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SYNOPSIS 
 
Marine protected areas (MPAs) may stop all extractive uses, protect particular species or 
locally prohibit specific kinds of fishing. These areas may be established for reasons of 
conservation, tourism or fisheries management. This briefing paper discusses the potential 
uses of MPAs, factors that have affected their success and the conditions under which 
they are likely to be effective. 

 MPAs are often established as a conservation tool, allowing protection of species 
sensitive to fishing and thus preserving intact ecosystems, their processes and 
biodiversity and ultimately their resilience to perturbations. 

 Increases in charismatic species such as large groupers in MPAs combined with the 
perception that the reefs there are relatively pristine mean that MPAs can play a 
significant role in tourism. 

 By reducing fishing mortality, effective MPAs have positive effects locally on 
abundances, biomass, sizes and reproductive outputs of many exploitable site-
attached reef species. 

 Because high biomass of focal species is sought but this is quickly depleted and is 
slow to recover, poaching is a problem in most reef MPAs. 

 Target-species ‘spillover’ into fishing areas is likely occurring close to the MPA 
boundaries and benefits will often be related to MPA size. Evidence for MPAs acting 
as a source of larval export remains weak. 

 The science of MPAs is at an early stage of its development and MPAs will rarely 
suffice alone to address the main objectives of fisheries management; concomitant 
control of effort and other measures are needed to reduce fishery impacts, sustain 
yields or help stocks to recover. 

 The design and enforcement of MPAs often differs between wealthy and poorer 
nations, in the latter people often being much more dependent on resource 
exploitation. 

 In most situations community involvement and support during MPA establishment 
are essential to MPA success. 

 The design of MPAs must increasingly be adapted to the specific purpose or purposes 
set for reef management and this will be feasible with more improved scientific 
understanding of the recovery processes, their implications for fisheries and broader 
conservation, including the social and economic values.  

 
 

1 Cite as ‘ISRS (2004) Marine Protected Areas (MPAs) in Management of Coral Reefs. Briefing Paper 
1, International Society for Reef Studies, pp: 13’ 
 



 

INTRODUCTION 
 
The establishment of marine protected areas (MPAs) on coral reefs has increasingly 

been considered a useful option for management of these systems (Clark et al. 1989, 

Jennings 2001). The general idea of MPAs is to locally stop all extractive uses, 

however some may protect only particular species or locally prohibit specific kinds of 

fishing (Bohnsack 1996). In this paper we are primarily referring to fully protected 

areas, often referred to as no-take marine reserves. The motivations for establishing 

these protected areas vary, but high on the list are economic benefits of tourism, 

maintenance of fisheries, conservation of coral reef ecosystems, and protection of 

traditional use (Clark et al. 1989). The use of MPAs as a traditional management 

technique in regions such as Southeast Asia and the Pacific dates back centuries in 

some cases (Johannes 1998) and despite increased external pressures, their use are 

increasing in many areas (Johannes 2002). Although the objectives of MPAs may 

work in synergy, MPAs are often established with certain goals, for example 

increased tourism revenue, in mind. This has wide connotations for the design of the 

areas, including placement, optimum size, habitats and enforcement (Roberts et al. 

2003). Compliance with the rules of MPA management is widely a problem (Russ 

2002) and in the majority of cases, the support and involvement of local fishing 

communities in particular is considered to be essential (Francis et al. 2002). 

 This briefing paper addresses the uses and issues surrounding the application 

of MPAs in the management of coral reefs. The paper first assesses the issues that 

MPAs might address on reefs and how these conflict or complement each other. The 

factors which have affected the success of MPAs are then reviewed, covering issues 

such as mobility of fish, enforcement, economic development and ecological control 

of the ecosystem. The paper concludes by discussing conditions under which MPAs 

are likely to be effective. 

