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ABSTRACT 

The Pulau Sembilan State Park (PSSP) has recently been designated as a marine protected 

area in Malaysia. The State Government of Perak, responsible for managing the park, has 

to consider three main issues in determining appropriate management strategies for the 

area: (1) there is an indication that the fish stock has been reduced and the future of the 

coral health in the area is uncertain; (2) fishers of the area objected to proposals for closing 

the area to extractive activities initially managed to prevent the closure of the park; and 

(3) ecotourism, which has been thought of as a harmless activity, but has now been found 

to be a real threat to the health of PSSP’s ecosystem. These three issues point to the main 

questions to be explored in this study, that is: ‘What is the best management strategy to 

implement in the PSSP that will maintain its fish stocks, corals and the overall health of 

the ecosystem, while being acceptable to its major stakeholders including recreational 

anglers and non-fishing recreational users?’. 

In this research, we reviewed previous management strategies adopted in MPAs across 

Southeast Asia to examine the important aspects that contribute towards successful 

MPAs. A series of surveys were conducted to gather information pertaining to 

preferences of PSSP anglers and non-fishing recreational users, including reasons why 

respondents choose sites, their satisfaction with the chosen sites, and to understand the 

importance of various site attributes to the users.  

We also conducted an econometric analysis to estimate the monetary values of those 

attributes, including the value of fish, and to estimate the non-market values of sites in 

the PSSP. Fish catch rate models were empirically estimated to provide expected fish 

catch inputs into the site choice model. We then integrated the site choice model with a 

biophysical model of PSSP to simulate the interaction between economic choices and 
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ecological outcomes. The biophysical model accounts for five functional groups in the 

ecosystem: corals, algae, herbivorous fish, piscivorous fish and urchins.   

The integrated model was then used to simulate and compare a range of management 

strategies in terms of both biophysical and socio-economic benefits. We find that total 

closure of target sites from fishing activities was not necessarily a preferred strategy. We 

also found that some less stringent strategies can be more effective. For example, closing 

target sites for 6 months instead of for the entire year can be more effective in terms of 

social welfare loss to biomass gain ratios. Bag limits that directly limit harvest and work 

without closing sites can also be more effective; they provide smaller social welfare losses 

and generate desirable biomass outcomes both across protected and other sites in the 

PSSP.  

The study demonstrates that the application of the integrated economic and biophysical 

model enables a more complete evaluation of MPA management strategies. The analysis 

provides guidance on the types of management strategies that have the potential to 

perform better with respect to the competing objectives of improving biophysical 

outcomes and economic welfare. It is anticipated that the results will help offer valuable 

inputs into deliberations about alternatives for improved management of the PSSP and 

Malaysian marine resources in general. 
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1.1 Background 

Marine ecosystems are among the most biologically important habitats on the planet. 

These ecosystems have ecological significance as a habitat for thousands of species, and 

economic significance as they provide material goods, ecosystem services and aesthetic 

values to human populations. To benefit human populations, marine ecosystems continue 

to be exploited (Burke et al., 2002; Rife et al., 2013), and the two major economic 

activities that exploit the marine ecosystems are tourism and fishing. 

Current management of tourism in marine ecosystems often focuses on increasing the 

number of tourists and revenues generated from the tourism activities (Badaruddin, 

2002). In addition, increases in the number of catch and the economic return from 

fisheries are often the main objectives of fisheries management by governments aiming 

to maintain social equity; and this is because those involved in fishing activity are often 

the socio-economically deprived social groups (Saharuddin, 1995). Protecting the 

ecological values of marine ecosystems becomes a complex issue when the need to 

continue extracting marine resources is unavoidable for socio-economic reasons.  

The establishment of marine protected areas (MPAs) is an important management 

strategy for marine ecosystems. This strategy aims to conserve important marine habitats 

by restricting extractive activities in a given area, usually through closure of marine 

habitats from such activities. Controlling the extraction of resources within the area is 

hoped to benefit the marine habitat in the long run by rejuvenating the ecological 

communities, increasing fish stock, and possibly benefitting surrounding areas through 

fish stock spillover effects.  

As a signatory to the Convention on Biological Diversity, Malaysia is aiming to fulfil its 

Aichi Target of protecting 10% of marine habitats by transforming some of its marine 

areas into marine parks by the year 2020 (Department of Marine Park  Malaysia, 2018). 
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Marine parks in Malaysia refer to sea-zoned areas that are within two nautical miles from 

the lowest tide line surrounding islands (Breese, 2011). Currently the areas surrounding 

42 islands have been gazetted as marine parks in Peninsular Malaysia and as well as other 

areas surrounding five islands in East Malaysia. Malaysian marine parks adhere to the 

principles of MPAs globally, with the objective being to protect the ecosystem: they are 

managed as public recreational sites where activities such as ecotourism are always 

encouraged while restricting extractive activities (Department of Marine Park Malaysia, 

2018). Henceforth, we refer to the Malaysian marine parks as MPAs.  

The establishment of MPAs in Malaysia began as a measure to protect marine fisheries 

and fishing communities. Fisheries management objectives in Malaysia in the 1960s 

revolved around maximising sustainable yield (MSY), maximising economic return, 

maintaining employment, ensuring equitable distribution of wealth, and maintaining the 

standard of living to those involved in fisheries (Najib and Ahmad, 2002). Regulations in 

fish exploitation through ‘limited entry’ or ‘input’ management regimes, and also total 

closure of some fishing areas were initially established for resource distribution (equity 

sharing) purposes and for minimizing conflicts among fishers from various ethnic groups. 

These regulations also met the requirement of MPAs as adopted by the International 

Union for Conservation of Nature (IUCN) for protection and conservation of the areas 

(Najib and Ahmad, 2002). 

Malaysia is seen to be committed in managing its MPAs by having various legislations 

and policies related to marine management and conservation, including: the Fisheries Act, 

1985; Environmental Quality Act, 1974; Wildlife Protection Act, 2010; National Parks 

Act, 1980; Exclusive Economic Zone (EEZ) Act, 1984 (Federal Legislations); 

Environmental Protection Enactment, 2000; Forest Enactment, 1968; Parks Enactment, 

1984; Sabah Biodiversity Enactment, 2000; Wildlife Conservation Enactment, 1997 

(Sabah State Legislations); National Biodiversity Policy, 1998; National Environment 
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Policy, 2002; National Policy on Climate Change, 2009; and National Ecotourism Plan, 

1997 (Federal Policies) (Department of Marine Park Malaysia, 2018).  However, in the 

early 1990s, it was reported that one of the main problems with MPA management in 

Malaysia was the focus of national government on surveillance and enforcement while 

the role of education and involvement of locals and NGOs was neglected (Alder, 1996). 

Another issue that caused ineffectiveness of MPAs in Malaysia was in its approach where 

ecotourism was always encouraged. This approach has actually triggered an influx of 

tourists. For example, the number of tourists visiting Pulau Payar Marine Park in 1993 

was 12,025, with the number increasing substantially to 90,307 three years later (Najib 

and Ahmad, 2002). As reported by Dowling (2000), problems with managing ecotourism 

in Malaysia arise due to the small number of sites that are overused, the attention given 

among all the MPAs is slight and patchy, and very few operators have credible ecotourism 

records. 

While there are various strategies applied in MPAs worldwide, Malaysia is one of the 

countries that always prioritizes ecotourism and excludes fishing in its MPA strategy 

(Department of Marine Park Malaysia, 2018). This strategy, which denies access to 

fishing communities, has always been debated whenever an area is proposed for a new 

MPA in the country (Manaf et al., 2011; Masud et al., 2014). Authorities usually assure 

stakeholders that the strategy will benefit everyone based on success stories reported 

around the world (Apostolaki et al., 2002; Westera et al., 2003). However, various 

strategies taken within MPA frameworks may be effective in some areas but may not be 

feasible in others. Thus it is important that these strategies are evaluated before they are 

implemented in a particular area. 

The establishment of Pulau Sembilan in the state of Perak, Malaysia as a MPA is in much 

need of evaluation. Realising the degradation in terms of its coral cover and fish 

abundance, Pulau Sembilan has become the latest area in Malaysia to be established as a 
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MPA (UNDP, 2012). However, the situation in Pulau Sembilan is unique compared to 

other MPAs in Malaysia. Other MPAs are ‘Marine Parks’, meaning they fall under the 

national jurisdiction. Pulau Sembilan is a ‘State Park’, known as the Pulau Sembilan State 

Park (PSSP), and falls under the jurisdiction of the state of Perak (UNDP, 2012). There 

was a strong refusal by fishing communities when the PSSP was initially proposed as a 

national marine park by the Federal Government of Malaysia. However, there was still 

recognition that fishing activity needed to be controlled to meet conservation objectives 

for the area. Accordingly, the state government declared the area as a state park instead 

in 2009. As a state park, the management of PSSP is more flexible in the way fishing 

activity is managed, as it is not bound to the National Fisheries Act 1985 and other related 

national laws. 

While having the flexibility to allow some fishing activity as a state park, it was proposed 

that PSSP was to be closed from any extractive fishing activities. However, the continual 

opposition from the fishing communities prevented this conservation strategy from being 

implemented. The state government is also seen to be lenient as PSSP generates high 

economic benefits especially from recreational fishing activities, such as the oldest 

fishing competition in the country, which is conducted nearly every year in this area 

(Sapian, 2004). The area also continued to be open to all activities despite it having been 

gazetted as a state park since 2009.  

Only recently, in April 2017, PSSP was finally closed, not only from fishing activities, 

but also from all non-extractive tourism activities. It was an urgent action taken by the 

State Government of Perak as the condition of the park drastically degraded. It was 

reported that earlier in the year PSSP suddenly attracted a large number of people when 

news on the extraordinary ‘Blue tears’ – a line of purple plankton along the beaches in 

PSSP that shines at night – was broadcast (Yeap, 2017). While the exposure of PSSP was 

a chance event, it may show that sometime promoting ecotourism to benefit a local 
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community can have unintended consequences for marine resource managements. An 

increased number of visitors can be economically beneficial to the local community, but 

at the same time it can also affect the state of resource negatively, particularly when the 

number of visitors is beyond the carrying capacity of the area. The common Malaysian 

MPA strategy to close the area from extractive activities while encouraging ecotourism 

may not be appropriate for PSSP.  

Although the area is now closed, the authority said that it is only a temporary solution 

(Yeap, 2017). As PSSP is highly valued by the users and the authority alike, they are 

looking at ways to adopt best practice conservation strategies, probably less stringent 

strategies for the area. The evaluation of the site closure and alternative strategies can be 

very crucial to decide on management alternatives. In addition, as Malaysia aims to 

establish many other areas as a MPA in the near future, PSSP can be a good example to 

guide the way forward to other areas with similar issues. 

As foreshadowed earlier, the major issue in PSSP is to find a balance between 

environmental conservation and providing for human needs. Evaluation of management 

strategies should be holistic by considering all types of activities and its impact to all 

components of the ecosystem. While it is agreed that habitat conservation is important, it 

is also important to gain support from all stakeholders, as social acceptance is an 

important factor in determining MPA success, especially in developing countries (Adams 

et al., 2011). Local fishermen and recreational anglers are assumed to be the most affected 

by the proposed closing strategy and need to be on board in deciding whether to close 

PSSP or adapt any other management strategy. The impact or costs of a closing strategy 

to fishermen can be understood and estimated from available market information. 

However, the value of PSSP to recreational anglers can be easily underestimated as it 

involves experiences or satisfaction the value of which cannot be estimated using market 

information (non-marketed goods/services) but are very important. Ecological or 
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environmental economists employ several non-market valuation methods to put monetary 

values on non-marketed goods/services to tackle the problem. This highlights the focus 

of this study to provide a detailed and quantitative assessment of the impacts of a closing 

strategy on different users with the focus on recreational anglers. The study also considers 

the impact of various management strategies on the biophysical aspects of the area, to 

allow evidence-based decision making, either in support of the proposed strategy or other 

alternatives. 

This study begins by looking at previous applications of MPA strategies to understand 

their benefits and shortcomings. The study then investigates the demographic 

characteristics, preferences and behaviours of PSSP’s users to predict their reaction to 

different management strategies. An economic valuation component is then presented 

and an economic model is developed to understand the non-market values of Pulau 

Sembilan to its users, which are often neglected in decision making. Finally, the study 

also explores the dynamics of biophysical aspects of the study area as a foundation before 

it is integrated into the economic model. This integrated economic and biophysical model 

is used to evaluate various management strategies to suggest the best strategy to be 

implemented. 

This research is significant for a number of reasons: (1) the government’s proposed plan 

to close PSSP from all extractive activities is not based on adequate assessment of the 

effectiveness of the strategy as there have been very few economic valuation studies done 

in Malaysian marine parks; (2) there are no integrated economic and biophysical studies 

that have been done to evaluate MPA management strategies in Malaysia; and (3) there 

are many other less stringent management strategies that can be explored to find a better 

alternative for PSSP. Thus this study evaluates management strategy choices for PSSP 

using an integrated economic and biophysical model to address issues that have not been 
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explored previously, and to generate information that is a key to improved management 

of PSSP and other similar marine areas in Malaysia. 

1.2 Research objectives 

1.2.1 General objective 

In general, the study aims to evaluate the closing strategy proposed and explore other 

alternative management strategies to manage Pulau Sembilan State Park. The study 

intends to achieve this aim by undertaking specific objectives as follows: 

1.2.2 Specific objectives 

1. To assess the effectiveness of management strategies in MPAs based on a review of 

the scientific literature, with emphasis on countries in Southeast Asia (SEA) 

2. To analyse the biophysical aspects of PSSP and examine how they affect the 

satisfaction and preferences of users in choosing sites to fish or recreate  

3. To estimate the values that recreational anglers attach to different sites and site 

attributes, using econometrically estimated fish catch rate and random utility (RUM) 

site choice models 

4. To develop and apply the integrated economic and biophysical model to capture 

feedback between social and biophysical aspects in evaluating alternative 

management strategies and answer questions such as: 

i) What are the impacts of spatial and temporal closure on the welfare of PSSP’s 

stakeholders and the health of the ecosystem? 

ii) How would the introduction of site access fees affect distribution of anglers and 

how it will impact other components of the ecosystem? 

iii) What are the effects of imposing fish catch limits (bag limits) on the welfare of 

 stakeholders and the health of the ecosystem in PSSP?  
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1.3 Thesis framework and outline  

The thesis is framed in seven chapters to answer all the research objectives. Chapter 1 is 

the ‘Introduction’, followed by chapters 2 to 6 each addressing one or two study 

objectives. Chapter 7 is the discussion and conclusion for the whole thesis. Figure 1.1 

exemplifies the framework for this study, followed by the outline of each chapter. 
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this chapter allow for a better understanding of what should and should not be done in a 

protected area including PSSP. This chapter addresses the first objective of the study. 

Chapter 3 is an introduction to PSSP and its surrounding areas. The chapter begins by 

introducing PSSP and its surrounding islands before going into describing the biophysical 

condition of the area. This description of this biophysical background is important for 

considering interspecies relationships in the biophysical model explained later in Chapter 

6. The biophysical description of PSSP and its surrounding area is followed with a 

discussion on its management issues and challenges. The chapter ends by describing the 

integrated economic and biophysical methods that are appropriate to evaluate 

management strategies for PSSP and address these challenges. This chapter aims to 

answer a part of the second objective of the study.  

Chapter 4 describes the questionnaire development and sampling methods used during 

the pilot and actual survey. The chapter also presents a description and observational 

statistics based on the survey. The results, although from a simple analysis, are able to 

give an early overview on the proposed closing strategy; whether it is likely to be a 

suitable management option for PSSP or not. This is achieved by exploring the reasons 

behind the site choice activity and the satisfaction of PSSP users including recreational 

anglers and non-fishing recreational users. It is predicted that by understanding the drivers 

that cause users to choose PSSP or other alternatives to fish or recreate, we may be able 

to predict the impact of any management changes. This chapter complements Chapter 3 

in answering the second objective of the study. 

Chapter 5 presents results from the economic valuation study of recreational fishing in 

PSSP. The chapter begins by exploring the site choice behaviour of recreational anglers 

and seeks to understand the access value of the sites or welfare losses that would occur if 

sites were closed. This chapter is dedicated to answering the third objective of the study.  
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Chapter 6 explores the prospect of integrating economic models to the biophysical model 

adapted from a study in the evaluation of management strategies for PSSP. An agent-

based modelling (ABM) technique is applied to integrate the two aspects. Results 

discussed in this chapter depict the importance of taking into account the impact of any 

management strategy on both socioeconomic and biophysical aspects. Looking 

simultaneously to both aspects may produce results that are different from what is 

commonly expected. This chapter addresses the fourth objective and the final policy 

questions for PSSP. 

Chapter 7 discusses and summarises the major findings against the stated objectives. The 

chapter includes a discussion of policy implications and recommendations, and 

recognizes limitations of the study while identifying areas for further research. 
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2.1 Introduction: Marine Protected Area/ Marine Park 

In general, a MPA is usually designated for one or combinations of reasons. These might 

include that the area is: (1) representative of a range of important habitat types; (2) needed 

for sustainable fisheries; (3) an area with high species diversity; (4) an intense biological 

activity location; (5) a natural wonder; (6) a critical habitat for a particular species or 

group of species; (7) an area with special cultural values; (8) a protection area for 

coastline; and/ or (9) an area that facilitates research or determination of ‘natural’ baseline 

conditions (Salm et al., 2000). 

The benefit of MPAs is proven especially in the enhancement of biological product such 

as fish; within and outside marine reserves (Apostolaki et al., 2002; Westera et al., 2003). 

There are also many other studies reporting improved health of other ecosystem 

components such as corals (Christie, 2005; Ticco, 1995; White, 1986), or habitat 

dynamics (Doyen et al., 2007; Kevin et al., 2008). Dayton (2002) describes in detail the 

benefits of marine reserves not only to fishery enhancement but also their value as parks 

and as a scientific baseline.  

Besides ecological benefits, there are also numerous studies looking at the economic 

benefits of MPAs (Alban et al., 2006; Glenn et al., 2010), particularly with respect to 

ecotourism activities (Ransom and Mangi, 2010; Vianna et al., 2012). These studies show 

that MPAs offer substantial ecological and economic benefits.  

However, there are also some negative concerns regarding the MPA strategy. One of 

these concerns is that limiting fishing effort in a protected area may displace the fishers’ 

effort to a smaller area and in a more concentrated manner (Agardy et al., 2011). In fact, 

the loss from fishing restriction is unlikely to be compensated to fishers through spillover 

since fish stocks are too diverse, mixed, and migratory (Jones, 2008).  
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The establishment of MPAs also often neglects the equity issue, in terms of compensatory 

measures for those who lose (Alban et al., 2006). This equity issue is the basis of many 

locals’ disagreement whenever a MPA is being proposed (Agardy et al., 2011; Jones, 

2008; Rosendo et al., 2011). This is especially important when the marine resources 

involve conflicted parties. For example, a restriction of fishing activities often gives way 

to other possible destructive activities such as mismanaged ecotourism (Rosendo et al., 

2011). 

Ecotourism is seen as a way to protect the ecosystem while still generating economic 

benefits. However, the status of MPA may reflect the special values of the ecosystem 

which in turn attract tourists (Davis and Tisdell, 1995). An increase in the number of eco-

tourists concurrently increases the level of contamination. There are many studies that 

recorded a behavioral change in the wildlife due to the close interaction with eco-tourists. 

For example, the dolphin population in Doubtful Sound, New Zealand, changed their 

preferred area to avoid interaction with boats (Lusseau and Higham, 2004). Ecotourism 

in Mon Repos Conservation Park, Australia, had caused disturbance to nesting turtles. 

The bright light and noise from the tourists discouraged adult female turtles from coming 

ashore. This changing habitat increase the time taken for the hatchlings to reach the sea 

(Wilson and Tisdell, 2001).  

These are among the shortcomings in the management of marine reserves as reported by 

Agardy et al. (2011), where failure of MPAs can be caused by the unintended 

consequences of management approaches and the illusion of better habitat protection 

when in fact no protection is occurring. This illusion of habitat protection is one reason 

why evaluation studies of MPAs are much needed. Although the MPA strategy is believed 

to be an effective tool, it is not the solution to all marine management problems. While it 

provides benefits to many marine areas, it also has some issues and its effectiveness for 

a particular area needs to be understood individually (Hilborn et al., 2004). In reality, it 
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is believed that only 10-20% of all MPAs worldwide are effectively managed (UP-MSI, 

2002). In the Southeast Asia (SEA) region, only 14% of 332 marine parks are rated as 

effectively managed (Burke et al., 2002). 

This chapter reviews studies on marine protected areas in Southeast Asia to evaluate the 

effectiveness of MPA strategy using three indicators: biophysical, socioeconomic and 

governance aspects. Evidence from various MPAs is hoped to provide lessons in 

designing good management strategies for Pulau Sembilan State Park (PSSP). 

2.2 Evaluation of MPA/ MP strategy in Southeast Asia (SEA) 

Many evaluation studies have already been conducted across the SEA region to identify 

the strengths and weaknesses of the MPA strategy. Some studies have looked at the 

impact of the strategy in terms of biological aspects such as changes in number of fish or 

coral cover (Najib and Ahmad, 2002; Russ et al., 2004). Some studies have focused on 

governance aspects including management frameworks and enforcement effectiveness 

(Alder et al., 1994; Mills et al., 2010). Many more have focused on socioeconomic 

aspects, particularly economic valuation (Mohd Salleh et al., 2011; Seenprachawong, 

2003). 

2.2.1 Biophysical aspects 

Biophysical aspects should be the most important indicator used to determine the success 

or failure of an MPA strategy because conserving the biophysical aspects of the 

ecosystem is the primary objective and the basis for most other values around these 

natural resources. 

Based on various studies in SEA, MPA strategy was found to be effective in increasing 

the number of fish within protected areas (Christie, 2004; Christie, 2005; Russ et al., 

2004). Perhaps the best success story is the one reported by Russ et al. (2004), when the 
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biomass of two families of reef fish had tripled in a well-protected no-take reserve of the 

Apo Island in the Philippines. It was also evident that biomass of these fish was higher 

nearer to the reserve. Catch per unit effort also increased both inside and outside the study 

area.  

Results from other studies such as those by Christie (2004) and (Christie, 2005) had also 

shown improvements in the number of target fish within protected areas, but without the 

evidence of spill-over effects to areas outside of the MPAs. In another example, a study 

by Garces et al. (2013) generally found a higher density of fish in three MPAs in the 

Philippines, but lesser total biomass due to smaller sizes of fish. Therefore, the return on 

fishing effort of the area was found to be lower than the baseline case since the measure 

looks at total fish biomass. 

The research also shows that, besides changes in the density or biomass of fishes, there 

were improvements in coral cover and other ecosystem elements. For instance, Christie 

(2004) studied areas including San Salvador Island, Twin Rocks, and Balicasag Island in 

the Philippines, and the Bunaken National Park of Indonesia, which had all shown an 

improved coral substrate over the years. It is also reported in Christie (2005) that hard 

coral cover in both MPAs studied was recovered. In another study, Garces et al. (2013) 

suggests that changes in coral cover are varied between three MPAs that were studied: 

generally no changes but with some reduction in dead coral cover inside the MPA and an 

increase in live coral cover outside the MPA.  

In a cross-sectional study of 13 MPAs in the Philippines, Indonesia and Malaysia, White 

(1986) conducted a detailed evaluation study of coral substrate of the areas including 

broken and dead coral, siltation, unusual algal growth, accumulation of debris and other 

extraordinary conditions. The study found that areas with the most destructed habitat are 

those that are not remote, highly used and unprotected.  
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The establishment of MPAs could also contribute to other biological benefits. These 

include an improvement in water quality as recorded in the study by Musa (2003). The 

sensitive area of Pulau Sipadan, Malaysia, rejuvenated after the area was established as a 

MPA. 

Although there are several biological successes recorded, there have also been some 

differences in how some of the research has been conducted. For instance, the very 

encouraging assessment of a MPA by Russ et al. (2004) was carried out 18 years after the 

MPA was established while the study by Garces et al. (2013) evaluates changes after four 

years. A study by White and Palaganas (1991) also recorded a decline in total coral cover 

and number of chaetodontid species within five years. As suggested by Najib and Ahmad 

(2002), the marine park strategy will have positive or negative impacts only after a certain 

period, thus a fair judgement should not be made without considering an appropriate time 

frame.  

Besides the temporal aspect, it is also important to consider an appropriate spatial 

perspective. (Musa, 2003) reported that although the MPA strategy managed to restore 

the beauty of Pulau Sipadan, it had also caused negative spill-over effects to nearby Pulau 

Mabul. When Pulau Sipadan was closed from any hotel developments, neighbouring 

Pulau Mabul received a huge interest from tourists and tourism developers. Boats 

transporting tourists between Pulau Mabul and Pulau Sipadan are believed to have 

contributed to more water pollution near Pulau Mabul (Musa, 2003). 

Another important lesson from previous studies is the relationship between biological 

successes and other factors. For instance, the successes recorded in White (1986) linked 

the effectiveness of protected areas with factors such as good education programs for the 

local community, legal enforcement support from local and national officials, and 

scientific and recreational interests in the MPA. This is also evident in the study by Russ 
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et al. (2004) where the MPA strategy was well executed and the local community 

benefited from the tourism making them less reliant on fishing for livelihood.  

In studies that reported negative changes such as in White and Palaganas (1991), it was 

found that the MPA strategy was not effective because of enforcement problems towards 

the illegal and destructive fishing activities of migrant fishermen. Another study by 

Christie (2004) reported that the number and diversity of marine species in Balicasag 

Island, the Philippines, reduced when a community-based MPA was taken over by the 

central government. The strategy had led to lower community support when the 

government gave way to tourism development. It shows that biological benefits of MPA 

can be jeopardized with changes or issues in socioeconomic or governance aspects. 

2.2.2 Socioeconomic aspects 

Although biophysical implications should be the most important aspect to be considered 

in evaluation studies, socioeconomic factors are believed to be the primary determinant 

of a MPA’s success or failure (Leisher et al., 2012). 

The establishment of MPAs in Malaysia has provided better employment options to the 

local community generating higher income (Islam et al., 2013; Mohd Salleh et al., 2011). 

Mohd Salleh et al. (2011) also reported that the establishment of Pulau Redang Marine 

Park and Pulau Tioman Marine Park of Malaysia had led to improvements in terms of 

community infrastructure and business. There was also a sign of improvement in terms 

of human health. This is an indirect benefit of a MPA: the development of the area also 

advanced health facilities (Mohd Salleh et al., 2011). The establishment of MPAs has also 

increased the level of understanding or awareness of human impacts on marine resources 

(Garces et al., 2013; Leisher et al., 2012).  
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The strategy led to gains in positive perceptions among locals in some of the MPAs 

studied. For instance, locals in the Mabini, Batangas (Anilao) of the Philippines believe 

that fish populations and coral reef conditions have improved since the area became an 

MPA (Christie, 2005). They also believe that there is an increase in the number of large 

predator species and threatened species, including turtles and dolphins (Christie, 2005). 

In Indonesia, after five years of implementation and about US$1.02 million in investment, 

education and outreach programs have managed to increase positive attitudes and 

knowledge among the Raja Ampat MPA’s communities (Leisher et al., 2012). 

