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ABSTRACT

I. Introduction

Southeast Asia (SEA) region is a promising region to provide a continuously increasing capture
fishery production. Among SEA countries, Malaysia is the best practice model and a leading country
for estimating best management strategies that promote sustainable fisheries practices. Purse seine
fishery have played an important role in Malaysian fisheries for small, pelagic, economically important
fishes, not only for food consumption, but also for supporting the livelihoods and employment of
fishers. Over the past 10 years, purse seine fishing capacity has increased with minor changes in
species composition for all species. However, it is still important to examine the sustainability of the
Malaysian purse seine fishery as the fishing capacity has progressively increased.

To maintain sustainability, three management measures can be considered: input control,
technical control, and output control. The Malaysian Government has conducted input and technical
controls, but output control has not been implemented yet, although a pilot project and feasibility study
began in the East Coast Peninsular Malaysia (ECPM) in 2015. Prior to starting a quota system, the
fishery managers set a total allowable catch (TAC) as an annual catch limit, which is usually based
on scientific advice or catch data known as allowable biological catch (ABC). It requires data of each
species individually fitted and applied in single-species stock management models. However, most
fisheries, including Malaysian fisheries, involve multiple stocks or multiple fleets competing for the
same fish resources. Therefore, to implement a quota system in the multispecies purse seine fishery
in Malaysia, information of species such as habitat and seasonal life stages is needed. It is critical to
confirm whether the purse seine fishery as a multi-species fishery in Malaysia can be easily localized

by areas (spatially) or by seasons (temporally) before the implementation of output control.

II. Overview of the purse seine fishery in Malaysia

To confirm the feasibility of output control, concerning on its limitations and requirements, towards
Malaysian purse seine fishery, an overview of purse seine fishery in Malaysia was given by clarifying
the spatial and temporal patterns of purse seine fishing areas and seasons through species diversity
and cluster analysis. The analyses showed no specific seasonal and temporal pattern in the structure
of the purse seine fishery fishing grounds in ECPM areas. Huge species aggregations in catch
categories lead to incapability of providing species-separated data.

Multispecies fisheries are subjected to widely distributed and homogenously mixed fish
stocks which lead to non-selective exploitation. Therefore, realizing the multispecies fishery condition
in Malaysian fisheries, it is impractical to manage each species individually using single-species stock
assessment in multispecies fisheries. A tactical short-term management approach can be an option

to respond to the demands of data-limited management, which might occur in a multispecies fishery.



lll. Proposed management measure for purse seine fishery in Malaysia: an output control for
sustainable fisheries

A short-term management approach that can deal with multispecies fisheries in ECPM is the
feedback harvest control rule (HCR), which has been successfully applied in Japanese fisheries
management, called the ABC rule 2-1 in the Japanese TAC system. This feedback HCR was
previously validated to be applied in fisheries with a single-species approach. By combining
management strategy evaluation with a simulation to generate mixed-species data from a
multispecies fishery, the performance of this feedback HCR was evaluated and then compared with
its performance using species-specific data. Also, the sensitivity of the feedback HCR'’s performance
over several scenarios of population dynamics was also examined and compared across other
modified HCRs.

The results showed that the feedback HCR is appropriate for multispecies fisheries management
where only mixed-species data are available but with special monitoring for slow-growing minor
species. In other words, the feedback HCR presents an initial step toward sustainably managing

multispecies fisheries while contending with data-limited conditions.

IV. Concluding discussion

The Malaysian purse seine fishery management needs to commit to maintaining sustainable
fisheries. It can be done by considering establishing input control through a clear and accurate
adjustment of fishing capacity; strengthen capacity and capability for regional cooperation, in
particular regional coordination meetings and joint surveillance with neighboring countries; and the
implementation of output control.

A combination of input and output controls will be the best option for providing sustainable fisheries
management for Malaysian fisheries and other multispecies fisheries in the region. The limitation of
output control implementation towards multispecies fisheries condition can be solved by conducting
the feedback HCR which was validated dealing with data-limited conditions. As a merit, the feedback
HCR is designed to attain an optimum catch and biomass along with less catch variation which will
simultaneously affect fisheries sustainability.

This research pointedly suggests that data-limited multispecies fisheries can be managed
sustainably using multiple management measures, such as a combination of input, output and
technical controls. Furthermore, the availability of reliable species-specific data for certain major
species and mixed-species data for other species will generate substantial progress for fisheries

management in SEA.
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1. INTRODUCTION

1.1. Characteristics of Southeast Asian (SEA) fisheries

The United Nations’ 2030 Agenda for Sustainable Development (2030 Agenda) and its
Sustainable Development Goals (SDGs) provide an integrative approach to improve the
world to a sustainable and resilient path that leaves none behind, particularly supporting
developing countries to achieve their economic interdependencies. Related to fisheries,
SDG 14 fully concerns conservation and sustainable use of the oceans, seas and marine
resources for sustainable development. SDG 14 and its targets have continued their efforts
to regulate harvesting by implementing science-based management plans and ending all
destructive fishing practices such as overfishing, illegal, unreported and unregulated (IlUU)
fishing to restore fish stocks to the levels that can produce the maximum sustainable yield
(MSY) as determined by their biological characteristics. Other SDGs that are also relevant
with fisheries are as follows: fisheries value chain for supporting the poor livelihoods (SDG
1), fish for combating zero hunger (SDG 2), fisheries for contributing to good health and well-
being (SDG 3), fisheries for establishing economic growth (SDG 8), reductions in fishery
post-harvest losses (SDG 12), and low environmental climate impact of fisheries and
aquaculture compared to other food sources (SDG 13). In the other words, for achieving the
2030 Agenda and its SDGs, the global community needs to promote sustainability in
fisheries as a food supply in developing countries as well as it is done in developed countries
(FAO 2018).

In 2016, the global fish production peaked at about 171 million tons, with static capture
fishery production since the late 1980s and progressive growth of aquaculture to compose
about 47% of total production. The stable trend of capture fishery has been mainly due to
the declining catches of some regions. According to The State of World Fisheries and
Aquaculture 1988 — 2018, in the world’s most productive capture fishery areas, the Northern
and the Southern Pacific Ocean, capture fishery production has declined, while in other

regions, it has remained steady. Only three regions, the Western Central Pacific, the Eastern



and the Western Indian Ocean, have had a continuously increasing trend in capture fishery
production to compensate for declines in the other regions and to stabilize the world capture
fishery productions by composing the highest proportion of biologically sustainable stocks
at 72.6% (FAO 2018).

Southeast Asia (SEA) countries have played an important role in the increased fishing
capacity in the world through enhancing the numbers of fishers and motorized fishing
vessels (SEAFDEC 2015a, 2017, FAO 2018). It is believed that increased fishing capacity
might cause increased fishery landings (Sumaila et al. 2016). However, SEA has suffered
from the uncontrolled exploitation of resources caused by overcapacity, which in turn has
led to illegal fishing and ultimately to resource depletion. Under such conditions, the task of
managing fisheries sustainably in SEA has become progressively challenging (Worm et al.
2009, Pomeroy 2012, Amornpiyakrit and Siriraksophon 2016).Therefore, recognizing that
overfishing and overcapacity threaten the sustainability of fisheries, regionally, the
Southeast Asian Fisheries Development Center (SEAFDEC), as an autonomous inter-
governmental body founded in 1967 that supports the sustainability of fisheries and
aquaculture in Southeast Asia, had committed to promote better management of fishing
capacity (Amornpiyakrit and Siriraksophon 2016) and to strengthen regional cooperation of
sustainable fisheries development (Silapajarn et al. 2015).

The growing fishing capacity in SEA together with rapid increases in the number of fishing
fleets, have not been matched with the national capacities and regional cooperation to
manage fisheries resources sustainably. Limited management action such as control and
regulation seem to allow fisheries to operate an “open-access regime”. In such situations,
improved licensing schemes and other management measures that effectively limit the entry
of fisheries, replacing the current insufficient designed systems are needed (SEAFDEC
2017).

The coastal waters of SEA are the highly productive and biologically diverse, and support
many multi-species and multi-gear small-scale fisheries (Pomeroy 2012). The fisheries

employ different sizes and types of fishing vessels and gears along with various catching



methods for diverse target species. The characteristics of SEA fisheries have caused the
fisheries management to somewhat differ from other parts in the world because they are
complex with the multiple landing sites and fishers, and some of the fisheries have not been
registered yet (FAO 2005, Kato 2008). Moreover, inadequate data collection systems have
occurred in some SEA countries (De Young 2006, Kato 2008, Yuniarta et al. 2017) and led
to the problems of improving stock assessments and related information relevant for
decision makers (Rudd and Branch 2017). Owing to these complications, it is difficult to
estimate the future potential fish stock in SEA for its sustainability concerns.

After years of experience dealing with various challenges in capture fisheries
management, some SEA countries have set three main sustainable fisheries management
objectives: maximizing the catch, minimizing the catch variation and minimizing the
depletion of stocks (De Young 2006). Therefore, it is critically needed to initiate estimating
the best management strategies for achieving the management objectives while dealing with
the fisheries characteristics. A set of management strategies might be attained from best

practices among SEA countries.



1.2. Exemplary fisheries management in Malaysia

Among SEA countries, Malaysia has in managed its multispecies fisheries differently.
Before the 1980s, Malaysia still had exploitable and largely uncontrolled resources. However,
by the mid-1980s, Malaysia attempted to take control of its Exclusive Economic Zone (EEZ)
using a full range of management tools. When other countries in the Eastern Indian Ocean
region continued an “open access” strategy in managing both coastal and offshore fisheries,
Malaysia maintained “limited access” along with a strict licensing policy for its fisheries,
fishers, fleets and gears (De Young 2006).

Malaysia has centralized its governance systems comprehensively through both regional
and local authority networks for implementing conservation and sustainable resource
management policies with multiagency participation. In regard to its law enforcement system,
Malaysia has invested more for patrol fleets and conducted fisheries patrols, while other
countries have smaller, older and poorly maintained fleets. Malaysia has attempted to gain
control of its coastal fisheries through licensing, zoning and data collecting system.
Consequently, in the 1990s, Malaysia was a success story in fisheries management among
developing countries in Asia. However, it is still necessary to question the future
sustainability of Malaysian fisheries. Regardless of this issue, it is still fair to consider
Malaysia as the best practice models for estimating best management strategies in SEA (De
Young 2006), as Malaysia is also well-known as a leading country for the cluster “Promoting
Sustainable Fisheries Practices: Fishing Capacity and Responsible Fisheries Practices”
(SEAFDEC 2017).

Small pelagic fishes such as Decapterus spp.(Scads), Rastrelliger spp. (Indian
mackerels) and Sardinella spp. (Sardinellas) are economically important species in SEA,
not only for food consumption, but also for supporting livelihood and employment of fishers
(FAO 2008). Purse seines are a dominant gear used to catch these small pelagic fishes
(Kirkley et al. 2003). According to the Annual Fisheries Statistics report years 2002—2016
published by the Department of Fisheries Malaysia (Department of Fisheries Malaysia 2002-

2016), the number of fishing vessels operating purse seines has remained stable and



composed a small percentage (1.03 — 2.92%) compared to other dominant gears, such as
drift gilinets, hook and lines and trawls (Figure 1), but, the purse seine fishery is the second
largest after trawl fisheries, and its catches have a consistently increased (Figure 2).
Therefore, it is believed that the purse seine fishery might be the most promising fishery for
Malaysian fisheries and the livelihoods of their fishers.

A purse seine captures schooling fish trapped inside a purse net while a purse wire at
the bottom is pulled and tightened resembling a purse toward a purse seiner vessel. To
prevent fish from escaping out of the purse net, the top of net is floated at the surface while
the bottom part is equipped by weights. Therefore, a purse seine can catch a very dense
fish school in one short haul. It is believed that huge purse seine landings can compensate
for the cost of fuel consumption (Suuronen et al. 2012). Technically, there are some
important factors affecting purse fishing efficiency, such as net size, number of crew, use of
auxiliary instruments, temporal and spatial fish availability and some technical methods to
find and to attract fish schools (Pascoe and Greboval 2003). A unit of Malaysian purse seine
gear has net sized from 352.33 to 361.63 meters; employs 14 — 19 crew including the captain
(Kirkley et al. 2003); has catch rates of 14 mt per haul; and operates mostly during night
(Chee 1995). During fishing operations, some fishers use luring lights and fish aggregating
devices (FADs) made from coconut leaves and concrete blocks, while other fishers search
for fish without lights or FADs (DOF Malaysia 2015, Hassan and Latun 2016, Siriraksophon
2017).

Ecologically, purse seines have a small impact on the sea bed, since the gear is set near
the surface (Chuenpagdee et al. 2003, Suuronen et al. 2012). Moreover, the catching
performance of the gear is relatively unselective as its catches various species and sizes
that could include important non-target species or small-sized target species (Yami 1994,
Chumchuen et al. 2016). Regarding fisher’s viewpoint, the large purse seine catches might
increase their preference of employing this gear, as purse seine is the second most efficient

fishing gear contributing to the fish landings after trawls (DOF Malaysia 2015) .



Realizing the potential of their fisheries, the Malaysian Government made a policy to
improve the fishing exploitation by increasing the capacity of vessels. The Government
issues licenses for vessels larger than 70 gross tonnage (GRT), but at the same time limits
the licenses issued to small-sized vessels to balance the effort and fish stock abundance
(Jamaludin et al. 2017). According to the Departement of Fisheries Malaysia (2002-2016),
the number of purse seine large vessel units has been increased markedly while smaller-
sized vessels steadily decreased in number (Figure 3).

Besides the landing trend, the effect of fishing exploitation can be observed from the
trend of species composition (Worm et al. 2009). It is documented that the composition of
the fish community changed due to fishing impact (Haedrich and Barnes 1997, Jennings et
al. 1999). Catch data from the Departement of Fisheries Malaysia (2002-2016) shows that
the catch composition graph, which comprises 10 dominant species (82.3% of the total
landing of all landed species), changed slightly for all species during 2003 — 2016 (Figure

4),



1.3. General measures of fisheries management

As shown in the section 1.2, the species composition of the purse seine fishery has been
relatively stable for years. However, it is still important to question the sustainability of the
Malaysian purse seine fishery after the recent increase in fishing capacity (Pascoe and
Greboval 2003, Department of Fisheries Malaysia 2015). Therefore, the sustainability of
fisheries, especially the purse seine fishery, has been of concern for years. To maintain the
sustainability, some predictions of management actions should be taken. Similar to all
predictions, they contain uncertainty and should be subject of much elaboration, discussion
and conflict (Costanza and Patten 1995). There are three general categories of fishery
management measures that can be considered (Cochrane 2002, De Young 2006, FAO 2009,
Selig et al. 2017):

1.3.1. Input control

An input control is any measure to limit fishing capacity to control the amount of fish
caught, or in the other words, to reduce mortality among all species. It is considered to be
easier to implement and less costly to monitor and enforce than other measures. However,
it needs administrative and monitoring capacity to decide the amount of effort to assign to
each vessel (FAO Fisheries Department 2003). Gear restriction, limited entry (e.g., licensing)
and time restriction (e.g., days at sea) are input controls that can be easily used for multiple
target species. Particularly, time restriction is thought to protect spawning areas or size
classes and to prevent the use of fishing gears on stocks that have high risks or sensitive
life histories (Selig et al. 2017). However, biologically this measure could not directly restrict

all fleets to target certain stocks (FAO Fisheries Department 2003).



