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Coral reefs are in dire need of effective governance, yet the science and planning of coral reef protected areas

largely stem from wealthy, developed nations, with very different social, economic, and cultural

characteristics than the nations in which most coral reefs occur. Much has been written about coral reefs

and the use of marine protected areas (MPAs) as a management tool, but emerging trends and

recommendations have not been adequately synthesized for the context of developing nations. We found

that 60% of studies on MPA design and planning are from North America, Australia, Europe and the

Mediterranean. As a result, many recommendations about how best to design, implement and manage coral

reef protected areas may need to be adapted to address the needs of other nations. Based on the literature and

our experiences, we review three emerging trends in MPA design and management, and relate these to the

context of coral reef developing nations. First, MPA design is evolving to merge community (usually bottom-

up) and regional (usually top-down) planning approaches. Second, the increasing recognition that social and

ecological systems are tightly coupled is leading to planning andmanagement of MPAs that better incorporate

the human dimensions of reef systems and their linkages with reef ecology. Finally, there has been a trend

toward adaptive management of MPAs and the emergence of related ideas about adaptive planning. These

three trends provide crucial and much needed opportunities for improving MPAs and their effectiveness in

coral reef nations.

Crown Copyright © 2011 Published by Elsevier B.V. All rights reserved.
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1. Introduction

The many threats facing biodiversity and ecosystem services of

coral reefs from overfishing, climate change, pollution, and other

sources are well documented (e.g., Bellwood et al., 2004; Carpenter

et al., 2008; Hoegh-Guldberg et al., 2007). In response, marine

protected areas (MPAs) are often recommended as a management

tool for coral reefs and other marine systems, and the potential

benefits of no-take MPAs are widely recognized (e.g., Halpern and

Warner, 2002; Lester et al., 2009; McCook et al., 2010; Russ et al.,

2004). MPAs are not a panacea, but rather one management tool

among many, and therefore MPAs need to be used within a broader
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context of general seascape and ecosystem-based management

(EBM) approaches (Allison et al., 1998; Halpern et al., 2010; McCook

et al., 2010). In this paper, we review the literature and synthesize our

experiences to explore emerging trends in the design, implementa-

tion and management of MPAs in the context of the developing

nations that contain most of the world's coral reefs.

There is a disconnect between the geographic origins of scientific

knowledge about MPA design and management and the location of

most of the world's coral reefs. A search on Web of Knowledge for

articles providing guidelines and recommendations on MPA design or

planning reveals that almost 60% of these studies are from North

America, Europe and the Mediterranean, and Australia and were often

conducted in temperate ecosystems (Fig. 1). Another 15% of relevant

papers are theoretical models or reviews. In contrast, about 70% of

coral reefs occur in developing nations (here defined as nations that

are not designated high income by the World Bank) (Spalding et al.,

2001), where people have high dependence on reef resources for

subsistence (Donner and Potere, 2007). Our review focused on ISI-

indexed literature, and thusmuch of thework donewithin developing

countries that is not published in indexed journals is excluded. The

many relevant presentations at recent conferences (e.g., the 2010 Asia

Pacific Coral Reef Symposium) by developing-country scientists and

managers indicate that there is research and capacity originating

within developing nations. Another explanation for the limited

scientific literature originating from developing nations is that there

may be a preference for disseminating information through social

learning networks such as the Locally ManagedMarine Areas network

and gray literature.

Another disconnect is between knowledge about design and

experience in implementation of conservation actions. Most of the

literature on conservation planning stops short of the transition from

design to action (Knight et al., 2010). Even the few success stories

aboutmarine applications, such as the rezoning of theGreat Barrier Reef

(Fernandes et al., 2005), are from situations that are globally atypical:

untenured inshore marine waters managed by one or a few authorities.

These provide little guidance for situations where inshore waters are

covered by a plethora of finely textured ownership and management

boundaries and support subsistence and small cash economies.

These disconnects mean that policy may need to be adapted to the

social, economic and political realities of developing countries with

coral reefs (Cinner, 2007; Johannes, 2002). In particular, general

recommendations forMPA design are that largerMPAs are better, that

20–50% of any region should be designated as no-take areas, and that

networks of MPAs should be comprehensive, adequate and represen-

tative (McCook et al., 2009b; Roberts et al., 2003). In contrast, in many

developing countries, coral reef MPAs are numerous but small with

variable representation of habitats. MPAs are typically not planned to

contribute to representative, connected networks (McCook et al.,

2009b; TNC et al., 2008; Weeks et al., 2010a; Wood et al., 2008),

and management effectiveness is low (Christie and White, 2007).

The political, social and economic reasons underlying these tenden-

cies limit the relevance of approaches in developed countries to de-

veloping nations.

The goal of this paper is to review emerging trends in MPA design,

implementation and management, and relate these to the context of

developing nations with coral reefs. We focus on three emerging

trends, which we believe are most important for advancing coral reef

conservation. These are: (1) integration of communityMPA initiatives

with systematic conservation planning; (2) consideration of tightly

coupled social and ecological systems; and (3) adaptive MPA man-

agement and planning. We selected these trends based on our inter-

pretation of recent literature and our experience in the field.

2. Integrating community-based MPA initiatives with systematic

conservation planning

Approaches to designing and implementing MPAs lie on a con-

tinuum between systematic planning at regional (or national) scales

with top-down implementation, and community-based, bottom-up

implementation (also called opportunistic, ad hoc, or local) (Roberts,

2000; Pressey and Bottrill, 2008) (Table 1). We refer to “regional” as

any spatial extent that provides broad perspective for decisions about

Fig. 1. Papers indexed in Web of Knowledge that advise on MPA design. Search terms used were: (“marine protected area*” OR “marine reserve*” OR MPA* OR “no-take”) AND

(design OR planning). Titles rather than topics were searched to ensure that only the most relevant papers were captured. A total of 90 relevant papers were found, with 1742

citations. Papers were binned by geographic location or as modeling or review papers. Because the focus was on ISI-indexed literature, much of the work done within developing

countries that is not published in indexed journals is excluded. The many relevant presentations at recent conferences (e.g., the 2010 Asia Pacific Coral Reef Symposium) by

developing-country scientists and managers indicates that the trend may be shifting, or at least that work is being done in developing countries even if it does not reach ISI-indexed

journals.
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individual MPAs. Typically, this includes provincial or ecoregional

extents.We refer to “local” as the extent of one or a fewMPAs. Inmany

developing countries with coral reefs, these can be very small (e.g.,

in the Philippines, 90% of MPAs are less than 1 km2, Weeks et al.,

2010a).