Beyond the physical and direct benefit of the MPA strategy, there are many other benefits 

of the MPA strategy that are not directly observed. It was estimated that ecotourism in 

Pulau Payar Marine Park, Malaysia, was worth US$55.7 million over a 20 year period 

(Department of Marine Park, 2011). A study on the Mu Ko Similan Marine National Park 

of Thailand puts a value of between US$932,940 to US$2.1 million per annum as an 

economic benefit from scuba diving activities (Adsafu-Adjaye and Tapsuwan, 2008). 

Looking at entrance fees alone, potential annual revenue to protect the ecosystem at three 

Philippines islands (Anilao, Mactan Island, Alona Beach) is estimated at US$3.5-US$1 

million. Further, the value of tourism in Balinao, the Philippines is estimated at US$4.7 

million per year (Ahmed et al., 2007). Ecotourism operators in Pulau Redang Marine 

Park, Malaysia, generate an estimated net benefit of US$3.3 million a year (Yacob et al., 

2007). There are many other studies that estimate the economic value of MPAs to justify 

the socioeconomic benefits of the strategy (Arabamiry et al., 2013; Arin and Kramer, 

2002; Pham et al., 2005; Seenprachawong, 2003; Shamsul, 2012; Subade, 2007; 

Svensson et al., 2008).  

Although the establishment of MPAs has generated economic benefits, it is suggested 

that a very small proportion of this benefit has actually been contributed back to the local 

economy. For instance, ecotourism in North Sulawesi, Indonesia, did not contribute back 
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to the protection programs since there was no entrance fee and revenues are actually 

gained by regional and foreign tour companies (Ross and Wall, 1999). In addition, a study 

using economic multiplier methods by Yacob et al. (2007) suggests that tourism revenues 

in Pulau Redang Marine Park in Malaysia are hardly contributing to the local economy 

as only a third of the benefits remain in the country due to ‘leakage’ to international 

airlines and tour operators, and an even smaller proportion of the revenue remains in 

Pulau Redang. In addition, some studies have reported about local community concerns 

regarding the increasing price of goods and social problems due to the arrival of tourists 

to the islands (Mohd Salleh et al., 2011).  

Thus, benefits from MPAs may involve some serious trade-offs. What is more disturbing 

is that these trade-offs often involve adverse welfare consequences for locals. For 

instance, locals might be forced into migration because of reduced job opportunities, as 

was the case for the Pulau Tinggi Marine Park of Malaysia (Manaf et al., 2011). In some 

cases, governments have attempted to address these effects by providing help, such as 

subsidising rents for those wanting to open up businesses (e.g. shops), but these 

alternative business or employment opportunities might not work well if there are less 

visitors coming to the area because of the MPA or if initial increases in tourism are not 

sustained over time (Manaf et al., 2011). There have also been concerns regarding land 

ownership since landowners might be forced to sell their land to continue living.  

Locals on the Andaman Coast of Thailand are reported to have negative perceptions about 

their National Marine Parks because of adverse effects on fishing and harvesting 

communities, and the limited benefits to those involved in tourism except for some elite 

groups (Bennett and Dearden, 2014). At the same time, encroachment into protected areas 

can become a problem when locals feel that they do not have any other alternatives as 

happened in Bunaken National Park, Indonesia (Ross and Wall, 1999).  
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The establishment of MPAs caused serious conflicts between local communities and 

authorities in several areas. These disagreements emerged as locals felt undermined with 

overly restrictive laws, by the lack of employment alternatives, and by tourism operators 

who hijacked opportunities (Alder, 1996; Christie, 2004; Gina Elliott, 2001). Gina Elliott 

(2001) reports of many locals’ concerns about the management effectiveness of Wakatobi 

National Park, Indonesia. Most of them believe that their traditional activities (fishing, 

coral gleaning, etc.) have insignificant impacts on the ecosystem, but attribute negative 

impacts to outsiders who use destructive fishing methods. Outside fishers and foreign 

fishing companies are known to use destructive fishing methods including the use of 

cyanide, but this problem is hard to control through enforcement because of safety issues 

(e.g. gun threats) (Gina Elliott, 2001). The inability of the local authorities to enforce the 

law has caused despair to the local communities. These issues between local communities 

and the authorities can affect the effectiveness of a MPA. Lack of support from locals in 

Balicasag Island of the Philippines had effects on biodiversity benefits. Wilkinson et al. 

(2006) concludes that MPAs produce fruitful results only when collaborative and 

community-based management strategies take place. 

The evidence discussed above confirms the importance of socioeconomic effects to the 

success of MPAs. The evidence also points to the importance of governance issues in the 

evaluation of MPAs effectiveness. 

2.2.3 Governance aspects 

There are several studies in SEA that look at governance indicators to determine MPA’s 

effectiveness. In these governance studies, it was found that most of the studies are trying 

to evaluate the effectiveness of MPAs by looking at the management approach of the 

area. In general, this can be classified as centralized, community-based, and collaborative 

management.  
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The management approach adopted in an area is highly influenced by the socio-political 

circumstances, history, and the current socio-economic context (Christie and White, 

2007). These approaches have been proven to produce different outcomes (Christie, 2004; 

Wilkinson et al., 2006). For instance, Christie and White (2007) compare and provide 

examples, weaknesses and benefits of different approaches of MPA management. The 

study concludes that some approaches are suitable in some areas but are probably risky 

for other areas. For example, the establishment of the National Integrated Protected Areas 

System (NIPAS) in the Philippines has strengthened some protected areas, but eroded 

management of well-known and successful community-based MPAs such as those in Apo 

Island.  

In SEA, there has been a transition from a community-based to a more centralized 

management of MPAs based on scientific grounds. Mills et al. (2010) suggest that site-

based community initiatives can be easier to implement but neglect complementary and 

functionally connected areas. A more centralized management is needed to ensure 

functional connectivity of areas. Mills et al. (2010) also suggest that through various 

previous studies, a single large reserve is preferred to several small reserves based on 

ecological considerations (e.g. larval dispersal). Christie and White (2007) also 

recommend network MPAs to ensure genetic connectivity and spill-over impact. 

Socially, it also encourages learning and coordinated administration and planning.  

However, the transition from community-based to a more centralized management has 

caused a backlash by locals in a few MPAs in SEA. In one study, the biological benefits 

in Balicasag Island, the Philippines, were believed to have been threatened when former 

supporters of a once community-based MPA resorted to poaching after the central 

government took over the MPA and built a resort, sharing most of the revenues generated 

with the new business owners (Christie, 2004).  
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It should be noted, however, that difficulties in the transition period from community-

based MPAs to a more centralized management does not mean that the former is always 

better. In a community-based MPA in San Salvador, the Philippines, there have been 

complaints that the advocates are unwilling in sharing responsibility and being too hard 

on enforcing the law (Christie, 2004). On the other hand, it is very important that the 

stakeholders have a sense of ownership to continue their support in management (Alder 

et al., 1994). There is also a conflict in Twin Rocks, the Philippines, between resort 

owners and locals. Mistrusting locals who used to support community-based MPAs are 

now angry when business owners, who are usually more affluent and politically-

connected to local officials are given the priority in benefiting from the area (Christie, 

2004). 

Although there are several issues in community-based MPAs, many SEA countries seem 

to prefer smaller reserves due to social and economic constraints, including easier 

enforcement and a more equitable distribution of costs and benefits between communities 

(Mills et al., 2010). Therefore, there are also a few other cases where the management 

change has been from centralized management to a community-based approach (Glaser 

et al., 2010; Newman and LeDrew, 2005). The management of Bunaken National Park 

has changed due to political reform and the decentralization process in Indonesia, as noted 

by Newman and LeDrew (2005) who discuss the usefulness of integrating community 

knowledge and scientific information for better management of the MPA. 

Another study by Glaser et al. (2010) is looking at the management of Spermonde 

Archipelago, Indonesia. The management of this area is implemented under The Coral 

Reef Rehabilitation and Management (COREMAP) program by the Ministry of Marine 

Affairs and Fisheries, Indonesia. In its ‘decentralization and acceleration phase’, the 

program aims to support active local participation in the hierarchical society of Indonesia. 

With the support from central government, this program can be a good example of 
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collaborative management. From the study, it was found that the participation of locals 

in decision making is very low and they are restricted in accessing the resources. Locals 

were consulted during the establishment of no-take areas but it only involved a few locals. 

The COREMAP programs support a lot of other activities including providing loans for 

start-up business for alternative livelihood, grants to build infrastructure and facilities, 

conservation/ mitigation measures, or capacity building. However, many of these 

facilities were found to be misused. In addition, there are issues of time and resource 

constraints to participatory implementation, and the law and rules are not widely known 

or enforced on a regular basis (Glaser et al., 2010). 

 Another issue that relates governance indicators to the performance of MPAs is that of 

compensation. This issue arises when those involved in commercial fishing and coastal 

development do not compensate displaced local fishers (Alder et al., 1994). A study by 

White and Palaganas (1991) reported issues in the grant of fishing permits for outsiders 

in Tubbataha Reef National Marine Park, Philippines. Although locals were allowed to 

fish without permits, they complained that outsiders have easy access to permits at cheap 

prices. Further, there was no limitation on the permit and restrictions on illegal and 

destructive fishing methods were not enforced. 

In conclusion, whatever approach is taken in managing an MPA -- whether it is 

traditional, community-based or some other more complex formal institutional 

framework -- there can be many shortcomings in the implementation. Glaser et al. (2010) 

suggests embedding local knowledge in more formal management in order to have a 

better MPA. Further, it is important to manage MPAs in an ecologically meaningful scale 

without undermining stakeholder commitment and the institutional capacity of the area 

(Christie and White, 2007). 
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2.3 Chapter summary 

The above review on the effectiveness of MPA or MP strategy in Southeast Asia 

concludes that the strategy has both positive and negative impacts. Biological, 

socioeconomic and governance indicators are needed for a comprehensive evaluation.  

The literature shows that the three indicators are related to each other. Realisation of 

planned biological benefits is dependent on stakeholders favourably perceiving (and 

cooperating with) the MPA strategy, and stakeholders’ perceptions depend on how the 

area is managed. In addition to the stakeholder links between these indicators, MPAs have 

multiple and sometimes competing objectives that relate to tourism, habitat protection 

and fisheries sustainability (Garces et al., 2013), illustrating the need for multidisciplinary 

research.  With the exception of White (1986), Christie (2004, 2005) and Garces et al. 

(2013), the majority of studies reviewed here are either looking at biophysical or socio-

economic or governance aspects independently and important multidisciplinary 

assessments are lacking.  

The issue with studying the three aspects separately is that the impacts from any 

management strategy occur simultaneously for each aspect. For instance, the MPA 

strategy in a coral ecosystem may limit fishing effort in the area thus protecting fish stock. 

However, the MPA status also reflects the special value of the area, which in turn attracts 

tourists. The increasing number of tourists may later affect the corals, and concurrently 

fish stock that depends on the corals. This complex feedback between environmental and 

socioeconomic aspects needs to be understood using a broader set of criteria. An 

integrated study would be useful to consider simultaneous impacts from the MPA 

strategy. Integrated studies are yet to be implemented in evaluating the MPA strategy in 

SEA. The integrated studies may contribute to the establishment of a better MPA as it 

provides an illustration on how the ecosystem works in reality. 
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The first step to be taken in an integrated approach is to understand the background of the 

particular area. Recognising the biophysical and socioeconomic challenges of a particular 

area is crucial for a successful MPA. The following chapter introduces the Pulau 

Sembilan State Park (PSSP), providing a thorough background of the area as a 

background an integrated study of different MPA management strategies. 
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3.1 Introduction: Pulau Sembilan and surrounding areas 

The Pulau Sembilan State Park (PSSP) is a group of nine islands and their surrounding 

waters on the West Coast of Peninsular Malaysia (WCPM), namely Pulau Agas, Pulau 

Payong, Pulau Nipis, Pulau Rumbia, Pulau Lalang, Pulau Saga, Pulau Buluh, Batu Putih 

and Batu Hitam (Figure 3.1).  

 

Figure 3.1. A group of nine islands in PSSP within Perak, Malaysia 

The Pulau Sembilan State Park and its surrounding area (see Figure 3.2) is one of the only 

two coral reef ecosystems on the WCPM, indicating its high conservation significance. 

The park and its surrounding area hosts some unique and diverse species including 

various coral species, tunas, jacks, barracudas, king sailfish, coloured seahorses, pipefish, 

turtles, moray eels, numerous nudibranchs, and so on. The high fish biodiversity makes 

this an important commercial fishing area, and an idyllic area for recreational fishing and 
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other activities such as diving and snorkelling. These activities can be conducted 

throughout the year as it is not affected by the monsoon unlike in the East Coast of 

Peninsular Malaysia (ECPM). Figure 3.2 shows the map of PSSP with three nearby 

islands known as Pulau Jarak, Pulau Tukun Perak, and Pulau Pangkor.  

 
Figure 3.2. Pulau Sembilan State Park and its surrounding islands 

 

Pulau Sembilan State Park is a famous recreational fishing destination, a secluded and 

uninhabited group of small islands. The literal meaning of ‘Pulau Sembilan’ is nine 

islands. Only one of the islands, Pulau Lalang, has a freshwater source and is equipped 

with basic camping facilities. An annual fishing competition is held around PSSP that 

attracts anglers from all over the country. Besides recreational anglers, PSSP also attracts 

divers who wish to enjoy its unique underwater landscape. A population of seahorses 

found in PSSP is the biggest population found not only in Malaysia, but in the whole of 

Southeast Asia (Lawson, 2014). There is a species of macroalgae that has been recorded  

in PSSP and nowhere else in Malaysia (Phang et al., 2008). Although it is said to be less 

attractive compared to the ECPM, PSSP offers a different experience and hosts a lot of 
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unique species that can only be found in the relatively muddy water of WCPM (Phang et 

al., 2008; Toda et al., 2007). 

Pulau Pangkor is a well-known tourism destination, attracting domestic and international 

recreational users, and is one of the most visited tourism islands on the WCPM. It 

received about a million visitors in the year 2017 (Manjung Municipal Council, 2018). It 

offers a wide range of activities and is equipped with accommodation and other facilities. 

There are a lot of water sports activities offered with many visitors having picnics, 

swimming, snorkelling, and so on. There is also a smaller island within Pulau Pangkor, 

known as Pangkor Laut where a luxury resort is situated. The location of Pulau Pangkor 

is close to the capital city Kuala Lumpur which makes it convenient for weekend 

getaways. 

Pulau Tukun Perak is located south west from Pulau Pangkor about half way between 

Pulau Pangkor and PSSP. It attracts recreational anglers and is one of the entry points 

before the anglers go further on to PSSP or Pulau Jarak. 

Pulau Jarak is the furthest island among the four islands. The island is located about 70 

kilometres from the mainland which is near to the border between Malaysia and 

Indonesia. Recreational fishing boats can take about four hours to arrive. It is a home for 

a variety of species including some highly targeted fish such as Giant Trevally. The 

location of Pulau Jarak, which is quite far and isolated from the mainland and other 

islands, makes it an attraction to serious recreational anglers, especially for deep sea 

fishing. 

The area where these four islands are located is a well-known tourism destination in 

Malaysia. The area is not far from the capital city of Kuala Lumpur making it a popular 

getaway for weekends and holidays. The district owns two jetties that are the main entry 

points to the four islands. Based on tourism statistics from the local municipality to the 
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area, the number of tourists arrivals to the area is increasing every year (Manjung 

Municipal Council, 2018) (Table 3.1). 

 
 
Table 3.1. Statistics of visitors/tourists arrival in Manjung locality for the years 2010-
2017 

Year by 
locality 

2010 2011 2012 2013 2014 2015 2016 2017 

Pangkor 689184 663078 984679 1001415 835794 901886 941407 943169 

Lumut 
(jetty to all 

islands) 
399734 425774 627791 636499 461721 686194 1145634 857033 

Source: Official Portal of Manjung Municipal Council (2018) 
http://www.mpm.gov.my/sites/default/files/statistik_pelancongan_mengikut_tahun.pdf 
 

In terms of fisheries, the state of Perak recorded the highest amount of fish landings every 

year among all other states in Malaysia. The total fish landing in the state was 346,853 

tonnes in 2015 (Table 3.2). This is nearly 50% of the total fish landed on the WCPM. The 

study area which is within the Manjung district is one of the largest area for commercial 

fisheries in Perak. From the total 317,000 tonnes of fish landed in Perak in 2015 (Table 

3.2), nearly 75,000 tonnes were landed in Manjung (Department of Fisheries, Perak, 

2018).  

Table 3.2. Landings of marine fish (in 1000 tonnes) in Perak, 2015 

M
on

th
 

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 

A
m

ou
n

t 

23 24 28 29 33 29 30 32 31 31 30 27 

Source: Department of Fisheries, Malaysia (2018) 
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The tourist statistics and landings of fish in PSSP shows that the area has both ecological 

and economic significance and needs to be well managed. The next two sections are 

dedicated to illustrate the biophysical condition of PSSP to understand the challenges 

with respect to managing biophysical condition alongside the socioeconomic 

considerations. The biophysical description is also important as a foundation in 

developing the biophysical model described later in Chapter 6. 

3.2 Biophysical condition of Pulau Sembilan State Park 

The PSSP is a coral reef ecosystem. In Malaysia, coral reefs are mostly found on the 

ECPM and also East Malaysia (Sabah and Sarawak). There are only two areas in the 

WCPM where coral reefs can be found; and these include Pulau Payar Marine Park of 

Langkawi, Kedah and Pulau Pangkor, Perak and its surroundings (including PSSP). 

Figure 3.3 shows the locations of coral reef areas in Malaysia where diving activities are 

commonly conducted. 

 
Figure 3.3. Location of common dive sites around Malaysia  
Source: http://www.sipadan.com/Dive-site-maps.php 
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Coral reefs on the WCPM, including PSSP, are relatively less popular compared to the 

more extensive coral reefs ecosystem in the ECPM and East Malaysia. Reef Check – a 

body surveying coral reefs around the world – began surveying in Malaysia in 2007 and 

started to conduct a corals rehabilitation program in PSSP (and its surroundings) on the 

WCPM in 2010. Other than data reported by Reef Check, the number of available 

biophysical data on the WCPM is considerably limited. 

In the latest Reef Check report which was published in 2017, coral reefs off the WCPM 

(PSSP and Pangkor Laut) are included in the survey. From nine survey sites in PSSP, 

22% of corals were reported to be in ‘Good’ condition, 33% in ‘Fair’ condition and 45% 

in ‘Poor’ condition (Reef Check, 2017). 

The report from Reef Check also evaluates the condition of substrate (Table 3.3), fish 

abundance (Table 3.4) and invertebrates (Table 3.5) as indicators of ecosystem health. 

Table 3.3. Substrate cover at Pulau Sembilan State Park and national average, 2016 
 Pulau Sembilan State Park’s 

average (%) 
National average (%) 

Hard coral 26.11 39.63 
Soft coral 5.07   4.07 
Recently Killed Coral 0.07 1.73 
Nutrient Indicator Algae 0.28 3.92 
Sponge 5.42 2.25 
Rock 28.33 21.29 
Rubble 12.29 14.36 
Sand 17.08 9.88 
Silt 0.14 1.21 
Other 5.21 1.65 

 Source: Reef Check (2017) 

From Table 3.3, the coral reef ecosystem of PSSP is considered to be in ‘Fair’ condition 

with 31.18% live (hard and soft) coral cover. This is relatively lower than the national 

average with 43.7% live coral cover. However, the ‘Recently Killed Coral’ category value 

for PSSP is lower than the national average, which may indicate that the condition of the 

ecosystem in PSSP has not declined to the same extent as other ecosystems in the region. 
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The low percentage of ‘Nutrient Indicator Algae’ shows that PSSP is a coral-dominated 

reef which is more productive compared to algae-dominated reefs. The 5.42% of sponge 

is relatively higher than the national average of 2.25%, but was not reported as a threat to 

the area (Reef Check, 2017). The percentage of rock and rubble in PSSP is comparable 

to other parts of Malaysia (Table 3.3). Bare rocks can be recolonised by coral recruits and 

are critical for reef recovery, regeneration and extension. However, the recruits have to 

compete with algae for the space. It shows the importance of healthy herbivore 

populations which graze on algae and keep the ecosystem in balance.  

The percentage of sand is relatively high in PSSP and can be an indication of recent 

disturbances (Table 3.3) (Reef Check, 2017). Silt in PSSP is considered low although the 

corals of WCPM are believed to have adapted to high natural levels of silt (Reef Check, 

2017). High amounts of silt may smother corals and deprive them of sunlight and cause 

coral death. 

Table 3.4. Fish abundance (indicator species) at Pulau Sembilan State Park, 2016 
 Pulau Sembilan State 

Park’s average 
(Individual/500m3) 

National average 
(Individual/500m3) 

Butterfly fish 7.92 5.40 
Sweetlips 0 0.28 
Snapper 1.47 5.06 
Barramundi 0 0 
Humphead wrasse 0 0.1 
Bumphead parrot 0 0.22 
Parrot fish 0.08 3.24 
Moray eel 0.03 0.06 
Grouper 0.61 0.81 

Source: Reef Check (2017) 

From nine fish species that are classified as indicator species for a healthy coral 

ecosystem, only five were found in PSSP (Table 3.4). The density of four of these species 

is lower than the national average. Only the density of Butterfly fish is larger than the 

national average. This species is an indicator of the fishing pressure of aquarium trade 

and also the health of the reef ecosystem as they feed on coral polyps, thus only healthy 
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reefs can sustain a large population of this fish (Reef Check, 2017). The density of parrot 

fish is relatively low compared to the national average of 3.24 individuals per 500m3. 

This fish is an important herbivore, controlling algae that is the competitor to corals. The 

density of snapper that was included as an indicator species on the basis of targeted 

demand for food fish was also found low compared to the national average. This may 

suggest overfishing of this fish species. 

Table 3.5. Invertebrate abundance at Pulau Sembilan State Park, 2016 
 Pulau Sembilan State 

Park’s average 
(Individual/100m2) 

National average 
(Individual/100m2) 

Banded coral shrimp 0 0.04 
Diadema urchin 170.14 33.58 
Pencil urchin 0 0 
Collector urchin 0 0 
Sea cucumber 0 1.85 
Crown-of-thorns 0 0.26 
Triton 0 0 
Lobster 0 0.02 
Giant clam 0 1.02 

Source: Reef Check (2017) 

Table 3.5 shows that the abundance of Diadema urchin (black sea urchin) in PSSP is in 

unusually high numbers. This may indicate eutrophication or overfishing of herbivores 

since these urchins can reproduce rapidly when micro and macroalgae are in abundance. 

This unusually high number of urchins can be a threat to the PSSP ecosystem. Although 

urchins usually graze on algae on coral reefs, they can also change their feeding 

preference to coral tissue when algae are scarce (Reef Check, 2017). It can also be 

potentially damaging to the hard coral structure when their spines scrape the corals 

surface while moving. The threats of these urchins can be reduced by controlling nutrient 

pollution and maintaining a healthy population of herbivorous fish. 

Beside substrate types, indicator fish species, and invertebrates, there are few other 

important components of the coral reef ecosystem that are not described in the Reef Check 

report. One of these important components is the micro and macroalgae. Microalgae 
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(phytoplankton) and macroalgae (seaweed) are the primary producers for coral reef 

ecosystems. They contribute to photo-oxygenation and carbon sequestration, assisting in 

reducing global warming. Phang et al. (2008) studied the biodiversity of marine algae in 

Pulau Perak, Pulau Jarak and PSSP on the Malacca Straits. The study recorded one family 

of Cyanophyta with two genera and six taxa, seven families of Chlorophyta with 11 

genera and 18 taxa, 12 families of Rhodophyta with 20 genera and 39 taxa, and two 

families of Phaeophyta with three genera and three taxa. The study suggested that the 

marine algae types were comparable to other parts of the Indo-Pacific region. During the 

sampling by Phang et al. (2008), algae were hardly present. The study suggests that the 

underlying reason is the high abundance of grazers, especially the black sea urchins. 

Understanding all the background information on the biophysical aspects of the area is 

important to establish a baseline to examine the impact of any management strategy 

adopted. To develop adaptive management strategies, understanding of and information 

on both the biophysical and socioeconomic aspects of the area are crucial.   

3.3 Socioeconomic issues and challenges in Pulau Sembilan State Park 

In the early 90s, it was realised that the number of fish in Pulau Sembilan and its 

surrounding areas began to decrease and there were also concerns on the future of corals 

within the area. Since 1993, the Federal Government of Malaysia, with recommendations 

from NGOs and conservationists, had been proposing that the area be gazetted as a 

national Marine Park with restrictions on all extractive activities. The Federal 

Government eventually backed down from gazetting the area as a Marine Park because 

of community backlash, particularly pressure from fishermen. Instead, the state 

government of Perak decided to gazette the area as a state park in 2009 to have a more 

flexible legislation; that is, not all extractive activities needed to be restricted. The state 
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government of Perak was apprehensive to such restrictions, especially with the possible 

economic loss from recreational fishing tourism and pressure from fishermen.  

The establishment of the state park was considered the best management strategy for 

Pulau Sembilan as other Marine Protected Areas (MPAs) globally have been proven to 

be effective for meeting marine conservation objectives (Apostolaki et al., 2002; Burridge 

et al., 2006; Westera et al., 2003). However, other MPAs are managed differently to the 

PSSP. While it is common for management bodies to implement various strategies for 

individual MPAs that are appropriate to the area, all nationally-managed marine parks in 

Malaysia are non-take areas (Department of Marine Park,  Malaysia, 2018). Less stringent 

strategies such as seasonal closure or limited entry are not common. Pulau Sembilan, 

being a State Park, does not have to adhere to the same management strategies as the 

national marine parks.  

Closing the area from all extractive activities was considered as a management strategy 

for PSSP. This was well received by the conservationists and park users such as divers 

and snorkelers (Sapian, 2004). However, the idea of closing the area from fishing 

activities was strongly opposed by the local fishing community as they believed it favours 

tourism activities and compromises the rights of fishermen (Sapian, 2004).  

Fishermen were encouraged by the state government to believe that the establishment of 

Pulau Sembilan as a state park would benefit them. Some studies suggest that the 

establishment of a MPA may enhance fish stocks in the fished area through spill over 

effects; that is, the transport of larvae of spawning stock or net emigration of adult fish 

from the MPA to the fished area, although this is debated (Jones, 2008; Tupper, 2007). 

In a news article (Sapian, 2004), the state government also attempted to convince the 

fishermen that they would build more artificial reefs in the area to increase fish stock. 
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The state government also promised to consult fishermen in every decision regarding the 

management of the area. 

It was anticipated that the closure would lead to potential disobedience, as reported by a 

local newspaper: “The area (Pulau Sembilan) has been a commercial fishing ground for 

many generation of fisherman and a sudden 100% closure will likely to be ignored” (Li, 

2012). In addition, there are concerns that limiting fishing effort in a protected area may 

only displace the fishers’ effort to a smaller area and in a more concentrated manner 

(Agardy et al., 2011). It means that surrounding areas including nearby islands of Pulau 

Tukun Perak, Pulau Pangkor and Pulau Jarak may experience the negative redistribution 

effects (Figure 3.4). 