 

ISSUES ADDRESSED BY MPAS  

Conservation 

An important function of MPAs is that they protect species that are very sensitive to 

fishing. For example, MPAs can protect fragile benthic habitat-forming organisms, 

such as gorgonians, from the direct physical impacts of fishing (Polunin 2002) and 

thus generally improve habitat quality within the area protected (Rodwell et al. 2003). 
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Improved habitat quality may enhance overall reef biodiversity. They will also protect 

slow growing species of fish and invertebrates that are particularly susceptible to 

overfishing due to their life history characteristics. Indeed, MPAs serve to protect the 

full diversity of species and maintain species that would not do well under any sort of 

fisheries management system. With build up of piscivorous target species within 

MPAs, reduction in abundance of some prey species is expected (Graham et al. 2003), 

but patterns can be expected to be complex and take 20 or more years to reach 

equilibrium (Pinnegar & Polunin 2004). Build up of herbivorous grazers within MPAs 

may be expected to control macro-algal overgrowth and increase ecosystem resilience 

in the face of perturbations such as hurricanes, crown-of-thorns starfish outbreaks and 

mass bleaching events that often result in ‘phase shifts’ on reefs (Williams et al. 2001; 

Hughes et al. 2003; West & Salm 2003). Due to such large-scale impacts on reefs, 

reducing at least some anthropogenic stressors, is reason enough for MPA 

establishment in some locations. Given these benefits from MPAs, a primary focus of 

many established areas, particularly nationally established protected areas, is to 

preserve intact ecosystems, their processes and biodiversity. In doing so, they also 

provide useful controls for scientific study into understanding the human effects on 

these ecosystems.  

Tourism 

Many MPAs are established to attract tourists and the economic benefits of this may 

far outweigh those gained from fishing (Polunin 2002). Increases in abundance, size 

and diversity of reef-associated fishes in reef MPAs can be more valued by divers 

than the condition of the reef itself (Williams & Polunin 2000). Many dive operators 

in the Caribbean conduct most of their diving within MPAs (Green & Donnelly 2003). 

Only 25% of the MPAs charge an entry fee, generating annual revenue of 

approximately US$1-2million, and this might be greatly enhanced (Green & Donnelly 

2003). In the Seychelles very few tourists express an unwillingness to pay entrance 

fees, and the majority are willing to pay a fee of US$12 (Mathieu et al. 2003). In most 

situations this revenue will scarcely reach the local communities involved (Polunin 

2002), however if this were changed, MPAs should help alleviate fishing pressure in 

surrounding areas through compensation or providing alternative sources of income. 
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Alcala 1999. 

Fisheries 

There are seven main benefits hoped to be derived from an MPA for fisheries, five 

within the MPA (lower fishing mortality, higher density of target species, higher 

mean size and age of target species, higher biomass of target species and higher 

production of propagules of target species) and two outside the MPA (export of adult 

fishes to fished areas [spillover] and export of eggs and larvae to fished areas 

[recruitment effect]) (Russ 2002). It is therefore hoped that MPAs will promote 

recovery of stocks and ecosystem functioning within the area and provide for 

sustainable yield through spillover and larval export outside of it. Although these 

expectations are widely discussed (e.g. Roberts & Polunin 1991; Bohnsack 1996; 

Roberts 1998; Polunin 2002; Russ 2002; Gell & Roberts 2003; Halpern 2003), at this 

time there are relatively few good empirical studies of the actual functioning of MPAs, 

and these studies are often poorly designed (Russ 2002; Willis et al. 2003). 

