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General information on organizations

The Convention on Biological D iversity is an international legally-binding agreement that was opened for signature at the 
Earth Summit in Rio de Janeiro in 1992 and entered into force in 1993. It is the only global treaty that addresses the three 
levels of biological diversity: genetic resources, species and ecosystems. It is also the first to recognize that conservation of 
biological diversity is a common concern of humankind, that investments in conserving biodiversity will result in 
environmental, economic and social benefits, and that economic and social development and poverty eradication are priority 
tasks.

The Convention is thus a key component of the commitment by the countries of the world to implement sustainable 
development policies. Its triple objectives are to conserve biological diversity, to use the components of biological diversity 
in a sustainable way, and to share equitably the benefits arising out of the use of genetic resources.

Over 175 countries and the European Community have ratified the Convention. They have committed themselves to 
developing national biodiversity strategies and action plans and to integrating the conservation and sustainable use of 
biodiversity into decision-making across all economic sectors.

The U.S. Agency for International Development (USAID) is the U.S. government agency responsible for worldwide 
hum anitarian and development assistance. USAID's programs foster sustainable development, provide economic assistance, 
build human capacity and democratic governance, and provide foreign disaster assistance. Environment programs are 
committed to improving conservation of significant ecosystems, reducing the threat of global climate change, and promoting 
sustainable natural resource management. For more information, visit http://www.usaid.gov. This publication was made 
possible through support provided by the Global Environment Center of USAID. The opinions expressed herein are those 
of the authors and do not necessarily reflect the views of USAID.

WWF, the World Wide Fund for Nature, is a large and experienced independent conservation organization, with 4.7 million 
supporters and a global network active in 96 countries. W W F is known as W orld Wildlife Fund in Canada and the United 
States of America.

The goals of W W F’s marine conservation programme are:
• To maintain the biodiversity and ecological processes of marine and coastal ecosystems
• To ensure that any use of marine resources is both sustainable and equitable
• To restore marine and coastal ecosystems where their functioning has been impaired.

WW F has recently established the CoralWeb initiative ’’Coral Reef Ecosystems in A ction” in order to conserve the w orld’s 
outstanding coral ecosystems and their biodiversity. CoralWeb addresses the crisis that faces coral reefs from  an ecoregion 
perspective, and will take ecological, economic, social and policy factors into account.

http://www.usaid.gov
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Foreword
Coral reefs are one of the most threatened ecosystems in the 
world. Rivalling terrestrial rainforests in their biological 
diversity, and providing major economic benefits from 
fisheries and tourism, coral reefs ecosystems are of global 
concern. In addition, reefs provide many vital functions in 
developing countries, especially in Small Island Developing 
States.

Until recently, stresses caused by hum an activities -  such 
as land-based sources of pollution and destructive fishing 
practices -  were considered to be the primary dangers to 
coral reefs. While these problems still persist, the last two 
decades have seen the emergence of yet another, potentially 
much greater threat. Coral reefs have been affected, with 
increasing incidence and severity, by coral bleaching, a 
phenomenon associated with a variety of stresses, especially 
increased sea water temperatures. Severe and prolonged 
bleaching can lead to widespread coral mortality, and the 
unprecedented coral bleaching and m ortality event in 1998 
affected large areas of coral reef in the Indo-Pacific.

An Expert Consultation on Coral Bleaching convened 
by the Secretariat of the Convention on Biological Diversity 
(CBD) in 1999, recognised that there is significant evidence 
that climate change is a primary cause of recent bleaching 
events. If climate change trends continue as predicted, 
bleaching events will probably become more frequent and 
severe in the future, placing coral reefs at increasing risk.

Protection of remaining reefs, including those that have 
been severely damaged, is now critical if reef ecosystems are 
to have the maximum chance of recovery. Such protection 
must include removal of human impacts that can cause, 
aggravate or be aggravated by bleaching. Encouraging 
evidence from  long-term studies suggests coral reefs can 
recover from  major bleaching impacts, if additional stresses 
are diminished or removed. Careful management of the 
environment and maintenance of the best conditions possible 
for supporting reef recovery will be vital in the future.

The Conference of the Parties to the Convention on 
Biological Diversity, at its fifth meeting in May 2000, decided 
to integrate coral reef ecosystems into its programme of work 
on marine and coastal biological diversity. It also urged 
Parties, other Governments and relevant bodies (such as the 
United Nations Framework on Climate Change) to implement 
a range of response measures to the phenomenon of coral 
bleaching and physical degradation and destruction of coral 
reefs, including research, capacity building, community 
participation and education.

The W orld Conservation Union (IUCN) and the World- 
Wide Fund for N ature (WWF) are undertaking a number of 
initiatives relating to coral reef management, both at field 
sites around the world, and in the policy arena at regional 
and international levels. The Coral Reef Degradation in the 
Indian Ocean (CORDIO) programme (funded by Sweden, 
Finland, Netherlands and the W orld Bank) is one example

of efforts to gather inform ation on the biological and socio­
economic implications of mass coral bleaching, and has 
produced valuable information, much of which is being used 
to develop management interventions. The U.S. Agency for 
International Development (USAID) is committed to helping 
developing nations protect their coastal areas, and recognises 
that the conservation and wise use of coral reef resources are 
critical to sustainable economic development. Towards that 
goal, USAID works in over 20 countries on projects that 
directly promote the protection of coral reef ecosystems 
through capacity building in integrated coastal management; 
strengthened management of parks and protected areas; 
hab ita t and biodiversity preservation; and sustainable 
tourism  and fisheries.

The Secretariat of the Convention on Biological Diversity, 
IU C N , W W F, and U SA ID , in associa tion  w ith  the 
International Coral Reef Initiative, decided to produce this 
booklet on Management o f Bleached and Severely Damaged 
Coral Reefs. This jo in t effort is in response to the difficult 
question: “W hat can be done about coral bleaching and 
other damage to coral reefs?” The goal of this booklet is to 
provide guidance for local managers, policy-makers, and 
stakeholders on appropriate management approaches for 
coral reefs th a t have been severely degraded through 
bleaching or other causes. While scientific inform ation is not 
yet adequate for precise recommendations, it is clear that the 
currently available knowledge must be transferred to those 
in positions to protect the remaining resources and stimulate 
recovery.

We hope that this publication will contribute to effective 
and immediate management action to aid reef protection 
and regeneration, and to enhanced research to develop the 
necessary tools and measures for long-term success. In 
addition we hope that it will be used to raise awareness of the 
urgent need to take all possible actions to reduce the impact 
of climate change on coral reefs.

Ham dallah Zedan
Executive Secretary
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Scott A. Hajost 
Executive Director 
IU C N  Washington

Cathy Hill
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Executive Summary
This booklet was produced to provide guidance for managers, 
policy makers and all those who are concerned about the 
severe reef degradation caused by coral bleaching and a 
range of other impacts.

Coral bleaching is caused by high seasurface temperatures 
and high levels of sunlight (UV), which affect the physiology 
of the coral and cause a whitening effect, or ‘bleaching’. This 
loss o f colour is due to  the loss o f sym biotic algae 
(zooxanthellae) upon which the coral polyp depends for 
much of its food. Prolonged bleaching conditions (for over 
10 weeks) can eventually lead to death of the coral polyp.

Sustained high water temperatures (1-2°C above normal 
maximums) during 1998 caused the most geographically 
extensive bleaching event ever recorded. The Indian Ocean 
was one of the worst affected regions, with coral death as 
high as 90% over large areas of reef. The Pacific and Caribbean 
regions were also affected, but they did not experience the 
same level of coral mortality.

Other human impacts continue to threaten the survival 
of coral reefs. Coastal development, poor land use practices, 
over exploitation of marine resources and destructive fishing 
methods — as well as waste disposal and pollution from 
ships — can all negatively affect the state of the reefs. 
Together, these impacts, especially when combined with 
increased coral bleaching, pose a serious threat to the survival 
of the w orld’s coral reefs.

The Intergovernmental Panel on Climate Change (IPCC) 
has predicted an increase of 1-2°C in seasurface temperatures 
over the next 100 years, such that coral bleaching events will 
become a regular event in the next 30-50 years. Hence, the 
following types of management strategies will be crucial to 
safeguard coral reefs.

1. Marine Protected Areas (MPAs) will play a key role by 
helping to maintain sources of coral larvae to damaged 
areas. M PAs can also protect those areas where corals are 
struggling to recolonise damaged areas. M anagement actions 
in relation to MPAs, that will contribute to reef regeneration 
include:
• Identifying reef areas with least damage within MPAs 

and reviewing, and revising where necessary, zoning 
schemes and boundaries to ensure that healthy reefs are 
strictly protected.

• Ensuring that existing MPAs are effectively managed.
• D eve lop ing  a m ore s tra te g ic  a p p ro a c h  to  the 

establishment of M PA systems, including consideration 
of sources and sinks and inclusion of a wide geographic 
spread and variety of MPA types.

2. Reef fisheries may be negatively affected on reefs that have 
suffered m ajor m ortality and are losing their physical 
structure (and thus unable to support a diverse and abundant 
fish community). A precautionary approach can be taken by 
giving specific attention to the following:
• Establishing no-fishing zones and limitations on fishing 

gear to protect breeding grounds and provide fish with a 
refuge.

• Considering specific protection measures for species 
that can contribute to reef regeneration, such as algal 
grazers, or that might be affected by coral bleaching, 
such as coral-eating fishes.

• Enforcing legislation prohibiting destructive fishing 
practices.

• M onitoring the catch composition and size to evaluate 
the success of management strategies and implementing 
new strategies if necessary.

• D evelop ing  a l te rn a tiv e  live lih o o d s fo r  fish ing  
communities as needed.

• Limiting entry of new fishermen to a fishery through 
licensing schemes.

• Regulating coral collection for the curio and aquarium  
trades.

3. Tourism in areas with bleached reefs can be maintained 
through the provision of other activities, both related and 
unrelated to the reef. Some management options include:
• M aintaining healthy fish populations for divers and 

snorkellers through creative use of zoning to reduce 
pressure from  overfishing and frequent tourist visitation.

• Involving tourists in the bleaching issue by offering 
o p p o rtu n itie s  fo r p a r tic ip a tio n  in  m o n ito rin g  
programmes.

• Emphasising other attractions for tourists, both on land 
and in the water, besides coral reefs.

• Reducing the impacts from tourism  operations in general, 
such as direct dam age to  corals from  divers and 
snorkellers or from boat anchors, and indirect damage 
from coastal activities that support the tourist industry.

• Encouraging tourists to contribute financially to recovery 
and management efforts.

• Conveying inform ation to the public through outreach 
and education.

4. Integrated coastal management (ICM) will be crucial so 
that bleached reefs can be managed within the context of the 
land-use decisions being made in adjacent drainage basins. 
From  the perspective of coral bleaching, particular aspects 
of ICM  that need emphasising include:
• Establishing M PA systems within an ICM  framework.
• Implementing measures to promote sustainable fisheries.
• Implementing mechanisms to promote environmentally 

sound construction and other forms of land-use and 
coastal development.

• Regulating land-based sources of pollution.
• M anaging shipping and other vessels to reduce damage 

to reefs from  physical impacts or spills.
• Protecting the coastline from  erosion.

5. Reef restoration is a relatively new area of research. Research 
should be encouraged: however, costly rehabilita tion  
programmes may be a risk rather than a cure. Artificial 
rehabilitation should not be considered if hum an stressors 
continue to impact the reef. When considering restoration 
options, managers should consider the following questions:
• W hat are the objectives of the restoration project?
• W hat is the scale of the restoration project?
• W hat will be the cost of the project, and is it affordable?
• W hat is the success rate of the method being proposed, 

and which method will be most cost-effective at the site?
• W hat will be the long term viability of the programme?
• Is there scope for the local community and reef users to 

become involved?

v i



M onitoring will enable the managers and policy makers to 
track  changes on the reef and assess the success of 
management programmes. Care must be taken to design a 
programme that fits within the personnel and financial 
capacity available. In m any cases, there are existing 
programmes that can be adopted. Meanwhile, additional 
research is urgently needed so we can more fully answer key 
questions about the ecological and socio-economic impacts 
of coral bleaching.

M anagers can prepare for bleaching events and even aid 
reef recovery, but the global community needs to act now to 
tackle the issue of global climate change. Action at all levels 
from  local com munities and stakeholders to national 
governments and decision makers is required immediately 
to address not only the issues related to coral bleaching, but 
also the general state and plight of coral reefs everywhere.
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Introduction
This booklet provides guidance for managers, policy makers 
and all those whose lives are tightly connected with the well 
being of coral reefs and who are deeply concerned about reef 
degradation caused by bleaching and arange of other impacts. 
Coral reefs are among the most im portant marine ecosystems, 
providing food, serving as habitat for other commercial 
species, supporting the tourist industry, supplying sand for 
beaches, and acting as barriers against wave action and 
coastal erosion. Ironically, the worst bleaching has taken 
place in countries with the least capacity and resources to 
address it, and with the greatest need for healthy reefs as a 
contribu tion  to sustainable development. Experts are 
concerned that even minor declines in productivity of coral 
reefs as a result of bleaching could have significant social and 
economic consequences for local people who depend on 
coral reef resources, given that these people often live below 
the poverty line.