 
Figure 3.4. Possible redistribution effect if Pulau Sembilan is to be closed to fishing 

 

In addition, while the closure of the park to extractive activities lends itself to the 

promotion of activities such as ecotourism, previous studies on the impact of ecotourism 
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for other MPAs in the country have not shown any conservation benefits resulting from 

the ecotourism activity (Najib and Ahmad, 2002; Yacob et al., 2007).  

The strong opposition from the fishing community and the lack of evidence that the 

closing strategy would be effective led the plan to close this park from fishing to be put 

on hold. However, a recent promotion of the so-called ‘Blue Tears’, a luminous purple 

plankton that shines at night along PSSP beaches, led to a sharp increase in ecotourism 

in the region, and was linked to a decline in the condition of the ecosystem (Yeap, 2017). 

The State Tourism, Arts and Culture Committee Chairman suggested that the high 

number of visitors has damaged the pristine condition of the sand and that it does not look 

white anymore (Yeap, 2017). This subsequently led to the closure of PSSP for both 

extractive and non-extractive uses since April 2017.  

The socioeconomic challenges that exist in PSSP, balanced with the objective of 

managing the biophysical condition of the park, suggest the need to evaluate management 

strategy choices. The best strategy to be adopted must be the one that considers PSSP’s 

users without undermining the conservation efforts. 

3.4 Evaluation of management strategies for Pulau Sembilan State Park: An 

integrated approach 

The management challenges of PSSP indicate that the state government should assess 

alternative management strategies that consider both socioeconomic and biophysical 

outcomes. As presented in Chapter 2, the establishment of MPAs is found to be effective 

in some geographical areas and management contexts but can also be detrimental in some 

others. Although, globally, MPAs generally adopt a similar set of management strategies, 

the specific approaches adopted within MPAs, and the corresponding socio-political 

environment, play a major role in determining their success. It is believed that alternative 

strategies, other than closure, are hardly considered for the management of MPAs in 
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Malaysia, and a systematic evaluation of the options is needed, as mentioned in an official 

document by ASEAN Regional Centre for Biodiversity Conservation (UP-MSI, 2002). 

For example, the evaluation of alternative strategies, including the proposed closure 

strategy, for PSSP from an integrated approach - economic and biophysical elements 

together – has not yet been done.  

From an economic point of view, the effectiveness of a management strategy can be 

determined based on its costs and benefits. However, since PSSP is a natural ecosystem 

with public goods characteristics, not all of its values can be directly estimated using 

market information. There are established techniques commonly adopted by economists 

to value the ‘non-market’ services provided by natural ecosystems in monetary terms 

(Angulo-Valdés and Hatcher, 2010), which can be adopted for PSSP. Once values are 

estimated, they can be used in benefit-cost and other economic analysis to make informed 

decisions on the desirability of specific management actions (Tietenberg and Lewis, 

2009). 

Estimating market and non-market values of a natural ecosystem is often complex, 

particularly for non-market values. Estimating the market value of PSSP is relatively 

easier: one can estimate the value of commercial fishing in the park based on fish price 

and quantity harvested, and some recreational benefits can be estimated from business 

revenues, direct community income and tax revenues from the industry (Vianna et al., 

2012). On the other hand, non-market values are not readily available, but can be 

estimated using non-market valuation methods, including the Travel Cost method, 

Contingent Valuation, and Choice Experiment (Arin and Kramer, 2002; 

Seenprachawong, 2003; Yacob et al., 2009). 

The Travel Cost method is a Revealed Preference method which captures environmental 

values from actual market data. It gives value to a site based on actual costs incurred by 
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users as an indication of their willingness to pay for the experience (Seenprachawong, 

2003). Contingent Valuation and Choice Experiments are Stated Preference methods. 

Contingent Valuation measures consumer surplus by asking survey respondents their 

willingness to pay (WTP) on avoiding or accepting a level of change in the environmental 

goods and services studied (Bateman et al., 2002). Choice Experiments measure the 

marginal value of a per unit change in how an individual values a set of particular 

attributes (rather than the whole bundle or good as in Contingent Valuation) that describe 

an environmental good or service. Respondents are given choice sets with a list of choices 

that have elements or attributes that vary across choice occasions. One of the attributes 

usually included is a cost for the option. Respondents then make trade-offs between the 

levels of each attribute offered and the cost, and choose their most preferred option. The 

inclusion of a cost attribute in the choice allows for an estimation of marginal WTP in 

monetary terms (McCartney, 2011).  

The Contingent Valuation method is found to be the most widely used valuation 

technique in a meta-analysis review of coral reef ecosystems (Brander et al., 2007). A 

few studies adopted the Choice Experiment method instead (Shamsul, 2012; Wattage et 

al., 2011). Several studies have used the Travel Cost method in addition to the Contingent 

Valuation method (Ahmed et al., 2007; Pham and Tran, 2001; Seenprachawong, 2003). 

Values estimated in studies can be considerably different based on estimation approach, 

leading to non-comparability (Brander et al., 2007). However, there is no one particular 

method that can be said to be always superior to the others. Hence, the appropriate 

technique should be considered carefully depending on the contexts of particular resource 

management (Asafu-Adjaye, 2000). 

This study employs a site choice model, which is a modification of the traditional Travel 

Cost Method (TCM) that measures site access value and value of changes in the quality 

of recreational experience (Bockstael et al., 1989). Following the demand curve, TCM 
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considers number of visits as the ‘quantity’, and travel cost to a site as the ‘price’ (Yen 

and Adamowicz, 1993). The site access value in this method is measured as consumer 

surplus, but it is challenging to estimate the value of changes since TCM only considers 

a single site, thus with no variance in site quality (Bockstael et al., 1989; Yen and 

Adamowicz, 1993). A site choice model (or a discrete choice model) is an advancement 

on the traditional travel cost method which neglects substitute sites in its estimation 

(Greene et al., 1997).  

Site choice models are commonly applied in recreational demand studies (Bhat and 

Gossen, 2004; Hindsley et al., 2011; Yen and Adamowicz, 1993). The rationale behind a 

site-choice model is to describe choice behavior and generate value estimates for an area 

based on its attributes. As suggested by Bateman et al. (2002), a site choice model is 

appropriate when management questions relate to multiple groups of users and when the 

policy proposals considers impact on substitute between alternative sites (Bateman et al., 

2002). PSSP does have multiple groups of users, and there are at least three nearby islands 

to PSSP, namely Pulau Pangkor, Pulau Tukun Perak, and Pulau Jarak (refer Figure 3.3) 

that could be substitute sites if PSSP were to remain closed. Thus, these three islands are 

considered as alternative choices available for visitors.  

The Random Utility Model (RUM) framework is used for the site choice modelling. A 

RUM models choices as a function of the characteristics of choice alternatives (Bockstael 

et al., 1989) and provides a way to predict choice behaviour under different management 

scenarios that affect the attractiveness of sites to visitors. The RUM makes three key 

assumptions about making a choice: (1) it is a discrete event; (2) the attraction of products 

or services varies across individuals in a random manner; and (3) users choose a product 

or service that offers the highest utility (Bateman et al., 2002; Hofacker, 2007). For 

example, Gao and Hailu (2011) in a study on site-choice for recreational fishing supposed 

that people make choices based on personal attributes and features of alternative sites. It 
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is discrete, as any site can only be either chosen (Y=1) or not chosen (Y=0); random, as 

different individuals with similar observable characteristics or circumstances can make 

different choices; and individuals choose a site based on the attributes with the highest 

utility to themselves.  

There are different approaches in applying the RUM in explaining factors influencing 

choice. Researchers are looking at ways to better understand behavior, improve the 

accuracy of forecast, or to test the validity of simpler model structures (Walker and Ben-

Akiva, 2002). In whatever approaches taken, the estimated empirical model can be used 

to quantify the trade-offs implied by the reallocation of PSSP’s resources from fisheries 

to tourism. The welfare change from the reallocation can be used to employ compensation 

measures to those suffering losses, e.g. entrance fees, to those who will benefit from site 

closure. 

In addition to the economic benefits, the effectiveness of a management strategy rely on 

positive environmental outcomes. These are in fact the main concerns in the 

establishment of MPAs including PSSP. The other aspect of this study is to understand 

the biophysical impact of management strategies in PSSP by developing a biophysical 

model. Only a few studies are available to describe the biophysical aspects of coral reef 

ecosystems in Malaysia, and in PSSP in particular. Most available studies focus on the 

abundance or distribution of species by considering one or a few species, not the 

relationships among the species (Chew et al., 2008; Phang et al., 2008; Safuan et al., 

2016). Therefore, understanding of the underlying process of the ecosystem at PSSP is 

important to develop a representative model. 

The biophysical aspects of PSSP are simulated by adapting models and model parameters 

from the literature. There are various types of models to describe coral reef ecosystems, 
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which are different in many respects including the species modelled, spatial or temporal 

aspects considered, and type of threats or interactions included, and so on.  

Studies on population dynamics of a single species in coral reef ecosystems (Apostolaki 

et al., 2002; Roth et al., 2010) are usually carried out to understand the impact of certain 

processes on distribution, abundance, or on other characteristics of the species. Although 

such studies provide valuable information, understanding the relationships between 

various species is increasingly important to examine ecosystem dynamics. A study by 

Christenssen and Pauly (2001) suggests that single-species management strategies may 

not be useful when fishing activities will have huge consequences not only on exploited 

species but on other species, including its predators, competitors and prey. 

It is possible to model prey-predator relationships of multiple species, which is considered 

more appropriate to explore the impacts of alternative management strategies for the coral 

reef ecosystems in PSSP. Most commonly, multiple species models are network models 

or differential equation models (Fung, 2009). Network models are considered flexible to 

represent biological flows; through flows of energy or nutrients between groups of 

organisms (Alias, 2003). However, they do not consider the dynamics of the system since 

they use fixed biomasses of all groups at a specific time (Fung, 2009). On the other hand, 

using dynamic differential equations allows one to investigate the coral reef ecosystem 

dynamically. As the latter is a non-spatial model, it averages the variables to get a mean-

field representation (Fung, 2009). 

There are many studies that use dynamic differential equation models to evaluate the 

effectiveness of MPAs (Colléter et al., 2012; Valls et al., 2012). One of the advantages of 

applying the dynamic differential equation model is the possibility to include the social 

dynamics of the ecosystem, particularly fishers for a more policy relevant study (Kramer, 

2008).  
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An ecosystem model using this approach is a local scale model of coral reefs by Fung 

(2009). It provides a good basis to model ecosystem based management approaches as it 

models the impact of changes not only on one target species (for example, fish) but also 

on other species that have prey-predator relationships and other interactions among each 

other. This model has been adapted to model coral reef ecosystem dynamics in different 

contexts (Gao and Hailu, 2018; Melbourne-Thomas et al., 2011). 

In our study, Fung’s model is adapted to describe the biophysical aspects of PSSP for 

several reasons. The model refers to various studies to quantify the parameters included 

as to be purposely built for generic applications by reef managers or reef scientists 

elsewhere who are interested to understand the underlying dynamics of reef degradation. 

PSSP and its surrounding areas are relatively small, thus adapting Fung’s local scale 

model will be more representative of the actual area.  

The biophysical model of PSSP helps to understand the relationships between various 

functional groups found in the park. In order to predict the impact of a change in 

management strategy, the social dynamic of PSSP is added to the biophysical model. This 

is done by integrating the economic model developed earlier with the differential 

equations. 

The integration between the economic and biophysical models is relevant for the 

management of PSSP as it allows us to evaluate management changes using a broader set 

of criteria while accounting for complex feedback between environmental outcomes and 

recreational efforts. For instance, if fishing is not controlled in PSSP, it is a gain for the 

fishing community at least in the short run. However, after some time, it will affect an 

environmental component (i.e., fish stock). This will then have effect on economic 

benefits when fish catch-rates are lower. Similarly, if conserving the environment 

preserves the attractive features of an area, this will then attract more tourists to the area 
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and thus provides tourism-related economic benefits. But if that means damage to the 

site, that feedback will counter the initial effect leading to a subsequent reduction in the 

attractiveness of the feature. These examples depict the importance of simultaneously 

capturing the impacts from any management strategies in both socio-economic and 

biophysical aspects. As suggested by An (2012), studying the human and nature systems 

separately may hinder the understanding of complexity, including feedback, nonlinearity 

and thresholds, heterogeneity, and time lags. Therefore, an integrated economic and 

biophysical model is useful to give a more realistic prediction on the impact of any 

management changes. It also allows resource managers to consider a larger range of trade-

offs in outcomes (Gao and Hailu, 2011). 

Integrated models are presumed to be more advanced; but there can be a challenge in 

integrating economic concepts as an addition to biological considerations in natural 

resource management modeling (Davis and Gartside, 2001). This is due to the disparity 

between temporal and spatial aspects where the models are functioning (Gameda et al., 

2001). However, the advancement in modelling techniques and computer simulation in 

recent years has simplified the application of the integrated approach (North and Macal, 

2007).  

One of the techniques that is widely used to integrate biophysical and economic aspects 

is agent-based modelling (ABM). Agent-based modelling is an approach to simulate the 

future based on a large number of choices made by individual ‘agents’ (North and Macal, 

2007). This ‘agent’ is an autonomous computational individual or object with particular 

properties and actions (Wilensky and Rand, 2015). Modelling the natural system using 

these ‘agents’ works by assigning each ‘agent’ some rules or behaviours as a structure for 

their activities. These ‘agents’ will respond to the rules differently based on their past 

experiences, memory, or, learning in a system dynamics model (Gilbert, 2008). The 

interaction from these individual components following the rules, no matter its form, is 
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later used to illustrate the behaviour of the complex system (North and Macal, 2007). 

Therefore, ABM can be used to integrate social and environmental aspects as it explores 

the relationship of environmental aspects with how individual people make decisions 

(Miller et al., 2010).  

The ABM approach is adopted in developing the economic and biophysical model for 

PSSP. ‘Agents’ in this study include PSSP’s users and also the biophysical components 

of the park. Interactions between all the components, within various management 

contexts, depicts a picture of the impacts of the strategies evaluated. This information is 

used to suggest the best management approach for the PSSP. 

3.5 Chapter summary 

In summary, this chapter introduces Pulau Sembilan State Park (PSSP) and describes the 

biophysical condition of PSSP before discussing the socioeconomic issues and challenges 

in implementing strategies. Understanding the biophysical and socioeconomic aspects of 

the park is very important in designing the appropriate management strategy for the area. 

The chapter also describes the methods applied to achieve the main objectives of this 

study to evaluate management strategy choices. This general discussion on the method 

includes a brief explanation on economic valuation and site choice models, and the agent-

based modeling (ABM) to integrate economic and biophysical aspects. The study also 

explains the reasons why the particular methods are chosen over other available methods. 

The next chapter describes the survey design and how it was administered. 
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4.1 Introduction 

One of the challenges in finding the best management strategy for Pulau Sembilan State 

Park (PSSP) is the lack of background data for the area. There are few studies that 

describe the biophysical aspects of PSSP and its surroundings (Reef Check, 2017; Phang 

et al., 2008; Safuan et al., 2016). No studies were found that describe the socioeconomic 

aspects of the area.  

The research approach adopted in this study is to collect information on the PSSP’s 

anglers and non-fishing recreational users to predict the impact of any strategies imposed 

in the area. A questionnaire was designed for this purpose (Appendix 1). Information 

collected from the questionnaire survey was used to analyse the preferences and 

satisfaction of respondents in choosing recreational or fishing sites. It was also used for 

the site choice modelling study described later in Chapter 5. In addition to socioeconomic 

information, the questionnaire also gathered data on some biophysical aspects of the area; 

that is by asking the respondents about their fish catch and catch effort, among others. 

This information is later used in developing the integrated economic and biophysical 

model described in Chapter 6.  

This chapter describes the questionnaire in more detail and how it was administered to 

respondents. The chapter continues with some descriptive statistical results including the 

demographic of respondents, the reasons for choosing sites, satisfaction of users with the 

site they chose, and also data on fish catch.  

4.2 Survey design 

A questionnaire was prepared in two languages (English and Malay language) and given 

to respondents based on their language preference. The questionnaire consisted of a few 

sections. It began with a description of the survey objective, a map showing Pulau 



 50

Sembilan State Park (PSSP) and its surrounding islands that are relevant to the study, and 

a description of commonly found fish in the area. Respondents could use this background 

information to provide the correct site and fish names in subsequent sections. These 

subsequent sections were numbered section 1-5. Recreational anglers were asked to 

answer questions in sections 1, 2 and 4, while non-fishing recreational users were asked 

to fill up sections 1, 3 and 5 (Appendix 1). 

The first section of the questionnaire asked respondents for demographic details, 

including their country/state of origin, means of transportation during the trip, education, 

income, age, gender, as well as background of other members accompanying them on the 

trip. This section also asked about respondents’ previous experience, skill and cost of 

related equipment owned by them.  

Next, the survey included questions related to understanding the reasons why respondents 

chose a particular site over others. Respondents were asked to state which islands they 

visited among the nine small islands of PSSP or other surrounding islands (refer to Figure 

3.3). Information was collected on the particular (current) trip, and previous trips of the 

same area if applicable. For the anglers, respondents were asked to rate the relevance of 

different reasons for their site choice, on a scale from 1 if it was a very important reason 

for choosing the site, to 5 if it was not a very important reason.  Respondents were asked 

whether they chose the site because of: its scenery; the location of the area being near and 

convenient for them; the area being new to them and they wanted to explore it; the 

location being isolated; the availability of accommodation; the cost involved; and, finally, 

the chance of getting the type of fish they targeted. For non-fishing recreational trips, the 

reasons respondents were asked to rate were similar other than the inclusion of chance to 

see unique species as an option instead of the chance of getting target fish.  
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Respondents were then asked to rate their satisfaction for the island of their choice, on a 

scale from 1 (high satisfaction) to 5 (low satisfaction). Anglers were asked to rate their 

satisfaction of their chosen site based on the uniqueness of species, fish diversity, number 

of fish, size of fish and scenery. Non-fishing recreational users were asked to rate their 

satisfaction based on the activities available at their chosen site including beach walking/ 

sightseeing, wildlife encounter, water sports, snorkelling, and diving. 

This survey also gathered data on actual costs of the trip including transport fuel, boat 

rental, accommodation, food and drinks. Other data collected included: number of fish 

caught; the species caught; and the amount of fish released.  

4.3 Survey administration 

4.3.1 Pilot survey 

A pilot survey was conducted in August 2013. About 16 questionnaires were filled by 

recreational anglers and non-fishing recreational users. Ten of the respondents answered 

both sections; questions intended for recreational anglers and those intended for non-

fishing recreational users. Six were filled by recreational fishers (Appendix 1). The pilot 

study was done by using a face-to-face interview. However, the respondents were not 

approached immediately after they conducted the fishing or recreational trip. It was found 

that many of the respondents could not answer many of the questions because they tended 

not to be able to recollect the details of their previous trips. It was also very difficult to 

find enough respondents, especially among those using boats and landing at different 

times. Therefore, it was later decided to seek help from the locals to administer surveys. 

Two boat owners who rent their boat or regularly bring anglers or tourists to the study 

area were identified and asked to administer the surveys on the return trips. One other 

local who is an active member of a local youth association and very familiar with the 

place was also identified to help in surveying the non-fishing recreational users in Pulau 
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Pangkor. All three of them were briefed and trained to carry-out the self-administered 

questionnaires. 

4.3.2 Final survey 

The final survey was undertaken from May 2014 to August 2014 to collect data. The 

survey covered two groups (recreational anglers and non-fishing recreationists) of users. 

Only trip in-charge or head of the trip who was assumed to make the choice of site to 

conduct their fishing or recreational trip was surveyed. The survey was conducted with 

the help of the three trained administrators. Two boat operators distributed the 

questionnaires to their customers, and one local conducted the survey of non-fishing 

recreational users. All of the trained administrators were asked to randomly select the 

respondents; depending on their consent. They were asked to find as many respondents 

as they can. In total, 273 recreational anglers, and 230 non-fishing recreational users were 

surveyed.  

4.4 Data management 

The response rate of the survey was 100% as questionnaires were only given to those 

agreed to answer them. The questionnaire was also given and sent back while on the trip. 

However, the survey data revealed that the proportion of respondents was not distributed 

with a sufficiently large enough number of observations at all twelve of the islands in the 

study area to enable a statistical comparison of results for recreational anglers and non-

fishing recreational users at each island. Accordingly, data were analysed for the two 

main sites of interest for fishing activities and for non-fishing recreational activities, as 

described below. 

For the 273 anglers surveyed, the two main sites that respondents visited were PSSP 

(n=212) and Pulau Jarak (n=52). Recreational angler respondents also visited Pulau 
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Tukun Perak (n=3) and Pulau Pangkor (n=6); however, were omitted from the analysis. 

There was an insufficient number of observations to these two islands for statistical 

analysis, and those who fished in Pulau Pangkor were observed to be a different type of 

angler to those fishing at PSSP and Pulau Jarak. They were shore-based fishers, rather 

than boat-based, and were also conducting recreational activities other than fishing on the 

island. Their intention of going to Pulau Pangkor may not be driven primarily by the 

fishing opportunity. Therefore, for recreational anglers, 264 questionnaires were used for 

further analysis, including the respondents from PSSP and Pulau Jarak. The difference in 

number of respondents at these two sites is likely to be representative of actual visitation 

pattern, due to the location of Pulau Jarak which is 40 km further away from PSSP.  

For the 230 non-fishing recreational users surveyed, the two main sites visited were PSSP 

(n=32) and Pulau Pangkor (n=189). Those respondents who visited Pulau Jarak (n=2) 

were omitted from the analysis due to the relatively small number of observations. There 

were also a few respondents that were omitted as they could not state which island they 

went to (n=7). Of the 221 questionnaires included in the analysis, the larger number of 

observations from Pulau Pangkor could be due to this location being more accessible than 

PSSP. It could also be due to a sampling bias as PSSP is an open area and respondents 

are travelling by boat, making it difficult to intercept them. In addition, divers who went 

to PSSP with dive tour operators were not surveyed as the site choice may have depended 

on the tour agent rather than their own choice. There is only one agent that brings divers 

to PSSP (Quiver Dive Team). 

4.5 Descriptive statistics 

4.5.1 General sociodemographic statistics 

We first analysed the general sociodemographic profile of users in PSSP and its 

surrounding areas. Table 4.1 provides details of respondent characteristics. 
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Table 4.1. Details of the respondents’ characteristics 

Details of respondents Observation 

 Recreational      
anglers 

Non-fishing 
recreational users 

Pulau Sembilan State Park 

Pulau Jarak 

Pulau Pangkor 

212 

52 

- 

32 

- 

189 

Local (same state) 

Foreigner (outside state) 

128 

136 

62 

159 

Male 

Female 

263 

1 

178 

42 

First time visit 

Repeated visit 

1 

263 

- 

- 

Oldest (year) 

Youngest (year) 

56 

20 

55 

23 

Frequency of fishing trip in the month 

Frequency of fishing trip in the year 

(recreational anglers only) 

2.54 

13.08 

- 

- 

 

For the anglers, about 99% of the respondents are male and they were repeated users 

(Table 4.1). The number of respondents from the same state as the study area (Perak) are 

quite similar to those from other states. The oldest angler surveyed was aged 56 years old 

and the youngest was 20 years old.  

For the non-fishing recreational users, most of the respondents came from another state 

of Perak (Table 4.1). The number of male respondents dominated in the survey -- 178 

male in comparison with 42 female respondents. However, this does not indicate the 

proportion of users in the study area. Instead, it is usually the male that is considered as 

the head of a household or a decision maker and the numbers reflect that males were 

therefore more likely to complete the survey, rather than reflecting the actual proportions 
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of respondents visiting. The oldest respondent surveyed is aged 55 years old and the 

youngest is 23 years old. 

4.5.2 Preferences and satisfaction of recreational anglers 

The importance of different reasons for visiting a site, and the satisfaction with different 

elements of the site, were compared for respondents from both PSSP and Pulau Jarak. 

With respect to the importance of different reasons for visiting a site, we found that the 

chance of catching fish (expected catch) is very important to all respondents regardless 

of which site they choose (Table 4.2). The least important reason among all was found to 

be availability of accommodation facilities. This is because both PSSP and Pulau Jarak 

are actually uninhabited, except one of PSSP’s islands (Pulau Lalang) with a limited and 

basic camping facility.  

Table 4.2. Importance of different reasons for anglers in choosing a site  
(mean score from a rating of 1=very important to 5=not very important)  

 
PSSP 

(n=212) 

Pulau Jarak 

(n=52) 

Scenery 1.80 2.49 

Travel time 1.97 2.45 

New area to explore 2.64 1.57 

Isolated from crowd 2.77 1.37 

Availability of 
accommodation 

2.82 3.80 

Cost involved 1.91 2.33 

Probability to catch 
fish 

1.61 1.22 

 

Comparing respondents’ satisfaction across a range of elements between PSSP and Pulau 

Jarak, we conclude that visitors to Pulau Jarak are highly satisfied with all the elements 
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(scores in the range 1.10 – 1.29) while visitors to PSSP generally had medium to moderate 

level of satisfaction (1.98 – 2.69)(Table 4.3). The ranking of the elements are also 

different between the two sites. Respondents from PSSP are most satisfied with fish 

diversity in the area, while respondents from Pulau Jarak are most satisfied with the site’s 

scenery. Although all the elements are satisfactory in both locations, the least satisfying 

element is the availability of unique species. 

Table 4.3. Anglers’ satisfaction score for the site  
(mean score from a rating of 1=high satisfaction to 5=low satisfaction)  

 PSSP 

(n=212) 

Pulau Jarak 

(n=52) 

Unique species 2.69 1.29 

Fish diversity 1.98 1.27 

Number of fish 2.11 1.13 

Size of fish 2.11 1.21 

Scenery 2.29 1.10 

 

4.5.3 Preferences and satisfaction of non-fishing recreational users 

The importance of some attributes that contribute to the choice of location and the mean 

satisfaction scores given by the non-fishing recreational respondents of PSSP and Pulau 

Pangkor were compared. 

From Table 4.4, we found that all reasons listed are ranked (in terms of their importance 

ratings) similarly by both PSSP’s and Pulau Pangkor’s non-fishing recreational users. 

The availability of accommodation is the most important factor that attracts users to both 

PSSP and Pulau Pangkor. Although there is no accommodation facility in PSSP other 

than a small campsite on one of the islands, most of PSSP’s users stay in Pulau Pangkor 

where accommodation facilities are abundant. Because non-fishing recreational users 
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from both PSSP and Pulau Pangkor share the same accommodation attribute, this 

particular issue may be tricky to interpret. The demand to PSSP may be influenced by the 

availability of other facilities such as boat service. However, it is not known if the current 

boat services are restricting their customers access to any demanded site. Scenery also 

plays an important role in attracting users to both PSSP and Pulau Pangkor. The next most 

important reasons for PSSP’s users are travel time, isolation from crowd, cost involved, 

and newness of the area. Whereas the next most important reasons for Pulau Pangkor’s 

users following accommodation and scenery are travel time, cost involved, isolation from 

crowd, and newness of the area. In comparison, cost and isolation are ranked differently 

between the two groups of respondents with cost to be more important to Pulau Pangkor 

users and isolation to be more important to PSSP’s users. The chance of seeing unique 

species is not important in both cases.  

