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Abstract. 

 

Marine protected areas (MPAs) are the dominant global strategy to counter widespread coral reef 

degradation, which threatens these coral reef ecosystems, the biodiversity they support, and the 

direct and indirect benefits they provision for millions of stakeholders, many of whom are in 

developing countries and have a high reliance on natural resources.  Insufficient understanding 

of the conditions that enable MPAs to achieve their conservation and development goals means 

MPAs are yet to achieve their full potential.  Similarly, inadequate awareness of the distributional 

aspects MPAs generate can leading to conflict and ultimately MPA failure.  This research 

explores the links between two key themes of MPAs; efficiency and equity.   

A local case study in Belize is used to explore the ability of a MPA to provide a suite of benefits 

(net of costs) related to fishing, tourism, recreation and existence and bequest values in 2007.  

The values quantified demonstrate that the reserve represents an excellent return on 

conservation investment, particularly if nonðuser values are included.  Survey effects associated 

with contingent valuation are found to be important and merit further research.  Current 

entrance fees do capture much of the consumer surplus values which the reserve generates. 

Optimal fees are explored using the demand curve generated from the CVM.  Non-use and local 

values, which are too rarely incorporated into MPA valuations are shown to be large, thus they 

are important to ensure well-informed decision making.  A distributional analysis is undertaken, 

which quantifies transfers of wealth between stakeholders.  This shows that incentives differ 

between stakeholders; where fishers, tour operators and international NGOs are incurring the 

direct costs.  Contrary to what may be occurring elsewhere, the distribution of costs at local, 

national and international scales is found to be equivalent, although the benefits are highly 

skewed towards international stakeholders.  Finally, I show that local community members, who 

will ultimately cause an MPA to fail or succeed, perceive costs and benefits fairly accurately.  

Thus the provision of local benefits is likely to improve MPA performance.   

A global coral reef MPA evaluation is undertaken, utilizing expert knowledge from MPAs in 33 

countries. This constitutes the most comprehensive coral reef MPA performance evaluation to 

be carried out to date with a single methodology.  MPA performance is shown to vary widely and 

to be unrelated to MPAs aims.  Conclusions as to which are the most effective MPAs are also 

frequently altered, when incorporating temporal changes and spatial comparisons (assessing the 

counterfactual case).   This dataset is also used to explore the extent to which different facets of 

success are coupled.  I find that socio-economic and ecological benefits do not always occur 

concurrently and that a better appreciation of trade-offs is needed.  The large variation in sample 

outcomes is used to explore drivers of success, including MPA features, management actions and 

contextual variables.  MPA features such as size and zoning are found to support widespread 

hypotheses about the drivers of effectiveness.  A non-linear temporal component of 

performance is identified, as are interactions between MPA features and outcomes.  The 

provision of direct and indirect community benefits emerges as a crucial component of success. 

Frequently however, threats beyond the control of management and those inside the MPA which 

stem from inadequate resources are found to be undermining the effectiveness of coral reef 

MPAs.   
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1.1 Introduction. 

Coral reefs are among the most diverse and productive ecosystems in the world.  They provide 

a vast array of goods and services related to their use, their ecological services and their 

existence.  Their importance from a human welfare perspective is illustrated by the fact that 

almost 500 million people depend on reefs for food, coastal protection, cultural items, and 

tourism income.  Of these, 30 million of the poorest people are estimated to depend entirely on 

coral reefs for food (Wilkinson, 2004).  For many of the worldõs poorest counties, their reefs 

constitute a major part of their natural capital, as they have enabled economic growth though 

fisheries and reef-based tourism.  Many Small Island Developing States have few resources 

other than coral reefs and ecotourism.   Poverty alleviation is critically linked to the health of 

these ecosystems.  Increasing human populations, unemployment and inappropriate 

development will only add further pressure to these resources.   

Yet these reefs are severely threatened.  A recent global report estimates that 19% of the 

worldõs coral reefs have been effectively destroyed and show no immediate prospects of 

recovery and predicts that 15% of the worldõs reefs are under imminent risk of collapse through 

human pressures; and a further 20% are under a longer term threat of collapse (Wilkinson, 

2008).  The most severely threatened reefs are concentrated in the tropics, which also have 

rising populations, increasing per capita consumption and large numbers of poor people who 

are extremely reliant on natural resources for food and employment (Burke et al., 2002).  This 

means that the prognosis for these ecosystems, the species they contain and the people that rely 

both directly and indirectly on the ecosystem services provided by these natural resources could 

be poor (Daily, 1997).  A major and widely used strategy to reverse and halt this decline is 

marine protected areas (MPAs).   

MPA is used as a catchall term including a range of protection from totally off limits to all 

forms of use, to restrictions of use to a set of users, to very few restrictions (Boersma & 

Parrish, 1999).  Francis et al., (2002) define MPAs as coastal and sea areas enjoying some level 

of legal protection nationally or locally, and that are especially dedicated to the conservation, 

protection and maintenance of biodiversity and associated cultural resources.  MPAs are 

expected to enable marine ecosystem management by contributing to maintenance of 

biodiversity and ecological processes that maintain resilience while enhancing fisheries, 

increasing opportunities for non-consumptive activities and building knowledge for improving 

coastal management (Dayton et al., 2000).   MPAs are indeed recommended as a key 

mechanism for sustainable development of the coastal and marine environment and in several 
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international environmental conventions and multi-lateral environmental agreements1.  Thus 

MPAs are expected to continue to dramatically increase in numbers (Allison et al., 1998) as the 

principal policy for sustainable development and protection of the coastal and marine 

environment including coral reef ecosystems (Salm et al., 2000).   

 

  

                                                             
1 including in chapter 17 of Agenda 21 of the United Nations Conference on Environment and Development, in the Convention 

on Biological Diversity, in the United Nations Convention on Law of the Sea and the Nairobi convention.  (McClanahan, 1999) 
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1.2  Aims and Objectives. 

In this thesis I aim to evaluate the performance of MPAs as a conservation tool for coral 

reefs using two approaches; a global analysis of the factors driving the reported 

performance of MPAs for reef ecosystems, and a detailed case study analysis of the 

distribution and types of costs and benefits of an MPA to stakeholders in Belize. 

 

This research has eight principal objectives;   

 To explore the extent to which coral reef MPAs globally are achieving conservation and 

welfare goals. 

 To develop performance indicators which use counterfactual comparisons to evaluate 

multiple aspects of conservation and welfare improvements.  

 To explore the relative importance of drivers of MPA performance, including MPA 

features, financial aspects, management actions and contextual factors against ecological 

and socio-economic goals. 

 Measure a full range of net economic values, to understand their drivers and the effects of 

the distribution of costs and benefits for stakeholder support, management and 

conservation at a case study MPA 

 To quantify and understand the drivers of the economic value of a case study MPA, 

taking into account all the major economic values, net of costs, including non-use and 

community values. 

 To examine the links between the distribution of the costs and benefits generated by the 

case study MPA and stakeholder attitudes to the reserve.      

 To explore methodological issues associated with contingent valuation as a stated 

preference technique to elicit a variety of economic values held by stakeholders from 

both developed and developing nations.  

 To provide recommendations for coral reef management. 
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1.3 Research Rationale. 

This research has three major themes, which relate to MPA efficiency and equity; MPA 

effectiveness, costs and benefits generated and distributional impacts.  These are discussed here 

briefly in turn, with more detail in chapter 2.  

1.3.1   Marine Protected Area Effectiveness. 

 

Despite the fact that MPAs continue to be established and hundreds of millions of dollars are 

being invested into MPA establishment and management, there remains a need for 

development of rigorous and inclusive measures of MPA success beyond traditional ecological 

measures, to justify these investments.  There has been increasing emphasis, partly driven by 

donors, on MPA efficacy assessments.  Many types of assessments have been developed, mainly 

funded by non-governmental organizations (NGOs).  In particular, The Nature Conservancy 

(TNC), the World Conservation Union (IUCN) and the World Wildlife Fund (WWF) have 

been active in this area (Ervin, 2003; Pomeroy et al., 2004; The Nature Conservancy, 2003).   

However, this research is usually limited in the information it generates, as it is a way of 

summarizing often qualitative opinions about the MPAsõ effects or information about 

management inputs, using small case studies and published in the grey literature.  In addition 

many of these studies have focused exclusively on one or two aspects, such as fisheries, without 

incorporating other factors that could compromise the MPAõs success (Boersma & Parrish, 

1999).   

There is also a growing body of research related to measuring conservation impacts of 

protected areas or projects.  However, these detailed site assessments are often flawed as they 

have no control sites and no baseline variables by which to judge success (Ferraro & Pattayak, 

2006), although these are routinely incorporated into ecological research.  The focus on one or 

a few outcomes is at odds with the multiple and often conflicting aims MPAs are established 

with (Mora et al., 2006a).  They also provide little robust information on MPA impacts and 

about what factors are needed to enable their diverse goals.   

I will examine global patterns in coral reef MPAs and enable the effect of multiple social, 

ecological and policy based reserve attributes and impacts related to conservation success to be 

assessed.  The type and detailed nature of the information required for research into multi-

dimensional aspects of MPA success is not currently available despite the increasing number of 

databases with information on MPAs.  Thorough and critical assessments need next to be 

applied on a regional or global scale, to judge the progress against MPA goals, to test the 
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appropriateness of MPAs as a conservation strategy and to provide management 

recommendations.   

1.3.2 Quantifying the costs and benefits of MPAs.  

 

Many benefits of MPAs, particularly those associated with ecosystem quality, fisheries and 

recreation, have been characterised qualitatively (Roberts & Hawkins, 2000; Sanchirico, 2000).  

However, these values have rarely been comprehensively quantified, despite the investment into 

marine ecosystems that MPA establishment and management entails, which should be judged 

on a cost-benefit basis in the context of limited conservation funds, as is the case for 

investments elsewhere (Alban et al., 2006).  Where regional and global values for coral reefs 

have been estimated e.g. (Cesar et al., 2003), these have relied on secondary market data from 

published statistics and benefits transfer approaches, which are widely acknowledged to be 

highly inaccurate (Downing & Ozuna, 1996).  This is because the generation of site specific and 

fine-grained information on economic values of marine environments using primary data 

collection is time consuming and methodologically challenging.  As a result, far too little 

information has been gathered on these values and methodological improvements are still 

needed.  Advances are also needed both to improve the accuracy of valuation and to reduce its 

costs.  The International Coral Reef Initiative note that there is a serious lack of country-

specific valuation data to guide sustainable coastal management (Spurgeon & Roxburgh, 2005).   

There is also a large variation in the types and magnitudes of economic values at different sites, 

depending on factors such as the ecosystem quality, the level of coastal development and the 

methods used. This means that regional estimates rarely provide sufficient resolution for natural 

resource conservation and management decisions.   Non-use benefits may make up the largest 

share of the value of reefs (Spurgeon et al., 2004) but are very rarely valued, due to the large 

effort and cost associated with face-to-face stated preference techniques that are currently the 

only way to measure non-market values.  Measuring economic values also provides an 

opportunity to explore methodological issues, which can be used to improve the use of 

contingent valuation, particularly for developing countries where it is much less often used.   

I use a case study approach to complement the global study and measure direct costs associated 

with the case study MPA to quantify a range of net benefits generated under current 

management in 2007.  
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1.3.3  Distributional impacts of MPAs.  

MPAs can affect one user group disproportionately (Ferraro, 2002), which means distributional 

issues among the stakeholders are generated (Sanchirico, 2000).  They also produce goods that 

are both public and private in nature, giving rise to complex patterns of economic impacts.  If 

conservation efforts are perceived as being unfair, conflicts over resource use and other 

benefits will arise.  The distributional aspects of conservation initiatives have often been poorly 

considered and can be the reason for the failure of conservation projects (Hutton & Leader-

Williams, 2003).  If local communities are expected to pay the opportunity costs of MPAs, but 

receive few of the benefits, their lack of support will undermine any management (Mascia, 

2004).  Despite the longstanding realization that conservation policies, including MPAs, can 

have negative consequences for local communities (Newmark & Hough, 2000; West & Brechin, 

1991), there exist few quantitative analyses of the local effects of PA establishment; exceptions 

include De Lopez (2003) for a terrestrial PA.  There have been advances in modelling 

theoretical effects of no-take areas taking a bio-economic approach (Prezzey et al., 2000; 

Sanchirico & Wilen, 2001), but empirical work to quantify these effects in case study sites has 

been slow to follow.   

Failure to measure and counteract the local costs of protection may lead to unworkable 

conservation strategies (Ferraro, 2002) which overestimate benefits.  Where studies exist, these 

have been focused on terrestrial PAs.  However passive values and opportunity costs can be 

very site specific (Carter, 2003) and distributions of costs and benefits will be different for 

marine systems (Balmford & Whitten, 2003), so this research needs to be extended to MPAs.   

Minimal research has focused on distributional impacts in tropical MPAs, beyond the insight 

that they depend on size and location of a reserve in the context of the local fishery, the level of 

development of the country, and the state of the local labour market (Alban et al., 2006).  They 

are also likely to be altered by MPA regulations and enforcement, which are very heterogeneous 

policies outside the MPA, including compensatory measures for fishers.   

Three types of distributional aspects of costs and benefits are important to consider as these 

can provide powerful incentives to either conserve or deplete natural resources, which will 

ultimately affect long term MPA success.   

1. The apportioning of costs and benefits at different scales.  For example Kremen et al.,  

(2000) examined incentives for conservation quantitatively using land value estimates of 

Madagascan forests and found high local and international conservation benefits, but poor 

benefits at the national level.   
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2. The apportioning of costs and benefits among different stakeholders at the local level.  

Those who receive the benefits of protected areas are frequently not those that suffer the costs 

(Balmford et al., 2004; Norton-Griffiths & Southey, 1995). Assuming that those affected by 

MPAs are a homogenous group with the same values and attitudes is incorrect and can mean 

that the marginal groups benefit least (Brown, 2002).  

3. The inter-temporal trade-off related to the fact that many of the costs can be felt 

immediately, but substantial benefits may lag behind.  This may not be morally acceptable in 

areas of extreme poverty and again could lead to collapse of conservation or sustainable use 

based management.   

 

Net economic values of coral reef ecosystems, as with any open access resource, may not 

always be large.  Associated economic rents have often been dissipated, meaning that the 

producer surplus is close to zero (Hardin, 1968).  The extent to which this applies to MPAs is 

not well documented however.  Economic impacts are also important as the distribution of the 

costs and benefits is expected to have more of an impact on stakeholder behaviour than the net 

values.  There has been no research on the sensitivity of stakeholders to the ratio of costs and 

benefits that MPAs produce, although these have been hypothesised to be important (Pomeroy 

et al., 2007).   

In conclusion, there is a real need critically to evaluate MPA effects and to understand the 

underlying processes, such as changes in economic and ecological conditions that may cause 

conservation efforts to fail or succeed in a variety of contexts, which is addressed by the global 

study.   Squire and van der Tak (1975) emphasise the two key criteria for MPAs: efficiency (cost 

benefit analysis) and equity.  This research addresses both of these areas, through an analysis of 

a case study MPAõs value and distributional impacts on stakeholders and through an analysis of 

ecological and economic impacts in the context of direct costs incurred.     
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1.4 Overview of thesis and chapter outlines. 

The thesis content is summarised in figure 1 below and a more detailed description follows.   

 

 

Figure 1.1.  Thesis structure.  Note: Chapter are indicated by circles, with numbers marked.   

 

 

Chapter 2: Background.   

This chapter provides the background of research that has been undertaken in various 

disciplines, associated with the designation and management of coral reef MPAs, natural 

resource valuation for reefs and MPAs for local communities, fisheries and tourism as well as 

distributional aspects of MPAs, protected area impacts and effectiveness.  There is also a 

description of the case study site, the Gladden Spit Marine Reserve (GSMR) in Belize.   

Introduction  1 

Case study 

Visitor & non visitor 

values 5 

 

 

Community, fisher & 

tour operator values  

6 

Stakeholder attitudes, values & 

distributional aspects. 7 

7 

       Global study 

Discussion & 

Recommendations 

8 

Global coral reef management 

and threat analysis  3 

Background  2 

Investigating drivers of 

effective MPAs  4 



 
Chapter 1. 

9 
 

Chapter 3: Global Coral Reef Management, Financing and Outcomes: Are MPAs 

Providing Conservation and Welfare Improvements? 

This chapter describes the global study, in which I used local expert respondents to gain a 

detailed picture of the context, extent and impacts of coral reef MPAs in 33 countries.  Each 

MPAõs contribution to conservation and welfare improvement was assessed, by evaluating and 

comparing ecological and socio-economic outcomes inside and outside or over time.  I analysed 

the impact of MPA age, the existence of no-take areas and regional location on MPA outcomes.  

I also appraised the ability of MPAs to address the threats they face and the adequacy of MPA 

features, management actions and outcomes for ensuring conservation success.  These 

performance evaluations were then used to test the often cited assertion that MPAs are failing 

to achieve both conservation and welfare improvement aims.   

 

Chapter 4:   Investigating Drivers of Successful Ecological and Socio-economic 

Performance in Coral Reef MPAs. 

This chapter developed and presented performance indicators to evaluate distinct desirable 

outcomes in MPAs.  Indictor validation was followed by an analysis of the relationship between 

the different performance indicators, to understand the extent to which they occur together, 

using principal components analysis and spearman rank correlations.  A reduced set of 

indictors, which are not highly correlated, were then tested, to understand which MPA features, 

aims, management actions, financial aspects, threats and uses as well as contextual factors drive 

MPA performance.   

 

Chapter 5: Visitor and Non-visitor Values for the Gladden Spit Marine Reserve. 

This chapter used results from two valuation surveys, for tourists who have visited the reserve 

and those who have not.  Samples were split to understand the effects of face to face and self 

completed responses.  Values were assessed in the context of tourist experience, attitudes, 

preferences and socio-economic parameters, using a variety of econometric models.  For 

visitors, sequential questions were used to quantify consumer surpluses for three distinct values; 

reserve visitation, whale shark interaction and non-use values, using scenarios involving 

entrance fees and donations.  For non-visitors, a conservative taxation scenario was used to 

glean non-use values.  Certainty estimates and follow up questions were used to better 
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understand the quality and motivations behind stated bids.  Values were aggregated to explore 

implications for fund-raising.  

 

Chapter 6: Local values for the Gladden Spit Marine Reserve.   

This chapter presents the results of a community household survey which explored local uses, 

knowledge, attitudes and involvement in management of the case study MPA, as well as indirect 

impacts of reserve related tourism.  The contingent valuation methodology quantified 

household willingness to pay for tourism, fishing and recreation at the reserve, total economic 

value of the case study reserve and an aggregated value related to 2 additional nearby reserves.  

This quantification of different bundles of goods provided a test of sensitivity to scope.  The 

extent to which each distinct local value can be predicted by expectations, experience, 

attitudinal and socio-economic variables was assessed and compared.  Quantile regression was 

used to understand the importance of different drivers of values for those with low or high 

values.  Producer surplus estimates were also generated for tour operators and fishers using the 

reserve in 2007, using detailed cost and revenue data from a number of surveys, including catch 

surveys.  Community values were examined in the context of producer surpluses quantified.  

 

Chapter 7:  Real and Perceived Costs and Benefits Generated for Stakeholders of the 

Gladden Spit Marine Reserve. 

Gross and net economic benefits from chapters 5 and 6 were used to compare individual or 

household values to aggregate values for the reserve.  These values were added to calculate a 

total use value and an overall value which also incorporates non-use values for this reserve in 

2007.  The magnitude and distribution of aggregated values was compared to other MPA and 

reef valuation studies.  A sensitivity analysis was used with different discount rates, to examine 

net present values of the reserve over 25 years.  Costs were also presented by stakeholder 

groups, and used to calculate the cost to benefit ratio for each stakeholder group and at each 

scale.  Finally, the relationship was examined between real and perceived benefits and costs. I 

evaluated who are the winners and losers in the case study MPA, by stakeholder group (tour 

operators, fishers, tourists and local community members) and by scale (local, national, 

international), and compared these results to perceived impacts.   
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Chapter 8: Discussion and Recommendations.   

This chapter amalgamated the results from the case study and the global study, to examine what 

can be learnt about the link between MPA efficiency, values and the distribution of benefits to 

different stakeholders.  The local case study was put into a wider context using the results from 

the global management survey, which enabled conclusions to be drawn about the 

generalisability of the case study results in a regional and global context.  The contribution to 

knowledge of this research was outlined.  Recommendations for management and for future 

research were also provided.   
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Chapter 2.   Coral Reef MPA Status, Valuation and Performance. 

2.1 Coral reef status and Management.  

It was only in 1992 that the global threat to coral reefs was widely acknowledged (Wilkinson, 

2006).  Calls to increase protection resulted in many marine protected areas (MPAs) being 

established to protect marine habitats, including coral reef ecosystems (figure 2.1).  Since the 

1970s this policy has been endorsed by an increasing number of multilateral environmental 

agreements and NGOs.  Protected areas are the key mechanism for achieving the Convention 

on Biological Diversityõs overall goal of a significant reduction in the rate of biodiversity loss 

by 2010 and protection of at least 10% of the marine environment by 2012  (Wells, 2006).   

 
Figure 2.1 Cumulative growth of total global marine area protected.  As of October 2005 

(CBD, 1996).   National refers to sites created at the national and more local scales e.g. state/provincial, municipal, 
individual site etc. International refers to areas listed under international conventions or programmes, e.g. 
UNESCO World Heritage Convention. 

 

Despite increasing protection, coral reefs inside and outside MPAs continue to be threatened 

due to global climate change, direct human pressures and poor governance (Wilkinson, 2006).  

In 2008, a global report which utilised experts from each coral reef country estimated that only 

46% of reefs are unthreatened (Wilkinson, 2004; Wilkinson, 2008).   

There has recently been an emphasis on databases to provide information about MPAs on a 

global scale.  òMPA globaló (Wood, 2007), currently represents the most up to date and 

comprehensive dataset on MPAs available.  This study estimates that there are 4,600 formally 

or informally designated MPA sites and that 15% of coral reefs lie within MPAs, compared to 

17% of mangroves.  ReefBase, a coral reef-focused database, lists 1084 protected areas which 
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contain coral reefs globally, although some of these are double entries (Tupper et al., 2008b).  

The regional extent of reefs, the coral reef health and MPAs are shown in table 2.1.  These 

figures are misleading however, as MPAs are heterogeneous in terms of regulations, level of 

active management, budgets etc and those included in this database have no management 

requirements beyond basic designation.  Many MPAs are also òpaper parksó, which lack any 

active management.  In addition, many of the MPAs in developing countries have not achieved 

their management objectives (McClanahan, 1999).  Globally, half the MPAs are found in Asia, 

where the greatest extent of coral damage has occurred. In the Americas, there are many small 

MPAs whereas Africa and the Pacific have established comparatively few MPAs.   

Table 2.1.  A summary of current status of coral reefs in 17 regions.  a = data from world atlas 

of coral reefs (Spalding et al., 2001),  b =  data obtained from ReefBase,  c = data from Wilkinson (2006).  1includes 

the Red Sea, The Gulfs, East Africa and SW Indian Ocean.  2 includes South Asia, SE Asia, E and N Asia, 

Australia / PNG and Micronesia.  3 includes SW Pacific Islands and Polynesian Islands.  4includes Hawaiian Islands, 

Caribbean, Central America, Eastern Antilles and South Tropical America.  

Region Reef area 
(km2 x 
1000) a 

% of 
global 
reefs a 

No. 
MPAs 
b 

% of 
MPAs 
b 

Destroyed 
reefs (%) c 

Reefs at 
critical 
stage (%)c 

Africa 1 33.5 11.7 81 7.5 14.5 12.1 

Asia 2 192.8 67.5 536 49.5 23.7 13.9 

Pacific 3 33.8 11.8 98 9 3.8 14 

Americas 4 25.7 9 368 34 13.2 23.4 

Total 285.8 100 1083 100 19.3 14.6 

 

Many PAs lack even basic requirements that enable a management presence (Leverington et 

al., 2008).  Balmford et al., (2004) estimated global management running costs using both a 

manager survey and publications for 83 MPAs.  Recurrent annual expenditure on the MPAs 

sampled, which were likely to be biased towards better funded MPAs, ranged from zero to 

US$28 million per km2 per year, with a median of US$775 per km2 per year (in 2005 value).  

They reported that annual running costs were highest for MPAs in developed countries, those 

with fishing bans and those that were smaller and nearer to coasts.  Indirect and opportunity 

costs were not assessed, so these estimates represent a lowest cost estimate.  A manager survey 

of 79 MPAs estimated a median funding gap of 15% between current income and the 

minimum necessary to  achieve even minimal conservation objectives (Gravestock et al., 2008).  

The PA funding gap is particularly acute in developing countries and for some MPAs 

(Emerton et al., 2006).   
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2.2 MPA effectiveness 

2.2.1 MPA goals. 

In order to understand MPA success, the cited reasons MPAs are established and their aims 

should examined.  However MPAs are often established on an ad hoc basis (Alder, 1996), 

usually under the impetus of international organisations (Pelletier et al., 2005), because they are 

thought to achieve several, possibly competing outcomes in a cost-effective fashion (Roberts 

& Hawkins, 2000; Sanchirico, 2000).  Another key difficulty in assessing MPAs generally is that 

their aims, objectives and intended benefits vary and they may have many, often conflicting 

goals, or have failed to set out any goals.  Objectives are also often general and poorly defined 

and therefore difficult to measure quantitatively (Kay & Alder, 1999).    

Alder et al., (2002) classify three types of objectives that MPAs can have: utilization (e.g. 

education, fishing, ecotourism), management (e.g. protecting spawner biomass, improving 

yield), and protection (e.g. rare species, habitat diversity).  MPAs frequently also are envisaged 

to have various secondary goals in addition to the main goal, including most commonly: 

fisheries enhancement or recovery, recreation / tourism / scenic beauty enhancement, local 

community economic development, conflict management, species protection, education/ 

research, biodiversity protection, ecosystem protection and cultural heritage protection 

(Boersma & Parrish, 1999).  Associated benefits such as reducing conflict by controlling access 

to resources are also cited as justifications for increasing numbers of MPAs (Agardy, 2000).  

These goals and expected outcomes constitute the outcomes that MPAs should be assessed 

against, with control sites (Hockings et al., 2000).   

2.2.2 Achieving Multiple Objectives in MPAs.  

MPAs are usually judged on biological criteria, possibly because the primary aim of most 

MPAs is biological and it is acknowledged that MPAs should be assessed as a function of their 

goals (Halpern, 2003).  However, most MPAs also have socio-economic and governance goals 

and objectives (Pomeroy et al., 2004).  Ecological goals can include fisheries improvements, 

habitat, biodiversity or endangered species protection (Roberts & Hawkins, 2000).  Socio-

economic goals can include improving food security, supporting employment, increasing 

environmental awareness and knowledge, decreasing conflict and minimising local costs 

(Pomeroy et al., 2007; Sanchirico et al., 2002).  Governance goals usually relate to adequate 

representation of all stakeholders including minority groups (McField & Kramer, 2007; 

Pomeroy et al., 2004).   

Some authors assert that it is impossible to achieve multiple policy objectives simultaneously 

(Pomeroy et al., 2007).  Others feel that while goals are not necessarily mutually exclusive, they 
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do require explicit consideration of trade-offs (Dixon, 1993).   Goals which are informally 

agreed or formally recognized in management plans can be contradictory or unequally 

appealing to different stakeholder groups (Christie et al., 2003), resulting in conflicts and 

controversy which can destabilise an MPA (Christie, 2004).  Indeed these dynamics do 

contribute to the high rate of MPA failure, of almost 90% in some countries (White et al., 

2002).   

Socio-economic and ecological systems are highly linked (Sanchirico et al., 2002).  A lack of 

ecological improvement is unlikely to foster economic development or reduce conflict.  

Similarly, social considerations are likely to lead to or undermine ecological success (Christie, 

2004).  Some research suggests that social factors, not biological or physical variables are the 

primary determinants of success or failure (Christie, 2004; Fiske, 1992; Kelleher & Recchia, 

1998; McClanahan, 1999; Roberts & Hawkins, 2000).  Pollnac et al., (2001a) and Christie 

(2003) warn that immediate biological gains will disappear unless social issues in terms of 

benefit sharing and equity issues, are addressed.  If this is true, social benefits would be 

expected to emerge coupled with ecological improvements, but few MPAs with ecological 

improvements and poor socio-economic outcomes.  

