawa usaha menangkap ikan
semakin meningkat dari masa ke semasa dari 2012 hingga 2062. Walaubagaimanapun,
hasil tangkapan spesies yang disasarkan kumpulan semakin berkurangan dan CPUEs
daripada tiga kumpulan sasaran spesies juga turut berkurangan. Keadaan ini dapat
dijelaskan kerana peningkatan usaha penangkapan ikan tidau terhad. Walaupun dengan
peningkatan usaha menangkap ikan, hasil tangkapan semua kumpulan spesies sasaran
semakin berkurangan. Berdasarkan keputusan terbuka akses analisis simulasi, ini
mungkin menunjukkan bahawa tunda perikanan Zon B akan dieksploitasi secara
berlebihan dalam jangka masa panjang. Keputusan polisi (1) analisis pengurangan
dalam lesen kapal, menunjukkan bahawa Pengurangan lesen memberikan pengurangan
kepada usaha penangkapan ikan dan tangkapan yang lebih tinggi dan tahap yang
sepatutnya lesen dikeluarkan pengurangan Zon B dasar 1 C dan 1D sebanyak 30
peratus dan 50 peratus tahap pengurangan lesen. Keputusan polisi (2) pengurangan
subsidi harga minyak menunjukkan bahawa tidak memberi kesan yang besar kepada
usaha penangkapar ikan, hasil tangkapan dan keuntungan industri dan ini dapat dilihat
bahawa dasar harga minyak pengurangan subsidi boleh menjadi impak yang rendah
Zon B tunda perikanan. Keputusan polisi (3) untuk peningkatan caj pendaratan
dikenakar dengan tahap yang berbeza menunjukkan bahawa peningkatan caj
pendaratan disebabkan kos yang semakin meningkat dan menurunkan paras
keuntungan yang seterusnya mengurangkan usaha perikanan. Keputusan polisi (4)
analisis Zon B menunjukkan bahawa tangkapan yang lebih tinggi dan keuntungan juga
lebih tinggi boleh dipastikan dari dasar 4C pengurangan lesen 50 peratus serta 20
peratus harga minyak pengurangan subsidi dan 15 peratus caj pendaratan. Dalam
ungkapan berangka dasar cadangan untuk Zon B tunda perikanan, lesen yang
dikeluarkan bagi Zon B adalah 1,500 lesen dengan 20 peratus harga minyak
pengurangan subsidi dan caj pendaratan sebanyak 15 peratus daripada jumlah
pendapatan patut dikenakan dalam pengurusan kawalan usaha Pantai Barat Zon B
tunda perikanan dari 2012 hingga 2042.



Dalam Zon C, keputusan simulasi akses terbuka menunjukkan bahawa usaha
menangkap ikan semakin meningkat dari masa ke semasa sehingga 2062.
Walaubagaimanapun, trend hasil tangkapan spesies kumpulan sasaran yang meningkat
dan berkurangan ditemui dalam hanya dalam simulasi 15 tahun kemudian dari 2047
hingga 2062. Berdasarkan kepada keputusan simulasi akses terbuka, kemungkinar
menunjukkan bahawa tunda perikanan Zon C boleh dianggap tidak berada dalam
keadaan eksploitasi berlebihan lagi. Oleh itu, usaha menangkap ikan di zon C boleh
meningkat ke tahap yang tertentu yang boleh memberikan hasil tangkapan yang lebih
tinggi dan keuntungan bagi industri. Keputusan polisi (1) analisis: peningkatan dalam
lesen kapal, menunjukkan bahawa tahap yang sepatutnya lesen yang dikeluarkan
meningkat di zon C 1C dasar dan 1 D 50 peratus dan 100 peratus lesen meningkat dari
tahap 2012. Dasar (3) meningkatkan caj pendaratan dikenakar dengan tahap yang
berbeza menunjukkan bahawa tahap yang sepatutnya peratusan caj pendaratan perlu
dipertimbangkan dalam Zon C Pantai Barat tunda perikanan. Keputusan polisi (4)
analisis menunjukkan bahawa peningkatan lesen dikeluarkan memberi lebih banyak
tangkapan dan mendapat keuntungan yang lebih tinggi bagi setiap kapal dan dalam
kajian ini, lesen 100 paratus meningkat (4C dasar dan 4 D) memberikan keuntungan
yang lebih daripada 50 paratus pengurangan lesen (dasar 4A dan 4B). Oleh itu,
gabungan dasar yang betul bagi Zon C adalah dasar 4C dan ia adalah gabungan 100
paratus lesen meningkat dan 15 peratus caj pendaratan. Dalam ungkapan berangka,
lesen yang dikeluarkan bagi Zon C 1,400 lesen ditambah dengan caj pendaratan
sebanyak 15 peratus daripada jumlah pendapatan patut dikenakan dalam pengurusan
kawalan usaha Pantai Barat Zon C tunda perikanan 2012 hingga 2042.