Table 4.4. Importance of different reasons for non-fishing recreational users in 
choosing a site (mean score from a rating of 1=very important to 5=not very important)  

 PSSP 

(n=32) 

Pulau Pangkor 

(n=189) 

Scenery 1.84 2.17 

Travel time 2.22 2.53 

New area to explore 2.91 2.97 

Isolated from crowd 2.25 2.88 

Availability of 
accommodation 

1.81 1.43 

Cost involved 2.38 2.58 

Probability to see unique 
species 

3.47 3.89 

  

Satisfaction scores for all elements listed are ranked the same from both PSSP’s and Pulau 

Pangkor’s respondents (Table 4.5). Respondents of both islands were most satisfied with 
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their swimming experience. Sightseeing and snorkelling also generated quite high 

satisfaction among users. Users seem to be least satisfied with the ‘Wildlife encounter’ 

and ‘Water sports’ attributes. While they were not satisfied with the wildlife encounter 

experience, it is worth noting that expectations of seeing unique species was not rated as 

an important reason for visiting either site (Table 4.4). 

Table 4.5. Non-fishing recreational users’ satisfaction score for the site  
(mean score from a rating of 1=high satisfaction to 5=low satisfaction)  

 PSSP 

(n=32) 

Pulau Pangkor 

(n=189) 

Sightseeing 1.81 1.87 

Snorkelling 1.28 1.58 

Wildlife encounter 3.24 3.91 

Swimming 1.16 1.32 

Water sports 2.16 2.50 

Overall 1.91 2.29 

 

4.5.4 Data on fish caught by anglers in the study area  

The questionnaire also asked details of fish caught by anglers. The total number of fish 

caught by the anglers was 5876 from 24 different species at both sites. Table 4.6 illustrates 

types of fish caught at different sites and their frequencies. Based on professional opinion 

(Fisheries Association), we grouped these 24 species into two groups (targeted and non-

targeted fish). This classification is used in developing the site choice model (Chapter 5). 
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Table 4.6. Types of targeted and non-targeted fish caught in the study sites, their 
abundance and frequencies  

f (fish type) 

Abundance 
(total 

number of 
fish 

caught) 

Frequency (%) 
(number of trips with f fish caught/ total number of 

trips*100). 

 Total 
PSSP 

(n=212)a 
Pulau Jarak 

(n=52)a 

Pulau 
Pangkor 
(n=6)a 

Pulau 
Tukun 
Perak 
(n=3)a 

Targeted fish     
Snapper 706 47 23 100 38 

Barracuda 475 41 33 67 31 
Grouper 529 45 31 83 31 
Trevally 600 15 58 17 15 
Cobia 167 16 42 0 15 

Mackerel 962 20 67 0 38 
Seabass 102 14 0 0 8 
Shark 73 2 13 0 0 
Tuna 15 0 2 0 0 

Queenfish 66 25 0 0 0 
Non-targeted fish     

Grunter 61 7 0 0 0 
Ray 127 16 25 0 0 

Catfish 129 10 0 0 0 
Hardtail 431 16 0 0 0 

Swordfish 8 1 0 0 0 
Sagor.catfish 4 1 0 0 0 

Blackspot 
snapper 

30 3 0 0 0 

Yellowfin 2 0 0 0 0 
Pomfret 86 11 0 0 0 
Flounder 5 0 0 0 0 

Trevallysp 2 0 0 0 0 
Blackbanded 10 0 0 0 0 

Bream 1060 0 31 0 0 
Redsnapper 60 0 8 0 0 

a  indicates the number of trips to each site. 

From Table 4.6, it shows that the highest number of targeted fish caught are Mackerel, 

Snapper and Trevally while the highest number of non-targeted fish caught includes 

Bream and Hardtail fish. A caution is taken not assume that the higher number of any fish 

types found in any one of the sites represents the actual abundance of that fish. The 

number of fish caught at each site highly depends on the number of angler respondents 

of that site, and this varies substantially between the sites. Therefore, we instead look at 
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the frequency of each type of fish caught at each site (number of trips with fish caught/ 

total number of trips). For instance, 100% frequency of snapper in Pulau Pangkor shows 

that snapper will be caught at each of the six trips (n=6) recorded for that site. The 

frequencies may show the occurrence or the probability of each fish type likely to be 

caught, but need to be cautiously interpreted as the frequencies do not indicate the total 

number of each fish type caught in each trip. The frequencies are used in estimating the 

abundance of fish in the biophysical model that will be discussed in Chapter 6, noting the 

limitations with respect to how they should be interpreted.  

Looking at the frequencies of fish caught suggests that the probability to catch among the 

most common fish types (Snapper and Grouper) are highest in Pulau Pangkor (Table 4.8). 

However, since the number of anglers are very low in Pulau Pangkor and Pulau Tukun 

Perak, the frequencies should not be compared to other sites. Instead, comparing 

frequencies between different type of fish in a site may be more meaningful. For example, 

it is found that the greatest probability to catch many fish types is in PSSP (17 out of 24 

fish types listed were caught). However, the most sought after fish including Trevally and 

Cobia (as according to experts) are more probable to be caught in Pulau Jarak.  

4.6 Chapter summary 

In summary, this chapter describes the survey conducted to obtain information from 

recreational anglers and non-fishing recreational users of Pulau Sembilan State Park and 

its surrounding islands. The survey was aimed to recognise the drivers that caused users 

to choose PSSP over other areas, and their satisfaction with various attributes of the 

chosen site. The most important driver in choosing fishing sites to all respondents is the 

probability to catch fish. It was also found that the drivers that caused anglers to choose 

PSSP over the alternative site Pulau Jarak are the scenery and cost involved while Pulau 

Jarak attracts recreational anglers who rate isolation as being very important.  
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As for the non-fishing recreational users, the most important factor for all respondents in 

choosing a site to recreate is the availability of accommodation. Other factors that are 

important are similar between respondents from PSSP and the alternative site Pulau 

Pangkor. The satisfaction with site attributes of respondents from these two different 

groups of users are also similar, suggesting the utilities offered by these two sites may 

also be similar.  

This analysis of importance of reasons for site selection and satisfaction with site 

attributes is useful to show which attributes that will cause a noteworthy reaction 

following a management change. It may also suggest attributes that need to be kept or 

worth to be invested on. However, to gain a better understanding of how MPA 

management strategies will affect the values held by PSSP’s stakeholders, an economic 

valuation study is needed. An economic valuation study is a useful tool that can provide 

empirical and quantitative results, including information about non-market values, which 

can be used to inform evidence-based management of PSSP. The next chapter explores 

the application of a site choice model as an economic valuation study for PSSP. 
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5.1 Introduction 

The main stakeholders of Pulau Sembilan State Park (PSSP) are fishermen, recreational 

anglers and non-fishing recreational users, including divers and snorkelers. These three 

groups of users are believed to be the most affected by any management changes imposed 

in PSSP. From an economic point of view, quantifying the value of PSSP to each of these 

groups of users helps the authority to find a fair allocation of the limited resources, 

including fish stock and other attributes, among the different user groups.  

Proposals to close the PSSP to extractive activities are aimed at protecting the values held 

by the snorkelers, divers, tourism operators, and general public who would like the area 

to be protected for its existence value. However, if such proposals neglect the values of 

the other two key stakeholders: fishermen and recreational anglers who have been 

accessing the PSSP, they are likely to be seen as unfair in terms of resource allocation 

among different stakeholders. Such proposals to close the PSSP for extractive activities 

have been debated and have been a source of conflict when strong disapproval from the 

fishing communities caused PSSP to be left open for extractive as well as non-extractive 

uses. The park is temporarily closed to all users at the moment, due to the decline in 

ecosystem condition after the rise in eco-tourism associated with the purple plankton 

event. But the longer term management of the park is uncertain. It is believed that the 

area will be reopened for use in future, but that the proposal to close the area from fishing 

activities is still under consideration. 

In such a scenario, it is not known what the implied value trade-offs are; there is a need 

to quantify the value of PSSP to fishermen and recreational anglers and how negatively 

they would be affected if extractive activities are restricted at PSSP. Estimates of the 

values would help resource managers understand the implications of their decisions, 

optimise their policy choices and, if direct or indirect compensation is being considered, 
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to evaluate the payments that would be required to make the policy change acceptable to 

the negatively affected groups. 

The value of the PSSP to fishing communities includes both market and non-market 

components. This study focuses on estimating the non-market value of the PSSP to its 

recreational anglers for several reasons. First, values of PSSP to fishermen are market 

values and relatively easier to quantify based on market prices and fish catches. On the 

other hand, the total economic value of the PSSP to recreational anglers can easily be 

underestimated if a focus is maintained on market values only, as the benefits such as the 

experience and enjoyment of fishing are non-market ones. Second, recreational angling 

is a major activity in PSSP and its value is an important component of total economic 

value of PSSP, but there has been no work aimed at estimating this value and justifying 

its relevance. Other reasons to focus on recreational angling include the scarcity or non-

availability of information on recreational angling activities in Malaysia. 

To estimate the non-market values of recreational angling, this study develops a site 

choice model which describes choice behavior as a function of site attributes. The chapter 

begins by describing applications of the Random Utility Model (RUM) to study values 

of recreational sites, including the theoretical framework underlying the site choice 

model. This is followed by a description of how the model is implemented in this study 

and how economic welfare is being estimated. Finally, results of site choice modeling are 

presented and discussed before concluding the chapter.  

5.2 Random utility models of site choice 

There are many studies that have applied RUM to estimate recreational values. Some 

early examples include Bockstael et al. (1989), Greene et al. (1997) and McConnell et al. 

(1995). Raguragavan et al. (2013) provides a review of RUM applications in the study of 
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recreational fishing. More recent applications include Gao and Hailu (2018), Gao and 

Hailu (2011), and (Melstrom and Lupi, 2013). Typically, these studies use a multinomial 

logit version of the RUM model. In these recreational demand studies, the RUM describes 

choice occasions in which person i has a set of j alternative sites to choose from 

(Raguragavan et al., 2013). This utility (Vij) is modelled as a function of site attributes 

(qij) as well as a vector of the personal characteristics (zj), that is:  

𝑉 = 𝑉  𝑞 , 𝑧  

However, in RUM approach, utility is typically written as the sum of a deterministic 

component, 𝑉𝑖𝑗, which can be measured by researcher, and a random component, 𝜀𝑖𝑗, 

which captures the effect on utility of factors that are unobservable to researcher (Lupi, 

2005). Thus conditional utility is usually written as: 

𝑈 = 𝑉  𝑞 , 𝑧 + 𝜀  

To derive the econometric model, one has to assume a distribution for the random 

component. This can be either drawn from a generalized extreme value (GEV) 

distribution or specified as normal. When it is assumed to be GEV, then a logit model is 

typically used to estimate choice probabilities. Otherwise, the resulting probabilities are 

modelled using the multinomial probit form (Melstrom and Lupi, 2013). The application 

of the logit model is more common as it is simpler and more tractable (Morey et al., 1991). 

The standard logit model is obtained with the random term is type I extreme value or 

Gumbel. Under that model, the probability of a person i choosing site j from all alternative 

sites depends on the utilities of the different sites as follows: 

𝑝𝑟𝑜𝑏 = 𝑒  / 𝑒  



66 
 

where, Vij is the systematic/modelled component of the utility that individual i derives 

from conducting activities at site j. The utilities are based on the quality characteristics of 

site j that individual i appreciates, such as type of fish available (Bockstael et al., 1989; 

Gao and Hailu, 2011), expected catch rate, and other site attributes that are relevant to the 

fishing experiences, such as coastal length (Gao and Hailu, 2011), and water quality 

(Massey et al., 2006). Personal characteristics can also affect the utility derived from a 

site. For example, personal attributes such as experience and confidence (McConnell et 

al., 1995), employment status (Greene et al., 1997) or age (Hailu et al., 2011) can be 

relevant in modelling site choice. 

This standard multinomial logit model procedure can be applied if the unobserved 

component of the site utility has a distinct characteristics; that is, the random component 

or the error terms are assumed to have independently and identically distributed as type I 

extreme value (Kaoru, 1995). Under the standard logit model, the odds ratio for any two 

alternatives is independent of the presence or absence of other alternatives, as this ratio 

depends only on the modelled utilities of these two alternatives only. Hausman et al. 

(1995) named this as the independence from irrelevant alternatives (IIA) property. 

However, when some sites share characteristics in their unobserved random component, 

the IIA property is violated; hence, other ways of modelling are needed such as a nested 

logit or mixed logit model. 

As an example, Kaoru (1995) employed a three-level nested RUM to model the site 

choice in marine recreational fishing in North Carolina. A nested logit assumes that 

people making the choice will narrow their selection by first choosing choice alternatives 

that are grouped together on the basis that they share similar characteristics, before 

choosing the specific alternative among this selection (Kaoru, 1995). In this case, users’ 

first chose trip length, then the region, and finally the specific site to conduct the activity. 
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Wu et al. (2011) describe behaviour of Japanese tourists using two nested levels with 

destination choice as the upper level and choice of travel party (number of people) as the 

lower level, while noting that there is no consistent sequence in which all tourists make 

a decision. Wu et al. (2011) suggest that different studies may explore different 

explanatory variables in their site choice model, but that it is important to always include 

variables that have important practical implications in the most convincing sequence. 

Besides nested logit, there are studies that employ a mixed model to address the 

assumption of independent trips. For instance, Yen and Adamowicz (1993) developed a 

mixed multinomial-Poisson hurdle model that first estimated whether the consumers were 

taking a trip or not, and later explained site choice as a function of travel costs and site 

attributes.  

There are other studies that do not apply a nested logit or a mixed logit model in their 

recreational demand study, but describe consumer’s choice with other sub-models for a 

more accurate representation of choice. For instance, Gao and Hailu (2011) define their 

site choice model with four other econometric models to represent the site and 

recreational fishers’ attributes. These included trip demand, trip timing, trip length, and 

catch rate models.  

The examples above illustrate that different RUM studies may have different approaches 

in explaining the factors that influence choice. What is important is that all the relevant 

choice aspects are incorporated rationally and systematically into the model (Wu et al., 

2011).  

When applying the RUM, one has to be aware of its weaknesses and biases in terms of 

its application (Bockstael et al., 1989; Hunt, 2005; Pendleton, 1999). For instance, 

Murdock (2006) argues that RUM assumes that every site’s attributes are observable by 

the researcher or allowed to be omitted based on restrictive manner. However, 
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characteristics such as aesthetics or seclusion of a recreational site are hard to observe in 

reality. Omitting these characteristics because they are difficult to observe may give 

biased estimates of the welfare measures in recreational demand studies. The estimated 

value can be biased downward at a site with desirable unobserved characteristics, and 

biased upward at a site with undesirable unobserved characteristics (Murdock, 2006).  

Another possible area of weakness in RUM modelling relates to the construction of the 

choice set (Pendleton, 1999). Respondents may be given a set of choices that is already 

reduced in number, when ideally, all choices that have a non-zero probability of being 

chosen should be included (Pendleton, 1999). Parsons et al. (1999) also describes two 

common issues in the construction of choice sets, including the aggregation of sites to the 

level of county or region, and the applying the same choice sets for different individuals 

who differ in their knowledge of available sites. He suggested that welfare estimates are 

sensitive to the two issues and, in certain conditions, may differ substantially depending 

on approach. 

Despite these potential shortcomings, the RUM remains a popular method for modelling 

site choices. Bockstael et al. (1989) suggests that the discrete choice or random utility 

models provide the most accurate estimates, relative to other approaches, when 

substitution among sites is frequently happening in real world situations. RUM is also 

considered superior when changes in the quality of attributes in an ecosystem are major 

concerns (Yen and Adamowicz, 1993). RUM is therefore appropriate to achieve the 

objective of this study as redistribution of fishing effort to substitute sites and changes in 

site attributes are the concerns in PSSP.  

The following section (Section 5.3) describes the application of RUM to explain site 

choice among recreational anglers in the PSSP and its surrounding areas. This includes 
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the definition and calculation of the catch rate model, partworths and welfare change 

estimates in valuing sites and site attributes.  

5.3 The model 

In this study, data for the site choice models were extracted from a set of questionnaires 

described in Chapter 4 and used to test and estimate a RUM with utility given in the 

following general form of: 

Uij = βj + βc.COSTij+ Ʃβs.Sj + Ʃβd.Di + 𝜀                        (Eq. 5.1) 

where, Uij is the utility of individual i choosing the site j, βj is the base utility of a site 

relative to a reference site (i.e. is the alternative specific constant or ASC), COSTij is the 

cost to individual i for activity conducted at site j, Sj is the vector of attributes for site j, 

and Di is the vector of the user’s personal attributes. In this study, we compare the utility 

between two sites, with j representing either PSSP or Pulau Jarak. As discussed in Chapter 

4 (Section 4.4), these two sites were the most appropriate to consider in understanding 

site choice of recreational anglers. 

In estimating the site choice model, a number of variables were initially included that 

were thought to have some influence on how the anglers make their choice. The inclusion 

of these variables was based on past studies where utilities from fishing activities can be 

explained by type of fish available (Bockstael et al., 1989), expected catch rate (Gao and 

Hailu, 2011), water quality (Massey et al., 2006), costs, and regulations (Hunt, 2005). 

Some variables were also included based on the anglers’ site satisfaction ratings and their 

ratings of importance for reasons why they might visit a site (refer Chapter 4). These 

included site quality attributes such as isolation, availability of accommodation, and 

scenery. The variables considered also included personal attributes of anglers themselves 

such as age, fishing skill and fishing frequency.  
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In the estimation process, variables that were not statistically significant were removed. 

However, some demographic variables were included in a sub-model; a catch rate model 

as described below (Equation 5.3). These variables were included based on theoretical 

reason, such as the variable ‘frequent’ where anglers that go fishing more regularly 

possibly have a different catch rate expectation to less frequent anglers, thus included in 

the catch rate model (refer Table 5.3 and 5.4). Several preliminary models were compared 

and the most plausible model was chosen based on estimates of the intercept, standard 

errors and p-values, and this accepted chosen model (Equation 5.2) is described below.  

In the model that was finally chosen for estimation, the cost involved in conducting the 

activity in that area (𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 )  and the expected fish catch rate for this type f by 

individual i at site j (𝐶𝑎𝑡𝑐ℎ𝑅𝑎𝑡𝑒 ) are included as variables to explain the site choice 

of the recreational anglers: 

𝑉 = 𝛽𝑗 + 𝛽𝑐. 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 ∑+ 𝛽 𝐶𝑎𝑡𝑐ℎ𝑅𝑎𝑡𝑒                                      (Eq. 5.2) 

Cost and expected catch rate are common variables included in site choice models 

(Larson and Lew, 2013; Raguragavan et al., 2013). Studies may differ in the way how 

they estimate costs and expected catch. In this study, we estimated travel cost as the 

distance from anglers’ house to site, multiplied by the average cost of travel per kilometre 

per person (RM per km per person). Angler expenses include cost of transport, bait, rod, 

boat, accommodation and food during anglers’ trip. Many other studies also based their 

travel cost estimates on distance but conditioned them on whether the anglers worked for 

a wage and could trade time for money at the wage rate (Bockstael et al., 1989; 

McConnell et al., 1995). Our cost estimation methods comparable to those used in other 

studies including Raguragavan et al. (2013) who calculated cost based on distance 

including estimated cost of fuel and associated cost of vehicle wear and tear.  
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Table 5.1 defines all relevant variables in estimating the utilities for sites. 

Table 5.1. Variables in estimating site utilities (Equation 5.2) 

Variables Description 

house.site Sum of distance from house to jetty and distance from jetty to site  

house.jetty Distance from anglers house (city) to jetty 

jetty.site Distance from jetty that angler choose to the site 

Ctotal Sum of cost of transport, bait, fishing rod, boat rent, 
accommodation and food 

Party Number of people in the trip 

Total cost Average house.site for site j * average (ctotal/house.site/party) 

Catch rate See equations 5.3-5.4 and Table 5.3 

 

The expected catch rate was derived from a sub-model. A catch rate model was developed 

to accommodate the differences among recreational anglers who may have different catch 

rate expectations. Instead of estimating the stock of fish based on average catch on sites, 

we developed a negative binomial distribution model that allows for unobserved 

heterogeneities among anglers (through variance dispersion) to estimate expected catch 

as a function of site and personal characteristics. We believe that the anglers’ expectation 

of fish catch depends on the stock of fish and an angler’s individual attributes. Stock of 

fish looks at the number of various fish types caught by the anglers at the study site. There 

are various ways to represent stock of fish including looking at indicator species (Larson 

and Lew, 2013; Morey et al., 1991), grouping them based on their function in the 

ecosystem (Raguragavan et al., 2013), or grouping them based on the fishing method to 

catch the fish (Bockstael et al., 1989). We decided to group these fish into two groups—

targeted and non-targeted fish. Fish to be included in each of the groups were based on 

our readings and opinion from our survey administrators (local boat owners) who are very 

familiar with angling activities in the area. Based on the fish groupings, we developed 



72 
 

two separate catch rate models, for targeted fish and non-targeted fish. Table 5.2 lists 

types of targeted and non-targeted fish in the study area. 

Table 5.2. List of targeted and non-targeted fish in study sites 

Fish type 

Targeted fish Snapper, Barracuda, Grouper, Trevally, Cobia, Mackerel, 
Seabass, Shark, Tuna 

Non-targeted fish Queenfish, Grunter, Ray, Catfish, Hardtail, Swordfish, 
Sagor.catfish, Blackspot.snapper, Yellowfin, Pomfret, Flounder, 
Trevallysp, Blackbanded, Bream, Redsnapper 

  

Therefore, in this study, stock is the average catch of all anglers at site j for fish type f; 

targeted fish in the first catch rate model, and non-targeted fish in the second catch rate 

model. The angler’s attributes include age, number of people involved in that fishing trip, 

frequency of fishing, and also fishing skills. The catch rate models can be described: 

𝐶𝑎𝑡𝑐ℎ𝑅𝑎𝑡𝑒  = 𝛽 + 𝛽 𝑆𝑡𝑜𝑐𝑘. 𝑡𝑓 + ∑ 𝛽 𝐴𝑛𝑔𝑙𝑒𝑟 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠        

(Eq.5.3)                      

𝐶𝑎𝑡𝑐ℎ𝑅𝑎𝑡𝑒  = 𝛽 + 𝛽 𝑆𝑡𝑜𝑐𝑘. 𝑡𝑛𝑓 + ∑ 𝛽 𝐴𝑛𝑔𝑙𝑒𝑟 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠     

(Eq.5.4) 

Table 5.3 defines all relevant variables in estimating the catch rate of targeted and non-

targeted fish in this study. 

 
 
 
 
 
 
 
 
 
 



73 
 

Table 5.3. Variables in estimating catch rate models (Equations 5.3 and 5.4) 
 

 

 

 

 

 

 

 

 

 

 

 

The variables included in this study were based on our knowledge of the site and after a 

review of the literature. For instance, Raguragavan et al. (2013) model expected catch 

rate as a function of variables such as age, party, hours spent fishing, membership in a 

fishing club, retirement status, and employment status as angler attributes, and also of site 

attribute variables including fish stocks.   

The coefficients from the accepted chosen model represent the relative importance of 

various site attributes. In accordance with this, one can also apply a partworth to give a 

value to the variables in a monetary form. Partworths represent the willingness to pay 

Variables Description 

Targeted.fish Total number of fish that includes snapper, barracuda, 
grouper, trevally, cobia, mackerel, seabass, shark, tuna, 
queenfish 

Non.targeted.fish Total number of fish that includes grunter, ray, catfish, 
hardtail, swordfish, sagor catfish, blackspot snapper, 
yellowfin, pomfret, flounder, trevallysp, blackbanded, 
bream, redsnapper 

stock.tf Average of total ‘Targeted fish’ caught at sites 

stock.ntf Average of total ‘Non-targeted fish’ caught at sites 

party Total number of people on that trip 

frequent Dummy variable of frequent angler 

1=went fishing more than 12 times that year,  

0=went fishing for 11 times or less that year 

skill Level of fishing skill 

1= nil, 2= basic,  

3= intermediate, 4= advance, 5= highly advance 

age Respondent’s age 

Stock stock.tf or stock.ntf 

Angler attributes party, frequent, skill, age 
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(WTP) of users for a unit change of a non-monetary attribute. It is the negative ratio of 

coefficient of the non-monetary attribute to the coefficient for the cost variable in the 

estimated utility function (McCartney, 2011): 

 − 𝛽  / 𝛽                                (Eq. 5.5) 

Monetary values estimates for site attributes help resource managers of PSSP understand 

the importance of the attributes to anglers. This is one of the aims of non-market valuation 

studies. Besides using partworths, the estimation of the parameter values for the utility 

function, can also be used to estimate welfare change for changes to site access conditions 

(e.g. closure) or for changes in one or several site attributes. 

Welfare change estimates can be calculated based on the concept of Inclusive Values 

(Hailu et al., 2011). Inclusive Value is a measure of the expected maximum utility from 

a set of M alternatives. In this study, we calculated the expected maximum utility if both 

PSSP and Pulau Jarak are open and compare the value with the expected utility if either 

one of the sites is closed. In other words, welfare change in this study is described as site 

access value. Site access value indicates the benefit derived from the availability of a site 

in a set of choices. Since the expected maximum utility would vary by individuals, 

comparing the inclusive sums before and after management changes (with or without site 

closure) will generate welfare measures that reflect the monetary value (gains or losses) 

to different groups of users of PSSP after a management change, as follows: 

𝑊 =  ∑ 𝑙𝑛 ∑ 𝑒  - ∑ 𝑙𝑛 ∑ 𝑒                     (Eq. 5.6) 

where, W is a measure of welfare change; 𝛽  is the marginal utility of income (or the 

negative of the disutility of cost coefficient) from the site choice model; U1ij and U0ij are 

the utility the recreational angler i derives from site j after and before a management 
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change, respectively; M is the number of sites; and N is the number of users for whom 

the welfare change calculations are done. 

Site access values are important in order to understand the impact of a closure strategy. 

They depict the welfare losses of recreational anglers if PSSP or the alternative site (Pulau 

Jarak) is to be closed from extractive activities. The values may suggest compensation 

measures to be considered in decision-making. 

5.4 Results 

5.4.1 Catch rate models of targeted and non-targeted fish 

Our results from the estimation of the catch rate models in equations (5.3) and (5.4) are 

reported in Tables 5.4 and 5.5. The estimates show that stock of fish significantly affects 

expected catch in both the models for targeted and non-targeted fish (Table 5.4 and Table 

5.5). 

