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ABSTRACT

A number of studies have indicated that three major
problems exist in the fishery sector of Malaysia. They are:
(1) biological and economic overexploitation of the
resource; (2) persistent poverty among fishing households;
and (3) ensuing conflicts among various gear types. These
‘problems indicate a need to better manage the resource. A
major problem confronting management authority is the
determination of the type and level of control to be applied
to the fishery in order to best achieve some predetermined
objectives. The main objective of this study is to develop
a bio-socioeconomic simulation model to analyze the
performance of management regulations for the small pelagic
fishery on the Northwestern Ccast of Peninsular Malaysia.
The small pelagic fishery 1is judged as one of the most
important fisheries in terms of landings, as a source of
protein for domestic consumers, and as a major source of

revenue for the purse seine, trawl and drift net fleets.

Simulation is the principal analytical tool used in
this study. A model 1is developed which describes the
biological, socioeconomic and management components of the
fishery and their interrelationships, and which tracks the
performance of the fishery over time. The model

incorporates four major small pelagic species or species



iv
groups and three gear types. Several types of regulations
for the fishery have been considered and analysed. They
include: present management, pure limited entry; limited
entry coupled with a license fee; increases in the
opportunity cost of fishing effort; and a combination of the
latter two. These regulations are evaluated using several
performance measures such as landings, level of effort,
consumer’s surplus, social profits, employment and crew

member’s income.

The results confirm that the small pelagic resource in
the study area has been biologically and economically
overfished, but there are some rents being generated under
the present management regime. Sensitivity analysis
indicates that the model 1is not very sensitive to small
changes in the values of most parameters. A reduction of
fishing effort by about 50% results in the biologicai
optimum while a 60% effort reduction gives the socio-

economic optimum for the small pelagic fishery.

The most effective way of reducing fishing effort to
the desired level is a combination of policies involving a
reduction in fishing effort by 60% , levying licence fees,
and increasing the opportunity costs of effort by 50%. This
method appears to be socially acceptable and biologically

and economically viable.
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Chapter 1

Introduction

1.1 The Problem

Fisheries resources in many parts of the world can be
characterised as being open-access. This nature of
fisheries results in a pervasive tendency for fishing effort
to expand to a point where resource rent is dissipated
(Gordon, 1954). 1In many fisheries, the problem of economic
overexploitation may also lead to stock depletion beycnd the
level which permits maximum sustainable yield. In the
context of the fishery sector in Malaysia, there are also
issues of poverty among fishermen’s househclds and intense
competition between wusers of various types of gear,

resulting in crowding externalities and gear conflicts.

Due to the undesirable consequences of open—-access
fisheries, various management regulations have been proposed
in the 1literature which aim at increasing yields,
restricting allowable catches, and/or &at increasing social
and economic benefits (Pearse, 1980). Moreover, the
extension of fisheries jurisdictions throughout the world in
recent years also offers a unique opportunity for

authorities to initiate management programs. In practice,



fisheries management should be addressed in the context of
programs which aim at improving social and economic
benefits, as well as nmeeting the prevaiiing resource
conservation goals. However, despite the growing
recognition of the need to consider social and econcmic
factors, most fishery regulation programs such as catch
limitations, seasonal closure or mesh size limitations are

still designed only to achieve conservation objectives.

A major problem confronting practical management of the
fishery is the determination of the type and level of
control appropriate to be applied to a fishery in order to
best attain some predetermined objectives. Clearly, the
more complex the fishery, the more difficult it is to

estimate the optimal level of intervention (Clark, 1976).

1.2 The Objectives

The general objective of this study is to develop a
bio-socioeconomic simulation model to analyze the
performance of several management regulations or rules for
the small pelagic fishery on the Northwestern Coast of
Peninsular Malaysia. The specific objectives are:

(1) To estimate the parameters of the population dynamics

of small pelagic species in the study area.



(2) To estimate the parameters of the dynamics of effort
for major small pelagic fishing gears in the study
area.

(3) To estimate demand equations and to determine market
interactions for small pelagic species.

(4) To determine the extent of overexploitation of the
small pelagic species in the study area.

(5) To analyze the performance of some management
regulations for the small pelagic fishery in the study

area.

The small pelagic fishery is chosen because its landings
constitute a major proportion of the total harvest in the
study area. These landings are mainly destined for domestic
markets, thereby constituting an important source of protein
to domestic consumers. In addition, the purse seine fleet
in the study area derived a large proportion of its revenue
from the small pelagic fishery. The small pelagic fishery
also provides an important source of revenue for the trawl

and drift net fleets.
1.3 The Approach

Fisheries management can be seen as a dynamic optimal
control problem. While the solutions may be derived through
optimization techniques such as dynamic programming or

optimal control algorithms, these methods appear to be



éonstrained by the problems of "curse of dimensionality” and
convergence, especially in the context of complex real world
fisheries. The complexity of most real world fisheries
stems from, for example, the joint exploitation of several
species, the heterogeneity of the fleet and the presence of
market interactions. The complexity may preclude the
derivation of optimal 1levels of regulation. Moreover,
numerous social, economic and political constraints imposed
on the management authority and the type and quality of
information required to properly adjust in a timely fashion
the levels of regulation to changing environment, further
limit the applicability of the optimization approach

(Anderson, 1982).

A less elegant but more tractable approach would be in
practice more relevant in determining appropriate management
regulations. One such approach is the use of a simulation
model to portray the behaviour of a fishery under various
management alternatives. This approach has the major
advantage of allowing for considerable detail in
specification of the model, therefore allowing for relative

realism in modelling of a complex fishery system.
1.4 The Organisation

The characteristics of the fishery sector in Malaysia,

with particular refrence to the small pelagic fishery in the
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study area are described in Chapter 2. 1In addition, a brief
description of the various management regulations that have

been implemented in Malaysia thus far are also presented.

A review of theories of fisheries management is given
in Chapter 3. This review of the 1literature focuses on
resource externalities and other inefficiencies arising from
unregulated fisheries; the objectives and goals of fisheries
management; and a discussion of major management regulations

being practised in fisheries throughout the world.

A detailed description of the specification of the
mathematical model is presented in Chapter 4. The model
reflects the fundamental structure of the dynamics of the
fishery as well as the interactions between its various
components. The mathematical model consists of three
interrelated sub-models: (1) biological and harvest, (2)
demand and economic, and (3) effort dynamics and

management.