Berdasarkan keputusan Pantai Barat tunda perikanan, sumber ikan di Zon B eksploitasi
berlebihan dan ia diperlukan untuk mengawal usaha penangkapar ikan dengan
mengurangkan kapal pukat tunda di kawasan ini. Walaubagaimanapun, sumber ikan di
Zon C tidak dieksploitasi berlebihan lagi dan potensi untuk menangkap ikan yang lebih
tinggi dengan peningkatan usaha menangkap ikan masih ada di luar sana. Walaupun
perlu mengharamkan pukat tunda, pilihan untuk membuang pukat tunda dari pesisiran
pantai ke laut dalam akan menjadi satu lagi pilihan dasar untuk memastikan kelestarian
sumber. Dari hasil simulasi daripada kajian menunjukkan bahawa zon B pukat tunda
perlu dikurangkan dan manakala zon C masih boleh ditingkatkan ke tahap yang
tertentu. Cadangar untuk pilihan dasar yang dicadangkan adalah untuk mengurangkan
pukat tunda Zon B dan berubah ke Zon C pukat tunda yang dilesenkan dengan menolak
mereka lebih jauh dari perikanan pantai. Oleh itu, pilihan dasar yang berdaya maju
adalah untuk memindahkan kapal nelayan pukat tunda yang berlebihan dari Zon B
untuk Zon C tanpa menjejaskan keadaan sosioekonomi pukat tunda di Zon B.
Walaubagaimanapun, kejayaan cadangan polisi di dalam kajian ini memerlukan
penguatkuasaan yang sempurna oleh pihak pengurusan yang berkuasa. Had lesen yang
dikeluarkan untuk kapal tunda mungkin minimum berikutar terikat bilangan kapal dan
jumlah kapal yang mungkin lebih tinggi daripada nilai yang dicadangkan kerana
“memancing TUU” di kawasan ini. Oleh itu, penguatkuasaan polisi yang ketat dan
sempurna secara kritikal diperlukan dalam menjayakan pengurusan perikanan pukat
tunda di Pantai Barat Semenanjung Malaysia.
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CHAPTER 1

INTRODUCTION

11 The Malaysian Fishery Sector

The fishery sector of Malaysia is an important contributor to national Gross Domestic
Product (GDP) and it contributed about 1.1 % to country’s GDP in 2011(Annual
Fisheries Statistics, Malaysia, 2011). The Malaysian fishery sector is also an important
role to the income, employment, foreign exchange and the supply of protein especially
for the rural population (Abu Tablib, et.al., 2003; Safa, 2004; Raduan et al., 2007; Teh
and Teh, 2014). The fisheries sector consists of 134,110 fishermen working on licensed
fishing vessels and 28,599 fish culturists working in aquaculture systems in 2011
(Annual Fisheries Statistics, Malaysia, 2011). Fisheries sector of Malaysia provide as
major source of protein and it is up to two-thirds of Malaysia’s population (Saharuddin,
1995, Teh and Teh, 2014).