 
Table 5.4. Estimates for catch rate model of targeted fish 

 
Coefficient 
estimates 

Pr( > | z | ) Std. Error 

(Intercept) 0.7719 0.002095** 0.2509 

Stock 0.0490 -2e-16*** 0.0041 

Party 0.0940 0.000237** 0.0256 

Frequent -0.1299 0.125018 0.0847 

Skill 0.1263 0.012970* 0.0509 

Age 0.0119 0.036402* 0.0057 

Theta 4.696  0.6100 

Log-likelihood -805.15   

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Table 5.5. Estimates for catch rate model of non-targeted fish 

 
Coefficient 
estimates 

Pr( > | z | ) Std. Error 

(Intercept) 2.4948 0.00650** 0.9168 

Stock 0.1047 9.31e-07*** 0.0213 

Party -0.0905 0.36205 0.0993 

Frequent -0.1161 0.70171 0.3032 

Skill -0.5032 0.00648** 0.1848 

Age 0.0022 0.91797 0.0209 

Theta 0.2614  0.0292 

Log-likelihood -639.27   

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 

From Table 5.4 and Table 5.5, it was also found that anglers’ fishing skill significantly 

affects catch rate of both targeted and non-targeted fish. Based on the catch rate model, 

more skilful anglers have a higher expected catch rate of targeted fish, and a reduced 

expected catch rate of non-targeted fish. This may imply that more skilful anglers are 

more confident that they will catch the fish that they are after. This is also the case for the 

number of people in a particular fish trip (Party). A higher number of fishing members 

will increase the expected catch rate of targeted fish. This result may be due to higher 

confidence of anglers to catch their target fish with more people onboard. One other 

interesting result from the catch rate model is the negative coefficient of ‘frequent’ 

variable for both targeted and non-targeted fish. The negative coefficient, which is not 

significantly different from zero, may suggest that a frequent angler has a more realistic 

expectation of what they are able to catch.  

The results are also consistent with previous findings in the literature. For example, 

McConnell et al. (1995) estimated Poisson models to describe fish catch rates. They found 



77 
 

that catch was significantly affected by skill, hours fished (proxy for fishing effort), and 

stock (proxied by historic catch data).  

5.4.2 Site choice model of recreational anglers 

Not all the variables initially included in our site choice (RUM) model were found to be 

significant. But we found that travel cost and the expected catch rate of targeted and non-

targeted fish are all significantly affecting anglers’ choice. The coefficient for travel cost 

is negative showing that, all else being the same, respondents would prefer nearer sites. 

The model also shows that the expectation to catch targeted fish is more important 

compared to the chance of catching non-targeted fish (Table 5.6). 

          Table 5.6. Estimates for the site choice model of recreational anglers 

Variables 
Coefficient 
estimates 

Pr( > | t | ) Std. Error 

Travel cost -0.0324 1.628e-09*** 0.0054 

Targeted catch rate 0.2190 3.235e-07*** 0.0429 

Non-targeted fish 
catch rate 

0.0622 0.003033** 0.0210 

 

Although cost and expected catch rate are the only variables estimated in the final model, 

it should be noted that they are not the only factors that influence site choice of anglers. 

Personal characteristics of the anglers and fish stock at sites are also affecting site choice 

through their effects on the expected catch rate of targeted and non-targeted fish.  

With respect to using partworth analysis to trade-off the travel cost with site attributes, it 

was found that anglers are willing to pay RM6.75 or about USD 1.72 (based on 

conversion of USD 1 = RM 3.92 as in January 2018) for an extra targeted fish and 

RM1.92 or about half a US dollar to catch one extra non-targeted fish (Table 5.7). 



78 
 

Table 5.7. Partworth estimates for targeted and non-targeted fish 

Type of fish Partworth estimates 
(RM/fish) 

Estimates range 

Targeted fish 6.75 (USD 1.72) RM5.43 – RM8.08 

Non-targeted fish 1.92 (USD 0.49) RM1.27 – RM2.57 

 

Although the value of one targeted or non-targeted fish does not appear large, when the 

value is multiplied by the average number of fish usually caught by one recreational 

angler in a trip and aggregated by the number of anglers in a year, these values can be 

significant. In our case, the values are RM 1,158,874 for targeted fish, and RM 187,359 

for non-targeted fish. 

This study estimated value of fish type based on partworth that looks at the ratio of 

coefficients for expected fish catch and travel cost variables, similar to other studies 

including Morey et al. (1991) and Raguragavan et al. (2013). There are also some other 

studies that reported fish values based on welfare change estimates for expected catch 

rate increases expressed in percentages (Larson and Lew, 2013; Raguragavan et al., 

2013). Table 5.8 lists results from this and other studies estimating fish value to illustrate 

how the values have been explored elsewhere comparing to this study. 
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Table 5.8. The value of changes in fish catch based on partworth estimate and/ or welfare 
change measure 

Fish type/s 
considered 

Part worth 
estimate of an 
extra fish 

Percentage 
increase in fish 
catch 

Study and year 

Targeted and non-
targeted fish 

USD 0.49 – 1.72 - This study, 2018 

Small game, non-
targeted, bottom, 
big game 

- USD 0.32 – 1.56  
for 20% increase 

Bockstael et al. 
(1989) 

Salmon USD 0.20 – 1.58 - Morey et al. (1991) 

Big game fish - USD 0.21 – 17.56 McConnell et al. 
(1995) 

King and silver 
salmon 

- USD 139 – 395    
for 100% increase 

Larson and Lew 
(2013) 

Prize fish, reef fish, 
key sports fish, 
table fish, butter 
fish. 

AUD 2.28 – 15.94 AUD 14.88 – 31.41 
for 100% increase 

Raguragavan et al. 
(2013) 

 

The values of fish from various studies differ greatly (Table 5.8). This difference is 

appropriate as the studies are looking at different amounts of fish. For instance, the value 

of king and silver salmon in Larson and Lew (2013) was estimated for at a few hundred 

as the study look at 100% increase of total fish catch, while partworth estimates look at 

one extra fish catch. Values could be make more comparable by equating the values but 

this was not done as no information on total fish catch are provided in the studies 

generating the estimated partworth values. The values estimated for an increase of fish 

catch in our study overlap with those in some other studies (Morey et al., 1991; 

Raguragavan et al., 2013). However, as suggested by Bockstael et al. (1989), non-market 

benefit estimates across studies are in general hard to compare as they depend on 

characteristics of the particular population, the way the hypothetical experiment was 

designed, and the characteristics of the locality. 
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5.4.3 Site access value estimates for recreational anglers 

Access values reflect the maximum an individual would pay to keep a site in their choice 

set, i.e. have access to it. Considering all agents in our data set, we found that, on average, 

anglers would incur welfare losses of RM 24.27 (USD 6.19) per trip if there is a closure 

of the PSSP. The corresponding value for Pulau Jarak is RM 3.64 (USD 0.93) (Table 5.9). 

The estimation was based on the average of all respondents. It was found that the value 

is higher for a site when the estimation only considers respondents who chose that 

particular site: the value of access to PSSP to its users was RM 26.31 (USD 6.71) per trip 

and the value of Pulau Jarak to its users was RM 5.36 (USD 1.37). 

Table 5.9. Site access value estimates (recreational anglers) 

Value of site access (RM/ trip) 

PSSP Pulau Jarak 

Averaged all 
respondents 

Averaged PSSP’s 
respondents 

Averaged all 
respondents 

Averaged Pulau 
Jarak’s respondents 

24.27 26.31 3.64 5.36 

 

From Table 5.9, it is shown that the site access value of Pulau Jarak is much lower than 

that of PSSP. Besides looking at the average value, it is also important to examine how 

these site access values are distributed across all anglers visiting PSSP and Pulau Jarak. 

Figure 5.1 presents the histograms for these estimated values. 
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Figure 5.1. Histogram showing the frequency of site access values to PSSP and Pulau 
Jarak by all anglers 
 

Figure 5.1 illustrates that the site access value of PSSP to the anglers is distributed more 

evenly while the site access value of Pulau Jarak is skewed towards zero. Results from 

Table 5.9 and Figure 5.1 suggest that higher costs of fishing activities in Pulau Jarak 

reduce its value to the anglers. It also means that anglers are more likely to accept the 

closure of Pulau Jarak in comparison to the closure of the PSSP. 

In a scenario where PSSP or Pulau Jarak is to be closed, results from this study may 

indicate the amount of compensation that a recreational angler would accept for changes 

in access to sites. Although the site access values for an individual angler appear small, 

the aggregate value to all anglers in a year may provide a better insight.  

We use the number of visitors to the area in 2017 to estimate number of anglers in a year 

(refer Table 3.1 in Chapter 3), and assume 1% are anglers visiting to fish in the PSSP and 

Pulau Jarak (pers.comm. with an officer from Perak State Park Corporation); the 

estimated number of anglers for each island is 8570 a year. Scaling up the site access 

value of PSSP and Pulau Jarak to the estimated number of anglers results in the value of 

RM 207,994 (USD 53,060) and RM 31,195 (USD 7,958), respectively (Table 5.10).    
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There are no studies on site access value for other areas within the region that could be 

used for comparison with our estimates. However, Table 5.10 lists some economic 

valuation studies for other marine parks in Malaysia that measure different market and 

non-market benefits.  

Table 5.10. Economic value of marine parks in Malaysia 
Type of values 

considered 
Method Area of study Values Study 

Site access 
value 

Site choice 
model 

PSSP 
Pulau Jarak 

RM 0.21 million/ year 
RM 0.03 million/ year 

This study 

Total economic 
value 

Production 
approach 
Benefit 
transfer 
Willingness 
to pay 
(WTP) 

Pulau Payar 
Marine Park 
Labuan Marine 
Park 
Pulau Redang 
Marine Park 
Pulau Tioman 
Marine Park 
Pulau Tinggi 
Marine Park 
Pulau 
Perhentian 
Marine Park 

RM 174 million/ year                         
 
RM 39.6 million/ year 
 
RM 354 million/ year 
 
RM 3.4 billion 
 
RM 3.6 billion 
 
RM 1.049 billion                   

Department  
of Marine 
Park, 
Malaysia 
(2011-2015) 

Conservation 
benefits (WTP) 

Contingent 
Valuation 

Pulau Redang 
Marine Park 
 
Pulau Payar 
Marine Park 

RM 0.064 million/ 
year   
(Net present value = 
RM4.2-4.7 million) 
RM 0.103 million/ 
year  
(Net present value = 
RM6.2-7 million) 

Yacob et al., 
(2009) 

Local 
ecotourism 
benefits (direct, 
indirect and 
induced market 
value) 

Multiplier 
analysis 

Pulau Redang 
Marine Park 

>RM 10 million        
net profit per year to 
ecotourism operators 

Yacob et al. 
(2007) 

Recreational 
benefits (WTP) 

Contingent 
Valuation 

Pulau Payar 
Marine Park 

RM0.39 million/ year Yeo (2004) 

 

The site access values to the PSSP and Pulau Jarak are not as high as other estimated 

values from the selected studies. Official studies conducted by Department of Marine 

Park of Malaysia reported high values for various marine parks in the country but those 
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values are Total Economic Values that include Use Values (direct and indirect) and Non-

Use Values (include Existence and Bequest Values). The net economic benefits from a 

study by Yacob et al. (2007) also recorded a high value (>RM 10 million a year) as it 

looks at market prices. The non-market values in terms of site access values from this 

study, however, are comparable to other studies on non-market valuation such as the 

study by Yacob et al. (2009) and Yeo (2004). All these three studies estimated values 

nearing to RM 0.5 million a year. Although, the non-market values estimated from this 

study are relatively low, it is possible that the non-market value can be a significant 

component of total value of PSSP or Pulau Jarak. 

5.5 Chapter summary 

In summary, the study has estimated the value of PSSP and its neighbouring/ substitute 

site, Pulau Jarak, to recreational anglers. This value is presented in two ways: in terms of 

site attributes and site access values. For the site attributes, an extra catch of targeted fish 

is valued, on average, at RM6.75 or about USD 1.72 and an extra non-targeted fish is 

valued at RM1.92 or about half a US dollar. This information is important to estimate the 

cost or benefit of a management strategy that will cause a change in the number of 

targeted or non-targeted fish available to be caught by the recreational anglers.  

The site access value refers to the welfare loss suffered by anglers if the site becomes 

unavailable. If PSSP is closed, the welfare loss, averaged across all respondents is 

RM24.27, per trip, while the welfare loss with the closing of Pulau Jarak is estimated at 

RM3.64 per trip. These estimates can be used to derive aggregated values to all anglers 

over a period of time to understand the economic loss from a management strategy such 

as site closure.  
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From the chapter, it is apparent that economic valuation can play an important role in 

decision making especially in analysing the costs and benefits of management strategies. 

It can provide valuable data that is otherwise neglected. The RUM of site choice is 

believed to be appropriate to answer policy questions related to the management of PSSP. 

This empirical model that generates non-market value estimates for sites and site 

attributes will help to understand the reaction of fishers from management changes. It is 

important that the value of PSSP to them is recognised by the state government to work 

on a better management strategy, compensation measures, or to provide assurance that 

their concerns are under consideration in decision making. 

This chapter has provided some insights on the importance to consider socioeconomic 

aspects of management changes in marine protected areas. However, as suggested in 

Chapter 2, although socioeconomic aspects can determine the success of a marine 

protected area, biophysical aspects are also important to be considered. Positive 

environmental outcomes are in fact the main concern in the establishment of protected 

areas including PSSP.  Therefore, the following chapter focuses on integrating the 

economic and biophysical aspects under the same framework to give a fair, and 

simultaneous, consideration to both aspects in the evaluation of management strategies 

for PSSP. 
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6.1 Introduction 

The application of an integrated economic and biophysical model can provide important 

information for improving the management of Pulau Sembilan State Park (PSSP). The 

objective of the State Government of Perak is to conserve the environment. However, this 

objective could be in competition with the objectives of PSSP’s users –fishermen and 

recreationists – who might want to maintain their welfare with respect to the market and 

non-market values they derive from the park. Integrated models allow us to compare, 

examine the trade-offs and optimize over these competing objectives. 

Previously, the emphasis in most modelling studies of marine resources has been on either 

biophysical or economic sustainability of the resources as two separate aspects (Bouman 

et al., 1999). Among the few studies looking at both biophysical and economic aspects, 

typically the models are linked together but not truly integrated (Semeniuk et al., 2010). 

Individually, both socioeconomic and biophysical models can provide abundant 

information to decision makers, as reported by many studies discussed earlier in Chapter 

2. However, integrating these two components allows us to evaluate management changes 

using a broader set of criteria and in ways that take into account the complex feedback 

between environmental outcomes and the effects of recreational activities. Therefore, 

integrated economic and biophysical models are important to give a more realistic 

prediction on the impact of any management changes. They allow resource managers to 

consider a larger range of trade-offs in outcomes (Gao and Hailu, 2011). 

As explained in Chapter 3, this study is applying the Agent-Based Model (ABM) 

framework to integrate biophysical and economic aspects of PSSP. Both economic and 

ecological systems are concerned with interaction between organism and the 

environment; from individual up to the population context. Therefore, these two systems 

can benefit much from agent-based modelling (Heckbert et al., 2010). And since ABM 
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models individuals, it can model a heterogenous population while other model forms; 

most commonly equation-based models (EBM) must make assumptions of homogeneity. 

This is not the best way to model socioeconomic events when heterogeneity plays a key 

role. Other advantages of applying the ABM includes that it encodes the behaviour of 

individual agents in simple rules, so that we can observe the results of these agents 

interactions without detail understanding on the aggregate phenomena (Wilensky and 

Rand, 2015). 

Integrated models using an ABM framework have been applied in several marine policy 

studies. For instance, a management strategy evaluation study by McDonald et al. (2008) 

used ABMs to compare management strategies for multiple-use marine ecosystems. The 

study identifies hierarchical agent structures which separate Things (e.g.: ships, turtles, 

school of fish), Environments (e.g.: sponge beds, bathymetry, marine park), and Monitors 

(e.g.: biomass assessors, water quality monitoring stations), in order to integrate these 

different group processes within appropriate space and time scales. Among combinations 

of actions and responses, the study illustrates: (1) the impact of salt production on prawn 

mortality; (2) the impact of effort quotas to finfish stocks, which also impacted fish catch, 

spawning biomass, habitat damage, habitat recovery and so on; and, (3) the impact of an 

additional navigation channel, not only on the risk of collision but also the dredging 

impacts on sponges and coral communities (McDonald et al., 2008).  

Another recent study on the evaluation of closing strategies for managing recreational 

fishing in a marine protected area also applied an ABM (Gao and Hailu, 2011). In the 

study, the agents include: (1) anglers who have their own preferences, knowledge and 

expectations, and other demographic attributes; and (2) fishing sites that have their own 

features and biophysical dynamics. The study used ABM to simulate the interaction 

between the agents in various closing strategies (with different timing and length) and 
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estimate changes in angler’s welfare and biophysical site-attributes. The information was 

used to suggest more efficient policies for managing recreational fishing in the study area. 

Other studies have shown the benefits of integrated economic and biophysical modelling 

in designing policies. In the case of PSSP, we hypothesize that the area can benefit from 

alternative strategies as compared to the total closure of extractive fishing activities as 

proposed by the State Government of Perak. Alternative strategies could include limiting 

fishing effort through spatial or temporal site closure, or limiting fishing harvest through 

bag limit strategy. There are many studies that have demonstrated such alternative marine 

policies can be a better approach when feedbacks between the economic and biophysical 

aspects are considered (Gao and Hailu, 2018; Yamazaki et al., 2010).  

For example, a study on the effect of closure period of Ningaloo Marine Park found that 

shorter closure time may outperform longer closure periods in terms of stock recovery 

and angler welfare in certain scenarios simulated (Gao and Hailu, 2011). A stochastic 

bioeconomic modelling study by Yamazaki et al. (2010) suggested that switching 

between harvested area and non-harvested area over time can be a better option than a 

fixed ‘no-take’ approach if high catch level is also being accounted for as well as 

maintaining fish biomass. A study by Alós and Arlinghaus (2013) suggests that moderate 

strategies such as size-based harvest limits, daily or weekly bag limits, annual quotas, and 

partial season closure could be more effective than total effort controls in terms of 

fisherman payoffs that can also prevent conflicts between stakeholders. Another example 

of an incentive-based approach is the Total Allowable Catch (TAC) system implemented 

for coastal fisheries management of Mallorca (West Mediterranean), which has shown 

benefits in terms of fish stock and also a control on fish price (Morales-Nin et al., 2010). 

There is also another study that looks at limiting extraction rates such as daily bag limits 

and minimum allowable landing sizes of fish (Veiga et al., 2013). These studies exploring 
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alternatives to total extractive closure have shown increased support from stakeholders in 

marine protected areas (Veiga et al., 2013; Yamazaki et al., 2010). 

In this study, the economic and biophysical impacts from five management strategies are 

evaluated, as possible strategies to be implemented in PSSP. These strategies include the 

baseline strategy of PSSP remaining open to all and the alternative strategies of PSSP 

being closed to extractive fishing activities, having temporal/seasonal closures, 

introducing site access fee, or imposing bag limits. The first two (baseline and closure 

from extractive fishing) strategies were considered as those are the previous and proposed 

strategies applied in PSSP, while the last three strategies are commonly implemented 

elsewhere but have never been practiced in Malaysia. 

The integrated economic and biophysical model developed is then used to simulate 

changes in 12 sites; 9 islands of PSSP (Pulau Agas, Pulau Payong, Pulau Nipis, Pulau 

Rumbia, Pulau Lalang, Pulau Saga, Pulau Buloh, Batu Putih and Batu Hitam), and three 

surrounding islands, namely, Pulau Tukun Perak, Pulau Jarak and Pulau Pangkor. 

Although the site choice model described in Chapter 5 only considers two sites – the nine 

islands of PSSP grouped as a whole, and Pulau Jarak, the integrated model is used to 

simulate choice over 9 individual islands in the PSSP and two more islands, a total of 12 

fishing destinations.  

The chapter is organized as follows. The next section describes the research framework 

of the integrated model. This is followed by the development of the biophysical model in 

Section 6.3. Section 6.4 describes the integration of the economic model with the 

biophysical model followed by section 6.5 on initializing the baseline model. The results 

on the effects of various management strategies are presented in section 6.6 and the 

chapter concludes in section 6.7. 
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6.2 Research framework 

The integrated model described in this chapter consists of two major components (Figure 

6.1). The first component describes the socioeconomic aspects in the form of a site choice 

model and the second component explains the biophysical aspects of PSSP using an 

adapted ecosystem dynamic model from Fung (2009). 

   

 

 

 
Agent i  Site j 

 

Socioeconomic model 
Site choice 
(Chapter 5) 

 
Cost 

Expected catch rate 
(Fish stock, anglers 

attributes) 

 
 

Policy or 
management 

strategies 

Biophysical model 
Ecosystem dynamic 

(Fung, 2009) 
 

Coral 
Algae 

Herbivorous fish 
Piscivorous fish 

Urchin 
 

 
Figure 6.1. The framework of the integrated socioeconomic and biophysical model 

 

Ideally, the socioeconomic model should represent all PSSP users; fishermen, 

recreational anglers, and non-fishing recreational users. However, the site choice model 

in this study only consider recreational anglers as our focus group of users that we 

anticipated will be negatively affected by closing strategy, but their reduced welfare can 

easily be neglected or underestimated in decision making. Impact from commercial 

fishing is, however, a component of the biophysical model in terms of ‘fish mortality 
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through fishing’. The fish harvest components in the biophysical model also represents 

harvests from commercial fishing activities. The impacts of non-fishing recreational users 

are not included in the model, as the impacts are difficult to quantify. However, this is 

assumed to be covered indirectly in the biophysical model through components such as 

‘coral mortality’. The interaction between fishermen, recreational anglers and non-fishing 

recreational users with PSSP’s ecosystem will be explained further later in the chapter 

(section 6.3.1). 

The socioeconomic component consists of a site choice model that explains PSSP’s 

recreational anglers’ behaviour in choosing a site to fish. The biophysical model on the 

other hand describes the dynamics of various functional groups in the study area. All of 

PSSP’s anglers and sites are modeled as agents. The human agents have demographic 

attributes that will affect them in making choices, and the site agents also have attributes 

(such as percentage cover, biomass, etc.) that will guide human agents in choosing them. 

The integration of the two components can be explained as follows. When an angler 

chooses a site and conducts fishing activity in the site (based on the site attributes), this 

will affect the fish stock and thus the entire ecosystem, as they are interconnected. The 

changes in the site attributes will then feedback to the choice of the anglers. The integrated 

model developed is used to explore these feedbacks in a consistent manner for a better 

illustration of outcomes from policy changes, and thus better decision making. 

 The development and testing of the biophysical model equations and parameters was 

mostly done using Matlab software while the integration of the biophysical and the 

socioeconomic components of the modelling was implemented in R software.  

6.3 Development of the biophysical model 

6.3.1 Identifying relationships between functional groups 
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The biophysical model is adapted from one of the ecosystem dynamic models developed 

by Fung (2009), that is the Coral-Algae-Herbivorous-Piscivorous-Urchin model (the CA-

HPUm model). This CA-HPUm represents the integration between a benthic model of 

Coral-Algae (CAm) and Herbivorous-Piscivorous-Urchin (HPUm). These two basic 

models were chosen since the functional groups included are major components in PSSP. 

Urchins are particularly important to include since they are highly abundant in the area. 

Although turf and macroalgae are also present in PSSP, they are considered here to be 

within the same group as Algae. The only study found on macroalgae of Pulau Sembilan 

suggested that macroalgae were hardly present in the area (Phang et al., 2008), indicating 

it was not important to represent this as a separate group in its own right. Fung (2009) 

also included an alternative model that differentiates between fish sizes, but this was not 

preferred for application to PSSP as the data of different fish sizes were not available for 

the study area. Table 6.1 depicts the five functional groups included in this study and a 

description of the interactions of species involved and other ecological processes. 
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Table 6.1. Functional groups included in the biophysical model and description of 
interactions and ecological processes 

Functional groups  Description of interactions and ecological processes 

Corals Competing with algae for space 

Mortality due to sedimentation or overgrowth by algae 

Recruitment (exogenous and endogenous) 

Growth rate reduced by presence of nearby algae 

Algae  Competition with hard corals, for space 

Recruitment of algae (modelled implicitly) 

Mortality of algae due to grazing 

Herbivorous fish Compete with urchins for algae (turf and macroalgae) 

Mortality due to predation by piscivorous fish, and natural 
processes such as senescence 

Piscivorous fish Mortality due to predation by other piscivorous fish, human 
fishing activity and natural processes such as senescence 

Urchins Compete with herbivorous fish for algae (turf and macroalgae) 

Mortality due to predation by invertivorous fish and other 
natural processes (modelled implicitly) 

 

The equations (Eq.6.1-6.6) for the CA-HPUm model are as below, where C, A, S, H, P 

and U represent, respectively, corals, algae, ‘space’, herbivorous fish, and piscivorous 

fish. ‘Space’ refers to all other benthic organisms other than coral and algae. The 

parameters are described in detail in Appendix 6.1. 