Fortunately, a surge in recent research is yielding new 
inform ation on what the impacts of bleaching might be, both 
ecologically and socially. Continued research is still urgently 
needed so that future recommendations can be made with 
g reater and greater precision. M eanw hile, using the 
inform ation that is now available, strategic general actions 
can already be taken to give reefs the best chance for 
recovery and long-term health.

Before discussing creative solutions, we must first review 
the problem. The widespread coral bleaching event in the 
W estern Indian Ocean in 1998 was especially severe in extent 
and degree of coral mortality. Recognising the significance 
of this event and the increasing global concern regarding the 
bleaching phenomenon, the countries that are party to the 
Convention on Biological Diversity (CBD) endorsed the 
conclusions of a specially convened Expert Consultation on 
coral bleaching (CBD, 1999):
• The mass coral bleaching and m ortality events of 1998 

appear to  be the m ost severe and extensive ever 
documented.

• The geographic extent, increasing frequency and severity 
of mass bleaching events are likely to be a consequence

of the steadily rising average of sea surface temperatures 
and there is sufficient evidence that climate change is a 
primary cause.

• The rise in sea tem perature and consequent coral 
bleaching and mortality pose a significant threat to coral 
reefs and the human populations that depend on them, 
particularly those in Small Island Developing States.

There is, of course, no immediate cure for coral bleaching. 
However, managers and policy makers are in a position to 
protect remaining resources and stimulate recovery. Where 
bleaching has occurred, management to reduce and eliminate 
all forms of direct hum an impact that cause additional 
damage is increasingly im portant to promote conditions for 
reef recovery. This includes reducing pressure from  over­
fishing, tourism , land-based sources of pollution and 
development. Protection of the remaining living corals is 
vitally im portant, since these will be crucial to future reef 
recovery both locally and elsewhere.

Action at all levels -  local, national, regional and global 
-  is essential. Reef managers in particular need to recognise 
their role at the global level. For example, the area of central 
Indonesia that survived the bleaching may now prove critical 
in the recovery of many of the damaged reefs throughout the 
Indian Ocean, providing larvae for colonisation. Thus, 
actions at the local level in Indonesia could have an impact 
in countries and local communities hundreds or thousands 
of miles away.

M any global and regional initiatives are now directing 
their attention to bleaching and the crisis facing coral reefs. 
These include the International Coral Reef Initiative (ICRI) 
and the Global Coral Reef M onitoring Network (GCRM N), 
among others. The CORDIO (Coral Reef Degradation in 
the Indian Ocean) programme is a regional example, and the 
results of its work have been used extensively in developing 
this booklet.

The aim of this booklet is to provide a concise explanation 
of the causes and consequences of coral bleaching and to 
discuss appropriate responses. Using the 1998 bleaching

B leached branch ing  corals  
(Acropora sp.) in Mayotte , 
w e s te rn  Indian O cean  in 1998.
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Reef in th e  Maldives, Indian 
Ocean ,  prior to  1998 coral 
b leaching event.

event in the Indian Ocean as a case study, we examine this 
phenomenon within the context of other sources of reef 
degradation in order to provide guidance for managers and 
stakeholders. We also review the latest research and current 
scientific opinion on the predicted trends in and outcomes of 
coral bleaching. Drawing on this information, the booklet 
suggests precautionary measures to be taken to minimise the 
impact of future bleaching events and makes suggestions for

positive actions that may aid reef recovery. Some of this 
research is still in its infancy, so careful consideration must 
be given to which strategies will be most effective for 
addressing particular issues at a given location. Managers 
are encouraged to make use of the inform ation and the 
additional resources presented here to formulate a response 
appropriate to their specific circumstances.
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Coral Bleaching

What is coral bleaching?

M ost corals are small animals (called polypi that live in 
colonies and form reefs. They obtain food in two ways: first, 
by using their tentacles to catch plankton and second, 
through tiny algae (called zooxanthellae) that live in the 
coral tissue. Several species of zooxanthellae may occur in 
one species of coral (Rowan and Knowlton, 1995: Rowan et 
al. 1997). They are generally found in large numbers in each 
polyp, living in symbiosis, providing the polyps with their 
colour, energy from photosynthesis and as much as 90% of 
their carbon requirements (Sehens, 1987). Zooxanthellae 
receive essential nutrients from  the coral and transfer up to 
95 % of their photosynthetic production (energy and nutrients) 
to the coral (Muscatine. 1990).

In reef-building corals. the combination of photosynthesis 
by the algae and other physiological processes in the coral 
leads to the form ation of the limestone (calcium carbonate) 
skeleton. The slow build-up of these skeletons, first into 
colonies, and then in to  a complex three-dim ensional 
framework allows the coral reef to harbour numerous species, 
many of which are im portant to the livelihoods of coastal 
people and communities.

Corals ‘bleach’ (i.e. go pale or snowy-white) as a result of 
a variety of stresses, both natural and human-induced, 
which cause the degeneration and loss of the coloured 
zooxanthellae from  their tissues. Under normal conditions, 
zooxanthellae numbers may fluctuate seasonally as corals 
adjustto  fluctuations in the environment (Brown etal. 1999: 
F itt etal. 2000). Bleaching may even be a regular feature in 
some areas. During a bleaching event, corals may lose 60 -  
90% of their zooxanthellae. and the remaining zooxanthellae 
may lose 50-80% of their photosynthetic pigments (Glynn.
1996). Once the source of stress is removed, affected corals 
may recover, with zooxanthellae levels returning to normal, 
bu t this depends on the duration  and severity o f the 
env ironm enta l d istu rbance (H oegh-G uldberg , 1999). 
Prolonged exposure can lead to partial or complete death of 
not only individual colonies but also large tracts of coral reef.

The actual mechanism of coral bleaching is poorly 
understood. However, it is thought that in the case of

The tip of this brach ing  coral colony (Acropora sp.)is 
b leach ed  but alive; the  lower portion has  died and is now 
overgrow n with algae.

therm al stress, increased temperature disturbs the ability of 
the zooxanthellae to photosynthesise, and may cause the 
production of toxic chemicals that damage their cells (Jones 
et al. 1998: Hoegh-Guldberg and Jones. 2000). Bleaching 
can also occur in non-reef building organisms such as soft 
corals, anemones and certain species of giant clam ( Tridacna 
spp.), which also have symbiotic algae in their tissues. As 
with corals, these organisms may also die if the conditions 
leading to bleaching are sufficiently severe.

The bleaching response is highly variable. Different 
bleaching patterns can be found between colonies of the 
same species, between different species on the same reef and 
between reefs in a region (Brown. 1997: Huppert and Stone. 
1998: Spencer etal. 2000). The reason for this is still unknown, 
but the variable nature of the stress or the combination of 
stresses is probably responsible, along with variations in the 
species of zooxanthellae and densities within the colonies. 
Different species of zooxanthellae are able to withstand 
different levels of stress, and some zooxanthellae have been 
shown to adapt to specific coral species: this could account 
for variability of bleaching on a single reef (Rowan et al. 
1997).

Bleached coral colonies, whether they die totally or 
partially, are much more vulnerable to algal overgrowth, 
disease and reef organisms that bore into the skeleton and

Skeleton

C ro ss -se c t io n  of a coral colony and  its poylps, showing 
ten ta c le s  w ithdraw n and ex tended .

Tentacle

Cross-section
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Coral sp e c ie s  differ in their  r e s p o n s e s  to  b leaching B leached branching  coral  co lon ies  (Acropora sp.) in Sri
s t r e s so r s .  This pho to  w a s  tak en  during th e  1998 bleaching Lanka, Indian Ocean, in 1998.
event: th e  colony on the  left (Acropora sp.) h a s  b leached  
w h e re a s  th e  o n e  on th e  right (Porites sp.) h a s  not.

weaken the structure of the reef. As a result, if m ortality is 
high, bleached reefs rapidly change from  their snowy white 
appearance to one of a dull grey-brown as they become 
covered with algae. Where the impacts of bleaching are 
severe, extensive overg row th  by algae can p reven t 
recolonisation by new corals, dramatically altering patterns 
of coral species diversity and causing a restructuring of the 
community.

What causes coral bleaching?

Stressors that cause bleaching include unusually high sea 
temperatures, high levels of ultraviolet light, low light 
conditions, high turbid ity  and sedim entation, disease, 
abnormal salinity and pollution. The majority of large-scale 
coral bleaching episodes over the last two decades have been

linked to the presence of increased sea surface temperatures 
(SSTs), and in particular to HotSpots (Hoegh-Guldberg, 
1999). A HotSpot is an area where SSTs have exceeded the 
expected yearly maximum (the highest temperature per year, 
averaged for a 10 year period) for that location (Goreau and 
Hayes. 1994). If a H otSpot of 1 ° C above the yearly maximum 
persists for 10 weeks or more, bleaching is expected 
(Wilkinson etal. 1999; NOAA, 2000). The combined effect 
o f high SSTs and high levels of sunlight (ultraviolet 
wavelengths) can drive bleaching processes even faster by 
overcoming the coral’s natural mechanisms for protecting 
itself from  intense sunlight (Glynn. 1996; Schick etal. 1996; 
Jones et al. 1998).

The large scale bleaching events seen in the 1980s and 
early 1990s could not be fully explained by local stress 
factors such as poor water circulation and were soon linked 
to El Niño events (Glynn. 2000). The year 1983 saw the

Colony of Agaricia sp. 
show ing  partial b leaching in 
Bonaire, C aribbean  in 1998.
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strongest El Niño recorded up to that time, followed by a 
moderate event in 1987 and another strong event in 1992 
(Goreau and Elayes, 1994). C oral bleaching has also 
occurred in non-El Niño years, and it has been recognised 
that other factors besides elevated SSTs could be involved, 
such as wind, cloud cover and rainfall (Glynn, 1993; Brown,
1997).

Large scale bleaching episodes can usually be attributed 
to fluctuations in SSTs, whereas small scale bleaching is 
often due to direct anthropogenic stressors (e.g. pollution) 
that act on small, localised scales. Where both warming and 
direct human impacts occur together, each may exacerbate 
the effects of the others. If average temperatures continue to 
increase due to global climate change, corals will likely be 
subjected to more frequent and extreme bleaching events in 
the future. Thus, climate change may now be the single 
greatest threat to reefs worldwide.

Where has bleaching occurred?

Records of coral bleaching go back as far as 1870 (Glynn, 
1993), but since the 1980s, bleaching events have become 
more frequent, widespread and severe (Goreau and Hayes, 
1994; Goreau etal. 2000). In 1983, 1987, 1991 and 1995, 
bleaching was reported in all tropical areas of the Pacific and 
Indian Ocean as well as the Caribbean Sea.

At present, there is no standard method to quantify coral 
bleaching, and there has been some debate over whether 
inexperienced observers have overestimated the scale and 
severity of recent events (Glynn, 1993). Furtherm ore, in 
recent years, there have been more observers providing 
bleaching reports from  more areas of the world than ever 
before (see Wilkinson, 1998). However, even during active 
coral research in the 1960s and 1970s, only 9 major coral 
bleaching events were recorded, compared to the 60 major 
events recorded in the 12 years from 1979 to 1990 (Glynn, 
1993).

The coral bleaching event in 1998 was one of the most 
geographically widespread that has ever been witnessed and 
led to the highest level of coral death on record, especially in

the Indian Ocean region. SSTs rose above coral tolerance 
thresholds for a longer period (more than 5 months) than 
had previously been recorded (Goreau etal. 2000; Spencer et 
al. 2000). Branching corals were the first to be affected, 
whereas massive corals, which initially appeared to be able 
to withstand the extraordinarily warm SSTs, were affected 
as the severe conditions continued.

Areas affected in the Indian Ocean region included large 
areas of reef along the coastlines of: East Africa; the Arabian 
Peninsula, with the exception of the northern Red Sea; the 
Comoros Archipelago; parts of M adagascar; the Seychelles; 
Southern India and Sri Lanka; the Maldives and the Chagos 
Archipelago. In most of these places, many corals were 
unable to survive the event, and coral m ortality ranged from 
70-99% (Linden andSporrong, 1999; Wilkinson etal. 1999).

Reefs in the southern Indian Ocean around Reunion, 
M auritius and South Africa were also affected although the 
conditions were not as severe or prolonged. M ost corals 
eventually returned to their healthy state. This was thought 
to be due to monsoon conditions at the time, which caused 
cloud cover that reduced the levels of sunlight (and thus 
ultraviolet light) reaching the shallow water corals (Turner 
etal. 2000a).