Importantly, there may be a temporal dimension of benefit provision and ecological and socio-

economic outcomes.  Ecological improvements rarely occur immediately after protection 

(Syms & Carr, 2001) and local support may only follow once these have materialised.   Also, 

opportunity costs can occur immediately and reduce support and compliance (Pomeroy et al., 

2007; Sanchirico et al., 2002), however, if new income generating opportunities occur, local 

socio-economic benefits could occur quickly (Mascia, 2004), even before habitat or fisheries 

benefits have materialised.  

Nevertheless, research has demonstrated that MPAs do have the potential to simultaneously 

provide successful outcomes for ecological and social systems (Balmford et al., 2004; Clark et 

al., 1989; Dixon et al., 1993; Gell & Roberts, 2003; Russ et al., 2004; Vogt, 1997).  Less is 

understood as to the extent to which this occurs and under what conditions, for example  

MPA use in the context of an areasõ ecological carrying capacity, which is rarely known (Dixon 

et al., 1993).  It has proven challenging to demonstrate quantitative linkages between human, 

natural and institutional factors (Otter & Capobiano, 2000), thus greater research is still needed 

to examine socio-ecological systems within conservation initiatives (Christie et al., 2003; 

Mascia, 2003; Pomeroy et al., 2004; Wells, 2006).  Whilst it is important to look at all these 

factors, several authors have cautioned that combining these facets of performance into 
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composite scores masks underlying relationships and provides little helpful information 

(Holtzman et al., 2009; Hudina, 2006).    

 

2.2.3 Critical requirements for ecological conservation in MPAs 

In order to assess the proportion of MPAs likely to achieve habitat and/or fisheries 

conservation, it is critical to examine research findings as to the features which determine 

MPA effectiveness.   These include the cessation of fishing (no-take areas), MPA size, age and 

threat reduction.   

No-take areas are defined as areas where no fishing, hunting or extraction is allowed (McField 

& Kramer, 2007).  No- take areas (commonly referred to marine reserves) are known to be 

crucial for coral reef resilience to threats, due in part to the maintenance of functional 

organization through the trophic relationships they protect (Hughes et al., 2007).  Fisheries 

benefits of no-take areas are dependent on the size of the no-take area relative to the speciesõ 

mobility (Boersma & Parrish, 1999).  It is not possible for reserves less than 1ð2 km2 in surface 

area (40% of MPAs) to provide enough protection for several key functional groups. Thus a 

critical minimum size of about 10 km2 is necessary (Vilayleck & Andrefouet, 2006), although 

the exact requirement will vary by site and species targetted.   Lauck et al., (1998) suggest that 

reserve size needs to be extremely large (50ð90% of total habitat) to hedge against the 

uncertainties of overexploitation and environmental change.  Thus the great majority of MPAs 

are far smaller than recommended as a long-term buffer (Lauck et al., 1998) and the current 

size and placement of protected areas falls far short of comprehensive or even adequate 

conservation requirements (Boersma & Parrish, 1999).    

Importantly, benefits and MPA targets are unlikely to occur immediately.  For example there 

will usually be a lag between coral reef protection and the ecological changes (figure 2.2).  This 

time lag in addition to enormous ecological and socio-economic variability makes assessing the 

impacts of management extremely difficult.  However, in general PA effectiveness will increase 

over time (Leverington et al., 2008).   

It is implicitly understood that since damage to reefs is directly attributed to human activities 

(Wilkinson, 2006), so the cessation of these activities is a pre-requisite of coral reef protection, 

especially as reduced stress is associated with increased resilience to natural and human threats 

(Tompkins & Adger, 2004).  Thus the greater the level of regulation in terms of extractive 

activities, the greater the protection.  In terms of management category, this would mean that 

MPAs designated with low IUCN numbers (denoting stricter levels of protection) are likely to 
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reduce threats more than those with unset or high categories.  In addition, the budget (and 

staff) available are likely to influence threats through their effect on detection and 

enforcement. 

 

Figure 2.2.  Effectiveness of a MPA is evaluated by the trajectory of the effectiveness 

parameter (e.g. spawning biomass) of an MPA over time.  From (Syms & Carr, 2001).   

 

Both over-crowding and congestion from recreational visits and fishers need to be limited in reef 

ecosystems, since they may surpass biological thresholds beyond which ecological health declines 

(Davis & Tisdell, 1995).  Various attempts to identify carrying capacity for coral reef sites have 

produced varying results, from 4000- 15,000 dives/yr-1 (Dixon et al., 1993; Hawkins et al., 1999; 

Hawkins & Roberts, 1992).  Similarly, fisheries benefits afforded by MPAs are known to be 

strongly dependent on the level of fishing pressure.  It should be noted however that while 

limiting exploitation is expected to produce benefits (Jennings & Polunin, 1995), these rapidly 

reduce once exploitation resumes (Alcala & Russ, 1990).  Evidence also suggests that MPAs have 

to be no-take and minimally affected by external risk to provide appropriate protection of coral 

reefs (Sale et al., 2005; Storms et al., 2005).   

Since MPAs do not have functional boundaries, they cannot control key issues such as 

infrastructure development or pollution which have important implications for MPA 

effectiveness (Boersma & Parrish, 1999).  MPAs cannot be relied on solely for marine 

conservation, as without adequate protection of species and ecosystems outside reserves, 

effectiveness of MPAs will also be severely compromised (Allison et al., 1998).   As a result 

coastal zone management outside MPAs is also critical to reduce stressors on these habitats 

(White et al., 2005b).  Similarly, single reserves need to be large and networked to accommodate 

bio-physical patterns of larval dispersal and recruitment (Carr & Raimondi, 1999). 
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2.2.4 MPA evaluation framework 

The 1992 world parks congress resulted in the establishment of the management effectiveness 

task force in 1996 (Hockings, 1998), which developed the framework that was used as the basis 

for many subsequent protected area success assessment methodologies (Hockings et al., 2000).  

Before this, there was a lack of a unifying theoretical structure for evaluations (James et al., 

2001).  This framework is based on the 6 key elements of protected area management 

evaluation, which are given equal weighting (figure 2.3).   

 Design issues 
 

Appropriateness of 
management 

Delivery of protected area 
objectives 

Context  Planning Inputs  Processes  Outputs  Outcomes  
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Efficiency  
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eness  
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Effectiveness 
Appropriatene
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Figure 2.3. WCPA Framework for assessing Management Effectiveness of Protected Areas (from 
Hockings et al., 2000).  

 

Many evaluation methods for protected areas have subsequently been developed, addressing 

issues related to economics, efficiency or effectiveness (Corbett, 1992).  These have been 

informed by the management effectiveness literature, conservation impact literature and policy 

and project outcome research.  The major methods are outlined in appendix 2.1.   

Wells (2006)  identifies common elements in all these assessments.  These include analysing 

biophysical and socio-economic characteristics, defining values and management objectives and 

analysing status and trends in biodiversity, socio-economic, threat and governance issues.  

Assessments more interested in accountability will probably focus more on inputs, outputs and 

outcomes, whereas those focusing on providing information for adaptive management would 

give more equal weighting to all aspects (Hockings, 2005).  The Convention on Biological 

Diversity characterises three basic PA management effectiveness approaches (Wells, 2006);   
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1. In -depth, evidence based assessments for monitoring systems and long-term 

understanding of management in an individual protected area, e.g. the Enhancing our 

Heritage system for World Heritage sites.  

2. System-wide peerðbased assessment developed for use on a system-wide scale such as 

the WWF RAPPAM system. 

3. Scorecard expertðbased assessments includes understanding the relationship between 

effectiveness, threat and significance, e.g. World Bank GEF scorecard. 

 

Different assessments often measure the same variables (Hudina, 2006) and the underlying 

principles and approaches are often the same (Stem et al., 2005).  Indicators of desired outcomes 

or achievement of goals are frequently used, especially for more qualitative and general goals e.g. 

increasing the quality of life of local communities. In general the governance field is best 

represented in MPA assessments and two indicators are common to almost all evaluations: 

existence of a management plan and level of stakeholder participation (Hudina, 2006).   Other 

frequently used indicators of MPA success include changes in biodiversity, infrastructure, 

compliance to regulations and primary stakeholder involvement in management (Francis et al., 

2002).   

On the other hand, assessments differ in terminology, the indicators assessed, information used, 

fields covered, the sequence of each method, the number and type of participants involved as 

well as the financial cost (Hockings, 2000).  The context and purpose of these assessments vary 

from rapid qualitative judgements to detailed quantitative monitoring.  Trade-offs between 

assessment methods are in terms of time, cost and data quality (Wells, 2006).  Results will also 

differ in their robustness, credibility, reliability and comprehensiveness (Hudina, 2006).   The 

various methods are a result of distinct perspectives on MPA success or effectiveness, which 

whilst having intuitive meaning, have not yet resulted in a precise definition.   

Where quantitative indicators have been developed, they are usually costly and difficult to 

measure accurately (Kay & Alder, 1999), especially for biophysical and socio-economic impacts 

(Pelletier et al., 2005), as a result few evaluations include them (Pomeroy et al., 2005).   For 

example, putative social benefits for local communities are rarely tested, despite the fact that 

some authors suggest that demonstrating these is the basis for evaluating the outcomes of 

management.    

Thus, there remains little consensus on the evaluation criteria or performance metrics for each 

outcome (Pelletier et al., 2005).  The most popular indicators are not necessarily the best, as they 

are frequently chosen based on capacity and feasibility of measurement, rather than because they 
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are better indications of management effectiveness.   Many assessments focus exclusively on 

ecological outcomes, such as a higher abundance of key ecological indicators inside versus 

outside a protected area (Halpern, 2003). Others highlight the importance of reserve design 

(Boersma & Parrish, 1999).  There is an increasing emphasis on other aspects, such as economic 

sustainability and compliance in the context of intended levels of protection and  improved 

quality of life for nearby communities (Watson et al., 2003).   

 

2.2.5 Marine Protected Area Evaluations 

Previous terrestrial protected area evaluations have limited applications in the marine 

environment, due to key differences in scale, extensive ecological connectivity, high levels of 

variability and management differences (Allison et al., 1998; Jones, 2001).  The first broad MPA 

management effectiveness assessment was carried out in the early 1990s and included 383 out of 

a global total of 1,306 MPAs. Roughly a third were judged to have met their management 

objectives, one-third partially met their objectives, and the remaining had inadequate 

information, suggesting they had failed to meet their objects (Kelleher et al., 1995; Kelleher, 

1996).  Bryant (1995) assessed 1108 coastal MPAs and estimated that 59% occurred in areas 

currently sustaining a high risk of degradation due to development-related activities. Crawford et 

al., (2000) assess some of the community based sanctuaries in the Philippines and estimated that 

of the 400 or so MPAs that have been established, only 20-25% are successful; however they 

used only four focus groups, success was not defined and no quantitative measures were used.  

More recently, in Southeast Asia, Burke et al., (2002) assessed 332 MPAs and found that only 

14% are effective management, 48% have partially effective management and 38% have 

inadequate management.  Similarly, (Tun et al., 2004) find that only 10-20% of South-East Asian 

MPAs have effectively management, which they define as well prepared management plans that 

are enforced.  Collectively, these studies support the assertion that the great majority of MPAs 

fail to meet their management objectives and that the most MPAs are ôpaper parksõ (Jameson et 

al., 2002).   

Despite a plethora of empirical studies,  demonstrations that reserves enhance adjacent fisheries 

are rare and equivocal or anecdotal (Dayton et al., 2000).  The lack of conclusive evidence is 

partly due to spatial and temporal variability of inshore ecosystems (Garcia-Charton & Perez 

Ruzafa, 1999), the cost of undertaking a significant number of replicates and lack of control sites 

(Willis et al, 2003).   Nevertheless, Halpern (2003), who synthesized over 100 studies, showed 

that protection from fishing can lead to rapid increases in biomass, abundance and average size 

of exploited species within the MPA, plus increased species diversity.  Where spillover (export of 
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harvestable biomass) is occurring outside fully protected areas, it is likely to result in the 

congregation of fishers adjacent to reserve boundaries (Murawski et al., 2000; Shorthouse, 1990), 

so this is a good indication of fisheries impacts of MPAs, although it is anecdotal.   

Limitations common to the majority of protected area evaluations are that; (a) very few studies 

include reference sites outside MPAs, (b) few have funds to carry out statistically robust 

monitoring and replication of sites and (c) very few have any baseline data to look for effects 

over time.  As a result, they provide weak evidence of MPA outcomes.  There are also issues 

related to the lack of training in indicator measurement and only focusing on biological data 

(Stem et al., 2005).  Meaningful cross comparison or evaluation of methods is also hampered by 

the fact that most methods are usually simply documented as methods, without published results 

(Hockings, 2003), or because any studies that are carried out are only informally published (Stem 

et al, 2005).  There is also a lack of standard methodologies, differences in robustness and 

comprehensiveness of methodologies, as well as inconsistent language, where result, impact and 

outcome or pressure and threat are used to describe the same thing (Stem et al, 2005).  

Additionally, only rarely has more than one method been applied at a single site and weightings, 

if applied to each measure are arbitrary and subjective.  Indeed evaluation year was a proxy for 

methodology, as methods are quickly replaced as new ones are published, meaning there is little 

consistency over time, despite the fact that new evaluations are often hybrids of previous ones 

(Hudina, 2006).   In addition, almost no analyses quantitatively measure secondary benefits such 

as tourism, educational benefits, or reduction in conflict.     

Importantly, there is also a tendency to confuse expected outcomes associated with actions and 

actions themselves (inputs and outputs, effects and effectiveness) and theoretical developments 

have yet to reduce uncertainty over the link between MPA effects and whether these effects 

enable MPAs to achieve a given result and achieve their objectives.   For example, the degree of 

local reliance on marine resources is often included, although this has only an unclear link to 

MPA effectiveness (Stern, 2006).  In addition, uncertainty (from natural sources of variability 

interacting with anthropogenically-induced changes) weakens the precision as to which the 

magnitude and timeframe of an expected outcome can be made.  Advances in evaluation 

assessments should focus on developing quantitative targets, parameterizing the magnitude of 

effects, evaluating them with respect to stated objectives, and assessing confidence in the results 

(Syms & Carr, 2001). 

Hudina (2006) developed an integrated management effectiveness index, with 29 merged 

indicators using sites where more than one methodology had been applied.  A single 

management effectiveness index was not possible, as a composite or average score obscured the 
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actual status of MPA performance due to differences in methodologies' comprehensiveness and 

robustness.  Adjusting data for robustness and quality was also not recommended, as it was 

found to obscure the results (Hudina, 2006).   

In the most comprehensive coral reef MPA study to date, Mora et al., (2006) compiled a 

database of 980 coral reef MPAs, covering 18.7% of the worldõs coral reef habitats and 

quantified the area to fall within criteria related to protection against fishing, perceived levels of 

poaching and risk from external threats such as pollution.  They found that 147 coral reef MPAs 

(10.8% of coral area) are at low risk and less than 0.01% of the worldõs corals are within MPAs 

defined as no take with no poaching and at low risk.  Effectiveness varied between countries.  In 

addition, 40% of MPAs were identified as smaller than 2 km2 which negates fisheries protection 

effectiveness for many species.   
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2.2.6 Factors associated with conservation impacts of MPAs 

Research which has sought to determine aspects of MPA effectiveness has taken a variety of 

approaches and been published both informally and in the academic literature (see above).  

Increasingly, global networks of managers are forming networks to informally share experiences 

of outcomes from management interventions (LMMA, 2008), which is a testament to the need 

for generalised information on what improves MPA performance.     

Traditionally the focus was on demonstrating fisheries benefits of MPAs, which proved to be 

costly and somewhat elusive (Willis et al., 2003).  More recently, there has been a research 

emphasis on understanding the achievement of positive outcomes in certain types of MPAs, 

such as community managed MPAs (Axford et al., 2008; Christie et al., 2002) or fisheries 

focused MPAs, or MPAs in a single country or region e.g. (Christie et al., 2002; McClanahan et 

al., 2005a; Parvese et al., 2007; White & Vogt, 2000).   

A number of methods have been used to assess MPA performance.  The terrestrial PA 

literature has used satellite images to determine rates of land cover change (Bruner et al., 2001), 

which is not an option for MPAs.  Approaches for MPAs include Pomeroy (Pomeroy et al., 

2007), who use correlations in contextual and management variables between a number of 

community based MPAs in the Philippines to develop models of direct and indirect links in the 

social dimensions of success.  A number of studies have assessed MPAs using surveys to gauge 

stakeholder perceptions, the best of which have included control sites (Leisher et al., 2007; 

McClanahan, 2004; McClanahan et al., 2005b; Webb et al., 2004; Williams & Polunin, 2000).  

However, these are extremely costly and so can only be applied to a small number of MPAs.  

Other approaches have looked for evidence of positive health or economic benefits as a result 

of MPAs e.g. (Aswani & Furusawa, 2007; Gjertsen, 2005), which help to elucidate social aspects 

of MPAs.  Holtzman et al., (2009) use internal reports from 24 MPAs to code qualitative data 

into ordinal data for 33 indicators and looked for correlations between outcomes and inputs.  

Tupper et al., (2008a) used in depth qualitative analysis of 56 reef related management projects 

to establish lessons learnt from success and failure.  Pollnac et al., (2001a) looked at 

probabilities of association between independent variables and a composite measure of success 

for 5 variables including coral health, resource perception and compliance.  Mascia (2000) 

synthesized 74 presentations on MPAs at a coral reef conference to summarize their insights 

into the characteristics of effective coral reef MPAs.  Halls et al., (2002) assessed the 

contribution of 258 technical, socio-economic and political attributes of 119 sites and using 

catch per unit area and catch per unit effort as proxies for management success, but relevance 

of this research is limited to fisheries benefits from artisanal co-management.  As yet there has 
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been no research to explore drivers of socio-economic and ecological performance using a 

single evaluation method with a large enough sample size to enable parametric approaches for 

coral reef MPAs at a global scale.   

Next I examine the conclusions and recommendations from studies using all these approaches, 

to develop hypotheses as to the drivers of MPA performance.  I discuss in turn, the MPA 

features, management actions, financial aspects, local and national contextual variables from 

these sources of literature.   
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Table 2.2 Variables hypothesized to impact facets of MPA success.  This table 

summarises the variables which have been shown quantitatively or anecdotally to influence 

MPA performance.  For expected direction of the direction of the impact on performance reported or 

hypothesized; Q denotes a quadratic relationship, + a positive and ð a negative.   

 
  MPA / management variable Expected 

direction of 
relationship 

Study 

 
 
 
 
 
 
 
 
 
MPA 
features 

MPA size: goal achievement, habitat 
quality, fisheries 

Q / +  (Alder et al., 2002; Holtzman et al., 2009; 
Lauck et al., 1998) 

Existence or size of no-take area: 
fisheries 

+ (Boersma & Parrish, 1999; Claudet et al., 
2008; Holtzman et al., 2009; Hughes et al., 
2007; Lauck et al., 1998; Sumaila, 1998) 

Age: effectiveness, fisheries, habitat 
conservation 

Q / +  (Claudet & Pelletier, 2004; Leverington et al., 
2008) 

Low IUCN number (strict 
regulations) 

+ (Naughton-Treves et al., 2005) 

Zoning: conflict - (Christie & White, 2007; Tupper et al., 
2008a) 

Community managed (dummy) +? (Pomeroy et al., 2007)  

Government managed (dummy) -? (Pomeroy et al., 2007) 

Multiple (co) management (dummy) + (Christie & White, 2007)  

Part of physical or monitoring 
network of MPAs: effectiveness, 
species conservation, habitat quality 

+ (Jameson et al., 2002; Wilkinson, 2004) 

Region Americas, Asia - ( Wilkinson, 2006) 

Pacific + ( Wilkinson, 2006) 

Aims Multiple aims - (Pomeroy et al., 2007) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Manage
ment 
actions 

Existence management plan  
(dummy) 

+ (Halls et al., 2002; Tupper et al., 2008a) 

No. staff / level activity + (Bruner et al., 2001; Leverington et al., 2008) 

Staff training (dummy) + (Kelleher & Recchia, 1998; Kelleher, 1996; 
Wilkinson, 2004) 

No. regulations or bans on 
potentially destructive activities 

+ (Halls et al., 2002; Pomeroy, 2007) 

% activities detected and/or 
enforced; effectiveness, fisheries 

+ (Halls et al., 2002; Kelleher & Recchia, 1998; 
Lundquist & Granek, 2005; Mascia, 2000; 
McClanahan et al., 2005a; Ostrom, 1990; 
Pomeroy et al., 2007; Walmsley & White, 
2003) 

Community involvement and/or 
consultation; effectiveness, conflict 

+ (Leverington et al., 2008; Mascia, 2004; 
Pollnac et al., 2001a; Pomeroy et al., 2007; 
Tupper et al., 2008a),   

Resource user participation, 
community institutions 

+ (Charles & Wilson, 2009; Lundquist, 2005; 
Ostrom, 1990; Pollnac et al., 2001a) 

Creating local community incentives + (Pomeroy et al, 2006 Wilkinson, 2004, 
(Pollnac et al., 2001a) 

Environmental education and 
outreach programs (dummy) 

+ (Browning et al., 2006; Christie & White, 
2007; Mascia, 2000; Tupper et al., 2008a) 

Conflict resolution mechanisms 
(dummy) 

+ (Halls et al., 2002; Ostrom, 1990; Pomeroy et 
al., 2007) 

Social and ecological research and 
monitoring (dummy) 

+ (Kelleher, 1996; Leverington et al., 2008; 
Lundquist, 2005; Mascia, 2000; Tupper et al., 
2008a) 

Management effectiveness 
evaluation (dummy)(dummy) 

+ (Lani et al., 2003; Leverington et al., 2008; 
Tupper et al., 2008a) 

Technical supervision / advice from 
outside organization e.g. NGO 
(dummy) 

+ (Christie & White, 2007; Jameson et al., 
2002; Pollnac et al., 2001b; Rudd et al., 2001) 

Compensation to groups suffering 
user costs (dummy) 

+ (Bruner et al., 2001; Emerton, 1999; Rettig, 
1994) 
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Many of the relationships posited in table 2.2 are complex and inter-related.  For example, 

tourism can lead to numerous benefits, as well as costs e.g. increased conflict as the re-

allocation of rights to non-consumptive users (Mascia, 2004) and linked to resentment from 

perceived loss of traditional ways of life (Hoagland et al., 1995).  Zoning schemes can help to 

reduce conflict, if there is sufficient capacity for enforcement.   

Similarly, the level of absolute funding is also not the only factor.  There is also the critical 

question of how existing funds are spent, as funds must be shared between active management 

(e.g. staff, office overheads and enforcement), funds for community and development projects 

and many MPAs also return a portion of funds to the national government.  Management costs 

vary depending on the MPA objectives and regions (Balmford et al., 2004), and there is 

evidence that on-going funding requirements are driven by MPA size and visitation rates, with 

smaller PAs (James et al., 1999) and those with higher rates of visitation needing most funds per 

area (Gravestock et al., 2008).  Nonetheless, money for start up, recurrent or capital costs is 

 
 
 
Financi
al 

MPA funding (absolute / per area / 
for active management costs) 

 
+ 

(Gladstone, 2000; Gravestock et al., 2008; 
Kelleher, 1996; White et al., 2002; White et 
al., 2005b) 

Extent facilities, equipment and 
infrastructure 

+ (Leverington et al., 2008) 

% funding from user fees + / - (Christie & White, 2007; Emerton et al., 
2006) 

% funding to local community 
projects  

+ (Emerton et al., 2006) 

 
Threats 
/ uses 

No. threats inside or outside - (Allison et al., 1998; Wilkinson, 2006) 

Number of fishers / fishing 
pressure: effectiveness, habitat 
quality 

 
- 

(Halls et al., 2002; Roberts & Polunin, 1991) 

Number of visitors/ visitor 
pressure: effectiveness, conflict, 
economic benefits 
habitat quality 

 
+ / - 

(Davis & Tisdell, 1995; Dixon et al., 1993; 
Roberts & Hawkins, 2000; Sanchirico, 2000) 
 

 
Local 
context 

Local community benefits, equitable 
distribution of benefits 

+ (Charles & Wilson, 2009; Jameson et al., 
2002; Leverington et al., 2008; Mascia, 2004; 
Ostrom, 1990; Scanlon & Kull, 2009) 

 
 
 
 
 
Nationa
l 
context 

Coastal zone management beyond 
MPA (dummy) 

+ (Cho, 2005; Christie et al., 2002; Tupper et 
al., 2008a; White et al., 2005a; Wilkinson, 
2004; Wilkinson, 2006) 

Fisheries management beyond MPA 
or inside (dummy) 

+ (Tupper et al., 2008a; Wilkinson, 2004) 

GDP pc / economic development 
/ more developed country (MDC) 

+ (Agardy et al., 2003; Holtzman et al., 2009; 
Wilkinson et al., 2006) 

Less developed country (LDC), 
high  degree of dependence on 
natural resources 

- (Balmford et al., 2003; Francis et al., 2002; 
Pollnac et al., 2001a) 
 

Human development index (HDI) + (Holtzman et al., 2009; Leverington et al., 
2008) 

% reefs at risk + / - (Burke et al., 1998)  

Survey 
variable
s 

Respondent is part of management 
staff (dummy) 

+ 
 

(Bhagwat et al., 2001) 
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rarely given as the only reason for failure and goals may not be met because they are unrealistic 

(Agardy et al., 2003; Oracion et al., 2005) and not simply because funds are lacking (Christie & 

White, 2007).  

The source of funds may also have an impact in terms of MPA objectives.  Other sources of 

funding include the national government, national organizations, donations from visitors and 

international NGOs and foundations.  Each of these may incur restrictions as to how funds are 

spent, for example some funders require management effectiveness evaluations (Emerton et al., 

2006).  Excessive reporting requirements or inflexible funding schedules can hinder effective 

management (Tupper et al., 2008a).  User fees or government based agreements can provide 

more funding stability than short term donor funds (Leverington et al., 2008; Tupper et al., 

2008a), but are likely to be associated with greater visitor pressure.   

There is also no single approach to community engagement (Tupper et al., 2008a) and benefits 

can be in-kind contributions such as community or development programs and revenue sharing 

initiatives (Emerton et al., 2006).  Incentives through for example new markets and running 

alternative income projects (where community members are trained in a new employment 

sector, such as being dive guides or seaweed farming) will improve performance.  Fisher 

compensation could include loans, vessel but-backs, re-training or joint venture contracts 

(Roberts & Hawkins, 2000).  

Non-linear relationships could be expected in several variables.  Holzman et al., (2009) found 

that smaller MPAs (under 100km2) had higher effectiveness scores than those of intermediate 

size, but results were inconclusive on large MPAs (over 2500km2).   Also, whilst protected area 

effectiveness is expected to increase over time, many benefits seem to have non-linear 

relationship with the age of the MPA (chapter 3).   

Each MPA is unique in terms of the economic, social, political and institutional elements at 

community, national and international scales in which it operates (Lundquist, 2005), which will 

also strongly affect outcomes (Christie & White, 2007).  Contextual factors which vary between 

MPAs include the social and economic situation of people using marine goods and services, the 

type of governance (Jennings, 2009), the source and severity of large scale threats outside MPA 

boundaries (Kelleher et al., 1995).  This is why MPAs should always be assessed in the context 

of adjacent areas (Mascia, 2000).  Several studies have concluded that endogenous factors 

explain more variation in MPA performance than large scale contextual and exogenous factors 

(Holtzman et al., 2009; Pollnac et al., 2001b; Pomeroy et al., 2007).  I will test this assertion for 

this sample.  
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Finally, it is worth noting that there will be much confounding and many interactions between 

these variables.  For example, the size or source of funding may impact management actions, 

features may be related to the MPAõs aims, features and the management type, region and MPA 

size could be related.  As a result, reliance on bi-variate analyses is of limited use.   
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2.3 Economic costs and benefits generated by MPAs.   