The fisheries sector in Malaysia includes marine (offshore and inshore), freshwater and
aquaculture fisheries. The marine capture fishery sector in Malaysia contributed
significantly to the national economy. In 2010, the marine fisheries sector produced
about 1.4 million tons of fish and contributed about 1.3 % to country’s GDP (FAO,
2011). Marine capture fisheries subsector produced 1.37 million tons (82.43% of total
landings) of fish valued at 6,939.47 million ringgit (73.98%) in 2011 and it is decreased
by 3.9% in terms of quantity and 4.32 % increasing in terms of value (Annual Fisheries
Statistics, Malaysia, 2011). In marine capture fishing industry, the inshore fishery is the
main contributor of the fish landings and it provides about 80 % of the total landings
and deep sea fishery contributes about 15 % of total landings (Safa, 2004). The marine
fishery sector provides employment for the local fishermen and also the foreign
workers including Vietnam, Indonesia and Thailand. A total of 134,110 fishermen
working on licensed fishing vessels and 98,135 fishermen out of this were local
fishermen and 35,975 were non-Malaysian foreign fishermen (Annual Fisheries
Statistics, Malaysia, 2011).

Malaysia is divided into two geographical regions: Peninsula Malaysia and East
Malaysia (Figure 1.1). The East Coast is facing to the South China Sea and subjected to
severe weather during monsoon season and it makes difficult in fishing. Unlike the East
Coast, the West Coast of Peninsula Malaysia is less exposed as it is bordered by the
Strait of Malacca and the coast is characterized by shallow muddy mangrove. The
fishing operation on the West Coast is possible throughout the year. The eight states of
Malaysia located on the West Coast and are economically developed and also with
crowded population (Teh and Teh, 2014). The West Coast of Peninsular Malaysia
marine fisheries produce 44 % of total marine landings in 1997 and 86% of this
produced from commercial (large-scale) vessels (Abu Talib, et al., 2003). West Coast
of Peninsular Malaysia fisheries have been more heavily capitalized and the fish
resources are intensely exploited than the East Coast (Labon, 1974, Ooi, 1990, Abtalib



et al., 2003). In Malaysia, fish is regarded as the most important source of animal
protein for all races and the marine fisheries sector produced about 85% of total
seafood production (Choundhury and Yahaya, 2012).
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Figure 1.1: Map of Malaysia including Peninsular Malaysia, Sabah and Sarawak.
(Source: Teh and Teh, 2014.)

Marine inshore fishery of Malaysia is operated within 30 nautical miles from shore and
it includes traditional small- scale fishery and commercial fishery. The artisanal fishery
includes a larger number of vessels but it can only contribute 27 percent of the total
value of the fishery. The commercial fishery includes trawl, purse seines, hook and line
and drift and gill nets. These highly commercial fisheries are becoming most popular
especially in West Coast of Peninsular Malaysia (Flewwelling and Hosh, 2011).
Among the commercial fishing gears, trawl vessels are significantly higher in number
than purse seine vessels. The number of trawl vessels increased from 1980 and
gradually decreases in the subsequent years (Figure 1.2).

The total number of licensed fishing vessels in the west coast of Peninsular Malaysia
such as drift net (the dominant gear type of artisanal fishery aiming for high value
pelagic) and two dominant commercial gears, trawl and purse seine, are shown in
Figure 1.2. Among the two commercial gears, trawl vessels are seen as significantly
higher in number than purse seine vessels. The number of trawl vessels increased from
1980 and the peak number was 3487 in 1984. The gradually decreasing trend was
found in the subsequent years until 2005 however rapid decreasing of about 80 percent
occurred with the number of 2784 in 2012. The increasing number of trawl vessels in
early 1980s is due to the superior technology improvement and adoption of trawlers.
The decreasing in number of trawl vessels in subsequent year may be reflected by the
resources availability in the productive fishing ground in this area (FAO, 2009). The
historical increase of fishing capacity in Malaysia marine capture fisheries has shown
that the marine fisheries stocks are in severely depleted and proposed actions needed to
be taken to reduce capacity in the future (Taupek and Nasir, 2003).
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Figure 1.2: Number of licensed fishing vessels in the west coast of Peninsular
Malaysia.

The impressive development of Malaysia marine fisheries was achieved due to the
adoption of advanced technologies such as the trawl fishery during the 1980s and early
1990 (Yahaya and Abdullah, 1993). The increasing number of trawl vessels in early
1980s is due to the adoption of superior technologies by the trawlers. The decreasing in
number of trawl vessels in the later year may be reflected by the resources availability
in the fishing grounds of this area (FAO, 2009). However, the advanced technology
together with increasing fishing effort has intensified pressures on fisheries resources
(Abdullah and Kuperan, 1997), and evidently has led to the overexploitation of marine
fishery resources in Malaysia (FAO, 2001).
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Figure 1.3: Number of licensed trawl vessels by zone in Peninsular Malaysia.