The Eastern Pacific was the first area to be affected, 
starting in September 1997, and the conditions were the 
most severe this region had experienced since records of 
this kind have been kept; SSTs rem ained above the 
th resho ld  fo r over 5 m onths (G oreau  et al. 2000). 
Interestingly, those areas th a t had recovered from  earlier 
bleaching events in 1983, 1987, 1992, 1993 and 1997, 
survived this recent event, while those areas th a t had not 
been previously affected were severely affected this time 
(Goreau etal. 2000).

In the Western Pacific, SSTs remained above the threshold 
for up to 5 months in some places. Parts of the Great Barrier 
Reef were bleached, with coral m ortality reaching 70-80% at 
some sites (Goreau etal. 2000) while other sites had mortalities 
of 17% or less (Wilkinson, 1998). Some reefs in the Philippines, 
Papua New Guinea and Indonesia also suffered, although 
many central Indonesian reefs survived due to the upwelling 
of cooler deep waters.

Global dlsrlbutlon of b leaching even ts ,  1998-2000.
(S o u rc e :  W o rld  C o n s e r v a t io n  M o n ito r in g  C e n t r e ,  C a m b r id g e  a n d  U n i te d  N a t io n s  E n v iro n m e n t  P ro g ra m m e )



In the Caribbean and N orthern Atlantic, bleaching 
peaked during August and September 1998, with abnormally 
w arm  waters lasting 3-4 months (Goreau et al. 2000). 
Subsequent damage by hurricanes in some locations may 
have increased the severity of this impact (Mumby, 1999). 
Reports indicate that 60-80% of the colonies were affected, 
but in many cases, bleaching was followed by substantial 
recovery (Goreau etal. 2000).

This overview of the 1998 bleaching event underscores 
how variable bleaching can be in terms of geographic extent, 
regional severity, and even small-scale patchiness. The 
am ount of bleaching— versus the am ount of actual mortality

— can also be highly variable even within a single reef 
system. Examples from the Caribbean and Southern Indian 
Ocean indicate that extensive bleaching can sometimes be 
followed by significant recovery. We still have much to learn 
about these patterns of variability and about the nature of 
the bleaching phenomenon. Our challenge here, however, is 
to use existing knowledge of coral reef ecology and best 
management practices to develop strategies for maximising 
‘successful’ recoveries in the future. In order to do so, we 
must first consider other threats to coral reefs so they can be 
considered in relation to coral bleaching.
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Other Threats to Coral Reefs
Bleaching from climate change is not the only threat to coral 
reefs. Scientists and managers have been concerned for 
many years that increasing stress from  human activities is 
contributing to the decline of the world’s reefs (Brown. 1987 ; 
Salvat, 1987; Wilkinson. 1993; Bryant etal. 1998; Hodgson.
1999). Recent estimates indicate that 10% of the w orld’s 
coral reefs are already degraded beyond recovery and another 
30% are likely to decline significantly within the next 20 
years (Jameson eta l. 1999). A 1998 analysis of potential 
th reats to coral reefs from  hum an activities (coastal 
development, overexploitation and destructive fishing 
practices, inland pollution and erosion and marine pollution) 
estimated that 27% of reefs are at high risk and a further 31 % 
are at medium risk (Bryant et al. 1998). These threats are 
largely a result of increasing use of coastal resources by a 
rapidly expanding coastal population, coupled with a lack of 
appropriate planning and management.

Reefs that are already under stress from  human activities 
may be more susceptible to bleaching when HotSpots develop, 
since weakened corals may lack the capacity to cope with the 
additional stress of increased sea surface tem perature. 
Furtherm ore, even after SSTs return to normal, human- 
induced stressful conditions may inhibit the settlement and 
growth of new corals. Indeed, reefs that have already been

Blast fishing still o c c u r s  in may pa r ts  of the  world,  
sys tem atica lly  destroyig  reefs.

Badly p lanned hotel d e velopm en ts ,  a s  he re  In the  
C aribbean,  often lead to  e ros ion  and  d a m a g e  to  reefs.

exposed to persistent human disturbances often show a poor 
ability to recover (Brown. 1997). On the other hand, a reef 
that is not stressed by human activities may have a greater 
chance of recovery, as environmental conditions will be 
closer to those optimal for coral settlement and growth.

Historically, coral reefs have been able to recover from 
occasional natural disturbances (e.g. hurricanes, predator 
outbreaks, and diseases). It is the persistent, chronic 
disturbances from  human activities that are more damaging 
today. This underscores the importance of removing all 
direct, negative human impacts that we can. to give reefs the 
best chance for recovery in the face of bleaching. Such 
impacts result from  a range of activities including the 
following:
• Coastal developm ent for residential, resort, hotel, 

industrial, port and marina development often involves 
land reclam ation and dredging. This can increase 
sedimentation (which reduces light and smothers corals) 
and cause direct physical damage to reefs.

• Unsustainable management of adjacent drainage basins 
and coastal lands, including deforestation, unsound 
agriculture and other poor land use practices, leads to 
run-off of pesticides (which may poison reef organisms), 
fertilisers (which cause nutrient enrichment) and sediment.

Lagoons and feef flats a re  destroyed In land reclamation 
sch em es ,  particularly on Islands w here  land Is In short  supply.

W as te  d isposa l  and  o th e r  form s of pollution a re  a major 
th rea t  to  coral  reefs.
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The range  of th re a ts  to  coral reefs  from hum an  activit ies.

• Overexploitation can cause a number of changes on a 
reef. Overfishing of species that feed on algae can result 
in excessive algal overgrowth: overfishing of ‘keystone’ 
species that play a particular role in the reef ecosystem 
can result in population explosions of other species 
elsewhere in the food chain.

• Destructive fishing practices, such as dynamite fishing 
and the use of seine and gili nets, can cause extensive 
physical damage to the reef and result in the mortality of 
a high percentage of immature fish (i.e. the future adult

fish stock). Use of cyanide and other poisons to catch 
aquarium  fish also has a negative impact.

• Waste disposal from  both industrial and municipal 
sources leads to increased levels of nutrients and toxins 
in the reef environment. Disposal of raw sewage directly 
into the ocean causes nutrient enrichment and algal 
overgrowth. Nutrient-enriched wastes from  sewage or 
other sources are particularly damaging, as they cause a 
slow, gradual yet major change to the reef structure. 
Algae can eventually dominate the reef to the exclusion 
of corals (Done. 1992: Hughes. 1994).

• Ship-based activities can impact reefs through oil spills 
and  d ischarge from  sh ip  b a llas t. A lth o u g h  the 
consequences are less well known, they may be significant 
locally. Direct physical damage can come from boats 
anchoring on the reefs and accidental ship groundings.

• Numerous other activities that take place directly on the 
reef cause physical damage to corals and thus affect the 
reef’s structural integrity. Such damage often takes 
minutes to occur and yet years to repair. In addition to 
those activities mentioned above, physical damage can 
be caused by tram pling of corals by people collecting 
shells and other organisms on reef flats or in shallow reef 
areas, and divers or snorkellers standing on corals or 
knocking against the reef.

Fortunately, these are threats that managers and policy 
makers have the power to reduce or control. In many 
locations, coral reefs may be faced with several of these 
threats, all of which may be operating at the same time and 
with varying degrees of impact. Thus, it will be im portant to 
analyse carefully the situation in each location in order to set 
priorities and develop an effective plan of action. Managers 
and policy makers must identify which hum an impacts can 
be reduced most easily, and with greatest positive effect on 
the reef. This will involve consideration of the available 
capacity and financing and existing management structures, 
as well as analysis of the likelihood of reef recovery after 
bleaching or other forms of damage, both now and in the 
future. Thus, before we move on to discussing strategic 
management options, we need to consider the general outlook 
for coral reefs in the future.



What Does the Future Hold in Store?
M ajor disturbances to reefs, whether localised or global in 
scope, raise questions about the future of coral reefs:
• Will reefs recover after a mass mortality, and if so, when?
• W hat will reefs look like in the future? Will they look the 

same as they did before?
• W hat can we expect from  global climate change?
• Will this disturbance happen again?

These are difficult questions, but current research is starting 
to provide some answers.

Coral reef resilience

Coral reef resilience is defined as the capacity of an individual 
colony, or a reef system (including all its inhabitants), to 
buffer impacts from the environment and maintain the 
potential for recovery and further development (Moberg 
and F olke, 1999). It appears that severe or prolonged negative 
impacts can progressively reduce resilience to subsequent 
impacts. This can inhibit the recovery of coral reefs following 
a disturbance and may lead to a shift from  a coral-dominated 
to an algal-dominated system (Done, 1992: Hughes, 1994). 
Research is still underway on the resilience of reefs and their 
inhabitants, as even less is known about how the recovery 
rates of populations of species other than corals (McClanahan 
etal. in press). Meanwhile, a logical goal for managers and 
policy makers is to employ basic principles of sustainable use

Juvenile  co ra ls  growing on an  a rea  of d e ad  coral on a 
d a m a g e d  reef.  Bonaire, C aribbean  (left), Seychelles  (right).

and appropriate management in order to conserve resilience. 
These are proactive measures to maximise a coral’s, and a 
coral reefs, resistance to disturbance and boost resilience 
for maximum recovery after the disturbance has passed.

The history of disturbances on a reef contributes to its 
structure because reefs are naturally dynamic ecosystems. 
During recovery, species interact and change their levels of 
abundance and roles within the community structure. As a 
resu lt, reefs m ay evolve in to  com m unities th a t are 
substantially different from  those existing prior to the 
bleaching event, and yet still be diverse and thriving 
ecosystems.

The return of a coral reef ecosystem to a functional state 
after mass bleaching m ortality will depend on successful 
reproduction and recolonisation by remaining corals and by 
corals from  outside the ecosystem (see Done, 1994, 1995). 
Corals reproduce both  sexually and asexually. Sexual 
reproduction involves the fertilisation of coral eggs by sperm 
to form  free-swimming larvae. The larvae are well adapted 
for dispersal and, depending on species and conditions, can 
seed the reef where they originated, nearby reefs, or reefs 
hundreds of kilometres away (Richmond, 1997). Dispersal 
requires app rop ria te  oceanographic curren ts to  seed 
downstream reefs and is essential for the maintenance of 
genetic diversity amongst coral populations and coral reefs.

Recruitm ent is the process by which juvenile corals 
(know n as recruits) undergo  la rv a l se ttlem en t and 
metamorphosis to become part of the adult population and
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the reef community. Coral larvae settle out from the water 
column onto a suitable substrate; the presence of suitable 
substrate is critical to the success of recruitment. Good 
settlement sites tend to have the following characteristics 
(Richmond. 1997):
• A stable bottom  type -  the substrate must not be 

composed of loose sediments or unconsolidated material.
• W ater motion at the site of settlement must be minimal 

to calm, although under certain conditions, high water 
motion may encourage growth.

• Salinity must generally be above 32 %o and below 38-40 
% 0 .

• A source of light for the zooxanthellae to photosynthesise.
• Limited sedimentation in the water column (ideally clear 

water) to reduce the chances of smothering and for the 
adequate transmission of light.

• An absence of macro (large) algae (as opposed to turf 
algae) that would compete for space with corals and 
inhibit the settlement of larvae.

Once settled, the coral has to compete with other faster 
growing organisms such as algae and encrusting invertebrates 
and avoid predation by coral-eating fish. The failure of 
reproduction (for example, if all the sexually mature corals 
on a reef die from  bleaching) and localised recruitment will 
likely slow the recovery of severely damaged reefs (Richmond.
1998). However, coral cover may return eventually through 
asexual reproduction.

Asexual reproduction occurs when coral fragments 
become detached from the parent colony, usually due to 
physical impact from, for example, wave action or storm 
surge. Fragments are very vulnerable to physical damage 
and can easily lose their thin layer of live tissue if rolled 
against the bottom  by water movement. However, if the 
fragment lands on a suitable substrate, it may re attach itself 
and develop into a new colony.

A reef where the majority of the corals have died, but 
which has retained its structure, can still provide a stable, 
suitable substrate for coral recruits and fragments to settle 
and grow. Thus, the maintenance of dead corals is still of 
value. Dead corals are vulnerable to organisms that bore 
into them and weaken the structure of the reef. Strong waves 
or storm  surges can cause major damage to reefs that are in 
this state, transforming a once complex structure into a 
rubble field unsuitable for coral settlement. However, red 
coralline algae can help to cement the reef, reducing breakage 
and providing an adequate substrate for the settlement of 
larvae.

Coral reefs  have thrived un d e r  p a s t  climatic  condit ions,  
tem p e ra tu re ,  UV and  cu rren t  pa t te rns .

Global climate change and coral reefs

In the past 200 million years, reefs have adapted to numerous 
changes: however, over most of this period, there was no 
pressure from  hum ans. Reefs are now faced w ith a 
combination of threats from  over exploitation, pollution 
and especially global climate change. All of these threats are 
increasing, and human activities are causing the acceleration 
of global climate change to rates that may make it difficult 
for coral reefs to adapt.