2.3.1 Economic values of reefs and MPAs 

Coral reef ecosystems produce a suite of direct and indirect benefits to society (table 2.3).  

These are well quantified for direct use values, less so for non-use values and to a very limited 

extent for ecosystem services (Balasubramanian et al., 2003; Hargreaves-Allen, 2004).  These 

goods and services depend on the existence of healthy ecosystems and are not all provided by 

heavily degraded reefs.  Most MPAs have ecosystem conservation as at least one of their 

primary aims, so the designation of an MPA should contribute to the provision of these 

benefits, locally and more widely.   

 

Table 2.3.  Economic Values Attributed to Coral Reefs.   Adapted from Molberg & Folke 

(1999). 

 

 

 

 

Use Value 

 

Direct 
Use 

Extractive: fisheries, mariculture, aquarium trade, curio/jewellery, 

pharmaceutical products, industrial, constructional, agricultural products, 

genetic material, mineral oil and gas.   

Non extractive: tourism, recreation, research, education (pollution and 

climate record), aesthetic, artistic, religious and spiritual values.   

 

 

Indirect 
Use 

Biological support to species & other ecosystems  

Physical protection to other coastal ecosystems, coastline, navigation 

Global life support (ecosystem processes and functions): biodiversity 

(resilience), build up of land, genetic library, export of organic production, 

nitrogen fixation, carbon control, waste assimilation.   

Social services: employment opportunities, food security 

Coral sand generation 

National coastal zone extensions 

 

Option 
Value 

Species, habitats, biodiversity, pharmaceutical goods.   

 

Non-Use 

Values 

Bequest 
Value 

Species, habitats, way of life and livelihoods connected to traditional uses.   

Existenc

e Value 

Threatened habitats, endangered species, charismatic species, and aesthetic 

reefscapes. 

 

MPAs which contain coral reefs also produce distinct marginal benefits and costs which occur 

due to the process of active management, which have been characterized mainly qualitatively 

in the literature.  These are summarized in table 2.4.  Economic analyses of MPAs should in 

theory focus on the marginal impacts of management of economic values, but they rarely do, 
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as calculating marginal values is much more difficult than total values, partly due to ecological 

non-linearities, to limited understanding of bio-physical linkages and the requirement for many 

assumptions leaves estimates vulnerable to criticism (Pendleton, 1995).  One exception 

involved modelling trends in all the major values under two scenarios: with and without 

management to estimate that management of the Taka Bone Rate MPA in Indonesia adds an 

additional US$3.5- 5.0 million in value (Cesar, 2002).   

Table 2.4.  Costs and Benefits Associated with Marine Protected Areas.   

Based on Molberg and Folke (1999), Sanchirico (2000), Gutman (2002), Sanchirico and Wilen (2002), 
Carter (2003) and Lutchman (2005).  Scales are local (L), National (N) or International (I). 
 

Type of Cost Examples for MPAs Relevant 
scale 

Direct costs 
Investment and 
operation management 
costs 

Design, set up and operational expenditures e.g. running, 
enforcement, monitoring, staffing and equipment, 
infrastructure development, compensation payments, 
alternative livelihood programs. 

L, N, I 

Indirect costs 
Imposed on third 
parties due to negative 
externalities 

Fishing related: Crowding and reduction in fishable waters 
from displaced effort, reduced catches, higher capital and 
search costs, increase in safety risks, increased congestion, 
ecological effects of changes in species removal. 
Tourism related: higher price local goods, crime, loss of 
cultural identity, lack of accessibility to traditional recreation 
grounds, damage from divers, pollution from tourist related 
development 
User conflicts, MPA associated fines and penalties. 

L 

Opportunity costs 
Maximum return 
forgone in assoc. with 
limited or alternative 
economic activities  

Forgone income from resource extraction (e.g. oil, gas 
mineral), forgone fishing income, unrealised development  
(industrial / tourism) 

L,N 

Type of Benefit Examples for MPAs Relevant 
scale 

 
Consumptive ð on site 

Enhanced ecosystem productivity.  Broadly improve the 
health of the ecosystem within the boundaries, restoration of 
healthy trophic levels.  Increases in fishery stock abundance, 
age/size composition, spawning stock biomass, yield per 
recruit.  Increased food security.  Revenues from entrance 
fees 

L, N 

 
Consumptive ð off site 

Net revenue from harvest spill over ( increase aggregate catch 
levels in the fishery).  Reduction in harvest variance 
Greater benefits for any permitted uses.  Enhance market 
value (alter catch composition and size).  Economic multiplier 
values from employment, income and processing etc.   

L,N 

 
Non-Consumptive -  
on site 

Opportunities for increased non-consumptive use values due 
to improved environmental quality and species diversity 
Ancillary, including education, diving, photography, tourism  
In situ conservation marine biodiversity.  Option and quasi-
option values.  Research opportunities.  Ecological services 
e.g. regulation of water supply, storm prevention.  Donor 
investment 

L, N 

 
Non-Consumptive -  
off site 

Ecotourism-related employment and revenues, tourism 
infrastructure, income and employment from alterative income 
initiatives. 
Support of existence and bequest values.  Dispersed ecosystem 
services e.g. climate & nutrient control, carbon regulation. 

L, N, I 

 
Institutional 

Savings in enforcement costs over other management models. 
Hedge against potential management failures, ecological disasters 
and uncertain stock.  Scientific knowledge and educational 
opportunities. 

L, N, I 
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2.3.2 Social Costs and Benefits of MPAs. 

Social and economic benefits from successful MPAs are likely to be linked to income and 

employment benefits from improved natural resource extraction and sustainable tourism, as 

well as indirect ecological services to local populations and the maintenance of non-use values, 

such as continuation of traditional ways of life (Dixon, 1993; Sanchirico et al., 2002).  MPA 

funding can also extend to community projects, such as alternative livelihood schemes for 

fishers, and micro-credit schemes for new businesses and education programs. MPAs are also 

expected in theory to reduce conflict, by dealing directly with the lack of defined property 

rights that exist in marine environments (Kelleher, 1999) although conflicts can remain in 

multi-use MPAs (Davis & Tisdell, 1995) or even increase in practice (Fabiny, 2008).   

MPAs whose regulations restrict or ban extractive activates will also generate opportunity costs 

which can be substantial, including lost earnings for those who extracted seafood or other 

materials from these habitats (Balmford et al., 2002).  Opportunity costs associated with the 

use of international and government funds for MPAs, rather than fisheries management or 

poverty alleviation programs, could also be large, although this is challenging to quantify.  

Closing areas to fishers can also incur significant indirect costs for fishers, such as increasing 

congestion on the remaining open grounds or increasing the variable and search costs 

associated with new fishing locations (Sanchirico et al., 2002).  Thus most of the non-direct 

costs incurred by MPAs are likely to fall on extractive users.   
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2.3.3 Distributional impacts and perceptions of benefits in MPAs. 

Distributional impacts and perceived equity of MPAs will determine their outcomes to a large 

extent.  MPAs often reallocate rights and have complex distributional impacts which can 

undermine local support and compliance (Carter, 2003). An overall positive net value could 

hide these discrepancies between stakeholders.  Distributional impacts depend on MPA size, 

location, the national level of economic development and employment possibilities (Alban et 

al., 2006). 

Equity issues can arise as those stakeholders receiving MPAs benefits are frequently not those 

that suffer the costs (Balmford et al., 2003; Norton-Griffiths & Southey, 1995).  If MPAs 

affect one user group disproportionately (e.g. see Ferraro, 2002), this can create distributional 

issues and increase conflict (Christie, 2004; Sanchirico, 2000). There can also be an inter-

temporal trade-off, where most costs are incurred initially and benefits are only realised in the 

future.  Thus quick provision of local benefits such as employment or compensation is likely 

to be a necessary to ensure local compliance.   

Finally, MPAs can increase tourism and therefore contribute to poverty alleviation locally 

(Leisher et al., 2007).  Secondary benefits of increased tourism can include improved 

infrastructure and the availability of new foreign goods into local market places.  However, 

unsustainable visitation levels can lead to over-development, pollution, increased seafood 

demand and secondary social impacts such as cultural erosion, damage from visitor contact 

with coral and increased prices in local market places.  In contrast to direct impacts, indirect 

impacts of MPA-related tourism have been little researched.   

When addressing distributional impacts, local, national and global scales are all potentially 

important (figure 2.3) and it is not always obvious to whom which costs and benefits accrue.  

It is locally that MPAs will have their most immediate effect, by determining user behaviour 

and support for conservation (Mallaret-King, 2000; Pomeroy et al., 2007).  However, many 

decisions made concerning MPAs and other natural resources have been made by national 

governments.  At national level, costs arise from loss of taxes or fees, at the international scale 

from loss of trade.  Local costs can also be transferred to international scales, through 

compensation schemes or alternative development programs.  The international community 

and NGOs also play a key role, as conservation sponsors through foreign aid, technical 

assistance and MPA grants.  NGOs are themselves funded by a combination of national and 

international taxpayers and donors and so span several scales.  For conservation initiatives to 

work effectively, the benefits of conservation need to outweigh the costs at all scales (Kremen 

et al., 2000). 



 
Chapter 2. 

33 
 

Figure 2.4.  Hypothesized distribution of significant costs and benefits associated with 

MPAs at different scales.   Adapted from: (Barton, 1994; Furst et al., 2000; Moberg & Folke, 1999; 

Munasinghe & Lutz, 1993; Spurgeon, 1992).   

 

 

Perceptions of benefits and equity are potentially more important for local acceptability than 

equitable distribution of costs and benefits in reality (Alban et al., 2006).  Perceptions of 

benefits in Kenyan MPAs were most determined by employment type, with fishers having 

significantly less positive perceptions towards areas closed to fishing than government managers 

(Kiringe et al., 2007).  Government personnel thought that fishers and their communities 

benefited from area management, while most fishers did not.  People with higher education 

levels perceived more benefits, as did those nearest the older MPAs.  Similarly, stakeholders at 

Mafia Island Marine Park were dependent on proximity to the park and those most reliant on 

fishing (McClanahan et al., 2009).  In contrast Naylor (1998) found no significant difference in 

perceived wetland benefits between different stakeholder groups.  It should be noted that, 

valuation estimates using revealed and stated preference techniques can produce different 

conclusions regarding the distribution of benefits (Naylor, 1998).     
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2.4 Coral Reef and MPA Valuation. 

Environmental valuation, based on microeconomic utility theory seeks to reflect people's 

wellbeing as a function of environmental goods and services.  Natural resource valuation 

commonly uses contingent valuation or CVM (Garrod & Willis, 2000; Mitchell & Carson, 

1989).   

2.4.1  Economic Values of Coral Reef Fisheries. 

Fisheries yields are difficult to measure accurately and vary by region and type of reef, gears 

used etc.  Coral reef fisheries yields have ranged from 100 to 50,000 kg km-2 yr-1, with an 

estimated global average of 6,600kg km-2 yr-1 (McClanahan, 2004).  However, these vary 

substantially with a mean of 1,320kg km-2 yr-1 in the Caribbean, which was much lower than the 

mean of 3,000kg km-2 yr-1 in the Indian Ocean and 10,200kg km-2 yr-1 in the Pacific.  Koslow et 

al., (1994) report yields in 7 sites in Belize, from surveys in 1991, which ranged from 78 to 

2,92kg km-2 yr-1, with a mean of 340kg km-2 yr-1.  The highest yields in Belize were from the 

Gladden Spit area (almost 3,000kg km-2 yr-1).  The appropriate level for a sustainable yield 

which will not undermine fisheries is also highly specific to the region, types of reefs, stressors 

and bio-physical characteristics.  However, finfish harvests of 10,000-20,000kg km-2 year-1 are 

generally considered sustainable in reefs (Jennings & Polunin, 1995; Munro, 1984).   

Annually, fisheries in coral reef ecosystems yield at least 6 million tonnes of fish catches 

worldwide (Munro, 1996), which provides employment and food security for millions of fishers 

(Roberts et. al., 1998).  This reliance on reefs for food and income is particularly strong in 

developing countries, where 25% of the fish catch originates from coral reefs (Bryant et al. 

1998).  Cesar et al., (2003) suggest that fisheries account for US$5.7 billion of the total US$29.8 

billion net benefit of coral reefs per year globally. 

Fisheries values have been used in many ways, including underscoring the value of local 

artisanal fisheries or to calculate fisheries losses associated with destructive uses (McAllister, 

1988) or explore the potential changes in productivity which fisheries management of an area 

could produce (Munro, 1984).  Sensitivity analyses are often used in these studies, typically with 

discount rates of 5-15%.   

The majority of valuation studies have looked at gross fisheries values of coral reef fisheries and 

require assumptions such as typical yields or mean values, especially on national or regional 

scales.  For example, reef fisheries of the Meso-American Barrier Reef of Belize, Honduras and 

Mexico are potentially worth US$15,000ð150,000 km-² yr-1, based on catch values of US$1.00ð
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10.00kg-1 (Talbot & Wilkinson, 2001).  In Belize, Cooper et al., (2008) estimate annual gross 

economic benefits of US$13ð14 million from reef dependent fisheries and comment on the 

importance of fishing for local livelihoods and as a cultural tradition.  Fisher consumer surplus 

(CS) values for fishing can be additional to producer surpluses (Pollnac et al., 2001b).  This is 

because fishers experience welfare benefits, such as satisfaction with their way of life, beyond 

economic profits from fishing.   

Since the costs of fisheries can be large, even to the extent of dissipating profits in an open 

access fishery, omitting costs for economic analyses would lead to values which overstate local 

profits by a large margin.  Costs are increasingly incorporated into fisheries valuations, although 

the assumptions made as to the types of costs that are included and the rate of return from 

gross revenues vary.  In the Caribbean, the annual benefits provided by coral reef fisheries, net 

of costs, are thought to be approximately US$300 million (Burke & Maidens, 2004).  Fisheries 

accounted for US$1.3 million of the US$400.0 million in net present value of Jamaicaõs 

Montego Bay reefs (Ruitenbeek and Cartier, 1999).  In Tobago, direct annual economic impacts 

are approximately US$0.7 ð 1.1 million and in St. Lucia of US$0.4 ð 0.7 million.  Additional 

indirect impacts from the need for boats, fuel, nets, etc. are estimated at about US$0.1 ð 0.2 

million for both islands (Burke et al., 2008).  These rough estimates are gleaned using catch and 

price estimates from a sample of fishers or based on likely fisheries productivity per unit of reef 

area and by using expert opinion on labour and non-labour costs as a percent of gross revenue.  

Fisheries values have also been calculated at a number of MPAs.  For example, fisheries 

supported by the coral reefs in Indonesiaõs Wakatobi National Park in Southeast Sulawesi 

produce an average of US$10,340 per km annually and have a net present value of over US$2.2 

million, calculated over 20 years with a 10% discount rate (Hargreaves-Allen, 2004).  Similarly, 

artisanal values of fisheries in Bunaken National Marine Park, Indonesia were in the region of 

US$2.48 million, compared to US$765,000 for commercial fishing (USAID, 1996), which 

underscores the importance of including catch beyond that which is sold formally in markets.  

The total estimated value of the park to local fisheries was US$3.884 million per annum at the 

park boundary. 

 

In the Caribbean region, fisheries accounted for about US$19.0 million (compared to US$11 

million for tourism) of the net value of the US$41-53 million in incremental benefits of the 

coral reefs and mangroves in Jamaicaõs Portland Bight Protected Area, over a 25-year period at 

a 10% discount rate (Cesar et al., 2000).  Jamaicaõs Montego Bay Marine, a small area of only 

43ha, had a net present value of US$1.7 - 7.5 million from trap, net, hand line and spear-
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fishing by local fishers (Ruitenbeek and Cartier, 1999).  If the shadow price of labour is raised 

from 75% to 100% of the market rate however, the net present value becomes negative.   

These studies demonstrate the differences both in the magnitude of fisheries yields, but also 

their values both absolutely and compared to other values.  Part of the reason that producer 

surpluses from these fisheries may vary widely are likely to be due to the changes in property 

rights at different MPAs.  Some MPAs remain de facto open access areas, others are closed to 

fisheries and others grant exclusive access to certain stakeholders.  Provided exclusivity is 

enforced, a common property regime is similar to a private property regime (Bromley & 

Cernea, 1989) and would be expected thus to have more profitability than an open access 

fishery.  

 

2.4.2 Tourist values for coral reefs and marine reserves. 

Economic valuation studies related to reefs continue to proliferate, although many of these are 

not published in academic journals (Brander et al., 2007).  There are several key areas of 

relevant research; (a) recreational values for reefs and MPAs held by tourists, (b) non-use 

values, (c) welfare effects with changes in coral reef quality and (d) economic impact studies of 

reef or MPA related tourist spending.  These are discussed in turn.   

2.4.2.1 Recreational use values and entrance fee WTP for reefs or MPAs  

Where tourist access is good, recreational values are often the greatest single value attributed to 

a coral reef ecosystem and this may also be true at the global scale (Cesar et al., 2003).  Studies 

have usually used travel cost (TCM), contingent valuation (CVM) and to a lesser extent choice 

modelling (CM) to measure a range of recreational values, including willingness to pay (WTP) 

and consumer surplus (CS) values.  Of these, CVM is the most widely applied method to 

estimate tourist values of coral reefs (Brander et al., 2007) and often emerges as the most 

conservative method (Casey, 2006; Hundloe et al., 1987).  Table 2.5 shows several of these 

studies.   

Most of the available CVM studies estimate WTP to access MPAs through an entrance or user 

fee, as fees are charged at many MPAs and these are therefore familiar and realistic 

hypothetical scenarios even in areas where they are not currently charged.  Entrance fee WTP 

has been especially researched in SE Asia and in the Caribbean (table 2.5).  WTP in SE Asia 

range from US$1.85 per visit in Vietnam (Nam & Son, 2001) to US$5.50 in the Philippines 

(Arin & Kramer, 2002).  Those in the Caribbean range from US$2 (Cesar et al., 2002a), to 

US$19 per visit in Belize (Dharmaratne, 2002), and from US$27.40 per year (Dixon et al., 
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2000) to US$122 per year in Bonaire Marine Park (Parsons & Thur, 2007).  Similar values of 

US$15-20 per visit are recorded in the Western Indian Ocean (WIO).  Depondt and Green 

(2006), explored user fees in MPAs of South-East Asia and the Francophone countries of the 

Indian and Pacific Ocean and gave a general estimate of mean user fees of US$20-30 per visit 

per diver.   

These WTP estimates can be used to identify which values are potentially suitable for revenue 

raising, where visitors benefit from large welfare gains and would therefore be willing to pay 

more for entrance fees.  However, the application of these CS estimates is complicated, with 

unexpected and inconsistent elasticises of demand, which have produced contradictory results, 

calling into question the validity of some of the analyses (Lindberg, 2001).   Also, even where 

WTP has been shown to be high, user fees are rarely adjusted (Depondt and Green, 2006).  

Only 25% of MPAs containing reefs charge divers user fees, and those that do often only 

charge US$2-3 (Green & Donnelly, 2003).  Therefore, the potential these values generate for 

revenue raising or for controlling visitor numbers has not been fully utilised.   

Relatively few studies have measured net values. For example, Cesar and van Beukering (2004) 

estimate that recreational users of Hawaiian coral reefs enjoy an additional CS of US$133 million 

each year and Ayob et al., (2001) found that visitors to Pulau Payar MPA in Malaysia enjoy a CS 

of US$223 per person.   

The two studies that estimate values for Bonaire (Dixon et al., 2000; Parsons & Thur, 2007) have 

WTP estimates too different to be explained by inflation over time.  It is likely that elicitation 

format and scenario specifics produced this variation.  Interestingly, the lowest value was 

estimated with an open-ended elicitation format, which is the least incentive compatible and 

should therefore have been the highest.  The highest value came from the payment card 

approach.  Parsons & Thur (2007) note that at the time of the first study, entrance fees were 

purely hypothetical, which was not true for their study, which may have had an effect in terms of 

familiarity with the entrance fees.   

In the most comprehensive review to date, Brander et al., (2007) carried out a meta-analysis of 

recreational values associated with reefs, using a standard metric of US$ (in 2000 prices).  They 

calculate mean values per visit are US$184 and median ones are US$17, due to a skewed 

distribution with a long tail of high values.  They find that different methods produce widely 

different results, with CVM producing the lowest WTP estimates, which they suggest is due to 

the measurement of different welfare estimates, such as Marshallian CS, changes to consumer 

or producer surplus from quantity or quality effects or gross or net revenues.   
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Table 2.5.  Contingent Valuation Studies on WTP for User or Entrance Fees to Visit  

MPAs or coral reef dive sites in 3 regions.  WIO = Western Indian Ocean. 

Study 
 

Study Area Reported Mean WTP per person 

(Nam & Son, 2001) Hon Mun Islands MPA, 
Vietnam, SE Asia 

US$1.85 / visit  

(Khanh & Hung Son, 
2004)  

Hon Mun Islands MPA, 
Vietnam,  SE Asia 

Local Visitors: US$1.24 /visit 
Foreign visitors: US$1.85 /visit 

(Yeo, 1998) Pulau Payar Marine Park, 
Malaysia, SE Asia 

US$4.20 / visit 
 

(White et al., 2000) 3 diving areas, Philippines, SE 
Asia 

US$3.27 - 5.34 / visit 

(Arin & Kramer, 2002) Philippine MPA, SE Asia 
 

US$2.4 - 5.5 / visit (local and 
international visitors)  

(Dharmaratne, 2002) Belize Barrier reef, Caribbean 
 

US$19 / visit 
US$36 / òdive passportó  

(Cesar et al., 2002a)  Grenada, Caribbean 
 

US$4 / visit (current condition) 

(Cesar et al., 2002a) Negril, Caribbean 
 

US$18 / visit (current condition)  

(Cesar et al., 2002a) Hol Chan MPA, Belize, 
Caribbean 

US$2 / visit (current condition) 

(Simmons, 1996) Buccoo Reef Marine Park, 
Caribbean 

Foreigners  US$6.24 / visit 
Trinidadians US$5.62 / visit 

(Dixon et al., 2000)  Bonaire MPA, Caribbean 
 

US$27.40 / year  

(Parsons & Thur, 2007) Bonaire MPA, Caribbean US$62.50 and $122.36 / year 
US$10.49 ð 20.39 / visit  

(Mathieu et al., 2003)  Seychelles MPAs, WIO 
 

US$19.80 to scuba dive/ visit 
US$12.20/ visit  (CS US$2.20/ visit) 

(Mohamed, 2007) Dhigali Haa MPA, Maldives, 
WIO 

US$15±5 / visit 

(Hundloe et al., 1987)  Great Barrier Reef MPA A$8/adult   (CS of A$4/visit) 
 

 

Thus despite the increasing number of reef-related valuations, making general inferences about 

reef studies remains difficult.  This is because even when studies use the same method, they 

often vary in terms of assumptions made, methods used, services assessed, goals and context.  

They also vary in terms of units used to calculate total values, for example in per unit area, per 

visitor, for a certain period of time (day, visit, year), in different currencies and years of value.  

This means that the value estimates may not be comparable.   

However, various trends can nevertheless be seen.  For example, the quality and uniqueness of 

an experience are major determinants of value  as are other highly site-specific attributes such 

as crowding and area of reef (Brander et al., 2007; Dharmaratne et al., 2000).  There was a 

positive relationship between the size of dive sites and their value, providing the first evidence 

of scope sensitivity in reefs and a negative relationship between number of visitors and value 

(Brander et al., 2007).  Regional means were shown to be similar, although the Caribbean 

values were the highest and combinations of activities were more valuable, with snorkelling 
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alone producing quite low values.   Of concern was the fact that authorship explained 65% of 

the variance in recreational values, in contrast to a meta-analysis for woodland recreational 

values carried out by Bateman and Jones (2003).   

It should be noted that the focus of these valuation studies on highly visited areas means that 

these values are unlikely to be lower elsewhere.  Publications are increasingly using secondary 

data to look at regional patterns of economic benefits generated by reefs (Burke et al., 2002).  

However, there remains a poor understanding of the regional and global differences in the full 

spectrum of tourist values associated with reefs.  Benefits transfer using previously estimated 

recreational values is unlikely to be accurate, given mean absolute percentage errors of 186% 

(average) and 79% (median) (Brander et al., 2007).  To ameliorate this problem, these authors 

recommend more high quality recreational value studies combined with more information on 

coral quantity and quality in published studies.   

 

2.4.2.2  Welfare impacts of changes in environmental quality, including conservation, 

for coral reefs and MPAs.   

Coral reefs can be improved or damaged, whether or not they occur within formally protected 

areas.   There has been little discussion of the effect of improvements and damage on reef 

recreational values, as research tends to value a recreational experience given current 

conditions.  These types of study can be an important decision making tool, for example to 

understand potential changes in visitation with decreased environmental quality from damage, 

or increased quality from management and protection.  Table 2.6 summarises the main studies 

using CVM to understand these effects for MPAs and coral reefs.   

These studies do however demonstrate benefits of conservation in the context of general 

ecosystem decline.  For example, Bhat (2003) used TCM and CVM to estimate that quality 

improvements in coral, fish abundance and diversity in the Florida Keys would result in a 69% 

increase in recreational values per trip and that management costs incurred would only 

constitute 1-2% of recreational benefits generated.  Similarly, Parsons and Thur (2007) used 

CVM to estimate economic losses from coral quality decline in Bonaire (based on visibility, 

species diversity and percentage coral cover).  They found that modest declines in quality 

resulted in annual economic losses of US$45 per person and larger losses of US$192 per 

person.  Another study by Setiasih (2000) used choice modelling to evaluate the tradeoffs 

between price, coral quality, and reduced crowding. Visitor WTP for a 1% increase in living 

coral cover was estimated at US$0.15 and WTP for a decrease in each additional boat at the 

snorkel location was US$0.53 (reported in Lindberg, 2001).   
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Most CVM scenarios use trusts and conservation projects as WTP elicitation vehicles.  Some 

studies produced large number of protest responses, but could nevertheless have large mean 

values e.g. (Casey, 2006; Mohamed, 2007).  Interestingly, Mohammed (2007) found that the 

mean WTP for a conservation fee was US$20 higher than that of a user fee, which could be 

due to the perception of the conservation fee as additional to the entrance fee or strategic 

behaviour.  The type of survey was found to affect the results of the conservation fee estimate.  

The effect of the scenario specifics was also observed by Setiasih (2000).   

These studies demonstrate that tourists are willing to pay for reef improvements, from 

US$0.45 per visit for reef improvements in the Philippines (Ahmed et al., 2007) to US$18 per 

year in Jamaica (Wright, 1994).  There is also evidence that they are willing to pay towards trust 

funds that will improve reefs in the future (Cesar et al., 2002b).  A few studies estimated both 

WTP and CS e.g. where CS was found to constitute 18% of the total WTP estimated (Mathieu 

et al., 2003) or where it constituted 28% (Park et al., 2002).    

Although tourist values of unprotected coral reefs areas have been more highly researched, 

MPAs are potentially more suitable for studies estimating use and non-use values, as they are 

self contained units with defined boundaries and valuation estimates are sensitive to scale.  

While tourist recreational values for coral reefs are likely to be limited to non-extractive use 

values, values held by tourists for MPAs and reef conservation can in theory span the entire 

spectrum of the values.  They may include significant appreciation of ecosystem services 

(indirect use values), continued support of local traditional direct use values of local 

communities, as well as option and non-use values.  Thus MPA-related recreational values 

would be expected to be larger than those of unprotected areas of reefs, where MPAs are 

effective (Williams & Polunin, 2000).   

Reef improvements and conservation are of course inextricably linked and there is little 

information available to tease apart the relative effects of quality of experience and 

conservation benefits generated by the hypothetical endowments that many studies use, or the 

marginal changes in values generated by management induced changes in attributes of reefs 

within MPAs (Williams & Polunin, 2000).   
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Table 2.6.  Results of Some CVM research to value changes in environmental quality, 

including conservation, for coral reefs and MPAs.   