The respective benefits and limitations of regional and local

approaches have been debated and contrasted in the literature (Ban

et al., 2009; Pressey, 1994; Pressey and Bottrill, 2008). Regional

approaches emphasize ecological principles of complementarity,

representativeness and connectivity, and generally result in recom-

mendations for relatively large (~10 km in diameter) MPAs. In

contrast, local approaches generally emphasize practical consider-

ations of governance, management and livelihood considerations, and

usually result in small MPAs with limited negative impact on people's

livelihoods. Perhaps nowhere is the contrast more apparent than

between the usually top-down, systematic planning approach of

developed nations in MPA design (e.g., Airamé et al., 2003; Fernandes

et al., 2005), and the opportunistic community-based, usually bottom-

up implementation of MPAs in coral reef regions in developing

countries (Alcala and Russ, 2006; Christie et al., 2002; Weeks et al.,

2010a; White et al., 1994, 2006a). Both considerations are crucially

important for effective conservation actions, and hence integration of

ecological theory with local realities and constraints is necessary.

One of the emerging trends in MPA design is the integration of

community-based opportunities with systematic conservation plan-

ning to leverage their respective benefits (Lowry et al., 2009).

Planners are realizing that regional, systematic approaches present

implementation challenges, while community-basedMPAs alonemay

not be sufficient to achieve ecological and social objectives (e.g.,

enhancement of fisheries, protection of biodiversity). To illustrate

these potential limitations, we modeled hypothetical expansions of

community-based MPAs and contrasted the results with a hypothet-

ical systematic approach (see Box 1, Figs. 2 and 3).

Explicit consideration of community goals and information is

critical in developing countries because local communities and local

governments often have control and/or jurisdiction over the use and

management of reefs. They also havemajor influence over compliance

(e.g., through tenure areas; Cinner, 2005; Foale and Manele, 2004;

Johannes, 2002). Given the high reliance on coral reef resources for

subsistence and survival in these countries, consideration of commu-

nity objectives is also morally the right thing to do. Implementation of

conservation actions in many developing nations is therefore most

appropriate at the local, community scale (Govan, 2009; White et al.,

2006a). The benefits of explicitly working at this scale include

facilitation of implementation, improved compliance, and decreased

costs (social, monetary, enforcement, etc.), all of which result from

greater local buy-in (Pollnac and Pomeroy, 2005). There may be

synergies between potentially differing community goals (e.g., food

security, locally-important subsistence/artisanal fisheries) and re-

gional goals (e.g., biodiversity, regionally-important commercial

fisheries), or differences may result in conflicting priorities. Any

differences can only be identified and reconciled by integrating

regional and local perspectives.

Reconciling these two scales of operation requires regional designs

to be scaled down (Mills et al., 2010) and local actions to be scaled up

(Lowry et al., 2009). Scaling down inevitably involves adjustment of

regional designs to accommodate local objectives and preferences. On

the other side, while implementation may be most appropriate at the

community and local government scale, building MPA networks from

the bottom up without a regional perspective may fail to achieve

regional goals (Weeks et al., 2010a). Therefore the integration of

community and regional planning and implementation is an impor-

tant avenue for improving the effectiveness of MPAs in coral reef

nations.

Several examples of approaches to integrating community-based

MPAs with regional goals exist. Fiji is currently attempting to scale up

its Locally Managed Marine Area (LMMA) network by encouraging

communities to workwith adjacent communities (Mills et al., in press),

with the spatial scale of collaboration varying from a couple of

small islands to whole provinces. In the Visayas, Philippines, six local

municipal governments have formed a common management unit to

guide the development of an ecological and institutional network of

about 40 no-take MPAs within their jurisdictions (Eisma-Osorio et al.,

2009). In these examples, communities approached NGOs and local

governments requesting assistance on MPA placement and how to

“network” their existing MPAs. In Choiseul, Solomon Islands, as MPAs

became more popular, there were more requests for implementation

assistance than could be handled, and NGOs started to evaluate these

requests based on regional goals relating to biodiversity, opportunities

and threats (Game et al., 2011).

Clearly both community and regional perspectives are necessary,

but these have not yet been adequately integrated. There is a need for

more guidance from the scientific literature on how to scale-up and

speed up local actions, and how to scale down regional plans, and

importantly whether working in these two directions produces

similar conservation outcomes (but see Lowry et al., 2009). An

opportunity for successful MPA design and implementation lies in

finding synergies between regional and local scale objectives, and to

implement MPAs in an iterative process, with progressive adjustment

of regional designs and local actions, informed by both perspectives.

Table 1

Different foci when working at local and regional scales in MPA planning and implementation. Local and regional situations are described here as extremes. A range of approaches

exists along a continuum between these extremes.

Continuum from

Local To Regional

Stakeholders Communities or local stakeholder groups (e.g., fishing cooperatives). Groups representing different marine resource industries, relevant leaders

from different spheres of governance (e.g., government, church and

traditional), community representatives.

Data Reflect local values (e.g., cultural sites, important nesting sites), threats (e.g.,

point source pollution) and socio-economic considerations (e.g., livelihood,

local fisheries). Traditional knowledge may provide relevant ecological and

social information. The cost of this detail is that data are patchy and

inconsistent across planning regions.