Global climate change is likely to have six main impacts 
on coral reefs:

1. Sea level rise
M ost unstressed coral reefs should be able to keep up 
with predicted sea level rise, estimated to be 50 cm by the 
year 2100 (Intergovernmental Panel on Climate Change. 
1995). Reef flats that are exposed at low water, which 
limits their upward growth, may benefit from such a rise. 
However, corals weakened by temperature increase or 
other factors (see below) may be unable to grow and 
build their skeletons at ‘norm al’ rates. If so. low-lying 
islands will no longer be afforded the protection from 
wave energy and storm  surges that their surrounding 
coral reefs currently provide. This is of major concern to 
nations such as the Maldives in the Indian Ocean, and 
Kiribati and the M arshall Islands in the Pacific Ocean, 
where land masses have average heights of less than three 
metres above sea level.

2. Temperature increase
Increases of 1-2°C in sea temperature can be expected by 
2100 (Bijlsma etal. 1995). M any areas of the tropics have 
already seen an increase of 0.5°C over the last two 
decades (Strong etal. 2000). Although these are seemingly 
small changes, they translate into an increased likelihood 
that, during the warmer periods of normal seasonal 
fluctuations, temperatures will exceed the tolerance levels 
of most coral species. This would lead to an increased 
frequency of bleaching (Hoegh-Guldberg, 1999). An 
increase in temperature may mean that areas currently 
outside the range of coral reefs will become suitable for 
coral growth, resulting in a shift in the geographic 
distribution of reef building populations. However, it 
will be some time before this can be confirmed; and 
should it prove true, other environmental factors at 
higher latitudes may not be conducive for reef growth. 
Furtherm ore, elevated SSTs affect the sensitivity of

Inc reased  s e a  tem p e ra tu re s ,  s to rm in e ss ,  c a rb o n  dioxide 
and UV levels, a s  well a s  changing  cu rren t  pa t te rns ,  
resulting from global warming now th rea te n  coral reefs.
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zooxanthellae, such th a t light th a t is essential for 
photosynthesis causes damage to the cells (Hoegh- 
G uldberg, 1999). C orals may thus becom e more 
vulnerable to increased levels of UV radiation due to 
depletion of the ozone layer.

3. Reduced calcification rates
G lobal emissions of greenhouse gases have raised 
concentrations of carbon dioxide in the atmosphere and 
in the oceans to a level that may gradually reduce the 
ability of coral reefs to grow through normal calcification 
processes. High concentrations of carbon dioxide increase 
the acidity of the water, which reduces calcification rates 
of corals. It is predicted that calcification rates may be 
reducedby an estimated 14-30%bytheyear2050 (Hoegh- 
Guldberg, 1999). This will reduce the capacity of reefs to 
recover from  events such as coral bleaching as well as 
compromise their ability to keep pace with sea level rise 
and ecological shifts.

4. Altered ocean circulation patterns
If changes in large-scale ocean circulation patterns 
develop, they could alter the dispersal and transport of 
coral larvae (Wilkinson and Buddemeier, 1999). This 
could have impacts on the development and distribution 
of reefs worldwide.

5. Increased frequency of severe weather events
Alterations to annual atmospheric patterns could result

in changes in the frequency and intensity of storms and 
cyclones, as well as changing patterns of precipitation. 
Increased storms could cause increased damage not only 
to coral reefs, but to coastal communities as well.

If trends continue as forecasted, coral bleaching will be a 
regular feature in 30-50 years time (Hoegh-Guldberg, 1999). 
Increased frequency of bleaching will force corals to adapt. 
Adaptation may occur in two ways:
• The physiology of corals may change to become more 

tolerant to higher temperatures.
• There may be m ortality of populations or species of 

corals and zooxanthellae that are unable to cope with 
higher temperatures -  and these less tolerant species will 
disappear (Warner etal. 1996; Hoegh-Guldberg, 1999).

Further inform ation on potential adaptation scenarios is 
given in Hoegh-Guldberg (1999).

Reefs as a whole, however, are durable ecosystems, as 
evidenced by geological history. M ajor disturbances in the 
past have resulted in the disappearance of various coral 
species, but others have survived and evolved into new 
species. Fossilised coral structures are often visible in cliffs, 
sometimes far inland. Reefs have thus undergone immense 
changes in structure and composition over time, whilst 
remaining recognisable as reefs (Veron, 1995). Therefore, 
careful management of reefs — even those that have been 
severely damaged — is very worthwhile, as it could well tip 
the odds in favour of persistence of these long-lived systems.
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Why Manage Damaged Reefs?
M anagers and stakeholders are already asking questions
about how to deal with bleached and damaged reefs, such as:
• W hat actions should they take to aid and accelerate reef 

recovery following bleaching related mortality events?
• How can they convince policy makers and government 

agencies of the value of maintaining marine parks and 
conservation efforts in the face of reefs degraded by the 
bleaching?

• Should they invest in what may be costly and risky reef 
rehabilitation projects?

• W hat socio-economic impacts will bleaching have and 
how can these be mitigated?

• W hat can be done to prepare for bleaching events in the 
future?

As described in previous sections, damaged reefs have the 
potential to recover. Coral reefs have been damaged in the 
past by hurricanes, storms and hum an activities, but they 
have recovered once the impact has ceased or has been 
reduced. This resilience has been fortunate since many people

A 'h ea l thy '  reef  c an  su p p o r t  
a variety  of reef  fish -  French 
g ru n ts  in th e  Turks and 
Caicos,  Caribbean.

Box 1. Recovery following outbreaks of Crown of Thorns Starfish.

The Crown o f  Thorns  Starfish (COTS) (A can thaste r p lanci) h a s  d e v a s ta te d  large a re a s  o f  the  G rea t  Barrier R eef  (GBR) in 
Australia  a s  well a s  o th e r  reefs  in th e  Pacific.  The  first record  o f  a COTS o u tb re a k  ( th o u sa n d s  to  t e n s  o f  th o u sa n d s )  d a te s  
b a c k  to the  late  1950s ,  w h en  large n u m b e rs  of s tarfish w e re  o b se rv e d  in the  Ryukyu Islands, J a p a n .  Not long after, in the  
early 1960s ,  o u tb re a k s  w e re  rep o rted  on G reen  Island a n d  severa l  n ea rb y  a re a s  o f  th e  GBR. By th e  t ime COTS o u tb re a k s  
w e re  occurr ing  further so u th  on  th e  reefs  off Townsville  10 y e a r s  later, the  northern  par t  o f  th e  GBR w a s  a lready  recovering. 
It w a s  feared  th a t  th e  s t ru c tu re  o f  th e  R eef  would  be  totally d e s t ro y ed ,  e x p o s in g  the  North Q u e en s lan d  c o a s t  to  in c reased  
levels o f  w a v e  act ion  and  erosion. This did n o t  h a p p en .  Whilst o u tb re a k s  o f  COTS m ay  d e s t ro y  s o m e  individual corals ,  
they  h ave  n o t  d e s t ro y ed  th e  R eef  itself. During th e  las t  o u tb re a k  in th e  late  1 9 7 0 s  and  1980s ,  s tarfish a ffec ted  
approx im ate ly  1 7 %  of  the  2900  reefs  th a t  m a k e  up  th e  GBR. Of th o se ,  only 5 %  of reefs  w e re  classif ied a s  having se v e re  
o u tb reak s .

S u b s e q u e n t  s tu d ie s  c o n d u c te d  on the  GBR and  in G uam  ind ica ted  th a t  coral cover  
to o k  12 to  15 y e a r s  to  return to  p re -o u tb re ak  levels. A lthough coral co v er  
re tu rned  after  this period, th e  c o m p o s it io n  o f  th e  coral co m m u n i t ie s  had  
c h a n g e d ,  a n d  th e  reefs  w e re  no w  c o m p r ise d  largely o f  f a s t  growing 
sp e c ie s  su c h  a s  branching (e.g. Acropora) and plate corals. Recovery 
o f  th e  original s p e c ie s  co m p o s it io n  and  diversity is e x p e c te d  to 
t ak e  m uch  longer b e c a u s e  th e  r e p la c e m e n t  o f  th e  s low  growing 
and  long lived m ass iv e  co ra ls  (e.g. Porites) t a k e s  up  to  500 
y e a r s  for very large individuals. However,  c o m p le te  recovery  
will eventually  o c c u r  if th e re  is no  further d is tu rb an ce .

S o u rc e :  B ra d b u ry  a n d  S e y m o u r  (19 9 7 ), C R C  R e e f  R e s e a rc h  (1997) a n d  M o ra n  (1997)

Crown of Thorns Starfish.
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Box 2. Coral Reef Recovery in Kaneohe Bay, Hawaii.

K aneohe  Bay, Hawaii, is a g o o d  e x am p le  o f  the  resiliency of a reef  sy s te m  th a t  h a s  w ith s to o d  p e rs i s ten t  h u m an  im pacts .  
It d e m o n s t r a t e s  th a t  o n c e  the  primary s o u r c e  of d is tu rb an c e  is re d u ce d ,  recovery  is poss ib le .  In c rea sed  soil e rosion , 
sed im en ta t io n ,  reef  d redg ing ,  cana lisa t ion  of s t r e a m s  a n d  s e w a g e  d i s c h a rg e s  o c cu r re d  from th e  19 4 0 s  th rough  the  1970s.  
A ra n g e  o f  im pac ts ,  including freshw a te r  flooding and  run-off  from e rosion  an d  h u m an- in f luenced  land u s e  c h a n g e s ,  
d a m a g e d  the  b a y 's  coral reefs.

After twenty-five y e a rs  o f  d isch arg e ,  tw o  large s e w a g e  outfalls w e re  diverted from th e  bay  in 1977 and  1978. There  
w a s  a c o r re sp o n d in g  c h a n g e  from a s e a b e d  d o m in a ted  by a g reen  'b u b b le  a lga '  (D ic tyosphaeria  cavernosa) and  filter- or 
d e p o s i t - fe ed e rs ,  to a hab ita t  m o re  c losely  a p p ro ac h in g  the  'coral g a r d e n s '  d e sc r ib e d  by earlier visitors. Coral co v er  m o re  
than  d o u b led  in th e  following 15 years .  Although recovery  h a s  s in c e  s low ed ,  th e  s to ry  of K aneohe  Bay illustrates ho w  well 
a reef  c a n  recove r  o n c e  th e  a n th ro p o g e n ic  s t r e s s  is re d u ced .

S o u rc e :  H u n te r a n d  E v a n s  (1995)

depend on reefs for their livelihoods. The economy of the 
Maldives, for example, has traditionally been based on 
fisheries and tourism, both of which are linked directly to the 
reefs, which have been severely affected by bleaching. Thus, 
there are good reasons for continuing management efforts in 
order to:
• Ensure optimal conditions for reef recovery.
• Ensure sustainable reef fisheries.
• Ensure the continuation of the tourism  industry.

Reef recovery will vary from  reef to reef according to the 
unique set of circumstances at each location. Under suitable 
conditions, reefs may well be able to return to thriving, 
diverse communities, providing direct benefits in terms of 
fisheries, tourism  and recreation and indirect benefits, such 
as coastal protection and scientific research (see Box 1).

Careful management can help, either by reducing negative 
impacts, as occurred at Kaneohe Bay in ffawaii (see Box 2). 
or by improving conditions for recovery. Recovery will only 
take place if additional stresses from  human activity can be 
limited. Optimal conditions for maximising reef ecosystem 
recovery include:
• A solid, submerged surface free from algae on which 

coral larvae can settle and grow: when corals die during

a bleaching event, the rock they leave behind is potential 
substrate for new recruits.

• An area free of overfishing, sedimentation, pollutants, 
fertilisers, untreated sewage and any other inputs that 
will hinder the growth and affect the survival of coral 
recruits: good water quality and the lessening of physical 
impacts will facilitate coral recruitment and growth.

• The existence of sexually mature corals in the area to 
provide new larvae: the ability of unaffected reefs, far 
away from an impacted reef, to provide larvae will 
depend on suitable ocean currents and the health of the 
source reefs. Any remaining local corals will also be an 
invaluable source of larvae for the area.

• Protection from  over-fishing in order to maintain a 
healthy fish population: herbivorous fish will graze on 
the fleshy algae and keep the dead coral available as 
substrate for coral colonisation.

These conditions can be m axim ised th rough  careful 
p lan n in g  and  m anagem ent. U sing the b ack g ro u n d  
inform ation that we have reviewed thus far. we are now 
ready to discuss reef conservation strategies in the context of 
marine protected areas, fisheries, tourism, and integrated 
coastal management.
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Marine Protected Areas and Damaged Reefs
Despite the mortality that has followed some bleaching 
events, particularly that of 1998, there has never been total 
elimination of all living corals in any area. Even in the 
severest cases, scattered colonies and small patches of reef 
have survived. Furtherm ore, new coral recruits are often 
observed within a year after the event. This provides a 
starting point for reef recovery and a hope for the future.

