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M. James Crabbe’s Personal Statement: 
 
In 2007, I developed with the aid of the Earthwatch Institute and the Oak Foundation a capacity-building program in 
southern Belize to address issues of marine reserve management underpinned by science. The first component in-
cluded group discussions on important issues related to the management of the reserves and review of scientific pa-
pers, strategic plans, and action plans. The second component included field research in the Sapodilla Cayes Marine 
Reserve and the Port Honduras Marine Reserve. The project’s overall objectives and outcomes were to increase the 
participants’ capacity to lead and educate regarding sustainable development and to promote networking among 
organizations that manage marine resources, enhancing their collective influence over policy decisions. From that 
program, the project group developed the concepts and management protocols for coral-reef sustainability elucidated 
below. 
 
 
 
Introduction 
 

Coral reefs are found predominantly between the 
Tropics of Capricorn and Cancer and provide homes 
for one-third of all marine fish species and many 
thousands of other species. The 6 million tons of fish 
caught annually in these waters provide an income 
for national and international fishing fleets as well as 
for local communities that rely on local fish stocks 
for sustenance. The reefs also act as barriers to wave 
action and storms by reducing the incident wave 
energy through reflection, dissipation, and shoaling, 
protecting the land and an estimated half a billion 
people that live within 100 kilometers of reefs. The 
coral-reef ecosystem forms part of a “seascape” that 
includes land-based ecosystems, such as mangroves, 
and ideally should provide a complete system for 
conservation and management (Mumby & Steneck, 
2008). 

Current challenges to coral-reef sustainability, 
that could destroy the world’s reefs by the middle of 
the current century, include overfishing, destructive 
fishing practices, coral bleaching, ocean acidification, 
sea-level rise, algal blooms, agricultural runoff, 
coastal and resort development, marine pollution, 

increasing coral diseases, invasive species, hurri-
cane/cyclone damage, and, in Indo-Pacific regions, 
crown-of-thorns starfish outbreaks. Against this 
backdrop of natural and anthropogenic insults, an 
important initial question is: How can management 
practices maintain sustainable coral-reef ecosystems? 
We now know that, while many reef organisms and 
fish have largely local dispersal, reef ecosystems 
have large-scale interconnections, for example with 
seagrass and mangrove ecosystems (Mora et al. 2006; 
Lo-Yat et al. 2006; Vollmer & Palumbi, 2007). This 
observation leads to a second question, namely how 
useful is the concept of single marine reserves over a 
global scale? 

 
Linking Management Policy to Scientific 
Monitoring 

 
An important environmental concept is that 

management needs to be evidence based. However, 
some managers might say that we do not need any 
more science on coral reefs–we know what the prob-
lems are, all we need is the resources to fix them. 
While that contention is true up to a point, it does not 
take into account the regime shifts that can occur at 
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the ecosystem level where thresholds can all too eas-
ily be broken to produce an almost irreversible de-
cline (Lyytimäki & Hildén, 2007). 

An integrated approach that conjoins biological 
and social sciences to guide management decisions 
and influence policy is required. To take account of 
management-policy changes, feedback is needed via 
monitoring mechanisms (Dietz et al. 2003; Kajikawa, 
2008; Pachauri, 2008). For coral reefs, such observa-
tion includes assessments of coral cover, coral spe-
cies diversity, and fish and invertebrates, as well as 
physical and chemical parameters such as nutrients 
and salinity. These measurements indicate the effec-
tiveness of management policies. In addition, regular 
and well-maintained scientific monitoring over time 
enables the development of a knowledge database of 
ecosystems that can be accessible to all stakeholders. 
Such a database can lead not only to knowledge-
based management decisions in the short term, but 
ultimately to medium- and long-term management 
forecasting. 