Usually extend across whole regions but at the cost of coarse resolution and

use of surrogates (e.g. approximations of opportunity cost) that can be

remote from the variables of most concern. Consistency can provide a better

understanding of the relative importance of different areas for representation

of habitats and the persistence of regional-scale processes (e.g. connectivity).

Objectives Reflect values and concerns important at a household and community level

(e.g., livelihood, well-being).

Reflect regional or national concerns (e.g. fisheries or biodiversity) of

governments, major non-government organizations (NGOs), or aid

organizations.

Governance Community or multi-community level with traditional leaders, community

groups (e.g., churches, businesses, councils of traditional leaders) and local

government representatives.

Representatives of provincial and national level government or major NGOs.

Applying

actions

Communities implement and enforce conservation andmanagement actions. Regional/national government regulations requiring large-scale

enforcement.
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Linking community and regional perspectives could advance

design, implementation and management of coral reef MPAs in

several ways:

1. When MPAs are first implemented, any management action that

reduces the loss of biodiversity will help to achieve goals of

biodiversity representation and persistence. Opportunistically

placing MPAs where there is community buy-in may be an

effective way of building a foundation for later, more strategic

management actions (Alcala and Russ, 2006; Govan, 2009; McCook

et al., 2009b). Ongoing degradation of coral reefs means that

establishing opportunistically placed MPAs now may be more

beneficial than implementing, or perhaps failing to implement, a

more optimal design in the future. As the process of planning and

implementation progresses, managers can continually re-evaluate

how community MPAs are contributing to community and regional

goals, and take appropriate action to fill gaps, a process dubbed

“informed opportunism” (Noss et al., 2002).

2. Identifying gaps in achievement of regional goals requires clear

articulation and quantification of these goals (e.g., representation,

connectivity, etc.). Managers and planners should also be prepared

tomodify regional plans based on community-scale information on

conservation values and threats, as well as fine-scale information

on opportunities for and constraints on action (e.g., when

communities are unwilling to cooperate). Furthermore, practi-

tioners who want to achieve regional objectives will have to

provide incentives for communities to do at least some thingsmore

extensively and in different places. Scaling up is, to some extent,

about changing local priorities to better co-ordinate actions

between communities, extending management constraints over

larger areas than those covered spontaneously (e.g., in Fiji), and

spreading management across the full range of habitats, not only

those with little scope for extractive use.

3. Iterative implementation of MPAs to achieve community and

regional goals requires a stable institution to oversee and manage

the process of generating, refining and implementing plans.

Such an institution, formal or informal, depends on financial

resources, time and human capacity, and its personnel need to

understand the strengths and limitations of regional plans and

local actions.

Box 1

Comparing local, community-based implementation with regional, systematic planning using simulated expansions of MPAs.

The respective benefits of community-based implementation of MPAs and systematic planning with a regional perspective have been

much discussed in the literature. Nonetheless, a clear illustration is still lacking of how community-based implementation of MPAs, without

the guidance of a regional conservation design, may be insufficient. To address this, we simulated the expansion of local, community-

based MPAs in three scenarios (Fig. 2) and added a scenario to reflect top-down establishment of MPAs.

We designed a test region that is similar to island nations in the Coral Triangle. We selected five islands of variable size and shape and

assumed that local tenure boundaries were evenly distributed in segments of coastline 10 km long and 3 km wide, giving a total of 138

coastline units. We calculated the distance between the center of each unit and assumed that any unit within 50 km of another unit was

ecologically connected (Almany et al., 2009). We also assumed a linear decreasing connectivity strength with 0 km fully connected

(connectivity between units of 1.0) and units 50 km or more apart not connected (connectivity between units of 0). For four scenarios of

MPA establishment, below, we measured two forms of connectivity (between MPAs and between MPA and non-MPA units) through time.

Our three community-based scenarios (see Fig. 2 caption), with MPAs established in six coastal units per time step, involved: 1. random

establishment of MPAs; 2. linear, uni-directional spreading of MPAs; and 3. radial, bi-directional spreading of MPAs through time. The

fourth scenario was a simulated regional network of MPAs designed with a ‘top-down’ approach in which 25% of coastal units were

selected for conservation, after which management of these areas was implemented in a single time-step (similar to processes such as the

re-zoning of the Great Barrier Reef Marine Park, Fernandes et al., 2005). The ‘top-down’ network was selected to optimize the number of

connections from MPA to non-MPA coastal units. This reflected the conservation goal that the MPA network should help to sustain the

regional coral reef ecosystem by acting as a source of larvae of harvestable fish species.

We compared the performance of the ‘top-down’ network and the three community-based MPA scenarios by measuring connectivity both

between MPAs (“internal” to the MPA network) and between MPA and non-MPA units (external) (Fig. 3). For both internal and external

connectivity, the top down scenario was equivalent to year 6 of the bottom-up expansion scenarios in covering 25% of coastal units. For

comparison with this scenario and to compare connectivity values arising from different percentages of coastal units in MPAs, we allowed

the bottom-up scenarios to proceed to 100% participation by communities (all coastal units in MPAs at time step 23).

For internal connectivity (defined as the sum of connectivity strength between pairs of MPAs, Fig. 3a), the radial and linear expansions

gave the highest values while random expansion gave much lower values for any number of MPAs. To achieve the same level of

connectivity as the regional network took the radial expansion 2 years, the linear expansion 3 years, and the random expansion about

6 years. This reflects the close grouping of MPAs with radial and linear allocations. All three community-based scenarios had the same

endpoints but connectivity for the linear and radial scenarios increased linearly because neighboring local units were always selected for

MPAs. Also, neighboring units each had roughly equal connectivity values because they were equally spaced along the coastline. The

regional network had relatively low internal connectivity because it was designed to maximize external connectivity by dispersing MPAs

throughout the islands.