1.3.2. Technical control

A technical control is any measure to reduce fishing mortality or restrict fishing activities
on certain times or seasons in certain areas. As a management tool, technical controls can
reduce the mortality rate, not only for target species, but also for associated species in their
vulnerable life stages. If the stocks are shared by more than one country, the closure must
be coordinated (FAO Fisheries Department 2003). This measure works best in fisheries with
low-mobility species, steady spawning seasons and locations, and multiple target species
(Selig et al. 2017). Therefore, the application of technical control require caution if the stock
is mobile, since the fishing impact will be only displaced to other areas and increase mortality
of other species or other life stages. Also, it should include the overall effect of closures.
Area closures may require a large enforcement effort and can be costly (FAO Fisheries
Department 2003).
1.3.3. Output control

An output control or quota system is a measure to limit the amount of fish that can be
caught, called total allowable catch (TAC), which is set and shared by fishers through quotas.
This system has proved successful in fisheries that have a single target species and
relatively low number of fishers as monitoring catch levels is easier under such conditions.
Monitoring is the critical factor for implementing output controls (FAO Fisheries Department
2003). In fact, the frequency of output control use is equal for both targeted and multispecies
fisheries (Selig et al. 2017). Some studies have highlighted that the use of output control
can be ineffective and result in undesirable outcomes, such as high-grading, discarding, etc.
(FAO Fisheries Department 2003, Baudron et al. 2010, Selig et al. 2017). However, by

combining a quota system and limited entry, TAC has had more success (Selig et al. 2017).



1.4. Purse seine fishery management in Malaysia

Purse seine fishery management measures are based on the existing Fisheries Act
1985 (Act 317). Based on the previous general measures of fisheries management, below
are the current management measures being used for purse seine fishery management in
Malaysia (DOF Malaysia 2015, Jamaludin et al. 2017):

1.4.1 Input control
Several management measures applied in the core of input control mechanisms as follows:
(1) Zonation

Four fishing zones have been established using a licensing scheme that is designed for
specific vessel size, delineated fishing area, purposes and ownership (Figure 5). Zoning is
used as a management tool to provide an equitable resource allocation and to diminish
conflict between traditional and commercial fishers. Fishers are allowed to fish in areas
offshore of the zone they are licensed to fish, but not inshore of that zone.

Zonation details are shown in Table 1. Fishing zonation in Malaysian fisheries clearly
displays the design of specific categories in Malaysian fishing zones. Each vessel must
register to obtain a license and equipment from the Department of Fisheries (DOF) Malaysia.
Also, each fisher must comply with all licensing policies set, and they can be arrested or
punished if found guilty. As the purse seine fishery is part of a commercial fishery with
vessels larger than 40 GRT and fishing areas in the Indian Ocean, all purse seine vessels
operate in Zone C and C2.

(2) Effort limitation
Effort limitation measures applied and regulated in the purse seine fishery in Malaysia

are as follows:



a. Closed fishing areas

b.

C.

d.

Commercial fishing vessels including trawlers and purse seiner are prohibited in

Malaysian waters less than 5 nm from shore to conserve fishery resources in the zone

which is the main nursery grounds of prawn and fish juveniles.

Control fishing power

Any attempt to change the tonnage or engine power of fishing vessels requires

permission from DOF Malaysia. This measure has been established to limit the number

of vessels.

Moratorium of license issuance

To reduce the fishing effort, DOF Malaysia has established a moratorium for the

issuance of new or additional fishing licenses. The purpose is to ensure that the current

high fishing pressure on the limited coastal fishery resources will not increase to prevent

overexploitation. Recently, a license moratorium was set for issuance of new A, B and

C-zone licenses, while C2-zone licenses can be applied for since the DOF Malaysia

attempted to increase the number of larger vessels. The vessels in zone C2 also can re-

new their licenses if they complete the following:

o A vessel operational report (Laporan Operasi Vesel/LOV) of fish landings that
documents at least 350 tons of landings per year; and

¢ A monitoring, control and surveillance (MCS) report that documents at least 80% of
fishing activities were conducted in Malaysian waters.

Registration of fishers

This measure attempts to control the access of new individuals into the fishing industry.

Each fisher, both Malaysian and non-Malaysian, is required to hold a fisher registration

card. For local fishers, if they have a registration card, they can get subsidies from the

Government allocated by the Fisheries development authority of Malaysia (Lembaga

Kemajuan lkan Malaysia/LKIM). To apply for a registration card, local fishers must prove

that their main income comes only from fisheries verified by fisher’s association and that

they have sailed more than 120 times. For foreign fishers, to apply for a card, they must

10



submit the name of the vessels where they have worked on, passport, and sailors book
issued by their country.
1.4.2. Technical controls
Two management measures considered as technical controls have been used for years
in the Malaysian purse seine fishery:
a. Conservation of marine resources
Conservation of marine resources has always been the main concern of DOF Malaysia.
Together with the Department of Marine Park, DOF have attempted to ensure closed
area/ban for fishing activities in the fish spawning areas to conserve fishery resources.
At present, some islands off the East Coast Peninsular Malaysia (ECPM) have been
declared Marine Parks (Talang-talang Besar Island, Talang-talang kecil Island and
Satang Island). In these areas, the collection of marine fauna and flora is prohibited,
while in Tanjung tuan and Besar Island, fishing is prohibited without a specific license
(Figure 6). The Departments also plan to conduct closed seasons at certain times to
ensure fishery resources are not exploited without control. However, it has not
implemented yet.
b. Rehabilitation of resources
To ensure marine enhancement in Malaysian waters, 66 artificial reefs and 20 boat reefs
have been established. The reefs are used as a tools for fisheries management in
maximizing fishing exploitation, habitat rehabilitation, resource conservation and
diminishing overfishing effects.
1.4.3 Output control or quota system
Malaysia has tried to set TACs as a quota system since 2008, which was documented
in National Plan of Action for the Fishing Capacity in Malaysia (Plan 2) (Department of
Fisheries Malaysia 2015). Malaysian fishery managers thought that setting a quota system
might be not applicable or practical in Malaysian waters due to its multilevel and multispecies
fisheries (Department of Fisheries Malaysia 2013). However, DOF Malaysia has conducted

a pilot project and feasibility study on purse seiners on the East Coast and West Coast of
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Peninsular Malaysia (ECPM and WCPM), although the quota system has not yet been
assessed or implemented (Department of Fisheries Malaysia 2015).

To support a feasibility study of quota system implementation in purse seine fishery
management, the prerequisites of its implementation need to be considered. Before starting
a quota system, fishery managers must decide the TAC as an annual catch limit, which is
usually based on scientific advice or catch data known as allowable biological catch (ABC)
(Punt 2010, Anderson et al. 2018). This requires data of each species individually as fitted
and applied in single-species stock management models (Hilborn and Walters 1992, Cadrin
and Dickey-Collas 2015).

Malaysia has applied single-species approaches (particularly Schaefer's and Fox’s
surplus production models) in fisheries management for years. The use of surplus
production models has gained a wide acceptance in Malaysia due to the general absence
of mathematical models, and no attempt has been made to model using an age or length
base (Pascoe and Greboval 2003). Theoretically, a surplus production models describe how
the maximum yield is produced through logistic line (Schaefer 1954) and exponential line
(Fox 1970), which were initially developed for temperate stocks.

A single-species fish stock approach assumes fishing exploitation of a single stock by a
homogenous fishing fleet. However, most fisheries, including Malaysian fisheries, must deal
with multi stocks or multi fleets chasing the same fish resources (Sparre and Venema 1992).
Therefore, to implement a quota system in a multispecies fishery such as the purse seine
fishery in Malaysia, information related to the species (including habitat and seasonal life
stages) is needed. Consequently, by applying this measure, managers can modify catch
control, particularly for more vulnerable species (Pascoe and Greboval 2003).

The Malaysian Government has conducted almost all management measures, including
input and technical controls (De Young 2006). Neither input nor technical controls could
restrict the fleet to catch certain vulnerable species that might be economically valuable key
stocks (Pascoe and Greboval 2003). It should, however, be stressed that the success of

fisheries management is evaluated and judged almost solely by the conservation status of
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the valuable species (Marchal et al. 2016). Therefore, it is necessary to confirm whether
output controls, which can comply with the gap of input control implementation, can be
applied in multispecies fisheries such as in the Malaysian purse seine fishery.

The implementation of output controls requires the definition of each species, area and
seasonal life stages. It is critical to confirm whether the purse seine fishery multi-species
fisheries in Malaysia can be easily localized by areas (spatially) or by seasons (temporally)

before the implementation of output controls.
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1.5 Aim of this study
The aim of this study is to assess the applicability of output control implementation in the
multispecies purse seine fishery in Malaysia. The study was conducted by analyzing the
spatial and temporal patterns of the purse seine fishery in Malaysia.
Two research questions were formulated:
(1) To attest the applicability of output control implementation in multispecies purse seine
fishery in Malaysia:
To what extent can the multispecies purse seine fishery in Malaysia be structured with
respect to spatial distribution and temporal distribution
(2) To confirm the output control overcoming the problems of applying multispecies fisheries
approach:
To what extent can output controls that have been validated in single-species fisheries

be implemented in multispecies fisheries?
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1.6 Structure of the thesis

This thesis comprises four chapters to present the purse seine fishery management in
Malaysia. In the chapter I, the current purse seine fishery management and its problems
related to sustainability are described. The implementation of output control as one
management measure to solve the problems yet raises complications concerning the
prerequisites of output control to obtain spatial and temporal species-specific information.

In the chapter 2, the output control applicability in the Malaysian purse seine fishery is
confirmed spatially and temporally. This chapter presents an overview of the purse seine
fishery in Malaysia by defining species diversity and cluster analyses to confirm the spatial
and temporal structure of the fishery.

After confirming the multispecies situation in the fishery, in the chapter 3, the prospective
harvest control rule (HCR) as an output control that was previously validated in single-
species fisheries is introduced and validated to be implemented in such a multispecies
fishery. In this chapter, the validation of the HCR is performed by a simulation study.

To sum up, chapter 4 discusses the conclusions. General issues of purse seine fishery
management in Malaysia are clarified. Future works and considerations are also offered to

improve purse seine fishery management in Malaysia
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2. OVERVIEW OF THE PURSE SEINE FISHERY IN MALAYSIA
2.1. Background

Over the past several decades, pelagic fisheries have become the largest part of marine
production in Malaysia due to the contribution of the purse seine fishery (DOF Malaysia 2015,
Harlyan and Matsuishi 2017). During 2002 to 2016, the purse seine fishery contributed 21.8
— 29.4% of the total marine production making it the second highest contributing gear after
trawls (Department of Fisheries Malaysia year of 2002-2016 2016). The increasing demand
for fish encourages fishers with highly-equipped fleets to continuously race for fish, which
can lead to overcapacity and resource depletion (Purcell and Pomeroy 2015, Amornpiyakrit
and Siriraksophon 2016).

Overfishing and overcapacity critically threaten sustainable management, so
consideration of multiple measures has increased by the implementation of the FAO
International Plan of Action for the Management of Fishing Capacity (FAO 2004) and the
Regional Plan of Action for Management of Fishing Capacity (RPOA-Capacity)
(Amornpiyakrit and Siriraksophon 2016, SEAFDEC 2017). Being the first country in the
Association of Southeast Asian Nations (ASEAN) to develop a plan of action for fishing
capacity, Malaysia has developed a National Plan of Action Fishing Capacity as a template
for ASEAN member states (Department of Fisheries Malaysia 2015).

Recently, the DOF Malaysia has adopted various measures for Malaysian pelagic
fisheries: technical measures (i.e., closed fishing area, zoning and conservation of marine
habitat); input control (i.e., control on number of issuance fishing license and registration of
fishers); and community based fisheries management (DOF Malaysia 2015). Combination
of multiple measures is the most effective for lessening the risk of stock collapse including
increasing biological and economic yields (Stefansson and Rosenberg 2005). Moreover,
reinforcing multiple measures can increase the resilience of the fishery overall (Salas et al.

2007).
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The implementations of multiple measures have led to valuable progress in Malaysian
fisheries management. However, some measures have not been clearly shown as the key
performance indicators (KPI), particularly regarding the implementation of output controls
such as setting an Individual Quota System (IQS). An IQS was conducted for the purse
seine fishery in the ECPM, however, no assessment or implementation has been affirmed
for the study results (Department of Fisheries Malaysia 2015). The 1QS is set by total catch
since the data used are not categorized by species (Jamaludin et al. 2017) because the
catches comprise multiple species (Kato 2008).

To set a quota based-system, catch data statistics of each species are required (Kindt-
Larsen et al. 2011, Yuniarta et al. 2017). Some doubts of providing species-separated data,
however, make its prerequisites seem difficult to implement in Malaysian fisheries
(Department of Fisheries Malaysia 2013). Therefore, it is necessary to confirm whether
implementation of the 1QS can comply with the current measures applied in Malaysian
fisheries where only mixed-data are available. As a prerequisite of implementation, the 1QS
needs some information from related species which specifically describe the ecosystem
preference of the species (including habitat and seasonal life stages of each species), so
that by applying quota systems, the managers might be able to control the catch of more
vulnerable species (Pascoe and Greboval 2003, Dunn et al. 2011). Therefore, it is imperative
that managers be given a feasibility study as a reference to confirm the applicability of the
IQS, a part of national plans, towards the fisheries before its implementation.

In this chapter, the overview of the purse seine fishery is considered as the feasibility
study for the implementation of the 1QS. There are three issues that need clarifying
information on the overview of purse seine fishery in Malaysia: the structured patterns of
purse seine fishing areas; the species contributing most to create the species diversity; and

the patterns of purse seine fishing zones and seasons.
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2.2. Materials and Methods

To confirm the condition of purse seine fishery in Malaysia, two important factors
including fishing grounds (spatial distribution) and fishing seasons (temporal distribution)
were analyzed. A list of purse seiners was obtained from the Southeast Asian Fisheries
Development Center (SEAFDEC)/ Marine Fishery Resources Development and
Management Department (MFRDMD) in Kuala Terengganu, which is daily updated. In 2016,
the list comprised 3642 licensed vessels, 41.34% operated in ECPM, and the rest distributed
in the WCPM (30.31%), Sabah (24.61%), Sarawak (3.35%) and Federal Territory (0.39%).
The sizes of vessel were dominated by GRT <70 (66.94%) and GRT 40—69.9 (25.21%)
(Department of Fisheries Malaysia year of 2002-2016 2016). The lists indicated that purse
seiners were more numerous in ECPM area than in other areas, and most were larger sizes.

Sample respondents were randomly selected from fishers in the landing sites. Interviews
were conducted in the early morning as most purse seine landing times were before noon.
A total of 137 owners of purse seiners were interviewed. Their vessels measured
14.48—26.46m in length; 4.50—8.70m in width; 1.20—3.94m in depth; and 28.64—229.71 in
GRT. The numbers of one-day fishing trips were 1-25 days/month. When inconsistencies
were identified in the data collection during analysis, the SEAFDEC team and local

authorities contacted the selected fishers again to gather more information.
2.2.1. Study area and data sources

ECPM is surrounded on three sides by the South China Sea. It is made up of four states
from north to south: Kelantan, Terengganu, Pahang and Johor. Three field surveys (Table
2) were conducted at six fishing landing centers located in those states which were taken as
research sites (Table 3, Figure 7). Generally, fishing activities in Malaysian waters are
conducted throughout the year, even though activities decreases between November and

January due to strong winds (Islam et al. 2014).