The commercial fishing gears operating in Malaysia fishery sector showed the
significant amount of landings of all species groups including pelagic, demersal,
crustacean, Mollusca and trash fish (i.e; small and undersize fish of no commercial
value). Among the commercial fishing gears, landings of all fish species and trash fish
are the significantly higher amount by the trawlers (Figure 1.4). In 2012, the total
marine fish landing by trawlers is 700,000 metric ton, by fish purse seine is 350,000
metric ton, by anchovy seine is 11,060 metric ton and by other seine is 28,000 metric
ton in Malaysia marine fishery (Annual Fishery Statistics, Malaysia, 2012). The trash
fish landings by trawlers are 230,786 metric ton, by purse seines are 17,000 metric ton,
by anchovy seines are 526 metric ton and by other seines are 13,000 metric ton in 2012
(Annual Fishery Statistics, Malaysia, 2012). The significantly higher landings of trash
fish by trawlers is found in Malaysia marine fishery and it might be the sign of over-
exploited fishing operation in this area (FAO, 2006).
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Figure 1.4: (a) The trend of trash fish landings by trawlers and other methods of
fishing, (b) Landings of fish in species groups by trawlers in
Malaysia.

The resource studies showed that Malaysia fisheries resources are heavily stressed and
currently being exploited beyond their MSY (WWF, Malaysia, 2013; Talib, 2002;
Talib, et al., 2000; Chee, 2000; Talib, et al., 1995; Chee, 1991). The recent studies
indicated that the fish stocks, especially in the west coast of Peninsular Malaysia have
been overexploited, (Tai, 2006; Tai and Heap, 1996; Tai, 1992). The overexploitation
of fisheries resources has been an important issue and it was the cause of excessive
fishing inputs and efforts (FAO, 2007). The historical increase of fishing capacity in
Malaysia marine capture fisheries has shown that the marine fisheries stocks are in
severely depleted and proposed actions needed to be taken to reduce capacity in the
future (Taupek and Nasir, 2003).



Malaysia fisheries management established the goal to achieve sustainable coastal
fisheries (FAO, 2002) and various management strategies were formulated to control
excessive fishing effort for the purpose of promoting and rehabilitation of marine
resources (Pitcher, 2006). The objectives of fisheries management in Malaysia are: (1)
to eliminate the competition and the ensuing conflict between artisanal and trawler
fishermen in the inshore waters; (2) to restructure the ownership pattern of fishing units
within the context of the New Economic Policy; (3) to equitably distribute fishing
throughout the waters under jurisdiction of Malaysia; (4) to prevent overexploitation of
the fisheries resources in the inshore waters; and (5) to promote the development of
offshore industrial fisheries. The management objectives were mainly oriented to social
and biological goals primarily and, later on, economic efficiency in resource utilization
(Tai, 1992).

There are various management regulations used in Malaysia since 1960s including (1)
National Jurisdictions: Emergency (essential Powers) Ordinance NO.7, 1969 and
Continental Shelf Act 1966; (2) Management legislations: Fisheries Act 1963,
Merchant Shipping Ordinance 1952, Fisheries (Cockles Conservation & Culture)
Regulations 1964, Fisheries (Maritime) Regulation 1967, Fisheries (Prohibition of
Method of Fishing) Regulation 1971, Fisheries (Prohibition of Import of Piranhas)
Amendment Regulations 1979, Fisheries (Amendments) Regulations 1979, and
Fisheries Act 1985; (3) Development Legislation: Lembaga Kemajuan lkan Malaysia
Act 1973; (4) Organizational Legislation: Investment Incentive Act 1968; (5) Fishing
Vessels & Merchant Shipping Regulations: Boat Rules 1953, Merchant Shipping
(Amendment) Act 1973, Examination of Engine Drivers Rule 1953, and Examination
for certificates and competency (Amendment) Rules 1974; and (6) Pollution
Legislation: Environment Quality Act 1974 (Jahara and Yamamoto, 1988; Tai, 1992).