The estimation of the parameters of the mathematical
model and the specification of the empirical model for the
small pelagic fishery on the Northwest Coast of Peninsular
Malaysia 1is discussed in Chapter 5. In addition, the
determination of the initial conditions, the setting up of
the simulation runs and the adaptation of the general model

to the specifics of the fishery are also discussed.



The simulation model is used to analyze the behaviour
of the fishery under various management alternatives. The
results of the analyses are presented in Chapter 6. The
model is first validated by conducting sensitivity analyses
around the results derived under the current conditions of
the fishery (the base-case). The model is then adapted and
used to determine the type and level of controls for the
fishery which would achieve some predetermined Dbio-

socioeconomic objectives.

Finally, a summary of this study, together with the
conclusions and implications for small pelagic fishery
management in the study area are presented and discussed in

Chapter 7.



CHAPTER 2

The Marine Fishery Sector

2.1 Introduction

Malaysia 1s a small country with a total land area of
329,758 square km. It consists of thirteen states, eleven
of which are located in Peninsular Malaysia while the states
of Sabah and Sarawak on the island of Borneo constitute East
Malaysia. The study area 1in northwestern Peninsular
Malaysia is made up of five states, namely, Perlis, KXedah,

Pulau Pinang , Perak, and Selangor (see Figure 2.1).

Malaysia has a coastline of 4,055 km, of which 1,640 km
is in Peninsular Malaysia and 2,415 km in the states of
Sabah and Sarawak. The East and West Coasts of Peninsular
Malaysia have coastlines of 915 km and 725 km respectively
(Lembaga Kemajuan Ikan Malaysia, 1982). With the
declaration of the 200-mile Exclusive Ecconomic Zone, the
total sea area of Malaysia has expanded to 160,000 square

nautical miles.

Peninsular Malaysia has a humid equatorial climate.
However regional and seasonal climatic differences exist
between the East and West Coast due to the influence of the

dual monsoonal pattern of Southeast Asia. The mean annual




Figure 2.1

Map of Peninsular Malaysia Showing Study Area.
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temperature for the coastal areas of the peninsula varies
between 26 and 28 °C while humidity fluctuates between 82%
and 86%. The Northeast Monsoon that occurs between November
and March affects the climate on the East Coast of
Peninsular Malaysia. The mean annual rainfall in the region
is around 254 to 305 cm, of which about 178 to 203 cm falls
during the monsoon months. The severe weather associated
with the Northeast Monsoon is not as extreme as the weather
experienced in many other parts of Asia, but three-meter
seas and gale-force winds are frequent. Consequentlv,
fishing operations on the East Coast are mostly halted
during the Northeast Monsoon season. The weather patterns
on the West Coast of Peninsular Malaysia , however, are
distinctly different as it is sheltered from the direct
effect of both of the monsoonal systenms. The central
dividing mountain range provides protection from the
- Northeast Monsoon, while the Sumatran landmass attenuates
the Southwest Monsoon system. Correspondingly, the median
rainfall is lower than that on the East Coast with a range
of 178 to 305 cm. The average wind and sea conditions are
more placid than those found on the East Coast. As a result
of the milder sea and weather conditions, fishing operations

can be conducted throughout the year on the West Coast.

The topography varies between the East and West Coasts

of Peninsular Malaysia. The northeast coastline is composed
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of long sandy beaches intermittent with rocky patches due to
the effect of the Northeast Monsoon. The offshore bottom is
sandy and becomes muddy beyond the ten fathom 1line with
numerous rocky or coral patches. The continental shelf in
the South China Sea has a gradual slope and the 20 fathom
line is more than 15 nautical miles off shore. There are
numerous fertile mangrove swamps along the shoreline and the
littoral and sublittoral sea floors are very muddy with a
few rocky islands. On the West Coast, the Strait of Malacca
is very shallow with a depth of 15 fathoms in the south to a
maximum depth of 40 fathoms in the north. A northwest
current prevails up the Strait throughout the year, except
during June through August when the current abates, and
sometimes reverses in the southern reaches. Numerous
heavily silted rivers are found along both coasts and the
major fishing centres are located in the river mouths or
"kuala'. The East Coast does not have many natural
harbours, whereas the nearshore islands off the West Coast
such as Pangkor, Pulau Pinang, Langkawi and numerous other
smaller islands provide unhampered access and shelter during

inclement weather.
2.2 Contributions of the Fishery Sector

The fishery sector in Malaysia is small. The value of
landings contributed on average only about 2 percent to the

country’s GDP in the 1last decade (Department of Fishery,
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1990). This contribution is much less significant than
those from other sectors such as manufacturing, petroleun,

rubber and oil palm.

The fishery sector plays, however, an important role as
arsource of animal protein for the country’s populace. Fish
constitutes about 60 percent of total animal protein
consumed in the country, mainly due to the fact that it is a
cheap and eeasily accessible form of protein food acceptable
to all ethnic and religious groups. The average annual per
capita consumption of fish between 1960 and 1984 was
approximately 21 kg which is three times higher than any

other source of protein food.

Another important contribution of the fishery sector is
in the form of employment. In 1989, direct employment in
the fishery sector amounted to 103,995 fishermen or 1.7
percent of the total labour force in the country (Department
of Fishery, 1990). If indirect employment in fishery-
related activities such as handling, processing,
distribution as well as ancilliary industries is considered,
the employment rate of the fishery sector is around 4.4

percent of the economically active population (Clad, 1984).

The fishery sector also contributes foreign exchange

earnings to the country. Malaysia is a net exporter of fish
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and fishery products, deriving about $168.561 million as net
foreign earnings in 1989 (Department of Statistics 1990).
Although small, it represents a positive contribution to the

trade balance of the country.
2.3 The Marine Fishery Industry in Peninsular Malaysia

Peninsular Malaysia is the most important region in the
country in terms of marine fishery production, employment
and number of active fishing vessels. The marine fishery
industry in Peninsular Malaysia will be described in this

section.