 

 

 

 Study site 
Study reference 

Scenario Valued Mean WTP per person 

(US$) 

 
 
 
 
 
 
 
 
 
 
 
MPAs 

Curacao Marine Park 
(Spash 2000)  

A per annum payment for 5 years to be 
paid into a trust fund to improve 
environmental quality from 35% to 
75% of its potential 

$25.21/ annum for 5 
years 
 

Jamaican Marine Park 
(Spash 2000) 

A per annum payment for 5 years to be 
paid into a trust fund to improve 
environmental quality from 60% to 
100% of its potential 

$25.89 / annum for 5 
years 
 

Bali Barat National Park 
(Setiasih, 2000) 

Additional WTP of snorkellers if (a) 
went directly to park and (b) if it went 
to the government 

$2.90 / person 
$0.43 / person 

MPAs in Hawaii 
(Cesar et al, 2004) 

Coral reef conservation fee per 
experience (additional to current costs) 

Incl non-payers; $2.81.  
Excl non-payers; 
US$3.77 / visit 

Dhigali Haa MPA, 
Maldives 
(Mohamed, 2007) 

Mean one-off conservation fee per visit 
for all tourists visiting Baa Atoll 

$35±5  / visit 

Bonaire MPA 
(Parsons & Thur, 2007) 

Welfare impacts of losses in coral 
quality per person per year 

$45 for modest changes 
$192 for larger losses 

Hol Chan MPA, Belize  
(Cesar et al, 2002) 

WTP for reef experience with 
environmental improvement 

$9 / visit 

 
 
 
 
 
 
 
 
 
 
 
 
 
Coral 
reefs 

Negril, Jamaica 
(Cesar et al, 2002) 

WTP for reef experience with 
environmental improvement 

$19 / visit 

Ko Chang, Thailand 
(Seenprachawong, 2006) 

WTP for increase in entrance fees 
(from 0.65c) to fund better mnt 

$5 / visit 

Eilat Coral Beach Nature 
Reserve 
(Wielgus et al., 2002)  

WTP per dive for moderate 
improvements in quality 

$1ð3 / visit 

Phi Phi Islands, 
Thailand. 
(Seenprachawong, 2003) 

A per annum payment for 5 years to be 
paid into a trust fund 

Local Visitors: $7.17 
Foreign visitors: $7.15 

Negril, Jamaica 
(Wright, 1994) 

(a) WTP for reef in current condition 
(b) to restore reefs to "excellent" 
condition 

(a) $31 / year 
(b) $49 / year 

Montego Bay Coral 
Reefs 
(Spash et al., 1998) 

WTP for trust fund to support 
strategies to improve marine 
biodiversity by 25% 

$1.17 to $2.98 / visit 

Curaçao Coral Reefs 
(Spash et al., 1998) 

WTP for trust fund to support 
strategies to improve marine 
biodiversity by 25% 

$0.26 to $5.82 

Grand Anse, Grenada 
(Cesar et al., 2002) 

WTP for conservation $18 / year 

Bolinao, Philippines 
(Ahmed et al., 2007)  

WTP per year for reef improvements $0.45 / visit  
$1.60 / annum 

S E Florida Reefs 
(Johns et al., 2003)  

Increase in trip cost per person-day $12.74 for natural reefs  
$8.63 for artificial reefs 

Mexican corals 
(Casey, 2006) 

WTP for public trust to protect corals $57.93  

Florida Keys 
(Park et al, 2002) 

WTP to preserve the current water 
quality and health of the coral reefs 

$735   
(CS is $207) 
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2.4.2.3 Economic impacts of tourism 

Economic impacts of MPAs are generated through reserve-related tourism (creating jobs and 

income), which may have a significant tangible effect on local incentives and attitudes. Indeed 

a number of countries with marine protected areas rely on ocean-based tourism as a central 

component of their economy (Dixon, 1993) and tourism is the fastest growing sector 

associated with coral reefs (Hoegh-Guldberg, 1999).   

These transfers of funds from one group to another represent financial impacts of MPAs, 

rather than net economic values.  They have made explicit flows of money generated from 

these reefs and the large financial impacts reef-related tourism and spending generate in 

markets.  From a local perspective, these may be more important than net welfare-related non-

use and option values, which cannot necessarily be captured.    

Several studies have quantified gross financial values associated with tourism at coral reef sites 

and MPAs, to the local economy and sometimes to the wider economy using economic 

multipliers.  For example, diving in South Florida was also estimated to produce US$625 

million in expenditures and 16,000 jobs and snorkelling US$340 million in expenditures and 

7,400 jobs (Johns et al., 2003).  The Great Barrier Reef has a gross value of US$1.5billion in 

terms of holidays on island resorts, reef trips and accommodation (Driml, 1999).  In the 

Caribbean, direct gross economic expenditures of visitors on accommodation and reef 

recreation are estimated at US$43.5 million for Tobago and US$91.6 million for St. Lucia 

(assuming 25% of 40% of tourism is linked in part to the reefs).  Additional indirect economic 

impacts, driven by the need for goods to support tourism (such as boats, towels and 

beverages) contribute another US$58ð86 million to the national economy in Trinidad and 

Tobago and US$68ð102 million in St. Lucia (Burke et al., 2008).  In addition, the value of local 

residentsõ use of the reefs and coralline beaches was estimated to be US$13ð44 million in 

Tobago and US$52ð109 million in St. Lucia (based on average wage rates and typical durations 

of trips).  Similarly, Bunce and Gustavason (1998) calculated a net present value of US$315 

million in 1996 for Montego Bay coral reefs in Jamaica. 

These studies have demonstrated the financial gains which can be produced by tourism, which 

is suggested as a more sustainable alternative to fishing at these sites.  As a result, there have 

been increasing calls for investment in alternative livelihood schemes, which typically re-train 

fishers as dive guides (Beger et al., 2004; Westmacott et al., 2000).  Yet tourism is also known 

to have negative consequences for reefs, through trampling and over-development of 

coastlines which generates pollution and often involves habitat modification such as mangrove 
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clearance and dredging (Hawkins & Roberts, 1993).   Tourism can also increase demand for 

fish, which increases fishing effort locally.   

A smaller number of studies have quantified gross or net values associated with tourism at 

coral reef sites or MPAs.  For example, annual benefits of dive tourism in the Caribbean in 

2000 were estimated at US$2.1 billion, of which US4.7 billion was in gross revenues, with an 

estimated return of 0.35 and a 1.25 multiplier effect (Burke & Maidens, 2004).  Divers make up 

about 10% of all visitors but contribute about 17% of all tourism revenue in the Caribbean, 

where tourism is projected to grow at 5.5% a year.  Israel (2004) value the direct gross 

contribution of the Virgin Islands Marine Park to GDP through tourism and recreation at 

US$45 million per year, with an additional US$25 million in indirect impacts to the economy.  

In addition, (Ruitenbeek & Cartier, 1999) estimated a net present value of tourism spending of 

US$315 million for the Montego Bay Marine Park, in Jamaica.  Dixon et al., (2000) estimated 

US$4.7 million in diver expenditures and US$340,000 in revenues from taxes in 1991 at the 

Bonaire Marine Park.   

Large recreational impact estimates for coral reefs are used to emphasize their importance to 

policy makers, stimulate investment and increase support for conservation measures.  

However, in isolation from further research these studies provide little information on the 

motivation behind spending in terms of use or non-use values.   

 

  



 
Chapter 2. 

44 
 

2.4.2.4 Wildlif e tourism 

 

It has been estimated that 20-40% of all international tourists have an interest in some form of 

wildlife watching (The International Ecotourism Society, 1998).  Interactions with large 

charismatic creatures, such as whales and sharks can draw people from all over the world and 

have both a large economic impact, related to the generation of significant non-extractive and 

non-use values e.g. (Christ et al., 2003; Tapper, 2006).  Where reef-related species focused 

valuation has been carried out, tourist spending has usually been used.  For example, Newman 

et al., (1997) estimate that whale shark ecotourism generates about A$12 million annually in 

Western Australia and US$3 million in Phuket, Thailand where 45% of the funds generated 

from the US$100 per person entrance fee went towards park management.  In the Seychelles, 

whale shark watching by just 496 people in 2005 provided a total income of just over 

US$35,000, of which US$20,500 was to support a whaleshark monitoring programme.  The 

total added value of tourism from visitor expenditure was calculated to amount to nearly 

US$1.75 million. In a rare application of CVM to species related values, Loomis and Larson 

(1994) estimated a WTP for grey whales of about US$20 per household, with users having 

higher WTP.   

Wildlife tourism is expected to continue to grow.  In 1991 an estimated 4 million people 

watched whales, by 1998 this had risen to 9 million people, and the total expenditures related 

to whale watching stood at just over a billion US dollars, more than three times the revenues in 

1991, and benefited 495 communities around the world (Hoyt, 2001).  
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 2.4.3 Local community values for and impacts of conservation in developing 

countries.   

Leisher et al., (2007) carried out 950 local community interviews in villages near 4 highly 

successful MPAs to compare changes over time and compared to control sites.  They found 

evidence of significant resident benefits, such as employment diversification, poverty 

reduction, new governance mechanisms, as well as health and development benefits.  Loper et 

al., (2008) reviewed research to assess socio-economic conditions based on 885 household 

surveys in 16 sites in Central America and find that reef dependence exceeds 50%; 29% of 

households were dependent on fishing as their main source of income, compared to 25% in 

tourism, but that tourism was replacing fishing over time. This contrasts to communities in the 

Pacific and SE Asia, which are still highly dependent on small scale subsistence or commercial 

fishing.  26% of households are concerned by illegal fishing as a key threat, followed by climate 

impacts for 21%, as well as tourism and industrial development.  Despite a general perception 

of resource decline, they found low awareness and support of MPAs in the Caribbean as 

people had major concerns as to the effects of tourism on their way of life, despite generally 

supporting increased tourism (Loper et al., 2008).   

The majority of PAs are expected to produce significant and concentrated costs for local 

residents.  However Wittemyer et al., (2008) show that for 306 terrestrial PAs in 45 countries 

in Africa and Latin America, population growth rates near PA borders (10km buffer) were 

nearly double rural growth rates (they were higher than national growth rates in 80% of 

MPAs).  This growth was positively correlated with international donor investment into 

conservation programs, including community development and capacity building projects.  It 

was also correlated with national GDPs, which would be expected to affect national funding of 

PAs.  This effect was evident even in similar eco-regions (which controls for the confounding 

effect of different eco-regions), suggesting this is not only a result of PAs being placed in areas 

of high ecological integrity.  Growth rates were also higher inside for 85% of PAs, meaning 

that displacement is not the cause of this trend.  These results suggest that PAs are attracting 

immigrants, due to their perceived benefits from increased economic and occupational 

opportunities.  Unfortunately, this growth could threaten conservation efforts, as it was also 

correlated with deforestation.   

Most CVM applications in developing countries have focused on water supplies and health 

and sanitation services and have shown that people are usually WTP for services if they make 

up less than 5% of household income (Garrod & Willis, 2000).  CVM can be a useful tool for 

decision-makers, to value resource that have traditionally been provided free of charge and 

regarding investment strategies for the management of PAs in developing countries (Maharana 
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et al., 2000).  However, it has only rarely been applied to measure local values for protected 

areas and even less for MPAs (Adams et al., 2008).  The main studies that have carried out 

CVM to assess local values for marine conservation are given in Table 2.7.  These studies 

suggest that local communities in developing countries are WTP for access to and 

conservation of marine resources (even despite negative impacts e.g. (Naylor, 1998), although 

they are highly constrained by their incomes.  Several elicited a large number of zero bids, 

including but not limited to protest responses e.g. (Adams et al., 2008).  Mean WTP ranged 

from US$1.50 per person to US$23 per household per year, with values largely reflecting the 

level of dependence on marine resources.  WTA values are less conservative (Arrow et al., 

1993), so are likely to overstate local values.  Adams et al., (2008) comment that the current 

government budgets allocated to the park are small in relation to the welfare gains local people 

gain.   

 
2.4.4 Using CVM to for natural resource valuation in developing countries.   
 
Meta-analyses of CVM studies, showed that a large number did not report a significant income 

effect, which may be an artefact of the survey method (Schlapfer, 2006).  This is of concern, as 

theoretical validity is tested by demonstrating predicted changes in WTP based on economic 

theory (Mitchell & Carson, 1989), e.g. it should be linked to ability to pay and ôsensitive to 

scopeõ.  Insensitivity to scope refers to the problem of when the value of a good is not 

increased by the inclusion of a greater quality or quantity of the good (Boyle et al., 1994).  

Insensitivity to scope has been a major criticism of the CVM method  (Carson, 1997).  

Similarly, embedding effects, where WTP for a good varies depending on whether it is 

evaluated on its own or as part of a more inclusive category (Kahneman & Knetsch, 1992), is a 

major bias associated with CVM and this can also be assessed by looking at bundles of 

categories and single uses.   

The NOAA panel recommends that CVM studies should include tests of sensitivity to scope, 

by seeing if the values elicited are sensitive to the quantity of the good being offered (Arrow et 

al., 1993).   Most studies do seem to pass these tests (Carson, 1997), although less so for 

unfamiliar goods.  Familiarity with resource reduces hypothetical nature of question for poor 

communities (Naylor, 1998).  Certainty estimates can also be used during econometric analysis 

to exclude uncertain bids, where respondents are unlikely to stand by the bids they initially 

give, however certainty estimates can constitute a somewhat arbitrary and subjective way of 

reducing bids (Brouwer et al., 2009).  Murphy & Stevens (2004) caution that most of the 

calibration techniques lack a theoretical justification, and therefore need to be used with 

caution and based on a better understanding of why hypothetical bias exists.   
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Table 2.7 CVM studies to assess local values for aquatic conservation in developing 
countries.  
 

Study site 
(reference) 

Main results Notes 

Morro do Diabo 
State Park, Brazil 

(Adams et al., 2008) 
 

WTP for park conservation US$1.58 per 
person (use and existence values).  In 
aggregate corresponds to US$2.11 million 
per year.   

High incidence of null WTP and 
protest votes. 91% had never heard of 
the MDSP, but 96% stated that the 
park should be preserved.  Preservation 
value is strongly associated with 
income.   

Wildlife and wetland 
reserve in Nepal 
(Shrestha, 2007) 

Average WTA for households near the 
reserve is US$238.  WTA was affected by 
distance to reserve, availability of substitute 
sites, the household family size, the 
respondents age and education, occupation 
and environmental attitude.   

Open-ended CVM to assess WTA for 
160 households to forgo access to 
natural resources.  34% zero responses.   
Households who collect grass inside the 
park have lower WTA, which may be 
since this is seen as in-kind 
compensation for costs.   

Mangrove swamps, 
Micronesia 

(Naylor, 1998) 

WTP  US$1-1.26 million per year for 
conservation and access to mangrove 
swamps indefinitely, although mode WTP 
was US$0.  Find premium on existence and 
indirect ecosystem services of mangroves, 
over and above the direct use values.    
WTP estimates were 8.3% for tax and 4.6% 
for permits of monthly household income 
(median values were 2.5% and 2.1%).  
Poorer households relied more on these 
swamps, but were WTP less for access.  

Open-ended CVM.  Respondents 
preferred a tax system for conservation 
and use to a permit system simply for 
access.  Over 80% thought fees for use 
were a good idea.  Assume net value of 
collected species is equivalent to gross 
value, as OC of labour is very low and 
equipment costs are negligable (gill 
nets).  Income effect was stronger than 
substitution effect.  Subsistence sector 
gets 58% of gross market benefits. 

Effective wetland 
conservation in Sri 

Lanka 
(Wattage & Mardle, 

2008) 

Median WTP is Rs. 264.26.  Non-use 
values make up 45-55%.   

Expectation of future use was 
significant, but income was not.  They 
comment that CVMõs ability to measure 
values for unfamiliar and complex 
goods and embedding effects are 
poorly understood.   

Borivli National 
Park, India 

(Hadker et al., 1997) 

WTP for the maintenance and preservation 
on average, Rs7.5, per month, for the next 
five years.   Extrapolating to the city of 
Bombay, this amounts to Rs20 million each 
month for five years. 

Needed to statistically adjust for 
embedding and anchoring effects.   

Khangchendzonga 
National Park, India 

(Maharana et al., 
2000) 

WTP for the maintenance and conservation 
of the park US$6.20/household per year by 
local community members. 
Average WTP of US$1.91/domestic visitor 
per visit for improvement in environmental 
conservation.   

WTP was strongly influenced by age, 
education and income.  However, they 
suggest that since CVM does not 
include non-monetary contributions, it 
underestimates true values.   
 

Pulau Weh MPA, 
Indonesia 

(Iqbal, 2006) 
 

WTP US$13.60 per household per year to 
preserve the MPA.   

People involved in nature-based 
tourism near the MPA had an annual 
per capita income of US$216 compared 
to US$150 for those working in other 
sectors.   

Wakatobi MPA, 
Indonesia 

(Hargreaves-Allen, 
2004) 

Mean WTP of approx US$23 per household 
per year for access and use of reefs. Non-
use, recreational and spiritual benefits were 
approx US$5 per household per year. 

Largely subsistence community.  Use 
values were linked to direct use, income 
benefits and option values.  Non-use 
values were highly linked to ceremonial 
and traditional uses.   

Hon Mun MPA, Vietnam 
(Khan Nam et al., 2005) 

Domestic visitorsõ WTP US$3.10 per visit.   Measured domestic visitor WTP only 
marginally larger than the US$3.90 
international.   
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2.4.5 The relative contribution of different values in coral reef ecosystems and MPAs.   

The proportion of values generated at a coral reef site varies depending on many factors.  

Fisheries values will depend on local aspects such as on the degree of local reliance on fishing 

for subsistence purposes, accessibility to markets, search costs and the number of fishers.  

Tourism values will depend highly on the degree of local tourism infrastructure and 

development, as well as the ability of the MPA and local businesses to capture consumer 

surpluses.  Coastal protection values are complex to determine as they depend on many factors 

including distance to shore, frequency of storms and the size of the sand granules.  Finally, 

ecosystem services will depend largely on biophysical features, which vary widely between sites 

and are costly to measure.  Often, areas where tourism has become developed have decreased 

extractive uses, although this depends on the extent to which locals are able to retain income 

from tourist expenditure.  Thus these values will also be expected to change over time.  

An analysis of 14 studies which quantified several economic values for reefs or MPAs (table 

2.8) suggests that tourism constitutes 11-84% of all values measured, with a mean of 51%.  

Similarly, fisheries make up from <1% to 85% of the values of these reefs, with a mean of 

19%.  Coastal protection, which is also frequently measured, ranges from 4-45% of the values 

measured, with a mean of 26%.  Four of the studies also measure biodiversity values, which 

make up a mean of 6.4% of the values.  The two studies which looked at local use, calculated it 

as a mean of 26% of the values quantified (Cooper et al., 2008) .  The only study to look at 

carbon sequestration estimated it to be worth 8% of all the values measured (Cesar et al., 

2000).  The study by (Spurgeon et al., 2004) was unusual, as it measured non-use values for 

visitors (tourists) to the area, for local residents and for US citizens, who would not visit these 

reefs.  These were worth 2%, 36% and 50% respectively and dwarfed fisheries values of 8% 

and coastal protection of 4%.   

Although non-use values can constitute the greatest part of a resourceõs value, they are rarely 

included in valuation research (Balasubramanian et al., 2003), perhaps because they can be 

difficult to capture.  This is also likely to be due to the high transaction costs involved in on-

location stated preference studies, relative to use of secondary data for direct use value 

estimates.  A recent exception was carried out by Spurgeon et al., (2004) who valued coral reefs 

in American Samoa using CVM.  Relatively poor tourism development there means that 

tourism spending is low.  However, they estimated that 75% of the US$5 million/year in total 

benefits accruing to American Samoa residents is made up of non-use values.  This was 

additional to US$5 million/year in non-use benefits accruing to US citizens.  Although they 

acknowledge uncertainty in US resident non-use values, they also write that true international 
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non-use values could be significantly higher (perhaps by a factor of 10).  Interestingly, an 

unpublished study of WTP for reef conservation in Hawaii and finds similar values for both 

visitors and non-visitors of these reefs (Cesar et al., 2004).   

The typical ratio of non-use value to use value for natural resources such as wilderness areas, 

beaches and water quality is reported to range from 0.3-0.89, with a mean of around 0.6 (Hee 

Dong, 2002).  Local community non-use value constituted 45-55% of effective wetland 

conservation WTP in Sri Lanka (Wattage & Mardle, 2008).   

Only a handful of studies have measured both local population and tourist WTP for coral reefs 

or reef conservation.  Some of these have reported higher values for tourists, e.g. Spash et al., 

(1998) in Curaçao and Maharana et al., (2000) for its maintenance and conservation of the 

Khangchendzonga National Park, a terrestrial PA in India, although the means are not very 

different.  Others report marginally higher values of local communities e.g. Spash et al., (1998) 

in Montego Bay, and by Gustavson (1998) to restore Montego Bay biodiversity.  WTP is often 

strongly influenced by age, education and income.    
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Table 2.8.  The relative contribution of different values for coral reefs and MPAs.  
 

Site 
(reference) 

Overall value Proportion of values 
measured 

Global reefs  
(Cesar et al., 2003) 

total net benefit per year of the worldõs 
coral reefs is US$29.8 billion 

Tourism 32% 
Coastal protection 29% 
Fisheries 18% 

Caribbean reefs  
(Burke and Maidens, 
2004). 

Caribbean reefs US$3.1 -4.6 billion in 2000 Dive tourism  54% 
 Coastal protection 38% 
 Fisheries 8% 

Hon Mun MPA, Vietnam 
(Khan Nam et al., 2005) 

Conservation value US$128,245 for 
domestic visitors (53%) and US$114,945 
for foreign visitors (47%).  

Local fisheries support 
function 32% 
benefits reef-related 
recreation industry 68% 

Bohol Marine Triangle, 
Philippines 
(Samonte-Tan et al., 2007) 

US$1.3 million in annual revenues.  NPV 
US$11.5 million ecosystem goods and 
services, over 10 years with 10% discount 
rate.   

Tourism 44% 
Fisheries 39% 
 

Indonesiaõs Wakatobi 
National Park, Indonesia 
(Hargreaves-Allen, 2004) 
 

Annual value of US$308,000 or 
US$12,100/km² in 2004.  NPV over 20 
years with a 10% discount rate is estimated 
at US$2.6 million.  

Fisheries 85% 
Tourism 11% 
Coastal protection 4% 

American Samoan coral 
reefs 
(Spurgeon et al., 2004) 

US$10 million per year, of which non-use 
values make up 88%. 

Coastal protection 4% 
Fisheries 8% 
Visitor non-use 2% 
Resident non-use 36% 
US citizen non-use 50% 

Guamõs reefs 
(Van Beukering et al., 
2007) 

Total Economic Value for was estimated at 
US$127.3 million per year 

Diving / snorkeling 38% 
Fisheries 17% 
Biodiversity 9% 
Coastal protection 36% 

Commonwealth of the 
Northern Mariana Islands 
coral reefs 
(Van Beukering et al., 
2006) 

TEV US$61.2 million per year (market 
values 73%, 
non-use 27%) 

Tourism 74% 
Fisheries 2% 
Diving and snorkelling 10% 
Coastal protection 14% 

Turks and Caicos Islands 
(Carleton & Lawrence, 
2005) 

US$47.3 million a year (of which US$17.7 
million a year fed directly into the GDP) 

Tourism 42% 
Fisheries 8% 
Biodiversity 11% 
Coastal protection 39% 

Jamaicaõs Portland Bight 
Protected Area  (Cesar et 
al., 2000) 

NPV US$52.6 million for 25-year period 
and at a 10% discount rate 

Tourism 21% 
Fisheries 36% 
Carbon sequestration 8%  
Biodiversity 1% 
Coastal protection 34% 

Jamaicaõs Montego Bay 
reefs  
(Ruitenbeek 
and Cartier, 1999) 
 

NPV US$400.0 million. 
NB 69% of biodiversity value is from 
international visitors and 31% from 
Jamaican residents. 

Tourism 79% 
Fisheries  0.3% 
Coastal protection 16% 
Biodiversity 4.7% 

Tobagoõs coral reefs 
(Burke et al., 2008) 

Net value approx US$147 million.   
NB 38% tourism value direct.  86% fishing 
value direct. 

Tourism 79% 
Local use value 20% 
Fisheries 1% 

St Luciaõs coral reefs 
(Burke et al., 2008) 

Net value approx US$260 million.   
NB 52% tourism value direct.  85% fishing 
value direct. 

Tourism 68% 
Local use value 31% 
Fisheries  0.002% 

Belizeõs coral reefs 
(Cooper et al., 2008) 

Gross values of US$220-310 million per 
annum. 
 

Tourism 51% 
Fisheries 4.5% 
Coastal protection 44.5% 
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The use of comparisons between the absolute values and the constituent contributions of 

different aspects reported at different reefs is informative, as it can give a rough idea of the 

relative importance of different uses in these areas.  It can also be used to understand the 

potential magnitude of specific values which, have not been measured in this research, but 

have been elsewhere, such as biodiversity values.  However, such comparisons are difficult, 

despite the fact that fisheries and tourism values are most commonly measured, as similarly to 

other valuations, different methodologies are often applied which give different values (stated 

or revealed preference, WTP or WTA), or for a variety of stakeholders (local subsistence, local 

commercial, wider economic impacts).  Also studies measure both gross and net values, 

measuring either consider contributions of spending or CS and PS, which are not comparable 

as rates of return from gross values vary widely between different types of values and in 

different regions.  Furthermore, in terms of NPVs calculated for coastal resource valuation, 

time periods considered vary and discount rates applied range from 1% to 15%, although most 

common discount rate applied is 10%  e.g. (Cesar et al., 2003; Hargreaves-Allen, 2004; 

Samonte-Tan et al., 2007).  All these aspects must be considered when comparing values 

between studies and regions.   
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2.5   The Case study site.   

2.5.1 Belize. 

Belize is a small sub-tropical country of around 23,000km2 in Central America.  Wilkinson 

(2004) reports that 64% of reefs in this area are threatened by high levels of human activities, 

that there are few areas with highly protected MPAs and most of those that do exist are not 

enforced.  Indeed only 6% of the 285 MPAs are rated as effectively managed.  Large economic 

losses are predicted if coral reef degradation continues, of US$350-870 million per year by 2015 

of the US$3,100 - 4,600 million of current annual benefits from fisheries, dive tourism, and 

shoreline protection services (Cesar et al., 2003).   

 

Figure 2.5.  The Meso-American Region.  Belize is in shown in red. 

Belize has a relatively small population of 291,800.  Belize had an average GDP per capita of 

US$4,092 in 2005, which is relatively low for the Caribbean region.  This region has one of the 

fastest growing tourism industries in the world, primarily focused on coastal centres and cruise 

ship tourism (Arrivillaga & Garcia, 2004).   

The Belize barrier reef system (BBRS) is the largest living reef in the Western hemisphere, 

running parallel to the coast.  It contains over 66 hard coral species and over 500 species listed 

as threatened in the IUCN red list (Baillie et al., 2004), in addition to numerous threatened and 

endangered species such as sea turtles and manatees.  It was designated a world heritage site in 

1996 and is remarkable given that it is the largest barrier reef in the northern hemisphere and is 

a significant habitat for threatened species.  This is considered one of the richest regions in the 

wider Caribbean and has been identified as a global conservation priority, one of the 18 marine 
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biodiversity hotspots (Roberts et al., 2002) and one of WWFs Global 200 eco-regions (Olson & 

Dinerstein, 1998).   

The BBRS contributes around 30% to Belizeõs GDP through commercial fisheries (conch and 

lobster prominent among them), high-quality eco-tourism and, more recently, a boom in cruise 

tourism and various private sector investments for coastal development and aquaculture (Cho, 

1995).   However, Belizeõs reef has suffered major damage due to hurricanes in 2000, 2001 and 

20002 as well as significant coral bleaching throughout the 1980s and 1990s (Kramer & 

Kramer, 2002).  Coral cover has not recovered from these events (Almada-Villela, 2002).  In 

addition, MPAs in this region suffer from lack of enforcement, and lack of adequate human and 

financial resources to protect these habitats (Burke & Maidens, 2004).   

In 2004, 42% of the national area was protected, including forest, wildlife and marine reserves.  