Fisheries management legislations are provided for the control of fishing effort and are
the amendment of Fisheries Act 1963 provided the Fisheries (Amendment) Regulations
1980 to control the problems of overexploitation and overcapitalization in inshore
fisheries. The allocation of fishing grounds by zoning and licenses are issued in specific
zones and the four main zones were established in this regulation such as zone A, B, C,
and C2. Zone A is within 5 nautical miles from shoreline reserved for traditional
fishing gears, Zone B is between 5 and 12 nautical miles reserved for trawlers and
purse seiners less than 40 GRT, Zone C is between 12 to 30 nautical miles reserved for
trawlers and purse seiners between 40-70 GRT and Zone C2 is from 30 nautical miles
until the EEZ of Malaysia waters reserved for the fishing vessels of greater than 70
GRT (Ti, 1992; Abdullah ad Kuperan, 1997).

The specific objective of the zoning system is to provide zonal regulations for high
capacity and powerful gear types, especially trawlers. The trawl net can be used only in
Zone B and onward beyond 5 nautical miles from the coast (Government of Malaysia,
1985). The trawlers are allowed to operate in zones B, C and C2 till outer boundary of
the EEZ of Malaysia waters. With the effort to reduce the fishing pressure in the
coastal waters, the number of trawlers operating in the near shore or Zone B was
reduced in 1996 and the total number of trawl vessels was a decline (Taupek and Nasir,
2003).



Department of Fisheries (DOF) Malaysia is the entrusted agency for the management
of the fisheries industry in the country. The DOF, Malaysia is responsible for the
overall management planning and implementation, including marine parks. Another
three key groups of departments involving in the fisheries industry in Malaysia include
(1) the “Ministry of Science, Technology and the Environment (MOSTE)” providing
scientific foundation for fisheries management, (2) the “Fisheries Development
Authority Malaysia (FDAM) which is responsible for enhancement of livelihood of
fishers, value-added processing and marketing to maximize benefits to the industry,
and (3) the law enforcement agencies for the coastal and offshore fisheries law
enforcement such as “Fisheries Marine Service”, “Navy, Coast Guard and Marine
Police”. (Flewwelling and Hosch, 2006).

Fisheries regulations undoubtedly affect the fish stocks being managed and the fishers
also respond accordingly to the type of regulations imposed (Tai and Heap, 1996). The
current management regulations on the trawl fishing industry of the west coast of
Peninsular Malaysia will impact on the socio-economic welfares of communities and
also resources sustainability. Sound management of the complex interaction between
resources stocks and fishers under the proposed regulation should take these impacts
into consideration. The fishery system is complex and also dynamics in nature.
Analyzing the effect of management regulations and to establish the alternative
management regulations needs to take cognizance of the complexities inherent in the
marine fisheries system and which will enable policy makers to choose the effective
policies towards achieving the predetermined goals and objectives of fisheries
management (Stouten, et al., 2006).

1.2 Marine Fishery in the West Coast of Peninsular Malaysia(WCPM):
Trawl Fishing Industry

There are four areas of Malaysian waters: the West Coast and East Coast of Peninsular
Malaysia, the coast of Sarawak and the coast of Sabah. The West Coast of Peninsular
Malaysia marine fishery is more capitalized and increasing fishing capacity than other
three coastal marine fisheries and contributed about 44 % of total marine landings in
1997. The commercial and large-scale fisheries in WCPM contributed about 71% of
landings and it consists of 53 % demersal fish, 29 % pelagic fish, 5% squid and 13%
prawn (Abu Talib, et al., 2003). The fishing vessels operating in WCPM is significantly
higher than East Coast of Peninsular Malaysia (ECPM) and it was 21,395 licensed
fishing vessels in WCPM and 9,097 licensed fishing vessels in ECPM in 2012. The
commercial fishing vessels operating in the marine fishery of WCPM include trawl,
purse seine, and grill/drift net. In terms of employment, the fishermen working on
licensed fishing vessels in WCPM is significantly higher and was 55,000 fishers
working on licensed fishing vessels in WCPM and it was 34,000 fishermen working on
licensed fishing vessel in ECPM in 2012 (Annual Fisheries Statistics, Malaysia, 2012).