The equation in 6.1 below describes changes in coral cover over time:  

Changes in coral cover over time = Coral recruitment + Coral growth – Coral mortality – 

Algae growth over corals 

=  𝑙 + 𝑙 𝐶 𝑆 +  𝑟 (1 − 𝛽 𝐴)𝑆𝐶 − 𝑑 𝐶 − 𝛾 𝑟 𝐴𝐶                       Eq.6.1 

where;  

𝑙  : Rate at which exogenous spawning coral larvae recruit onto space 
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𝑙  : Rate at which coral larvae, produced by local established brooding corals 
recruit onto space 

𝑟  : Lateral growth rate of corals over space 
𝛽  : Coral growth is inhibited by the presence of nearby macroalgae and this is 

represented as depression of 𝑟 by the factor (1 − 𝛽 ∗ 𝐴) 
𝑑  : Coral mortality rate 
𝛾  : Lateral growth rate of algae over corals, relative to the rate over space 
𝑟  : Lateral growth rate of algae over space 

 

Equation 6.2 describes changes in algae cover over time: 

Changes in algae cover over time = Algae growth – Grazing on algae 

= 𝑟 𝐴(𝑆 + 𝛾 𝐶) −  𝑔 𝜃 𝐴                  Eq.6.2 

where; 

𝑟  : Lateral growth rate of algae over space 
𝛾  : Lateral growth rate of algae over corals, relative to the rate over space 
𝑔  : Maximum rate at which algae is grazed 
𝜃  : Grazing pressure 

 

Equation 6.3 describes changes in ‘space’ cover over time: 

Changes in ‘space’ cover over time = Changes in coral cover over time – Changes in 

algae cover over time 

=  −  –                      Eq.6.3 

Equation 6.4 describes changes in herbivorous fish biomass over time: 

Changes in herbivorous (H) fish biomass over time = H fish recruitment + H fish feeding 

and growth – H fish mortality by natural processes excluding predation – H fish mortality 

by predation 

= 𝑙 + 𝑙 𝐻 + 𝜃 (𝑔 𝐴𝜇 ) 1 −  𝜆 −  𝑑 𝐻 − 𝑔 𝑃           Eq.6.4 
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 where; 

𝑓  : Catch rate of herbivorous fish 
𝑙  : The exogenous recruitment rate of herbivorous fish 
𝑙  : The endogenous recruitment rate of herbivorous fish 
𝜃  : Grazing pressure 
𝑔  : Maximum rate at which algae is grazed 
𝜇  : The herbivorous fish biomass accumulated from grazing 100% of algae, and 

which contributes to somatic growth of herbivorous fish 
𝜆  : Competitiveness of sea urchins relative to herbivorous fish 
𝑖  : A parameter which measures the inaccessibility of algae (turf and 

macroalgae) to sea urchin grazing 
𝑑  : The mortality rate of herbivorous fish from all factors other than predation 

and fishing 
𝑔  : The maximum predation rate of piscivorous fish on herbivorous fish 
𝑖  : A parameter which measures the inaccessibility of herbivorous fish to 

predation by piscivorous fish 
 

Equation 6.5 describes changes in piscivorous fish biomass over time: 

Changes in piscivorous (P) fish biomass over time = P fish recruitment + P fish predation 

of H fish and growth – P fish mortality by natural processes excluding predation – P fish 

predation of P fish and growth – P fish mortality by fishing – P fish harvest by recreational 

anglers (from the site choice model) 

= 𝑙 + 𝑙 𝑃 + 𝑟 𝑔 𝑃 − 𝑑 𝑃 − 𝜓 𝑔 (1 − 𝑟 ) 𝑃 −

𝜌 𝑓                                                                                                                               Eq.6.5              

where; 

𝑙  : The exogenous recruitment rate of piscivorous fish 
𝑙  : The endogenous recruitment rate of piscivorous fish 
𝑟  : The proportion of biomass consumed by piscivorous fish used for growth 
𝑔  : The maximum predation rate of piscivorous fish on herbivorous fish 
𝑖  : A parameter which measures the inaccessibility of herbivorous fish to 

predation by piscivorous fish 
𝑑  : The mortality rate of piscivorous fish from all factors other than predation 

and fishing 
𝜓  : The predation rate on piscivorous fish by other piscivorous fish, relative to 

that on herbivorous fish 
𝑖  : A parameter which measures the inaccessibility of piscivorous fish to 

predation by other piscivorous fish 
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𝜌  : The proportion of the total fishing pressure f which acts on piscivorous fish 
𝑖  : A parameter which measures the inaccessibility of piscivorous fish to 

fishermen 
𝑓  : Catch rate of piscivorous fish 

 

Finally, equation 6.6 describes changes in urchins biomass over time: 

Changes in urchins (U) biomass over time = Urchin recruitment + Urchin feeding and 

growth – Urchin mortality 

= 𝑙 + 𝑙 𝑈 + 𝜅 1 − 𝜆 (𝑔 𝐴𝜇 ) − 𝑑 𝑈              Eq.6.6 

where; 

𝑙  : The exogenous recruitment rate of sea urchins 
𝑙  : The endogenous recruitment rate of sea urchins 
𝜅  : A parameter which measures the biomass accumulated by urchin grazing 

that contributes to growth, relative to that for herbivorous fish grazing 
𝑖  : A parameter which measures the inaccessibility of algae (turf and 

macroalgae) to sea urchin grazing 
𝜆  : Competitiveness of herbivorous fish relative to sea urchins 
𝑖  : A parameter which measures the inaccessibility of algae (turf and 

macroalgae) to herbivorous fish grazing 
𝑔  : Maximum rate at which algae is grazed 
𝜇  : The herbivorous fish biomass accumulated from grazing 100% of algae, and 

which contributes to somatic growth of herbivorous fish 
𝑑  : The mortality rate of sea urchins 

 

In order to integrate the benthic (CAm) and fish-urchins (HPUm) model, the differential 

equations for both models are combined by writing total grazing pressure θ as a function 

of herbivorous fish and sea urchin biomasses; where 𝜃 =  . 

6.3.2 Model parameterization 

The values of the parameters for the functional groups in PSSP are mostly derived from 

the study by Fung (2009) which quantified the variables and parameters from various 

journal papers, surveys, and the online database FishBase. This study chose values 
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derived from the Indo-Pacific region over other areas whenever available. The ranges of 

value applied for the parameters are listed in Appendix 6.1. 

6.3.3 Optimizing parameters 

In simulating the interactions between all components in the equations, one needs to adopt 

a specific value (Gao and Hailu, 2018). The parameter values from Fung (2009) were in 

ranges, thus an optimisation method was conducted to obtain parameter values that are 

nearest to the median values of each, while at the same time being consistent with the 

observed state of the system. In order to do this, we assumed that the ecosystem is stable 

where dA/dt=0, dC/dt=0, dH/dt=0, dP/dt=0 and dU/dt=0. The optimised parameters are 

listed in Appendix 6.2.  

6.3.4 Estimating initial input 

Before the parameters can be optimised, they require initial inputs for site variables 

including fish harvests, percentage cover, and biomasses of functional groups considered. 

References are made to various other studies to find appropriate input values, with some 

assumptions. Appendix 6.3 summarises the initial values for coral, algae and ‘space’ (in 

proportion), and biomass of herbivorous fish, piscivorous fish and urchins for 12 sites. 

The explanations on how the values were derived, including assumptions made, are 

presented as follows.  

6.3.4 (a) Proportion of corals 

Values for the proportion of coral cover were taken from Safuan et al. (2016) who 

sampled corals at five of Pulau Sembilan’s islands: Pulau Rumbia, Pulau Saga, Pulau 

Nipis, Pulau Lalang, and Pulau Buloh. Coral cover in Pulau Jarak was based on the survey 

by Reef Check (2017) (=0.20). Values for the remainder of Pulau Sembilan’s islands not 

sampled by Safuan et al. (2016) used coral cover from the Reef Check report that 
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estimated the mean of coral cover in Pulau Sembilan (=0.26). The coral cover in Pulau 

Pangkor was assigned a value of 0.1 based on the observation from Toda et al. (2007), 

while coral cover in Pulau Tukun Perak took an assumed value of 0.05, based on the 

knowledge that the area does not have coral cover as dense as most parts of Pulau 

Pangkor.  

6.3.4 (b) Proportion of algae 

The proportion of algae for all the nine islands of Pulau Sembilan and Pulau Tukun Perak 

is recorded as 0.3 based on the report from Reef Check (2017). The proportion of algae 

in Pulau Jarak is recorded as 0.2 as it is a deep sea area and therefore assumed to be less 

productive than Pulau Sembilan. The proportion of algae in Pulau Pangkor takes a higher 

value of 0.4 as the area has more nutrient upload or disturbance compared to Pulau 

Sembilan. 

6.3.4 (c) ‘Space’ 

‘Space’ refers to other substrate cover other than coral and algae. Therefore, the 

proportion of ‘space’ for all sites equals to 1 - coral cover - algae cover.  

6.3.4 (d) Piscivorous fish biomass 

The biomasses of piscivorous fish for the study sites were derived from the only study 

found on the trophic dynamics of the West Coast of Peninsular Malaysia (Alias, 2003). 

The biomasses used in the study by Alias (2003) were from a trawl survey. Fish biomasses 

from seven ecological groups from Alias (2003) were grouped together as they represent 

piscivorous fish. As the biomasses are an average for the whole West Coast of Peninsular 

Malaysia, they are assumed that the biomasses represent the condition on Pulau Pangkor. 

The trawl survey reported in Alias (2003) was conducted on nearshore areas that is 

representative of the area including Pulau Pangkor. Therefore, it is estimated that 
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piscivorous fish biomass in Pulau Pangkor is 820 kg km2 (Alias, 2003). The biomass of 

piscivorous fish in Pulau Jarak, Pulau Tukun Perak and all Pulau Sembilan islands is 

calculated from the proportion of fish caught by respondents of this study during the 

survey, relative to Pulau Pangkor. Table 6.2 summarises how the values and their 

calculation. 

 
Table 6.2. Calculations of piscivorous fish catch for all sites 

Sites Calculations Catch 

Pulau Pangkor - 820 kg km-2 

Pulau Jarak 52.67/12*820 3599 kg km-2 

Pulau Tukun Perak 11/12*820 752 kg km-2 

All Pulau Sembilan 
islands 

13.6/12*820 929 kg km-2 

 

6.3.4 (e) Herbivorous fish biomass 

Referring to the study by Alias (2003), there were no trophic groups that only feed on 

algae and aquatic plants (Herbivorous fish) listed. Therefore, the biomass of herbivorous 

fish in the study area needed to be estimated from another study. One such study done 

nearest to the study site focuses on the relationship of herbivorous fish to other coral reef 

components in Singapore (Guest et al., 2016). This study found that the average biomass 

of herbivorous fish in the study area is ~4g m2 or 4000 kg km2. This value was used for 

Pulau Pangkor, which resembles the Singapore study site because of its nearshore 

location. The values for other sites were derived from the proportion of fish caught by the 

respondents of the survey conducted for this study, relative to Pulau Pangkor, in the same 

manner as for piscivorous fish biomass (Table 6.3). 
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Table 6.3. Calculations of herbivorous fish catch for all sites   

Sites Calculations Catch 

Pulau Pangkor - 4000 kg km-2 

Pulau Jarak 52.67/12*4000 17556 kg km-2 

Pulau Tukun Perak 11/12*4000 3667 kg km-2 

All Pulau Sembilan 
islands 

13.6/12*4000 4533 kg km-2 

 

6.3.4 (f) Urchins biomass 

Urchin biomasses in this study are based on the report by Reef Check (2017). The only 

species found is the Diadema spp. The abundance reported for Pulau Sembilan is 170.14 

individuals every 100m2. That is 17,014 individuals in every km2. In a study on Diadema 

urchins of Pulau Pangkor the mean weight of Diadema spp. is 101.68g (Rahman et al., 

2012). Therefore, we estimated the value of urchin biomass in Pulau Sembilan to be 1730 

kg km-2. Pulau Sembilan is reported to have a problem with a high abundance of urchins, 

relative to other sites (Reef Check, 2017). Accordingly, for all other sites, we calculated 

biomass based on the mean abundance of Diadema spp. for Malaysia, which is reported 

as 33.58 individuals every 100m2 (biomass = 3358 individual km-2 x 101.68g = 341 kg 

km-2) (Reef Check, 2017).  

6.4 Integrating economic models into the equations 

The integration of economic aspects with the biophysical model was achieved by making 

the fishing harvests variables in the biophysical model to be dependent on the predictions 

from the site choice and catch rate model. The initial value of fish harvests for herbivorous 

and piscivorous fish were based on data of fish landings in the West Coast of Peninsular 

Malaysia (Department of Fisheries Malaysia, 2016).  
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Specifically, fish harvest for herbivorous (or non-targeted fish) (Eq.6.7) and piscivorous 

(or targeted fish) (Eq.6.8) fish by recreational anglers were added to equations 6.4 and 

6.5 above, as follows: 

= 𝑙 + 𝑙 𝐻 + 𝜃 (𝑔 𝐴𝜇 ) 1 −  𝜆 −  𝑑 𝐻 − 𝑔 𝑃 −  𝒇𝑯   

                               Eq.6.7 
 

= 𝑙 + 𝑙 𝑃 + 𝑟 𝑔 𝑃 − 𝑑 𝑃 − 𝜓 𝑔 (1 − 𝑟 ) 𝑃 − 𝜌 𝑓 −  𝒇𝑷

                     Eq.6.8 

where fH and fP in the equations represent fish harvests for herbivorous and piscivorous 

fish, respectively.  

The dynamics of the fish harvests will evolve over time with the interactions of different 

components including site attributes and expected catch rate in the integrated model. The 

dynamics of all components are simulated using daily time step. 

The dynamics in the expected catch rate was described in Chapter 5 (Equation 5.3) in a 

form such as below: 

𝐶𝑎𝑡𝑐ℎ𝑅𝑎𝑡𝑒 = 𝛽 + 𝛽 𝑆𝑡𝑜𝑐𝑘 + 𝛽 𝐴𝑛𝑔𝑙𝑒𝑟 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒𝑠  

The anglers will choose a site depending on the stock of fish at the site and their attributes. 

Fish harvests in the chosen site will be changing, so will the stock and anglers’ activities 

which depend on the fish stock. The changes in site attributes and expected catch rate in 

the site will change the utility anglers can get from the site, as described in Chapter 5 

(Equation 5.2) in such form: 

𝑈𝑡𝑖𝑙𝑖𝑡𝑦,  𝑉 = 𝛽. 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 + 𝛽 𝐶𝑎𝑡𝑐ℎ𝑅𝑎𝑡𝑒  
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As explained in Chapter 5, using this utility function, changes in welfare measures can be 

quantified. The changing utility will affect the site choice of anglers, thus affecting the 

biophysical aspects. The simulation of the integrated economic and biophysical model is 

therefore able to illustrate changes in welfare and biophysical aspects over a period of 

time. 

6.5 Initialising baseline model 

Below, we describe how we initialized the model for the baseline simulation and to 

investigate economic and biophysical impacts from management changes. Since the 

integrated modeling covers more destinations, it was necessary to obtain additional data 

for the extra sites. Therefore, data were gathered to determine travel costs and fish stock 

values (for targeted and non-targeted fish) across the new sites. The herbivorous (non-

targeted fish) and piscivorous (targeted fish) initial stock levels were also estimated for 

each of the sites (biophysical model). We also estimated the distribution of anglers over 

a year using empirical data and used that empirical distribution to determine fisher trip 

dates. The background or commercial harvest levels were taken as fixed for the sake of 

simplicity and are shown in the last two columns of Table 6.4 , which lists all the initial 

values, estimated to run the baseline model. The stock variables in the table are the 

variables that go into the catch rate models. These variables are proxies for fish 

abundance, which are initially estimated by averaging across fish, catch data from 

surveys. They are considered as proportional to the fish biomass, which is simulated, in 

the biophysical model. Further details on how the values were derived are provided in 

sections 6.5.1-6.5.4 below. 
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Table 6.4. Initial values for baseline model 

Site  Site name 
Travel 
costs 

Targeted 
fish 

stocks 

Non-
targeted 

fish 
stocks 

Herbivorous 
fish harvest 

(non-targeted 
fish) 

Piscivorous 
fish 

harvests 
(targeted 

fish) 
1 Pulau Agas 87.09 7.8 5.99 4000 4000 
2 Pulau Payong 87.09 7.8 5.99 4000 4000 
3 Pulau Nipis 87.09 7.8 5.99 4000 4000 
4 Pulau Rumbia 100.23 8.58 4.92 4000 4000 
5 Pulau Lalang 100.23 8.58 4.92 4000 4000 
6 Pulau Saga 100.23 8.58 4.92 4000 4000 
7 Pulau Buloh 100.23 8.58 4.92 4000 4000 
8 Batu Putih 100.23 8.58 4.92 4000 4000 
9 Batu Hitam 100.23 8.58 4.92 4000 4000 
10 Pulau Tukun 

Perak 
100.23 8.58 4.92 3000 3000 

11 Pulau Jarak 266.02 31.72 20.55 10000 10000 
12 Pulau Pangkor 225.59 13.5 0 5000 5000 

 

Using the initial values, the effects of management changes were simulated for a 20 year 

period. Changes relative to the baseline case are presented in terms of the distribution of 

anglers across all sites, fish catch or harvest levels, piscivorous and other fish biomass, 

and economic welfare effects. 

6.5.1 Estimating travel costs 

In estimating the travel costs to all sites, we used the same formula used to estimate travel 

costs to PSSP and Pulau Jarak in the site choice model (see section 5.3). The average of 

actual expenses of anglers per person per kilometer to each site, based on our survey data, 

were calculated. To estimate the distance travelled, we calculated the distance of the site 

from an entry point using an actual map.  

6.5.2 Estimating targeted and non-targeted fish stocks 

The estimation of targeted and non-targeted fish stocks at each site is based on the fish 

catch data of anglers in our survey. Fish stock levels for targeted and non-targeted fish 

(that were initially in numbers of fish) calculated from our survey were transformed into 
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a measure of biomass by using average weights for the two fish groups based on data 

from the FishBase (Froese and Pauly, 2018) website. To translate fish catch numbers 

from the catch rate model to biomass (kgs) harvest level for the biophysical modelling, 

weight factors of 8.2 and 0.7, respectively, were used for targeted and non-targeted fish.. 

To obtain these values, average weight of each fish species listed in Table 5.2 were 

determined based from the FishBase website. The weight of all targeted fish species were 

then averaged to get 8.2 kg/ fish, while the average weight for all non-targeted species is 

0.7 kg/ fish.     

6.5.3 Estimating herbivorous and piscivorous fish harvests 

Estimation of fish harvests is important to integrate the site choice and the biophysical 

models. The initial value of piscivorous fish harvest for all sites was based on the data 

from fish landings in the area (Department of Fisheries Malaysia, 2018). The distribution 

of fish harvests between sites were estimated based on the proportion of fish caught by 

recreational anglers from our survey. Since our survey did not differentiate between 

different sites within PSSP, the value of fish harvests in all 9 islands of PSSP took the 

same value of 4000 kg km-2. There were no data found on herbivorous fish harvest in the 

study area, partly because of harvesting of herbivorous fish is not known practice in the 

study area. Thus we assumed the harvests rate of herbivorous fish is similar to the harvest 

rate of piscivorous fish.   

6.5.4 Estimating anglers distribution over a year  

Based on the data from Manjung Municipal Council (2017) on the monthly tourist arrivals 

to the area for the year 2016, we assumed that the number of anglers are 1% of the total 

number of tourists (Table 6.5). Tourist arrival numbers for December were missing and 
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we used the average of November and January figures to fill the gap. The estimated 

distribution of angler numbers for the study area is shown in the last column of Table 6.5. 

Table 6.5. Number of tourists arrival and estimated anglers by month in the 
study area for the year 2016  

Month Tourist arrivals 
Estimated 
number of 

anglers 
Jan 109058 1090 
Feb 78114 781 
Mar 103142 1031 
Apr 93925 939 
May 61913 619 
Jun 87273 873 
Jul 75190 752 

Aug 67803 678 
Sept 79497 795 
Oct 81118 811 
Nov 68614 686 
Dec -  889 

Note: the number of anglers for December was unavailable, which was derived from the anglers 
distribution over other months 

 

After all initial values were set, the simulation of the integrated model were conducted 

using R software written for this purpose. For the simulation in R, the differential 

equations presented earlier were transformed into a difference equation system using 

Euler’s method as in Gao and Hailu (2011).  Policy data for the simulation were prepared 

in a spreadsheet file that laid out the characteristics of each policy in terms of sites that 

were closed (and over what periods), site access fees and bag limits for targeted and non-

targeted fish. Site data files were also prepared as spreadsheets to feed into the simulation.  

The simulation involves the following key steps for each policy scenario: 

1) Determine policy parameters (available sites, fees or bag limits) 

2) Simulate angler arrival periods 

3) Given angler, available sites (and their attributes), determine expected fish catch 

rates, using the econometric models for fish catch 
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4) Given travel cost and expected catch rate, site utility values are determined for 

each fisher agent 

5) Site choice model is then used to select a site for each angler 

6) Using aggregated fish harvest data from fisher agent activities over the data, the 

biophysical changes are simulated using the difference equation system 

7) Data on utilities, fish harvest, revenues and fish biomass are written into arrays 

for later analysis; and the biophysical simulation results are used to update fish 

stocks for the catch rate model thus providing the feedback from the biophysical 

to the economic (site choice) simulation 

8) Once activities are simulated for a policy, welfare analysis is done by comparing 

outcomes for the policy with those for the baseline case where fishing access is 

not restricted 

6.6 Results 

The simulation of the baseline model is presented first. Effects from various strategies 

are then compared to the baseline results. 

6.6.1 Simulation of baseline model 

The simulated number of trips to sites for the baseline case without management change 

is shown in Figure 6.2. 
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Figure 6.2. Simulated numbers of recreational fishing trips in a year. 

 

Based on the simulation, the most popular sites among anglers are Pulau Agas, Pulau 

Payong and Pulau Nipis. These islands are three among the nine islands of PSSP, and are 

nearest to the mainland jetty which is the entry point for all anglers. Pulau Jarak and Pulau 

Pangkor attract the least number of anglers which is consistent with the number of anglers 

who visited these sites in our survey. Referring to our site choice model, Pulau Jarak does 

not attract many anglers due to its higher travel costs while Pulau Pangkor has a lower 

number of targeted and non-targeted fish compared to other sites. 

The simulated changes in coral cover, piscivorous fish biomass and the biomass of other 

functional groups in the baseline model are stable over 20 years. Changes in the 

biophysical attributes and welfare loss/ gain from various management strategies are 

presented and compared with the baseline model in following sections. We focused on 

the impact of various policies to a number of indicators including number of trips, fish 

catch/ fish harvests, piscivorous fish biomasses, and welfare changes. 

6.6.2 Effects of various site closure policies 

Table 6.6 lists the policy options related to the site closure. 
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Table 6.6. Policy options related to site closure for 12 study sites 
  Site closure 

P
ol

ic
y 

Closure 
strategy 
(S=site, 

M=months) 

Apr May Jun Jul Aug Sept Oct Nov Dec Jan Feb Mar 

P1 Baseline None 
P2 S1-3 Site 1-3 
P3 S1-9 Site 1-9 
P4 S11 Site 11 
P5 S1-9,11 Site 1-9 and 11 
P6 3S/4M Site 1-3 Site 4-6 Site 7-9 
P7 3S/3M Site 1-3 Site 4-6 Site 7-9 Site 11 
P8 9S/6M Site 1-9 None 
P9 9S/6M, 

1S/6M 
Site 1-9 Site 11 

 

The first policy in the Table 6.6 refers to the baseline policy where all sites are open to 

anglers. The second policy is to close Pulau Agas, Pulau Payong and Pulau Nipis (S1-3). 

This policy was actually proposed by local fishermen in PSSP. The third policy is to close 

the whole 9 islands of PSSP and is the actual policy proposed for PSSP. The fourth policy 

is to close Pulau Jarak instead of PSSP. This policy is considered since we found that 

anglers would prefer to close Pulau Jarak rather than PSSP (see Chapter 5). The baseline 

is also compared to the simulations when all 9 islands of PSSP and also Pulau Jarak are 

closed (Policy 5, S1-9, 11). This policy is considered to represent the most stringent 

policy for the anglers in terms of size of closed area.  

Policy 6 to policy 9 represent temporal closures. Policy 6 and 7 varies groups of sites to 

be closed every three and four months, respectively. Policies 8 and 9 vary the sites closed 

for a six month period. These temporal closures are not known to be implemented in other 

marine parks in Malaysia, but have been used in other similar ecosystems including in 

Phi Phi Island in Thailand (Tourism Authority of Thailand Newsroom, 2018). The effects 

of these various site closure strategies are illustrated in Figures 6.2-6.7 and Tables 6.8 

and 6.9. 

6.6.2 (a) Number of fishing trips in a year 
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Figure 6.3 demonstrates changes in the number of fishing trips to different sites depending 

on which sites are permanently closed. In this figure, the number of trips from the baseline 

model are compared to 4 other different policies (Policy 2 – 5).  

 
Figure 6.3. Simulated number of trips to different sites and number of sites closed 

 

Based on Figure 6.3, it is shown that the total number of fishing trips remain the same 

with the change in site closure policies. Although the modelling approach could easily 

accommodate conditions where the total demand for fishing (or total number of trips to 

the region)  varies in reaction to management changes, the data collected from the survey 

did not allow us to build such a trip demand model. However, we would expect that 

closing some sites will not only redistribute fishing effort but will also dissuade some 

anglers from making any trip. Therefore, the results on the number of trips assumed that 

all anglers are still making their trips to the area despite policy changes. This may not be 

realistic and the discussion here will focus the distribution effects of policy changes and 

their consequences.  
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 The number of trips in the baseline (no closure) are distributed quite evenly except for 

Pulau Jarak and Pulau Pangkor which are simulated to receive very few anglers compared 

to other sites. After 3 sites are closed (S1-3), the number of trips are distributed quite 

evenly among the open sites, again with the exception of Pulau Jarak and Pulau Pangkor. 

If only Pulau Jarak is closed (S11), the number of trips will be redistributed to mostly 

Pulau Agas, Pulau Payong and Pulau Nipis, and evenly to other open sites excluding 

Pulau Pangkor. When 9 sites (S1-9) or 10 sites (S1-9, S11) are closed in the simulation, 

the most affected site will be Pulau Tukun Perak where nearly all of the fishing effort is 

redirected. In these scenarios, the anglers only have a choice between Pulau Tukun Perak 

and Pulau Pangkor, and Pulau Jarak when it is not closed, with the latter sites being 

relatively unattractive to the anglers according to the simulation results. 

Figure 6.4 illustrates the impact of temporal site closure. The baseline was compared to 

4 temporal site closure policies. They were: (1) closing 3 different sites every 4 months; 

(2) closing 3 different sites for every 3 months; (3) closing all 9 islands of PSSP for 6 

months in a year; and (4) closing all 9 islands of PSSP for the first 6 months and closing 

Pulau Jarak for the other 6 months of the year. 
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Figure 6.4. Simulated number of trips with various temporal closure policies 

 

The impact of temporal closures on the number of trips (Figure 6.4) is similar to the 

permanent spatial site closure policies (Figure 6.3). The total number of trips to all sites 

is indifferent due to the lack of the model to illustrate this. However, looking at the 

redistribution effect, the first three islands of PSSP that include Pulau Agas, Pulau Payong 

and Pulau Nipis received most of the redistribution effects compared to other islands 

while Pulau Pangkor and Pulau Jarak that are least affected when they are open. 

6.6.2 (b) Targeted and non-targeted fish catch 

Fish catch is the indicator of the physical outputs of policy changes to anglers. Increasing 

fish catch at a site, for example, by increased number of fishing trips to the site, will affect 

its fish stock and thus the dynamic of the whole ecosystem. Figure 6.5 and Figure 6.6 

illustrate the percentage of targeted and non-targeted fish catch between the 12 sites 

following site closure policies. 

Figure 6.5 and 6.6 show that the impact of various site closure policies on both targeted 

and non-targeted fish catch have similar patterns. By closing some sites, the fish catch at 
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open sites will increase.  The percentage increase will be very high when several or many 

sites are closed such as in Policy 3 and Policy 5: the fish catch in Pulau Tukun Perak 

increases to more than 80% of total catch in Policy 3 and nearly 100% in Policy 5. 

Although Pulau Pangkor is also open and available in both policies, the fish catch does 

not increase at the site because it is not an attractive site to anglers. 
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Figure 6.5. Percentage of targeted fish catch among 12 sites under different policy scenarios 
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Figure 6.6. Percentage of non-targeted fish catch among 12 sites under different policy scenarios
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6.6.2 (c) Piscivorous fish biomasses 

Piscivorous fish biomass is the indicator used to evaluate the benefits of a closure 

strategies. Benefits on the biophysical aspects following management changes is expected 

to take some time to be realised (Russ et al., 2004). Table 6.7 depicts the simulated 

piscivorous fish biomasses in the final or 20th year after management change. 