Belize has established a network of 19 marine protected areas, since Hol Chan, the first marine 

reserve, was established in 1987 (Wood, 2007).  This is the only reserve in Belize to be self 

financing through the collection of user fees (Cho, 1995).  These MPAs have various levels of 

protection, levels of management, sizes, zones, primary management aims and other key 

features.  Management responsibility lies with different groups for the different MPAs, but is 

usually co-managed between a local NGO and government department.  While 45.4% of 

tourists visit the barrier reef, 29.3% of all tourists visit one of the marine protected areas, the 

most popular being the Blue Hole Marine Park, which received almost 55,000 visitors in 2006 

(BTB, 2005).   

The economy was traditionally based on agriculture, logging and fishing, although tourism 

makes up main income for 24% of the population (Loper et al., 2008).  In general there is a 

relatively high level of poverty (11%) and unemployment (11%).  63% of the population is 

thought to be literate and mean household size in 4.5 people.   

Loper et al., (2008) report that Belizean coastal communities perceive a loss of control, linked 

to fast infrastructure development and international purchases of coastline, which has increased 

prices beyond the reach of most locals.  In Placencia, income from tourism is seasonal, and 

while being higher than other countries, is undermined by increased costs of living.  76% of 

households thought that their life is endangered by loss of resources in the region.  The 

perceptions of management organisations are generally poor, with fishers feeling that MPAs 

solely benefit tourism and many believing that the MPA had negatively affected them.   

Other research in 5 communities in Belize identified a strong relationship MPA support, the 

level of tourism development and the belief MPAs attract tourists local people (Deidrich, 2006).  
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Perceptions were generally positive about tourism (related to increase jobs and community 

development), although of these negative impacts were related to crime and drug use.   

 

2.5.2 Tourism in Belize and on the Belize Barrier Reef 

Tourism is one of the fastest growing sectors of the Belizean economy, with the US 

constituting 61% of the visitors.  The Belize Tourism Board estimated that tourism income 

from spending amounting to Bze$400 million, by a quarter of a million visitors, accounting for 

16% of GDP in 2005.  Tourism is estimated to have produced 13,198 jobs, of which 87% are 

held by Belize nationals.  Cruise ship tourism brought in 655,931 visitors in 2006, a 1300% 

increase since 2001.  Belizeõs tourism industry seems to be at an early stage of development, 

with an average increase of 9% annually (Dharmaratne, 2002).   

Snorkelling and diving are the two most popular activities of tourists, followed by sailing and 

recreational fishing (Dharmaratne, 2002).  While 45.4% of tourists are estimated to visit the 

barrier reef, 29.3% of all tourists are also estimated to visit one of the marine protected areas, 

the most popular being the Blue Hole Marine Park, which received almost 55,000 visitors in 

2006.   

Cooper et al., (2008) suggest 64% of òtourist daysó in Belize are spent in the coastal areas and 

involve reef-related activities such as snorkelling, sport fishing or using a coralline beach.  They 

estimate that in Belize in 2007, tourists spent between US$30ð37 million on sport fishing and 

diving alone.  Total direct spending by reef tourists (e.g. on trips, accommodation) is in the 

region of US$150-$196 million each year, whilst additional indirect economic impacts, including 

locally manufactured materials that support the industry, contribute another US$26ð$69 million 

a year.   This makes up an expected gross value of US$135ð176 million in reef-associated 

tourism to the national economy of Belize in 2007 (12-15% of GDP).  

Recently, Dharmaratne (2002) used a zonal travel cost estimation function to value the CS from 

tourist trips to Belize at US$527 for US citizens and US$ 219 for UK citizens.  By taking into 

account a respondentõs indication of the importance of diving or snorkelling to their trip, these 

are estimated to be worth US$337 and US$149 for US and UK visitors respectively, which 

represents 57% of trip costs.  However, results from the CVM analysis suggest that TCM had 

overestimated diver benefits and that dive values may correspond to a much lower percentage 

of the trip value (6-24%).  



 
Chapter 2. 

55 
 

Belize is establishing itself as a reef and rainforest eco-tourism destination, with marine 

ecosystems key to its tourism success.  However, Diedrich (2006) suggests that the current 

rapid rate of tourism expansion in Belize means that negative impacts could soon surpass 

positive ones and stresses that MPAs will be critical for maintaining the integrity of Belizeõs reef 

tourism through the effective establishment of user fees, carrying capacities and enforcement 

policies.   
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Figure 2.6  Map of the Coastline of Belize and the GSMR.  Placencia is marked by a circle and 
GSMR is in red.  Courtesy of Friends of Nature.  
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2.5.3 The village Of Placencia 

The site of the community survey is the village of Placencia, which is the closest village to the 

reserve (36km offshore) and the main beneficiary.  Placencia lies on a peninsular of the Stann 

Creek district, in the South of Belize.  There are no recent population estimates.  There are in 

addition, to Belizeans of from several ethnic groups in the village, including traditionally 

Creole communities, increasing number of international immigrants and second home owners, 

especially from the United Stated (McPherson, 2005).  This village was for many decades 

primarily a fishing village, but tourism has become the main industry, although many people 

still fish for food or pleasure.  During tourist high seasons, around Christmas and Easter, 

tourists flood the villageõs larger up-market hotels or small relatively inexpensive hostels.   

Placencia is ranked 3rd of all the tourist destinations in Belize, with 65+ hotels and 600+ beds 

and approximately 40% occupancy rates (Belize Tourism Board, 2008; BTB, 2008).  Tourists 

out-number locals by up to 3 times during tourist high seasons in December, January and 

March.   

Most people coming to the village take a marine tour.  There are 139 registered fishers in the 

village, which is 7% of all licensed fishers in Belize.  Many fishers also act as fishing guides at 

certain times of year.  Fishers can sell their fish for a set price in the co-operative, who will buy 

finfish all year and conch and lobster during the 9 months that their seasons are open.  

However, fishers also sell directly to local restaurants and hotels, or middlemen, or simply give 

away part of their catches, but there are few records of these transactions.   As a result, the 

volume and value of fish sold in the village is unknown.   

For local communities, the mean income per capita in 2004 was US$1,569 per month, which 

compared very well to those of US$428 per month elsewhere in Belize. Placencia also has a 

strong local capacity, and high education level (Loper et al., 2008).   

 

2.5.4 Gladden Spit and Silk Cayes Marine Reserve 

Gladden Spit Marine Reserve (hereafter GSMR) was chosen as it is in many ways typical of 

marine reserves containing several zones, most with minimal regulations concerning extraction 

and use, and also a small no-take area.  It is also of interest as it is in a developing country, and 

local people were reliant on it for income and employment, principally through fishing and 

tourism, and therefore some potential for conflict exists.  It has been actively managed for 

several years (avoiding problems of interpretation due to transient dynamics and effects of 

designation), with frequent patrols, made possible partly through large grants from 
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international organisations.  This site is also of interest due to the presence of whale sharks, at 

certain times of year, which enable an opportunity to look at the effect of unique or unusual 

features on economic values and impacts created by the reserve.  Finally, Friends of Nature, 

the organisation managing the reserve, have specific use for the results of this study and are 

willing to share their data as necessary.   

It is a relatively large multi-use reserve (IUCN category IV, indicating relatively modest 

protection, with some extraction allowed), of 105.1km2 (figure 2.7). It has a small no-take area 

where fishing is prohibited (outlined in red), which surrounds three small islands, where 

tourists are usually taken for picnic lunches.  There are no limits set on fishing or tourist 

numbers in the reserve apart from in the whale shark area.  This area is found at the reserve 

elbow and is the site of spawning aggregations for many fish, including several endangered 

species.  Whale sharks come to this area, to feed on snapper spawn for ten days around the full 

moon, in March, April, May and June (40 days per year).  Many tourists come to the area at 

this time specifically to take advantage of these aggregations, which can involve up to 15 

individual whale sharks.   

The great majority of tourists visiting the reserve originate in Placencia, which therefore 

captures almost all the tour operator and tourist spending benefits.  Around 30% of tourists to 

the village are estimated to visit the GSMR (McPherson, 2005).  An economic study was 

carried out relating to GSMR communities, to assess the economic impact of the reserve to 

local tourism, fisheries and social wellbeing (McPherson, 2005).  That study was, however, 

limited to broad regional analyses and trends using secondary data and did not attempt to look 

at economic values held either by tourists or local people or to estimate distributional impacts 

of the MPA.    

2.5.5 Management of the Gladden Spit Marine Reserve 

The GSMR was designated in 2000, although management was not active until 2003.  GSMR 

is managed in part by the Fisheries Department of the Government of Belize.  They have 

entered a co-management agreement with òFriends of Natureó (FoN) who are responsible for 

day-to-day management of the reserve.   

FoN was created out of a small coalition of dive guides, fishermen, tour guides and business 

people in Placencia, who were concerned about the threat of tourism development at another 

caye and was formally registered in 1996.  Members of the board of directors come from all 

major nearby villages, but FoNõs offices are in Placencia village.  Management at the GSMR 
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came about as a result of the increasing numbers of tourists visiting this area to see whale 

sharks.   

 

Figure 2.7  Map of Gladden Spit Marine Reserve.  The no take area is outlined in a red circle and the 

whaleshark zone in a black box.  Other marked areas are not managed in practice.  Courtesy of Friends 
of Nature.   
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FoN has close links with both fishers and tour operators and holds consultations with both 

groups when it changes regulations or fees.  Existing entrance fees were decided based on a 

community consultation in 2003.  Rangers do daily patrols, which they use to enforce fishing 

regulations, as well as checking that tourists have paid entrance fees.  Rangers can punish 

offenders with warnings and frequently confiscate illegal catches.  More rarely fishers will also 

be arrested and have gear confiscated.  There is little transparency in the punishments given, 

but international fishers are targeted more than local fishers, who are often relatives of the 

rangers.  FoN also keep the picnic area on the Silk Cayes clean and provide toilets there, which 

is popular with tourists and tour operators.   

In addition to active management on-site at the reserve, such as patrols and monitoring of 

spawning aggregations, FoN conduct numerous community orientated projects, including 

scholarships, environmental education programs and school trips to the reserve.  In addition, 

there have been initiatives targetting fishers such as alternative livelihood schemes, funded by 

international NGOs and several fisher workshops, where exchanges have been made between 

fishers in different countries to exchange specialist knowledge.  This has been very popular, as 

it resulted in the introduction of several new types of traps for lobster, which are now widely 

used.   

There are eight full time rangers and three office staff who manage various aspects of the 

reserve, including research, outreach and fund-raising.  Funds used to manage GSMR come 

from external grants awarded to FoN by international foundations and NGOs, as well as fee 

collection.  In 2004, all funds collected from US$15 whale shark tickets were handed over to 

the government of Belize, with a portion of those funds were returned to FoN.  The fisheries 

department still takes 23% of entrance fee revenues despite not contributing to substantial fee 

collection costs, such as fuel and boat maintenance, which made up 65% of management 

spending in 2007.  The remaining 20% is spent on salaries and 15% on administration costs.     
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2.5.6 Fishing inside in the reserve 

There is also a 16km2 no-take area, where fishing of any sort is prohibited year round.  Other 

than this, gill nets and spear diving are not allowed in the reserve.  Rangers also enforce 

national regulations on seasons and minimum sizes for conch and lobster and check that 

fishers have a licence to fish and for their boat.     

During the spawning aggregations, local fishers are required to purchase special licences, which 

entitle them to fish in the whale shark zone during these times.  However, all fishers must 

leave this area at dusk, when the snapper and grouper begin spawning.  Rangers make sure 

only fishers with these licences enter this area at this time.  Fishers from other areas in Belize 

and other countries are not allowed to buy these licenses, so at this time of year, this is not an 

open access fishery.   

There are two distinct types of fishers that use the reserve, òlocal fishersó and Sartenejan 

fishers.   Local fishers come from villages nearby, most notably Placencia, Independence and 

Monkey River.   They own small motor boats, which they use to vary fishing locations over the 

year and sometimes rent out.  They usually fish with one member of family and use 

predominately hand-lines, to catch fish from the boat near the coast.  They will also dive for 

conch and lobster periodically, sometimes using drums and traps which create underwater 

shade and therefore attract lobster.  These fishers use the reserve most during spawning times, 

as there are large aggregations of snapper and grouper at predictable times in December to 

June.  Local fishers monopolise the reserve during spawning aggregations (SPAGs), due to the 

requirement for special licences.   Even fishers who fish only rarely will travel an hour each 

way to the reserve at this time.   The fact that over 60 people buy special licenses for this 

privilege is indicative of its value.  There are approximately 20 fishers from Placencia, who 

travel as far out as the reserve all year (36km offshore).  These fishers using the reserve tend to 

be those who use nearby islands, as they can camp over several days to minimise petrol 

consumption, which is a major cost.  Since lobster traps need to be regularly emptied, petrol 

costs make keeping these as far out as the reserve excessively expensive.  Occasionally, local 

fishers will work in the reserve as guides for international researchers, who pay them a daily 

rate.  

Sartenejan fishers live near on the border with Mexico and speak Spanish.  They travel the 

entire coast of Belize throughout the year over trips of around 10 days, with 10 or more fishers 

on a sailing boat, using the wind to reduce petrol costs.  When they anchor at a fishing spot, 

they will fan out in small dugout canoes and mainly free dive for lobster and conch.  They 

rarely change routes, so that there are about 10 captains who spend at least one day inside the 
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reserve, each trip, three times a month.  They typically sell their fish to the co-operative in 

Independence, which is not the same co-operative as that of local fishers.   

 

2.5.7 Tourism inside the reserve.   

GSMR is a popular destination because of the whale sharks and the white sandy islands were 

tourists can picnic, despite not being the closest reserve.  Most of the tours in the reserve 

involve day-long snorkelling or dive trips, costing US$50-150 each.  Some tourists also pass 

through on their chartered boats.  All tourists must pay a daily park entrance fee, a regulation 

which is successfully enforced, so ticket sales are a reliable estimate of actual visitation.   

In 2006 there were 4340 international tourist snorkel or dive visits and a further 2261 whale 

shark visits (concentrated into 273 trips on 38 days), each spending US$10 or US$15 in 

entrance fees respectively, in addition to tour operator costs.  These numbers had slightly 

decreased from the previous year, although over the last 5 years, visitor numbers have 

increased rapidly, especially for whale shark tours.  Belizean national tourist numbers are 

uncertain for 2006, but probably in the region of 200 (FoN, pers comm.).    

There are no restrictions on the number of tourist trips into the reserve for most of the year.  

During the whale shark season, a maximum of 6 boats (with up to 12 tourists each) can be in 

the whale shark zone at one time.  FoN organizes 5 shifts of boats, for 1½ hours in the whale 

shark zone.  Special tours are associated with whale shark visits, which are limited to minimise 

whale shark disturbance.  These cost US$100-250 per day.  Guides must have completed a 

tailored course.  Tour operators can pay a deposit to guarantee two slots each day which is 

refunded if they take a certain number of trips.  Otherwise, boats can come on a first come 

first serve basis.  Last year, 20 tour operators had whale shark trips to GSMR, of which 13 had 

placed a deposit.   

There are 20 tour operators or hotels with dive shops that offer trips to GSMR.  Only 3 of 

these are not based in the village of Placencia.  Tour guides must be Belizean, and have tour 

guide licenses and training.  Whale shark tour guides must have special whale shark training, 

which involves a 3 day course run by FoN, which participants must pay for, in return for 

higher wages.  Local tour operators usually have a set of core staff, often family, who oversee 

the business and then use freelance guides and boat captains for day trips.  Some operators 

have purchased boats, which they use or rent out to those operators without boats.  The four 

major hotels have their own dive centers with larger boats with more engines, more staff and 
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more food.  Tourism is highly seasonal in Belize and low in April-November, so the popular 

whale shark trips are extremely important to the local economy.    

 

2.5.8 Other Nearby Marine Reserves. 

GSMR is not the only reserve near the Placencian peninsula.  The closest reserve to the village 

is the Laughing Bird Caye National Park (LBC), which lies only 23km out to sea.  It has a 

sandy caye with good tourist facilities such as picnic areas, a learning centre and toilets.  It is a 

small reserve of only 0.006km2, which was made a World Heritage Site in 1996.   It is the main 

tourist destination for snorkelling and diving and is frequently used by the local community for 

social occasions and family day trips.  It is also run by FoN and has 24-hour patrols, as it is a 

no-take area for fishing.   Glovers Reef Marine Reserve (GRMR) lies to the North of Placencia 

and lies 45km off the mainland.  It was designated in 1993 and is run by a different NGO.   It 

is a large MPA (350km2), also with a small no-take area and several different zones, plus a very 

active research station.   Since it has excellent coral, tour operators in Placencia offer tours 

here occasionally.  However petrol costs are too high for Placencian fishers to use the reserve.  
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Global Coral Reef Management, Financing and Outcomes: Are MPAs 

Providing Conservation and Welfare Improvements? 

 

 

3.1 Introduction and rationale for research. 

Global estimates suggest that 34% of coral had been destroyed or are at a critical stage, with 

reefs in Eastern Africa, South and South-East Asia and the wider Caribbean being most 

threatened (Wilkinson, 2008).  MPAs are regarded as the best strategy to conserve coral reef 

habitats and their biodiversity (Wilkinson, 2008).  Recent estimates suggest there are 

approximately 1000 coral reef MPAs (Tupper et al., 2008b).  However simply relying on the 

number of MPAs to estimate the area of reefs which are protected is highly misleading, as 

MPAs are highly heterogeneous and the great majority fail to meet their management 

objectives (Jameson et al., 2002; Jones, 2001).  McClanahan  (1999)  finds that with a few 

exceptions, there is little evidence that the recent proliferation of MPAs in developing 

countries is resulting in marine conservation and that few have produced tangible 

conservation benefits.  

Without effective management, MPAs are unlikely to meet the high expectations implicit in 

their inclusion as integral conservation strategies to meet CBD targets (Hudina, 2006).  There 

is a need to differentiate between quality and quantity of protection of MPAs, as paper parks 

can provide a false sense of security.  Indeed ineffective management or lack of management 

activity can become one of the key threats to reefs (Burke & Maidens, 2004).  Thus the fact 

that 18.7% of the worldõs reefs appear to be òprotectedó is misleading.  Only 2% of coral 

reefs are adequately protected i.e. mostly no-take, with low or no poaching, and at low to 

medium risk of threats from beyond their boundaries (Mora et al., 2006a).    

The means by which MPA effectiveness is evaluated are not trivial and incorrect assessments 

can lead to biased results (Christie, 2004).  Authors have stressed the need for more insight 

into assessing the ability of MPAs to achieve management objectives, by assessing the impacts 

of MPAs on ecosystems, resources and human activities , whilst taking into account manager 

expectations, needs and constraints (Pelletier et al., 2005).  However, achievement of 

objectives alone is insufficient for MPA evaluation, as this would reward MPAs with modest 

goals and punish those with ambitious goals without enabling comparison of their relative 

success (Jones, 2001).  Similarly, an overview of conservation laws and secondary data is 
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unlikely to reveal enough information to make sound judgements about the conservation 

effectiveness of a particular area (Stern, 2006).   

As yet there has been little research effort directed towards understanding the impact of the 

management strategies being used, the ecological and socio-economic outcomes that are 

occurring as a result of MPAs and the ability of MPAs to reduce the threats reefs face on 

regional and global scales.  Outcome-based analysis is tested by determining if the policy 

intervention is (a) meeting its goals, (b) whether it has made a significant difference and (c) if 

it represents a reasonable return on investment (Schalock, 2000).  This sort of analysis is 

frequently done in other policy research, but has been lacking in MPA evaluations.  This is 

likely to be due in part to the fact that marine habitats are much harder to access, map and 

manage than terrestrial areas.  Outcome measures represent the key test of the validity of 

relying on MPAs for coral reef ecosystem conservation, sustainable local employment and the 

variety of other benefits they are purported to provide.   

There is a need to test if MPAs are providing benefits which are additional to what would 

have happened without their existence.  General qualitative assertions of MPA benefits which 

do not use counterfactual cases and controls are insufficient to demonstrate that MPAs are a 

sound investment of conservation funds.  Assessments must demonstrate measurable 

beneficial conservation outcomes, beyond simply asking which management actions are 

occurring (chapter 2.2).      

There is insufficient understanding of the extent to which coral reefs within MPAs globally 

are likely to be resilient to current and future threats.  However, success will critically depend 

on the threats that each MPA faces, as MPAs are unlikely to be effective if they are located in 

areas that are subject to numerous, and often uncontrollable, external stressors (Jameson et 

al., 2002).   

The current climate of accountability and performance-orientated conservation goals has 

driven the need for carefully designed and realistic objectives and targets to enable adaptive 

management (Syms and Carr, 2001).  For example, the major funding agencies such as the 

World Bank and the GEF also require PAs to conduct regular assessments, plus clear 

statements of expected outcomes and objectives to demonstrate their effectiveness over time 

(Hockings, 2003).  This is essential as MPAs are expensive and compete with one another for 

funding and direct and opportunity costs are poorly understood and rarely quantified, 

although they could be significant (Pelletier et al., 2005).   
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Effective management is integrally linked to well designed evaluation systems (Margolis & 

Salafsky, 1998).  MPA evaluation can be used for a variety of purposes, including (Day et al., 

2003; Hockings et al., 2000; Hockings et al., 2002; Stem et al., 2005); 

 demonstrating management effort, conservation impact and efficient use of 

resources 

 raising awareness, for reporting and priority setting and to highlight under capacity  

 maximising efficiency of conservation funds through appropriate resource allocation 

 promoting accountability in terms of resources, expenditure, resource allocation and 

delivery of outcomes 

 understanding MPA dynamics and providing evidence based feedback on the effect 

of management interventions 

 as a tool for adaptive management and decision-making, to track progress, to identify 

gaps, to review and prioritise policies and programs 

 

Pomeroy et al., (2004) suggest that managers should allocate 10% of their time to evaluation.  

The CBD recommends that appropriate methods, standards, criteria and indicators for 

evaluating effectiveness of PA management and governance should be adopted by 2008 and 

30% of PAs should be assessed in each country by 2010.   

 

In conclusion, a consensus has been reached about the need for MPA performance criteria, 

but less so on the actual criteria to use and how to evaluate performance against them (Alder 

et al, 2002).  There is a dearth of quantitative assessment of on a regional or global scale as to 

whether MPAs promoting conservation and local community welfare improvements 

(Vilayleck & Andrefouet, 2006).  Furthermore, there are very few comprehensive evaluations 

of management effectiveness and very few have included social or economic aspects or 

involved management staff (Day et al., 2003).  Regional or temporal comparisons which 

utilise previously conducted studies are not feasible as it is exceptional for a methodology to 

have been applied twice in the same MPA or in different years (Hudina, 2006).  Local 

environmental and economic conditions have an enormous effect on MPA impacts, hence a 

global analysis, which includes MPAs with different contexts, can provide more generalisable 

recommendations than analyses focusing on a few MPAs operating in similar conditions.   

Here a dataset compiled using a single methodology is used to evaluate MPA performance 

based on expert knowledge, to assess ecological and socio-economic outcomes related to 
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conservation for MPAs on a global scale.  By applying the same method in many MPAs 

from different regions, it was hoped that more reliable conclusions could be drawn than from 

single site or regional evaluations.  Since the cost of collecting data from experts is small, it is 

cost-effective (Alder et al, 2002) and represents an important but underutilised resource.   

 

See also sections 2.1, 2.2.1, 2.2.3, 2.3.2, 2.2.4 and 2.2.5 for background to this section.    
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3.2 Aims and objectives. 

The aim of this study is to utilise local expert understanding for MPAs globally to gain a 

detailed picture of the context, extent and impacts of coral reef MPAs.  I assess MPAõs 

contribution to conservation and welfare improvement, by addressing the following research 

questions; 

 What ecological and socio-economic impacts are MPAs having relative to before 

they were established and the area outside the MPA? 

 What is the relationship between general conservation success, desirable outcomes 

and the achievement of each MPAõs primary aim. 

 What is the relationship between temporal and spatial changes in ecological 

parameters i.e. coral cover? 

 How do MPA age, the existence of no-take areas and regional location affect MPA 

outcomes? 

 Are MPAs able to tackle the threats they face, given their resources and features? 

 What features and actions can help MPAs reduce threats? 

 Are the assertions that MPAs are failing to achieve their aims or to produce 

conservation benefits borne out by this analysis? 

 

 



 
Chapter 3. 

 

69 
 

3.3 Methodology 

3.3.1   Survey design 

I aimed to obtain detailed site level information for a wide a range of MPAs.   Since 

monitoring data are almost never published, this needed to utilise opinion and scoring, as is 

widely used in rapid assessments (Wells, 2006).  MPA managersõ jobs depend on successful 

management, so they may exaggerate positive MPA impacts (Bhagwat et al., 2001).  

Therefore, academics and NGO employees with over one yearsõ experience with an MPA 

were also invited to complete a survey.  A large amount of information was collected on each 

MPA, as this would enable a more holistic understanding of the MPA outcomes and contexts.  

Since replication over time and randomisation of experimental treatments was not feasible, as 

many samples were included as possible and modelled potentially confounding factors 

explicitly (Stone, 1993).    

The evaluation method for MPA success was informed by Stem et al., (2005), who advise that 

evaluations should include biophysical, socio-economic and management issues, as well as the 

status of actual and possible threats, plus the intervention, the management process and the 

confounding variables.  The survey instrument was developed principally by adapting the 

òWorld Bank GEF MPA project scorecardó (Staub & Hatziolos, 2003), the òHow is your 

MPA doing?ó methods (Pomeroy et al., 2004) and the common reporting framework for 

marine conservation effectiveness (Stern, 2006).   Indicators were obtained for both 

outcomes and management, implementation and monitoring, ecological and social attributes 

and both locally specific and more generaliseable indicators.  While the survey contained 

questions related to each section of the evaluation framework, the focus was geared towards 

context and outcomes, which are related to status and efficiency (Hockings et al., 2000). 

Information on management actions enabled understanding of management effort and 

resources and the context under which outcomes occur.  Questions were designed to detect 

temporal changes and spatial comparisons in threats (Hockings et al, 2004).  Mora et al.,õs 

(2006b) caution was also heeded to distinguish between threats that are non local,  difficult to 

monitor and could undermine management efforts, and those that can be addressed by 

management.  

Information on MPA aims and MPA regulations and illegal activities was  also collected, as 

effectiveness should be assessed with respect to a stated objective and target (Syms & Carr, 

2001), as an important application of this research is to test the extent to which MPAs meet 

their management objectives (Jameson et al, 2002).   
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Outcomes were a key feature of the survey, as outcomes are the most meaningful measures of 

management performance (Alexander & Rowell, 1999; Jones, 2001).  I wished to ascertain 

whether MPAs were improving a variety of outcomes absolutely or relative to comparable 

areas outside the reserve borders, by wherever possible testing outcomes measured 

established baselines to reduce causal uncertainty (Syms & Carr, 2001).  Respondents were 

asked to provide monitoring data or published studies for any outcomes.  To aid 

comparability, all current coral cover estimates were from 2005.  For perceived changes, 

respondents were asked to use defined ordinal categories.  Perceived changes in both fisheries 

and species conservation were included to reflect aims on distinct ecological levels (Pelletier et 

al., 2005).  

Social and economic factors were also included (Hockings et al, 2000), as these can override 

ecological factors (Côté et al., 2001) and if omitted would be likely to be confounding 

variables (Stem et al., 2005).  Outcomes also included fishing pressure, effectiveness of 

enforcement and habitat characteristics as recommended by Cote et al., (2001).   Rigorous 

comparisons were attempted by wherever possible comparing inside versus outside managed 

areas and before and after implementation (Kareiva, 2006) using both quantitative and 

qualitative information supported by measurement or evidence (Hockings, 2003).  Questions 

were designed to produce a quantifiable measure on a scale that clearly ranges from low to 

high effectiveness indicators wherever possible and open-ended questions were used as little 

as possible, to aid comparison at a regional or global level (Stern, 2006).   

 

3.3.2 Data collection. 

A questionnaire was developed designed to gather information on seven areas related to MPA 

success or effectiveness (see appendix 3.2 for full questionnaire); 

 The management context, including budgetary information 

 Respondent opinion about the extent to which the MPA is a òsuccessó. 