Among the commercial fishing gears, trawlers are providing large numbers of landings
in WCPM marine fishery just like in the whole Malaysia. The number of trawlers
operating in WCPM was over 5,000 units from 1979 to 1985. However, the number is
reduced to 3,035 in 1997 and the reduction is the results of government policy since
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1987 to reduce effort in coastal areas with encouraging the development of offshore
fishery. The reduction of the number of trawlers is found especially in the trawl vessels
with less than 40 GRT (Zone B trawlers) about 40 % during 1981 to 1997, however,
the bigger trawlers with 40-70 GRT is increasing and one reason for this issue was the
difficulty in getting crew especially the local crews who are not willing to work at low-
income fishing industry (Abu Talib et al., 2003). The shortage of the fishermen is
growing and it is the results of high dependence on foreign fishers working at
Malaysian vessels above 40 GRT trawlers and it is now facing in smaller vessels of less
than 40 GRT trawlers (Flewwelling and Mosch, 2011). Annual catch per unit of effort
(CPUE) is increasing during 1981 to 1997 because of decreasing fishing vessels of
about 38 % especially for the trawlers of less than 40 GRT (Abu Talib, 2002).

The marine fisheries resource in the West Coast of Peninsular Malaysia has been
reported to be overexploited mainly by the destructive trawl fishing. Although there is
the most destructive effect is found by the trawlers, the trawlers are the main types of
fishing gear accounting for about 60 % of total landings in WCPM (Alias, 2003). The
fishery in the WCPM is multispecies and trawl landings include a multitude of fish
species, invertebrate and trash fish. In WCPM, trawlers catch variable composition of
fish species indiscriminately and about one-third of this is trash fish including juvenile
of commercially valuable fish. The overfishing of trash fish will cause the loss of
valuable fish landings over time (Viswanathan, et al., 2002).

The trawlers in WCPM are the only commercial fishing gear which causes exploitation
of demersal fish. About 84 % of demersal fish landings is from trawlers in WCPM and
traditional fishing gears contributed only 16 % of demersal fish landings. The
composition of landings by trawlers in WCPM consists mainly of trash fish of 51 %,
demersal fish of 15 % and pelagic fish of 13 % and the dominant characteristic of
trawlers is huge landings of trash fish. The study of WCPM trawl survey research
showed that the biomass in the coastal and offshore areas are decreasing and the
abundance of resources has been reduced from 50 % to 10-15 % (Alias, 2003). The
decreasing of fish resources in the West Coast is found in the decreasing trend of
CPUE. The resources exploitation occurs with the over capacity of trawlers especially
in the inshore waters of less than 30 nautical miles in which trawlers of less than 70
GRT class are allowed to fishing (Nurudin and Isa, 2013).

Trawl fishery in Malaysia is currently managed by entry limitation system with the
licensing policy and the licenses must be renewed for every year. The license issued for
trawlers have only one type and there is no separate license type for the different type
of trawlers, for example, shrimp trawlers, sergestid trawlers and otter bottom trawlers.
Once the license is issued for the trawlers the fishing vessel can operate fishing with
any operating methods and it caused more overcapacity and exploitation of the fish
stocks. The licensing policy is a part the Fisheries Act 1985 and the possible mitigation
measure for licensing on a specific type of trawlers should be based on the review of
existing regulation (Nurudin and Isa, 2013).



1.3 Statement of the Problem

Open access and common property nature of the fishery resources contributed to the
termed as ‘the tragedy of common’ by Hardin (1968). Under the condition of pure open
access with no regulation on access or no property rights, overcapacity with dramatic
overexploitation may lead to depletion and possible extinction of fishery stocks
(Homans and Wilen, 1997). Even under ‘regulated open access’ scenario, there is a
tendency to expand fleet capacity and increasing fishing effort in order to capture a
large share of the catch. This nature of ‘race for fish’ is also associated with the
symptoms of increasing by-catch and discards and low valued fish. Therefore, effective
management is necessary for the over and fully exploited stocks caused by
overcapacity and overfishing due to new and advanced technologies such as trawlers
(Sanchirico and Wilen, 2007).