Table 6.7. Piscivorous fish biomasses (kg km-2) following site closure strategies 
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1 Baseline 807 807 808 811 811 811 811 811 812 744 3598 820 

2 S1-3 820 820 820 806 806 806 805 806 806 739 3598 820 

3 S1-9 820 820 820 820 820 820 820 820 820 667 3591 817 

4 S11 807 807 807 811 811 811 811 811 811 744 3599 820 

5 S1-9,11 820 820 820 820 820 820 820 820 820 666 3599 817 

6 3S/4M 808 809 808 811 810 811 812 812 812 740 3598 820 

7 3S/3M 809 809 809 811 811 811 810 811 810 742 3598 819 

8 9S/6M 813 813 813 815 815 815 815 815 816 707 3595 818 

9 9S/6M, 
1S/6M 

813 813 813 815 815 815 815 815 816 707 3595 818 

 

Based on Table 6.7, Policy 2 and 3 will increase piscivorous fish biomass by 1.6% at the 

closed sites. Open sites will not be affected much (reduced by 0.7% at most), except for 

Pulau Tukun Perak under Policy 3  where biomass on the island is reduced by 10% as the 

island receives the majority of the redistributed fishing effort (see section 6.6.2a). Policy 

3 and Policy 5 increase the piscivorous fish biomass the most for closed sites. Closing 

only Pulau Jarak (Policy 4) will not change the piscivorous fish biomass at other sites and 

will lead to only a slight increase at the island itself, because the island does not attract 

many anglers under any scenario, including the baseline. That is, the closure of Pulau 

Jarak is not ecologically beneficial under current circumstances. 
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For temporal closures, Policies 6 and 7, where the policy varies the group of islands to be 

closed throughout the year, do not affect the piscivorous fish biomass much including at 

Pulau Tukun Perak where piscivorous fish biomass is reduced by less than 0.1%. 

However, if all nine islands of PSSP are closed for a period of 6 months (Policy 8), the 

biomass of piscivorous fish will improve at all closed sites, and deteriorate a little in the 

less commonly visited (currently) fishing sites such as Pulau Jarak (reduced by 0.5%) and 

Pulau Pangkor (reduced by 0.2%). Biomass of piscivorous fish reduces the most at Pulau 

Tukun Perak by 5%. A more stringent policy to close all 9 islands of PSSP and Pulau 

Jarak for six months each, with only Pulau Tukun Perak and Pulau Pangkor remaining 

open for the entire year (Policy 9), will have same effect as Policy 8. 

In summary, because of the redistribution effect, the closure of sites will have an effect 

on the biomass of piscivorous fish in the open sites. However, for the policy alternatives 

considered, the most affected site is always Pulau Tukun Perak (with highest reduction 

of 10% in Policy 3 and 5) while Pulau Jarak and Pulau Pangkor will not be affected much 

as they receive the least redistribution effect. 

 6.6.2 (d) Welfare changes 

The welfare change considers the change in utility of recreational anglers following a site 

closure. The result is based on the average (over 20 years) of welfare loss per anglers per 

year for each policy (Figure 6.7). The unit for the welfare loss in Figure 6.7 is cost of 

access to the site over biomass. 
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Figure 6.7. Average welfare loss of anglers over various site closure strategies 

 

Angler’s welfare loss from Policy 2 (S1-3) which closes the 3 most popular islands in the 

PSSP is simulated to be RM15.40 per visitor. Closing the whole nine islands of the PSSP 

(Policy 3, S1-9) constitutes a welfare loss of RM77.13 per visitor. Closing an additional 

site, Pulau Jarak, only added a little to the welfare loss, increasing it to RM77.57 per 

visitor (Policy 5, S1-9,11). Closing only Pulau Jarak (Policy 4, S11) does not cause 

significant losses in welfare. 

As for the temporal closure policies, closing three islands at a time under Policy 6 and 7 

(3S/4M & 3S/3M) contributes to a welfare loss of RM11.40 and RM7.43 per visitor, 

respectively. Closing all 9 islands for only 6 months instead of the whole year (Policy 8, 

9S/6M) will reduce the welfare loss to RM36.8, nearly half of the welfare loss from policy 

3 where these islands are closed for the whole year. 

6.6.2 (e) Biomass gains versus welfare loss 

It is important to quantify the relationship between the socioeconomic and biophysical 

impacts of the alternative management strategies to understand the trade-offs between 
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both aspects. One indicator of this relationship is the biomass gains of piscivorous fish 

relative to the welfare losses experienced by recreational anglers. Figure 6.8 shows the 

relative biomass gains over welfare loss from various site closure strategies. 

 
Figure 6.8. Piscivorous fish biomass gains relative to welfare loss of recreational 

anglers from various site closure strategies 
 

Based on Figure 6.8, the worst policy to be implemented when we consider both biomass 

gains and welfare loss is Policy 3 (S1-9) as the strategy did not contribute to a biomass 

gain while causing a high welfare loss. Possibly more attractive strategies are Policy 8 

(9S/6M) and Policy 9 (9S/6M and 1S/6M) where the welfare losses are medium in 

magnitude while the biomass gains are the second highest.  

6.6.3 Effects of site access fee 

Beside spatial and temporal closure, introducing site access fee can also help manage the 

number of fishing trip and the amount of fish harvested, i.e., the whole dynamics of the 

ecosystem. For the simulation of impacts from site access fee, we used the value of site 

access to PSSP estimated from this study that is RM24 per trip as the fee. Table 6.8 lists 

the policy options related to the introduction of site access fee. 
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Table 6.8. Policy options related to the introduction of site access fee 
  Site access fee 

P
ol

ic
y 

Access fee 
strategy 
(S=site, 

M=months, 
F=fee) 

Ja
n

 

F
eb

 

M
ar

 

A
p

r 

M
ay

 

Ju
n 

Ju
l 

A
u

g 

S
ep

t 

O
ct

 

N
ov

 

D
ec

 

P1 Baseline None 
P10 S1-9 (F) Site 1-9 
P11 S1-3 (F) Site 1-3 
P12 S1-9/4M (F) None Site 1-9 None 

  

The first policy (P1) is the baseline policy where no site access fee is imposed at all sites. 

Policy 10 is to introduce the site access fee to those who go to any one of PSSP’s islands. 

Under Policy 11, only three of the most popular islands are protected with site access 

fees, and under Policy 12 site access fee is only imposed for four months over a year 

period. Figure 6.8-6.11 and Table 6.9 illustrate the impacts of introducing site access fee 

to the performance indicators. 

6.6.3 (a) Number of fishing trips in a year 

Figure 6.9 illustrates the number of fishing trips per year to 12 alternatives sites. From 

the figure, it is clear that the total number of fishing trips to the area remains unchanged. 

As discussed in section 6.6.2, this result is due to the lack of mechanism in the model for 

the different policies to change the total number of trips. Instead, only the redistribution 

effect is used to illustrate changes from management change. Under Policy 10, where all 

PSSP islands are protected with access fees, the number of trips to these sites are reduced; 

and this is mostly apparent in the three most popular islands (Pulau Agas, Pulau Payong 

and Pulau Nipis). When the top three islands are the only area with access fees (Policy 

11), the distribution of anglers are fairly distributed among other islands, except for Pulau 

Jarak and Pulau Pangkor. 
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Figure 6.9. Number of fishing trips to sites with and without site access fee 

 

6.6.3 (b) Piscivorous fish biomasses 

Table 6.9 depicts the simulated average piscivorous fish biomasses over 20 years of 

management change. The introduction of fees has caused positive impact to the 

piscivorous fish biomasses to all sites with access fees. The highest improvement of the 

piscivorous fish biomasses are to the most popular islands that is Pulau Agas, Pulau 

Payong, and Pulau Nipis in Policy 10 and Policy 11 (>0.62%). These positive outcomes 

depict the dynamics of piscivorous fish biomasses that is the reverse to the dynamic of 

fishing trip’s number. Introducing site access fee may reduce the number of anglers to the 

site, reducing fishing efforts and improve its biophysical quality. However, the reduced 

number of anglers to the sites means sites with no fees imposed will have to accommodate 

higher number of anglers. This spill-over impacts is clearly shown in the decreased 

biomass of piscivorous fish to Pulau Tukun Perak compared to other islands that still have 

no fees imposed, such as Pulau Jarak and Pulau Pangkor, but are not attractive alternatives 

to PSSP. The impact is more severe when the fees are imposed to many sites such as in 

Policy 10 when fish biomass in Pulau Tukun Perak is reduced by 1.21%. Policy 12 which 
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imposes access fee to all PSSP islands but only for four months has caused small positive 

impacts to all the PSSP islands. The reduction of fish biomass in Pulau Tukun Perak is 

also not very apparent. 

Table 6.9. Piscivorous fish biomasses (kg km-2) following site access fee strategies 
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1 Baseline 807 807 808 811 811 811 811 811 812 744 3598 820 

10 S1-9 (F) 814 814 814 816 811 811 811 811 811 735 3598 819 

11 S1-3 (F) 813 813 814 811 810 810 811 810 811 743 3598 820 

12 S1-9/4M 
(F) 

809 809 810 812 813 812 813 813 813 743 3598 820 

 

6.6.3 (c) Welfare changes 

Figure 6.10 illustrates welfare loss of anglers with an introduction of site access fee in 

PSSP. The figure indicates that the average loss in anglers’ welfare with site access fee 

imposed on all 9 PSSP’s islands are more than 100. The higher number of sites with 

access fees reduced the number of site options to the anglers, thus reducing their utility. 

Imposing site access fee to top three sites or imposing site access fee to all nine sites for 

only 4 months will reduce the welfare of anglers at similar levels. Comparison between 

the three policies on site access fee and the welfare loss reveals that they are not very 

different. If welfare of anglers are a priority, policies that contribute to the lowest welfare 

loss should be chosen as the preferred options. However, it is always important to 

investigate if the strategy is also effective in improving the biophysical attributes. 
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Figure 6.10. Average welfare loss of anglers with site access fee imposed 

 

6.6.3 (d) Biomass gains versus welfare loss 

Figure 6.11 compares the impact of site access fees imposed on the PSSP. The biomass 

gains are the totals of piscivorous fish biomasses of all sites minus the total fish biomasses 

of all sites at baseline, all calculated as yearly averages.  

 
Figure 6.11.Piscivorous fish biomass gains relative to welfare loss of recreational 

anglers from various site access fees strategies 
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Based on Figure 6.11, it is shown that the Policy 11 (S1-3) where only the top three 

islands in PSSP are imposed with site access fees, is the best policy such that it contributes 

to the least welfare loss relative to biomass gain. Policy 12 (S1-9/4M) which imposes site 

access fee within a limited time frame contributes to a similar welfare loss rate but 

generates less biomass gain overall. The best and the worst policies are not very different 

from each other in terms of biomass gain relative to welfare loss.  

Besides considering site access fee in terms of number of affected sites or time frames 

over which access to sites attracts a fee, we also considered the effect of site access fees 

set at progressively higher levels (25%, 50% and 75% of site access value estimated in 

Chapter 5 (see 5.4.2 and Table 5.7)). We found that the changes in distribution of anglers 

between sites, fish catch in each site, and piscivorous fish biomasses, have the same 

pattern. The changes is only apparent in the case of Pulau Tukun Perak, which is one of 

the three sites without site access fee imposed. The other two sites with free access (Pulau 

Jarak and Pulau Pangkor) are not affected with changing policies. As anticipated, the 

changes are more obvious when the site access fee are highest (75% of site access value 

estimated). 

6.6.4 Effects of bag limit policies 

Bag limit strategy refers to a strategy where the authority puts a limit on the number of 

fish allowed to be taken in the protected site. In the model, the number of fish to be 

allowed are considered as the expected catch rate. Table 6.10 lists the policy options 

related to the bag limit strategy. 
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Table 6.10. Policy options related to bag limit strategy 

P
ol

ic
y 

Bag limit strategy  
(S=site, 

 TFMax = Maximum targeted fish, 
NTF = non-targeted fish) 

P1 Baseline None 
P13 TFMax 3 Maximum targeted fish allowed to be caught equals 3 
P14 TFMax 2 Maximum targeted fish allowed to be caught equals 2 
P15 TFMax 1, NTFMax 2 Maximum targeted fish allowed to be caught equals 1 

while maximum non-targeted fish allowed to be caught 
equals 2 

 

6.6.4 (a) Number of fishing trip in a year 

Figure 6.12 illustrates the distribution of anglers following a bag limit strategy. As 

discussed in sections 6.6.2 and 6.6.3, the model does not have a mechanism to capture 

the impact of imposing bag limit strategy on the total number of trips, and the focus is 

thus on the distribution of visitors between sites and the consequences of the 

redistribution. The distribution of visitors across sites changes only slightly as the bag 

limits are made more stringent, with visits to sites Pulau Agas, Pulau Payong and Pulau 

Lalang declining and those to site Pulau Perak increasing. But the bag limit is a direct 

instrument and the absence of significant changes in the distribution of fishing effort does 

not mean the policy is ineffective. Although trips to protected sites are not reduced 

significantly, the strategy will have impact on other aspects since the number of fish 

caught in each fishing trip is now controlled. 
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Figure 6.12. Simulated number of fishing trips over few bag limit strategy 

 

6.6.4 (b) Targeted and non-targeted fish catch 

Figure 6.13 and 6.14 illustrate the distribution of fish harvests between sites if the bag 

limit strategies are in place. Based on both figures, it is shown that limiting the number 

of targeted fish to 3 or 2 fish per angler has little effect on the distribution of anglers 

(Policy 13 and 14). The distribution of anglers are clearly changed only when the number 

of targeted fish allowed to be fished is limited to one and the number of non-targeted fish 

to two (Policy 15). 
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Figure 6.13. Percentage of targeted fish catch among 12 sites under different bag limit 
policies 
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Figure 6.14. Percentage of non-targeted fish catch among 12 sites under different bag 
limit policies 
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6.6.4 (c) Piscivorous fish biomasses 

Although the number of fishing trips to target sites are not greatly changed by bag limits, 

the benefits in controlling fish harvest is expected to contribute to an improved 

biophysical aspects including piscivorous fish biomasses. Table 6.11 shows the simulated 

piscivorous fish biomasses following bag limit policies in comparison to the baseline. 

Policies with bag limits of 3 and 2 on targeted or piscivorous fish (P13 and P14) have 

limited effect on biomass. However, setting bag limits at 1 for targeted (piscivorous fish) 

and 2 for non-targeted (herbivorous fish) increases biomass substantially.  The increases 

in biomass are not as high as those obtained from closing target sites (Policies 2, 3 and 5 

as shown in Table 6.9) but are higher than those achieved across all other policies. There 

are also other aspects that make the bag limit strategies interesting as discussed below in 

relation to welfare changes.  

Table 6.11. Piscivorous fish biomasses (kg km-2) following bag limit strategies 

P
O

L
IC

Y
 

 

P
u

la
u

 
A

ga
s 

P
u

la
u

 
P

ay
on

g 

P
u

la
u

 
N

ip
is

 

P
u

la
u

 
R

u
m

bi
a 

P
u

la
u

 
L

al
an

g 

P
u

la
u

 
Sa

ga
 

P
u

la
u

 
B

u
lo

h
 

B
at

u 
P

u
ti

h
 

B
at

u 
H

it
am

 

P
.T

uk
u

n
 

P
er

ak
 

P
u

la
u

 
Ja

ra
k 

P
u

la
u

 
P

an
gk

or
 

P1 Baseline 807 807 808 811 811 811 811 811 812 744 3598 820 
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P15 
TFMax 1, 
NTFMax 2 

815 815 815 816 816 816 816 816 817 743 3598 820 

 

6.6.4 (d) Welfare changes 

The simulation of welfare changes following bag limit strategy is important as it is 

anticipated that reducing fish catch of anglers will reduce their welfare (Figure 6.15). 

However, based on our simulation, the welfare loss of anglers are almost zero if they are 

only allowed to catch up to three targeted fish with no restrictions on non-targeted fish 
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(Policy 13). This means the bag limit of 3 fish is not limiting to most anglers and thus 

does not reduce expected utility significantly. With the limit on target fish reduced to 2, 

welfare losses increase but these are still well below those associated with closure 

strategies. Only when number of non-targeted fish allowed to be caught is also limited to 

two and targeted fish to 1 (Policy 15), the welfare loss is obvious but still well below 

those associated with closure strategies (shown Figure 6.10). The welfare losses from this 

policy are on average about RM7 per visitor per year.  

 
Figure 6.15. Average welfare loss of anglers with bag limit strategy imposed 

 

The welfare losses could be compared to biomass gains for the target fish (piscivorous 

fish). If the focus is on protected sites, the gain in biomass resulting from Policy 15 is 

lower than the closure sites covering all target sites (Policies 3 and 5). The biomass gain 

is roughly half of that obtained with the closure strategies. But this does not tell the whole 

story. First, if we compare the cost of achieving this gain (welfare losses), then bag limits 

are more effective with the cost of achieving biomass under the bag limit policy (Policy 

15) being less than a fifth of the cost under the closure strategies (Polices 3 and 5). Second, 

closure strategies redistribute effort and, if we look at the overall biomass gains across all 
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sites, the gains in P biomass are much smaller than those obtained in the protected sites. 

With bag limits, the spillover effects are not very high. Under Policy 15, the piscivore 

fish biomass gain across all sites is similar to the gain across protected sites as the 

spillover effects are limited. As a result, the cost of biomass increase is lowest for the bag 

limit policies whether the focus is on protected sites or all sites. See Figure 6.16. 

 
Figure 6.16. Comparison of effectiveness of closure and bag limit strategies 

 

6.7 Chapter summary 

In summary, this chapter explains the development and the application of integrated 

economic and biophysical model to evaluate proposed and alternative management 

strategies for Pulau Sembilan State Park (PSSP). Extracting information from previous 

chapters, this chapter integrates the information and provides policy relevant results under 

different management strategies.  
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The effectiveness of each strategy has been evaluated based on the biophysical and 

socioeconomic indicators as the performance measures. From strategy simulations, the 

strategy that includes closing 9 sites continuously for 6 months is performing better than 

switching closed sites every four months for the same 9 sites, or closing only 3 sites for 

the entire year. The simulation results also suggest that imposing site access fee to sites 

may improve the biophysical condition of the area through decreasing number of trips 

but our simulation results show that the fees would have to be high. Bag limit strategy is 

found to be ineffective if the bag limits are high (3 for targeted fish) but not if the bag 

limits are low or more restrictive (e.g. 1 for targeted fish). One important note from the 

results that should be highlighted is that the benefits to some sites following a 

management change may cost other sites without management changes because of 

spillover effects. This redistribution effect should be further considered to avoid 

unintended consequences. If those redistribution effects are considered, stringent bag 

limit strategies are found to be more effective at increasing fish biomass across both 

protected and other sites. Further, the overall biomass gain from stringent bag limit 

strategies might not be as high as those obtained from complete closure of target sites; 

however, bag limits are found to impose relatively lower welfare losses, making these 

strategies the most cost effective. 

Overall, the study has shown that the application of integrated economic and biophysical 

model can be an important tool to reflect on the simultaneous impact on resources and on 

welfare of the different management strategies considered. 
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7.1 Introduction 

One major objective in establishing a marine protected area is to protect the ecological 

importance of the area. An obvious approach for ecological protection is to prohibit 

extractive uses in the area. However, prohibiting extraction by users who have historically 

had access to the resources has implications for the users’ welfare. We developed an 

empirically-based integrated economic and biophysical model to evaluate management 

strategy choices for a marine protected area. This model provides an important tool to 

weigh the effectiveness of alternative strategies based on both socioeconomic and 

biophysical indicators. The State Government of Perak is currently reviewing potential 

management strategies for the Pulau Sembilan State Park (PSSP) to find the most 

effective approach for the park management. PSSP is temporarily closed to let the area 

rejuvenate following a rapid increase in tourist numbers associated with the shining 

purple plankton event in 2017 (Yeap, 2017). Ironically, the historical conversation about 

whether closure of the park would be required as a management strategy was in relation 

to extractive fishing activities, and not the recent plankton-related ecotourism activities 

that lead to a decline in the biophysical condition of the park. Indeed, when PSSP was 

first established as a protected area, ecotourism had been flagged as a potential activity 

that should be promoted to offset the economic losses if the area was to be closed to 

fishing (REFs).  The degradation from the influx of tourists makes the effectiveness of a 

management strategy that favours ecotourism over extractive activities questionable, and 

highlights the need to consider how this compares to alternative strategies.  

This study evaluated various management strategies that include: (1) business-as-usual 

as the baseline, when the area is open to all users; (2) total closure to fishing activities, as 

proposed by the state government; (3) various temporal/ seasonal closures to extractive 

users; (4) site access fees for different sites; and (5) several bag limit strategies. These 
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management strategies are then compared based on their anticipated impacts in terms of 

the biophysical conditions in the area, including changes in fish abundance over time, and 

also the socioeconomic aspects that include welfare changes of the park users. 

The chapter is organized as follows. Section 7.2 provides a review of the significance and 

novelty of this study. This is followed by a summary of the key findings of the various 

stages of analysis, including a desktop study/review, analysis of site preferences and 

satisfaction, non-market valuation study of recreational anglers, and the integrated 

economic and biophysical model (Section 7.3). Section 7.4 discusses the policy 

implications resulting from the findings, with limitations of the study and makes 

recommendations for further research outlined in section 7.5. The chapter ends with a 

conclusion for the whole thesis. 

7.2 Research significance and novelty 

Malaysia aims to transform 10% of its marine area into marine parks by the year 2020. 

The primary strategy adopted in Malaysian marine parks is to prohibit extractive fishing 

while encouraging ecotourism activities. We argue that this may not be an effective 

strategy for all marine protected areas. We suggest that there are other strategies that can 

be effective for marine protected areas with multiple stakeholders; where some 

stakeholders rely heavily on the marine resources for their livelihood such as in Pulau 

Sembilan. The Pulau Sembilan State Park (PSSP) is a recently designated marine 

protected area which has flexibility in the strategies that could be used to manage the 

ecological condition of the area. As such, PSSP is a useful case study to explore 

alternative strategies.   

We believe that the current management preference to close areas from extractive 

activities in Malaysian marine parks is not based on adequate assessment of the benefits 
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of the strategy (Teh et al., 2012). Further, most of the studies that have assessed the 

benefits do not consider the complex feedback between socioeconomic and biophysical 

aspects of the strategy. The application of an integrated economic and biophysical model 

in this study contributes valuable inputs to the management of PSSP and Malaysia in 

general. This evaluation study is novel in several ways. 

 This study is believed to be the first study that applied an integrated economic and 

biophysical model in exploring the impact of management changes to a group of 

islands that is a unique feature of MPAs in Malaysia. 

 The various management strategies evaluated in this study, including spatial and 

temporal closure, are not known to be explored and considered as a strategy to be 

implemented in any marine protected area in the country.  

 This study is the first study in Malaysia that focuses on the impact of recreational 

fishing to a marine ecosystem. Studies on recreational fishing are not common in 

Malaysia although it is a major activity in some marine areas. 

The research project addresses issues that have not been explored in relation to PSSP and 

other marine areas in Malaysia, and makes a substantial contribution towards generating 

information that is a key to improved management of these areas. 

7.3 Main findings 

In order to systematically discuss the findings of the study, the main results are presented 

based on the objectives listed in Chapter 1 in sequential order. 

Objective 1: To assess the effectiveness of management strategies in MPAs based on 

scientific literature, with emphasis on countries in Southeast Asia (SEA)   
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Finding 1: The authorities of marine protected areas (MPA) should place a strong 

emphasis on gaining support and cooperation from stakeholders to ensure successful 

implementation and management of the MPA 

There are various studies available that assess the effectiveness of management strategies 

in Marine Protected Areas (MPAs) around SEA. These studies provide a basis for 

learning and reflecting on the past experiences, which then have been applied to inform 

management of Pulau Sembilan State Park (PSSP). After assessing various studies on the 

marine resource management strategies in SEA, it is apparent that certain strategies are 

effective in some areas but not in others. However, some important lessons are learned 

from these strategies, which are generally applicable to all areas, including PSSP. Among 

those lessons, gaining support and cooperation from the local stakeholders is vitally 

important to ensure the management success. For example, the proposed plan to close 

PSSP from extractive fishing activities should consider the fishing communities’ opinion 

and reaction. Without considering the socioeconomic impact of a closure strategy, the 

biological benefits may not be realised.  

The positive biological impact from a closing strategy may take some time to be realised, 

thus an estimation of economic benefits from the closing strategy is important to convince 

stakeholders to offer their support for such a strategy. It is equally important that welfare 

changes are considered in decision making to give assurance to those at loss that their 

welfare will be taken care of. An effort to provide alternative livelihoods and 

opportunities to change could enhance local support. It may also be beneficial if the 

authority starts a participatory and inclusive process by  including locals in management 

and decision making of the state park. 

Objective 2: To analyse biophysical aspects of PSSP and understand how they affect the 

satisfaction and preferences of users in choosing sites to fish or recreate. 
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This study attempts to understand the significance of biophysical attributes in PSSP and 

its surrounding areas by asking about the reasons why users chose a site to fish or recreate, 

and their satisfaction regarding various attributes at the chosen site (Chapter 4). The 

information that is discussed in the following findings (Finding 2 and 3) aims to predict 

how PSSP users would react to management changes.  

Finding 2: The chance of catching fish is the most important reason for anglers in 

choosing a fishing site, while cost and time are also key determining factors for anglers 

in choosing PSSP over other alternative sites.  

The most important reasons that caused recreational anglers to choose either PSSP or 

Pulau Jarak as the place to fish at was the ‘Probability to catch fish’. Although it was 

found that the number of fish caught in Pulau Jarak was always higher (Table 4.8), the 

number of angler respondents visiting Pulau Jarak was fewer than PSSP suggesting that 

other factors prevent many anglers from going to Pulau Jarak. This was explained by 

observing that anglers who visited PSSP placed high importance on the cost and time of 

the trip to the site, indicating that cheaper and shorter trips were also important factors in 

determining site choice. Meanwhile, those going to Pulau Jarak considered that isolation 

was also an important reason attracting them to choose that site rather than PSSP. This is 

also in accordance with the fact that Pulau Jarak is further offshore.  

This finding suggests that if the current temporary closure of PSSP is made permanent 

the affected users will be those who are concerned about the costs of travel and time taken 

to arrive at the site. This  raises a question about whether PSSP’s displaced anglers would 

be willing to travel further at a higher cost or choose to stop their fishing activity. If 

PSSP’s anglers decided to travel further, the Pulau Jarak anglers may also be affected by 

the increased number of users given the redistribution effect. The welfare of PSSP’s 
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anglers will be negatively affected by the increased costs, as will the welfare of those who 

value the isolation of Pulau Jarak.  

With respect to anglers’ satisfaction, anglers who visited PSSP were most satisfied with 

the diversity, number and size of fish, while those who visited Pulau Jarak were most 

satisfied with the scenery, and the number and size of fish. This is in accordance with the 

catch rate of fish recorded from the survey where more types of fish can be found in PSSP 

as compared to Pulau Jarak (Table 4.8). This important attribute of PSSP, that is the 

diversified fish species, means that if PSSP is closed, anglers may have to go further to 

Pulau Jarak, with higher cost and time, but with less diversity of fish. Therefore, the 

welfare changes by closing PSSP to the anglers will include reduction in their fishing 

experience, i.e. fishing in less biodiverse (fish) environment. 

Finding 3: Satisfaction with site-attributes and reasons for site-choice are similar for non-

recreational users of PSSP and of alternative sites.  

The reasons that attracted non-fishing recreational users to PSSP were similar to the 

reasons of those choosing to recreate at Pulau Pangkor. Respondents from both islands 

felt that availability of accommodation was the most important reason that attracted them 

to recreate at PSSP and Pulau Pangkor. This was followed by the scenery and the travel 

time. The least important reason for them was the probability to see unique species, 

possibly because both islands are not known to host unique species. 