As revealed in the previous chapter, the fishing activities managed by zonation are

categorized into four zones based on fishing ground distance from shore (Figure 5). Purse
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seine vessels are larger than 40 GRT and fishing areas occur in the Indian Ocean, so all
purse seine vessels operate in zone C, C2 and C3. C is 12—30 nm from shore; C2 is 30 nm
from shore to the Economic Exclusive Zone (EEZ) boundary; and C3 is the high seas. In
this study, the observed zones were C and C2, since C3 is only for tuna long-liners and tuna

purse seiners (Table 1).

C-zone vessels hold C zone licenses, while C2-zone vessels hold C2-zone licenses. In
the zonation, vessels that hold a license can fish in that zone and all zones offshore of that
zone, but not in zones closer to shore. Therefore, C-zone vessels can operate zones C, C2

and C3. However, C2-zone vessels can operate only in C2 and C3.

The data for this study was obtained from face-to-face interviews of local authorities and
fishers using a questionnaire. Prior to field data collection, intense discussions with
MFRDMD/SEAFDEC staffs were conducted to improve the questionnaire and gather

information on fisheries management, data collection and fishery operation.

The questionnaire consisted of three forms covering several issues: Form 1 covered
information on the current fisheries management and its implementations; Form 2 covered
information about how fisheries data are collected; and Form 3 covered information about
fishery activities including landing composition, fishing grounds, fishing operations and
fishers’ behavior (Appendixes, Appendix 1-3). To acquire the fishing ground data,
participatory mapping was applied to assist respondents in identifying and marking the

fishing grounds.
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2.2.2. Data analysis

As provided in the preceding part, the field surveys were conducted in three survey
periods. Each survey was performed at six different landing sites along the ECPM coast.
Data collected included species information about its landing site, period of landing, fishing
ground, vessel zone and the amount of landing. The data were inputted and classified based
on that information. For further analyses, the data were looked up by applying pivot table

application.

To broadly describe information about the structured patterns of purse seine fishing
areas, four analyses were conducted to provide the possible structures of fishing areas:
(1) Species diversity
To describe the species diversity of each fishing ground, two indices (i.e., Shannon-
Wiener index diversity (S-W index, H’) and The Margalef’s index of species richness (S)
(Zhu et al. 2011, Boyle et al. 2016)) were used as follows:
H' = —Yi,piInp; 1)
S=— 2

where p; is the fraction of the caught species, while i represents the number of species
caught 1, 2, 3,.., s. and n is the number of all caught individuals. The value of H’ represents
the number of equally common species that would generate the same heterogeneity. The
value of S represents the relative wealth of species in a community (Peet 1974, Lipps et al.
2014). In this study, the calculation of H’ and S was applied for describing the diversity of
species composition on each fishing ground spot.
(2) Spatial and temporal analysis

To investigate the patterns of purse seine fishing zones and seasons, spatial and
temporal analyses were conducted. Spatial analysis was conducted in zones, C and C2. A
zone distribution map was created by QGIS software (QGIS Development Team 2009),

which can descriptively show the distribution of both C and C2 vessels during the periods.
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Analysis of variance using distance matrices for partitioning distance matrices among
sources of variation was used by permutation test with pseudo-F ratios, named Adonis
function under Vegan package (Oksanen et al. 2018). It is directly analogous to Multivariate
ANOVA based on dissimilarities. Significance tests are applied using the F-test based on
sequential sums of squares from permutations of the data. For both spatial and temporal
analysis, the Adonis function was used to determine if there were any significant effects of
vessel zone distribution, period of survey distribution and the interaction between these
factors.

Analysis of similarity (ANOSIM) provides a way to test statistically whether there is a
significant difference between two or more groups of sampling units. This function operates
directly on a dissimilarity matrix, which is produced by function “dist”. If two groups differ in
their species composition, the compositional dissimilarities between the groups must be
greater than those within the groups. The ANOSIM statistic R is based on the mean
difference ranks between groups and within groups. This analysis was applied to analyze
the significant difference of zones.

Temporal analysis was also applied to portray the plot distribution of survey periods. A
survey period distribution map was also created by QGIS software (QGIS Development
Team, 2009), which can descriptively show the distribution of three different periods. As
applied for spatial analysis, ANOSIM was also applied for temporal analysis to analyze
whether there were any significant differences in three survey periods.

(3) Cluster analysis

To group fishing areas, ward hierarchical clustering with bootstrapped p values was
conducted using R Package Cluster analysis (Maechler et al. 2018, R Core Team 2018).
Cluster analysis can group observations into a number of clusters based on the observed
values of several variables. A total of 137 fishing ground spots considered as observations,
while 26 species and their catch weights were the reflected variables and values,
respectively. The purpose of cluster analysis is to maximize the similarity among

observations within each cluster while maximizing the dissimilarity among group clusters
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that are initially unknown. Hierarchical cluster analysis is a method for finding relatively

homogenous clusters based on dissimilarity (the Euclidean distance) between variables. In

this method, at first each data point is considered as an individual cluster. Afterward, the
similar clusters merge with other clusters until a single cluster is formed containing all
observations. A hierarchical dendrogram is generated to show the relationship between
clusters. The Euclidean distances are computed from raw data (Roy et al. 2015). Below is
the formula of the Euclidean distance between two n-dimensional vectors x and y:

dx,y = Z?=1(xi —¥i)? 3
where i is the number of variables. In this study, if there are two fishing ground spots, x and

y, the Euclidean distance between these two spots d,, is calculated by considering

abundance proportion of the i species in the whole data set.

On the dendrogram, there are two values in different colors, red and green. The red color
defines the Approximated Unbiased p value (AU value), which is approximately unbiased
p value computed by multiscale bootstrap resampling and has better approximation than
(BP bootstrap probability) value shown in green computed by normal bootstrap resampling.
For a cluster with AU p value > 0.95, the hypothesis that ‘the cluster does not exist’ is
rejected with significance level 0.05, or in other words, these highlighted clusters do not exist
due only to sampling error, but might stably be observed if the number of observations is
increased (Suzuki and Shimodaira 2017).

After clustering, to determine localization of fishing potential areas, the fishing grounds

of each cluster along with their species compositions were plotted.
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(4) Principal component analysis

To explore the species contribution during the three survey periods, principal component
analysis (PCA) was conducted. PCA describes and extracts information from a data table
into a set of new orthogonal variables called principal components. Thus, it shows the
similarity pattern of the observations and variations as points. The goal of PCA is to analyze
the structure of observations and variables to more easily simplify the description of the data
set. Next, the size of data set is compressed so that only the most important information is
kept (Abdi and Williams 2010), since PCA can be useful for eliminating components without
losing variations.

PCA was used to determine which species contributed most to the similarity within
fishing grounds by extracting important variables in large sets of available variables, since
there are many predictors and many observations. PCA was performed using built-in R
functions prcomp and princomp (R Core Team 2018). To confirm the contributive species
in the PCA, the FactoMineR function was applied under R packages of vegan, permute and

lattice (Le et al. 2008, Oksanen et al. 2018)
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2.3. Results
2.3.1. Species composition

Owing to surveys, 26 species were found, which only nine taxonomic groups, trash and
mixed fish were tabulated (Figure 8). These 11 species groups composed 98.42% of total
samples. The composition was dominated by category species such as Decapterus spp
(Scads) (34%), Thunnus tonggol (Long tail tuna) (13%) and Euthynnus affinis (Mackerel
tuna) (10%) and comprised small portions of other species. A large percentage of
aggregated species were trash (20%) and mixed fish (4%). Trash fish were low-value fish,
while mixed fish were small-sized Sardinella spp, Decapterus spp, etc. used for processed
products, such as fish snacks.

Aggregation of catch categories based on genus also occurred for some dominant
species composing nearly 65% of landing, except Thunnus tonggol (13%), Atule mate
(Yellowtail scads) (2%), Euthynnus affinis (10%), Selar crumenophthalmus (Bigeye scads)
(5%), Rastrelliger kanagurta (Indian mackerel) (3%) and Selaroides leptolepis (Yellowstripe
scads) (2%), which composed 35% of the landings. From the interviews, sorting of different
species into groups lessen the sorting time so that they can work for more vessels. Most of
the dominant species in the landing composition survey in 2017—2018 (Figure 8) were also
dominant during 2003—2016 (Figure 4).

2.3.2. Species diversity

There are 137 sites sampled in three surveys and the 26 species collected are mapped
in Figure 9. Each fishing ground comprised various species, which are widely distributed.
To describe the diversity of species in the ECPM, two indexes called species richness and
species diversity were shown. The species richness index showed that the number of
species varied by each fishing ground with an overall range of 1.0— 9.0 (Figure 10). With
similar results, the species diversity showed that the diversity also varied by each fishing
ground in five ranges between 0 and 1.78 (Figure 11). For some fishing areas, there were

some overlaps between areas with low and high species richness, which also occurred for
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the species diversity index. No structured species diversity pattern was found for either index
(Figure 10, Figure 11).
2.3.3. Spatial and temporal analysis

The results of spatial and temporal analysis ANOVA show that all factors and interaction
had significant effects in structuring the species composition at each site (p value < 0.05).
Both factors had more significant effects than their interaction. Regarding the strength of
each factor, it is explained by the percentage of each factor towards the sums of squares,
which were about 5.9%, 2% and 1.4% for the zone factor, period of survey factor and its
interaction, respectively (Table 4).

Regarding the vessel zone distribution map (Figure 12), vessels with C- and C2-zone
licenses were diversely distributed. Some vessels from southern areas fished in middle or
even northern areas. Few C-zone vessels went into zone C2. Most C2-zone vessels were
in C2, however a few were in zone C, which is prohibited. From the species composition of
these two zones (Figure 13), 65% of 23 species were dominantly caught by the C-zone
vessels, and half of them were caught only by these vessels. Some neritic tunas, such as
Thunnus tonggol and Euthynnus affinis were dominantly caught by C2-zone vessels.

Statistically, there was a significant difference between C- and C2-zone vessels of their
species distribution (o value=0.0001), while the statistic R value was 0.2203 (Figure 14)
which expressed that the zone factor had a small effect to species distribution. Figure 14
shows that the dissimilarity between zones was higher than that in each zone. The
dissimilarity within group of C2-zone vessels was less than to that of C-zone vessels.

The period of study distribution map (Figure 15) shows that some points of the three
surveys overlapped and aggregated in the northern part of ECPM. There was a significant
difference in species distribution (p value=0.001), while the statistic R value was 0.106
(Figure 16), which showed that the survey period had a small effect on the structure of
species composition in ECPM. The plots showed that the second survey (July 2018) had a
higher dissimilarity in species contribution than in other periods and the mean difference

between periods.

25



2.3.4. Cluster analysis

Another way to identify the structured pattern of fishing ground in multispecies purse
seine in ECPM is by clustering the fishing ground that resulted in seven groups of species
(Figure 17) as shown in Figure 18. These clusters have different sizes, which depend on the
similarity distances of each species. Cluster VIl had the largest number of fishing grounds
(98), which were distributed widely, while cluster I, lll and IV each contain only 2 sites.

By plotting the latitudes and longitudes of the clustered fishing grounds, cluster V and VI
clearly show different distributions; cluster V occurred further south than cluster VI (Figure
19). These group relationships might reveal a structured pattern of the fishing grounds in
ECPM. The species composition of clustered groups revealing that almost all species were
diversely distributed in all groups (Figure 20). Comparing the composition on cluster V and
VI, Thunnus tonggol was found with a large percentage (>50%) in the cluster VI but in small
portions in the other groups. Based on Figure 19, the potential fishing area of ECPM is
103°36 - 104°19 E; 3°36- 5°57 N.

2.3.5. The most contributive species

The PCA results were applied to determine the most contributive species in regards of
creating species diversity in the ECPM. From the scree plot, the fraction of total variance in
the data as explained by each dimension or principal component showed that the explained
variances of each dimension were relatively low with maximum of 8.3% and 7.1% at
dimension 1 and 2, respectively (Figure 21). The six most contributive species to create the
species diversity and their contributive percentages were Selar crumenophthalmus
(22.21%), mixed fish (13.87%), Decapterus spp (12.15%), Alepes spp (9.26%), Rastrelliger
kanagurta (8.52%), and Pampus argentus (8.39%) (Figure 22). Seven clusters of 137 fishing
grounds were also plotted together with the factor map. It shows that all clusters are
overlapped and could not reflect the variations generated by the six contributive species.
These species were located far from the center as a center of similarity, including mixed
species, which comprised a group of species, while the clusters are layered in the center of

similarity.
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2.4. Discussion

For years, as a country with multispecies fisheries, Malaysia has implemented a
guideline in management measures and their application to not apply output controls since
they sound impractical due to the many species involved and rather to focus only on a
combination of input controls and technical measures (Cochrane 2002). To manage
multispecies fisheries, a combination of those controls is the best management option, yet
both still could not restrict the fleet to catch certain species, which might be valuable stocks
(Pascoe and Greboval 2003, Kvamsdal et al. 2016). Output control as a management
measure to control and protect stocks confirm its necessity to be applied since the success
of fisheries management is evaluated and judged almost solely by the conservation status
of valuable species (Marchal et al. 2016).

Recently, output control has been used in the purse seine fishery (Department of
Fisheries Malaysia 2015, Harlyan and Matsuishi 2017). As it is believed that this measure
might be designed not only to constrain the quantity of fish being caught, such as number
and weight of fish, but also to constrain other qualitative catch characteristics, such as
protected species, size limitation, sex and maturity stages (Morison 2004), which will benefit
by dealing with overcapacity issues related to the imbalance between fishing capacity and
stock availability (Pascoe and Greboval 2003, Department of Fisheries Malaysia 2015).
However, some structures are needed to implement catch management measures, such as
the centralized nature of catch management in command and control approaches; and
monitoring, enforcement and advisory structures, which also include scientific assessment
of the stock size (Cochrane 2002). Some cases have documented that this measure might
cause other serious impacts for multispecies fisheries such as discarding, high-grading,
racing among competing fishers, costly real-time monitoring system and landings of more
bycatches (FAO Fishery Resources Division and Fishery Policy and Planning Division 1997,
Cochrane 2002) in the absence of limited entry, technical measures and monitoring systems.

In the purse seine fishery in Malaysia, which has been well-equipped with good

monitoring, controlling and surveillance systems and implemented almost all measures (De
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Young 2006, DOF Malaysia 2015, Jamaludin et al. 2017), the initiation of catch measures
as a management measure might be prospective action to achieve management objectives.
However, to implement this measure, fishery managers need detailed information about
where the fish are caught (FAO Fishery Resources Division and Fishery Policy and Planning
Division 1997). Therefore, in this study, some detailed knowledge of the purse seine fishery
in Malaysia were revealed to confirm its applicability of catch management measures.