 
An Example: Global Monitoring of Coral 
Bleaching to Inform Management Regimes 

 
Reef-building corals contain dinoflagellate symbiotic 
algae called zooxanthellae. The predominant source 
of nutrition for corals is in the form of photosynthetic 
products produced by the zooxanthellae. The symbi-
otic relationship between zooxanthellae and corals is 
that the zooxanthellae provide the coral with photo-
synthetic carbon, which is often enough to supply the 
coral’s energy requirements, and in turn the coral 
provides protection and access to enough light for the 
zooxanthellae to photosynthesize. Coral bleaching is 
due to the loss of zooxanthellae by the coral. Most 
coral pigmentation is within the zooxanthellae, so 
when they are no longer present, the coral appears 
white, or bleached, because the calcium carbonate 
coral skeleton shows through the translucent living 
tissue. Bleaching occurs when the coral is exposed to 
prolonged above-normal temperatures that, together 
with increased solar irradiation, result in additional 
energy demands on the coral, depleted coral reserves, 
and reduced biomass (Lesser & Farrell, 2004). 
Hoegh-Guldberg and colleagues have estimated the 
frequency of future coral bleaching using projected 
sea-surface temperatures (SSTs) from four different 
general circulation models (GCMs) of the Inter-
governmental Panel on Climate Change’s (IPCC) 
IS92a emission scenario (Hoegh-Guldberg, 1999; 
Hoegh-Guldberg et al. 2007). These authors combine 
the SST projections with thermal thresholds for cor-
als derived using the Integrated Global Ocean Ser-

vices System (IGOSS) dataset1 and from literature 
and Internet reports of bleaching events (bleaching 
tends to happen as a series of sudden “events” rather 
than as a gradual process). All SST projections indi-
cate that the frequency of bleaching events is set to 
rise rapidly, with the highest estimates for Southeast 
Asia, the Caribbean Region, and the Great Barrier 
Reef and the lowest forecasts for the central Pacific 
Ocean (Hoegh-Guldberg, 1999; Hoegh-Guldberg et 
al. 2007). Some meteorologists predict that bleaching 
events will occur annually in most oceans by 2040 
(see e.g., Hoegh-Guldberg et al. 2007). Southeast 
Asia and the Caribbean Region are projected to reach 
this point by 2020, triggered by seasonal changes in 
seawater temperature. El Niño events, themselves 
producing SST changes, would add to the problems. 

To predict imminent rises in SSTs, the United 
States National Oceanic and Atmospheric Adminis-
tration’s Coral Reef Watch (NOAA CRW) develops 
and operationally produces satellite-based coral 
bleaching “nowcasts” and alerts that are available on 
the Internet (Liu et al. 2006). These products are 
based on nighttime-only Advanced Very High Reso-
lution Radiometer (AVHRR) sea-surface tempera-
tures from NOAA polar-orbiting satellites. This sys-
tem, for example, provided notification of the 2005 
Caribbean mass-bleaching event, indicating that av-
erage ocean temperatures in the area during July to 
October 2005 exceeded temperatures at any time 
during the past 154 years (NOAA, 2008). Corals 
grow within a very narrow temperature range, so that 
a few degrees of positive or negative variability will 
cause bleaching, and ultimately mortality, as hap-
pened in the Caribbean Region in 2005. Similar 
monitoring systems are in use for the Great Barrier 
Reef and, as with the NOAA system, such informa-
tion provides invaluable help to marine reserve man-
agers and other stakeholders of coral-reef ecosystems 
(Maynard et al. 2008). 

 
Some Routes Toward Integrated Coastal Zone 
Management and the Development of Learning 
Outcomes for Sustainable Coral Reefs 
 

Since the 1992 Rio Declaration on Environment 
and Development, emphasis on the transfer of tech-
nological knowledge and scientific understanding has 
encompassed four areas: legal and administrative, 
financial, technical, and human resources (Cicin-Sain 
& Knecht, 1998). While in exceptional cases devel-
                                                      
1 Data are compiled by a collaborative initiative undertaken by the 
World Meteorological Organization (WMO), the United Nations 
Educational, Scientific, and Cultural Organization (UNESCO), and 
the Joint Intergovernmental Oceanographic Commission’s 
(JCOMM) Technical Commission for Oceanography and Marine 
Meteorology. 
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opment of Integrated Coastal Zone Management 
(ICZM) and ecosystem management has been 
achieved in the absence of government (Jorge, 1997), 
involving government-fisheries departments better 
facilitates policy development (Cernea, 1995; Tuler 
et al. 2002; Crabbe et al. 2009b). 