Satisfaction scores of other attributes of both islands show that the satisfaction of PSSP’s 

and Pulau Pangkor’s non-fishing recreational users are not hugely different. From this 

observation, we can say that there is not much difference between PSSP’s and Pulau 

Pangkor’s non-fishing recreational users with respect to satisfaction for each location. 
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This may indicate that local authorities need not encourage more tourism activities in 

PSSP if they are serious about protecting the area.   

Findings 2 and 3 suggest that, from a social welfare perspective, total closure to fishing 

activities and promotion of ecotourism is not likely to be a preferred management strategy 

for PSSP. Although there may be a problem over time if the fishing activities continue, 

there is no strong evidence that the local fishers are experiencing depleted harvests 

according to data on fish landings of the area (Department of Fisheries, 2017). If PSSP is 

to remain closed, fishers are likely to go to the open sites nearby. This may result in 

negative outcomes for the broader ecosystem with fishing pressure becoming more 

concentrated in the open areas. Further, while one of the objectives of establishing PSSP 

as a marine protected area was to increase tourism prospects, this doesn’t seem to have 

been an important addition to the existing and ample tourism opportunities in the region, 

especially from nearby Pulau Pangkor. Non-fishing recreational users seem to value 

having a nice place to stay with nice scenery, which are not clearly different between the 

state park and other alternative sites in the region.  

In summary, the observations of the reasons for site choice and satisfaction with different 

sites suggest that if the PSSP were to be closed from extractive activities, and tourism 

encouraged, the gain in utility for non-fishing recreational users is unlikely to offset the 

lost utility of anglers who currently use PSSP.  

Objective 3: To estimate the values that recreational anglers attach to different sites and 

site attributes.  

Finding 4: Recreational anglers valued PSSP higher than they valued Pulau Jarak as a site 

to fish. 
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The site choice model developed in Chapter 5 shows that recreational anglers are willing 

to pay RM6.75 (USD1.72) to get one extra targeted fish and RM1.92 (USD0.49) for one 

extra non-targeted fish. When multiplied to the average number of fish usually caught by 

one recreational angler in a trip and aggregated by the number of anglers in a year, these 

values are substantial, reaching RM 1,158,874 for targeted fish, and RM 187,359 for non-

targeted fish.  

If PSSP or Pulau Jarak were to be closed to extractive activities, the welfare loss for 

recreational anglers would be RM24.27 or RM3.64 per trip, respectively. The welfare 

loss is higher - RM26.31 or RM5.36 - if we consider only the recreational angler 

respondents who actually conduct their fishing activities in either PSSP or Pulau Jarak, 

respectively. The higher site access value of PSSP as compared to Pulau Jarak is as 

expected as the travel cost to Pulau Jarak is much higher. As discussed above, the cost 

was identified as an important reason that prevented many recreational anglers in 

choosing Pulau Jarak relative to PSSP.  

Objective 4: To develop and apply the integrated economic and biophysical model to 

capture feedback between social and biophysical aspects in evaluating the proposed 

closing strategy. 

Finding 5: The closure of sites in PSSP does not necessarily reduce the total fishing effort, 

but only redistribute the effort to other open sites. 

When a marine ecosystem is protected from fishing activities, it aims to reduce the fishing 

effort to the ecosystem in order to improve fish stock. It is always proposed that the impact 

from site closure will also have some benefits to its neighbouring sites through spill-over 

of fish stocks (Apostolaki et al., 2002; Westera et al., 2003). Our model does not allow 

us to model the stock spillover effects. But it does allow us to model the fishing effort 
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redistribution. The simulation results indicate that the closure of some sites cause negative 

impact to the neighboring sites. The restriction will not stop the anglers from coming to 

the open sites nearby. This redistribution impact of a site closure strategy displace anglers 

effort to a smaller area and in a more concentrated manner (Agardy et al., 2011). The 

open sites will receive a bigger threat and with the increase in fish extraction rate, the 

biophysical quality of the sites can be jeopardized.  

Finding 6: Pulau Jarak and Pulau Pangkor are unaffected by the redistribution effect of 

site closure strategies 

From our simulations on site closure strategies, it was found that some of the sites will 

receive bigger impact than the others. What is apparent is that Pulau Jarak and Pulau 

Pangkor are unaffected by this redistribution effect. Although Pulau Jarak has the highest 

fish stocks of the 12 sites considered in the model, it does not attract anglers because of 

its location. On the other hand, although travel cost to visit Pulau Pangkor is the lowest 

of the 12 sites, it still does not attract anglers due to its low fish stocks.  

Finding 7: Closure of nine PSSP sites for a six month period is not less effective at jointly 

improving biophysical attributes and welfare than closing all nine sites for the whole year.  

It was anticipated that closing more sites for a longer time period will definitely yield a 

better biophysical outcomes. Closing all nine sites in PSSP for the whole year is not the 

best strategy for generating higher biomass of piscivorous fish. Compared to the less 

stringent policy that closes the same nine site for only 6 months, closing all sites for the 

whole year costs more in terms of welfare losses per unit gain in piscivore fish biomass. 

The results demonstrate the importance of considering feedback from the biophysical 

system in the evaluation studies of complex interactions and the importance of integrated 

modelling. 
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Finding 8: Introducing site access fee to the top three sites produces a higher total biomass 

gains relative to welfare loss, compared to imposing fees on all 9 target (for protection) 

sites. 

Imposing site access fee is done to control the number of anglers, reduce fish harvests 

and to finally improve the biophysical attributes of the area. It is logical to assume that  

more stringent strategies such as closing a higher number of sites will contribute to a 

better biophysical benefits even if it may reduce angler welfare at a higher level. 

However, this is not necessarily true as our simulations show. Imposing site access fee to 

three sites may perform better in improving the biomass of piscivorous fish with lower 

welfare loss.  

Finding 9: Putting bag limits on targeted and non-targeted fish allowed to be caught in 

PSSP is a very effective strategy for generating biomass increases at lower welfare loss 

costs. 

Bag limit strategies that we simulated from our integrated model were shown to not be 

effective in redistributing fishing effort across destinations. However, the bag limits are 

direct instruments. At less stringent levels, they have low effect on welfare and biomass. 

Limiting number of targeted fish to 3 or 2 does not cause any obvious change in the 

distribution of anglers between sites. However, when the limit on targeted fish was made 

stringent (one per fisher) and the limit on non-targeted fish was set to 2, biomass changes 

achieved are large and better than was achieved through most closure strategies. Further, 

these achievements come at lower welfare cost per unit. 

7.4 Policy implications 

Simulation of economic and biophysical changes can be a tool in helping the state 

government to assess on the strengths and weaknesses of management strategies. The 
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simulation model can facilitate consultation with stakeholders and help explain or defend 

government decisions. 

A major finding from the integrated model is that a permanent closure of PSSP to all 

users is not the optimal management strategy for improving biophysical condition or the 

welfare of the park’s users. The results suggest that there is no need to continue a complete 

closure of PSSP to all users after the area is rejuvenated following the current closure.  

Furthermore, while the State Government of Perak’s original concerns were that 

extraction of fish by anglers would be detrimental to the biophysical condition of PSSP, 

the purple algae event and subsequent influx of non-fishing recreational users proved to 

have a greater impact on its condition. The outfall of this event, in line with the results of 

this study which show non-fishing recreational users are equally satisfied with the  

alternative site to PSSP, suggest that the State Government of Perak need not encourage 

more ecotourism in PSSP.  

There is also no urgent need to close PSSP to fishers.  However, if PSSP is to be opened 

again, ongoing monitoring of ecosystem health and the number of fish is needed to see 

how these are changing over time and to analyse how any changes are likely to affect 

different user groups. 

If PSSP is to be closed from recreational fishing, the state government should find a way 

to compensate for the loss of social value if they want to gain support from recreational 

anglers  in maintaining such a strategy. This is where the economic valuation study can 

contribute to policy decision. Beside estimating the value for compensation, economic 

valuation study can inform policy makers the more important attributes to be protected. 

Instead of closing PSSP to extractive activities, we recommend that authorities consider 

other alternative management strategies that give consideration to economic welfare and 
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that could be more attractive to stakeholders and resource managers (Davis & Gartside, 

2001). Various management strategies evaluated in this study can be considered for a 

better management of PSSP. For example, temporal site closures may reduce fishing 

pressure to a site, with the reduced number of anglers over the corresponding closure 

period allowing the area to rejuvenate. This can increase fish stocks, later benefitting the 

anglers when they are able to return to fish at the site. It is then easier to convince anglers 

of the benefit of controlled fisheries. Bag limits could also be cost effective ways of 

increasing biomass without spillover effects. However, while bag limits improve 

efficiency without closing sites, enforcing bag limits can be more difficult in practice 

because of the higher monitoring and enforcement costs. 

7.5  Limitations and opportunities for further research 

In applying results from this study, one should be aware of its limitations. This section 

lists the limitations in this study and suggest the opportunities to extend this research and 

contribute further information to improve the management of marine areas such as PSSP. 

The first three limitations relate to the development of the site choice model. These 

limitations include: 

1. The study only compares anglers visiting PSSP and Pulau Jarak, and non-fishing 

recreational users visiting PSSP and Pulau Pangkor.    

One of the biggest constraints in making a strong conclusion about preferred site choice 

is the fact that the study only considers two site alternatives for anglers and two site 

alternatives for non-fishing recreational users. Realistically, potential users may not make 

a choice only between two sites, but between several. However, the data collected by the 

survey meant that this restriction on site choice was necessary. Initially, the intention was 

to compare the site choice of users to 12 different islands which includes nine islands 
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within PSSP, and three nearby islands, namely, Pulau Jarak, Pulau Pangkor, and Pulau 

Tukun Perak. However, the low number of respondents visiting some of these sites, and 

the inability of most respondents in identifying the site they went to (especially between 

the nine islands of PSSP), made it difficult to distinguish site choice at this detailed scale. 

2. The study only develops site choice models for recreational anglers and did not 

include other stakeholders, including local fishermen and non-fishing recreational 

users.  

The inclusion of more site options is important in developing a comprehensive site choice 

model, along with the inclusion of all stakeholders of the area. However, we did not 

develop a site choice model for local fishermen as the site choice model is aimed at 

estimating non-market values of users, whereas the value of PSSP to local fishermen 

relates to profits from market transactions. A site choice model is a relevant approach to 

estimate the non-market values of non-fishing recreational users. However, of the 

respondents who participated in our survey, there were very few non-fishing recreational 

users who visited sites other than Pulau Pangkor – an insufficient number to detect any 

statistical representation of understanding site choice.  While the inclusion of the market 

values of fishermen and non-market values of non-fishing recreational users would be 

interesting, these elements were less important to consider for the integrated model 

compared to the site choice model of anglers. Understanding anglers’ site choice was 

critical to connect the economic and biophysical aspects of the area through the 

relationship between fish catch (from the site choice model) and fish stock (from the 

biophysical model).      

3. The number of variables included in site choice model of anglers are limited 

The site choice model only includes cost and expected catch rate of targeted and non-

targeted fish to explain site choice of anglers. The expected catch rate variable represents 
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the site attributes of fish stock for both targeted and non-targeted fish. The number of 

variables or attributes included was limited due to the low variations of those variables 

across sites visited by respondents; therefore, it was necessary to group the islands within 

PSSP and omitting some individual sites from the site choice model. In reality, there can 

possibly be other factors that explain how anglers make their site choice. The exclusion 

of these variables may affect the attributes and site access values estimated by the model. 

It may then affect the estimation of the integrated economic and biophysical model that 

is subjected to the site choice equation.    

Limitations 1-3 are associated with the lack of heterogeneity in sites visited in the survey 

data, which prevents a wider coverage of sites and attributes to be included in the site 

choice model. Surveying more respondents and having a good representation of 

respondents from each site is important for improved future research. There was an issue 

in this study when many respondents were unable to name the site they visited. Future 

studies should consider interacting with respondents before and after their fishing trip to 

let them know of what is needed in the survey. In addition, with a larger and more 

representative sample, small sample problems can be resolved and the models estimated 

can be more general. 

The integrated model could be extended to cover more stakeholders such as fishermen 

and non-fishing recreational users. These users may have different objectives than those 

of recreational anglers, in terms of how they would like to see PSSP managed to derive 

value from the park. Including the harvest potential for fishermen and a site choice model 

of non-fishing recreational users in the integrated model would provide a more 

comprehensive understanding of optimal management for PSSP, beyond the key 

considerations of only anglers and biophysical conditions. 
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Other limitations of the study relate to the development of the biophysical model and thus 

the development of the integrated model. 

4. The inclusion of only five functional groups to describe interspecies relationships 

in PSSP. 

Only five functional groups were considered in the biophysical model. However, some 

other functional groups in PSSP that are excluded could be crucial to the ecosystem 

dynamic. For instance, based on the biophysical background study of PSSP (Chapter 3), 

the number of sponges in PSSP is relatively higher than the national average. However, 

this group of species was not included as it was not modelled in the adapted model from 

Fung (2009). The relationships of the functional group in the ecosystem is beyond our 

knowledge.  

5. Various assumptions were made in determining the parameters and initial values 

for variables.   

Certain assumptions were necessary in developing the integrated economic and 

biophysical model. First, we assumed that the values of the biophysical parameters in 

PSSP were within the ranges provided by Fung (2009), whose parameter estimations were 

based on other studies available worldwide and not specifically on the West Coast  of 

Peninsular Malaysia. Second, the initial values feeding into the integrated model were 

also estimated from a limited number of available studies in Malaysia with assumptions 

that the data were representative. A caveat of small evidence-base applies to generalise 

the findings because the available evidence-base may not provide an accurate 

representation of the condition of the area surrounding PSSP. 

6. The integrated model lacks a trip demand model 
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One of major shortcomings of the study is that the total fishing effort does not change 

with changing policies. The model does not have the mechanism to illustrate this because 

there was no ‘no-fish’ option in the original model. It can be unrealistic that all anglers 

will continue to fish within the region (although at different sites) when their first site of 

choice is closed. This weakness of the model may cause the welfare loss to be 

overestimated and the biophysical changes to be minor. However, the model is still able 

to illustrate the possible redistribution effects from changing policies and provide useful 

inputs for better management of the PSSP.  

Besides the limitations in the development of site choice, biophysical and the integrated 

model, other limitations may include the fact that the survey was done in the year 2014 

but the analysis and reporting completed in 2018. Although the time difference can be 

crucial, it is hoped that it does not affect the results significantly as the management in 

place between the two time period remains the same.  

With these limitations in mind, we believe that the study has provided some important 

information and insights on how to improve the management of PSSP and its surrounding 

areas. It is important to gather more information on socioeconomic activities and 

biophysical background in the area to develop a more robust model and provide stronger 

policy recommendations in future. This study, however, can act as a reference for future 

studies and at the very least provides a starting point that is includes of the integration of 

a selection of key biophysical and socio-economic variables in the analysis.  

Besides improving on the limitations from future studies, other opportunities for future 

studies may include exploring many other interesting policies in evaluating marine 

protected areas. These may include policies such as size limit policy where only a mature 

fish are allowed to be fished, or switching between strategies over a period of time. 
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7.6 Conclusion 

This study assesses optimal management strategies for the Pulau Sembilan State Park 

(PSSP). The comparison of alternative management strategies is achieved using an 

integrated model that considers both biophysical and socioeconomic objectives. When 

the PSSP was initially designated as a marine protected area, a preferred management 

strategy being considered by the State Government of Perak was to close the area from 

fishing activities. This study conclude that the proposed management strategy is not the 

best strategy to be pursued when impacts to both socioeconomic and biophysical aspects 

are taken into account. The closure of PSSP from fishing activities will not reduce the 

total fishing effort in the area, but only redistribute the impact to other local sites. The 

simulation of alternative management strategies demonstrated that the biophysical 

benefits achieved by some less stringent closure strategies are comparable to a permanent 

closure for extractive activities. The optimal strategies that balance an improvement in 

biophysical condition with an improvement in the utility derived by recreational anglers 

included those that close the PSSP for 6 month period instead of the whole year, or impose 

site access fee to a few of the most popular sites instead of imposing site access fee to all 

sites. Bag limits that are stringent enough to have an effect on biomass are found to be 

more cost effective than total site closure strategies. Given the Malaysian target to 

increase marine protected area coverage, the integrated economic and biophysical 

modelling approach used in this study can be adapted to other similar areas being 

considered for protected area status to guide management.   
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Appendix 1.1: The questionnaire 
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Appendix 6.1 Parameters, definitions and ranges applied for Pulau Sembilan 

 
Parameter

(s) 
Definition 

Value ranges from 
Fung (2009) 

Value ranges for 
Pulau Sembilan 

𝑙  
Rate at which exogenous 

spawning coral larvae recruit 
onto space 

0.00006 – 0.01 yr-1  0.002 – 0.01 yr-1 

𝑙  

Rate at which coral larvae, 
produced by local established 
brooding corals recruit onto 

space 

0.0009 – 0.5 yr-1 0.1 – 0.5 yr-1 

𝑟  
Lateral growth rate of corals 

over space 
0.04 – 0.2 yr-1 0.1 – 0.2 yr-1 

𝛽  

Coral growth is inhibited by 
the presence of nearby 
macroalgae and this is 

represented as depression of 
𝑟 by the factor (1 − 𝛽 ∗ 𝐴) 

0.2 – 0.9 yr-1 0.2 – 0.9 yr-1 

𝑑  Coral mortality rate 0.02 – 0.1 yr-1 0.02 – 0.1 yr-1 

𝛾  
Lateral growth rate of algae 

over corals, relative to the rate 
over space 

0 – 0.9 0 – 0.9 

𝑟  
Lateral growth rate of algae 

over space 
0.05 – 0.4 yr-1 0.05 – 0.4 yr-1 

𝑔  
Maximum rate at which algae 

is grazed 
 0.01𝑔  - 𝑔  yr-1 

(𝑔 ∈ [5,15]) 
 0.01𝑔  - 𝑔  yr-1 

(𝑔 ∈ [5,15]) 

𝜇  

The herbivorous fish biomass 
accumulated from grazing 
100% of algae, and which 

contributes to somatic growth 
of herbivorous fish 

60 – max  
kg km-2yr-1  

60 – max  
kg km-2yr-1 

𝜃  Grazing pressure 1000 - 50000 1000 - 50000 

𝑓  Catch rate of herbivorous fish - Modeled separately 

𝑙  
The exogenous recruitment 

rate of herbivorous fish 
8 – 50000  
kg km-2yr-1 

8 – 50000  
kg km-2yr-1 

𝑙  
The endogenous recruitment 

rate of herbivorous fish 
0 – 0.3 yr-1  0 – 0.3 yr-1  

𝑖  

A parameter which measures 
the inaccessibility of algae (turf 

and macroalgae) to 
herbivorous fish grazing 

𝑖  km-2 – 
500000 kg km-2 

𝑖  km-2 – 
500000 kg km-2 

𝜆  
Competitiveness of sea urchins 

relative to herbivorous fish 
Equal to 1 - 𝜆  Equal to 1 - 𝜆  

𝑖  

A parameter which measures 
the inaccessibility of algae (turf 
and macroalgae) to sea urchin 

grazing 

𝑖  - 2000000  
kg km-2 

𝑖  - 2000000  
kg km-2 

𝑑  
The mortality rate of 

herbivorous fish from all 
𝑑  - 5 yr-1 𝑑  - 5 yr-1 
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factors other than predation 
and fishing 

𝑔  
The maximum predation rate 

of piscivorous fish on 
herbivorous fish 

0.9 - 𝑔   yr-1 0.9 - 𝑔   yr-1 

𝑖  

A parameter which measures 
the inaccessibility of 

herbivorous fish to predation 
by piscivorous fish 

7000 – 10000  
kg km-2 

7000 – 10000  
kg km-2 

𝜌  
The proportion of the total 

fishing pressure f which acts 
on herbivorous fish 

0 – 1, with 𝜌 +
 𝜌 = 1 

0 – 1, with 𝜌 +
 𝜌 = 1 

𝑓 
The maximum catch rate due 

to fishing 
0 – 60000  

kg km-2 yr-1 
0 – 60000  

kg km-2 yr-1 

𝑖  
A parameter which measures 

the inaccessibility of 
herbivorous fish to fishermen 

700 – 1000 kg km-2 700 – 1000 kg km-2 

𝑙  
The exogenous recruitment 

rate of piscivorous fish 
8 - 5 × 10  kg km-2 

yr-1 
8 - 5 × 10  kg km-2 

yr-1 

𝑙  
The endogenous recruitment 

rate of piscivorous fish 
0 - 0.1 yr-1 0 - 0.1 yr-1 

𝑟  
The proportion of biomass 

consumed by piscivorous fish 
used for growth 

0.03 – 0.2 0.03 – 0.2 

𝑑  

The mortality rate of 
piscivorous fish from all 

factors other than predation 
and fishing 

𝑑 − 3 yr-1 𝑑 − 3 yr-1 

𝜓  

The predation rate on 
piscivorous fish by other 

piscivorous fish, relative to that 
on herbivorous fish 

0.01 – 7 0.01 - 7 

𝑖  

A parameter which measures 
the inaccessibility of 

piscivorous fish to predation by 
other piscivorous fish 

7000 – 10000  
kg km-2 

7000 – 10000  
kg km-2 

𝜌  
The proportion of the total 

fishing pressure f which acts 
on piscivorous fish 

0 – 1, with 𝜌 +
 𝜌 = 1 

0 – 1, with 𝜌 +
 𝜌 = 1 

𝑖  
A parameter which measures 

the inaccessibility of 
piscivorous fish to fishermen 

700 - 1000  
kg km-2 

700 – 1000  
kg km-2 

𝑓  Catch rate of piscivorous fish - Modeled separately 

𝑙  
The exogenous recruitment 

rate of sea urchins 
0 – 50000  

kg km-2 yr-1 
0 – 50000  

kg km-2 yr-1 

𝑙  
The endogenous recruitment 

rate of sea urchins 
0 – 0.002 yr-1 0 – 0.002 yr-1 

𝜅  
A parameter which measures 
the biomass accumulated by 

urchin grazing that contributes 
0.7 – 10 0.7 - 3 
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to growth, relative to that for 
herbivorous fish grazing 

𝜆  
Competitiveness of 

herbivorous fish relative to sea 
urchins 

0.6 – 1 0.6 - 1 

𝑑  
The mortality rate of sea 

urchins 
𝑑  - 1 yr-1 𝑑  – 0.6 yr-1 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 6.2 Optimized parameters and initial values for functional groups in PSSP and alternative sites 

Parameter 
Fishing site#1 

PA PP PN PR PL PS PB BP BH PTP PJ PP 
𝐴 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.04 

𝐶 0.26 0.26 0.03 0.03 0.24 0.22 0.12 0.26 0.26 0.05 0.2 0.1 

𝐻 4533 4533 4533 4533 4533 4533 4533 4533 4533 3667 17556 4000 

𝑃 820 820 820 820 820 820 820 820 820 752 3599 820 

U 1730 1730 1730 1730 1730 1730 1730 1730 1730 341 341 341 

𝑙  0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 

𝑙  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

𝑟  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

𝛽  0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

𝑑  0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

𝛾  0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

𝑟  0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

𝑔  14.99148121 14.99148121 14.99333707 14.99333707 14.99246605 14.9927029 14.99356442 14.99148121 14.99148121 14.97979491 5.862264355 14.98528203 

𝑖  175436.2382 175436.2382 171177.4367 171177.4367 175067.5512 174691.4785 172830.8505 175436.2382 175436.2382 138641.0516 250459.3985 153739.8108 

𝑙  24349.22799 24349.22799 24608.2447 24608.2447 24539.17084 24692.99139 24577.36825 24349.22799 24349.22799 11840.74755 25003.99999 13098.43447 

𝑙  0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 

𝑖  1000500 1000500 1000500 1000500 1000500 1000500 1000500 1000500 1000500 1000500 1000500 1000500 

𝜇  250030 250030 250030 250030 250030 250030 250030 250030 250030 250030 250030 250030 

𝑑  4.90203293 4.90203293 4.979823382 4.979823382 4.94893686 4.989047886 4.96483423 4.90203293 4.90203293 2.955235054 0.964348574 2.67311853 

𝑔  8.950000332 8.950000332 8.949999955 8.949999955 8.949999998 8.949999999 8.950000046 8.950000332 8.950000332 8.949999995 0.90116667 8.949999883 

𝑖  8451.370154 8451.370154 8533.927681 8533.927681 8507.090106 8581.823515 8499.940717 8451.370154 8451.370154 7000.547636 8499.999931 7000.939927 

𝑙  21021.72735 21021.72735 21035.23552 21035.23552 21072.5163 21022.17555 21145.10069 21021.72735 21021.72735 19559.60888 34723.56275 21785.07695 
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𝑙  0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

𝑟  0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 0.115 

𝑑  1.535 1.535 1.535 1.535 1.535 1.535 1.535 1.535 1.535 1.535 1.535 1.535 

ψ  3.505 3.505 3.505 3.505 3.505 3.505 3.505 3.505 3.505 3.505 3.505 3.505 

𝑖  8052.474922 8052.474922 8153.031112 8153.031112 8135.027423 8175.996444 8183.378248 8052.474922 8052.474922 8609.616046 8499.999956 8737.629897 

𝑓 32093.95961 32093.95961 32138.87353 32138.87353 32128.75165 32054.05589 32073.49716 32093.95961 32093.95961 32508.22266 22438.79992 31783.7482 

𝑖  849.9758045 849.9758045 850.5799333 850.5799333 846.1254154 847.5886806 835.3562086 849.9758045 849.9758045 830.1268104 849.9999998 853.2221202 

𝑙  208.6616177 208.6616177 208.7934597 208.7934597 208.6533579 208.6630145 208.7190287 208.6616177 208.6616177 41.1200269 92.97456105 17.93385298 

𝑙  0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

𝜅  1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 1.85 

𝜆  0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

𝑑  0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 0.325 
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Appendix 6.3 Initial values of parameters and variables for baseline model 

  Cover (%) Biomass (kg km-2) Fish harvests (kg km-2) 

Coral Algae ‘Space’ Herbivorous 
fish 

Piscivorous 
fish 

Urchins Herbivorous 
fish 

Piscivorous 
fish 

P
u

la
u

 S
em

b
il

an
 is

la
n

d
s 

Pulau Agas 0.26 0.03 0.71 4533 820 1730 4000 4000 

Pulau Payong 0.26 0.03 0.71 4533 820 1730 4000 4000 

Pulau Nipis 0.03 0.03 0.94 4533 820 1730 4000 4000 

Pulau Rumbia 0.03 0.03 0.94 4533 820 1730 4000 4000 

Pulau Lalang 0.24 0.03 0.73 4533 820 1730 4000 4000 

Pulau Saga 0.22 0.03 0.75 4533 820 1730 4000 4000 

Pulau Buluh 0.12 0.03 0.85 4533 820 1730 4000 4000 

Batu Puteh 0.26 0.03 0.71 4533 820 1730 4000 4000 

Batu Hitam 0.26 0.03 0.71 4533 820 1730 4000 4000 

 P.Tukun Perak 0.05 0.03 0.92 3667 752 341 3000 3000 

 Pulau Jarak 0.20 0.02 0.78 17556 3599 341 10000 10000 

 Pulau Pangkor 0.10 0.04 0.86 4000 820 341 5000 5000 
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