On the average, there were 25,281 licensed fishing

vessels in Peninsular Malaysia for the period between 1980

o

and 1989 (Table 2.1). The majority of these vessels (72%)
were found on the West Coast as compared to about 7,179 on
the East Coast. These vessels can be categorised into three
main groups, namely non-powered vessels, those powered with
outboard engines and those with inboard engines. The
inboard-powered vessels can be sub-divided further, based on
their tonnage. As shown 1in Table 2.1, inboard powered
vessels of size less than 25 Gross Registered Tonnage (GRT)

are the most numerous both on the West and East Coasts of

1 The S sign used here and in subsequent chapters refers
to Ringgit which is the Malaysian currency unit. In
1990, the average exchange rate was $2.71 = U.S. $1.
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Table 2.1 Average Annual Fleet Size, by Power Source and

Tonnage Class, in Peninsular Malaysia, 1980-89
West Coast East Coast

Tonnage class Number Percent Number Percent

Non-powered 1,441 8 676 9

.Outboard-powered 5,914 33 974 14

Inboard-powered:

Below 10 GRT 6,887 38 3,089 43

10 - 24.9 GRT 2,238 12 1,809 25

25 - 39.9 GRT 848 4 321 4

40 - 69.9 GRT 678 4 257 4

70 GRT & above 96 1 58 1

Total 18,102 721 7,179 28l

1 penotes percent out of average annual number of licensed
vessels in Peninsular Malaysia during 1980~1989.

Source :

Annual Fisheries Statistics, various years.
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Peninsular Malaysia. There was also quite a substantial
number of outboard-powered vessels on the East Coast.
Inboard-powered vessels of larger size, for instance, those
with 70 GRT and above, were the least in number because the
capital investment and operating costs of these vessels are
substantial, beyond the capabilities of most small artisanal

fishermen.

It has often been stated that technological dualism
exists in the marine fishery industry in Malaysia, whereby
traditional fishing gears coexist with commercial gears.
The traditional gears comprise mainly gill or drift nets,
lift nets, handlines, bag nets, barrier nets, push or scoop
nets and fish traps (both stationary and portable), while
commercial gears are made up of trawl nets and seine nets.
During the last decade from 1980 to 1989, the average annual
number of units of gear2 used in fishing was 23,921 in
Peninsular Malaysia (Table 2.2). Some 79 percent of these
gears were found on the West Coast. The breakdown of dJgear
types by region revealed that many gill or drift nets were
used by fishermen on the West Coast of Peninsular Malaysia

(47 percent of total gear used as shown in Table 2.2).

2 A vessel operating single gear type constitutes a unit
of gear. However, there may be 1instances where a
vessel operates two or more gear types. The number of
gear used refers to the number of gear types used by a
vessel.
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Table 2.2 Average Annual Number of Units of Different
Fishing Gears in Operation in Peninsular
Malaysia, 1980-89

West Coast East Coast
Type of gear Number Percent Number Percent
Trawl 4,933 26 1,132 23
Fish seine 305 2 274 6
Anchovy seine 96 * 81 2
Other seine 1,215 6 64 1
Gill/drift net 8,875 47 1,258 25
Handlines 1,115 6 1,301 26
Bag net 737 4 106 2
Other?l 1,707 9 720 15
Total 18,985 792 4,936 212

1 Includes other traditional gears such as 1ift nets,
stationary and portable traps, barrier nets or scoop nets
and miscellaneous nets.

2  Denotes percent of average annual number of fishing gear
units in operation in Peninsular Malaysia during the same

period.

* Denotes negligible percentage.

Source : Annual Fisheries Statistics, various years.
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Trawl nets were the next most important gear in terms of

number, followed by other traditional gears such as

handlines. Although seine nets such as fish seines and
anchovy seines were the least in number, they are
nevertheless important gears in catching fish. The fish

seine is particularly important in catching pelagic fishes
while the anchovy seine is the principal gear used 1in the
catching of anchovy in Malaysia. Similar patterns of gear
used on the East Coast can be observed. Gill or drift nets
and trawl nets were also the more popular gears used, but
handlines were, on the average, the most in number on the

East Coast during the period from 1980 to 1989 (Table 2.2).

A breakdown of licensed vessels between 1980 and 1989
according tc their size and gear type is presented in Table
2.3. A majority of vessels using gill or drift nets were
either less than 10 GRT in size or were powered by outboard
engines. A similar pattern can be observed in Table 2.3 for
vessels operating other traditional gear types such as
handlines and bag nets. Owing to the smaller size of their
vessels, fishermen using traditional gears are operating
closer to the shore and are thus considered as inshore
fishermen. By constrast, a majority of the vessels with
commercial gears are powered by inboard engines and have a
larger size. For example, most trawl vessels were above 25

GRT while the largest number of fish seines were found in
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Table 2.3 Average Annual Number of Licensed Vessels by Gear Group, Power Source and Tomnage Class,

Peninsular Malaysia, 1980-8%

Fish Anchovy  Other Drift Hand Bag

Tonnage class Traul seine seine seine net line  met  Other  Total
Non~powered 0 2 10 71 1,039 533 78 237 1,970
(0) (*) (4) (7) (8)  (16) (14) (16) (8)
Quthoard-~powered Q 0 2 316 5,187 694 122 472 6,793
(0) (0) (1) (31) (39)  (21) (22) (32) (27)

Inboard-powered:
< 9.9 GRT 827 17 38 605 6,100 1,397 362 408 9,754
(19) (3) (16) (10) (46)  (42) (64)  ( 28) (39)
10 - 24.9 GRT 1,967 117 77 14 882 678 3 291 4,029
(46) (17) (33) (1) (7 (20) (%) (20) (16)
25 - 39.9 GRT 852 214 36 1 17 18 0 29 1,167
(20) (32) (16) (*) (*) (1) (0) (2) (5)
40 - 69.9 GRT 547 285 §7 1 2 2 0 12 896
(13) (42) (20) (*) (*) (¥) () (1) (4)
70 GRT & above 71 42 22 1 1 1 0 9 147
(2) (6) (10) (*) (%) (*)  (0) (1) (1)
Total 4,264 677 232 1,009 13,228 3,323 565 1,458 24,756

Note : Fiqures in parentheses denote percent of total number of units within the gear t pe.

* Denotes neqligible percentage.

Source : Annual Fisheries Statistics, various years.
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the size category of 40 to 70 GRT. Owing to their larger
size, trawl and seine vessels are allowed to operate 1in

waters further away from the shoreline.