The catch composition documented in annual fisheries data statistics showing that the
species composition of the purse seine fishery has remained stable and varied little for
almost 15 years was also confirmed in the landing composition recorded during the surveys.
Some species composing the largest portion of landings, such as Decapterus spp,
Rastrelliger spp mixed and trash fish, were aggregated species. This might be due to a lack
of financial and technical support in species separation (Yuniarta et al. 2017), which lead to
failure in providing individual biological and fisheries information of each species.

Decapterus spp and Rastrelliger spp, the two most dominant species, are typical pelagic
species that occur mainly in Indian Ocean coastal waters and open banks at depths not
exceeding 100 meters. Decapterus spp including D. maruadsi and D. macrosoma are year-
round species that can be caught by purse seine and trawl fisheries. The species can
recover from overfishing quickly (Zheng and Walters 1988). Consequently, no known major
threats were observed, however, heavy fishing pressure could affect the population if it is
not well managed by strict licensing control (Qiu et al. 2010). As Malaysian fisheries have
conducted license measure for years (De Young 2006), the species have remained the most
contributive species in purse seine fishery landings. Rastrelliger spp are highly valuable and
commonly not recorded separately as three different species (i.e., R. kanagurta, R.
brachysoma and R. faughni). Global landings of Rastrelliger spp have increased and are
assumed to increase in the coming years (FAO 2018). Therefore, Decapterus spp. have
persisted as the second most contributive species for the purse seine fishery in Malaysia.

Temporal analysis shows all seasons in the ECPM generated almost similar species

distribution. No clear structure shift occurred, which may have been due to the high of growth
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rates observed in fish that mature at early age at and spawn year-round (Smith-Vaniz 1984,
Zheng and Walters 1988, Abdussamad et al. 2010). Therefore, a high growth rate might
gain advantage for purse seine fishery to maintain their catch variability even in high-fishing
pressure conditions (Pascoe and Greboval 2003).

To attain the fishing ground data for spatial analysis, participatory mapping was applied.
Even though remote sensing and other geographic evidence can provide the locations of
fish schools more efficiently, it is still challenging to exhibit species-specific site information
by these methods (Klemas 2013). On the other hand, it is also understandable that fishers
can be reluctant to share their fishing ground spots precisely (Corbett and Keller 2006).
Therefore, it needs to be cautioned that all spatial analysis results in this study hinge on
some uncertainty since the results were not combined with independent tracking surveys
(Navarrete Forero et al. 2017).

Spatial analysis showed some overlapped areas in the northern part of ECPM as some
vessels from southern parts fished in northern parts to avoid Indonesia’s maritime boundary.
The other concern of spatial analysis is about implementation of zoning criteria that delineate
permissible fishing areas for both C- and C2-zone vessels. The results that revealed some
C2-zone vessels fished in zone C (<30 nm from the coast line), but they hinge on uncertainty
of participatory mapping.

The species compositions of C- and C2-zone vessels were different. This might be due
to incomparable wide fishing areas for both vessel types. The C-zone vessels can go enter
zone C2, but C2-zone vessels could not enter C. The limitation of C-zone vessels to go as
far as C2-zone vessels is only their capability of having larger fish hold and taking more
fishing supplies, such as fuel, food and ice. In this situation, the C2-zone vessels have more
capacity to catch more valuable and important transboundary resources such as the neritic
tunas, Thunnus tonggol and Euthynnus affinis. These tunas were mostly caught by C2-zone
vessels as these two tunas occur widely around the Pacific Ocean further from the ECPM

coastline (Siriraksophon 2017).
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Peninsular Malaysia has very high species richness (Parravicini et al. 2013) and species
diversity (Jenkins and van Houtan 2016). However, in this study it is challenging to structure
the patterns of fishing grounds based on these diversity indexes, since the adjacent fishing
grounds could not provide similarity to each other or comparable index values. Also,
neighboring and overlapping fishing grounds could not perfectly reflect the species
composition and distribution. Cluster analysis is another way to reveal the structure of a
fishing ground, which could provide a clear pattern for certain species.

The cluster analysis clearly found that Thunnus tonggol is a species that might have
been individually localized in the middle to northern areas of ECPM (102°22° —104 °22° E;
5°7° —6°42°N). Among other pelagic species in the ECPM, Thunnus tonggol might have a
slower growth rate, which would make it grow more slowly, live longer and be more
vulnerable to overexploitation by fisheries (Griffiths et al. 2009, Collette et al. 2011).
Therefore, fishery managers in Southeast Asia have recognized the importance of neritic
tuna as an important and rich transboundary fishery resource in the region by establishing
the Regional Plan of Action on Sustainable Utilization of Neritic Tuna in the ASEAN Region
to ensure its sustainable use (SEAFDEC 2017).

Based on the genetic stock structure of Thunnus tonggol in Southeast Asia, there are
two stocks across the region: Pacific Ocean and Indian Ocean stocks (Willette et al. 2016).
In ECPM, which is part of the Pacific Ocean, the stock size Thunnus tonggol in 2013 was in
safe condition. The total biomass (TB) was higher than the MSY level (TB/TBusy=2.22) since
the fishing mortality (F) was in underfishing condition (F/Fmsy=0.18). The risk catch
assessment stated that if the catch amount increased to the MSY level of 196,700 mt, the
risk of violating the TBusy and Fusy would be about 50%. However, it is necessarily to be
cautioned that there was an indication of high catch variability for this species. The catch of
Thunnus tonggol in the region peaked in 2008, but sharply decreased in 2013 (SEAFDEC
2015b).

Therefore, it is important to improve fishing capacity management by prohibiting fully or

partially specific fishing gears in particular fishing grounds (SEAFDEC 2017). However, even
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though the delineated habitat of Thunnus tonggol can be provided, it is still not sufficient to
suggest closure management for this transboundary species without seasonal migration and
age structure information. In this situation, implementation of output control (i.e., TAC
determination) through management strategy evaluation can be an option (SEAFDEC
2015b). Concerning the TAC determination for Thunnus tonggol, it is critically needed to
manage this separately from the multispecies approach by maintaining regional
improvement on its species-specific information reliability.

The results of the six most contributive species that created species diversity in ECPM
might not be accurate since some of these species literally are groups of species. This also
revealed uncertainty in annual data statistics in which there were differences between
fisheries data statistics and actual landings. Inaccuracy in species separation will cause
misreporting, which will lead to unreliable fish stock estimation (Yuniarta et al. 2017). The
other concern about species aggregation is the large proportion that was recorded in all
landing compositions. Nearly 25% of total landings, for trash and mixed fish along with
aggregation of catch categories roughly 40% of total landings, were huge aggregations that
might lead to difficulties in defining habitat for each species particularly (Roberts et al. 2005).
However, there have not been any previous catch analysis studies to confirm the species
composition of trash and mixed fish that might later be used to adjust the annual fisheries
data statistics.

In fact, the determination of fishing grounds depends on the fisher’s possession of FADSs,
which are distributed widely to support fishing operations for dominant species like
Decapterus spp, Atule mate, Selar crumenophthalmus, Rastrelliger kanagurta and Thunnus
tonggol (Hassan 1992). Fishers will ensure their FADs function before fishing, even though
no fixed amount of catch is guaranteed from the FADs (Macusi et al. 2017).

Recognizing that the condition of multispecies fisheries, where assemblies of species
are caught by the same or different gear, it is critical to manage such fisheries by a single-
species approach (Shertzer and Williams 2008). There is a huge species aggregation on

catch categories, which leads to inability to provide species-separated data. Apart from
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Thunnus tonggol, no specific pattern has been found in localize species spatially or
temporally since, multispecies fisheries are subject to widely distributed and homogenously
mixed fish stocks, which lead to non-selective exploitation (Murawski et al. 1983, Murawski
1991). Regarding the needs to apply the IQS for purse seine fishery management in
Malaysia, a tactical short-term management approach, i.e., harvest control rule, can be an
option to respond to the demands of data-limited management which might occur in

multispecies fisheries (Anonymous 2015, Yuniarta et al. 2017, Harlyan et al. 2019).
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3. PROPOSED MANAGEMENT MEASURES FOR THE PURSE SEINE FISHERY IN
MALAYSIA: AN OUTPUT CONTROL FOR SUSTAINABLE FISHERIES

3.1. Background

Most world fisheries are multispecies fisheries, where a multitude of species are
exploited by the same or different gear simultaneously (Welcomme 1999, Mdllmann et al.
2014). Especially in tropical regions, where many mixed or multispecies fisheries exist,
Malaysia, have attempted to use single-species stock assessment even though it is difficult
owing to the use of various types of gear and sympatric assemblages of abundant species
(Johannes 1998, Welcomme 1999, Mace 2001). However, for years, Malaysian fisheries
management has been based on a scientific model designed for temperate regions, wherein
maximum sustainable yield (MSY) is calculated for a few key species (Pascoe and Greboval
2003), although the applicability of this model is limited in multispecies tropical/subtropical
fisheries (Pomeroy 1995). Moreover, Malaysian fisheries, as in other fisheries in SEA, have
to deal with lack of financial and technical support in species separation which might also
lead to failures to provide species-separated data (Yuniarta et al. 2017).

Harvest control rules (HCRs), as algorithms to determine pre-agreed harvest
management actions such as allowable biological catch (ABC) from catch statistics and
biological information, are used for making a wide range of fisheries decisions, such as
setting total allowable catch (TAC) (Deroba and Bence 2008, Punt 2010, Wiedenmann 2013,
Kvamsdal et al. 2016). HCRs, as a tactical management approach, can be one option for
output control implementation in fisheries management in Malaysia, which can solve
overfishing problems by directly limiting the exploitation of fish target stocks. Recently,
several HCRs have been evaluated across various uncertainties in stock dynamics through
simulations based on management strategy evaluation (MSE), a technique used to mimic
realistic conditions over various exploitation histories and diverse population characteristics
(Butterworth 2007, De Oliveira et al. 2008, Carruthers et al. 2014, Punt et al. 2016,

Wiedenmann et al. 2016).
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The feedback HCR (Tanaka 1980) has garnered success and is now widely applied in
Japanese fisheries management (Ichinokawa et al. 2017). The Fishery Agency of Japan
introduced a TAC system in 1997 as the main instrument of fisheries management, which is
specialized for stocks where the biomass is not estimated (Matsuda et al. 2010, Makino
2011). The feedback HCR is one of the Japanese harvest control rules that calculate
scientific recommendations for annual catch quotas (i.e., ABC) under a TAC system by
taking the previous stock abundance index into consideration for the future catch. In the
feedback strategy, the resource can be assumed as a control system with catch quota as
an input and stock abundance index as an output. In this case, the catch quota is adjusted
based on the stock abundance index (Magnusson 1992). Therefore, the feedback HCR
designs ABC to stabilize the stock size and ensure continued utilization. The TAC system
has proved effective in achieving decreases in the exploitation rate of the stocks, as
compared with the stocks managed using other systems (Ichinokawa et al. 2017).

Some studies have evaluated the robustness of the feedback HCR through several
models that used single-stock data (Hurtado-Ferro et al. 2010, Hoshino et al. 2012, Ohshimo
and Naya 2014, Ichinokawa et al. 2015), but none considered validating the robustness of
the feedback HCR for a mixed-species fishery. Such validation would be a valued response
to recent calls for fishery management approaches under data-limited conditions and
applicable to most countries.

In this chapter, the feedback HCR was considered as a prospective HCR in the context
of mixed-species data from a multispecies fishery such as the Malaysian purse seine fishery.
The sensitivity of its performance over several scenarios of population dynamics was

examined and then compared across other modified HCRs.
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3.2. Materials and Methods
3.2.1. Evaluation of the feedback HCR

To test the performance of the feedback HCR, a management strategy evaluation (MSE)
was conducted over a range of scenarios covering fishes with various life histories and
exploitation histories. An MSE that comprises operation, assessment, and management
sub-models was developed. A single-species Schaefer production model was applied as an
operating model (OM) to determine the population dynamics of a species. It is assumed that
the distribution of a species is sympatric and homogeneous in the fishing ground, and that
the fishing gear harvests a uniform portion of the fish in the fishing ground without species
selectivity

To imitate mixed-species conditions, an abundance index for a group of species was
provided using the total biomass of the species group. The feedback HCR was applied to
determine a catch quota, and the catch amount in a multi-species fishery was assumed to
equal the catch quota.

To compare the performance of the HCR between the mixed-species condition and the
single-species condition, the single-species condition was developed by providing an
abundance index for each separate species using the simulated biomass of each species.
In this situation, the total catch was the total of the catch quotas for each species. The
performance measures for a variety of HCR-tuning parameters were also examined. To
evaluate the uncertainty of the process error of the population dynamics and the
measurement error of the abundance index, this process was repeated 1000 times for each
scenario.

The feedback HCR evaluated in this study is called the ABC rule 2-1 in the Japanese
TAC system (Fisheries Agency and Fisheries Research and Education Agency of Japan
2017) and was previously validated for single-species stock data (Hiramatsu 2004, Ohshimo
and Naya 2014, Ichinokawa et al. 2015). The formulas used for the ABC rule 2-1 are as
follows:

Cy =6y X ¥y X Cy—; 4)
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Yy = 1+k(ffy) 5)

y

[, = %(Iy_4 L3 +1,_5) (6)
where C, is the catch quota in year y, which equals to the catch amount for evaluating
fisheries management strategies; §,, is the weighing coefficient and the default values are
set as 1.0, 1.0 and 0.8, denoting stock levels that are high, medium and low, respectively.
The stock level is determined by the stock abundance index (I,) in year y — 2, using the
thresholds made from the 33" and 67" percentiles of the 20-year historical stock abundance
index. Then, v, represents the trend of the stock abundance, when available, and this value
comprises the weighted coefficient k (default 1.0); b, is the regression coefficient of the
stock abundance index I,,_,4, I, _s3, I,,_,, against year; and I_y is the mean of I,,_4,I,_;and
L.

The coefficients § and k are tuning parameters that adjust the response of the biomass-
trend index on the ABC. In this chapter, different k values were applied to the alternative
feedback HCRs. In a similar theoretical study, the coefficient k was named as the feedback
gain between the index and future catch, which was applied to ensure the existence and
stability of the trend of stock abundance (Magnusson 1992). The value of feedback factor k
reflects the sensitivity of the catch quota that is changed by the biomass trends. If k is too
large, the catch quota will greatly increase even when the biomass is slightly increasing, and
vice versa, which may lead to high variability in catches due to random fluctuation in the
biomass index.

Table 5 shows the tuning parameters used in this study. Furthermore, the abbreviation
(1-1-1-0.8) indicates that k is 1.0, and § is 1.0, 1.0 and 0.8, corresponding to high, middle

and low stock levels. Thus, the abbreviation 1-1-1-0.8 defines the default feedback HCR.

1 see eq. 10 for the abundance index formula.
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3.2.2. Management strategy evaluation
3.2.2.1. Operating models
The population dynamics in the operating model (OM) were based on a single-species
production model for three species. To simulate mixed-species data, an abundance index
was calculated from the total biomass of the three species, though the population dynamics
of each species were calculated independently. It was assumed that interspecific
relationships among the species are negligible and that all the species exist in closed stocks.
Each model run was simulated for a 51-year period, which was divided into a pre-
management period (21 years) and a management period (30 years).