The role of marine protected areas

M arine protected areas (MPAs) may play an increasingly 
im portant role in reef conservation and management in the 
future by:
• Protecting areas of undamaged reef that will be sources 

of larvae, and thus instrumental in assisting recovery.
• Protecting areas that have a lower vulnerability to future 

HotSpots due to, for example, cold water upwelling.
• Protecting areas that are free from  anthropogenic impact 

and have suitable substrate for coral settlement and re­
growth.

• Ensuring that reefs continue to sustain the needs of local 
communities that depend on them.

Areas in which corals have managed to survive a warm water 
event will be of key importance for the supply of coral larvae 
to replenish degraded areas. Reefs that have the potential to 
supply larvae are often known as source reefs, in contrast to 
reefs that receive larvae via ocean currents and are sometimes 
referred to as sink reefs. Some reefs may be sinks at one time 
of year and sources at another time, where monsoonal 
currents reverse in different seasons.

Source reefs need to be ‘upstream ’ from  damaged reefs if 
ocean currents are to play a role in larval transport and reef 
recovery. Pockets of live coral on a damaged reef may also 
act as sources of coral larvae. These corals may have survived 
because they are: on the deeper reef where water temperatures 
varied less: in lagoons, where they may be used to large daily 
fluctuations in tem perature: or p ro tected  by specific 
oceanographic phenomena, such as the upwelling of cool 
deep waters. These potential sources of larvae need to be 
identified, managed appropriately and protected from further 
damage, particularly where this is human-induced, in order 
to promote recovery and boost the resilience of individual 
coral colonies and the reef system as a whole.

Several factors determine whether a reef is a good source
of coral larvae:
• The presence of large coral colonies that may produce 

large numbers of larvae.
• High coral diversity, which may increase the chance of 

rapid colonisation by opportunistic, fast growing species 
and later by slower growing species.

• Minimal presence of human impacts on the reef, such 
that the chance of coral reproduction and larval survival 
is maximised.

• Presence of upwelling water, which will assist with the 
transportation and survival of coral larvae.

• The presence of prevailing wind and oceanic currents 
that flow past the source reef and towards the degraded 
(sink) reef.

Management actions

1. Identify reef areas with the least damage and review zoning 
schemes and boundaries.
Surveys of reefs within MPAs should be carried out as a 
matter of urgency, to identify those that are healthy and 
that might contribute to recovery of the overall area. 
W here these  sites are in a d eq u a te ly  p ro tec ted , 
consideration should be given to revising the zoning 
scheme and/or the overall boundary of the MPA. It may 
be necessary to create new zones or alter the boundary of 
the MPA, provided that the legislation allows for this. It 
may also be necessary to create entirely new protected 
areas for healthy reefs that are not currently within 
MPAs, at least temporarily while surrounding degraded 
areas are recovering. Thus, a flexible approach to zoning 
and regulations will be needed over the recovery period.

2. Ensure that MPAs are effectively managed.
Damaged reefs within MPAs are likely to recover faster 
if they are well managed and not subjected to additional 
stresses such as heavy tourist visitation. A number of 
guidelines and management handbooks are available to 
assist with this (e.g. Kelleher, 1999: Salm and Clark,
2000). Training courses for M PA managers are also now 
widely available, and capacity building programmes are 
being developed in many areas (e.g. the Western Indian 
Ocean (Francis et al. 1999). Community involvement

Areas of live coral will a c t  a s  a so u rc e  of larvae for a r e a s  a ffec ted  by the  bleaching.
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Ste Anne Marine Park in the 
Seychelles is one of many 
marine protec ted  a rea s  to  have 
suffered from the  1998 
bleaching event.

Box 3. Effect of coral bleaching on Marine Protected Areas in the Seychelles.

Coral b leach ing  had  a se v e re  im p a c t  on  MPAs in th e  Seychel les ,  an d  live coral co v er  w a s  re d u c e d  to  less  than  1 0 %  on 
m o s t  reefs  a round  th e  inner i s lands  (Turner e ta l. 2000b).  Funding for m a n a g e m e n t  o f  th e  p a rk cu r re n t ly  d e p e n d s  entirely 
on  visitor e n t r a n c e  fees  and ,  if visitor n u m b e rs  fall, i n co m e  to the  Marine Parks  Authority will decline.

Visitors to S te  Anne  Marine Park  and  C ur ieuse  Marine Park  h a v e  b e en  declining in n u m b er  s in c e  1996 (i.e. s in c e  before  
th e  b leach ing  event). The  Marine Parks  Authority  is n ow  looking for n e w  a t t rac t io n s  for visitors, in o rd e r  to  e n su re  sufficient 
in co m e  to maintain th e  parks.  Visitor c e n t r e s  a re  being p lanned ,  b reed ing  p e n s  for g ian t  Aldabra  to r to ise s  a re  being 
c o n s t ru c te d  and  picnic a re a s  a re  being improved. In addition, terrestrial activit ies in th e  MPAs -  s u c h  a s  n a tu re  trails and 
bird w a tch ing  activit ies -  a re  being e x p a n d e d .  S o m e  recovery  o f  th e  reefs  is occurring , bu t  effective m a n a g e m e n t  o f  th e  
pa rk s  will be  essen t ia l  to  this continuing p ro c ess .

S o u rc e :  W e s tm a c o t t  a n d  L a w to n  (2000)

will greatly increase the effectiveness and success of the 
management of MPAs (Walters et al. 1998), as will the 
incorporation  of M PAs into an in tegrated coastal 
management (ICM) framework. MPA managers should 
be involved in ICM  planning and implementation, to 
promote the needs of coral reefs and to encourage the 
creation of conditions that will lead to reef recovery. 
Damaged coral reefs affect visitor numbers to an MPA. 
as well as the livelihoods of those who depend on the 
M PA for employment, such as naturalists, guides, and 
park staff (see Box 3). If the M PA is dependent on 
visitors for revenue, this aspect of management will need 
to  be reviewed and the potential for prom otion of 
attractions other than coral reefs, assessed.

3. Develop a more strategic approach to the establishment of 
MPA systems.
F or the development of national and regional MPA 
systems, a more strategic approach may be required to 
take into account source and sink reefs and the dispersal 
patterns of coral larvae. Research into current patterns 
of larval dispersal will be useful; however, unfavourable

current patterns for long distance dispersal should not 
preclude the establishment of a protected area, which 
will still act as a source reef for its own renewal and for 
localised dispersal (Roberts. 1998). Because the dispersal 
of coral larvae occurs across national and political 
boundaries, regional and international co-operation will 
be essential. The issue o f ‘transboundary’ larval dispersal 
is as im portan t as transboundary  issues of marine 
pollution and fisheries, both of which are covered by 
regional and international agreements.

A nother im portant strategic consideration is the 
concept o f ‘bet-hedging’ against the probability of 
bleaching by establishing systems that cover a wide 
geographic spread and a wide variety of reef types. If an 
M PA system includes a full geographic spread, then the 
odds will be good that at least some well-protected 
healthy reefs will survive if HotSpots should develop 
unpredictably throughout the region. F or the same 
reason, it is also very im portant for MPA systems to 
include all types of habitats across the reef profile (i.e. 
reef flats, reef slopes, lagoons, lagoon channels).
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Fisheries and Coral Bleaching
Coral reefs support a wide range of valuable fisheries, 
including both fish and invertebrate species. U tilisation by 
humans may occur on a large commercial scale or on a small 
artisanal scale. The primary purpose of some fisheries may 
be the harvest of food, while other fisheries may involve the 
collection of merchandise for the curio and aquarium  trades. 
All of these enterprises could potentially be affected by coral 
bleaching. While most fisheries research to date has focused 
on edible fish, we can nevertheless use current theory to 
deduce the p o ten tia l im pacts of b leaching and reef 
degradation on reef fisheries in general. After a review of 
basic fisheries theory, we will employ the precautionary 
principle to make some general recommendations.

The impact of coral bleaching on a fishery may follow 
the generally accepted theories on habitat-fish interactions 
on coral reefs (Pet-Soede, 2000). A part from exploitation 
itself, several factors contribute to the composition of fish 
communities on a reef, all of which are related to the physical 
structure and complexity of the reef itself.

First, competition for food is one im portant factor 
determining fish diversity and abundance. On a healthy reef, 
diversity and abundance of food is high and this has a direct 
positive effect on fish diversity and abundance (Robertson 
and Gaines, 1997). On a degraded reef, dead coral is soon 
overgrown with algae which are eaten by herbivores such as 
parrotflsh (Scarus spp.), and the population of such species 
may increase. Fieavy grazing by these species sometimes 
damages the reef structure, causing erosion of the coral 
skeletons, but they also keep algal growth in check. Also, the 
increase in populations of these commercially valuable fish 
can be an economic benefit.

The links b e tw een  reef health  and  fish diversity and 
abu n d an ce .

r
C

Second, the reef provides a suitable environment for 
reproductive activities and larval settlement of fishes, and 
these will in turn determine the adult community structure 
(Medley et al. 1983; Eckert, 1987; Lewis, 1999). A healthy 
complex reef structure will maximise the variety and numbers 
of spaces for successful reproduction.

Finally, the reef provides shelter and protection from 
predators, particularly for small fish species, and this affects 
their survival patterns and abundance as adults (Eggleston,
1995). Overall, reef health has a positive effect on all three of 
these factors (food, reproduction and shelter), and these in 
turn enhance fish diversity and abundance.

How fisheries could change on damaged 
reefs

C urrent research suggests tha t coral bleaching has no 
immediate effect on fish catches (Box 4). This is partly due 
to the fact that reef fish communities are slow to respond to 
environmental change, and partly because few fisheries 
depend on a single stretch of coral reef. Coral mortality 
following bleaching will, however, eventually affect a fishery 
as the reef structure degrades, and there are a number of 
possible outcomes (Pet-Soede, 2000):
• Where there is no coral death, whether bleaching has 

been localised or is extensive, it is unlikely that there will 
be any change in the fishery, either in catch composition 
or catch rates.

• Where bleaching is localised and coral mortality is low, 
there could be localised changes in reef fish community 
structure, particularly if specific coral species are affected. 
The resulting decline in coral diversity and habitat 
complexity could affect the composition of local catch 
and catch rates.

• Where bleaching is extensive and results in mass coral 
mortality, there could be significant changes in the fishery, 
with longer-term changes related to the loss of habitat 
complexity and diversity through erosion of the dead 
coral. Species that feed on corals, such as butterflyfish, 
and those that specifically use corals for shelter, such as 
some damselfish, would be expected to decline first. 
Fiowever, there have already been reports suggesting 
that the first changes may be in the abundance of algal 
grazers such as parrotflsh and surgeonfish, as a result of

Live coral (left) p rovides a su i tab le  habita t  for a d iverse  and a b u n d an t  fish com m unity  unlike a d e g rad e d  reef (right).
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In Kenya, d how s a re  typical 
fishing v e sse l s  for local 
f isherm en  w h o s e  livelihoods 
d e p e n d s  on the  health  of th e  
reefs.

Box 4. The impact of bleaching on reef fisheries in Kenya.

Sin ce  the  1998 b leaching even t ,  th e re  h a s  b e en  little s ignificant e ffec t  on  the  c a tc h  b io m a ss  and  c o m p o s it io n  o f  reef  
fisheries in bo th  MPAs and  n o n -p ro te c te d  a re a s  in Kenya. The  g radual  decl ine  in total fish a b u n d a n c e  th a t  h a s  b e en  s e e n  
s in c e  monitoring b e g a n  in 1995 is d u e  to  o th e r  h u m a n - in d u c e d  im p a c ts  and  h a s  n o t  b e en  a cc e le ra te d  by b leach ing  and  
coral mortality. O ne  p o ss ib le  e x cep tio n  is th e  in c re a se  in Surgeonfish  which  w a s  o b s e rv e d  in s o m e  MPAs. This w a s  
p robab ly  a sh o r t  term r e s p o n s e  to th e  in c re a s e  in algal cover.  However,  the  e ffec t  o f  the  b leach ing  ev en t  m ay  only b e c o m e  
ev iden t  o n c e  in c re a sed  e ros ion  and  loss  o f  th ree -d im ens iona l  reef  s t ru c tu re  o c cu rs ,  which  would  be  e x p e c te d  to  take  
p lace  in th e  nex t  tw o  to  10 years .  Indeed ,  a t  the  t im e of writing, o b se rv a t io n s  w e re  su g g e s t in g  th a t  Su rgeonfish  popu la t ions  
w e re  a lready  declining.

S o u rc e :  M c C la n a h a n  a n d  P e t - S o e d e  (2000)

algae overgrowing dead corals (Goreau et al. 2000; 
M cClanahan and Pet-Soede, 2000) (see Box 4).

• An additional potential impact, as yet unconfirmed, is 
that coral bleaching could lead to an increase in ciguatera 
poisoning. Ciguatera toxins are produced by microscopic 
single-celled algae (dinoflagellates) that grow especially 
well on the surface of larger, fleshy reef algae. When fish 
graze on the algae, the toxins can become concentrated 
in their bodies and cause poisoning in humans. The 
phenomenon appears to be linked to disturbance of 
coral reef ecosystem s, perhaps due to  increased 
overgrowth by large algae (which provide more surface 
area for dinoflagellate growth) on degraded reefs (UNEP. 
1999a; Quod et al. 2000).