There were on the average 68,924 fishermen employed to
man the vessels and gears between 1980 and 1989. A larger
proportion of fishermen were found on the West Coast (some
64 percent as shown in Table 2.4) as compared to the East
Coast of Peninsular Malaysia. Data on fishermen employed
according to gear type have shown that most fishermen were
employed to operate gill or drift nets, constituting some 47
percent and 27 percent respectively for the West and East
Coast. Trawl nets on the West Coast and handlines on the
East Coast were used by the second 1largest number of
fishermen. Fishermen employed to work on fish seines are
quite numerous, ranking third on both the East and West
Coasts. It can also be seen from Table 2.4 that the seine
nets, on average required the largest crew, ranging from 11
crew members for other seines on the East Coast to 24 for
anchovy seines on the West Coast. Fish seine operations on
average require 15 to 18 crew members. For trawl nets, the
number of crew required ranges from two to three while gill
or drift nets required more crew members, ranging from an

average of two on the West Coast to five on the East Coast.

Annual fish landings between 1980 and 1989 in

Peninsular Malaysia on average amounted to 602,237 metric
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Type 1in

Av. no. of

Av. no. of

Employment units of fishermen

Gear type No. Percent gear usedl per gear
West Coast:

Trawl 9,557 21.71 4,933 2
Fish seine 4,714 10.71 305 15
Anchovy seine 2,307 5.24 96 24
Other seine 2,092 4.75 1,215 2
Drift net 20,561 45.72 8,875 2
Handline 1,936 4.41 1,115 2
Bag net 939 2.13 737 1
Others 1,940 4.33 1,707 1
Sub~-total 44,013 63.862 18,985 2
East Coast:

Trawl 3,485 13.99 1,132 3
Fish seine 4,894 19.65 274 13
Anchovy seine 1,013 4.07 81 13
Other seine 734 2.95 64 11
Drift net 6,755 27.12 1,258 5
Handline 5,573 22.37 1,301 4
Bag net 49 0.20 106 1
Others 2,408 9.67 720 3
Sub-total 24,911 36.142 4,936 5

1 Adapted from Table 2.2.

2 Denotes percent of total fishermen employed in Peninsular

Malaysia.

Source : Annual Fisheries Statistics, various years.
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tons. It should be noted that the West Coast contributes
about 70 per cent of the fish landed per year (Table 2.5).
The average annual value of fish 1landed in Peninsular
Malaysia in the last decade was approximately $405,552,000.
Comparisons between East and West coast revealed that a
metric ton of fish landed on the West Coast has a higher
value. Similarly, catch per fisherman is higher for the
West Coast. On the other hand, landings per vessel are
slightly higher for the East Coast as compared to the West

Coast.

Even though traditional gears accounted for about 60
per cent of all gear units in operation (as shown in Table
2.2), they contribute only about 22 per cent to the landings
(Table 2.6). Traditional gears on the East Coast have
contributed more to 1landings than they have on the West
Coast. Amongst the traditional gears, the contribution to
landings by gill or drift nets was the highest, averaging
about nine per cent per annum. For the commercial gears,
trawl nets, especially those on the West Coast made the
highest contribution to landings, followed by fish seines
(Table 2.6). In terms of gear productivity, it can be noted
in Table 2.6 that the productivities of commercial gear
units were far greater than those of traditional gear units.

The ranking of gears according to unit productivity 1is as
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Table 2.5 Average Annual Landings, Landed Values, Fishing
Fleet Size and Number of Fishermen Employed in
Peninsular Malaysia, 1980-89

West Coast East Coast
Number Percent Number Percent

Landings (mt) 422,133 70 180,104 30
Landed wvalues

(1000%) 793,274 72 312,278 28
Licensed vessels

(number of units) 17,933 72 7,074 28
Fishermen (number) 45,750 65 25,169 35
Catch per vessel

(mt) 24 n.a. 25 n.a.
Catch per fisherman

(mt) 9 n.a. 7 n.a.
Value per mt

($/mt) 1,879 n.a. 1,733 n.a.
Note : n.a. denotes not applicable.

Source : Annual Fisheries Statistics, various years.
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Table 2.6 Average Annual Landings by Gear Type, West Coast, East Coast and Peninsular Halaysia,

1980~89
Fish Anchovy Other Drift Hand
Trawl seine seine seine net line  Other Total
West Coast:
Landings (mt) 217,408 61,315 23,866 17,000 35,768 5,538 29,312 389,558
(%) 55.81 15.74 6.13 4.13 9,18 1.42 7.52 100,00
No. of gear units 4,933 305 9%6 1,215 8,875 1,115 2,444 18,985
Catch/gear unit 44,07 201.03 248.60 13.99 4.03 4.97 11.99 75.53
East Coast:
Landings (mt) 56,752 59,350 7,000 1,032 14,543 19,696 21,590 183,337
(%) 30.96 32.37 3,87 0.56 7.93 10.74 11.78 100.00
No. of gear units 1,132 274 81 64 1,258 1,301 826 4,936
Catch/gear unit 50.13 216.61 87.53 16.13 11.56 15.14 26.14 37.14
Peninsular
Halaysia:
Landings (mt) 274,160 120,665 30,956 18,032 50,311 25,234 50,902 572,89
(%) 47.86 21.60 5.40 3,20 $.78 4.40 8.89 100.00
No. of gear units 6,065 579 177 1,279 10,133 2,416 3,270 23,921
Catch/gear unit 45,20 208.40 174.89 14.10 4.97 10.44 15.57 23.95

Source : Annual Fisheries Statistics, various years.
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follows: fish seines, anchovy seines, trawl, other

traditional gears, other seines, handlines and drift nets.

It can be inferred from the above that the West Coast
fishing centres have achieved and maintained a predominant
position in the Malaysian fishing industry. The primary
reason is the larger concentration of more capital intensive
or large scale fishing vessels and gears on the West Coast.
The high absolute and relative profitability of fishing on
the West Coast, 1in conjunction with a larger pool of
innovative fishermen and entrepreneurs with sufficient funds
and skills to capitalise on this potential, have led to the
introduction and wide scale adaptation of a continuous
series of technological innovations on the West Coast (Yap,
1977). The West Coast fishery has been more profitable than
that on the East Coast because there is greater
accessibility to fishing grounds rich in various prolific
and highly priced inshore species. Moreover, the fishing
grounds and fishing ports are spatially and temporally
closer to the wealthy urban markets of the West Coast and
thus enjoy a technologically and economically more efficient

marketing system.