For external connectivity (defined as the sum of connectivity strengths between pairs of MPA and non-MPA units, Fig. 3b), the regional

network and random expansion of MPAs performed best. The regional network achieved the optimal number of external connections by

design. Random expansion took about seven years longer to achieve the performance of the regional network. The random expansion

performed better than the linear and radial scenarios because the local units selected for MPA expansion were well dispersed among non-

MPA units.

In these simulations, we assumed complete and simultaneous implementation of all the MPAs in the regional network, as is generally

assumed in the literature. However, we recognize that any top down regional design is unlikely to be implementable without adjustments

to accommodate community goals, unforeseen opportunities and constraints, or errors in regional-scale data. Therefore, our simulations

represent a dichotomous depiction of regionally designed versus expanding community MPAs. As discussed in the text, we believe there is

much scope to guide community-based actions to meet regional goals more quickly (e.g., scenarios b and c in Fig. 2) by integrating

community-based implementation with a regional perspective.
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4. Decision support tools (e.g., Marxan, C-Plan), often used to assist

with systematic conservation planning, need to be tailored to allow

for community participation in the planning process without

implying that the computer's modeling or data are superior to

people's knowledge. Once communities relinquish decision making

to technical experts, they may surrender responsibility and owner-

ship of resulting management plans. That said, if appropriately used,

decision support tools can assist and empower communities tomake

decisions about where to establish MPAs that contribute to

community and regional objectives (Game et al., 2011).

5. Social networks (e.g., local governance associations, church groups,

ethnic groups) can play an important role in scaling up community

actions. Such networks may foster collaboration for MPA imple-

mentation and help to distribute the costs and benefits of MPAs

more equitably (Aswani and Hamilton, 2004). However, certain

aspects of social networks can also act as barriers to cooperation

where communities which have little in common are requested to

work together (e.g., different language groups).

3. Social–ecological systems perspective

Research in natural resource management is increasingly recogniz-

ing that MPA design and implementation must account for critical

linkages in social and ecological systems. This perspective focuses on

documenting and understanding interconnections between healthy

ecosystems and social conditions, institutions, and governance

arrangements, which is particularly important in developing nations

where reliance on reefs for subsistence is high (Berkes and Folke, 1998;

Pollnac et al., 2010). These factors can play a critical role in the success

of MPAs (McClanahan et al., 2006; Pollnac et al., 2010). Recognition of

humans as part of the system has led to multi-disciplinary approaches

to understanding how social systems affect ecological systems and vice

versa. For example, in response to different socio-ecological conditions

such as subsistence needs and high population densities in developing

countries, there has been a move away from considering MPAs as

strictly no-take to a broader definition that includes other management

regimes (e.g., temporal closures, gear restrictions, and zoning schemes

Fig. 2. Simulated expansion of MPAs, with three scenarios of incremental expansion of MPAs and one top-down regional network scenario with simultaneous application of

management in the selected areas. Simulated inshore MPAs are shown for segments of coastline around islands. a) Random establishment of MPAs through time to approximate

spontaneous, uncoordinated implementation of MPAs through community-based action. b) Linear, uni-directional expansion of MPAs through time to approximate communication

between local communities about MPA establishment. c) Radial outflow or bi-directional expansion of MPAs through time to approximate a different form of communication

between local communities. d) Top-down implementation of a regionally designed MPA network, consisting of 25% of coastal segments, in a single time-step, as reflected in some

recent case studies in developed countries.
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that allow for a range of controlled uses and limitations) (e.g., Cinner,

2005; Game et al., 2009b; McClanahan et al., 2006). This trend allows

planners and researchers to better address the realities of many coral

reef nations.

The change in focus from ecological to social–ecological systems in

the last 10 years is demonstrated by the changed perspective on key

stages of systematic conservation planning discussed by Margules and

Pressey (2000). These were biologically focused, as compared to the

addition offivenew stages by Pressey andBottrill (2009),most ofwhich

concern the social, economic and political context for planning. Initially,

the focus in systematic conservation planning was to ensure that bio-

diversity was represented and the planning process was transparent

(Margules and Pressey, 2000). In recent work, there is also recognition

of the crucial role that social dimensions (e.g., involving stakeholders

throughout the process) play in conservation planning (Pressey and

Bottrill, 2009). These perspectives have been strongly developed for

terrestrial environments in South Africa (Cowling et al., 2008) but are

nonetheless highly relevant to marine planning and coral reef nations.

Broader recognition of MPAs as linked social–ecological systems has

led to three important trends in conservation planning. First, scientists

and managers are beginning to consider the social impacts of

conservation actions. The biggest advances have been in incorporating

‘conservation costs’ of MPAs. Costs of conservation action have been

broadly explored by two parallel tracks of research: static cost metrics

such as profits in fisheries, and qualitative costs in social studies such as

displacement and human health (Gjertsen, 2005; Mascia and Claus,

2009; McClanahan, 2010). Consideration of social and economic

perspectives in conservation planning is demonstrated by the rapid

increase in use of socio-economic data inmarine conservation planning

since the first study in 1999 (Ban and Klein, 2009). However, to date

most of these studies have either assumed that socio-economic costs are

uniform or have considered only opportunity costs to fisheries (30 of 42

studies; Ban and Klein, 2009). In reality, costs are almost never spatially

uniform across planning regions, and estimates of opportunity costs are

rarely comprehensive, usually reflecting only one or a few groups of

stakeholders (Adams et al., 2010a). Other studies (e.g., Green et al.,

2009) have approached ‘costs’ in a broader context, including the

ecological impacts of humans, community preferences, and priority

ecological areas in combined metrics. This approach shifts attention to

perceived conservationopportunities, by promoting areas of interest for

either social or ecological reasons, and away from perceived constraints

in areas of high impact or human use.