For the pre-management period, the population dynamics are described as follows:

Biy

Biy+1 = {Bi,y +7i-Biy (1 - Ti)}ﬁi,y —qXsBiy (7)
where B ,, is the biomass of species i (i=1, 2, 3) in year y; r; is the intrinsic growth rate of
species i; K; is the carrying capacity of species i; q is catchability; and X is fishing effort for
each scenario s (s =1, 2, 3) described below . As a cautionary note, the catchability (q) was
assumed to be uniform. In this situation, the distribution of all species is sympatric and
homogeneous in the fishing ground, and the fishing gear harvests a constant portion of fish
in the fishing ground without species selectivity. To express the process error of the
population dynamics, a log-normal error £ was induced as follows:

8y = exp (ope;y — 503) (8)
where ¢ is a random number with standard normal distribution, and oy is the scale of
variance for the process error.

To cover various changes in stock size in the pre-management period, three scenarios
were considered, following the method of previous simulation studies (i.e., Hiramatsu 2004,
Ohshimo and Naya 2014, Ichinokawa et al. 2015). Exploitation histories for the pre-
management period were reflected in the value of the initial biomass (B,) and the value of
the terminal biomass (B,;), which was defined as either high (Bx), medium (Bw), or low (By)

biomass at 75%, 50% and 30% of total carrying capacity, respectively. Three scenarios, B.
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— Bu, Bu— Bwm, and By — B, showed that the biomass changes from the initial biomass B; to
the biomass at the end of the pre-management period B, (Figure 23), given the derived
fishing mortalities g - X; at 0.025, 0.133 and 0.233 for B. — Bu, Bu — Bm, and Bu — By,
respectively and supposing the deterministic model (o = 0). However, since the simulation
run was conducted with process errors, B,; might have various values that did not exactly
correspond to By, Bm or BL (Appendices 4—6).

For the management period, the feedback HCR (eq. 4) was applied to calculate the

annual catches as follows:

Biyi1 = {Bi,y +71Biy ( - %)}éi'y B %Cy ©

where the catch C, is calculated by eq. 4 and 5 in the management period. In the

multispecies HCR simulations, the pooled abundance index with measurement error was

given by:
By+B. 1
b= (222 exp(an - 2of) @0
where B, is the biomass at the beginning of the year y; n is a random number with a

standard normal distribution; and o, is the scale of variance for the measurement error. The
catch of each species in the total catch quota was allocated as proportional to the biomass
of each species, which reflects a non-selective multi-species fishery.

To evaluate the robustness of the HCR, the magnitudes of o, and g, were assumed to
be 0.2 for the default, as was assumed in former studies (i.e., Hiramatsu 2004, Ohshimo
and Naya 2014, Ichinokawa et al. 2015). Additionally, o;= 0.4 was tested, and the results
are provided in Appendices 7 and 8.

To accommodate diverse life histories, three types of species were assumed, with the
intrinsic growth rate (r) ranging from 0.2 to 1.0, and the carrying capacity (K) ranging from
10 000 to 50 000, which are wider ranges than were included in previous studies to highlight
uncertainty (Table 6). Following the conventional Schaefer model, MSY and biomass at

MSY (Bwmsy) were calculated as K/2 and rK /4, respectively, while fishing mortality at MSY
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(Fmsy) was calculated as MSY/Bysy. TO ensure robustness of the results related to the
relationship between r and K, other scenarios are given in Appendices 9a and 9b.

To compare the performance of the feedback HCR with mixed- and single-species data,
simulations for the single-species data were also conducted. The catch for each species

was based on the species-specific index of abundance:

B;, A
Bi,y+1 = {Bi,y + T Bi,y (1 - Tiy)}gi’y - Ci,y (11)
Ciy =06; Xy XCiy_> (12)
b:

oy =1+k (:y) 13

Yl!y Il,_‘y ( )
Bi, +Bi, 1

Iy = (ny“) exp (Um - 50?) (14)
— 1
Il!y = 5 (Ii'y_4’ + Iily_3 + Iiry_z) (15)

3.2.2.2. Performance measures

To evaluate the performance of the feedback HCR, a range of performance measures
were calculated to meet a set of management objectives: overfishing prevention, stock
conservation, yield optimization, extinction avoidance, and catch stability (Deroba and
Bence 2008, Wiedenmann 2013, Carruthers et al. 2014, Punt et al. 2016, Wiedenmann et
al. 2016). The performance measures considered five aspects:
(1) The probability of overfishing (Por) as the proportion of years in which fishing mortality

(F;,) exceeded Fuvsy in the management period, where F;,, was calculated as C;,,/B;,,.

(2) Biomass status (B/Bwmsy), as the average biomass over the last 10 years (Bs>—Bs1)
relative to Busy.

(3) Yield status (C/MSY), as represented by the mean catch over the management period
relative to MSY.

(4) Management failure, which was defined as the proportion of the simulations run where

Ciy = B;,, over 1000 simulation runs.
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(5) The coefficients of variation (CV) for biomass and catch, which reflect the extent of the
biomass and catch variability under the simulation; the CV was calculated as the ratio
of the standard deviation to the mean.

These performance measures were compared between the mixed- and single-species

data over the various combinations of scenarios and tuning parameters.
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3.3. Results
3.3.1. Performance measures of the default feedback HCR

The results present the performance of the default feedback HCR with mixed-species
data and with single-species data, for three species, under three different scenarios, and for
given different exploitation histories in the pre-management period (Table 7). The 20
trajectories of biomass and catch are depicted to illustrate performance of the feedback HCR
under three scenarios B. — Bu, Bu — Bm, and By — B (Appendices 4—6). As an example, in
the Bm — Bm scenario (Table 7, Appendix 5), with both mixed- and single-species data, the
biomass values of species 2 and 3 were generally above Busy (1.59—-1.76 Busy), while the
catch was consistently below the MSY (0.31-0.53 MSY). In contrast, the biomass of species
1 was generally below Busy (0.87-0.89 Busy), and the catch was occasionally above MSY
(Por = 0.35-0.37).

Evaluation of the default HCR across the different scenarios in a Kobe-plot (Figure 24)
showed that the level of fishing mortality, with both the mixed- and single-species data, was
generally below the overfishing threshold (below F/Fusy), except for species 1 under
scenario By — BL with mixed-species data. However, for the catch status (Figure 25), the
default HCR showed that in all cases, the catch was below the MSY.

Comparing the performance of the default HCR between the single- and mixed-species
data showed that for most cases, the performances of the two types of data were similarly
scattered; however, minor differences in the performance measures were noted for species
1. The B/Busy Of species 1 showed the same trend with single-species data and mixed-
species data under scenario By— B (0.31 and 0.27, respectively) and under scenario Bm—
Bwm (0.89 and 0.87, respectively). However, the catch status of species 1 in scenario Bu— Bwm
showed that mixed-species data produced a slightly higher C/MSY (0.56) than that with
single-species data (0.45) (Table 7).

Under the heavy-exploitation scenario By — By, the Por of species 1 was 40% lower with
the single-species data than it was with the mixed-species data (0.49 vs 0.83). In terms of

the management failure measure for the same species, the single-species data generated
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failure as high as 0.44, whereas there were no failures using the mixed-species data.
However, for species 3, these two measures performed similarly with the single- and mixed-
species data, but for species 2, slight differences were evident (Por =0.13 and 0.05,
respectively; Failure = 0.07 and 0.00, respectively) (Table 7).

Across the scenarios, the total C/MSY displayed similar ranges with the single- and
mixed-species data, at 0.13-0.44 and 0.14-0.47, respectively. Similar performance with the
single- and mixed-species data also occurred for total B/Bwsy, with values ranging 0.73-1.72
and 0.74-1.70, respectively. Concerning the Por for the total species, no overfishing was
observed when applying either data type. However, in terms of the total management failure
measure, the single-species data produced more failures (0—0.48) than did the mixed-
species data (0.01) (Table 7).

To explore the robustness of the results with different life-history scenarios, the three
species were given various r and K values (Figures 24, 25; Appendices 10—13). Changes
of K and r gave similar results for biomass, catch, and fishing mortality status. However, an
increase of r distributed the biomass above B/Bwsy in all cases, and thus put fishing
mortality under the overfishing threshold, including for species 1 under scenarios By — B.
and Bu— Bwm, and for the total species under scenario By — B, which had previously resulted
in overfished stock status (Figure 24) under the original set of parameter values (Table 6).

3.3.2. Performance measures of the alternative feedback HCRs

To ensure robust performance of the default feedback HCR, alternative versions were
compared by modifying the feedback factor values k (Figure 26; Appendices 14—17). In
terms of biomass status, the feedback HCR responded similarly to the changes in k with the
mixed-species data, but with the single-species data, the changes acted to increase the
biomass ratio as k > 1 (k = 2.5), especially for species 1 under scenarios By — B. and By —
Bwm, with ranges of 0.29-0.68 and 0.76-1.12, respectively. In most cases, the CV in biomass
showed that there was no difference in performance with changes of the parameter k,

except for species 1 with single-species data and under the heavy-exploitation scenario,
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which attained a high data dispersion of about 0.68 as k > 1 (k = 1.5). Across the modified
feedback HCRs, the heavy-exploitation scenario revealed lower biomass than in the two
other critical scenarios. These conditions were also reflected in the total biomass condition.

The whole-catch performance roughly showed that the difference in k did not influence
the value of C/MSY. A similar performance resulted with the mixed- and single-species data,
except for species 1 with mixed-species data, which produced a 0.1-higher yield than that
with the single-species data under scenario Bm — Bu. However, the catch dispersion with
single-species data showed that an increase in parameter k (k > 1) would enlarge the catch
data dispersion, leading to poorer model fithess, especially for species 1 under scenario Bu
— BL at k = 2.5 (0.75). Conversely, with mixed-species data, the model fitness performed
relatively similar with changes of k and was widely distributed below 0.50, except for species
1, which produced a CV slightly above 0.50 under the heavy-exploitation scenario.

Generally, across the different k parameters, the Por of the feedback HCRs scattered
similarly, with values below 20%, except for the slow-growing species 1. For that species,
overfishing occurred more often under the heavy-exploitation scenario (reaching about 80%)
than under the other scenarios. Nonetheless, overfishing became less frequent once k > 1.5
for species 1 with the single-species data. However, over the various results across the
different species, exploitation histories, and types of data, a state of frequent overfishing
was not detected in the total fish community.

The other critical performance was in model failures of some adjusted k parameters in
the default feedback HCR, which performed similarly for both the single- and mixed-species
data. For each species, the performance of the failure measure acted differently, such that
no failure was observed for the typically fast-growing species 3 across the modified k
parameters. However, failure occurred more often for species 1 and 2, reaching 60% and
20%, respectively, when k < 1.5. The model failures for species 1 were similarly reflected in

the total fish community.
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3.4. Discussion

In this chapter, alternative feedback HCRs were evaluated with mixed-species data, and
over a range of scenarios, to determine the robustness of the HCR and its effectiveness in
attaining a set of management objectives. Previous studies have explored the development
and testing of evaluation methods for HCRs for managing data-limited fisheries (Carruthers
et al. 2014, Dowling et al. 2015b, Jardim et al. 2015). While Dichmont et al. (2012) published
a reference of evaluating HCRs for fisheries with mixed-species data, to our knowledge, no
previous validation for reference comparison has been published to evaluate any HCRs for
mixed-species fisheries. Therefore, the present study attempted to accomplish fisheries
management under a default HCR, which complies with data-limited and mixed-species
conditions. A straightforward validation of mixed-species data was generated by comparing
the default feedback HCR and its alternates in terms of their performances with single-
species data, which have been validated previously (Ohshimo and Naya 2014, Ichinokawa
et al. 2015). Under these circumstances, an ideal HCR could be a tool for limiting the
frequency of overfishing, maintaining biomass, and generating more stable catches for
mixed-species stocks—goals that were reflected in the five performance measures.

Catchability (q) is the value that might substantially influence simulation results, which
reflects the efficiency of a fishery or the vulnerability of fish to fishing gear or fishing
strategies. For this simulation, catchability was assumed to be uniform among species,
therefore it must be cautioned that all results hinge on a constant catchability assumption.
However, in some actual fisheries, the assumption for constant catchability may not be
always satisfactory as it will vary based on abundance, fish behavior, population dynamics,
fishing strategy and environmental conditions (Yamakawa et al. 1994, Maunder et al. 2006).
On the other hand, changes in g would also generate additional uncertainty in the catch rate
as an index of stock abundance, if gvaried over time (Jul-Larsen et al. 2003). The
interpretation of catchability can be different depending on how population units are chosen
(Arreguin-Sanchez 1996). In this model, catchability was represented as a part of fishing

mortality (g.X) units to express the number of fish caught in the population. This suggests
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that the fishing effort is considered uniformly distributed and of constant quality, and the
population size is considered constant. Therefore, to obtain an index of total biomass where
survey catchability is assumed uniform among species, effort standardization can be applied
beforehand. As standardization aims to control species targeting and dynamics of the fleet
or population (Squires and Vestergaard 2015).

By taking the constant catchability assumption, fisheries are characterized by multiple
species which are subject to the relatively non-selective nature of fishing gears and the
homogenous mixing of the fish stock (Murawski et al. 1983, Murawski 1991). Thus,
deploying gears to different areas in a certain unit will result in a similar species composition
since the fish are homogeneously distributed and have the same probability of being caught
by the gears (Hoggarth et al. 2006). However, it is highlighted that the application of a
constant coefficient is valid only for the conditions under individuals with similar catchability
or the same quality of fishing effort (Arreguin-Sanchez 1996). A tropical purse seine fishery
might be an example. In the case of the 2017 Indian Ocean Tuna Commission, including
skipjack in the purse seine log-set (PSLS) CPUE provided no evidence of changes in its
catchability over time (Kolody and Jumppanen 2018).

Across the scenarios observed for the default feedback HCR, the type of exploitation
scenario considerably influenced the performance measures. The heavier the exploitation
of the fishery, the poorer the performance of each feedback HCR. Under the riskiest scenario,
Bn — By, the performance of the default feedback HCR produced the highest probability of
overfishing, the least catch productivity, and the lowest biomass availability.

In most cases, the biomass performances with both the mixed- and single-species data
indicated that the default HCR could maintain or rebuild a high stock biomass for some life
histories, with the exception of species 1, a typically slow-growing and long-lived species,
which responded differently. The catch performances also showed that the default HCR
could generate a low-risk, low-level yield (below the potential yield) since the fishing mortality
was considerably conservative (below the overfishing threshold). These results correspond

to other evaluation studies that stated that the more conservative HCR would be compatible
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for meeting a set of long-term management objectives (Punt et al. 2008, Kleisner et al. 2013,
Wiedenmann et al. 2016). The performances of these two parameters showed that there
was a trade-off between biomass status and catch status. In a real-life fishery where
effective management regulations exist, this trade-off will respond to a decline in stocks by
trying to decrease the catch to gradually rebuild the biomass (Kleisner et al. 2013). Therefore,
future impact assessments should further consider these two performance measures to
improve the applicability of the feedback HCR. In addition, the confirmation of historical
fishing pressures is recommended, as the results here revealed that given a relatively low
initial exploitation, the performance measures of the default feedback HCR with either
mixed- or single-species data were similar for each individual species.