 The existence of threats compared to outside the MPA and the changes in 

destructive activities over time and compared to outside the MPA 

 The achievement of the principal MPA objective and the extent to which banned 

activities occur 

 Ecological outcomes related to habitat and fisheries quality 

 Social outcomes related to aspects such as equity issues and indirect effects of 

regulation and tourism 
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 Economic outcomes related to the creation or support of wealth and employment 

 

The pilot survey was sent to 10 respondents (key informants), who completed the survey and 

were then asked detailed follow up questions related to time required, language and 

interpretation.  The survey was shortened, scientific jargon was removed and various phrases 

and questions were clarified.  The survey was translated into Spanish for wider dissemination.  

The final survey took approximately 40 minutes to complete.  Three ways of administering the 

survey were used, none of which were random.  First, people were approached with a self 

completed survey at an international MPA management symposium in Mexico, October 2006.  

All MPA managers were approached and the response rate was about 60%.  In addition, in 

2007 a website was set up in both Spanish and English, which contained instructions for the 

survey.   Respondents could read the background and were then asked to download the 

survey.  This had been designed to be self completing, where drop down menus and tick boxes 

were used, to speed up the completion time.  To alert people to the website, notices were 

posted in internet forums, MPA and reef related websites, newsletters and many mailing lists.  

Finally, MPA practitioners were also emailed directly, with the survey attached.  Their email 

addresses were gleaned from conference proceedings, internet sites and using a snowball 

approach, where respondents were asked to pass on the survey. This approach would not 

result in a random or unbiased sample, but was necessary given the need for as large a sample 

size as possible.  Respondents were advised that by completing a survey, they would be entered 

into a prize draw, where there were ten chances to win US$300 in cash prizes, as an incentive 

to increase response rate (Stone, 1993).   

In total, 78 responses were received from 33 countries.  One was discarded as the respondent 

had limited knowledge about the MPA.  In addition, there were 11 instances from different 

respondents who had completed surveys for the same MPA.  This was desirable, as it enabled 

basic triangulation, by comparing evaluations of the same MPA from different respondents.  

For three of the MPAs, less than 10% of the answers were different and none greatly so.  For 

two of the largest sites (the Great Barrier Reef Marine Park and the Komodo National Park) 

there were 16 and 24 different answers respectively out of 141.  As a result of the similarity of 

responses, one of the responses for each MPA was chosen at random and the other was 

discarded.    
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3.3.3  Data analysis. 

Statistical analyses were carried out using Stata.8 software and R.  Initially, data were examined 

for errors and outliers using summary statistics and frequency tables.  National average live 

coral cover estimates were taken from Wilkinson  (2004).  Other national level statistics, such 

as economic data and indexes were taken from national contextual variables included the gross 

domestic product (GDP per capita), the human development index (from 2005) and the 

population growth rate (from 2006), from the CIA fact-book with the same year was used for 

each variable (CIA, 2007), as in Holtzman et al., (2009). Impacts of the no-take area, MPA size 

and management type were investigated using Wilcoxon signed ranked tests, chi-squared tests 

and t-tests, as appropriate for each type of data.   Non-parametric methods were mainly used, 

as the data were rarely normally distributed.  However, parametric tests such as t-tests were 

used to examine effects of some variables such as live coral cover estimates, which did fulfil 

this assumption.   

Logit regressions were used to understand factors explaining whether MPAs experienced coral 

damage from visitors and whether the main threat originated within their boundary and an 

OLS to explore the number of large threats MPAs faced.   

Multivariate methods including ordinary least squares and logistic regressions were used to 

explore the predictors of management budgets and MPA threats, based on the distribution of 

the dependent variable.  A few independent variables were coded by the author, based on 

open-ended questions.  These included whether the described major threat originated inside or 

outside the MPA and a qualification of the suitability of the management action used to 

address the main threat, on a three point scale.  For example, seeking increased financial 

support would be ineffective against outside pollution, potentially effective against poaching 

and highly effective for lack of staff.   

Other variables were calculated to summarise respondent answers to questions, such as the 

number of threats and unsustainable uses and their comparison to outside MPAs.  Non-linear 

relationships were included for several variables, such as MPA age, size, no-take area size and 

budgets.  In addition, interactions were explored between MPA age and size and no-take areas 

age and size.  Only variables which were expected to influence each dependent variable where 

included in each regression.  Model simplification involved removing non-significant variables 

in a stepwise procedure (Crawley, 2007). Successive models were compared against each-other 

using analysis of variance.  This process was repeated, until a final minimal acceptable model 

was reached, where removal of any variable did not change model fit significantly.    For each 
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model, model assumptions were tested such a normally distributed errors and 

homoscedasticity.    

Budgetary information in terms of initial and current budgets was converted into US dollar 

equivalents for 2005, using the exchange rates from that year, taking into account purchasing 

power parity.  The quality and source of data for the coral cover estimates were coded; 

whether it was an opinion, from a one-off study or long term monitoring and in terms of the 

respondent affiliation was also included.  This enabled biases and the effect of self-reporting 

self-reporting to be gauged.  Combining the various outcomes into a composite performance 

measure was not attempted, as it was thought that this would obscure relationships between 

different outcome types and would not enable meaningful comparisons between MPAs 

(Holtzman et al., 2009).  
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3.4 Results. 

3.4.1 Sample population features, management and budgets.  

The final reduced sample contained 66 MPAs, from 33 countries, equivalent to 7% of all coral 

reef MPAs.  Summary statistics are shown in table 3.1.  Comparison of the global spread of all 

types of MPAs by region (figure 3.1) showed that the sample populationõs regional distribution 

was not significantly different from the global population (chi2 =3.35, n =66, df=3, p =0.34).  

The sample also did not significantly differ from the global database for IUCN categories2 

(chi2 =2.7, n =65, df=5, p =0.85), despite containing many more MPAs with unset or 

unknown categories (appendix 3.4).  80% of the sample MPAs were found in developing 

countries, compared to 82% of coral reef MPAs globally.  Since sample MPAs were not 

randomly selected, they could be skewed towards better funded and staffed MPAs.  However 

some of the MPAs included seem to be paper parks, as they reported no staff, budgets or 

management actions.   

 

Figure 3.1.  The Regional Distribution for the Sample of MPAs and the Global MPA 

population. 

 

There was a mixture of respondent affiliations, with 34% of respondents being management 

staff, 33% academics / researchers, 28% NGO staff and 5% from government departments.  

The sample population contained a large variation in terms of MPA size, age and to a lesser 

extent no-take area size (appendix 3.5).  61% (n=40) of the MPAs sampled had a no take area. 

No-takes areas had a mean size of 3,892km2.  In total the no-take areas in this study covered 

641,047 km2 of marine habitat, equivalent to 24% of the area under management (153,201 

                                                             
2
 IUCN has defined a series of protected area management categories based on management objective in 

Guidelines for Protected Area Management Categories (IUCN, 1994) 
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km2).  Half of the MPAs were managed by more than one group.  The most frequent 

management group is the host government (55%), followed by the community (28%) and 

NGOs (28%). Only one MPA was privately managed.     

Table 3.1.  Sample population statistics (all MPAs).    
 

Variable Mean Median St Dev Range 

Age (years) 14.4 12 10.7 1 to 69 
Size (km2) 9,713 75.3 45,840 0.09 to 344,000 
No take area (km2) 2,260 0.2 14,696 0 to 115,395 
No. zones 2.1 2 1.9 0 to 5+ 
Set-up budget (US$õ000) 266.6 13.1 549 0 to 2,546 
Overall budget (US$õ000) 648.4 97.1 1,809S 0 to 12,000 
Budget per km2 (US$õ000) 240.1 1.8 1,519 0 to 11,300 
Management budget per km2 (US$õ000) 229.5 1.1 1.6 0 to 11,300 

 

MPA budgets are very varied both as a whole and per area managed (table 3.1).    Median 

budgets were more representative of all MPAs due to exceptional budgets such as those of 

Hanauma Bay in Hawaii of over US$11 million per km2.  Forty percent of respondents did 

not report the initial set up budget, especially for older MPAs.  Of those who did, 30% had 

zero finances allocated, with a median set-up budget of US$13,096 (in 2005 equivalent).  In 

total, the 40 MPAs who provided this information represented a total investment of US$10.7 

million.  For the 59 MPAs who reported current budgets for 2005, the median was 

US$97,000 for the whole MPA which corresponded to a median of just under US$1,800 per 

km2, with 13 MPAs (22%) having no funds at all.   Total funds invested in the 56 MPAs were 

US$36.3 million.  Developing country (LDC) budgets were significantly lower than that of 

developed countries (MDCs) per km2 protected, with a median budget of US$ 1,528per km2 

compared to US$4,775 for MDCs (t=1.86, n=56, p= 0.068).   

The majority (39%) of funding for MPAs originated from governments (23% of the sample 

had no government funding and 15% entirely government funding).  International NGOs 

provide a mean of 27%, followed by national NGOs (9%), donations (4%) and other sources 

such as research permits (3%).   MPA-generated revenues met a mean of 18% of budgets 

(46% of MPAs no revenues and 8% entirely from these revenues).  Whilst LDCs received an 

average of 34% of funds from the government, MDC MPAs receive 65% (f=2.51, df=1, 

n=61, p=0.015).  Newer MPAs had significantly less government funding compared to older 

MPAs (f=2.12, df=1, n=61, p=0.010).   

 

Respondents described how 63% of budgets were spent on management costs (just under 

US$20 million), although 18% went to government departments.  A significant proportion of 

funding benefitted local communities through projects (8%) and the rest was used principally 
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for research and education (11%).   The budget available for direct management costs (minus 

funds used for community projects or returned to government departments) averaged just 

over US$375,000 per MPA, which is 58% of the absolute funds.  LDC MPAs used 56% of 

their funds for management costs, compared to 92% for MDC MPAs (f=11.5, df =1, 

p=0.001).   

 

Budgetary analysis showed that LDC MPAs and WHSs had lower budgets per km2 (table 3.2).  

In contrast MPAs with lower coral cover than the national average had higher budgets.  

Those MPAs with larger budgets also had more staff per area and more regulations and were 

perceived as having a greater impact on species conservation.   Variables which did not relate 

to budgets, but might have been expected to be included were MPA age, management type, 

MPAs with international funding grants or those with higher numbers of tourists and greater 

funding from on-site revenues.   

 
Table 3.2.  OLS Analysis of variables related to log budget per km2 (f=13.01, n=50, Adj 

R2=0.632, p=0.000).  

 

Constant 1.861   (0.000)*** 

Size of MPA (km2) -0.00043   (0.070)* 
Developing country -0.445   (0.096)* 
World heritage site -0.707   (0.025)** 
No. of staff per km2 0.029   (0.000)*** 
No. banned activities 0.149   (0.001)*** 
Coral cover compared to national average -0.018   (0.001)*** 
Perceived change in species conservation 0.809   (0.005)*** 

 

Management plans, staff training, education initiatives and NGO affiliations were commonplace 

(appendix 3.6).  Although only 42% of MPAs were part of wider coastal zone management, 

61% were part of a designated MPA network and 66% were linked to an explicit community 

institution(s) (appendix 3.6).  Half the MPAs had active fisheries management and 55% 

endangered species-specific management.  Almost 90% of MPAs had some ecological and 75% 

socio-economic monitoring, 64% through international monitoring initiatives.  Management 

effectiveness assessment was fairly common (62%).   

In addition, these MPAs had used and continue to use a large variety of redistributive 

conservation tools in relation to local communities (appendix 3.7).  MPA-related alternative 

livelihood schemes and community development initiatives were being carried out by over half.  

Community benefit sharing schemes and conflict resolution initiatives were carried out in over 

40%.  Whilst grants, micro-credit schemes, buy-back schemes and compensation payments 
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occurred relatively rarely.  Benefit sharing, conflict resolution strategies and developments have 

increased in use, while grants and buy-back schemes are being used less than previously.   

The average MPA regulated 12 extractive and non-extractive activities and banned 9.  Coral 

mining, blast and cyanide fishing had been banned in at least 97% of MPAs, international 

commercial fishing in 90%, endangered species hunting in 83% and mangrove extraction in 

80%.  On the other hand, subsistence fishing had only been banned in 29%, commercial and 

sports fishing in 47% and aquaculture in 49% of these MPAs (appendix 3.6).   

 

3.4.2  MPA use. 

Tourists were the most numerous users of these MPAs.  On average, 112,910 tourists visited 

each MPA annually, which corresponds to almost 75,000 per km2 (the maximum was equivalent 

to 2.75 million per km2).  MPAs had an average of 748 fishers using them (maximum 7500), 

which corresponds to 224 per km2, with 16% of MPAs who provided fisher estimates not 

having any fishers within their boundaries.    

Recreation was ranked the most important use by local communities 52% of MPAs (appendix 

3.9).  However, using mean ranks suggests subsistence fishing is most important (it was the 

main use in 37% and did not occur in only 14%), followed by recreational use and then 

commercial fishing.  In comparison, 28% had no local extraction and 30% no cultural use by 

local communities.  Local commercial fishing was the key local use in only 6.5% of MPAs, not 

occurring at all in 22.5%.   

Extractive activities by any user occurring inside MPAs are largely related to fishing (appendix 

3.9).  Subsistence fishing occurred frequently in 61%, commercial fishing in 36%, sports fishing 

in 24%.  International fishing never occurred in 62% of MPAs, sports-fishing never in 46%, 

commercial fishing never in 26%.  Aquaculture occasionally in 26% of MPAs.  Traditional 

hunting of endangered species and extraction of materials took place occasionally in a third and 

not at all in over half of MPAs.  Highly unsustainable uses including mangrove wood 

extraction, coral mining, blast fishing and cyanide fishing had been effectively halted in 68%, 

82, 83 and 84% of MPAs respectively.   
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3.4.3 Achievement of MPA aims.  

Respondents rated each MPAõs success in general and in the context of the MPAõs primary 

goal.  A Spearmanõs rank test showed that these measures are statistically linked (Spearmanõs 

rho =0.811, n=65, p=0.000). However, while 32% of respondents felt that MPA was a success 

in general, only 11% felt that it had achieved its primary aim.  The remaining MPAs were 

characterised as having no success in 12.2% of cases, some in 21.5% and to a large extent in 

34% and having achieved aims not at all in 9%, to some extent in a third and to a large extent in 

almost half of MPAs.  Respondent affiliation did have a significant link to perceived success 

(chi2 =19.6, n =65, df=3, p =0.021) and the extent of MPA aim achievement (chi2 =26.1, n 

=65, df=3, p =0.002). Management staff were more likely to assign higher scores to these 

measures, especially for the achievement of aims.   

Whilst 20% of the MPAs reported that they had stopped all banned activities occurring, over 

40% still had one or two still taking place.  A mean of 2.7 banned activities still occurred within 

the MPAs.  There was no significant difference between regulations and the actual occurrence 

of the majority of activities.  Activities which showed significant differences between 

regulations and occurrences include foreign commercial fishing, which has been banned in 89% 

and regulated in 6% of MPAs, but nevertheless occurred frequently in 3% and occasionally in 

36%.  Similarly, blast fishing had been banned in 97% of MPAs, but occurred occasionally in 

18% of MPAs, and cyanide fishing had been banned in 98.5% of MPAs, but occurred 

occasional in 16.2%.   

MPAs typically had several goals but the majority of MPAs had one principal aim.  For the 

sample MPAs, habitat conservation was the most common aim, followed by fisheries 

management, tourism management and species conservation (figure 3.3).  Remarkably, there 

was no significant relationship between reported changes in habitat quality, fisheries 

enhancement, species conservation and economic development and whether these were the 

primary aim of an MPA.  Twelve percent of the MPAs that were set up to preserve reefs 

thought they had fulfilled this aim completely, 41% thought they had to a large extent and 32% 

to some extent and 15% not at all, so that this was the goal with the worst performance.  

Species conservation aims were also highly variable, as some MPAs had seen specific 

improvements in this area and others had seen little or none, despite this being their main 

focus.  Fisheries improvements were seen either to some (30%) or a large extent (70%), but 

never completely, suggesting moderate improvements in many MPAs.  There was a significant 

link between fisheries specific management actions and fisheries improvements: MPAs with 

active fisheries programs had seen twice as many fisheries improvements than those which had 
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none (Pearson chi2=10.3, n=62, df=2, p=0.006), however the same was not true for targeted 

species conservation measures (Pearson chi2=2.6, n=63, df=1, p=0.273).  MPAs with multiple, 

education and economic development aims tended to report moderate success.  Tourism aims 

were thought to have been completely realised in 22% and to a large extent in 33% of tourism 

focused MPAs.  Both multiply managed and NGO managed MPAs were perceived as achieving 

their primary aims significantly more than other governance types (chi2=6.98, n=65, df=3, 

p=0.072 and chi2=6.89,n=65, df=3, p=0.076 respectively).   

 

Figure 3.2.  The primary aim and the extent to which these have been achieved.   The 

length of the bar corresponds to the number of MPAs which gave this as the main aim 

 

3.4.4 MPA Threats. 

Very few managers faced no major threats (such as extreme weather, sedimentation, pollution 

and large scale pollution) inside their boundaries.  The mean number of large scale threats was 

3.3.  If the number of threats occurring inside the MPA was compared to the number outside 

(figure 3.4), it was apparent that while some MPAs have outperformed outside conditions, 

others were subject to more threats inside than outside their boundaries.  In aggregate however, 

the number of large scale threats inside and outside the MPA were not different (t=-0.1303, 

n=66, p=0.897).  MPAs in Africa and the Pacific reported 4 threats or fewer, whereas 25% of 

MPAs in the Americas and 33% in Asia had more than 5 large scale threats.  All of the MPAs in 

the Americas reported at least one large scale threat, usually cyclones and hurricanes.  

0 10 20 30 40 50

Habitat conserv.

Fisheries mngt

Tourism

Species conserv.

Multiple aims

Economic 
developm.

Education 
/research

No. MPAs

not at all

some extent

large extent

completely



 
Chapter 3. 

 

80 
 

 

Figure 3.3 Number of large scale threats and compared to outside the MPA.  Dark grey 

bars denote the number of large threats occurring inside the MPA.  The light grey bars show number of threats 

outside ð number of threats inside, so that 0 denotes no difference in threats and some MPAs have more and others 

less than outside.   

 

Of all threats recorded, the most frequently cited was coral bleaching (70%), followed by 

hurricanes (60%) and sedimentation (56%).  Different regions face different levels and 

combinations of threats (figure 3.5).  Pacific region respondents cited fewest threats, where 

60% of MPAs were suffering coral bleaching and 40% faced hurricanes and natural disasters.  

MPAs in Africa were less affected, but faced a greater variety of threats.  MPAs in the Americas 

and Asia are reported to be much more threatened than elsewhere.  Roughly a third of MPAs in 

both of these regions are threatened by intensive coastal development.  In Asia, respondents 

cited sedimentation as the most common threat, with chemical pollution also occurring at 57% 

of MPAs.   
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Figure 3.4  The occurrence of large scale threats for MPAs in each region.  Scale is from 

0-100% of MPAs. 

  

Managers were asked to define the principal threat facing their MPA and these were subdivided 

by region (figure 3.6).  Threats were then classified as originating inside the MPA (60%) or 

outside the MPA (40%).   Particularly prevalent were poaching and coastal development, which 

accounted for almost half of all the responses.  Threats which originated inside the MPA were 

poaching (28% of responses), tourist impact (12%) unsustainable use (11%), lack of 

enforcement (5.5%) and corruption or conflict (3.5%).  Those which originated far away 

included coastal development (19%), pollution (12%) and bleaching or climate change (9%).  In 

terms of regional patterns, MPAs in Asia were threatened most by poaching, whereas in the 

Americas, coastal development, pollution and tourist impact were all major threats.  African and 

Pacific MPAs were similarly threatened, by poaching, unsustainable use and coastal 

development. Interestingly, coral bleaching was not seen as the major threat in and MPAs in the 

Pacific and Africa and only 15% in Asia and the Americas.  Corruption was also not seen as a 

major threat, neither was pollution, expect in 23% of American MPAs.   

 The majority of actions the managers could use to ameliorate the threat facing the MPA were 

either unsuitable (22%) or of limited effectiveness (46%), compared to 32% which were 
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targeted and potentially effective against this threat (based on the respondentõs open ended 

answer to how they were addressing the principal threat).   

 
 
Figure 3.5  Responses to open ended question on main threat facing each MPA.  Scale is 

from 0-100% of MPAs. 

 

In terms of internal threats, 40% of respondents had seen damage to coral caused by visitors.  

MPAs which reported no major tourist damage had a significantly lower mean annual visitor 

pressure of just under 40,000 tourists per km2 and those who reported coral damage from 

visitors had over 120,000 tourists per km2 (z = -2.633, n=62, p = 0.009). Respondents 

estimated a mean detection rate of 39.8% of illegal activities, although 12% had no detection 

and 5% reported 99% detection.   Of those activities that were detected, a mean of 48% were 

actually punished (this ranged from 0 to 100%), meaning that overall only 19% of infractions 

that occurred were punished.  Funding per km2 explained only 16% of the variation in 

proportion of illegal activities punished (F=9.7, df=1, p=0.003) and 65% of the variation in 

staff per unit area (F=97, df=1, p=0.000).  

Other destructive uses of marine ecosystems include mangrove clearance, aquaculture and 

trawling.  In terms of the destructive uses inside the MPA, it was possible to distinguish 

between MPAs that have remained fairly stable since they were established and those who had 
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been able to reduce occurrence (figure 3.7).  However, this was compared to outside (figure 

3.8), 39% of MPAs are mirroring areas outside their boundaries, 25% have out-performed 

outside by one activity and 35% have outperformed by one activity or more.  This is also 

reflected in the fact that while most MPAs had overseen the cessation of a mean of 2.5 

destructive uses (SD=2.27) inside their boundaries, the areas outside had also seen an average 

of 1.5 destructive activities decrease (SD=1.44).  MPAs with some NGO management had 

reduced significantly more activities over time (z=-2.40, n=60, p=0.016) as those with multiple 

management (z=-2.19, n=60, p=0.029).   

 

 
 

Figure 3.6  Changes in the destructive activities occurring in the MPA, since it was 

designated. 

 

It is notable that all the MPAs that decreased six or more destructive uses inside their 

boundaries and the three that had outperformed outside conditions by 6 and 8 activities are in 

Asia, although Asian MPAs also show the most variation in performance, followed by 

American MPAs.  All MPAs in Africa had also been able to outperform outside conditions, in 

contrast to Pacific MPAs who were largely mirroring outside events.   
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Figure 3.7  Changes in the destructive activities occurring in the MPA, compared to 

outside the MPA. 

 

The analysis of user coral damage showed that MPAs in the Americas, those MPAs whose 

primary aim is focused towards tourism and had a greater proportion of jobs related to 

tourism are sustaining more coral damage from visitors and users (table 3.3).  Those 

conducting education, with fisher compensation and those who provided mooring buoys had 

sustained less visitor coral damage.   

MPAs whose main threat originated inside the MPA were less likely to have been established 

to preserve habitat quality, to be found in developing countries, and to be either recently 

established or old and to punish a small proportion of offenses.  Finally MPAs facing a greater 

number of large-scale threats were larger and better staffed, which could be in response to the 

increased requirements for conservation and more likely to be located in Asia or the Americas.  

These highly stressed areas were also more likely to have received GEF funding and have used 

funds raised for community projects, rather than management costs or government 

departments.  On the other hand, MPAs managed by NGOs and which had banned more 

activities had fewer threats inside their boundaries.   
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Table 3.3. Summary table of regressions to understand variables associated with 

threats inside sample MPAs.   See appendices 3.9-3.11 for full regressions.  (+) denotes a 

positive co-efficient and (ð) a negative co-efficient.   

 Coral damage by 
users 
Logit  

Main threat inside 
MPA 
Logit  

No. threats inside MPA 
OLS regression 

Significant 
variables  
(sign of co-
efficient) 

Tourism aim (+) 
% jobs in tourism 
(+) 
In Americas (+) 
Fisher comp (-) 
Education (-) 
Mooring buoys (-) 
 

Developing country 
(+) 
Age (-) 
Age 2 (+) 
% illegal act. detected 
(-) 
Primary aim habitat 
CN (-) 

In Asia (+) 
In Americas (+) 
Size (+) 
No. staff (+) 
NGO managed (-) 
GEF funding (+) 
No banned act (-) 
% funds to community  (+) 

(N) Adj R2 (49) 38% (56) 41%. (55) 40% 

 

 

3.4.5 Ecological outcomes.   

Coral cover estimates were not available at scales smaller than the country average.  5% of the 

coral cover estimates used here originated from expert opinion, 22% from monitoring data 

and 73% from a one-off study.  Nevertheless, the comparison of live coral cover inside the 

MPA to the country average (figure 3.9) revealed that MPAs contain habitats which contain on 

average 7.6% more live coral cover than the national average.  This was highly variable 

however, depending on the MPA (median=1.75%, n=62, SD=23.2%, range= -22% to +77%).   

Many respondents (24%) were not able to report the initial coral cover estimates.  This was 

especially true for older MPAs.  However, for those for which it was known, coral cover had 

on average remained fairly stable over time within MPAs and showed less variability than the 

spatial coral cover estimates.   The mean change since designation was -0.23%, with less 

variable than the spatial coral cover estimates (median =0.2%, n=50, SD=12.2, range =-34 to 

+33%).  Overall, 66% of the MPAs had maintained or improved their live coral cover, but 

some MPAs have had large losses, for example, two MPAs in Belize had seen over 30% loss, 

over 12 and 24 years.  In contrast, Siete Pecados, a 50km2 MPA in the Philippines, reported a 

30% increase in live coral cover in the 5 years since it was established, which seems inflated.  If 

estimates of coral cover change were compared to respondent to perceptions of habitat 

change, then while 93% of respondents perceived that their MPAs had maintained or 

improved habitat, only 66% of MPAs seem to have achieved this given the reported current 

and initial coral cover estimates, although these results were not statistically different 

(chi2=1.39, n=49, df=2, p=0.499), which suggested that perceived habitat changes were similar 

to those calculated from coral cover estimates.   
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Figure 3.8  Comparisons of live coral cover at each MPA compared to cover when the 

MPA was established (temporal) and to the country average (spatial).  Source of country 

average is (Wilkinson, 2004).   

 

Since many MPAs may had been placed in areas which had unusually healthy ecosystems to 

begin with, coral cover should be analysed both temporally and spatially.  Temporal variation 

(years since designation) explained 20% of the spatial variation in live coral cover (f=12.2, 

df=1, n=50, p=0.001) and in general, when one is favourable, so is the other.  Spatial variation 

was much greater than temporal variation, which is in part due to the crudeness of the national 

data.    

MPA age explained only 6.5% of the variation in coral cover changes since MPA establishment 

(F=4.32, n=50, df=1, p=0.043), but was not a significant predictor of spatial differences.  

Whilst no-take areas were not a significant determinant of spatial coral comparisons (t= -0.007, 

n=62, p =0.995), they did have an effect on changes in live coral cover over time at the 10% 

level (t=-1.82, n=50, p = 0.075), increasing the mean change from -3.98% to +2.3%.  There 

was stronger evidence that having community management has a significant positive impact on 

the change in live coral cover over time (t = -3.294, n=50, p=0.002).  The mean change was -

5.17% in MPAs without community management and +5.2% in MPAs with community 

management.  This is despite the fact that community managed MPAs are much more likely to 
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be in high (less stringent) IUCN categories (chi2=8.89, n=63, df=1, p=0.003) and less likely to 

be part of a reserve network (chi2 =3.34, n=63, df=1, p= 0.068).  

Questions related to perceived ecological changes showed that species conservation improved 

in 72% of MPAs and remained the same in 25%.  Fisheries were reported to have improved in 

66%, remained the same in 23% and worsened in 11%, so that fisheries showed the least 

improvement of the 6 changes assessed.   Fishing benefits of MPAs should result in fishers 

congregating on the edge of no-take areas.  19% of MPAs reported frequent fishers òfishing 

the lineó and the 52% saw this sometimes.  Few respondents were aware of fisheries changes 

and even fewer what was occurring outside the MPA.  The majority of respondents (69%) 

thought that the number of fishers had decreased inside the MPA and 28% thought that it had 

increased.  56% thought the numbers fishing had increased in the vicinity of the MPA, 

compared to 22% who thought they had stayed the same and 22% who thought they had 

decreased.      