A second important trend related to social–ecological systems is

the incorporation of broader social values and potential benefits of

MPAs into the design and implementation of MPAs. In many countries

with coral reefs, community priorities concern consistent flows of

ecosystem goods and services. Conservation of biodiversity may be a

secondary benefit rather than the primary goal. These utilitarian

aspirations may result in different approaches to implementing MPAs

than a sole focus on conservation of biodiversity. For example, in parts

of Melanesia, communities periodically harvest MPAs to provide food

for traditional feasts (Bartlett et al., 2009). Likewise, in Madagascar,

the Velondriake MPA employs a system of rotational closures to build

up octopus stocks, which are then harvested after 2–6 months (Cinner

et al., 2009a). In some sites in other countries, the attraction created

by a well-managed MPA for diving tourists is a primary incentive

among local communities to set up permanent no-take MPAs. This

attraction is typically due to financial incentives from direct payment

for ecosystem services (e.g., user fees) and indirect benefits (e.g.,

employment at resorts). While there may or may not be overlap

between priority areas identified for ecosystem services and biodi-

versity conservation, MPAs that allow some use (managed extraction

or viewing) can be as effective ecologically as no-take areas, especially

considering that compliance with strict no-take areas is low in some

areas (McClanahan et al., 2006).

Thirdly, in addition to the use of flexible strategies such as

periodic harvests, there is an emerging trend toward incorporating

local knowledge and constraints in the design and placement of

MPAs. For example, in the Solomon Islands, local ecological knowledge

wasused tomapvulnerable benthic habitats for integration into anMPA

network plan (Aswani and Hamilton, 2004). In Fiji and the Philippines,

where enforcement capacity rests largely with communities, most

MPAs are located near communities so that they can be easily

monitored.

We see the incorporation of social considerations into MPA

planning andmanagement probably leading to three future directions

for researchers and spatial planners:

1. The increasing recognition of multiple needs from, and aspirations

for, MPAs will see a shift toward planning for flows of ecosystem

goods and services, as well as biodiversity. For example, re-

searchers will have to ask: will increased biomass within MPAs

result in benefits to fisheries (i.e., improved catches outside the

MPA), and if so, how much? (Samonte-Tan et al., 2007). Likewise,

recreational benefits from the cultural services provided by MPAs

are sometimes measured (e.g., willingness to substitute, Ditton and

Sutton, 2004), but there is considerable room to improve

incorporation of other non-commercial values, such as those

related to esthetic (beauty of a seascape) or intrinsic (right of

species to exist) characteristics.

2. Incorporating social values and socio-economic costs into conser-

vation plans and strategies will require creative applications of

decision support tools. However, there are many unresolved

research questions about how to define – and particularly how to

quantify – the many dimensions of costs for effective use in

decision support tools, and how to integrate potential benefits

from MPAs (Table 2). Qualitative, social and economic costs and

Fig. 3. Connectivity values for a regional (top down) conservation design, implemented

in a single time-step, and three scenarios of expansion of community-based (bottom

up) MPAs. (a) Internal connectivity, the sum of connectivity strengths between all

possible pairs of MPAs within 50 km of one another (themaximum distance over which

ecological connectivity was assumed). (b) External connectivity, the sum of

connectivity strengths between all possible pairs of MPA and non-MPA units within

50 km of one another. The regional network is indicated by a single point because we

assumed that 25% of coastal units were selected for MPAs and that all of these MPAs

were implemented in a single time-step. In (b) note that, because we only considered

connections between MPA and non-MPA units, connections between units progres-

sively change from external to internal (the latter not measured in this graph) as more

MPAs are implemented. Therefore, the curves reach their respectivemaxima of external

connectivity before decreasing as connections between units become increasingly

internal.
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benefits need to be integrated in more meaningful ways to resolve

explicitly the tradeoffs between economic goals. For example, it

will be important to consider the aggregate impact on stakeholders

and the distribution of impacts on different stakeholders (Adams et

al., 2010a; Klein et al., 2010) as well as social values and social

opportunities and constraints (Knight et al., 2010).

3. The social context for MPA effectiveness has generally been

examined with case studies (Cinner, 2007) but is being increasingly

approached with larger-scale comparative studies (McClanahan et

al., 2006; Pollnac et al., 2010). While case studies provide valuable

lessons, researchers need to undertake case studies in a manner that

allows consistent comparisons between them (Ostrom, 2007, 2009).

Understanding links between characteristics of the resource (e.g.,

fish reproduction) to those of governance systems (e.g., lack of

sanctioning) or resource users (e.g., number of fishermen) will help

to identify trends in interactions between social and ecological

dimensions of coral reef areas. In turn, this will provide decision-

makers with a greater understanding of how complex social–

ecological systems can be managed (Ostrom, 2007).

4. Adaptive MPA management and planning

The need to integrate community-based MPAs with systematic

conservation planning, and the increasing focus on social–ecological

systems, mean that MPA design and management have to become

more adaptive to incorporate these additional considerations (Gerber

et al., 2007; Grafton and Kompas, 2005; McCarthy and Possingham,

2007; McCook et al., 2010). Adaptive management is an iterative

process of decision making in the face of uncertainty, whereby

management goals andmethods will be expected to change over time

as new information is obtained and new challenges develop (Walters

and Hilborn, 1978). Passive adaptive management implies learning

from past successes and failures, whereas active adaptive manage-

ment means deliberate experimentation and carefully designed

monitoring to measure and improve management effectiveness.

Adaptive planning is a less familiar term than adaptive manage-

ment, and we use it here to refer to the need for the design of MPA

systems to be approached adaptively. There are at least three reasons

why this is important. First, conservation planning is increasingly

focusing on marine dynamics such as movements of animals or

spatio-temporal variations in sea surface temperature or chlorophyll

(Hobday and Hartmann, 2006; Lombard et al., 2007). Our under-

standing of these dynamics is inevitably limited to short periods,

perhaps 20 years at most, of observations. As this understanding

improves, prescriptions for static or dynamic MPAs (Game et al.,

2009a)will have to adapt accordingly. Second, lessons from later parts

of the planning process can feed back to improve subsequent

decisions (Pressey and Bottrill, 2009). For example, decisions made

about the location and configuration of MPAs could lead unexpectedly

to difficulties in managing those areas, perhaps because of present or

future runoff from adjacent catchments or contested access to natural

resources. These lessons can then improve subsequent decisions

about design. Third, the transition from design to action must involve

progressive adjustments to design as mistakes (e.g., errors in data)

and surprises (e.g., unexpected constraints on conservation action)

come to light (Mills et al., 2010), often over long periods required to

put effective conservation actions into place. This means that designs

should be seen as evolving, not static, if they are to remain relevant.