The exploration of five different values of k is a validation of tuning parameters that
adjust the trend of biomass indices on the default feedback HCR formula. Ohshimo and
Naya (2014) suggested setting k lower to avoid the risk of a high catch CV and higher
frequency of management failures. However, those are not the only objectives of
management because managers should also try to achieve optimum yields. If an HCR has
the capacity to balance the trade-offs between all management objectives, the Por level
should be less than 0.5 across all scenarios (Wiedenmann et al. 2016). From this chapter,
it was shown that that increasing k would worsen the model fitness, which would be
undesirable in terms of stability of the fishery, even though it would lead to the projection of
a higher stock size and catch. Setting a lower k, however, would cause a higher frequency
of management failures. In terms of the occurrence of overfishing, no positive outcome was
demonstrated through modification of parameter k. Thus, aside from the results of k
modification, the default HCR appears to be robust enough to deal with most management
objectives, thus there was insufficient reason to recommend a change to the default HCR.

Comparing the performance of different k values between the single- and multi-species
data showed that the mixed-species data were less sensitive to k than the single-species

data were. Changes in k would not affect all performances measures for mixed-species data.
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Conversely, for slow-growing species under single-species data, the biomass ratio
increased for k > 1, and lower levels of failure and diminished overfishing occurred for k >
1.5. This situation might be too risky for minor slow-growing species, since the total biomass
estimation in the fishery would depend on the other major moderate- and fast-growing
species. In this case, it is fair to assert that slow-growing species in a single-species fishery
would be better managed separately, by applying the modified feedback HCR with k = 1.5,
otherwise the estimation of biomass for slow-growing species would be overestimated.

Performance comparison of the default feedback HCR with the single-species and
mixed-species data indicated that in most cases, both applications performed similarity over
the four measures, but will be critical under the riskiest scenario, By — B, where the slow-
growing species has a probability of overfishing that is doubled with the multi-species
application yet its management failure occurred nearly 50% higher with the single-species
application. However, it needs to be cautioned that the similar results of both applications
might be due to the assumption of the current framework, which is centered on a uniform
catchability across species. Moreover, diverse combinations of life history traits might result
in different performances, particularly for the growth rate parameter, as the risk was higher
for the slow-growing species than for other species. For the implementation of the feedback
HCR in a real fishery, realistic catchability and life history traits can be applied in further
simulations, which might cause diverse findings for all performance measures.

Other studies have also shown that unselective fisheries, as occurred in the multi-
species application, might have an advantage for conserving the biomass of each species,
since mixed-species fisheries cannot target the declined species (Hollowed et al. 2000,
Iriondo et al. 2012, Gaichas et al. 2017). However, careful monitoring should focus on the
minor species, as they are easiest to disappear in the multi-species body, and in such
situation, the unselective assumption might be violated (Gaichas et al. 2017).

The default feedback HCR explored in this study ran on an original set of r and K
parameter values, as we assumed that r and K are inversely related. However, in some

circumstances the results may be sensitive to different parameter values. Therefore, two
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additional scenarios were included (Appendices 9a and 9b) to cover a range of life-history
characteristics. The results showed the default feedback HCR was less sensitive to the
diverse biomass production (K), but receptive to low intrinsic rates of increase (r)
(Appendices 10—13). Growth characteristics certainly have a critical effect on population
dynamics and fisheries management since fast-growing species mostly support higher
estimations of MSY than do slow-growing species (Murua et al. 2017). Therefore, in this
circumstance, since the fishing impact levels could be diverse for certain species and
different biomass-level scenarios, special monitoring should be considered, particularly for
slow-growing minor species, which may display lower biomass and a higher frequency of
being overfished when compared with other species.

In this simulation study, the wide ranges of r and K parameter which reflected in three
simulated species might represent the nature of the major fish species more than the
previous study. It may cover uncertainty occurred in real fishery. However, future simulations
with r and K parameter from more realistic species can be conducted for the implementation
of the feedback HCR in a real fishery since these might generate more factual results.

In this chapter, implementation error was excluded as a source of error because the
purpose was not to characterize the management performance with a given stock, but
merely to focus on the performance of the feedback HCR. Consideration of implementation
error might reveal remarkable patterns of the control rule’s performance if the purpose is to
evaluate a management system for a specific fishery (Wiedenmann et al. 2016).

In practice, the feedback HCR might be relevant for management in regions with
multispecies fisheries where only mixed-species data are available, as in Malaysia and other
Southeast Asian countries. Uncertainties that may cause future impacts to fisheries, if not
convincingly handled, could severely degrade the fishery resources, such as depleting the
stocks. Such fisheries require short-term tactical fisheries management that can also
continuously protect a fishery from unacceptable or undesirable changes to stock size and

yield (Anonymous 2015, Yuniarta et al. 2017). Therefore, a short-term management
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approach, such as the feedback HCR can technically respond to the demands of data-limited
management.

Particular HCRs (reviewed in Deroba and Bence 2008) have specific functions, such as
maximizing yield or profits, minimizing the risk of overexploitation by maintaining biomass
above the MSY threshold, minimizing the stock’s recovery time, or minimizing the variability
of the yield and profits. Accordingly, this feedback HCR might not be credited as an optimal
harvest policy for some data-limited fisheries as compared with some HCRs already
reviewed in other studies (Wiedenmann 2013, Carruthers et al. 2014, Dowling et al. 2015a,
Newman et al. 2015). However, the feedback HCR described here presents an initial step
toward sustainably managing multispecies fisheries while contending with data-limited
conditions. Accordingly, Malaysia and other SEA countries are still able to manage their
fishery resource sustainably by strictly limiting fishing exploitation on target species while
progressively improving their fishery data collection. Afterwards, future improvements to
species-specific data availability will allow application of more sophisticated and optimal
HCRs. The results of this chapter may be used as a simulation-based reference to expand
the use of the default feedback HCR to handle not only single-species fisheries but also

mixed-species fisheries.
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4. GENERAL CONCLUSIONS

The current fisheries management in Malaysia has been concentrated into the National
Plan of Action for the Management of Fishing Capacity (NPOA Fishing Capacity) Plan 2
2015 which shows the fulfilment of Malaysia’s commitment to The Food and Agriculture
Organization (FAO) Code of Conduct for Responsible Fishing (CCRF) and FAO
International Plan of Action for the Management of Fishing Capacity (IPOA-Capacity). The
NPOA document addresses the imbalance between the number of fishing vessels and the
standing stocks and emphasizes enhancing monitoring and evaluation as actions to manage
fishing capacity. The main goal of the NPOA Fishing Capacity 2015 was to achieve an
efficient, equitable and transparent management of fishing capacity in marine capture
fisheries by 2018. According to the document, Malaysia needs to commit to maintaining
sustainable fisheries to accomplish FAQO’s directives (DOF Malaysia 2015, Harlyan and
Matsuishi 2017, Jamaludin et al. 2017) by applying multiple measures that include input and
output controls.

In regard to input control implementation, Malaysia has reduced the number of vessels
for all types and gears based on MSY level, while conducting regular assessments on the
level of fishing capacity and evaluating the status of fishery resources. Fisheries
management in Malaysia is based on the MSY level as a product of the conventional single-
species stock assessment model. The model requires data from each species (Hilborn and
Walters 1992, Shertzer and Williams 2008, Newman et al. 2018). Otherwise, it will lead to
failures in adjustment on fishing capacity and assessment on the status of fish stocks due
to unavailability on species-separated data. But, in Malaysia and other Southeast Asian
countries, multispecies fisheries can provide only mixed-data. Therefore, assessment of the
current MSY calculation and analyses is needed for future fisheries management.

For other input control implementation, for many years, a moratorium on vessels and
gear give the impression that DoF is willing to increase the numbers of larger vessels (>70

GRT vessels) than the numbers of smaller vessels (<70 GRT vessels). This is because there
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has been a strict moratorium on issuances of smaller vessels, while increasing issuances of
issuing larger-vessel licenses, as the Government’s policy to improve the capacity of vessels.
The Government might reduce the number of vessels but continue to increase the fishing
capacity by allowing larger vessels to operate more. In some cases, the fishing effort could
remain relatively constant over time, such as number of nets, number of fishing days, while
the increase of size of nets and total engine power of fishing vessels might substantially
increase fishing capacity (Rahikainen and Kuikka 2002, Chae and Pascoe 2005, McCluskey
and Lewison 2008).

In practice, license renewal for larger vessels seems to encourage fishers to land more
fish as fishers must declare 350 tons of landings per year, which conflicts with the mandate
of NPOA Fishing Capacity to preserve standing stocks towards the increase of fishing
capacity. Filling in fishing logbooks (LOV) is necessary to provide information concerning
the quantities caught and fishing zones (Duzgunes and Saglam 2008), which is critical to
ensure traceability and to control transshipment (Morgan et al. 2007). Besides, the
declaration of landings also improve the landing information of larger vessels, which can
significantly affect fisheries management in Malaysia, in particular for improving fish stock
assessment. However, setting the declaration of landings at a large amount will promote
increasing fishing pressures on Malaysian waters. Therefore, it is strongly suggested to
continue putting the declaration of landing, without setting a landing quota as a requirement
for vessel license renewal.

In addition, to strengthen MCS capacity and capability, several programs are planned to
systematically improve cooperation at regional levels, such as regional coordination
meetings and joint surveillance with neighboring countries. However, these purposes seem
to conflict with one requirement for getting vessel license renewals, which is to declare at
least 80% of fishing monitoring tracking unit in Malaysian waters. This means that up to 20%
would be in the EEZ of neighboring countries, which could lead to regional conflict to

bordered countries.
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Most fishers understand these situations and avoid southern areas near the border with
Indonesia and concentrated fishing effort in northern areas (Forbes 2014). Indonesia has
declared its national sovereignty over fisheries resources in its EEZ. The Indonesian
government has strictly dealt with foreign illegal, unreported and unregulated (IUU) fishing
since 2012 (Mcllgorm and Campbell 2018). This has occurred because there are no
international waters in this region.

The fact that multispecies fisheries that cannot provide species-separated data has lead
Malaysia to rely on the previous management strategies conducted. Yet Malaysia remains
still experiences excessive fishing capacity (Pascoe and Greboval 2003, Department of
Fisheries Malaysia 2015), which can be solved by output control measures (FAO 2009),
such as implementation of IQS.

Before implementing the 1QS, managers must determine either single- or multi- species
approach. For tropical countries, such as Malaysia and other SEA countries, to implement
an output control, they should take a measure that can straightforwardly allow their mixed-
species data. A validated default feedback HCR can be an option of other HCRs.

To determine the possibility of the default feedback HCR implementation in the purse
seine fishery in Malaysia, some possible benefits and challenges need to be considered.
Some benefits might be attained particularly in regard to data-limited situations. One of
management objectives to obtain sustainable fisheries that have optimum catch and
biomass along with less catch variation might be accomplished. Other benefits are related
to the role of the default feedback HCR as output control measure to directly restrict the
fleets from the certain target stocks. For slow-growing species, if Malaysian fisheries are
capable of providing species-separated data, separate management should be considered
by performing special monitoring along with assessment using the modified feedback HCR.

However, some challenges might arise in the implementation of feedback HCR. In some
cases, introducing output control in the fishery where fishers familiar more with input control
might lead to some confusion among the fishery stakeholders. Fishers will consider using

their fishing licenses to catch as many fish as they can with no consideration of quota that
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will be produced from output control measures. Other problems might also arise from
stakeholders and their interests, since too many licensed vessels operated previously need
to be operated to get more fish, which contradicts with the purpose of output control to limit
the exploitation of certain fish stocks.

There are some other important management approaches related to future purse seine
management. Short-term management approaches should focus on maintaining
multispecies fisheries with mixed-species data by feedback HCR. The feedback HCR might
be one management measure until improvements on species-specific data are available.
Therefore, in the long-term approach, applications of more sophisticated and optimum HCRs
might be promoted under species-separated data support systems.

The current management zones in SEA fisheries are applied fishing zones as a spatial
management tool to restrict fishing in certain areas, which is based on distance from shore.
This tool seems to be inconsistent with the assemblage patterns observed. (Garces et al.
2006). Therefore, it is suggested to re-structure the management by taking into account the
basic pattern of the fish assemblages.

Malaysian fisheries and other fisheries in SEA have similar characteristics and
sustainability issues. Therefore, compiling a set of management measures for Malaysian
fisheries can be used in other SEA countries. SEA might improve input control
implementation by limiting fishing effort, but for some cases, it will not solve imbalance
between the amount of effort and the standing stock, since it will not protect the stocks from
gears. On the other hand, implementing output control solely will lead to critical fishery
conflicts since fishers will compete to land the limited quotas. The fishers will race to fish by
allocating all their effort to get more fish, which will lead to other fishery sustainability issues
such as over-investment. Therefore, a combination of input and output controls will be the
best option for providing sustainable fisheries management for Malaysian fisheries and other
multispecies fisheries in the region. Concerning Malaysian multispecies fisheries, applying
the feedback HCR might be a short management approach before implementing the 1QS,

which later will complete their multiple measures for sustainable fisheries.
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This research pointedly suggests that data-limited multispecies fisheries can be
managed sustainably by using multiple management measures, such as a combination of
input, output and technical controls. However, it still must be cautioned that improvement on
species-specific data availability for the major species or depleted species should be one of
the main multispecies fishery issues to be solved in the near future. The availability of
reliable species-specific data for certain major species and mixed-species data for other

species will generate substantial progress for fisheries management in SEA.
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Table 1. Fishing zonation in Malaysian fisheries

Category Zone A Zone C Zone Zone
(No-take zone) Cc2 C3
Purpose Marine Park Commercial Commercial Commercial Commercial
(Only artisanal fisheries fisheries fisheries
fisheries allowed)  (Trawlers (Trawlers (Trawlers (Tunalong
and Purse and Purse and Purse liners and
seiners seiners tuna purse
seiners
Ownership Must be on Does not have  Does not Does not
board (one have to be to be in the have to be in  have to be
person owns vessel the vessel in the vessel
one vessel)
Vessel size <40 GRT 40—<70 GRT >70 GRT >70 GRT
Fishing area 0-5 nm 12-30 nm 30 nm — EEZ High seas

(distance from
shore)

Boundary
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Table 2. Period of survey

No Period of survey

July - September 2017
June - July 2018
3 September - November 2018
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Table 3. Research sites. LKIM is Fisheries development authority of Malaysia (Lembaga
Kemajuan lkan Malaysia). QL is the one of private jetty located in Endau.

No Research site State District

1 LKIM Tok Bali Kelantan Pasir puteh

2  LKIM Pulau Kambing Terengganu Kuala terengganu
3 LKIM Kuala besut Terengganu Besut

4  LKIM Kuantan Pahang Kuantan

5 LKIM Endau Johor Endau

6 QL Johor Endau
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Table 4. The ANOVA results of zone and period of survey. The zone factor is for vessel
zone distribution (C and C2 vessel zones), while the survey factor is for the period of

survey distribution.

Sum of Squares  df Mean F R? Sig. (>F)
Square
Zone 2.807 1 2.81 8.74 0.059 <0.001***
Survey 0.960 1 0.96 2.99 0.020 <0.001***
Zone * Survey 0.672 1 0.67 2.09 0.014 0.0230*
Residuals 42696 133 0.32 0.905
Total 47.136 136 1

Signif.codes: 0 *** 0.001 ** 0.01™"
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Table 5. The feedback factor values for the default feedback harvest control rule (HCR)
(case marked with an asterisk) and the alternative HCRs used in this study. The abbreviation
1.0-1-1-0.8 signifies that k is 1.0, and § is 1.0, 1.0 and 0.8, corresponding to high, middle
and low stock levels.