ICZM is a complex worldwide governance issue 
requiring an integrated and coordinated approach. It 
involves many relevant stakeholders and policy ini-
tiatives need to be developed over long time scales. 
Ideally, marine ecosystems (i.e., corals and seagrass 
beds) should be closely linked to terrestrial ecosys-
tems such as mangroves and coastal forests. In devel-
oping management policies, education and training to 
enhance human skills and institutional capacity in 
resource management is critical (Wescott, 2002; 
Balgos, 2005). Such instruction has engaged many 
communities with inherent and long-standing chal-
lenges to sustainability and has been carried out 
within the context of marine protected areas (MPAs) 
(Chircop, 1998; Crabbe, 2006), indigenous 
community-based conservation (Mutandwa & 
Gadzirayi, 2007; Tai, 2007), waste management 
(Agamuthu & Hansen, 2007), health (Tang et al. 
2005; Raeburn et al. 2006), and disaster preparedness 
(Allen, 2006). Both developed and developing coun-
tries have used capacity-building programs (Eakin & 
Lemos, 2006; Kaplan et al. 2006; Rogers et al. 2007). 
While many, if not all, of these programs involve 
building competencies and empowerment in local 
communities, few of them involve policy makers or 
government officials (Mequanent & Taylor, 2007). 
Moreover, increased community capacity can poten-

tially empower local communities to mitigate socio-
economic impacts of environmental change; how-
ever, evaluations of ICZM performance have re-
vealed limited interest in furthering community de-
velopment. Partnerships can be vital for ICZM, par-
ticularly where government policies link to local 
stakeholders (e.g., beach clean-up groups and marine 
wildlife associations) to produce collaborations that 
can involve people with vested interests in the coastal 
ecosystem (e.g., fishers, tour operators) and in on-
going management frameworks (Stojanovic & 
Barker, 2008). 

The effective application of ICZM to coral-reef 
ecosystems entails the development of learning out-
comes for sustainable coral reefs and stakeholders. 
These should address a number of themes, including: 

 
1. The use of ecosystem and economic parameters to 

quantify the needs of marine reserves. 
2. The development of tactics for leading, educating, 

and supporting issues regarding sustainable devel-
opment of coral-reef ecosystems. 

3. The incorporation of all relevant stakeholders into 
the formulation of policy issues pertaining to ma-
rine resource management-zoning plans. 

 
Stakeholders can employ a number of methodol-

ogies to produce learning outcomes for management 
(May, 1993; Becker & Ostrom, 1995; McCance et al. 
2007; Fletcher et al. 2008; Poteete & Ostrom, 2008). 
Box 1 identifies a set of twelve management needs 
derived from sustainability science that involve part-
nerships among government, nongovernmental or-

 
Box 1 Management needs derived from sustainability science. 
 
1. Ecosystem zonation redesignated to balance stakeholders’ wishes and evidence-based fisheries catches. 
2. A community-based research program developed via participants. This should involve local fishers with qualitative and/or 

quantitative research methods. 
3. Data of high accuracy. Quantitative ecosystem data needs to be verified statistically. 
4. Comanagement plans between nongovernmental organizations (NGOs), communities, and fisheries departments 

developed to address problems of illegal fishers from states or countries outside the governance of the MPAs. This is a 
significant problem in reef areas close to more than one country or state. 

5. Foster regular public meetings of stakeholders, as well as regular education events. Action plans need to be developed 
and monitored by staff and stakeholders alike. 

6. Effectiveness of zoning monitored and quantified. This point relates to fishing practices, as well as to ecosystem health. 
7. Encourage and maintain alternative livelihoods for fishers (e.g., in the tourist industry). Government agencies need to be 

involved in linking tourism and economic development. 
8. Tourists monitored and sustainability encouraged. All stakeholders need to be involved, with penalties for unsustainable 

practices. 
9. Effective management linked to the country’s economy. Progress toward this objective is encouraged if fishing or another 

coral-related industry (e.g., tourism) is an important part of the country’s gross domestic product (GDP).  Politicians should 
be engaged at all steps in management discussions. 

10. NGOs and marine protected areas (MPAs) link together. In areas where different NGOs are responsible for MPA 
management (e.g., in the MesoAmerican Barrier Reef), and where MPAs are distant from one another, it is helpful to link 
both NGOs and MPAs so that a greater area of reef can be managed. 

11. Maintain regular information to all stakeholders, from the politicians to the local communities. Communication linked to the 
communities served (e.g. some oral, some printed, some via Internet) is important. 

12. Management plans passed into law. The involvement of government officers (e.g., fisheries officers) as partners is key to 
this important outcome, which should ensure appropriate policing if resources are made available. 
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ganizations (NGOs), and communities to improve 
ICZM. 