2.4 The Fisheries Resource System in the Study Area

The study area 1is 1located on the West Coast of

Peninsular Malaysia. It encompasses five states, namely
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Perlis, Kedah, Pulau Pinang, Perak and Selangor. Pulau
Pinang, Perak, Selangor, and to some extent Kedah, are the
most developed states in Malaysia. They are located in the
industry belt of the country where many industries, such as
the electronic and textile industries are established. The
strategic location of this area with its ports at Pulau
Pinang and Port Klang in Selangor, coupled with other
factors, such as easy access to raw materials and labour,
investment 1incentives provided by the Government and
political stability, have all contributed to this rapid

development of industries in the region.

The region is also endowed with rich natural resources.
For example, tin 1is found 1in Perak and Selangor.
Agricultural plantations of rubber, oil palm, coconut, fruit
orchards can be found in all parts of this region; and
beautiful beaches as well as scenic natural environments are
found in Pulau Pinang, Kedah and Perak. The rich endowment
of resources in the region has helped in the industrial
development and will likely continue to do so in the future.
The fishery resource has contributed substantially to the
growth and development of the fishery industry in the region

in particular and the country in general.

In attempting to manage the small pelagic fishery in

this region, it is important to have an understanding of the
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entire gamut of the fishery. Hence this section provides a
brief account of the general profile and characteristics of

the fishery in the study area.

Historically, the study area is the most important
fishing region in the country. The region has been the
centre for fishing technology adoption since almost all the
major fishing gears were initially adopted in this region
‘and spreaa to the rest of the country from here. For
‘example, the use of the large stationary trap at the
beginirng of the century, the motorization of purse seine
vessels during the thirties, the use of lures by the purse
seine fleets, the adoption of synthetic fibre nets, and the
introduction and subsequent proliferation of trawl gear in

the mid-sixties were all begun here (Yap, 1977).

The central importance of the study area in the fishing
industry in Malaysia can also be seen from its contribution
to total catch, the size of its fishing fleet and the number
of fishermen engaged in fishing. Over the period 1980 to
1989, the region’s fish landings accounted for more than 90
percent and 65 percent of West Coast’s and Peninsular
Malaysia’s landings respectively, both in terms of guantity
and value (Department of Fishery, 1981 - 1990). The fleet
size in the region during this period accounted for about 76
percent of that on the West Coast and about 54 percent of

that in Peninsular Malaysia, while fishermen employed to man
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these vessels constituted about 80 percent and 51 percent
respectively of those employed on the West Coast and in

Peninsular Malaysia.

A large proportion (54%) of the fishing vessels in the
study area is comprised of vessels below 25 GRT, while 34
percent of these vessels are non-powered or are powered by
outboard engines (Table 2.7). The proliferation of the
small size vessels is mainly because of the narrow strip of
fishing area along the Straits of Malacca. Nevertheless, a
small number of 1larger size vessels can be found in the
northern states of Kedah and Perlis as the Straits of

Malacca widen there.

Traditional fishing methods and gears are dominant in
the study area. Notably, gill or drift nets are the most
widely adopted gears by fishermen, accounting for about 41
percent of the total gear used here (Table 2.8). A sizeable
number of vessels with trawl gear (30%) are also used.
These trawlers are of various sizes, but a majority of them
are mini-trawlers of a size of less than 25 GRT. A large
fraction of the seine gear vessels are of bigger size, but
there are relatively few fish and anchovy seines present in

this region.

Malaysia lies 1in the tropics and its fishery resource

is distinctively different from that found 1in temperate
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Table 2.7 Average Annual Number of Vessels by Power Source
and Tonnage Class, in Northwest Peninsular

Malaysia, 1980-89

Tonnage class Number Percent
Non—-powered 910 7
Outboard-powered 3,721 27

Inboard-powered:

Below 10 GRT 5,477 40
10 - 24.9 GRT 2,010 14
25 - 39.9 GRT 840 6
40 - 69.9 GRT 678 5
70 GRT & above 96 1
Total 13,731 761

1 penotes percent of average annual number of licensed
vessels on the West Coast of Peninsular Malaysia for
1980-1989.

Source : Annual Fisheries Statistics, various years.
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Table 2.8 Average Annual Number of Units of Fishing Gears

in Operation, Northwest Peninsular Malaysia,

1980-89
Gear type Number of units Percent
Trawl 4,566 30
Fish seine 305 2
Anchovy seine 96 1
Other seine 1,159 8
Gill/drift netl 6,218 41
Handlinel 894 6
Bag netl 646 4
othersl/? 1,189 8
Total 15,073 793

Denotes traditional gears.

2 Includes other traditional gears such as 1lift nets,
stationary and portable traps, barrier nets, push or
scoop nets and miscellaneous nets.

3 Dpenotes percent of average annual number of units of
fishing gears in operation on the West Coast of
Peninsular Malaysia from 1980-1989.

Source : Annual Fisheries Statistics, various years.
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countries. One of the important characteristics of the
fishery resource in Malaysia, and hence of the fishing
grounds of Northwestern Peninsular Malaysia, 1is the
existence of a large number of species, a majority of which
are of commercial value. About seventy species or species
groups have Dbeen listed in the official fisheries

statistics.

There are more than 15 species of small pelagic fishes
of commercial importance which are listed in the fisheries
statistics. The term "small pelagic fishes" refers to an
arbitrary classification of a diverse group of fishes that
inhibit the upper surface layers of the water column above
the continental shelf. They generally have smaller
asymptotic sizes3, shorter life spans, reduced intensity of
seasonal oscillations in a number of cyclical features such
as growth, fat content, migratory behaviour etc., higher
fecundities and higher natural mortality (Pauly, 1989).

They are primarily plankton feeders.