 Reducing or eliminating fishing mortality in MPAs is the most important aim 

if the other objectives are to be achieved. The biomass of target species may take a 

long time to build up to 

unexploited levels within 

MPAs, yet it can be fished 

down very rapidly (Fig. 1) 

(Russ & Alcala 1999) and 

this is an argument against 

rotational closure in the 

absence of other controls on 

effort. Despite this, there 

have been few measurements 

of fishing mortality in 

relation to MPA function and 

affective enforcement appears 

to be the exception rather 

than the rule, even for well 

developed MPA systems in 

more developed countries 

(Russ 2002). Increases in 

density, biomass and mean body size of site-attached target species have been 

Figure 1. Mean number (left columns) and mean biomass (right 
columns) of large predatory reef fish per 1000 m2 in the 
Sumilon MPA, Philippines, from 1983-1993. From Russ &



 

documented from MPAs in many regions of the world including East Africa 

(McClanahan & Shafir 1990; McClanahan 1994; Watson & Ormond 1994), the Red 

Sea (Galal et al. 2002), Florida (Clark et al. 1989), the Caribbean (Koslow et al. 1988; 

Polunin & Roberts 1993; Roberts 1995; Roberts et al. 2001), the Seychelles (Jennings 

et al. 1995, 1996), Hawaii (Friedlander et al. 2003), the Philippines (Russ & Alcala 

1996a, 1999, 2004) and the Great Barrier Reef (Craik 1981; Evans & Russ in press). 

Early increases may be rapid (Halpern & Warner 2002), however full recovery can 

take decades for most fishery target species, which have ‘slow’ life history 

characteristics (Russ & Alcala 2004). These studies showing such effects within 

MPAs are relatively few however, and the majority are comparisons at one point in 

time and often only one site whereas before/after evidence with replicated sites are 

needed (Russ 2002). The strongest biomass effects are recorded when species data are 

aggregated in to taxanomic (e.g. family) or other groupings. Species-level data may 

not show an MPA effect, because of variability inherent in both the populations and 

the measurements. Empirical evidence for a higher production of propagules is nearly 

non-existent (Russ 2002). Tropical invertebrates may show increasing reproductive 

output (Dugan & Davis 1993), however the evidence for coral reef fish is mainly 

based on theoretical predictions from increases in fish density and size (Russ 2002).  

 Evidence in support of the spillover and recruitment effects outside of 

effective MPAs is very sparse. Movement of juvenile and adult fish occurs across the 

boundaries of effective MPAs (Alcala & Russ 1990; Russ & Alcala 1996b; 

McClanahan & Mangi 2000; Roberts et al. 2001), however this is confined to areas 

very close to MPA boundaries (Fig. 2)(Russ & Alcala 1996b, McClanahan & Mangi 

2000), probably due to the limited movement of most reef fishes which are site-

attached (Chapman & Kramer 2000). Evidence of this spillover enhancing yield in 

fished areas is inconsistent. Some studies suggest enhanced catches despite the loss of 

fishing ground area due to establishment of MPAs (e.g. Russ & Alcala 1996b; 

Roberts et al. 2001), while others report an overall reduction in yield attributable to 

the area lost to fishing (e.g. McClanahan & Kaunda-Arara 1995).  This may be linked 

to the size of the MPA; smaller MPAs provide more ‘edge’ per area for fishers to 

benefit from spillover (McClanahan & Kaunda-Arara 1995). There has been little 

effective research on the recruitment effect of MPAs, as it is so difficult to tag and 

quantitatively trace larval fish. Increased spawning stock biomass within effective 

MPAs should lead to net export of recruits to fished areas. Models of this dispersal 
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(e.g. Roberts 1997) have suffered from not accounting for the abilities of larval fish to 

swim and orientate towards reefs in response to stimuli (Leis & McCormick 2002). 

There is also increasing evidence of moderate to high levels of self recruitment to 

natal reefs (Jones et al. 1999; Swearer et al. 1999). 

 

FACTORS WHICH HAVE AFFECTED MPA SUCCESS 

Poaching, perception, benefits, and governance 

One of the greatest constraints on the performance of MPAs is poaching through lack 

of effective enforcement or compliance. Poaching may emerge from inside the local 

community, or from outsiders fishing in the area, but is often a result of perceptions of 

MPAs, lack of management will and resources, and/or lack of involvement of the 

local community. In most situations, particularly in poorer nations where inhabitants 

are more dependant on the resources involved, community involvement and support 

of MPA establishment are essential to MPA success (Russ & Alcala 1999; Elliott et al. 