 
Sustainable Marine Reserves  

 
Marine reserves are an important tool in the sus-

tainable management of many coral reefs (Williams 
& Polunin, 2000; Cho, 2005). However, it is impor-
tant that the reef ecosystems share regulatory guide-
lines, enforcement practices and resources, and con-
servation initiatives and management, underpinned 
by scientific research. An excellent example of an 
effective single marine reserve is the Great Barrier 
Reef in Australia operated and managed solely by the 
Great Barrier Reef Marine Park Authority 
(GBRMPA). In contrast, the second largest barrier 
reef in the world, the MesoAmerican Barrier Reef, is 
bounded by four countries (Mexico, Belize, Guate-
mala, and Honduras), each with its own laws and 
policies. Here, a number of single and separated ma-
rine reserves exist along the barrier reef. The authors 
of this essay have successfully transferred scientific 
expertise in Belize to local participants to generate 
scientific evidence to underpin future management 
and conservation decisions. Our scientific findings on 
the impact of hurricanes on reefs in Belize suggested 
that hurricanes and severe storms limited the recruit-
ment and survival of nonbranching corals of the 
Mesoamerican barrier reef and advised marine park 
managers to assist coral recruitment in years where 
there are hurricanes or severe storms (Crabbe et al. 
2008; 2009b; 2009c). 

The MPAs need to share the guidelines, practices 
and resources mentioned above, justified by scientific 
research (see, e.g., Hills et al. 2006). Cooperative 
studies and networking across all levels improves 
capacity building and encourages innovative ap-
proaches to management, particularly across coral-
reef, seagrass, and mangrove and forest ecosystems 
(Christie & White, 2007; Johnson & van Densen, 
2007; Poulsen, 2007; Crabbe, 2009c). 

This essay has addressed the two questions ad-
vanced in the introduction and has postulated a num-
ber of outcomes important for the sustainable man-
agement of coral-reef ecosystems. We and others 
(see, e.g., Mumby & Steneck, 2008) contend that the 
establishment of protected areas and policy develop-
ment for sustainable conservation practices are key to 
sustainable ecosystems. Developing ICZM in the 
future will require both resources and iteration over 
many years to forge sustainable management 
processes and outcomes (McDuff, 2001; Wescott, 
2002; Coffin, 2005; Mow et al. 2007). In cases where 
stakeholders have unresolvable differences, clear and 
disinterested leadership and a widely respected 
decision-making process are important to reduce the 

possibility that divergence does not deteriorate into 
conflict. The different backgrounds and imperatives 
of stakeholders are important in management nego-
tiations, particularly if the model used is outcome-
driven rather than process-oriented (Norris-Raynbird, 
2004). 

While climate change, through rising SSTs and 
coral bleaching, has the potential to destroy the ma-
jority of reefs by 2050, application of some, if not all, 
of the learning outcomes mentioned above will help 
in the resilience of the corals to anthropogenic and 
other insults. There are some examples of successful 
management, not least from the Caribbean Region, 
which has suffered overfishing and reef decline for 
many years. Several years ago, the Discovery Bay 
Marine Laboratory, working with the University of 
the West Indies, launched a number of initiatives (en-
compassing points 3-6 and point 9 from Box 1) on 
Dairy Bull Reef, on the north coast of Jamaica. This 
policy program resulted in a turnaround, leading to 
reef recovery (Idjadi et al. 2006). Most interestingly, 
following the Caribbean-wide bleaching event of 
2005, live coral cover dropped to about 13% (from 
46% in the previous year) and Acropora species 
branching coral to about 2% (from 33% in the pre-
vious year). Three years later, the coral cover at 
Dairy Bull Reef had increased to over 30% and 
Acropora species branching coral to over 20%.2 This 
recovery to near-prebleaching levels suggests that 
application of ICZM can lead to reef resilience, even 
in the face of climate change. The further application 
of sustainability science and ICZM for coral reefs, in 
cooperation with grassroots organizations (Sobeck, 
2008), will need enhancement from all stakeholders. 
As Gandhi said, “The world has enough for every-
body’s need but not for anybody’s greed.”  
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2 It is apparent from our study that, despite the chronic and acute 
disturbances between 2002 and 2008, demographic data indicate 
good levels of coral resilience on the fringing reefs around Discov-
ery Bay in Jamaica. The bleaching event of 2005 resulted in mass 
bleaching, but relatively low levels of mortality, unlike corals in 
the United States Virgin Islands where there was extensive mortal-
ity. Our work suggests that marine park managers may need to 
assist coral recruitment and settlement in years with severe acute 
disturbances, including hurricanes and bleaching events, by setting 
up coral nurseries and/or natural or artificial high rugosity sub-
strate on the reef (Crabbe, 2009a). 
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