Like adaptive management of MPAs, adaptive planning can be both

passive and active.

Adaptive management has a rich history in many coral reef

developing nations (Cinner et al., 2006), whereas it has proven more

difficult to achieve in developed countries (Walters, 2007). The small

size of many MPAs in developing nations means that adaptive

management can be done by communities and decisions can be made

and implemented rapidly. For example, coral reef areas are often

managed adaptively through periodic closures, sometimes based on

specific triggers (Cinner et al., 2006). In the Philippines, a user-

friendly system for monitoring MPA management effectiveness has

been adopted that provides feedback and rapid improvement of

management effectiveness within an adaptive framework (White et

al., 2006b). In developed countries where management tends to be

more centralized, responses of management to new data are generally

slower (McCook et al., 2010; Walters, 2007).

Perhaps one of the most important impetuses for adaptive MPA

management and planning is climate change, a major threat to coral

Table 2

Unresolved issues in measuring and incorporating social and economic costs and benefits into conservation planning.

Issue Recommendation References

Incorporating different types of MPAs (e.g., no-take zones,

rotating closures, seasonal, gear restrictions) and their

costs and benefits

Include variable costs and benefits associated with different types of MPAs explicitly in

the planning process. For example, Marxanwith Zones provides a tool that can be used

with explicit costs and benefits associated with different types of MPAs.

Watts et al. (2009)

Incorporating economic costs and benefits to multiple

stakeholders

Incorporate economic costs and benefits to different stakeholders independently to

analyze impacts on each stakeholder group and explicitly acknowledge tradeoffs

between them. How stakeholder groups are defined will reflect local contexts (e.g.,

stakeholders defined by gear type to reflect different fisheries).

Adams et al. (2010a) and

Ban and Klein (2009)

Management costs of different kinds of MPAs Include estimates of management costs of different scenarios in MPA design

(management costs cannot be accurately identified a priori because they depend on

the location, size and other characteristics of selected areas). Considering

management costs explicitly allow planners and managers to design MPAs so that

these costs are minimized. However, minimizing management costs may result in

increased opportunity costs. Evaluating these trade-offs requires consideration of both

types of costs, perhaps with iterative versions of regional designs.

Ban and Klein (2009) and

Ban et al. (in review)

Resolution of data depicting costs and benefits Use cost and benefit data with appropriate resolution and quality. For example,

country-scale data are unlikely to be useful for local community planning. Likewise,

catch per unit effort (CPUE) data that only reflect current effort may not be

appropriate where future fishing effort is likely to be heavily influenced by changing

gears or markets.

Adams et al. (2010b)

Tenure Traditional tenure boundaries should be considered explicitly to ensure that costs and

benefits are allocated equally across communities. This can be achieved by defining

each community as a stakeholder group and considering costs and benefits to those

groups independently.

Weeks et al. (2010b)

Including other social dimensions such as community

attitudes, beliefs, leadership

Considering social dimensions in addition to economic cost could make MPAs more

locally relevant. For example, prioritizing areas where there are conservation

opportunities (i.e., communities who want to implement a MPA), or where there are

strong leaders might lead to quicker implementation of MPAs.

Example from terrestrial

research (Knight et al.,

2010)
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reefs (e.g., Carpenter et al., 2008). Climate change can be considered in

design either by using rules of thumb on configuration to enhance the

robustness of MPAs (McCook et al., 2009b) or by revisiting and

iteratively improving MPA design as the effects of climate change

become apparent. Several recommendations have beenmade to make

MPA networks more robust to climate change: setting a minimum

MPA size (e.g., minimum 10–20 km diameter), spreading risk (e.g.,

replication of MPAs with minimum representation 20–30% of each

habitat type), ensuring connectivity among MPAs, and effective man-

agement of the seascape surrounding MPAs (i.e., ecosystem-based

management) (McLeod et al., 2009). However, as we have seen, many

of these recommendations are unlikely to be realistic in the context of

the developing nations. Furthermore, even if these recommendations

are pursued, such measures will never fully climate-proof coral reefs,

although they may promote faster recovery from climate change-

related stresses (Carilli et al., 2009).

Several avenues for rethinking and adapting MPA design in the

face of climate change are emerging (McCook et al., 2009a). Con-

servation objectives for regional plans, once set for static biodiversity

features, need to be revisited to reflect threats from climate change

(Game et al., 2008). For example, this may include explicitly targeting

reefs at lower risk of bleaching (Game et al., 2008; Maina et al., 2008).

Ultimately, climate change projections or scenarios should be linked

to objectives tomaximize the persistence of biodiversity throughMPA

network design with climate change. That said, the urgency of the

situation means that we cannot afford to wait for perfect science;

rather we should base decisions on the best available information and

adapt these decisions when better information comes to hand. In

addition, some MPAs may change from being static to dynamic to

enhance the resilience of healthy coral reefs (Game et al., 2009b) or to

track mobile features such as fronts or eddies. A caveat for dynamic

MPAs is that many of the benefits of MPAs accrue over time, especially

where destructive fishing practices outside MPAs prevail. Hence,

frequent changes in the locations and boundaries of MPAs may

undermine some of their ecological benefits, particularly in the

context of open-access governance (Cinner et al., 2005; Game et al.,

2009b).