There are a number of issues related to the trawl fisheries in West Coast of Peninsular
Malaysia although the number of trawlers is less than that of other commercial fishing
gears. Overcapacity is one of the major issues related to the trawlers, especially in the
inshore waters. The destructive fishing nature of the trawlers is dragging out the seabed
and it destroys the habitat of the fishery and increasing landings of trash fish. The
increasing number of fishing vessels coupled with increasing fishing capability of the
trawlers greatly increased the fishing pressure on the fish stocks. The increasing fishing
pressure on the stocks causes the overexploitation and depletion of available fish
stocks. The use of overcapacity of trawlers in WCPM and the overexploited conditions
of fish resources still exists based on the resource studies in this area. The decreasing of
commercially important species composition apparently occur both in inshore and
offshore waters of the West Coast fishing ground in Peninsular Malaysia (Taupek and
Nasir, 2003).

The main cause for the overexploitation of resources stocks is overcapacity of trawl
fleets. The two main reasons for why the overcapacity of the effort occurs in the fishery
are common property nature of fish resources and ineffective management policies.
The fishers increased their effort unlimitedly to catch more fish as common property
resources and which lately induces the undesirable consequences of overcapacity. As
the results of over capacity, however, the catch is declining over time with increasing
fishing effort. Thus, overcapacity can be referred as ‘too many efforts chasing too few
fish’. Another reason for overcapacity is ineffective management policies such as
unclear target or goals of the management of fishing industries and financial supports
for inputs in terms of subsidies and catch incentives. Therefore, the management policy
implication which can ascertain the controlling overcapacity is one of the important
tools in the sustainable management of trawl fishery in West Coast of Peninsular
Malaysia.

The common problem in Malaysia coastal marine fisheries is the encroachment of
trawlers to inshore waters (Goh, 1976; Viswanathan, et al., 1999). The predetermined
objectives of Malaysian fisheries management include controlling effort in trawl
fishery to lessen the overfishing pressures on the fish stocks and reducing conflict
among fishermen. To assess the predetermined objectives, management authorities
implemented the area licensing policy which limits the number of vessels and fishing
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capacity by gear types, vessels sizes and type of ownership (Ooi, 1990). Although the
number of trawlers is restricted with limited entry regulations, the number of arrested
vessels in the inshore waters which is reserved for traditional vessels was increased
since past decades by 300% during the 1980s and also increased in late 1999s due to
poor enforcement system (Viswanathan et al., 1999). Hence, the encroachment of more
productive trawlers becomes increased to inshore and leading to the conflict among
commercial fishermen and artisanal fishermen. The conflict among fishermen often
addressed with the prohibition of gear or restrictions by zoning and the typical
controlling should be managed through monitoring, surveillance and enforcement upon
those regulations (Sutinen et al., 1990).

Management of fisheries seeks to influence the responses by fishing industries on
policy regulations through various effective measures to ensure sustainability of
proposed regulation such as enforcement of the policy regulations (Needle, 2011).
Moreover, management plans to be applied to the fishery industry must deliver in line
with what the goal of management expect to be achieved in future (Kell, et al., 2006).
In the context of management of trawl fishery on the West Coast of Peninsular
Malaysia, the impact of management measures needs to be evaluated in order to predict
the appropriate combination of management interventions. The management
interventions include controlling effort in terms of a number of licenses issued for trawl
vessels in different zoning area, the control of inputs such as adjusting the fuel subsidy
and proposed licenses fees and managing the operation cost through imposing a jetty
charge. In order to ascertain the predetermined goals, the plans must be tested prior to
implementation or must be reevaluated in the case of currently applied management
plans or regulations. Crucially, it is needed for the evaluation of current management
measures and understanding the adjustment process of fishing effort for designing and
implementing efficient and equitable fishery management policies (Tai and Heap,
1996).

The direct implementation of the new policy alternatives in the management of the
industry would not be wise because it might be inappropriate and inefficient without
empirically tested on the specific problem issue. Empirically simulated management
alternatives for the specific case is inevitably needed with the aim of generating the
empirical evidence to inform the decisions makers about the current situation and the
possible and suitable management policy alternatives can be proposed and be
implemented. In the case of West Coast trawl fishery, the empirical analysis on the
impact of current policy regulations and analyzing on the alternative policy
implications with the management of the sustainable fishery is crucially needed. For
the trawl fishing industry on the West Coast of Peninsular Malaysia, few studies have
been done (Tai and Heap, 1996; Tai, 1992) on the analysis of effort dynamics and
simulation on the impact of management regulations. Therefore, the research questions
call for what type and level of policy intervention should be applied to the management
of sustainability of trawl fisheries on the west coast of Peninsular Malaysia.