Changes to a reef as a result of coral m ortality could affect 
the fish yield, the type of fishery, and the spatial distribution 
of the fishing effort:
• M aximum yields may be reduced through a reduction in 

food and suitable environment for fish reproduction and 
shelter. The consequences of this may vary according to 
the type of fishery:
-  In a fishery that is entirely dependent on reef fish, 

catch rates may decrease, and the catch composition 
may shift towards the herbivorous species. These fish

are often lower in market value, which could lead to 
a reduction in income for the fishers. Fishing 
communities with few alternative sources of income 
may have difficulty sustaining their livelihoods.

-  A fishery that targets large free-swimming fish that 
forage for food near reefs may also experience lower 
catches if those species move to other less damaged 
areas to hunt for prey.

-  A fishery that targets smaller free-swimming species 
that occupy a reef area or lagoon during certain 
phases in their life stage may also experience lower 
catches when reefs disappear.

-  Multi-species and multi-gear fisheries, which are 
common in the Indian Ocean and other reef areas, 
are probably flexible enough to adapt to changes in 
fish stocks and their resource base. The relatively 
long period over which changes in fish stocks occur 
facilitates adaptation.

• Changes in the reef structure could encourage the use of 
damaging fishing methods, such as trawling, that were 
previously excluded because of the damage the reef 
would do to the gear.

• Spatial changes in the reef habitat characteristics may 
require fisheries to move their fishing effort to other 
areas for certain target species.
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Local com m unit ie s  d e p e n d e n t  on reef fisheries,  su c h  a s  this 
fish drying en te rp r is e  in th e  Seychelles ,  may need  to  se e k  
a lternative  livelihoods if d a m a g e d  reefs  affect their  so u rc e  
of income.

Management actions

Even in the absence of bleaching, sustainable management of 
fisheries is a challenging task, as large numbers of people are 
involved, many with no other sources of income or protein.

Many local communities will have few alternative livelihoods 
and little potential for adaptation to these new conditions. 
Increasing understanding, co-operation and a feeling of 
ownership in local communities will be critically important. 
While uncertainty exists about the actual effects of coral 
bleaching on fisheries, a precautionary approach can be 
taken by giving specific attention to the following actions:
1. Establish no-fishing zones and limitations on fishing gear 

to protect breeding grounds and provide fish with a 
refuge.

2. Consider specific protection measures for:
• Algal grazers, such as parrotflsh and surgeonfish. that 

are likely to play a key role in maintaining suitable 
substrate for coral larvae settlement.

• Coral-eating fish, such as butterfly fish and damselfish 
collected for the aquarium  trade, that may be diminishing 
in number because their preferred habitat and source of 
food is decreasing.

Consideration could be given to implementing a 
m oratorium  on the collection of some of these species on 
reefs badly damaged by bleaching, until such time as 
recovery of the reef is well underway.

3. Enforce legislation prohibiting destructive fishing practices 
(e.g. dynamite fishing, gili and seine netting, use of 
cyanide and other poisons) that would further damage 
the reefs.

4. Monitor the catch composition and size to evaluate the 
success of management strategies and implement new 
strategies if necessary.

5. Develop alternative livelihoods for fishing communities as 
needed.

6. Limit entry of new fishermen to a fishery through licensing 
schemes.

7. Regulate the collection of coral reef organisms for the 
curio and aquarium trades. Legislation regulating these 
activities exists in many countries and should be enforced. 
C IT E S  (C o n v en tio n  on In te rn a tio n a l T rad e  in 
Endangered Species of Wild Fauna and Flora) helps to 
control international trade by requiring permits for the 
export of all stony corals and some shells (e.g. giant 
clams). Countries that are Parties to CITES should 
implement their obligations.
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Tourism and Coral Bleaching
Diving and snorkelling come im m ediately to  m ind as reef- 
related tourism , bu t reef areas are also valuable for beach 
tourism , cruise ships, yachting, fishing and other w ater 
sports. W ith the changes to  coral reefs th a t might be 
brought about by coral bleaching, there is justified concern 
by those dependent on the tourism  industry  and by 
managers o f MPAs:
• How will tourists react to bleached reefs?
• How can the tourism industry adapt to the problem of 

bleaching?
• How can tourism be managed to reduce further damage 

to bleached reefs?

The 1998 bleaching event has thus far not had much impact 
on tourism (Westmacott etal. 2000a). Indeed, dive operators 
have reported that tourists were still enjoying the reefs even at 
the height of the event -  and some actually commented on 
what they perceived to be ‘clean’ corals. The true impact of 
bleaching on tourist visitation may in fact not be seen for 
several years, and may only come once the reefs are seriously 
degraded. Nevertheless, work in the Indian Ocean suggests 
there may be some future impact from the 1998 event (see 
Box 5).

Tourists may react in various ways to bleached and 
damaged reefs. If they are aware of bleaching (from the 
media, th rough  w ord of m outh, or other sources of 
information), they might choose not to visit the affected 
area, in which case the tourism  industry will suffer at all 
levels. The most experienced divers and snorkellers are likely 
to notice changes on the reefs -  particularly the change from 
bright colours to a rather dull uniform grey or brown. Some 
will visit once but then cease to return as they might have 
done in the past. Those new to these sports may not be aware 
of any problems. These people, as well as those not interested 
in direct reef-related activities, may continue to visit an

affected area. Alternatively, tourists might still visit the area,
but not the reefs themselves, in which case only the diving
and snorkelling industries will suffer.

Management actions

1. Maintaining healthy fish populations for divers and 
snorkellers.
Diverse and colourful fishes are one of the main 
attractions for divers and snorkellers, and a degraded 
reef may eventually  see a decline in overall fish 
num bers. M ethods for addressing this problem  are 
described in the section  on Fisheries and Coral 
Bleaching. In relation to tourism , these actions include:

• Reducing fishing pressure from around dive and snorkel 
sites.

• Establishing no fishing zones in which diving and 
snorkelling are permitted.

• Zoning separate areas for diving and snorkelling versus 
fishing, to reduce conflicts.

• Banning destructive fishing practices th a t lower fish 
p o p u la tio n s  and  destroy  in te restin g  un d erw ater 
features.

2. Involving tourists in the bleaching issue.
M any divers and snorkellers like to get involved in 
conservation activities for coral reefs and would welcome 
the opportunity to participate in initiatives associated 
with reef recovery from bleaching. Fish watching schemes 
and am ateur reef monitoring programmes are increasing, 
such as the US-based R EEF (Reef Environm ental 
Education Foundation) and CEDAM  (Conservation, 
Education, Diving, Awareness and Marine-research) 
organisations and a num ber of others tha t operate

Box 5. The impact of coral bleaching on tourism in the Indian Ocean.

Surveys  u n d e r ta k en  in the  Indian O c e a n  in 1999, o n e  y e a r  after the  b leach ing  event ,  s u g g e s t  th a t  b leaching h ad  a sm aller  
im p a c t  on tourism than  e x p e c te d .  The  level o f  c o n c e rn  a m o n g  touris ts  a b o u t  b leach ing  s e e m e d  to  be  re la ted  to  their 
cou n try  o f  origin and  th e  level o f  publicity affo rded  to  this ev en t  in th a t  country.

In Zanzibar,  2 8 %  of th e  divers interviewed had  heard  o f  b leaching, c o m p a r e d  to 4 5 %  in M o m b a sa ,  Kenya. Although 
th e  reefs  in both loca t ions  w e re  b lea ch e d ,  only slight coral mortality w a s  s e e n  in Zanzibar,  c o m p a r e d  to  over  5 0 %  coral 
mortality on  s o m e  reefs  in the  M o m b a sa  region. Less  than  5 %  of divers and  snorkelle rs  interviewed in bo th  p lac es  said 
th a t  they  would  n o t  dive or snorkel  b e c a u s e  o f  b leaching. B a se d  on  th e  n u m b e r  of touris ts  w h o  said  their activit ies would 
be  a f fec ted ,  a potential  financial lo ss  of  U S $ 1 3 - 2 0  million in M o m b a sa  a n d  U S $ 3 -5  million in Zanzibar  h a s  b e en  e s t im a ted .  
Time will tell w h e th e r  this is a realis tic  est im ation .

In th e  Maldives, 4 8 %  o f  tou ris ts  interviewed sa id  th a t  th e  m o s t  d isappo in t ing  pa r t  o f  their holiday w a s  th e  d e a d  coral. 
However,  touris t  arrivals h ave  c o n tin u ed  to in c rease ,  with an  8 %  growth ra te  during 1998  a n d  1999, c o m p a r e d  to 7%  
during 1996 and  1997. C ont inued  growth in tour is t  arrivals in th e  Maldives is partially d u e  to o th e r  ty p e s  of tou r is ts  having 
re p la ce d  divers. Even be fo re  the  b leach ing  o c cu r red ,  th e  Maldives w a s  a lready  taking active  s t e p s  to  e n c o u r a g e  tourism 
by prom oting  th e  i s lands  a s  a des t ina t ion  for c o u p le s  on h o n ey m o o n .  This w ould  imply th a t  th e  b leach ing  has ,  a s  yet,  no t  
had  an  effec t  on th e  tourism  industry. However,  a s  a result  o f  th e  in c re a se  in hotel bed  c ap a c i ty  in 1997, a 1 0 %  growth 
in touris t  arrivals for th e  period b e tw ee n  1998 an d  1999 w a s  fo recas t .  If coral b leach ing  w a s  in fac t  th e  c a u s e  o f  the  growth 
ra te  being only 8 % , ra ther  than  1 0% , it cou ld  be  c a lcu la ted  th a t  b leach ing  resu lted  in an  e s t im a te d  financial loss  of  US$ 
3 million.

S o u rc e :  C e s a r  e t a / .  (2000) a n d  W e s tm a c o t t  e t a / .  (2 0 0 0 b )
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In th e  Maldives, w h e re  diving 
¡a a m ajor so u rc e  of incom e 
to  local people ,  th e  touris t  
Industry Is taking a m ajor role 
in a ss is t ing  with reef 
m an ag em en t.

internationally (e.g. Coral Cay Conservation. Frontier. 
Raleigh. Earthwatch, Reef Check). In the Bonaire Marine 
Park. Netherlands Antilles, for example, there are yearly 
visits from  both REEF and CEDAM, and those visits 
form an integral part of the P ark’s monitoring programme 
(see sections on Monitoring and Research and References 
and Resource Materials).

3. Diversifying the tourism industry.
In order to m onitor changes in tourist visitation to reefs, 
regular surveys should be carried out. for example, in 
airport departure lounges where tourists wait for their

flights. Several countries already carry out such surveys 
through the government departm ent responsible for 
tourism. Survey questions can be specific to diving and 
snorkelling and other directly reef-related activities, or 
they can cover broader tourism  activities. M onitoring 
changes in the tourism  market will indicate whether 
marketing of alternative tourism  activities is required to 
maintain the industry. For example, terrestrial based 
tourist activities could be the focus while damaged reefs 
are given a chance to recover; however, care must be 
taken to ensure tha t coastal development for such 
activities does not itself cause additional damage to

Clean, beautiful b e a c h e s  will help  to  maintain tourism  In a re a s  w h e re  reefs  have been  dam ag ed .
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reefs. M uch greater attention may need to be paid to the 
landscape value of an area, clean beaches, clear waters 
for water sports, etc. It may be necessary to seek new or 
alternative dive sites (e.g. with dram atic underwater 
scenery or populations of large fish).

4. Reducing impacts from tourism operations in general.
Where reefs have been bleached and degraded, the 
management of the surrounding tourism  activities is 
essential. The following impacts, among others, should 
therefore be reduced or eliminated (see also sections on 
Other Threats to Reefs, Marine Protected Areas, Fisheries 
and Integrated Coastal Management) :

• Direct contact from  diving and snorkelling (by walking 
on or knocking into the reefs) ; providing inform ation to 
divers and educating them about the potential damage 
they can cause may be sufficient to eliminate damage. In 
addition, offering divers free buoyancy workshops may 
also help to improve their buoyancy control underwater, 
and making glove- wearing illegal also inhibits intentional 
touching of reef organisms.

• Over use of a reef or dive site; relocating dive sites or 
limiting numbers of divers at popular dive sites can reduce 
damage to reef areas that are in the process of recovering.

• Physical damage from boat anchoring; anchoring of 
boats (dive, fishing, pleasure craft, etc.) -  can be managed 
by designating anchorage zones, providing alternatives, 
such as moorings, and enforcing other regulations relating 
to environmentally sound anchoring.

• Near shore contam ination from waste disposal (e.g. 
sewage from  resorts) ; it may be appropriate for coastal 
resorts to treat wastewater on site or to use it in the 
maintenance of their gardens so that excess nutrients will 
be used by the plants.