Small pelagic fishes are among the most important
species groups harvested off the coast of Northwest
Peninsular Malaysia as the contribution of these species to

total marine fishery production in 1980 to 1989 ranged from

3 The asymptotic size is the size the length of the fish
approaches as it ages.



30

22% to 40% (Table 2.9). Of the total pelagic landings,
small pelagic fishes formed over 90% of the catch in the
same period, equivalent to about 37% of the total fish
catch. The 1landings of small ©pelagic fishes are
concentrated in only a few species or species groups.
Average annual landings of each species group from 1980 to
1989 for the study area are presented in Table 2.10. The
figures show that nine of the top twenty fish species groups
landed are small pelagics. The average landings of Indian
mackerel, a small pelagic species, was the highest among all
species groups during the period (Table 2.10). Other small
pelagic species groups landed, in order of their importance
include anchovies, round scads, hardtail scads, sardines,
selar scads, eastern little tunas, mullets and goldbanded
scads. In the subsequent analyses, these species will be
arbitrarily grouped into four major categories namely,
Indian mackerel, scads, sardines and tunas. The anchovies
will not be included in the study because they are mainly

caught by the anchovy purse seiners.

Fish seines are the most important gear for catching
the small pelagics in the study area. This gear caught more
than 70 percent of scads, sardines and tuna and about 61
percent of Indian mackerel during 1980 to 1989 (Table 2.11).
Pelagic trawling by trawlers is mainly for the Indian

mackerel, scads and sardines. Although drift nets are the
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Table 2.9 HMarine Fish Landings by Species Group, Northwest Peninsular Malaysia, 1380-89

Pelagics ' ¢ of small pelagics to

Total Small Big Total Total  Total  Total Total  Total Total
production pelagics pelagics pelagics demersal fish invertebrate production fish pelagics
Year (mt) (mt) (mt) (mt) (mt) {mt) {mt)

1980 475,447 116,765 8,482 125,247 158,326 283,573 191,874 25 9
1981 410,370 103,883 9,256 113,139 162,606 275,745 134,625 25 38 9%
1982 410,810 122,557 11,519 134,076 150,646 284,722 126,088 30 $B9
1983 422,721 133,410 11,452 144,862 166,188 311,050 111,671 32 B9
1984 325,874 130,935 6,529 137,464 126,940 164,404 61,470 40 50 95
1985 306,151 98,607 9,128 107,735 136,778 144,513 61,638 32 0 92
1986 305,409 71,827 11,828 83,655 158,167 241,822 63,587 24 30 %
1987 481,628 117,603 14,748 132,351 249,812 382,163 99,465 24 31 89
1988 406,609 104,153 10,950 115,103 207,349 322,452 84,157 2 32 90
1989 468,219 103,212 8,648 111,860 233,478 345,338 122,881 22 300 92
Average 401,324 110,295 10,254 120,549 175,029 295,578 105,746 27 37 91

Source : Annual Fisheries Statistics, various years.
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Northwest Peninsular Malaysia, 1980-89
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Important Fish Species Groups off the Coast of

Average

% share to

landings total fish Cumulative

Rank Species group (mt) landings percentage
1 Indian mackerel spl 81,220 31.42 31.42
2 Anchovies SP 23,122 14.18 45.60
3 Round scads SP 9,434 5.79 51.60
4 Jewfish DM 6,900 4.232 55.62
5 Hardtail scads SP 5,795 3.55 59.17
6 Threadfin breanm DM 5,702 3.50 62.67
7 Sardines SP 5,360 3.29 65.96
8 Selar scads 3P 4,454 2.73 68.69
9 Spanish mackerel BP 4,094 2.51 71.20

10 Pomfret BP 3,928 2.41 73.61
11 Eastern little tuna SP 3,880 2.38 75.99
12 Mullet SP 3,151 1.93 77.92
13 Rays DM 2,941 1.80 79.72
14 Marine catfish DM 2,279 1.40 81.12
15 Wolf herring BP 2,233 1.37 82.49
16 Tongue fish DM 2,233 1.37 83.86
17 Yellow striped

trevally Sp 2,196 1.35 85.21
18 Shad DM 2,059 1.26 86.47
19 Ribbon fish DM 1,888 1.16 87.63
20 Chicunda shad DM 1,806 1.11 88.74

1

SP denotes small pelagic;
denotes demersal species.

BP denotes big pelagic and DM

Source : Annual Fisheries Statistics, various years.
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Table 2.11 Average Annual Catch (mt) of Small Pelagics by
Major Gears in Northwest Peninsular Malaysia,

1980-89
Small pelagic species

Gear type I. mackerel Scads Sardine Tuna Misc.
Trawl 13,632 3,658 956 3 942
(26) (17) (18) (*) (4)

Purse seine 31,279 17,103 4,063 2,852 2,306
(61) (78) (76) (74) (8)

Drift net 5,953 436 132 727 2,866
(12) (2) (2) (19) (10)

Others 356 682 209 298 21,925
(1) (3} (4) (7) (78)

Total 51,220 21,879 5,360 3,880 28,039
(100) (100) (100) (100) (100)
Note : Figures in parentheses denote percent of catch of

the species by the gear.
* Denotes negligible percentage.

Source : Annual Fisheries Statistics, various years.
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most abundant gear used in the study area, their catch of
small pelagics is small compared to that of trawl nets and
fish seines. A large proportion of miscellaneous small
pelagic species, caught by other gears (78%) consists

primarily of catches of anchovy by the anchovy seines.

Discernible monthly oscillations in the landings of
small pelagic fishes are observed in the study area. The
seasonal 1indices of 1landings of four important groups of
small pelagic fishes on the West Coast, and hence in the
study area, are presented in Figure 2.2. The indices were
computed by calculating the twelve-month moving average of
landings, taking the difference between the landings of a
particular month and the moving average, and then averaging
the differences over the years for a particular month. The
procedure was followed in order to eliminate any cyclical
and trend components inherent in the data for landings.
Peak catches occur in the months of July and August and for
tuna in May as well. The monthly variations in catches are

more severe for sardines and tunas.

There have been very few studies of the seasonal

[SY

1 .
n Ma;.aySJ.a.

[

migration patterns of small pelagic species

\
rse seine and

=

Available information indicates that the p
trawl fisheries in the study area exploit a single cohort

stock of Indian mackerel which breeds and feeds in waters
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near Pulau Langkawi and which exhibits no marked nmigratory
pattern (Chong and Chua, 1974).

2.5 The Present State of the Fishery Industry in Peninsular

Malaysia

The fishery industry in Peninsular Malaysia is beset by
three major problems. First, the available resource appears
to be overexploited, particularly in the inshore areas on
the West Coast. The overexploitation is a consequence of
open access to the resource. It has caused overcrowding on
the fishing grounds, which has caused conflicts among
fishermen using different types of gear. Moreover, that too
many fishermen are chasing too few fish implies that incomes

earned by these fishermen are low.