3.4.6 Socio-economic outcomes. 

Respondents were asked how a variety of perceived social aspects have changed as a direct 

result of the MPA since it was designated.  Education and research were reported to have 

improved in 82% of MPAs, local economic development to have improved in only 55% and 

cultural heritage to have stayed the same in 59% of MPAs.   Most respondents did not think 

that MPA related tourism had resulted in local cultural erosion (79%).  However, 50% thought 

that it had increased user conflict and 26% saw no change.   Changes in conflict are affected by 

management type (chi2 =13.8, n =66, df =2, p =0.031).  Government managed MPAs had 

higher levels of conflict than the average and similar conflict scores to NGO managed areas, 

whilst multiply managed areas performed slightly better than average and community MPAs 

had reduced conflict the most.  Conflict resolution initiatives were also associated with 

decreases in conflict (chi2=16.5, n=66, df=2, p=0.000).   

The majority of respondents (85%) felt that the MPA had increased tourist visitation in the 

area (11% felt it had not affected it).   The MPAs supported a mean number of 69 businesses 

(SD=131) and 727 jobs (SD=1490, max =6740).  Of these, an average of 51% jobs supported 

were in the tourism industry, 46% were fishers and 3% were MPA staff.    If the area under 

management is taken into account, MPAs supported an average of 291 jobs km-2.  However 

this figure is unduly affected by two outliers, with Waialea bay in Hawaii and Resexmar in 

Brazil supporting more than 1000 jobs km-2. Indeed the majority of MPAs support relatively 

few jobs km-2 (23% support 0.3 jobs km-2 or less) and without these outliers, the average 
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number of jobs supported is 123 km-2.  Jobs supported in tourism were equivalent to a median 

of one job per 54 tourists, although this was highly variable.   

Whilst 45% reported the MPA increasing local wealth, 55% reported increased local 

employment benefits.  Respondents estimated the proportion of jobs that went to local 

people, with a mean of 82% of jobs being retained by the local communities.  Five MPAs had 

less than 50% and 24% had 100% of jobs going to local people.  This suggested there is 

minimal immigration into these areas.  Of the three major employment types, fishing was 

where the least leakage occurs, as 84% of jobs were retained by locals, compared to 77% of 

management jobs and 75% of tourism jobs. As a result of increased tourism, respondents 

reported increased availability of goods in 22% and increased prices in 34% of MPAs.   

Respondents were not able to give indications on changes to fisher search costs and 

congestion.   

 

3.4.7  Temporal aspects of change. 

The number of years since MPA designation explained 8.5% of the variation in change in live 

coral cover since MPA designation (f =4.32, df =1, n=50, p =0.043).  Older MPAs had seen 

larger declines in live coral cover than more recent ones.  Whereas MPAs up to 10 years old 

had mean positive changes, those older than 12 had seen losses in coral cover (appendix 3.8).   

As figure 3.10 shows, visual inspection of various changes inside the MPA seemed to 

demonstrate a pattern in terms of the age group of the MPA.  None of the mean scores by age 

group were less than 0, indicating that changes were positive for MPAs generally.  Initially, 

there seemed to be an increase in the quality of these attributes, which then fell for MPAs that 

were 11-20 years old and then increased for MPAs over 21 years old.  Exceptions were 

compliance, fisheries and habitat quality, which seemed to decrease with older MPAs, with 

some improvement in the oldest MPAs.  Perceived success varied according to the age 

category (chi2=15.9, n=64, df=3, p=0.069). There was also a significant relationship between 

change in fisheries and age group (chi2=13.4, n=63, df=2, p=0.037).   
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Figure 3.9  Mean scores for outcomes by MPA age group.  Changes scores score lie between -1 

and 1 on the primary axis are denoted by solid lines.  Attributes could scored from 0 to 4+ are shown on the 

secondary axis are denoted by dotted lines.   

 

3.4.8  Effects of no-take area and MPA size on Outcomes. 

Surprisingly, few perceived outcomes are dependent on MPA or no-take area size.  Only two 

variables showed significant effects associated with size category, change in fisheries 

(chi2=11.12, n=65, df=3, p=0.085) and performance in terms of reducing destructive activities 

(chi-sq=28.7, n=64, df=5, p=0.052).  Unexpectedly, the smallest size class of MPAs (0-25km2) 

were reported to have seen the most improvement in fisheries (which could be due to ease of 

enforcement), whereas MPAs 151 - 1000km2 in area produced the most additional success in 

terms of reducing destructive activities compared to outside.  Also, the size of the no-take area 

was linked to the aim achievement, with no-take areas of 0.1-10km2 and over 500km2 having 

the greatest achievement of aims.    
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In contrast, having any size of no-take area influenced a large range of outcomes and success 

measures in these MPAs (table 3.4).  No-take areas are seen to be associated with better 

detection of infringements, reduction in destructive activities, lower coral damage from 

tourists, better increases in education or research and more increase in wealth, employment 

and jobs.   

Table  3.4.  Success variables which vary significantly for MPA with and without no-
take areas.    

Variable Mean 
value (no 
no-take) 

Mean 
value (w. 
no-take) 

Z value p-value 

No. of destructive activities to decrease over time 2 2.7 -2.04 0.038 
No. of activities decrease compared to outside  1 1.7 -1.67 0.094 
% of illegal activities that are detected 27.4% 48.5% -2.51 0.012 
Coral damage from tourists (dummy) 54% 30% 1.846 0.065 
Change in quality of education / research 0.7 0.9 -2.02 0.043 
Increase in wealth due to MPA 31% 55% -2.02 0.044 
Increase in employment due to MPA 38% 65% -2.22 0.026 
Total number jobs supported 213 1039 -2.17 0.030 

 

3.4.9  Regional patterns. 

MPAs within LDCs were younger (a mean of 12 years) than those in MDCs, which had mean 

of 23 years (f=11.4, df=1, n=65, p= 0.001).   No take areas were significantly smaller in LDCs 

with a mean of 504km2 compared to 8,877 km2 in MDC (f=3.5, df=1, n=62, p= 0.067).  LDC 

MPAs received a mean of 8,480 visitors per km2 compared to 333,393 for MDCs (f=6.7, df=1, 

n=54, p=0.013).  LDCs had greater perceived fisheries improvement chi2=13.7, n=64, df=2, 

p=0.001) and had further decreased the number of destructive activities compared to outside 

the MPA by 1.5 activities more than MDCs (f=6.7, df=1, n=60, p=0.012).   

Several MPA features and outcomes varied significantly between regions (table 3.5).  African 

MPAs were less likely to have been set up to increase tourism and had relatively low visitation 

rates.  However they had the greatest importance for subsistence fishing and had retained the 

most jobs locally. They had budgets over ten times greater than the sampleõs median budgets, 

but they only retained 17% of them for management costs.  They tended to protect high 

quality coral and had maintained it since inception (an average of 11 years).   MPAs in Africa 

and the Pacific reported 4 large threats or fewer, although the main threat was inside the MPA 

for 88% of these. African MPAs had reduced between 0 and 5 destructive activities, with a 

mean of 0.6 destructive activities, of which 2.14 were continuing outside their boundaries.   

American MPAs were predominately under government control (rarely community managed).  

Their budgets were small, but they retained 96% for management costs.  They showed the 
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most negative trends in coral cover since establishment (over a mean of 15 years), but these 

were still better than trends outside the MPAs.  Most have reduced zero or one activity and 

faced relatively poor compliance and a mean of 3.2 large threats per MPA, with 25% having 

over 5 large scale threats.  Half of the main threats were external and therefore beyond the 

control of management.  All of the MPAs in the Americas reported at least one large scale 

threat, usually cyclones and hurricanes.  American MPAs were the least important in terms of 

subsistence fishing and retained fewest jobs locally.   

Asian MPAs were more focused towards tourism and 60% were in part community managed.  

They had relatively small management budgets and retained only 30% for management costs.  

However, they had increased coral cover by 5.31%, the greatest increase of all the regions 

(over a mean of 14 years) and were situated in areas with 7.5% better coral cover than the 

national average.  Asian MPAs showed a large variation in terms of decreasing destructive 

uses, with 8 reducing 5 activities or more, but they had reduced a mean on 4.25 destructive 

activities, with over half of these also less commonplace outside MPAs.  They faced the 

highest number of threats (33% had over 5 large scale threats) and the lowest compliance.  

One MPA in Vietnam had 8 large scale threats occurring inside its boundaries, including 

cyclones, large scale development, chemical pollution and war.  They were seen as important 

for subsistence use and had high visitation levels.   

Finally Pacific MPAs were often community managed. Their budgets were highly skewed by 

the inclusion of 2 MPAs with enormous visitation rates and budgets, Hanuma bay and Waieia 

bay in Hawaii, however, they had been able to retain 99% of their budgets for management 

costs.  MPAs contained much greater coral cover than the national average and had seen 

increases in coral cover, despite being a mean of only 19 years old.  All but one MPA in the 

Pacific report decreased destructive activities outside the MPA, similar to inside it. They had 

the highest levels of compliance and a low number of threats.  They had high visitation rates, 

but are still important locally for subsistence fishing.   
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Table 3.5.  Variables which differ significantly between regions.  *** =p<0.001, **=p<0.05, 

*=p<0.01.   N=66 unless otherwise stated. 

Variable 
(number MPAs) 

Africa  
(n=10) 

America
s (n=20) 

Asia 
(n=30) 

Pacific 
(n=6) 

Test for differences 

Primary aim tourism 
 

0% 7% 35% 0% Chi2 =11.5, p= 
0.009*** 

Multiple mngt aims 0% 17% 0% 33% Chi2 = 7.99, 
p=0.046** 

Government managed 80% 93% 90% 50% Chi2 = 8.55, 
p=0.036** 

Community managed 
 

50% 30% 60% 70% Chi2 =7.14, p=0.068* 

Current budget / km2 
 

190,424 11,713 18,326 2,263,601 F= 3.78, p= 0.016** 

Management budget / 
km2 

33,144 11,192 6,502 2,252,814 F=3.58, p=0.020** 

Temp change coral cover 
 

0.29 -5.61 5.31 3.5 F=2.99, p=0.040** 

Spatial comparison coral 
 

6.13 2.36 7.48 33.9 F=3.42 , p=0.023** 

No destructive activities 
to decrease 

2.57 1.56 4.25 1.67 F=10.2,  p=0.000*** 

No. decreased compared 
to outside 

2.14 1.23 1.85 0.17 F=8.07, p=0.045** 

No.  banned activities 
occurring 

1.5 2.4 3.4 1.3 F=5.42, p=0.003*** 

No large threats inside 1.6 3.2 3.8 1.8 Chi2 =31.2, 
p=0.006*** 

Main threat inside MPA 
 

88% 52% 84% 67% Chi2 =7.2, p= 0.066* 

No. visitors per km2 per 
year 

1,364 5,843 13,288 728,603 F=8.42, df=3, n=54, 
p=0.066* 

Rank subsistence fishing 0.7 2.1 1.3 1.2 Chi2 =2.45, n=62, 
p=0.57 

Proportion jobs to local 
people 

93% 73% 85% 90% F=2.68. df=3, n=45n, 
p=16.4 

 

3.4.10 Proportion of MPAs fulfilling key criteria for success.  

If those aspects that are highlighted in the literature as critical for effective coral reef 

management are used as criteria for success, it is possible to assess how many MPAs meet 

these criteria and hence how much of the total managed area is effectively protected (table 

3.6).   Some of the criteria were met by the large majority of MPAs, including being over 5 

years old, having one or more members of local staff and a set up budget, being greater than 

5km2, having a management plan and less than 10 fishers per km2.  Those which were fulfilled 

by less than half the MPAs include having strict protective regulations (IUCN category), 

having no banned activities occurring, having at least one member of staff per km2, or a no-

take area which is likely to be large enough to encompass movements of key species.  If no-

take areas were seen as a requirement for MPA effectiveness, then only 22% of all this 

managed area would be included.   Although 63% of the MPAs had budgets greater than 
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US$1000/km2, this encompassed only 9% of the managed area.  Similarly, while 52% of MPAs 

had less than 100 tourists per km2, this covered only 13% of the total area.  Fortunately, the 

majority of managed area fell within MPAs that were over 5 years old, were over 20km2 in 

area, had a management plan and reasonably low fishing pressure.  Importantly, although 66% 

of the MPAs had either maintained or improved coral cover, this only covered 20% of the 

total managed area.  If 4 criteria are required, to include MPAs with any sort of no-take area, 

over 5 years old, designated as IUCN IV or lower throughout the MPA, this encompassed 

15% of the samples MPAs and only 2% of the area under management.    

 

Table 3.6. Percentage and Area of MPAs which fulfil possible Evaluation Criteria.  

Based on criteria suggested in Hughes et al., (2007), Vilayleck & Andrefouet (2006), Davis and Tisdell 

(1995),  Sale et al., (2005), Storms et al., (2005), Boersma & Parrish (1999) and White et al.,  (2005b).   

 

 

 

 

 

 

 

 

 

 

  

 Possible MPA Criteria  % of MPAs % of MPA 
Area 

MPA features Have no-take area 61% 92% 
More than 5 years old 89% 98% 
IUCN category II or stricter 17% 8% 
IUCN category IV or stricter 34% 9% 
If MPA size > 20km2 62% 99% 
If no-take area >2km2  39% 22%  
If no-take area >5km2 35% 21% 

Management Part of wider coastal management 42% 84% 
Have active fisheries management 50% 34% 
One staff member per km2 20% 2% 
Had an initial set up budget 70% 44% 
Minimum annual budget of US$1000/ km2/yr  63% 9% 

Uses and 
threats 

< 10 fishers per km2 75% 96% 
< 100 tourists per km2 52% 13% 
No mangrove extraction occurs 68% n/a 
Commercial fishing never occurs 20% n/a 
No coral mining / destructive fishing occurs 82% n/a 
No banned activities occur 20% n/a 
Better coral cover than national average 53% 43% 
Maintained or improved live coral cover 66% 20% 
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3.5  Discussion. 

MPA assessments are often hampered by the focus on small sets of ecological variables, the 

cost and effort needed for quantitative data collection, the lack of temporal comparisons, the 

focus on management inputs (based on the assumption that these produce the expected 

outcomes) and the lack of control sites (Holtzman et al., 2009; Willis et al., 2003).  The large 

number of effectiveness evaluation methodologies also limits comparison between MPAs.   

Ideally MPAs would be assessed by directly comparing changes over time in ecological, 

economic and social factors inside and near their boundaries, compared to changes over the 

same time period in equivalent ecosystems and communities that do not benefit from MPAs, 

using replicated field surveys of habitats and households.  This study is not intended to replace 

such studies in individual MPAs, which are essential to elucidate link between real and 

expected outcomes of MPAs and how these relate to management aims and conservation 

outcomes.  However, the expense involved in carrying out such surveys at a large enough 

number of MPAs to enable quantitative comparative analyses is prohibitive.  This research is 

exceptional as it contains the largest number of coral reef MPAs to be assessed using a single 

methodology.   

This study focused instead on evaluating a range of factors that have been linked to MPA 

effectiveness in the literature.  This necessitated reliance on coarse perceptions of changes and 

limited the outcomes that could be evaluated quantitatively.  For example, it was not possible 

to look for ecological changes related to population structures, recruitment, biomass 

exportation, spawning, ecosystem resilience, biodiversity, etc.  Similarly outcomes such as food 

and employment security, representation of minority groups, number of conflicts per year, 

susceptibility to environmental shocks, profitability of fisheries etc, were not included.  These 

outcomes should result from successful MPAs (Pelletier et al., 2005).  Similarly, it was not 

possible to gauge the frequency or quality of management actions undertaken.  However, it is 

rarely possible to take into account every variable which may play a role in MPA effectiveness 

(Halls et al., 2002).  Such information is rarely collected, which is demonstrated by the fact that 

despite many MPAs allowing fishing, almost no respondents were able to answer basic 

questions related to fisheries health.  Instead this approach has been limited to assessing 

outcomes that respondents are able to judge based on their knowledge of each MPA.   

Experts are an invaluable resource and are increasingly used for global assessments for coral 

reef status and other assessments e.g. (Tupper et al., 2008a; Wilkinson, 2008).  Limitations of 

this approach include the fact that scoring will be less reliable than long term monitoring or 

academic studies, as it is usually qualitative and reliant on subjective perceptions, where the 
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knowledge base of the respondent may vary significantly (Hockings, 2003).  However methods 

involving quantitative monitoring data differ in methodology applied and in data quality and are 

also subject to measurement error and require interpretation during their analysis.   

Furthermore, responses of MPA managers are likely to be based on years of field experience 

and may better capture the realities and complexities of the MPA than any monitoring program 

(Hockings, 2003).   

This study has gathered detailed information on a large range of factors at a large number of 

MPAs, by utilising expert knowledge of both the MPA itself and the ecological and social 

context in which it operates, at a relatively low cost.  It is important to evaluate MPAs in the 

context of a wider subset of ecological and social contexts and regionally, since many 

additional confounding factors will also determine outcomes.   

The MPAs included in this analysis cover 7% of all coral reef MPAs and more in terms of area.  

Globally, reefs are estimated to cover 527,072km2 (Tupper et al., 2008b), but the areas in this 

study total 641,047km2 of marine habitat, indicating that other habitats, such as mangroves and 

sea-grass beds are also included in these MPAs.  This sample was also likely to be biased 

towards better funded and more actively managed MPAs, so results here may have constitute 

the best case scenario.  This dataset included a wide range of MPA types and features, whose 

spread across IUCN categories and regions was not significantly different from the global total 

population of MPAs, suggesting that this information was broadly representative of MPAs in 

general.  As a result, this constitutes an adequate dataset to make cautious inferences about 

MPAs generally.  Nevertheless I acknowledge the limitations of expert opinion as this is likely 

to be somewhat subjective and biased, which is why several types of respondents were 

included, beyond only management staff.  The similarity of the answers for those MPAs which 

had duplicate answers from different respondents and the range of outcomes reported would 

suggest that this approach is not fatally flawed, although there was evidence of bias in a few 

parameters, which will be further explored in the next chapter.   

The basic approach of using expert information to assess which MPAs fulfil necessary criteria, 

as done by Mora el al., (2006a) is a quick and cheap way to make inferences about key 

evaluation criteria.  Both the number of MPAs and the relative area they represent should be 

calculated, as these often differ.  Most of the criteria thought important for MPAs are fulfilled 

by over half the sample.  Those which fare relatively poorly are related to the size of the no-

take area, the provision of adequate regulation and compliance on potentially destructive uses 

such as fishing.  When combinations of requirements are assessed, the proportion of MPAs 

with adequate provisions for conservation becomes much smaller.  This approach is limited 
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however by uncertainty in the literature about what general criteria are important, such as coral 

reef carrying capacity and the necessary reserve size and as such there is some subjectiveness in 

the choice of the level of each parameter used.   

In terms of ecological outcomes, coral reef health is an appropriate test of MPA performance, 

given that it is the fundamental motivation for setting up most MPAs.  This study has focused 

on live coral cover as MPAs vary widely in the quality and change in their coral cover, so these 

are good measures of habitat conservation.  However, mean cover is difficult to estimate 

accurately.  Moreover the large regional variability in patterns of coral cover makes 

demonstrating significant effects of management on coral cover extremely difficult.  Similarly 

spatial comparisons used here are coarse grained and vary depending on the size of the 

country.   Incorporating the scale of the spatial comparison (the area of reefs in each country), 

in the quality of the coral cover estimate (replication, size of study site) would be ideal, but 

these data were not available.  Fortunately, only 5% of the coral cover estimates used here 

originated from expert opinion, rather than from monitoring data or a published study.   The 

spatial comparison provides local context and so is essential in addition to the temporal 

comparison.  Given the inaccuracies described above, a tentative inference can be made that 

66% of the MPAs considered have maintained or increased coral cover, which constitutes a 

significant success in the context of the global decline in reef health (Wilkinson, 2008), 

although this represents only 20% of the area under management.  The positive spatial coral 

cover comparison suggests that MPAs are located in areas benefitting from better than average 

coral cover.  However, 24% of these MPAs have over 10% less live coral cover than the 

national average, which is cause for concern.   

It was expected that the older the MPA, the more likely that reefs both inside and outside the 

MPA have experienced coral declines and losses, but age alone explains only 8% of the 

temporal changes in coral cover, indicating that other factors are also important.  In addition, 

MPAs are reported to have a more positive impact on species conservation than on fisheries 

enhancement, although there is anecdotal evidence of spillover in 19% of the MPAs.  Fishing 

impacts were difficult to test quantitatively using a measure that respondents are able to report 

on, which is surprising given the emphasis on fisheries benefits as key reasons for establishing 

MPAs (Alder et al., 2002).  MPAs with lower coral cover than the national average had higher 

budgets, which was unexpected, although the direction of this causation is unclear this could 

be due to the requirement for greater funds to increase coral cover.   

 

The equitable distribution of costs and benefits MPAs generate is an important concern 

(Corbera et al., 2007; Webb et al., 2004).  Local communities have been shown to benefit 
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widely from these MPAs, in terms of recreational use, income, education and economic 

development.  Tourism was a key element of these benefits for many of these MPAs (it 

accounts for over 5-% of jobs supported through the MPA).  Fortunately most of these jobs 

were retained locally and there is little evidence of indirect costs, such as immigration, although 

coral damage is occurring.  Local communities suffered relatively few OCs, as although 

commercial fishing was banned in several MPAs, it was rarely banned throughout the area and 

there was anecdotal evidence of spillover in a few MPAs.  In addition, subsistence fishing and 

traditional hunting of species occured widely, which may also undermine management.  

Finally, funding was frequently used for local community projects, including those that were 

designed to compensate local costs (e.g. alternative livelihood schemes) or increase local 

representation.  Only 39% small portion of these funds originated from national governments 

overall, less so in LDCs.   

 

Of most concern in terms of social impacts was the reporting that conflict between 

stakeholders had increased in half of the MPAs, which is contrary to what was expected 

(Kelleher et al., 1995).  This could undermine MPA effectiveness, as local support is critical for 

compliance (Pomeroy et al., 2007).  This may be a sign of perceived inequity (Christie, 2004).  

More research is needed to see if this was because of uneven employment and wealth benefits, 

lack of engagement of certain stakeholder groups or lack of compensation for marginalised 

fishers.   

There were several MPA features which cause significant changes in MPA outcomes.  In terms 

of temporal changes, a pattern emerged that while MPAs may have some immediate benefits, 

these declined and then increased in MPAs older than 20 years, which is similar to what was 

predicted by Syms and Carr (2001).  Many of the MPAs here were too young to have achieved 

their full impact, especially in terms of ecological changes, which should be taken into account.  

Having a no-take area was a significant determinant in more outcomes than the MPA age.  

There was evidence that it helped to reduce destructive activities including visitor damage to 

coral, aided illegal activity detection and was associated with increased wealth and employment 

benefits.  Larger no-take areas produced greater fisheries benefits, as was expected (Roberts & 

Hawkins, 2000).   

Regional location also explained much of the variation in more aims, management groups, 

budgets and outcomes.  However, those MPAs with strong performance over time were not 

always the same as those who had out-performed outside conditions, underscoring the need 

for counterfactual comparisons in evaluations.   
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These MPAs are highly threatened, especially by coral bleaching and hurricanes as well as 

sedimentation and pollution, yet only 42% of the MPAs are part of wider coastal management, 

which is cause for concern, as these could undermine management efforts.  This is reflected in 

the fact that the evaluation of the potential efficacy of the solution offered to the main threat 

at each MPA showed than only in a third of MPAs was this solution targeted and likely to 

reduce the threat.  More emphasis needs to be placed on reducing these threats on a regional 

basis, as relying on MPAs to conserve coral reefs, whilst allowing these threats to remain will 

not safeguard these habitats in the long term, even though management may increase 

resilience.  These results support the contention that the present number and impact of MPAs 

on threats alone is insufficient for coral reef conservation (Allison et al., 1998).   

Enforcement and punishment of illegal activities are disappointing in many MPAs (Byers & 

Noonburg, 2007; Jameson et al., 2002).  The link between funding, staff numbers and illegal 

activity punishment demonstrated here suggests that an increase in funding is a good way to 

increase compliance.  Therefore providing MPAs with resources to increase enforcement 

could have a strong impact on MPA effectiveness.  Additional funding could also enable 

increased use of fisher compensation, education and mooring buoys which were shown to 

reduce coral damage from users, as it is not helpful to reduce impacts from fishing only to 

increase impacts from other users, such as tourists.   

Some MPAs were indeed fulfilling objectives related to conservation of habitat quality, 

improvement of local community welfare and reduction of threats.  However this was by no 

means universal.  In contrary to what has been observed previously (Christie, 2004), socio-

economic benefits were more commonplace than ecological improvements, although 

continued conflict remained a widespread issue.   The principal aim of the MPA has no 

significant relationship to the achievement of the required outcome, however targeted 

management actions (such as fisheries, species or conflict resolution) did have significant 

impacts.  Therefore simply designating an MPA and specifying an aim is not enough, resources 

need to be made available to ensure active management effort, which is likely to require, but 

not be limited to, increased funds (Balmford et al., 2004; Francis et al., 2002; Gravestock et al., 

2008).   

MPAs were funded to a large extent by international organisations and tourists, who gained 

directly from recreation and support of non-use values, as well as indirectly from support of 

ecosystem services beyond the boundaries of the MPA.    Thus MPAs can be seen as a transfer 

of wealth in return for support of these services.  Ineffective MPAs will incur significant 

opportunity costs for donor funding.  To increase the impact of conservation funds, 
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effectiveness should be assessed.   Investigating the number of threats inside MPAs and the 

decrease in destructive activities shows large differences in impacts between MPAs. However, 

almost 40% of these were mirroring what is going on outside the MPA.  The most effective 

MPAs were those which show additionality, by outperforming outside conditions.  If there 

were no destructive uses prior to establishment or are major threats within MPAs, or if they 

are not adding additional benefit compared to non-managed areas, this calls into question the 

value of an MPA in this area.   



 
Chapter 3. 

 

100 
 

3.6 Recommendations. 

Further research is needed to develop indicators of fisheries impacts of MPAs.  The creation 

of a database of coral quality monitoring and one-off studies in areas would be highly 

beneficial, to aid future adaptive management, by gauging the impact of management actions 

on coral quality, in the context of nearby reefs.  Further research needs to look into the 

temporal aspects of MPA benefits, as time lags will occur for different types of impacts, but 

these remain poorly understood.   

Regional differences were evident in both MPA features and in terms of outcomes, as did the 

distinction between MPAs located in LDCs and MDCs and there was also evidence of 

temporal patterns.  Although MDCS had lower budgets, this could be due to the relatively 

lower costs of inputs.  Similarly, larger MPAs are likely to benefit from returns to scale in 

management investments.  Since these factors will often be confounded with one-another, 

drivers of performance needs to be explored together, taking into account non-linearities and 

interactions, which is the focus of the next chapter.   
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Investigating Drivers of Successful Ecological and Socio-economic 
Performance in Coral Reef MPAs. 

 

4.1   Introduction and Rationale. 

MPAs continue to be the most favoured coral reef management tools (Christie & White, 2007).  

However, there exists an increasing need for the evaluation and understanding of the 

effectiveness of MPAs operating globally (Lani et al., 2003).  MPA research has principally 

focused on demonstrating single ecological outcomes, especially fisheries benefits e.g. (Ervin, 

2003), despite the relative expense of such studies (Holtzman et al., 2009).  Other research has 

looked at gauging effectiveness but limited to MPAs of a similar management type or region 

e.g. (McClanahan et al., 2005a).  However, the success of an MPA depends on the interaction 

between biological, social and governance factors (Hudina, 2006), meaning that the narrow 

focus on a specific MPA outcome is limited in terms of elucidating the link between different 

facets of success and the drivers of overall success.  This may because few studies have 

objectively and simultaneously examined the types of MPAs that are most effective in 

conserving reef resources and the socioeconomic factors responsible for effective conservation 

(McClanahan et al, 2006).  The relative dearth of quantitative research into socio-economic 

outcomes and their link to MPA performance is surprising, given that these are likely to be 

critical for MPA success (Christie, 2004; Mascia, 2004; Pelletier et al., 2005).  Yet analysing both 

the environmental and social dimensions of MPA performance is essential as it provides a basis 

for adaptive management (Pomeroy et al., 2007).   