Case k Shigh Omiddle Slow Abbreviation

1 0.5 1.0 1.0 0.8 0.5-1.0-1.0-0.8
2* 1.0 1.0 1.0 0.8 1.0-1.0-1.0-0.8
3 1.5 1.0 1.0 0.8 1.5-1.0-1.0-0.8
4 2.0 1.0 1.0 0.8 2.0-1.0-1.0-0.8
5 25 1.0 1.0 0.8 2.5-1.0-1.0-0.8
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Table 6. Set of parameter values for the three species in the multispecies fishery.

Parameter Definition Species1  Species 2 Species 3
r Intrinsic growth rate 0.2 0.5 1

K Carrying capacity 50 000 20 000 10 000
MSY Maximum sustainable yield 2 500 2 500 2 500
Bwmsy Biomass produced at the MSY level 25 000 10 000 5000

Fmsy Fishing mortality in achieving MSY 0.1 0.25 0.50
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Table 7. Results of performance measures (probability of overfishing [Por], yield status [C/MSY ], biomass status [B/Bwusy], and management
failure [Failure]) when applying the default feedback harvest control rule to three species (slow-growing [Sp. 1], medium- growing [Sp. 2], and
fast-growing [Sp. 3]), with mixed-species data and single-species data, under three critical biomass-trend scenarios: By — B, Bu — Bu, and B —
Bh.

Performance Mixed-species results Single-species results
Scenario

measures Sp.1 Sp. 2 Sp. 3 Total Sp.1 Sp. 2 Sp. 3 Total

Por 0.83 0.05 0.00 - 0.49 0.13 0.01 -

C/IMSY 0.23 0.66 0.45 0.45 0.12 0.59 0.50 0.43
Bn— BL

B/Bwmsy 0.27 1.44 1.67 0.74 031 1.33 1.66 0.73

Failure 0.00 0.00 0.01 0.01 0.44 0.07 0.01 0.48

Por 0.37 0.00 0.00 - 0.35 0.01 0.00 -

C/IMSY 0.56 0.53 0.31 0.47 0.45 0.53 0.33 0.44
Bm — Bum

B/Bwmsy 0.87 1.60 1.76 1.16 0.89 1.59 1.74 1.17

Failure 0.00 0.00 0.01 0.01 0.07 0.00 0.01 0.07

Por 0.00 0.00 0.00 - 0.00 0.00 0.00 -

C/IMSY 0.24 0.12 0.06 0.14 0.20 0.11 0.06 0.13
BL— B

B/Bwmsy 1.62 1.82 1.85 1.70 164 1.84 1.88 1.72

Failure 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00
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Figure 1. The percentage of the number vessels of dominant fishing gears in Malaysia
(year of 2002-2016)
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Figure 2. Catch of dominant fishing gears in Malaysia (2002-2016)
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Figure 3. Purse seine fishing unit for different tonnage classes. In the year of 2006, there
were two outliers which show unrealistic number for the purse seine vessels in tonnage
class of >40 GRT and >70 GRT.
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Figure 4. Catch composition of purse seine fishery in Malaysia (2002 — 2016)

77

2014

{iiilf

2016

m Sefar crumenophthalmus
Megalaspis cordyla
m Mixed fish
m Selaroides leptolepis
= Trash fish
m Rastrelliger faughni
- Amblygaster spp.
w Rastrelliger kanagurta
u Thunnus tonggof

m Decapterus spp.



Zone A

12- 30 nm High Seas

Zone C3

30 nm to EEZ
Boundary

ZoneC Zone C2

Zone B

<40 GRT 70 GRT &

above

70 GRT &
above

1
1
1
1
1
1
|
1
<40 GRT : 40— <70GRT
1
l
1
1
1
1
1

1
1
I
I
. 1
Traditional fisherman Trawlers & purse | Trawlers & purse | Trawlers & purse! Tunalo!
I
1
1
I

(owner operated) & seiners seiners seiners | & Tuna purse
Traditional anchovy (owner operated) , (owner operated & ! seiners
purse seiner Non-owner i

! operated) !

Figure 5. Current fishing zones in Malaysia (Source: DOF Malaysia 2015)
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Figure 8. Landing composition based on survey data in 2017 & 2018
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Figure 9. The multispecies condition of purse seine fishery in the East Coast Peninsular Malaysia. The diameter shows amount of individuals
caught, while the color represents the species caught.
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Figure 10. Species richness of the East Coast Peninsular Malaysia. Darker colors represent areas with higher species richness.
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Figure 12. The vessel zone distribution map. The red line (30 nm from shore) indicates the border between C and C2 zones. C zone is the zone
delineated from 12—30 nm; while the C2 zone is delineated from 30 nm to Economic Exclusive Zone (EEZ). The vessels in the zones that nearer

to the coast line can go further, but not for another way around.
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Figure 13. The percentage of origin for each landing species. The black bars indicate the
percentage of landings from C-zone vessels, while the grey bars indicate that from C2-zone
vessels.
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the dissimilarity level. The “between” plot showed the status of the mean difference between
zones.
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Figure 17. Dendrogram of clustered groups. The red character represents the value of approximated unbiased p value (AU values), while the
green character represents the value of bootstrap probability (BP values). The red rectangles indicate the clusters which AU values >0.95.
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Figure 23. Biomass status, catch status, and fishing mortality under three critical biomass-trend scenarios during the pre-management period:

BH - BL, BM — BM, and BL — BH.
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Figure 24. Kobe-plot for the last management year, after applying the default feedback
harvest control rule (denoted by the abbreviation 1.0-1.0-1.0-0.8), to mixed-species data
(solid colors) and single-species data (outline colors), under three critical biomass-trend
scenarios. Blue, green and orange indicate species 1, 2 and 3, respectively. The shape of
the points denotes the type of biomass-trend scenario, with circles, squares and triangles
used for scenarios By — B, Bu — Bw and B, — B, respectively. The solid line indicates the
overfishing threshold, while the dashed line defines the overfished line.
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Figure 25. Biomass and catch status performance of the default feedback harvest control
rule (denoted by the abbreviation 1.0-1.0-1.0-0.8), to mixed-species data (solid colors) and
single-species data (outline colors), under three critical biomass-trend scenarios. Blue,
green, orange and black indicate species 1, 2, 3 and the total species, respectively. The
shape of the points denotes the type of biomass-trend scenario, with circles, squares and
triangles used for scenarios BH — BL, BM — BM and BL — BH, respectively. The solid line
indicates the MSY level, while the dashed line defines the overfished line.
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Figure 26. Performance measures of the alternative feedback harvest control rules (HCRs), created by modifying the adjusting
parameter k, with mixed-species data (black points) and single-species data (white points), under three critical biomass-trend scenarios
(Bn — B, Bu— Bwm, and B — By, denoted by circles, squares and triangles, respectively). The x-axis is the various k-modified feedback
HCRs, and the y-axis is the performance measures, namely biomass status, coefficient of variation (CV) for the biomass, catch status,
CV for the catch, probability of overfishing and management failure
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Appendix 1. The fisheries management form

Fisheries management form

Date: Interviewee
State: - Name/phone:
District: - Position:
Stakeholders
1.DoF (Jahatan Perikanan Malaysia), which is in charge of: 4. Fisheries develop ment authority of Malysia (Lembaga Kemajuan Ikan Malaysia)
- licensing YN whichisin charge: socio-economic of the fishermen YN
what kind of licenses? what fields are include intheir authority?
5. Fishermen
- fisheries policies YN - Vessel owner YN
what kind of policies?
- Local fishermen YN
How to get fishermen card?
- regul ati ons ¥/MN
what kind of regul ati ons? What are the previlages of the local fishermen?
- Foreign fishermen YN
2.DoF state level (Jabatan Perikanan Negeri) which is in charge of .... How large the percentage of foreign fishermen of the total fishermen?
Vessel A W essel B: Vessel C: WVessel C2:
How to get permission of fishing (as aforeign fishermen)?
3.DoF district level (Jabatan Perikanan Daerah) which is in charge of ....
6. Distrib utors
- Tauke (1" middlemar) --> from fishermen Y™
- Pemborong (24 middlemar)) -->from tauke ¥
- Traditi onal market seller YN
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Management measure

A Zonation

1. Zoningm anagemert is based on:

Mogitorins of fiski

- Conducte d by Agensi Penguatkuasasn Mantim Malaysia (APIIV)
(Mal ays an matitimee enforcemernt agency)
- Usingmordtoring controlling and sarveilance (IVICS) for vessel C2

- vessel tormage YN
- gear type YN
- ownersip pattern YN
Remarks:
The existingfishing zones
Zane &
No e taksz sy ZmeB ZaneC Zaone C2
Prohitited to do
P fishing (Marine C ommercial Commercial Commercial
uposes Pak) fisheri fishes Fishes
Traditional ties fies fies
fisheries
0 Musg be inthe |Doesn’thave tobe|Doesn’t have tobe | Doesn’t have to be
wessel i1 the vessel inthe vessel i1 the vessel
Vessel gze <40 GRT <40 GRT 40-70 GRT >70GRT
g <& rm 8-15 rm =15 mm Indian Ocean
areas
Remarks:

The new fishing zanes are applied only in West C oast? Or have appliedinE ast Coagt?

YN

YN

NOW
Statt using Automatic I dentifi cation System (AIT)
1. Safety navi gati on
2. Security
3. Protection of matine emirorment
For vessel & and B will be provided by government
For vessel C must slf-equipped

Remarks
How ahout vessel C27

How about the implemertati on of AIS now?

Inwplementation

1. Not allowed to change the owner for 1 year
(change of vessel owner will removwe all faults)

2.1If it ocowrred agpin, the same sanction as
inpoint 1 for 5 years

3. Havingjustice in court

Rematks

YN
YN
YN
YN
YN

YN

YN

YN
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Management measure

&, Zonation
2. Conservation and rehabdlitation of marine ecosystem
- through Marine protected areas (WP AS)

Bemarks:

3. Encourage relocati on fishersto other economic activities, such as
- Acuaculture
- Ecotourism

Rematks:

B. Limiting fi ding effort
1. Closedfishing area
The purpose is for reducing fishing pressure in no-take zone

- Corarercial travders & purse seiners are notallowed to fish <5 nan
- To protect marsery ground of juverdles

- No closed season implemented

Rematks:

2. Control on size and fishingpower
The purpose is to limit the mamber of vessels

- Change tormage or engine power o apply new vessel
need permi ssion from DoF

- & owner is only allowed to have one vessel (vessel & and B)

Rematks:

YN
YN

YN
YN

YN
YN

YN

YN

YN

3. Fishinglicenses

- Licenses are attached to the boat licenses

- Amaratonum for new issuance licenses of vessel zone & B andC
Bemarks:
These ate for reducingthe manber of travd ers

ForC2
a To spplynew licens: need:
- Paper work! docum et s
- Prove their effort or activity
- Market avail ability
- Jetty availability
Rematks:

b. To renew their license need:

- Mirdimum 350 tones of landings per year

- 80% of fishing area must be in Mal aysian waters
Remarks:

YN
Y

¥

YN
Y
e
¥

¥
YN

Fisheries management form page 3 of 5
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Management measure

3. Registrati on of the fishermen
- Implemented for foreign and local fishermen
a. Foreign fishermen need to submit:

- boat licenses(where they wotk o)

- passport

- seamanship book (1 ssued by their country)

Rematks:

b. Local fishermenneedto prowve that:
- their mainincome is from fisheries
- verifi cation from fishermen associati on
what kind of venfication?
- having sailed for more than 120 times
-» After reg strati ony, they will get fishermen card

-> Getting incentives from goverrment all ocated by LKIIV

Remarks:

YN
YN

YN
¥YMN

YN
YMN

YN

YN

YM

C. Sustainable fisheries

Rematks:

2. Prohibiti on of destructive fishingmethods

- Explosive and poisons
- Pair trawding

- Mecharized push net
- Beam trawl

- Moto ami

- Electric fishing
Rematks:

3. Impostion of specifi cation for trawl nets
- Codend mesh size > 38 mm
- Head rope length < 40 m

Rematks:

4. Implemertati on of quota system through T otal allowable catches (TACS)

Rematks:

1. Reszarch and devel opmient on potential resources and eco-friendy gears

YN
YN
Y
Y
Y
YN

YN
YN

Fisheries management form page 4
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Issues and challenges (source: National plan of action 2015)
&, Resowrce managemert 2. Incertives
1. Resowrces being overfished ¥/MN Bemarks:
2. Owercapacity YN
¥/

3. Encroachment of local fishing vessel into prohibited areas

Remarks:

B. Inadecuate fisheties data

1. Data of fisheties resource
What shoul d be improved from data collection in fisheti esresowrce?

Eemarks:

2. Gear specification
What shoul d be improved from data collectionin gear specification?

Eematks:

C. Fisheties policies
1. Decisions inconsistent with current policies

Eematks:

3. Lack of political will and awareness towards conservation and reanagement
Eematks:

D. Owverseasissues
1. Encroachment of foreign vessels

Rematks:

2. Foreign fishermen working on board local fishing vessels
Eemarks:

Fisheries management form page 5 of 5
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Appendix 2. Fisheries data collection form

Data collection form

Date: Interviewee

State: - Name/ phone:
District:

- Position:

1

Frequency
Vessel data-based collected regulady Y/N
Remarks:

Methods
One enumerator for each landing YIN
Remarks:

Catch comp osition
Of each vessel, the data comprises:

Different methods for different vessel type YiIN
- 4/B/C collect directly from fishermen daily/sampling day
- C2 must fill in the LOV by themselves and submit to
Jahatan Penkanan
Remarks:

Type of data
- Catch data

- Effort data contains of tnps, hours, hauls, days, and units YIN

Remarks:

Input data

All data are inputted to Fishenes landing information Y/IN
systemn (Sistem Maklumat Pendaratan Perikanan (SMPP)

- by the officer of fisheries distncts YIN
-in the end of the month YIN

Remarks:

- total landing YIN
- species composition YN
- price of each species YIN
Remarks:

Dominant species

Less of biological informati on and publication (online) related to

- Ayahitam YIN - Lolong YIN
- Ayakunk YiIN - Pinang YN
- Baja YIN -Selar YIN
- Barakuda YIN - Selar kuning YIN
- Bawal YiIN - Selar papan YN
- Biji nangka YIN - Selar pucat YIN
- Campur YiIN - Selayang YN
- Cencam YIN - Sotong YIN
- Kembong YIN - Tamban YIN
- Keropok YIN - Tamban beluru YIN
- Kikik atau kekek YIN - Tenggin YIN
Remarks: - Layur YN
Biological data

Collected by Fishenes Research Institute
It contains of :

- Total length YiIN
- Maturity stage YiIN

- Body weight YN
- Gonad weight YN
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Appendix 3. Fishery survey form

Fishery survey form

Date: Vessel Vessel dimension Fishing operation Dimension of gear
SurveylD: Name L ength: tm |7, haul/day. Length: m
DatalD: GT Width: m |3, tip/month Depth m/ feet
Owmer Depth: tn (Duration: days Ivesh size: inch
State Fishing Location Landing Crews Code
Didrict - Latitude Total: kg |7, crew persons A/B/C/Cz
Port - Longitude %, foreign crew: persons
No Species Q‘Ek“;ity Price RM/k®) | Length(cm) No Species Q‘(‘k"’;w Price (RM/kg) L(&::ng;h
1 13
2 14
3 15
4 16
5 17
6 18
7 19
8 20
9 21
10 22
11 23
12 24
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Appendix 4. Biomass and catch trajectories for three species after applying the default feedback harvest control rule (denoted by the abbreviation
1.0-1.0-1.0-0.8) to both mixed-species and single-species data, for B. — By scenario. Only 20 trajectories are shown in each figure; both or and
om were fixed at 0.2. Bold horizontal lines through the biomass and catch trajectories, respectively, indicate the Busy level and MSY level
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Appendix 5. Biomass and catch trajectories for three species after applying the default feedback harvest control rule (denoted by the abbreviation
1.0-1.0-1.0-0.8) to both mixed-species and single-species data, for By — Bu scenario. Only 20 trajectories are shown in each figure; both or and
om Were fixed at 0.2. Bold horizontal lines through the biomass and catch trajectories, respectively, indicate the Busy level and MSY level.