Overexploitation of the fishery resource can be shown
by comparing the data on catch and potential vyield.
Concerning the assessment of the fishery resource potential,
several estimates are available but there exist considerable
variations among them depending on the method of assessment,
timing and area surveyed (see for examples Tiews, 1976;

Pathansali, 1974, 1976; Shaari and Chai, 1976; Chong, 197°).

ER 9 L3 N
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A more recent estimate by the Fisheries Research
Institute of Malaysia in 1980, puts the total potential
yield of both pelagic and demersal species off the coasts of
Peninsular Malaysia at about 662,000 metric tons (Table
2.12). The West Coast has a potential yield of 255,000
metric tons which is much lower than that of the East Ccast,
with its 407,000 metric tons. The demersal resources on
both coasts, however, are much larger than the pelagic

resources.

The fish catch on the West Coast of Peninsular Malaysia
in the last decade far exceeded the sustainable potential.
For example, the catch in 1980 and 1989 was 90 percent
higher than the sustainable yield, but was only about 28
percent higher in 1985 (Table 2.12). The resource base on
the East Coast is still able to support higher levels of
exploitation. Overall, the sustainable catch level has been

exceeded for Peninsular Malaysia as a whole in recent years.

Another sign of overfishing, especially on the West
Coast, 1s shown by the increase in landings of trash fish, a
large proportion (more than 80 percent in 1981) of which
consists of undersized, commercially valuable species
(Sharom, 1984). Figure 2.3 reveals that the proportion of
trash fish in total landings by all gear types is higher on
the West Coast than on the East Coast for 1980-1989.

Approximately 36 percent of West Coast landings were
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Table 2.12 Fishery Resource Potential and Exploitation in
Peninsular Malaysia

Exploitation
Region Potential 1980 1985 1989
East Coast 407,000 130,403 135,737 257,550
(32.04) (33.35) (63.28)
Demersal 247,000
Pelagic 133,000
West Coast 255,000 493,495 327,124 489,334
{(193.5) (128.3) (191.9)
Demersal 167,000
Pelagic 88,000
Peninsular
Malaysia 662,000 623,898 462,861 882,492
{94.24) (69.92) (133.3)
Note : Figures in parentheses represent percent of total

potential catch.

Source :

Fishery Research Institute, Penang,

1980.
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comprised of trash fish in 19892, while on the East Coast,
the proportion was about 30 percent. Trash fish landings on
both coasts show an increasing trend. The high proportion
of trash fish to total landings, especially on the West
Coast, 1is supported by a number of case studies (see for

examples Khoo, 1976; Lam and Pathansali, 1976; Yap, 1973).

A Dbreakdown of trash fish landings by gear type is
shown in Figure 2.4. The percentage of trash fish landed by
trawl nets was the highest, averaging more than 50 percent
of total trawl landings from 1980 to 1989. This trend is
mainly due to the indiscriminate nature of fishing by trawl
gear. Drift nets and fish seines contribute the least to
trash fish 1landings. Among all traditional gears, other
seines, such as beach seines, have the highest percentage of

trash fish in total landings.

Other signs of overfishing include the extinction of
certain commercially valuable species of fish, notably
Lactarius lactarius, and increased landings of squid on
which the fish feed. Based on these gross symptoms, it can
be concluded in general that fishery resources in Peninsular
Malaysia, particularly off the Strait of Malacca on the West

Coast, have been biologically overfished.

Overexploitation of the resource has resulted 1in

intense competition among fishermen using different gears to
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exploit the same fishery resource. As a consequence of
excessive fishing capacity in pursuit of limited resources,
crowding externalities on the fishing grounds and gear
conflicts have occurred. Many incidents of Dblatant
encroachment of trawlers 1into the fishing grounds of
artisanal fishermen have occurred and they are resented by
the artisanal fishermen because the trawlers which fish
indiscriminately have destroyed Jjuvenile fish and inshore
spawning grounds. They have also caused substantial damage
to the nets and gears of artisanal fishermen, thereby
adversely affecting the incomes of the latter group. Some
of these incidents of gear conflict have escalated into
confrontations and cluashes between the trawl and artisanal
fishermen. The severity of gear conflicts can be gauged
from the fact that between 1970 and 1975, 1,200 boats (about
400 trawlers and 800 inshore fishing boats) were involved in
such conflicts, resulted in more than 60 boats sunk and 23

fishermen killed (Goh, 1976).

The problem of fishermen’s poverty can also be
partially 1linked to overexploitation of fish resources,
since increasing fishing pressure reduces the fish stock in
the long run and subsequently the catch rate and profit
which ultimately leads to low income and poverty. In fact,

about 73% of the fishing households in Peninsular Malaysia
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in 1970 were reported to be in poverty#. Since then the
incidence of poverty within the sector has declined to 63
percent in 1975, 55 percent in 1978, 45 percent in 1980, 26
percent in 1984, and 25 percent in 1987 (Malaysia, 1989;
Ubaidullah, 1986; World Bank, 1983). Poverty among fishing
households has declined despite meagre improvements in fish
stocks. The reduction in poverty has mainly ensued from
improved fishing technology (which increases income of
fishermen in the short run), rising prices of fish due to
increasing consumer prosperity, and government development
efforts in providing training and extension services,
provision of infrastructural facilities, marketing, and

relocation of fishermen to other gainful employment.

From the social and political standpoints, effective
fishery management is needed to help in further reducing and
possibly eradicating poverty and in eliminating the ensuing

conflicts that exist among fishermen.
2.6 Fisheries Management

Although fisheries management in Malaysia began during

the colonial period of bpritish Malaya, the crux of the

. :

Poverty in Malaysia is measured by a minimum level of
income known as the poverty line of income for a five-
persons household. A household is considered to be in
poverty 1if total household income (converted to a five-
persons equivalent) 1is on or below this poverty level

of income.