Expectations are placed on MPAs to protect marine biodiversity and ecosystem function, to 

reduce poverty, and to provide for healthier coastal communities with a strong foundation for 

economic growth (Lani et al., 2003).  Indeed, it is the ability of MPAs to provide habitat, 

fisheries and socio-economic benefits simultaneously (Sanchirico et al., 2002), which is a key 

reason why they are advocated (Halpern, 2003).   However, the demonstration of MPAs 

simultaneous ecological and social benefits remains controversial (Agardy et al., 2003; Gjertsen, 

2005).  There is little quantitative research to determine the extent to which different successful 

outcomes are coupled at MPAs.  There is also disagreement as to what constitutes MPA 

success.  MPAs that meet narrowly defined biological goals are often touted as successful, even 

if they are failures in the context of social evaluations due to issues such as user conflict which 

can undermine long term success (Christie, 2004).   Therefore, there is an increasing interest in 

the development and use of an adequately comprehensive but not exhaustive set of indicators 
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that measure the socio-economic, ecological and institutional outcomes from the management 

process associated with MPAs (Lani et al., 2003) and a need to understand how these different 

facets of success relate to one-another.   

 

Research has documented large variation in quality of MPAs, but the large majority of MPAs 

are failing to meet their aims (Jameson et al., 2002; McClanahan, 1999; Mora et al., 2006a).   

While 40 coral reef MPAs are created each year, they are rarely adequately managed, so that the 

vast majority of reefs inside MPAs remain threatened (Mora et al., 2006a).  As yet there are no 

compelling reasons for this variation in MPA performance (Holtzman et al., 2009).  The 

absence of credible evaluations of effectiveness is not peculiar to marine protected areas 

(Kareiva, 2006).  In general, conservation science has a poor record of critical examination of 

whether its projects deliver their objectives (McClanahan et al., 2005a).  Nevertheless, research 

has demonstrated or hypothesized which MPA features and management actions facilitate 

ecological and socio-economic success.  Testing the hypotheses generated from these studies on 

a global scale is critical to improving the performance of coral reef MPAs.  For example, most 

PA funding strategies now include mechanisms to raise and allocate funds or generate other 

benefits for adjacent communities. The extent to which these alter outcomes has not been 

tested on a wide scale.  Performance evaluation of conservation impact and value is now seen as 

a top priority in order to assess and adapt management needs for protected areas (Lani et al., 

2003).   This should be done by developing performance criteria which are relevant, efficient 

and available enough to enable quantitative analysis (Pelletier et al., 2005).   

Evaluation of MPA management effectiveness can serve multiple audiences, including donor 

agencies, policy makers, management teams, and conservation and development non-

governmental organizations (Lani et al., 2003).  As a result, there are increasing requirements to 

demonstrate effectiveness at MPAs, so that spending is targeted to only highly effective 

management interventions, which have demonstrated impacts (Hockings et al., 2000).  This 

information is critical, since funding for MPAs is scarce (Balmford et al., 2004) and donor 

investment in any conservation strategy entails potentially significant opportunity costs.  Poor 

evaluation could divert funds and effort away from those areas which could achieve most 

conservation impact.  Further research is needed to assess the impact of the source and level of 

funding for management on outcomes (Holtzman et al., 2009).  Finite funding must not be 

wasted on management strategies that do not produce conservation and therefore jeopardize 

valuable resources and undermine support for MPAs as a management tool.   
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This study used a dataset based on expert knowledge of globally representative sample of MPAs 

in 33 countries for a large range of factors, including MPA features, management actions and 

the ecological, socio-economic and national context.  This dataset has the advantage of being 

large enough to allow quantitative analysis of MPAs, having substantial variation in outcomes, 

inputs, and contexts, and applying a standardised approach to all the MPAs assessed.  Indeed, 

this sample is the largest set of coral reef MPAs to be assessed with a single methodology.  Thus 

this provides a unique opportunity to investigate the links between and the drivers of different 

facets of MPA performance.  This research was not intended to replace detailed studies which 

look at direct drivers of MPA success and failure at individual MPAs.  Each location had a 

unique social and ecological context the influences MPA design, implementation and impact, 

which makes it challenging to transfer lessons between MPAs (Pomeroy et al., 2007).  However, 

in the context of widespread management failure and the aim for a large global network of 

MPAs by 2012 (Balmford et al., 2004), it is vital to pursue a comprehensive understanding of 

MPA success on a global level (Gravestock et al., 2008; Lani et al., 2003).    

The majority of MPA studies have looked at single or a few MPAs and have looked at the 

causes of changes in ecological features of habitats and species which are directly related to 

MPA goals, or MPAs of a similar type or in a similar region.  This is wise as it controls for a 

variety of factors that differ between MPAs with different goals and in different countries, 

which are likely to have a strong impact on MPA performance.  However, it is precisely this 

variability which I wish to utilise by taking a global perspective for MPAs, for one type of 

habitat: coral reef ecosystems.  By analysing different facets of success individually and in 

combination, I acknowledge the multiplicity of MPA goals, the different perceptions of what 

constitutes success, which may be determined by institutional affiliation (Axford et al., 2008), 

the ability of MPAs to achieve some positive outcomes without meeting others (Christie, 2004) 

and the interaction between all these variables which leads to confounding.  Thus by explicitly 

incorporating both endogenous and exogenous aspects of a heterogeneous set of MPAs, I hope 

to tease apart the relative importance of MPA features, management actions and contextual 

factors.   

See also sections 2.2.2 and 2.2.6 for background to this section. 
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4.2 Aims and Objectives 

This study has three aims.  Firstly to identify an adequately comprehensive set of performance 

indicators related to MPA success, using as far as possible spatial and temporal comparisons to 

provide counterfactuals.  This will enable recommendations to be made about the metrics that 

broad scale management effectiveness evaluations should use. Secondly, I wish to understand 

the link between different elements of ecological and socio-economic success at MPAs.  

Specifically I am interested in understanding correlates of respondentsõ perception of success 

and whether different types of success re-enforce one-another or are mutually exclusive.  

Finally, I test which explanatory variables, including physical and governance features, 

management actions and local contexts, are associated with the different types of successful 

outcomes and overall respondent perceptions of success.  This will enable testing of hypotheses 

about the relative importance of different MPA features and management actions in 

determining success in a variety of contexts.  This will allow me to make recommendations 

which identify the most important factors enabling successful outcomes for MPAs and 

therefore to make recommendations on how to maximise the conservation impact of scarce 

donor funding.   
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4.3 Methodology 

The initial dataset included 27 performance related variables, which could be indicative of 

different facets of success at MPAs.  These were taken from the dataset described in chapter 3.  

First this list was reduced to a set of measures that could reasonably be determined at a large 

number of MPAs and which characterised MPA impacts related to aims, threats, social, 

economic and ecological impacts without any redundancy.  If variables were highly correlated 

(over 0.75), one variable was discarded.  Preference was given to variables that had data from 

more respondents, as well as  those variables which had more variation, as this would increase 

statistical power to detect and explore differences in performance (Pelletier et al., 2005).  Those 

variables which recorded changes were also chosen above those that simply described current 

states.  This resulted in a final set of 13 variables related to success (table 4.1).  These related to 

6 areas; ecological outcomes (4 measures), social (1) and economic outcomes (2), threat 

reduction (3), goal achievement (2) and overall success (1).   

A number of bivariate and multivariate methods were employed to elucidate the links between 

the performance measures and to clarify components of perceived success.  These included 

Spearman rank correlations, analysis of variance, chi-squared tests, principal components 

analysis (PCA), and cluster analysis.  A correlation matrix was generated to examine the 

direction and strength of association between performance measures, using Spearman rank 

correlations, as in Bruner et al., (2001).  PCA was used to understand which success variables 

were related to one-another.  Those components with loadings over 0.3 were noted.  No 

attempt was made to aggregate performance scores into a single composite measure, as the 

PCA, bivariate and multivariate results suggested that successful outcomes were often not 

coupled.  In addition, the survey already contained a question relating to general MPA 

performance, which the correlations showed was a good gauge of several of the success 

measures (but not all).  The analysis of correlations between outcomes enabled a further 

reduction in the number of dependent variables needing to be analysed to understand variation 

in their performance.   

Since the aim was to assess the impacts of several aspects, including endogenous and exogenous 

factors, multiple regression was used to explore these factors for each performance indicator.  

The majority of potentially significant explanatory variables were gleaned from the surveys.  

These variables had been included in the survey, based on hypotheses from previous research.  

Some of these were direct responses to the survey questions e.g. number of zones in the MPA.  

Others were calculated indirectly from responses, e.g. the difference between the regulations 

and occurrence of specific actions based on yes and no responses, which was summarised by a 
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single number.   The aim of the MPA should determine many features.  In chapter 3, indicators 

measured suggested that many MPAs are achieving increased tourism and economic benefits 

and that habitat and fisheries conservation were less ubiquitously realised.  Therefore, aims were 

also included in the regressions.   

Finally, a small number of variables were taken from other sources: national level statistics and 

the percentage of reefs at risk.  National contextual variables included the gross domestic 

product (GDP per capita), the human development index (from 2005) and the population 

growth rate (from 2006), from the CIA fact-book with the same year was used for each variable 

(CIA, 2007), as in Holtzman et al., (2009).  In addition, the reefs at risk estimates for each 

country for year, which have not been published for all countries, but were assessed for most, 

were used to create two variables, (a) the percentage of reefs at high risk and (b) the percentage 

at high and threatened risk in 1998 (Burke et al., 1998).   

Data quality variables were also included in the analysis, since the coral cover data were of three 

types with varying degrees of accuracy.  A small proportion was expert opinion, which was 

assumed to be the least reliable, some data were from one-off studies and some were long-term 

monitoring data, which was assumed to be the most reliable.  Similarly, it was important to test 

for the impact of respondent affiliation, since respondents that are directly involved in MPA 

management have a vested interest in showing their areas to be effective and can show self-

reporting bias (Bhagwat et al., 2001; Mascia, 2000).   

 

This process resulted in a large number of potentially significant variables, in seven categories 

(see appendix 4.1 for full list);  

 

 MPA attributes e.g. age, size, number zones, management type 

 Management activities e.g. compensation, alternative livelihood schemes, fisheries 

management, monitoring and education 

 financial aspects e.g. level and source of funding, spending 

 socio-economic context e.g. number businesses, local use, fishing and visitor pressure 

 threats e.g. number of threats inside MPA, coral damage from tourists, main threat 

originates outside 

 national features e.g. human development index, GDP per capita 

 respondent / data quality variables e.g. respondent affiliation, coral cover estimate source. 
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The underlying model which was being tested was; 

Eq. 1    P = f (At, Mng, Fin, Thr, Ctx, Nt, Sv) + e. 

Where P = performance, At = MPA attributes, Mng = management actions, Fin = financial 

aspects, Thr = local threats, Ctx = local context, Nt = national context, Sv = survey variables, e 

= error.   

 

The distribution of the performance indicator data determined the type of regression analysis 

used.  Ordinary least squares regression was used for normally distributed and continuous data 

e.g. coral cover comparisons.  If Shaprio-Wilks tests for normality were passed, transformed 

variables were then regressed using ordinary least squares.  Logistic regression was used for 

binomial data, such as increased wealth as a result of the MPA.  Ordinal variables were explored 

with ordered logistic regressions.  Finally, those variables with a negative binomial distribution 

were analysed with a negative binomial regression, e.g. number of large scale threats inside 

compared to outside.  For right skewed data, such as of destructive activities to decrease, right 

skewed data were transformed by using the natural log of the number +1.   

Non-linear relationships were explored for several variables, such as MPA age, size, no-take 

area size and budgets.  In addition, interactions were explored between variables with a priori 

likelihood of being inter-related e.g. MPA age and size, the number of staff and the MPA 

budget, and tourist and fishing pressure.   

 

Initially, a model with a few potential explanatory variables was developed, based on those 

variables which had been demonstrated in previous research to affect that type of performance 

(see table 4.1), as well as variables which emerged as important in chapter 3.  Variables that 

were non-significant (with p-values greater than 10%) were removed and another variable 

added using a stepwise procedure.  This was important, as over-parametised models needed to 

be avoided, especially for relatively small sample sizes.  Successive models were compared 

against each-other using analysis of variance.  This process was repeated, until a final minimal 

acceptable model was reached, where removal of any variable did not change model fit 

significantly.  For each model, model assumptions were tested such as normally distributed 

errors and homoscedasticity and those which did not passed under-went variable 

transformation or required the correction of standard errors.    
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4.4 Results. 

4.4.1    Performance indicators for Coral Reef MPAs. 

The list of variables related to success was reduced to 13 variables (table 1). The final set of 

variables included seven outcome variables, three threat related variables, two variables related 

to goals and one to overall success.  As discussed in the previous chapter, coral cover changes 

over time averaged around 0%, although some MPAs had suffered large losses.  Spatial 

comparisons were even more variable, but these MPAs contained in general better coral cover 

than the country average.  Species conservation had been improved in 72% of MPAs, fisheries 

in 66%. Stakeholder conflict had increased in most MPAs, despite the fact that these MPAs had 

increased wealth in almost half of the sample MPAs.  The jobs supported were highly skewed 

by a few MPAs with large number of jobs supported, with a median of 2.2 jobs per km2.  

Threat related variables were highly variable, and temporal and spatial comparisons showed 

different trends.  Banned activities were shown to occur in many MPAs.  General success was 

perceived as having occurred more often than achievement of primary aim of the MPA.   

 

Table 4.1.  MPA performance indicators for ecological, social and economic outcomes, as well 
as threats, achievement of goals and perceived success.  See appendix 4.2 for detail on coding for 
each measure.  

Outcome  
 

Measures gleaned from questionnaire Min  Max Mean Media
n 

SD 

Ecological 
 

Change in live coral cover since established  -34% 33% -0.23 0.2 12.2 
Live coral cover compared to country average -23% 77% 7.6 1.75 23.2 
Perceived changes in fisheries  -1 1 0.55 1 0.67 
Perceived changes in species conservation -1 1 0.69 1 0.53 

Social 
 

Perceived change in stakeholder conflict -1 1 0.26 0.5 0.8 

Economic Perceived greater wealth for local communities as 
a result of MPA 

0 1 0.46 0 0.5 

Estimated Number jobs supported per km2 0 2460 123 2.2 443 

Threats Number of destructive activities that have 
decreased inside the MPA over time 

0 9 2.5 2 2.3 

Difference between number of large scale threats 
inside and outside MPA 

-8 4 0.03 0 1.9 

Number of destructive activities to stay the same 
/ decreased inside, but not outside MPA 

0 8 1.4 1 1.8 

Goals Number of banned activities occurring 
 

0 10 2.7 2 1.9 

Perceived extent of primary aim achieved 0 3 2.7 2 1.9 
Manager 
Opinion  

Perceived success of the MPA in general 0 3 1.9 2 1 
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4.4.2 Validity of measures. 

I investigated the accuracy of reporting by comparing results given by different respondents for 

the same MPA and found that a high level of congruence (chapter 3).  Where more than one 

indicator has been used to measure similar outcomes by triangulation, these can be compared, 

as a basic assessment of validity of data gleaned from expert perceptions.  Most relevant was the 

comparison of reported changes in coral cover from monitoring and one-off studies and 

perceived changes in habitat quality; which were highly correlated (f=3.41, df=2, R2=13%, 

p=0.041).   Those MPAs who had shown perceived improvements had a mean change of 

+2.9% in live coral cover compared to those with no perceived improvement, which had a 

mean of -6.8%.  If these comparisons are grouped by MPA age category, these two data show 

very similar results (figure 4.1).   

 

 

Figure 4.1.  Comparison of mean coral cover change since establishment and perceived 
habitat quality changes, by MPA year group. 

Perceived increases in employment were weakly related to both number of jobs supported 

(f=3.43, n=66, df=1, R2=6%, p=0.07) and jobs per km2 (f=3.05, n=50, df=1, R2=5%, 

p=0.086).   Those areas with which reported increased employment supported a mean of 37 

jobs per km2 compared to 236 per km2 for those with no increased employment.    

The indicator which was used to look for evidence of spill-over (fishing the line) was of limited 

use, since many respondents did not provide this information.  However, (anecdotal) evidence 

of spill-over was highly correlated with perceived change in fisheries (chi2=11.0, n=60, df=2, 

p=0.027), which supports the validity of these measures through triangulation.  Spillover was 

also correlated with changes species conservation, which will often be aimed at a commercial 

fish species (Pearson chi2=9.6, n=58, df=2, p=0.047).   
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4.3.3 Relationships between successful outcomes 

Figure 4.2 shows the mean perceived changes for MPAs in various performance related 

outcomes.  Conflict reduction had been achieved much less frequently than the other outcomes 

and education had been achieved the most.  These results suggested that most MPAs often 

achieve improvements in areas such as education and ecological improvements, but less in 

socio-economic outcomes and relatively few decrease conflict.  This indicated that 

improvements in some outcomes are not always coupled with improvements in others. 

   

 

Figure 4.2.  Mean scores for changes in performance related outcomes. 

 

The first three components of the principal components analysis (pca) explained 60% of the 

variation in the success variables (table 4.2).  This analysis suggested that changes in species and 

fisheries conservation were related to increased wealth and employment, as well as overall 

success and achievement of aims (component one).  Both temporal improvements in coral 

cover (component 2) and improvements in species conservation (component 3) were linked to 

perceptions of enforcement of unsustainable uses and reduction in threats, but not to each 

other.  Spatial comparisons of coral cover and changes in conflict were not significantly linked 

to any other indicators.  There was also no link between threat reduction or habitat quality 

changes and socio-economic improvements.   
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Table 4.2.  Principal Components Analysis for Performance Indicators. 

Variable Component 1 Component 2 Component 3 

Temporal change in live coral cover 0.204 0.328 0.237 
Spatial comparison in coral coral 0.276 0.167 0.256 
Change in fisheries 0.337 0.045 -0.252 
Change in species conservation 0.346 -0.142 -0.371 
No. banned activities to occur 0.089 0.210 0.493 
No. destructive activities to decrease -0.147 0.583 0.016 
No. activities to decr compared to outside MPA 0.019 0.489 -0.421 
No. threats compared to outside -0.084 0.351 -0.330 
Change in conflict -0.118 -0.150 0.215 
Increase in wealth 0.372 0.128 0.145 
Increase in employment 0.321 0.143 0.232 
Extent primary aim achieved 0.434 -0.074 -0.009 
Overall perceived success 0.430 -0.168 -0.157 

Percentage of variance explained 31 15 14 

 

Spatial comparisons were more variable than temporal changes, as was be expected (figure 4.2). 

Where MPAs had improved coral cover over time, positive spatial comparisons would be 

expected, as these areas would outperform unprotected habitats.  If a large proportion of the 

variation in coral cover changes over time at a site was explained by spatial comparisons, this 

would suggest that MPAs are mirroring trends in coral cover in most countries.  Spatial 

comparisons explained 20.2% of the variation in coral cover changes (f=12.2, n=50, df=1, 

p=0.001).  This suggested that factors beyond simply the general national trends were also 

affecting coral cover, which is likely to be due a large part to the presence and management of 

MPAs in these areas.   These were therefore explored further.   

 

 

Figure 4.3.  The relationship between spatial and temporal live coral cover comparisons.    

-40

-20

0

20

40

60

80

-40 -30 -20 -10 0 10 20 30 40

S
p

a
tia

l c
o

m
p

a
ri
so

n
 in

 l
iv

e
 c

o
ra

l c
o

ve
r

Temporal change in live coral cover 



 
Chapter 4. 

 

112 
 

Perceived success was correlated with seven other measures (table 4.3).  This meant that this 

variable alone was a useful summary of many changes in the MPA, but that it did not relate to 

all outcomes.  Changes in MPA threats, temporal coral cover comparisons, conflict and jobs 

supported were not correlated with this measure, so it cannot be solely relied on to measure 

performance.  Extent of achievement of aims was also weakly correlated with coral cover 

changes, which was expected since the most common aims for MPAs are habitat focused.  This 

suggested that despite the fact that perceptions of general success and aim were highly 

correlated (Spearmanõs Rho=0.784, n=66, p=0.000), respondents distinguished between these 

two measures in terms of habitat changes, which were not perceived as necessary for overall 

success.   

In terms of the other performance indicators, which outcomes were often coupled is 

informative.   This enabled associations between outcomes to be examined. It also showed 

which variables were highly related and unlikely to provide distinct information in terms of 

investigating drivers of performance.  Temporal and spatial changes in coral cover were 

significantly correlated with one-other, but Rho < 0.5 (table 4.3).  Temporal improvements in 

coral cover were correlated with reduced threats inside the MPA compared to outside, as well as 

the number of destructive activities that have been decreased, as might be expected.  Good 

coral cover compared to national average (spatial comparisons) were linked to species, reduced 

threats and economic improvements.  Improved jobs and employment were frequently coupled 

with endangered species and fisheries improvements.  Other correlations differed between 

species and fisheries changes, which suggested these were being distinguished by respondents.  

In terms of the number of banned activities that occur, these were correlated with decreasing 

destructive activities over time and compared to outside, but not in the expected direction, 

unlike its correlation with species conservation and achieving aims. Interestingly, changes in 

conflict were not correlated with any other outcomes.   

Further tests were done to explore significant relationships between variables.  Interestingly, 

whilst temporal changes were not significantly related to perceived success, positive spatial 

comparisons were (f=2.26, df=3, R2=10.5%, p=0.09), and also with the extent of achievement 

of primary aim (f=3.2, df=3, R2=14.2%, p=0.03).  This suggested that respondents were 

judging areas inside the MPA compared to those outside, more than changes over time.  

Variations in the extent of achievement of achievement of the primary aim (appendix 4.4) were 

explained by improved coral cover, species conservation and increased wealth (F=26.3, def=1, 

R2=23%, p=0.000).  Conflict showed no links to other performance indicators previously, 

suggesting that its causes may differ between MPAs.  A logit regression of performance 

measures linked to improvement in conflict (appendix 4.4) suggested that this was related to 



 
Chapter 4. 

 

113 
 

improvements in species conservation, threat reductions compared to outside the MPA and 

number of jobs supported (Lr chi2=12.6, df=1. R2=0.194, p=0.006).   
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Table 4.3. Spearman rank correlation coefficient matrix for success variables. N=66. Only variables with p values < 0.01 are reported. 

 Achieve
ment of 
primary 
aim 

Tempor
al coral 
cover 
change 

Spatial 
coral 
cover 
comp. 

Change 
fisheries 

Change 
Species 
conserv. 

Diff in 
threats 
inside/ 
outside 

No 
destruct. 
Active. 
decrease 

No. to 
decr 
compare
d to 
outside 

No 
banned 
active. 
occuring 

Change 
conflict 

Increase 
wealth  

Increase
employ
ment 

Tot jobs 
supporte
d/ km2 

Overall success 0.784 
***  

 0.312 
** 

0.641 
***  

0.663 
***  

   -0.277 
** 

 0.493 
** 

0.406 
***  

 

Achievement of 
primary aim 

- 0.262  
* 

0.334 
** 

0.548 
***  

0.622 
***  

   -0.247 
* 

 0.493 
***  

0.392 
** 

 

Temporal coral 
cover change 

0.262  
* 

- 0.473 
***  

  0.392 
** 

0.288 
** 

      

Spatial coral cover 
comp. 

0.334 
** 

0.473 
***  

-  0.219 
* 

0.212   
* 

    0.248 
* 

0.247 
* 

 

Change fisheries    - 0.582 
***  

0.233*     0.451 
***  

0.331 
***  

0.227 
* 

Change species 
conserv. 

0.663 
***  

 0.219 
* 

0.582 
***  

-    -0.239 
* 

 0.297 
** 

0.260 
** 

0.227 
* 

Diff in threats 
inside/ outside 

 0.392 
***  

0.212 
* 

0.244 
* 

 -     0.219 
* 

  

No. destruct. act to 
decr 

 0.289 
** 

    - 0.399 
***  

0.405 
***  

    

No. to decr 
compared to 
outside 

      0.399 
***  

- 0.293 
** 

    

No banned act to 
occur 

-0.247 
* 

   -0.239 
* 

 0.405 
***  

0.293 
** 

-     

Change in conflict          -    
Increased wealth 0.493 

***  
 0.248* 0.451 

***  
0.297 
** 

0.219 
* 

    - 0.711 
***  

 

Increased 
employment 

0.392 
** 

 0.247* 0.331 
***  

0.260 
** 

     0.711 
***  

-  
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4.4.4  Drivers of selected performance measures. 

Perceived success and achievement of aim were correlated with many other outcomes, 

therefore they are important measures to determine drivers higher performance in these areas 

(table 4.3).  Six other performance measures were not highly correlated with one-another and 

not well represented by the aim and success indicators and thus represent distinct facets of 

MPA success.  The regressions for each of the eight measures are summarised in table 4.4 and 

given in full in the appendices 4.5 to 4.8.  These are discussed in turn.   

4.4.4.1  Overall measures.   

MPA features which had a significant positive relationship with the extent to which the MPAõs 

primary aim had been achieved (an ordinal variable) were MPAs which had more zones and 

were larger, although there ws an interaction between their age and size, meaning that larger size 

was not associated with more successful outcomes for all MPAs (table 4.4).  MPAs with 

multiple aims had fulfilled their aims less than those established principally to increase tourism.  

This is consistent with the widespread reporting of MPAs increasing tourism and tourism 

related employment (chapter 3).  Management actions contributing to aim achievement 

included community benefit sharing and development initiatives.  MPAs which had banned 

more activities inside the MPA were having better success at fulfilling their aims, which was 

probably due to curtailment of damaging activities, especially as greater staff numbers were also 

significant, which would be expected to increase the number of critical management actions, 

including enforcing regulations.  MPAs facing more large scale threats inside their boundaries 

(such as large scale development or pollution) had met their aims less, as had those in nations 

where a high percentage of the reefs were threatened, as would be expected.  However there 

was a positive link between the national gross domestic product per capita (GDP pc) and 

having achieved aims, suggesting that being situated in more affluent areas was a positive 

influence, over and above the budget size.   

The number of zones, being in a country with a higher GDP pc and with fewer reefs at risk was 

associated with perceived success.  However, overall perceptions of success were largely 

associated with different variables from aim achievement, suggesting again that respondents did 

distinguish between these aspects.   In particular, three aspects of funding were associated with 

success, but not with achievement of aims.  One related to the level of funding per km2 

protected and the other the percentage of funding which was raised from on-site donations.  
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Both these would be expected to increase the autonomy of management and funds available for 

interventions.  Conversely those MPAs which returned more of their funds to the government 

were less successful.  MPAs which had affiliated community institutions were associated with 

more success, as were those who punished a greater proportion of illegal activity.  Asian MPAs 

were also perceived as having greater success.  Unexpectedly, smaller no-takes were associated 

with more success, which may have been due to less opportunity costs, as a result of better 

enforcement or more focus towards tourism.  

 

4.4.4.2 Socio-economic performance 

MPAs had increased local wealth more in developing countries, where resource dependence 

and poverty may be high.  Sites with less restrictions on extraction (IUCN category) and smaller 

no-take areas had increased wealth, which is likely to be because they had limited extraction 

levels less (table 4.4). Those which were set up with multiple management aims were less likely 

to and those with a formal management plan were more likely to have produced increases in 

wealth.  MPAs with active fisheries management and higher detection rates had overseen 

greater increases in wealth, which would be expected due to positive impacts on fisheries and 

coral quality for tourism.  Finally, MPAs in the Pacific have had positive impacts on local 

community wealth.  

Conflict was perceived as having been reduced more frequently in MPAs which are community 

managed, which is 44% of the sample population.  It was also reduced in areas which had 

benefitted the community through alternative livelihood schemes and those who have received 

more of their funding from international organizations, which would be expected to increase 

support.  Sites which were located in countries with a high proportion of reefs at risk had less 

conflict, which was likely to be due to the fact that there was an awareness of the need for 

protection.  Similarly, MPAs with larger no-take areas and who experienced fewer large scale 

threats inside their boundaries had less conflict, which could have been due to the greater 

protection large no-take areas afford.  No-take areas might be expected to increase conflict in 

newer areas, but age was not a significant determinant.   