Biomass trajectories Catch trajectories

100,000 Mixed-species results R e 10,000 Mixed-species results Single-species results
80,000 8,000
Species 160,000 ” 6,000
40,000 A . » 7 W, 400 AN ) AN
20,000 T S AR ARl 7 2000 EETIST oSt Se T R =
1] | o e e e > Pl e T T T4 1L LT 1] T e Ty = e
100,000 10,000
80,000 8,000
Species 2 60,000 6,000
40,000 5 = 4,000
20,000 phon s ol NN DS IBEN NN ol o SASONNG 2000 BT s LSO VoL NS
B A : e v e . ' " i v
100,000 10,000
. 80,000 8,000
Species 3 60,000 S
40,000 4,000
WO Bl N, 2,000 b i 5 . febesied
0f - : = z z . = o Lo e v
1 11 21 31 41 51 1 11 21 31 41 51 1

Pre-management Management

Pre-management Pre-management

Year Year

109



Appendix 6. Biomass and catch trajectories for three species after applying the default feedback harvest control rule (denoted by the abbreviation
1.0-1.0-1.0-0.8) to both mixed-species and single-species data, for By — BL scenario. Only 20 trajectories are shown in each figure; both or and
om Were fixed at 0.2. Bold horizontal lines through the biomass and catch trajectories, respectively, indicate the Busy level and MSY level.
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Appendix 7. Kobe-plot for the last management year, after applying the default feedback
harvest control rule using oz = 0.2 and g; = 0.4 to mixed-species data (solid colors) and
single-species data (outline colors), under three critical scenarios. Blue, green and orange
indicate species 1, 2 and 3, respectively. The shape of the points denotes the type of
biomass-trend scenario, with circles, squares and triangles used for scenarios By — B, Bm
— Bm and B. — By, respectively. The solid red line indicates the overfishing threshold, while
the dashed red line defines the overfished line.
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Appendix 8. Biomass and catch status performance of the default feedback harvest control
rule 0 R=0.2 and o_| = 0.4, with mixed-species data (solid colors) and single-species data
(outline colors), under three critical scenarios. Blue, green, orange and black indicate
species 1, 2, 3, and the total species, respectively. The shape of the points denotes the type
of biomass-trend scenario, with circles, squares, and triangles used for scenarios BH — BL,
BM — BM, and BL — BH, respectively. The solid red line indicates the MSY level, while the
dashed red line defines the overfished line.
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Appendix 9a. Alternative set | of parameter values for the three species in the multispecies fishery under assumption of surplus production
model (Schaefer model) without process error.

Parameter  Definition Species1  Species 2 Species 3

r Intrinsic growth rate 0.5 0.5 0.5

K Carrying capacity 50 000 20 000 10 000

MSY Maximum sustainable yield 2 500 2 500 2 500
Biomass produced at the MSY

Bwmsy level 25 000 10 000 5000

Appendix 9b. Alternative set Il of parameter values for the three species in the multispecies fishery under assumption of surplus production
model (Schaefer model) without process error.

Parameter Definition Species1  Species 2 Species 3
r Intrinsic growth rate 0.2 0.5 1.0

K Carrying capacity 20 000 20 000 20 000
MSY Maximum sustainable yield 2 500 2 500 2 500

Biomass produced at the MSY
Bmsy level 25 000 10 000 5 000
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Appendix 10. Kobe-plot for the last management year, after applying the default feedback
harvest control rule under alternative set | (Appendix 9a) to mixed-species data (solid color)
and single-species data (outline colors), under three critical scenarios. Blue, green and
orange indicate species 1, 2 and 3, respectively. Shape of the points denotes the type of
biomass-trend scenario, with circles, squares and triangles used for scenarios By — B, Bm
— Bwm and BL — B, respectively. Solid red line indicates the overfishing threshold, while

dashed red line defines the overfished line.
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Appendix 11. Biomass and catch status performance of the default feedback harvest
control rule under alternative set | (Appendix 9a) with mixed-species data (solid colors) and
single-species data (outline colors), under three critical scenarios. Blue, green, orange and
black indicate species 1, 2, 3, and the total species, respectively. Shape of the points
denotes the type of biomass-trend scenario, with circles, squares, and triangles used for
scenarios By — B, Bu — Bwm, and B — By, respectively. Solid red line indicates the MSY level,
while dashed red line defines the overfished line.
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Appendix 12. Kobe-plot for the last management year, after applying the default feedback
harvest control rule under alternative set Il (Appendix 9b) to mixed-species data (solid colors)
and single-species data (outline colors), under three critical scenarios. Blue, green and
orange indicate species 1, 2 and 3, respectively. Shape of the points denotes the type of
biomass-trend scenario, with circles, squares and triangles used for scenarios By — B, Bm
— Bm and B_ — Bu, respectively. Solid red line indicates the overfishing threshold, while

dashed red line defines the overfished line.
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Appendix 13. Biomass and catch status performance of the default feedback harvest
control rule under alternative set Il (Appendix 9b) with mixed-species data (solid colors) and
single-species data (outline colors), under three critical scenarios. Blue, green, orange and
black indicate species 1, 2, 3, and the total species, respectively. Shape of the points
denotes the type of biomass-trend scenario, with circles, squares, and triangles used for
scenarios By — B, Bw — Bum, and B, — By, respectively. Solid red line indicates the MSY level,
while dashed red line defines the overfished line.

2 i
]
]
]
]
:
15 0
]
]
]
]
]
5 1 |
= 0
° :
®
| : O
0.5 e, - u oS
]
o : M -
O ]
0 ! AZN
0 0.5 1 15 2
B/B,\,ISY

® (BH - BL) Mix S1
= (BM - BM) Mix S1
A (BL - BH) Mix S1
O (BH - BL) Sin S1
O (BM - BM) Sin S1
A (BL - BH) Sin S1

® (BH - BL) Mix S2
= (BM - BM) Mix S2
A (BL - BH) Mix S2
O (BH - BL) Sin S2
O (BM - BM) Sin S2
A (BL - BH) Sin S2

117

® (BH - BL) Mix S3
m (BM - BM) Mix S3
A (BL - BH) Mix S3
O (BH - BL) Sin S3
O (BM - BM) Sin S3
A (BL - BH) Sin S3

® (BH - BL) Mix Total
m (BM - BM) Mix Total
A (BL - BH) Mix Total
O (BH - BL) Sin Total
O (BM - BM) Sin Total
A (BL - BH) Sin Total



Appendix 14. Summary of the performance measures (probability of overfishing [Pof], yield status [C/MSY ], biomass status [B/Bwsy],
management failure [failure], and coefficient of variation [CV]) when applying an alternative harvest control rule (denoted by the abbreviation 0.5-
1-1-0.8) to three species (slow-growing [Sp. 1], medium-growing [Sp. 2], and fast-growing [Sp. 3]), with mixed-species data or single-species
data, and under three critical biomass-trend scenarios: By — B., By — Bum, and B — By..

Mixed-species results Single-species results
Scenario  Performance

Sp.1 CV Sp.2 CV Sp.3 CV Total CV Sp.1 CV Sp.2 CV Sp.3 CV Total CV

measures

Por 0.81 - 0.06 - 0.00 - - - 0.39 - 0.16 - 0.01 - - -

C/IMSY 025 058 066 026 045 0.29 0.46 - 0.10 010 050 015 o051 019 042 -

. B/Bwmsy 028 056 141 034 166 0.24 0.73 - 029 026 117 030 162 026 0.68 -
Failure 0.01 - 0.00 - 0.01 - 0.02 - 0.60 - 0.19 - 0.01 - 0.68 -

Por 0.36 - 0.00 - 0.00 - - - 0.36 - 0.02 - 0.00 - - -

C/IMSY 054 037 052 028 031 031 0.46 - 037 018 053 021 034 020 044 -

o B B/Bwmsy 087 046 160 028 176 0.23 1.16 - 076 040 158 029 173 0.23 1.09 -
Failure 0.00 - 0.00 - 0.01 - 0.01 - 0.22 - 0.01 - 0.01 - 0.23 -

Por 0.00 - 0.00 - 0.00 - - - 0.00 - 0.00 - 0.00 - - -

C/IMSY 023 024 012 026 006 0.28 0.14 - 019 015 012 021 006 020 0.13 -

. B/Bwmsy 161 035 183 023 187 0.21 1.70 - 159 034 183 023 189 0.21 1.69 -
Failure 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 -
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Appendix 15. Summary of the performance measures (probability of overfishing [Pof], yield status [C/MSY ], biomass status [B/Bwsy],
management failure [failure], and coefficient of variation [CV]) when applying an alternative harvest control rule (denoted by the abbreviation 1.5-
1-1-0.8) to three species (slow-growing [Sp. 1], medium-growing [Sp. 2], and fast-growing [Sp. 3]), with mixed-species data or single-species
data, and under three critical biomass-trend scenarios: By — B., By — Bum, and B — By.

Performance Mixed-species results Single-species results
Scenario
measures Sp.1 CV Sp.2 CvV Sp.3 CV  Total Cv Sp.1 CvV Sp.2 CvV Sp.3 CV  Total Ccv
Por 0.83 - 0.04 - 0.00 - - - 0.52 - 0.11 - 0.01 - - -
CIMSY 0.25 058 068 030 046 0.29 0.46 - 019 064 061 038 048 035 043 -
BB B/Bwmsy 0.28 053 141 034 166 025 0.73 - 044 068 148 038 164 026 0.85 -
Failure 0.00 - 0.00 - 0.00 - 0.00 - 0.05 - 0.01 - 0.01 - 0.07 -
Por 0.36 - 0.00 - 0.00 - - - 0.30 - 0.01 - 0.00 - - -
CIMSY 0.58 041 053 030 031 030 047 - 048 046 052 035 032 033 044 -
o= By B/Bwmsy 0.84 044 159 0.28 177 0.23 1.14 - 097 051 161 029 176 023 1.23 -
Failure 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 -
Por 0.00 - 0.00 - 0.00 - - - 0.00 - 0.00 - 0.00 - - -
CIMSY 0.24 0.30 0.13 026 0.07 027 0.14 - 020 032 011 035 0.06 033 0.13 -
BB B/Bwmsy 1.60 035 183 0.23 190 0.21 1.69 - 164 036 18 023 18 021 1.72 -
Failure 0.00 - 0.00 - 0.01 - 0.01 - 0.00 - 0.00 - 0.01 - 0.01 -
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Appendix 16. Summary of performance measures (probability of overfishing [Por], yield status [C/MSY ], biomass status [B/Busy], management
failure [failure], and coefficient of variation [CV]) when applying an alternative harvest control rule (denoted by the abbreviation 2.0-1-1-0.8) to
three species (slow-growing [Sp. 1], medium-growing [Sp. 2], and fast-growing [Sp. 3]), with mixed-species data or single-species data, and under
three critical biomass-trend scenarios: By — Br, Buw — Bm, and B. — Bh.

Performance Mixed-species results Single-species results
Scenario

measures Sp.1 CV Sp.2 Cv Sp.3 CVv Total CV Sp.1 CV Sp.2 CV Sp.3 CV Total CV

Por 0.83 - 0.04 - 0.00 - - - 0.36 - 0.09 - 0.01 - - -

CIMSY 024 058 068 033 045 030 046 - 020 069 061 046 045 044 042 -

BB B/Bwmsy 025 052 141 033 170 025 072 - 057 066 148 036 170 026 094 -
Failure 0.00 - 0.00 - 0.00 - 000 - 001 - 0.01 - 0.01 - 0.03 -

Por 0.35 - 0.00 - 0.00 - - - 024 - 0.01 - 0.00 - - -

CIMSY 058 043 053 031 031 031 047 - 049 053 048 045 030 043 043 -

o= B B/Bwmsy 084 043 160 028 177 023 115 - 104 047 164 028 178 0.23 1.28 -
Failure 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.01 - 001 -

Por 0.00 - 0.00 - 0.00 - - - 0.00 - 0.00 - 0.00 - - -

CIMSY 025 033 013 027 007 028 015 - 021 040 011 043 006 041 013 -

. B/Bwmsy 158 035 185 023 187 021 168 - 163 035 187 023 187 021 172 -
Failure 0.00 - 0.00 - 0.01 - 0.01 - 0.00 - 0.00 - 0.01 - 0.01 -
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Appendix 17. Summary of performance measures (probability of overfishing [Por], yield status [C/MSY ], biomass status [B/Busy], management
failure [failure], and coefficient of variation [CV]) when applying an alternative harvest control rule (denoted by the abbreviation 2.5-1-1-0.8) to
three species (slow-growing [Sp. 1], medium-growing [Sp. 2], and fast-growing [Sp. 3]), with mixed-species data or single-species data, and under
three critical biomass-trend scenarios: By — B., Bm — Bw, and B — By.

Mixed-species results Single-species results

Scenario  Performance
measures Sp. 1 CvV Sp.2 CvV Sp.3 CV  Total Cv Sp.1 CV Sp.2 CvV Sp.3 CV  Total (4Y)

Por 0.78 - 0.05 - 0.00 - - - 0.30 - 0.09 - 0.01 - - -

C/IMSY 026 061 067 036 044 033 045 - 0.22 075 057 057 042 056 041 -

B B/Bwmsy 030 052 142 033 168 025 0.75 - 0.68 066 156 036 171 027 1.03 -
Failure 0.00 - 0.00 - 0.00 - 0.00 - 0.01 - 0.01 - 0.01 - 0.03 -

Por 0.36 - 0.00 - 0.00 - - - 0.22 - 0.01 - 0.00 - - -

C/IMSY 057 046 053 033 031 032 047 - 0.49 062 046 054 029 052 041 -

o B/Bwmsy 0.82 043 160 027 176 023 113 - 112 047 170 028 177 024 135 -
Failure 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 -

Por 0.00 - 0.00 - 0.00 - - - 0.00 - 0.00 - 0.00 - - -

CIMSY 026 036 013 029 007 029 0.15 - 0.21 050 0.10 053 0.06 050 0.12 -

o B/Bwmsy 159 034 182 023 187 021 1.68 - 1.65 035 185 023 188 021 1.73 -
Failure 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 - 0.00 -
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