1.4 Research Justification

The two main causes of the overexploitation of the fishery stocks are (1) overcapacity
of the trawl fleets, and (2) illegal, unreported and unregulated (IUU) fishing in the
Malaysia waters. The 1UU fishing occurs due to the encroachment of foreign vessels in
contravention of laws and regulations. Moreover, 1UU fishing can also be due to the
use of illegal gears such as otter trawling, pair trawling, push net, fish bombing and
cyanide fishing (Zakariah, 2004) and the encroachment of trawlers into Zone A fishing
grounds which caused conflicts among trawlers and fishers using artisanal fishing
gears. IUU fishing is caused also by weak enforcement of the fishery laws and
regulations. Although 1UU fishing is a major problem in the trawl fishery of the West
Coast of Peninsular Malaysia, it is not the focus of the study. Instead, this research
focuses on the managing the overcapacity problem of the trawl fisheries.

The exclusion of the analysis on IUU fisheries may be justified by the following
reasons:

(1) By resolving for overcapacity problem, the trawl fisheries can be managed
sustainably. The sustainable management on the trawl fisheries indirectly may
reduce the problem of gear conflicts. Since the fishery resources in a
sustainably managed fishery can support the trawl fleets in Zone B and there is
no incentives for Zone B trawlers to encroach into Zone A. With reduced
incidence of encroachment, there is less needs for the enforcement of the zonal
regulation for trawlers. Hence, sustainable management of the trawl fisheries
in the West Coast of Peninsular Malaysia by managing the overcapacity of the
trawl fleet may be able to resolve part of the IUU fishing problem.

(2) In addition, information and data related to IUU fishing are mostly classified
as confidential and are not accessible by the public for a more detailed and
comprehensive analysis of this problem.

15 Research Objective

The general objective of the study is to evaluate the impact of alternative management
policy implications and targets on the trawl industry in the West Coast of Peninsular
Malaysia. In order to achieve the general objective, the specific objectives of the
research are:

(1)  To develop a system simulation model to evaluate the performance of trawl
fishery in Zone B and Zone C.

(2) To evaluate the impact of current and alternative management policy implications
based on the simulation model being developed.

(3) To propose recommendation for the management of trawl fishery in Zone B and
zone C of the West Coast of Peninsular Malaysia.
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1.6 Significance of the Study

The simulation model developed in this study can serve as a tool for the evaluation of
the impact of management policy implication for the trawl fishery on the West Coast of
Peninsular Malaysia. The simulation models could also be used to figure out the
dynamics complexity of the fisheries system and options for the management for the
trawl fishery in WCPM. The changes of the policy implementation can be tested and
evaluated using system simulation model before implementing in the real fisheries
system. This prior testing of the impact of policy implication would probably limit the
risk of undesirable outcomes of policy implication to the real system. Moreover, the
simulation model can illustrate the selected policy implication which is the
combination of policy instruments in balance when attempting to meet the best policy
implication in the management of the fishery. For instance, the right level of fuel price
subsidy and the proper amount of jetty charge imposing together with the major policy
variable of a number of licensed issues for the trawlers in each zone of the WCPM
could be selected based on the performance of the fishery simulated over time. Finally,
the study outcomes and the simulation model developed in this study certainly have the
future role in advising fisheries policy makers for the sustainable management of the
trawl fishery in West Coast of Peninsular Malaysia.

1.7 Organization of the Thesis

The organization of the thesis is as follow. The brief literature review of Theories of
Fisheries Management, Fisheries Management Regulations, and Fisheries Management
Models are presented in Chapter 2. The conceptual model, the details of the model
specification and its variables and parameters used and the system simulation
procedure is discussed in Chapter 3. The estimation of the parameters and initial values
of the variables used in the simulation model and validation of the model are presented
in Chapter 4. The results of the simulation analysis with two scenarios of Open-access
and Alternative Management Policy Scenario for zones B and C are discussed in
Chapter 5. The summary of the study, the main finding of the study and
recommendation of the study is presented in Chapter 6.
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