• Sedimentation and pollution from construction (e.g. 
piers and jetties, harbours and marinas); guidelines are 
available for m any construc tion  and engineering 
activities, and methods have been developed to reduce 
their impact. These can be prom oted and implemented 
by making them conditions of the approval for planning 
or of the Environmental Impact Assessment, through 
legislation and permit systems, and through incentive 
measures.

5. Encouraging tourists to contribute financially to recovery 
and management efforts.
M anaging coral reefs, whether they are healthy or 
recovering from  damage, requires adequate financial 
resources that are often lacking in the countries worst 
affected. The tourism industry, which in many areas is 
dependent on or makes extensive use of coral reefs, 
should contribute to the costs of management. Individual 
divers and tourists can assist through payment of park 
entrance and other fees or by making donations. As 
Box 6 shows, tourists are often willing to contribute

Mooring buoys preven t  d a m a g e  to  reefs  from boa t  anchors .

^  — -

JÜl
W. V\'Jfipi 
fee...

Box 6. Asking divers to pay for reef conservation.

Divers s h o w  co n s id e ra b le 'w i l l in g n e ss  to pay '  for goo d  quali ty reefs. In th e  Maldives,  a su rvey  following th e  b leach ing  ev en t  
o f  1998 sh o w e d  th a t  e a c h  touris t  would  b e  willing to pay  an  additional US$87 on to p  o f  their actual  holiday c o s t  to be  able  
to  visit heal thy  ra ther  than  d e g r a d e d  reefs. S ince  a round  400 ,0 0 0  touris ts  visit the  Maldives a year,  this would  t ran s la te  
to  a total o f  U S $ 1 9 million during 1998 an d  1999 (C esar  e t al. 2000).

Similar su rv ey s  in Zanzibar in 1996 (before th e  bleaching) and  1999 (after th e  bleaching) sh o w e d  a w illingness to 
c o n tr ib u te  to w a rd s  reef  m a n a g e m e n t  o f  US$22 per diver in 1999 c o m p a r e d  to  US$30  in 1996. This c h a n g e  could  b e  re la ted  
to no t  only the  dec l ine  in reef  quali ty (a 2 0 %  d e c r e a s e  in hard coral co v er  from N o v em b er  1997 to  N o v em b er  1998 a t  certain 
s i te s  (M uhando, 1999)), bu t  a lso  to  o ther  fac to rs  su c h  a s  th e  ty p e  o f  tour is t  visiting this country .  The  only d i fference 
b e tw ee n  th e  divers interviewed in 1996  and  1999 w a s  th a t  th e  form er w e re  le s s  e x p e r ien c e d  divers; their in co m e  and  o ther  
so c io -e c o n o m ic  va r iab les  w e re  c o m p a ra b le  which s u g g e s t s  th a t  th e  d ifference  in willingness to  pay  cou ld  be  re la ted  to 
e ither reef  quality a n d /o r  to their level o f  exper ien ce .  In M o m b a sa ,  divers w e re  on  a v e ra g e  willing to c o n tr ib u te  US$43 to 
maintain reef quality, their level o f  e x p e r ien c e  w a s  generally  higher than  th o s e  interviewed in Zanzibar,  and  they  m a d e  
m an y  m o re  dives. T h e s e  fac to rs  cou ld  a c c o u n t  for their willingness to pay  m o re  than  divers in Zanzibar.

S o u rc e :  W e s tm a c o t t  et al. (2 0 0 0 b )
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substantial sums if they are assured that the money will 
be used for reef conservation. The socio-economic profile 
of the visiting tourist, as well as the quality of the reefs 
and other attractions, will be im portant factors when 
assessing how m uch to u ris ts  m ight pay fo r reef 
management activities. Thus, surveys should be carried 
out in each area to determine these factors before user 
fees are introduced.

6. Conveying information to the public through outreach and 
education.
The tourism industry can play an im portant role in 
education and outreach activities. These might include:

• Fact sheets on the “dos and don’ts ” of enjoying coral 
reefs and on the relationship between climate change and 
coral bleaching, which can be included in the information 
packets that hotels provide to their guests.

• Colourful and informative posters that can be sold in 
local tourist shops or park offices.

• Training courses for tourist operators on how to educate 
tourists on reef biology and threats to reefs.

• Free boat tours of MPAs and slide show lectures for 
members of the community, especially those who deal 
extensively with visiting tourists, so that they will feei a 
sense of stewardship toward their reefs and will help to 
educate tourists that they meet.
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Integrated Coastal Management 
and Coral Bleaching

Coral reefs, particularly fringing reefs, are often found close 
to the coast and may lie ju st metres from  the shoreline. Rapid 
population growth and increasing demand for industry, 
tourism, housing, harbours and ports are resulting in 
extensive coastal development. As mentioned earlier, these 
have a major impact on coral reefs and, as with other human 
activities, are likely to impede recovery of reefs that are 
affected by bleaching. The health of adjacent ecosystems, 
such as seagrass beds and mangroves, also has an im portant 
bearing on the health of coral reefs. Furthermore, maintaining 
the aesthetic value of the coast, including clean beaches and 
water, and unspoiled landscapes, will become increasingly 
im portant if coral reefs themselves become less attractive to 
tourists. Addressing these issues will require careful attention

to planning and regulation of coastal development and 
waste disposal, and may best be addressed by integrated 
coastal management (ICM ).

ICM  considers the coastal zone and its associated 
watershed as a single unit and attempts to integrate the 
management of all relevant sectors (Bijlsma etal. 1993; Post 
and Lundin, 1996; Cicin-Sain and Knecht, 1995). Many 
countries have initiated or are implementing ICM programmes 
at local and/or national levels. Belize, for example, has found 
this a particularly useful framework for addressing threats to 
coral reefs (Box 7). In Tanzania (another country where coral 
reefs are vital resources that have also been affected by 
bleaching), a national ICM policy is under development, and 
local site-specific ICM programmes are being implemented to

Box 7. Managing the Belize Barrier Reef through an ICM approach.

Belize h a s  o n e  o f  the  m o s t  e x ten s iv e  reef  e c o s y s t e m s  in th e  W es te rn  H em isphere ,  com pris ing  o n e  of th e  la rges t  barrier 
reefs  in the  world, th ree  atolls and  a c o m p le x  ne tw ork  o f  inshore  reefs. T h e s e  h ave  b e en  a ffec ted  by severa l  o f  the  rece n t  
b leach ing  e v e n ts  a lthough ,  in genera l,  th e  coun try  benefi ts  from s o m e  of th e  m o s t  heal thy  reefs  in th e  C ar ibbean .  The G rea t  
Barrier R eef  Marine Park  in Australia  w a s  v iew ed  a s  a potential m odel  for m a n a g e m e n t  o f  th e  c o u n try 's  reefs  and 
a s s o c i a t e d  e c o s y s t e m s .  However,  the  n e e d  for m a n a g e m e n t  o f  la n d -b a se d  activit ies w a s  r e co g n ise d  a s  fundam en ta l ,  and 
th e  ICM a p p ro a c h  w a s  a d o p te d  a s  a genera l  framework.

The  ICM p ro g ram m e  h a s  b e en  u n d e rw ay  s in c e  1990, and  an institutional s t ru c tu re  h a s  b e en  e s tab l i sh e d  to co -o rd in a te  
m a n a g e m e n t  activit ies in th e  co as ta l  zone .  M e a su re s  laid o u t  u n d e r  th e  national C oas ta l  Z o n e  M a n a g e m e n t  Plan a re  of 
direc t  benefit  to  reefs  and  include: a zoning s c h e m e  for the  co as ta l  zone ,  incorpora ting  MPAs; fisheries m a n a g e m e n t  
m ea su re s ;  a national m ooring buoy  p rogram m e;  legislation an d  policy guidelines; polic ies to  a d d r e s s  o ffshore  industr ies  
and  shipping; re se a rc h  and  monitoring p ro g ram m es ;  e d u ca t io n  and  public  a w a r e n e s s  c a m p a ig n s ;  m e a s u r e s  for 
c o m m u n i ty  participation; and  a financial sus ta inability  m ech an ism .

S o u rc e :  G ib s o n  etal. 1 9 9 8

Replanting m angroves  c an  build up th e  c o a s t ' s  natural p ro tec tion  ag a in s t  e ros ion  and  re d u ce  sed im en ta t io n  on to  nearby  
reefs  a s  s e e n  here  in Mauritius.
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In tegra ted  co as ta l  m an a g em e n t  Involves careful planning and zoning of co n s tru c t io n  and o th e r  activit ies, su c h  a s  the  
location  of j e t t ie s  to  avoid erosion.

test planning and co-ordination mechanisms on the ground 
(Francis etal. 2000). The states of the Western Indian Ocean 
have show n p a rticu la r  po litica l com m itm ent to  the 
establishment of ICM  programmes through a number of 
Ministerial level meetings (Lindén and Lundin, 1997).

This booklet has covered MPAs. fisheries and tourism  in 
separate sections, all of which are vitally im portant elements 
of a successful ICM  programme. Other issues include:
• Land-based sources of pollution.
• Construction and other activities in coastal areas and 

along watersheds.
• Agriculture, forestry and other land-use practices in 

coastal areas and along watersheds.
• Offshore mining and oil and gas industries.
• Activities related to vessels and all forms of shipping.

It is not possible here to discuss every issue that an effective 
ICM  programme should address, but it is valuable to note 
th a t they are all im portan t for successful coral reef

Expensive s e a  d e fen c e  s t ru c tu re s  a re  frequently  used  to 
p revent  e rosion , but prom oting th e  recovery  of reefs  a s  
natural b re ak w a te rs  may be a b e t te r  long-term stra tegy.
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management and to create the conditions that will maximise 
recovery of damaged reef ecosystems.

Management actions

The primary need is to continue the development and 
implementation of ICM  policies and programmes at both 
national and local levels. Successful ICM requires recognition 
of the principles of: stakeholder participation and promotion 
of co-operation among user groups: the precautionary 
principle: and monitoring and evaluation of management 
interventions to ensure that these are adapted in response to 
changes in ecosystem health (this is particularly im portant in 
the case of vulnerable ecosystems such as coral reefs).

Guidance on ICM  is available from  many sources (e.g. 
Clark. 1996: Post and Lundin, 1996: Ehler et al. 1997: 
Hatziolos. 1997: Cicin-Sain and Knetch, 1998: W W F/IUCN, 
1998). ICM  policies and programmes, however, need to pay 
greater attention to creating conditions for reef recovery and 
to maintenance of the health of those reefs that are as yet 
undam aged . T herefo re , the fo llow ing  ac tions need 
emphasising:
1. Establishment of MPA systems within an ICM framework

that take into account what is known about the inter­
connectedness. vulnerability and resilience of different 
coral reefs.

2. Implementation of measures to promote sustainable 
fisheries management and integration of these within the 
overall economic development of coastal regions.

3. Development and implementation of planning tools, 
guidelines, legislation, incentive measures and other 
m echanism s to  p ro m o te  env iro n m en ta lly  sound  
construction and other forms of land-use and coastal 
development.

4. Regulation of land-based sources of pollution. Pollution 
of this nature has to be addressed at international, 
regional, national and local levels, and many initiatives 
are underway. Reef managers and policy-makers can 
help to promote new technologies and endorse innovative 
methods for sound waste disposal, such as the use of 
wetlands to filter out nutrient-rich wastes, and ‘dry’ or 
composting toilets.

5. Management of shipping and other vessels to reduce damage 
to reefs and associated ecosystems from groundings, 
anchoring, spills and waste disposal. As with land based 
sources of pollution, this is a topic that cannot be covered
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in full here, and managers and decision makers are 
referred to the sources of inform ation given at the end of 
this booklet. A good legal framework for regulation of 
commercial shipping now exists, as a result of the efforts 
of the International M aritime Organisation. However, 
not all countries have the domestic legislation, resources 
or capacity to develop and implement the necessary 
measures. These include contingency and rapid response 
planning for oil spills, regulations on dumping, provision 
of port facilities for waste disposal, appropriate routing 
and navigation schemes or the designation of vulnerable 
areas (such as coral reefs) with special regulations for 
shipping (e.g. Particularly Sensitive Sea Areas, orPSSAs). 
Regulation of the activities of smaller vessels is also 
essential. M anagers should promote the establishment 
of mooring buoys, development of codes of conduct for 
boat operators and training of boat operators in safety 
and environmentally sound operational practices.

6. Protection of the coastline from erosion. Coastal erosion 
may increase if reefs, which previously provided protection 
from waves and storms, are damaged. Erosion of several 
metres of beach has been reported in some areas of the 
Seychelles where reefs were affected by bleaching (Souter 
etal. 1999). This may lead to the introduction of expensive 
engineering solutions that will not always stop the erosion. 
Allowing the land to adapt to the changes through natural 
processes (‘soft’ engineering) may be a better approach, as 
well as promoting the recovery of damaged reefs (see 
section on Restoration Techniques) to recreate their natural 
breakwater function.