2001; Francis et al. 2002; White et al. 2002). In some nations, for example the 

Philippines and Fiji, major policy shifts are favouring the co-management or 

devolution of authority for management of natural resources to local governments and 

communities (Russ & Alcala 1999; White et al. 2002). Benefits of MPAs to local 

fishing communities are likely to be delayed. As fishers will be displaced from a 

portion of their grounds and the stocks are often already overexploited, a programme 

of education, other fisheries management techniques and development of alternative 

livelihoods is necessary to complement MPAs (Polunin 2002).    

 Given the disparity in resource needs of users it is expected that methods of 

MPA establishment and management will differ between poor and wealthy countries. 

Although the high level of community involvement needed in MPA establishment 

may be greater in poor countries, wealthy countries have fast realised the need for 

public consultation in the design and establishment of new MPA networks (see 

www.gbrmpa.gov.au for the methods of re-zoning the Great Barrier Reef). However 

the decisions are often much more ‘top-down’ and the scientific deliverables can often 

be much better thought out and incorporated into design. MPAs in wealthy countries 

can be much larger in area than in poor nations, with less resource dependence, less 

division of user area and the specific outputs of MPAs often aimed at conservation 

and tourism benefits rather than local increases in fish yields. Large MPAs established 
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by governments in poorer nations can come into greater conflict with resource users 

(Elliott et al. 2001) than small MPAs established with community support (Russ & 

Alcala 1999).  

Biology of species to be protected 

Another important consideration when establishing MPAs is the mobility of the 

organisms it is hoped to protect. Many coral reef fishes and invertebrates are 

relatively site attached, however larger targeted species of fish may be expected to 

move greater distances. Target reef fishes 

may display large intra-reefal movements, 

but there is little movement between reefs 

across channels (Davies 1995; Chapman & 

Kramer 2000). Even apparently transient 

fish such as the blue trevally show strong 

site fidelity (Holland et al. 1996). This has 

huge implications for MPA design. If the 

objective is to enhance adjacent fisheries 

production through spillover of post-

settlement fish, MPAs encompassing 

sections of reefs or islands would be 

preferable to whole reefs or islands; fishery 

benefits through spillover are most likely to 

occur within 500m of MPA boundaries (Fig. 

2) (Russ 2002). Although many species such 

as coral trout move large distances within 

reefs (Davies 1995; Kramer & Chapman 

1999), evidence is available for increases in 

densities of such predators within MPAs that 

only protect part of an island (Russ & Alcala 

1996a; Evans & Russ in press). Furthermore, 

although home range size may be large, a number of smaller locations may be 

preferred within that range (Zeller 1997). Conversely, MPAs established for 

conservation and/or larval export objectives will be likely to produce the best results 

through protection of whole reefs and/or small islands as units. The use of MPAs to 

 
Figure 2. a) total fish catch by mass, b) mean 
size of fish, and c) number of species as a 
function of distance away from the park 
border on both the southern and northern 
sides of the Mombasa Marine Park, Kenya. 
From McClanahan & Mangi 2000. 
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manage species that migrate large distances is also receiving renewed attention with 

the protection of areas known to be used by a small portion of the population of 

certain species thought to have high site fidelity (Gell & Roberts 2003). Beyond 

movement of adults, many reef fish species utilise different habitats, such as seagrass 

beds, estuaries and mangrove swamps, during different life history stages 

(Nagelkerken et al. 2002; Mumby et al. 2004) and networks of MPAs protecting a 

range of these ‘representative’ areas may prove useful for management purposes (see 

www.gbrmpa.gov.au). 