1~
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present management regulations is embedded in the Fisheries
Act 1963. A number of supplementary regulations were
subsequently enacted to deal with details in the operation
and control of the fishery industry. The regulations
include: (1) The Merchant Shipping Ordinance 1952; (2) the
Fisheries (Cockles Conservation and Culture) Regulations
1964; (3) the Fisheries (Maritime) Regulations of 1967; (4)
the Fisheries (Prohibition of Method of Fishing ) Regulation
1971; (5) Fisheries (Prohibition of Import of Piranhas)
Amendment Regulations 1979; (6) the Fisheries (Amendments)
Regulation 1980; and (7) the Fisheries Act 1985 (see
Appendix A for detail on these regulations). The implicit
objectives of these management regulations and policies are
as follows (Jahara and Yamamoto, 1988):
(1) the conservation and management of fisheries resources;
(2) the exploitation and utilization of these resources in
the national interest;
(3) the collection and compilation of fishery statistics:

(4) settling disputes among fishermen.

In order to achieve the objective of settling disputes among

fishermen, the Fisheries Regulations 1980 further addressed

the following objectives:

(1) to eliminate the competition and the ensuing conflict
between artisanal and trawler fishermen in the inshore

waters;
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(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.

Based on these objectives, it can be said that fishery

management 1in Malaysia has been oriented primarily to

fulfill social and biological goals, with little attention

being given to economic efficiency in resource utilization.

Fisheries management in Malaysia is couched mainly in
terms of limited entry licensing. The Fisheries (Maritime)
Regulations 1967, for example, contained detailed

specifications of activities requiring licenses; specified

5 The New Economic Policy was inaugurated in 1971 as the
overriding economic policy for Malaysia from 1970 to
1990 due to the general feelings of dissatisfaction and
frustrations over the 1inequitable distribution of
income and wealth among the racial groups 1in the
country. These feelings had led to the most serious
racial riots in the country history. The New Economic
Policy has in it a two-pronged objectives: (1) to
reduce and eventually eradicate poverty by raising
income levels and employment opportunities for all
Malaysians, 1irrespective of race; and (2) to
accelerate the process of restructuring Malaysian
society to correct the economic imbalance so as to
reduce and eventually eliminate the identification of
race with economic functions (Second Malaysia Plan,

1971-75).
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the terms and ceonditions attached to the licenses; stated
the compensation for damage caused by fishing appliances and
penalties for violation of the rules; stipulated the amount
of license fees and deposits for fishing stakes and fishing
appliances; and established specific terms and conditions on
trawling with regards to fishing grounds, trawling time,
minimum mesh size for trawl nets of 25 mm as measure at the
cod end, landing places, and prohibited use of beam

trawlers.

The avove regulations were strengthened by the
Fisheries (Amendments) Regulation 1980, enacted in response
to the problems of overexploitation and overcapitalization
in inshore waters. The main focus of the 1980 Regulations
was the allocation of fishing grounds through =zoning and
area licensing. Specifically, four main 2zones were
established under this regulation:

Zone A -- within 5 miles from the shoreline; is reserved
for traditional fishing gears owned and operated by
fishermen themselves.

Zone B -- between 5 and 12 miles; is reserved for trawlers
and purse seiners less than 40 GRT, owned and operated
by fishermen themselves.

\ .
miles; is reserved for trawlers

(e}

Zone C -- between 12 and 3
and purse seiners greater than 40 GRT, wholly owned and

operated by Malaysian fishermen.
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Zone D -- beyond 30 miles; 1is reserved for foreign or
partially Malaysian-owned fishing vessels of greater

than 70 GRT.

It should be noted that fishing vessels which are allowed to
fish in a zone close to the shoreline such as in Zone A can
tresspass into 2zones further away but the reverse is not

permitted.

The area or zone licensing 1is primarily aimed at
protecting artisanal fishermen. By reserving the innermost
zone to small boats operating traditional fishing gears, it
also aimed to diffuse competition and conflict between
artisanal fishermen and the more aggressive trawler
fishermen. Recently, the Government has imposed a
moratorium on new licenses issued for fishing boats in Zones
A and B. However, new licenses could still be issued to
larger boats of above 40 GRT in Zones € and D. The
rationale for these measures may be to limit overcrowding in
the inshore waters and to encourage larger boats to fish in

grounds further away from the shoreline.

Besides the above provisions, the 1980 Regulation also
increased the minimum trawl net mesh size from 25 mm to 40
mm as measured at the cod end. The main concern of this
measure is to increase the minimum size and weight of fish

captured to prevent depletion of the resources. Strict
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prohibition of the use of beam and pair trawls is also
imposed owing to the destructive nature of these gears on

fish stocks.

The Fisheries Act 1985 is ©primarily aimed at
controlling encroachment of foreign vessels 1into the

Malaysian EEZ. It imposes heavy fines on them when they are

apprehended. For local fishermen encroaching into waters
beyond the provisions of their licenses, fines or
imprisonment or both can also be imposed. However, the

efficacy of these regqulations in managing fishery resources
is questionable as fishermen have in the past ignored such

restrictions due to inadequate enforcement.

Fisheries management through limited licensing aims at
removing excessive fishing effort in the inshore waters in
order to improve resource productivity and returns to
fishermen. However, for it to be successful, it is crucial
that the number of licenses be issued to regions, states and
districts commensurate with resource availability.
Unfortunately, there is a paucity of both biological and
socio-economic information and analyses in the fishery
sector (Sharom, 1984). Detailed statistics and adequate
information on the resource potential, which could form the
basis for determining optimal 1license allocations, are
either seriously lacking or not available at all. Although

fishermen are required to keep data on catch and effort, no



49

measures have been taken to verify the data recorded in
their 1logs. Because of the data problem, it is extremely
difficult to assess the extent of overfishing, to arrive at
any definite conclusions about the status of the fisheries
resources and to determine the number of licenses to be
issued. Moreover, the few resource surveys are merely
indicative and do not provide conclugive evidence of

overfishing.

Applied research on the modifications and innovations
adopted by various types of gear are also lacking.
Consequently it is difficult to determine precisely the
extent of capital stuffing in the fishing industry. As will
be discussed in a later chapter, "“capital stuffing" by
vessels can render the objective of effort reductiocn
unattainable even though an 1initially optimal number of

licenses has been issued to vessels.

Another problem related to the 1limited licensing
program is the issue of "who should be awarded the limited
licenses" and "who should leave". In Malaysia, it is
difficult to identify who has been in the fisheries due to
the prevalence of part-time fishermen and illegal fishing
vessels (Sharom, 1984). Because of weak and ineffective
enforcement, a fairly substantial number of vessels (in
particular the mini-trawlers of le