Adaptive planning and management of MPAs should include

consideration of social–ecological systems. The need for different

types of MPAs for various social contexts is increasingly recognized

(Bartlett et al., 2009; Cinner et al., 2006), and so is the potential for

social contexts to change. Periodic closures based on customary

norms may be an effective management tool where local socio-

cultural institutions are strong and communities have the capacity to

enforce resource regulations (Johannes, 2002; Muehlig-Hofmann,

2007). However, they may become unsuitable if customary gover-

nance breaks down as a result of increased market influence, pop-

ulation size, immigration and development (Aswani, 2002; Cinner,

2007; Cinner and Aswani, 2007; Veitayaki, 1998). Community

attitudes also change, and there may be more scope to add no-take

areas to customary management as success stories about no-take

areas from other regions become known (e.g., Kubulau in Fiji, Clarke

and Jupiter, 2010).

Institutions and governance arrangements that enable and

facilitate adaptive management are essential to making adaptive

MPA planning and management a reality (Christie and White, 2007).

Decentralization of responsibility for marine management has

provided such opportunities in Indonesia (Satria and Matsuda,

2004), Philippines (Alcala and Russ, 2006; Eisma-Osorio et al.,

2009), Solomon Islands (Hviding, 1998) and East Africa (Cinner et

al., 2009b). For example, the Philippines has devolved most authority

for coastal resource management to local municipal governments,

including the establishment of localized MPAs that now comprise the

majority of MPAs in the country (Lowry et al., 2005). A key lesson is

that devolution of authority to sub-national and local government has

necessitated new and appropriately scaled technical assistance to

build institutional capacity for MPA network design and management

(TNC et al., 2008). Catalytic and capable organizations, such as local

NGOs or community organizations, then become quite important

where sub-national or local government does not have the capacity

(or desire) to fill the gaps in capacity building.

Decentralization is not always appropriate, however, as it can also

undermine existing customary institutions (Gelcich et al., 2006). For

example, the Velondriake community-based MPA in Madagascar has

to operate outside the government's co-management framework,

Gestion Locale Sécurisée (GELOSE), because the rotational closures it

employs do not comply with the rigid criteria of the GELOSE

management system (Cinner et al., 2009a). The rotational closures

require a flexible framework that allows users to change the timing

and location of closures according to their local knowledge. Similarly,

in Fiji, decentralization has meant that local MPAs are not nationally

or legally recognized, leading to non-compliance locally (Clarke and

Jupiter, 2010).

Adaptive management requires monitoring of key aspects of

social–ecological systems to gage the effectiveness of management of

single MPAs and the design of MPA networks. Given the shift in MPA

design from representing static patterns of biodiversity toward

adjusting to climatic changes, and from being ecologically focused

to considering social objectives, a similar shift is happening in what

we measure. Ecologically, there has been a change from a focus on

species abundances toward overall ecosystem function and process

(e.g., moving from counting individuals to evaluating demographics of

species of interest by measuring size classes) to explicitly reflect and

assess management objectives (McCook et al., 2010). There is also a

growing emphasis on monitoring societal benefits and impacts of

MPAs (e.g., Pollnac et al., 2010). With both kinds of changes, there

remains the need to relate monitoring programs back to manage-

ment responses (e.g., through trigger points) to enable adaptive

management.

One of the challenges, albeit a surmountable one, of adaptive

planning is the tension between adaptive spatial decisions that

change through time and the need for spatial stability for stakeholders

affected by resulting constraints on resource use. Lack of stability can

affect marine users in several ways. It can reduce willingness to invest

in their industry, for example if people are unwilling to invest in new

boats or nets because of an uncertain regulatory environment. It can

also result in lack of trust between users and managers, giving the

impression that managers are incompetent if they need to adjust

spatial plans frequently. Institutional inertia can also prevent adaptive

planning from becoming a reality.

Adaptive management and planning provide several interrelated

opportunities for advancing coral reef MPAs:

1. To assess whether individual MPAs or networks of MPAs are

meeting their goals, the goals themselves need to be clearly

defined. Definitions of clear, measurable goals should integrate

local, community needs and aspirations with regional, biodiversity

considerations, thereby involving relevant communities, stake-

holders and institutions at several scales.

2. Institutions are needed to facilitate adaptive management and

planning. Such institutions could be formal or informal, including

community organizations, MPA management agencies, non-

government organizations, or government agencies. The institu-

tions should be responsible for tracking management and design

outcomes relative to goals through monitoring, and consulting

with stakeholders to implement changes. Passive or active adap-

tive management are both helpful, although active adaptive man-

agement may provide insights more quickly.

3. Making adaptive planning operational requires the relevant

institution (see #2 above) to periodically or continually reassess

the MPA design. Decision support tools can greatly facilitate such

re-design. For example, as the individual MPAs that constitute a
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larger regionally designed network are progressively implemen-

ted, changes to their locations and boundaries will almost certainly

be needed to adjust to new data and local constraints and

opportunities (Mills et al., 2010). These adjustments can be made

within the decision support tool and will flow on to other parts of

the design because of the requirements for complementarity and

connectivity. Similarly, changing threats (e.g., climate change,

changing use patterns) can be integrated into the cost layer with

each review of the MPA design.

5. Synthesis and conclusion

We provide some new perspectives on MPA design, implementa-

tion and management relevant to coral reefs by highlighting three

interlinked emerging trends. First, MPA design is evolving to merge

community (usually local and bottom-up) and systematic conserva-

tion planning (usually regional and top-down) approaches. Second,

linked social–ecological considerations are now viewed as essential in

MPA design and management, especially for inshore waters with

customary tenure and community management. Finally, these two

trends combined with social and ecological changes, especially with

climate change, necessitate an adaptive management approach to

MPA planning and management.

These emerging trends highlight opportunities for increasing

socially and ecologically relevant MPA planning and management in

coral reef regions (Table 3). Experience in coral reef regions of

developing countries has shown that recommendations derived from

developed countries are usually not applicable (e.g., Weeks et al.,

2010a). Instead, much progress can be made toward coral reef

conservation and sustainability by merging local and regional

approaches to MPA design and implementation. For planners, this

means acting on local opportunities for conservation while keeping a

regional perspective (Game et al., 2011). It also means providing

incentives for communities to coordinate their actions within larger

regions and to establish effective management more extensively,

especially for some habitats, than they would otherwise consider.