Ecological linkages 

A long-standing debate in coral reef ecology is fuelled by whether the ecosystem is 

controlled by ‘bottom-up’ processes such as variable recruitment (Doherty & 

Williams 1988) or ‘top-down’ processes through predation (Grigg et al. 1984). Highly 

variable recruitment has been shown in some coral reef fish populations (Newman et 

al. 1996; Meekan et al. 2001), and if common across a wide range of species, may 

have profound impacts on the ecosystem. Predatory control of sea urchins has been 

well documented on East African reefs (McClanahan & Muthiga 1989) and is 

indicated in coral reef fish assemblages (Graham et al. 2003; Dulvy et al. 2004a, but 

see Jennings & Polunin 1997). Overall, it is likely that both recruitment and predation 

affect reef fish abundances and assemblage structure. Large-scale oceanic events, 

such as storms, can have significant impacts on recruitment and thus small MPAs 

(Polunin 2002). Predation on the other hand may serve to control outbreaking species 

such as crown-of-thorns starfish (Dulvy et al. 2004b), MPA size potentially 

influencing the ability of a MPA on part of an island or reef to control such outbreaks.  

Design of effective MPAs 

MPAs should encompass large proportions of fishing grounds if they are to benefit 

fisheries, particularly at the scale of whole stocks (Roberts et al. 2003). Furthermore, 

small MPAs may be more vulnerable to the negative impacts of large environmental 

perturbations such as storms, diseases and pests (Polunin 2002). However, in the 

majority of cases, particularly in poorer nations, small MPAs are more feasible, are 

often community led, improving scope for compliance, and often demonstrate 

measurable benefits (Russ & Alcala 1999). One of the greatest issues is the 

displacement of fishers from large portions of their fishing grounds. As highlighted 
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above, in some cases displacement is expected to be compensated through increased 

yields, as indicated by modelling (Nowlis & Roberts 1999) and empirical data (Russ 

& Alcala 1996b; Roberts et al. 2001), but in other cases yield has decreased 

(McClanahan & Kaunda-Arara 1995). These differences may be influenced by MPA 

size when related to adult species spillover; however, the larval export role of MPAs 

may prove the greater source of benefit from protection (Russ 2002). MPA site 

selection based on ecological before sociological criteria has been advocated (Roberts 

et al. 2003), yet in many cases communities may only wish to place MPAs in 

unproductive fishing grounds and this placement may be integral to effective 

compliance. Criteria that would enable MPAs to be designed to optimise multiple 

objectives would be ideal and networks of MPAs to link source and sink populations 

of larval replenishment should ensure the widest benefits (Roberts et al. 2003). It is 

important to highlight the importance of other habitats to life history stages of many 

species (Nagelkerken et al. 2002; Mumby et al. 2004). The Great Barrier Reef is 

currently being rezoned to this affect; a suite of ‘representative areas’ included in the 

new network of fully protected areas (www.gbrmpa.gov.au).  

 

CONCLUSIONS AND FUTURE USE OF MPAS IN CORAL REEF MANAGEMENT 

Given the number of well-designed empirical studies is few, particularly for the 

benefits outside MPAs, continued research in these areas should be a priority (Russ 

2002). This lack of scientific knowledge, should not, however, delay establishment of 

MPAs (Russ 2002). The use of protected areas in tourism development and thus as a 

source of alternative livelihoods should not be overlooked. Research on diver 

perceptions and tourism related benefits are sorely needed. Although MPAs are a 

useful management option, they should not be used in isolation. Reducing fishing 

effort, greater education and alternative livelihoods will all play key roles in the 

success of a management system. The design of MPAs should take into account the 

specific objectives, socioeconomics of the resource users and the ecological 

characteristics of the specific locations. Although larger areas may be preferential, 

smaller MPAs will often be more practical and prove useful in many situations where 

users are heavily dependant on the resource. Involvement of local communities in 

planning, design, establishment and management of MPAs should improve chances of 

success in the long term.  
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