Iteratively and adaptively, gaps in regional representation can then be

filled through local opportunities. Integrating social objectives and

perspectives into MPA design and management will help to identify

opportunities and appropriate management actions for local contexts.

Furthermore, embodying adaptive management in MPA planning and

design will facilitate both ecological and social success.

Table 3

Opportunities for designing, implementing and managing coral reef MPAs: recommendations for MPA practitioners.

Recommendation Description

Integrate community-based MPAs with regional perspectives through systematic conservation planning

Modify regional plans based on community-scale information. Local-scale information, such as conservation values, threats, opportunities and constraints for action,

can be used to adjust regional plans to make themmore locally relevant. It means planners should be

willing to adjust their plans based on community-priorities and information.

Modify community priorities based on regional information. As the process of planning and implementation progresses, managers need to continually re-evaluate

whether community MPAs are meeting or contributing to regional goals, and take appropriate action

to fill gaps (Game et al., 2010). It also means providing incentives for communities to coordinate their

actions within larger regions and to establish effective management more extensively than they

would otherwise consider.

When integrating community and regional goals, many iterations may

be required before plans achieve both sets of goals, thereby moving

between scales.

Integrating community and regional goals is facilitated by acknowledging the need to move between

scales. This can be done by providing basic guidelines to local communities to consider regional goals

(e.g., representation and connectivity, in conjunction with other communities) and by incorporating

as much fine-scale information as possible during planning. Formal and informal governance spheres

should be identified that have both the influence and capacity to coordinate management actions at

different scales.

Provide simple guidelines to communities, informed by regional goals. Examples of guidelines could include: (1) in general, bigger MPAs are more effective, (2) include

multiple habitat types in MPAs where possible, and (3) try to protect good examples of each habitat

type.

Incorporate more social context into conservation planning

Make conservation goals utilitarian to reflect local resource needs Incorporate ecosystem services as conservation features rather than considering only biodiversity.

Ecosystem services better reflect local values and needs (e.g., food security) and emphasize the

benefits of MPAs. Incorporating community preferences into plans will increase local buy-in and

facilitate action.

Define explicit social and economic objectives and incorporate relevant

data in the planning process.

Social and economic goals will need to reflect local cultural values or social opportunities (e.g.,

working with communities that have strong leadership). Data will need to be collected and objectives

defined to directly reflect explicit social and economic objectives.

Undertake case studies in a manner that allows consistent comparisons

between them.

Understanding links between characteristics of the resource (e.g., fish reproduction) to those of

governance systems (e.g., lack of sanctioning) or resource users (e.g., number of fishermen) will help

to identify trends in interactions between social and ecological dimensions of coral reef areas. In turn,

this will provide decision-makers with a greater understanding of how complex social–ecological

systems can be managed.

Adaptively manage and design MPAs

Make adaptive management part of daily, monthly and yearly operations An institution (e.g., community group, NGO, management body, government agency) responsible for

adaptive management needs to be in place to keep records of what actions have worked/not worked

for specific situations. This institution should learn from successes and failures within and beyond the

region. Then MPA designs and management plans can be revisited periodically to review the

relevance of goals, data and objectives.

Assess impacts seen and expected from climate change Through local/regional knowledge and/or time-series data, climate change impacts to date can be

reviewed. A question to ask is: Are some parts of the region more or less affected than others? This

will help to consider appropriate management responses to these effects. Managers can then use this

information to recognize that regional plans for MPAs may require modification to address climate

change or other changes.

Make “no regrets” decisions; adhere to the precautionary principle Consider whether management actions will preclude future options (e.g., if destructive fishing

practices are permitted, coral reefs may be destroyed and will no longer be available for future

protection). Are there other management actions that will leave open future options while still

achieving short-term objectives? If so, those should be used.
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We therefore conclude that MPAs remain a highly pertinent,

necessary and adaptable tool for coral reef nations in the face of

declining coral health and the increasing scale and severity of threats.

Coral reef developing nations have adapted the MPA concept to local

conditions and needs, thereby making it relevant and effective. While

the mostly small MPAs in these countries may not adhere to MPA

design recommendations prevalent in the literature, their success and

popularity provide great opportunities to scale up and speed up their

implementation while adaptively assessing and filling gaps.

Our review focused primarily on the context of developing nations

where most coral reefs occur, but many of the emerging trends and

recommendations may also be relevant to developed nations. The

importance of involving local stakeholders in effective conservation

actions is generally recognized in conservation planning (Pressey and

Bottrill, 2009) and in management of coral reefs (McCook et al., 2010).

Hence, some combination of scaling regionalMPAplans downor scaling

local opportunities up may lead to more significant conservation

advances in all countries. In particular, some developed nations have

social contexts similar to developing nations (e.g., high reliance on

seafood for subsistence, traditional localmanagement of resources). For

example, indigenous rights and traditional ownership regimes in parts

of Canada and Australia suggest that an integrated local and regional

approach may be most effective (Ban et al., 2008, 2009; Smyth, 1995).

Adaptive management is generally recommended, regardless of

location, and both adaptive management and planning will be

particularly important as the effects of climate change on ecosystems

and people become more extensive, and as marine spatial planning

becomes more widespread (Ehler, 2008; Lawler, 2009).

The emerging trends highlighted here – integrating community

and regional MPA efforts, linking social–ecological systems, and

moving toward adaptive MPA planning and management – provide

insights into the future of MPAs. They offer crucial and much-needed

opportunities for improving MPAs in our rapidly changing world.

Incorporating these trends in coral reef regions should enhance the

ecological and social benefits of MPAs, and their viability as man-

agement approaches.
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