Sedim en ta t ion  can  be red u ced  during ha rb o u r  c ons truc t ion  
by using reve tm en ts ,  a s  here  in the  Maldives.
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Restoration Techniques
Restoration techniques can be used to aid and speed recovery 
of damaged reefs by enhancing or supplementing natural 
processes of resilience. However, it is essential to look at the 
scale involved when considering whether to restore reefs 
affected by bleaching mortality. M any rehabilitation efforts 
have not proved effective or feasible on a large scale (km2) . 
either economically or ecologically. There is also little point 
in carrying out costly restoration if the damaging impacts 
are present. Furtherm ore, natural recovery processes may 
already be at work and may be interrupted by restoration 
activities, which in such cases would be more harmful than 
beneficial. Very careful assessment must therefore be made 
to determine whether active intervention is advantageous. 
N atural recovery in many instances may be better than risky, 
costly ‘cures’.

Thus far. m ost active coral reef resto ra tio n  and 
rehabilitation techniques (e.g. those described below) have 
been attem pted only in localised areas and on a very small 
scale (less than 100 m2). Such methods are unlikely to alter 
more than a tiny area of reef and will have minimal overall 
impact on reefs, even in small countries. They, however, may 
have value in sites such as small ‘coral gardens’ that have 
very high value in terms of tourist visitation.

A number of different approaches are being researched 
at present:

Removing stresses
This should always be the first priority, as it will encourage 
n a tu ra l recovery processes. M ethods fo r im proving 
conditions for coral growth through the removal of existing 
and potential stresses that inhibit the settlement, survivorship 
and growth of corals are described in earlier sections.

Increasing available substrate for larval settlement
Although after a bleaching event, dead coral provides a 
surface for larval settlement, the availability of suitable 
substrate can rapidly decrease due to algal overgrowth. For 
this reason, it is im portant that land based sources of 
pollution causing nutrient enrichment are minimised and 
algae-eating fish populations are maintained. Increasing 
available substrate for larval settlement is only necessary 
once the reef structure has been degraded. Solutions for 
increasing substrate availability range from  simple to 
complex, and from cheap to expensive. M ost of these are still 
being studied:

• Various researchers are testing the practice of placing 
artificial substrates on the seabed, such as concrete 
blocks (Clark and Edwards (1999) -  see Box 8). wrecks 
(Wilhelminson etal. 1998) or other structures (Rilovand 
Benayahu, 1998: ReefBall, 2000). Such artificial reefs 
may have an additional benefit of providing a refuge for 
reef fish (Whitmarsh, 1997). Care should be taken to 
avoid any pollution or further damage to the surrounding 
environment as a result of the materials selected or the 
design of the structure. For example, scrap metal or 
other junk  should not be used, even though it may 
appear to be an easy waste disposal solution (van Treek 
and Schuhmacher. 2000). The cost of installing artificial 
reefs or large areas of artificial substrate is likely to be 
prohibitive for large expanses of degraded reef.

• Consideration is being given to stabilising or removing 
loose substrate material (such as coral fragments) and 
removing algae (M cClanahan et al. 1999) and other 
organisms that might inhibit larval settlement or damage 
young recruits.

• The use of electrolysis to deposit a calcium-based material 
on to an artificial surface is at a very experimental stage. 
Electrical currents cause calcium and magnesium minerals 
to precipitate from  the seawater onto a conductive 
material, such as chicken wire. The resulting framework 
consists mainly of calcium carbonate, and is similar to 
reef limestone (Hilbertz et al. 1977). Proponents are 
testing this for natural settlement of coral larvae and for 
transplantation of corals (see below) (e.g. Hilbertz. 1981: 
van Treeck and Schuhmacher. 1998, 1999: Schillak and 
Meyer. 1999: Meyer and Shillak, 1999). This technology 
may be applicable on a small scale to stimulate coral 
growth on small patches of reef but because of the high 
initial costs involved, it may not be feasible on a large 
scale.

Transplanting corals from one area to another
Corals can be removed from a reef and transplanted, either to 
natural substrate on a damaged reef (Lindahl. 1998), or to 
artificial substrates such as concrete blocks (Clark and 
Edwards. 1999). This tends to be an expensive method (unless 
volunteer labour is readily available for the transplantation 
work) and often has a low success rate, as transplanted corals 
tend to be more vulnerable to stress (see Edwards and Clark. 
2000). The source of corals for transplantation must also be

Box 8. Reef Rehabilitation in the Maldives.

Cora ls  h ave  b e en  a major s o u r c e  of co n s tru c t io n  m ateria ls  in th e  Maldives for m an y  years ,  a n d  reefs  a d ja c e n t  to  th e  capital,  
Male, have  b e en  virtually d e n u d e d .  In an experim en ta l  s tudy ,  c o n c r e te  b locks  w e re  p laced  on t h e s e  d a m a g e d  reefs  to 
e v a lu a te  different re s to ra t ion  tech n iq u es .

Natural recovery  p r o c e s s e s  w e re  rem arkab ly  efficient. Within six m o n th s ,  coral larvae h ad  se t t led  on  th e  b locks  and  
within o n e  year,  densi t ie s  of  31 recruits  per  m 2 w e re  reco rd ed .  Cora ls  w e re  a lso  t ran sp la n ted  o n to  the  b locks  from n earby  
reefs,  bu t  this resu lted  in c o n s id e ra b le  mortality, with survivorship only a b o u t  5 0 %  after two years .  It a p p e a r e d  th a t  w h e re  
su i tab le  s u r fa c e s  for s e t t l e m e n t  w e re  available an d  w a te r  quality w a s  co n d u c iv e  to  coral growth, natural recru i tm en t  could  
result  in subs tan t ia l  res to rat ion  of th e  reef  within 3 - 4  y e a r s  — w ithou t  th e  n e e d  for t ransp lan ta t ion .

S o u rc e :  C la rk  a n d  E d w a rd s  (1999)
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Coral farm on Olango Island, 
Philippines: th e  small  
e n c lo su re s  sh e l te r  the  
tran sp la n ted  coral fragm ents .

W omen from th e  local village 
p rep are  coral f rag m en ts  for 
t ransp lan t ing  Into enc losu re s .

Box 9. Coral farming in the Philippines.

In 1997, a lo w -co s t  coral farm with th e  primary aim o f  reef  rehabili tation w a s  s e t  up  with th e  a s s i s t a n c e  o f  the  village p eo p le  
in B a ran g ay  Caw-oy ,  O lango  Island, C eb u ,  Philippines. Six t h o u sa n d  f rag m e n ts  w e re  c u t  from c o ra ls  on  n ea rb y  reefs  and 
t r a n sp la n ted  to  a reef  with low coral cover.  After 4 m on th s ,  8 7 %  of th e  coral f rag m e n ts  h ad  survived, and  fish popu la t ions  
on  the  farm a re  rep o rted  to h ave  in c reased .  The farm is a lso  providing a livelihood to local p e o p le  th rough  the  sa le  o f  coral 
co lon ies  for rehabili tation of d a m a g e d  reefs  in o th e r  a r e a s  of the  Philippines. The  profits a re  u se d  for c o m m u n ity  p ro jec ts  
su c h  a s  sch o la rsh ip s ,  first aid ro o m s  a n d  s t r e e t  lighting.

The  c o s t  of  rehabili tating o n e  h e c ta re  o f  reef, u sing 2 f rag m e n ts  p e r s q u a r e - m e t r e  (12 .5%  cover) w a s  US$ 2,100. Since,  
th e  potential  r e v en u e  from o n e  h e c ta re  of a heal thy  reef  in the  Philippines h a s  conserva tive ly  b e en  e s t im a te d  a t  US$ 319 
- 1 , 1 1 3 a  y e ar  (White and  Cruz-Trinidad, 1998), using  this m e th o d ,  reef  rehabili tation would  be  potentially e conom ica lly  
viable after a few years .  This w ould  b e  especia l ly  t rue  if local f ishe rm en find be tte r  livelihood a lte rna t ives in coral farming 
and  shift  from d e s tru c t iv e  fishing tech n iq u es .

S o u rc e :  H e e g e r  e t a / .  (1 9 9 9 , 2 0 0 0 )
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chosen with care, to avoid damage to other reefs. The best 
source is probably those reefs that are certain to suffer major 
damage in the future from dredging, land reclamation, effluent 
discharge or activities that cannot be stopped or for which 
there is no mitigation.

Farming corals
Several attem pts have been made to farm corals, mainly in 
Southeast Asia (see Box 9) (Franklin etal. 1998). Unlike 
straight coral transplantation, in the case of ‘coral farm s’, 
the fragments are transplanted to a protected site and ‘grown 
ou t’ to a certain size before being used for other purposes. 
Successful coral farms could provide a source of corals for 
rehabilitating damaged reefs and could be used as underwater 
a ttra c tio n s  fo r sno rkellers  (A lcock, 1999). F u rth e r  
investigation into coral farming is required to reduce costs 
and increase success rates. Studies in Australia have shown 
that m ortality rates may be as low as 2-5% and that the 
removal of up to 50% of the biomass of a ‘donor’ coral 
colony may have no effect on its growth (Alcock, 1999).

Management actions

Since active reef restoration is generally expensive and not 
always successful, m anagers must assess the situation 
carefully before initiating such a programme and consider a 
number of factors:
1. W hat are the objectives of the restoration project? Are 

the reefs being restored for biodiversity conservation,

tourism, fishing, protection from coastal erosion or 
purely for research? The objectives will help to determine 
the methods to be used.

2. W hat is the scale of the restoration project? Is the 
degraded area a specific location (i.e. anchor scar or boat 
grounding), a section of the reef or an entire reef complex? 
If the degraded area is large (e.g. following a major 
bleaching event), careful thought must be given as to 
where restoration efforts should be directed in terms of 
current patterns (encouraging downstream coral seeding 
but avoiding upstream sources of pollution) and exposure 
to potentially damaging wave action, sources of pollution 
and turbidity.

3. Once the objectives and scale have been considered, the 
cost of the project needs to be evaluated, taking into 
account the most effective use of any available funds (see 
Spurgeon (1998) for more details).

4. W hat is the success rate of the method being proposed? 
Which method will be most cost-effective at the site? It is 
im portant that the m ethod selected does not cause 
additional injury to the reef.

5. W hat will be the long-term viability of the programme? 
To ensure some measure of success, the project should 
continue long enough for the restoration progress to be 
monitored.

6. Is there scope for the local community and reef users to
become involved? Active participation by those whose 
livelihoods are linked to the reefs will increase the chances 
of success (see Box 9).
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Monitoring and Research

Monitoring

A well-designed monitoring programme is a very im portant 
tool for tracking changes on bleached reefs and for monitoring 
the general condition of those still unaffected. M onitoring 
should start simply, be adaptive and flexible, and be designed 
to meet management goals. Local organisations, universities 
and non-governmental organisations (NGOs) can carry out 
some of the best monitoring. These groups have the flexibility 
to design their monitoring programmes within their own 
capacity and are able to work with local people, which is an 
im portant factor in determining the long-term sustainability 
of monitoring programmes. There are also now a number of 
regional and global reef monitoring programmes available 
with accompanying guidelines, handbooks and training 
activities. Reef managers can also access some of the global 
temperature monitoring programmes, such as that underway 
through NOAA. The two principal global programmes both 
pay particular attention to bleaching:

• Global Coral Reef Monitoring Network (GCRMN)
T he G C R M N  focuses on  governm en t level (or 
professional) monitoring. Once fully in place, the global 
network will consist of fifteen independent regional 
networks, or sub-nodes, in six regions around the world.
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Via these regional networks, the G CR M N  promotes 
sound scientific methods for monitoring and assists with 
the provision of training. For example, two nodes have 
been established in the Indian Ocean -  one in Sri Lanka, 
servicing the countries o f South Asia, and one in 
M auritius, covering the island nations of the Western 
Indian Ocean. The data collected are stored in regional 
databases and used in national reports on reef status. 
The national results are collated into Status o f the Reefs 
reports that will be published every two years: the first 
status report was produced in 1998 (Wilkinson. 1998). 
G C R M N  is currently developing a manual for assessing 
socio-economic parameters relevant to coral reefs, which 
will be very useful in the context of coral bleaching.

• Reef Check
Reef Check is a protocol for rapid assessment of reefs, 
and is specifically designed for non-professionals and 
volunteers. Initiated in 1997, it is carried out annually on 
a worldwide basis and now involves a large pool of 
enthusiastic volunteer SCUBA divers and free divers in 
over 40 countries. A network of regional, national and 
local co-ordinators match up teams of experienced 
recreational divers with professional marine scientists. 
The scientists are responsible for training, leading the 
surveys and ensuring accurate data collection. The Reef 
Check methods employ carefully selected indicator 
organisms based on those advocated by the GCRM N. 
The methodology can be learned in one day and involves 
a strict quality control system. Thus. Reef Check 
represents the ‘community-based’ monitoring protocol 
of the GCRM N. Further inform ation is available in 
Hodgson (1999, 2000) and on the Reef Check website 
(see References and Resource Materials section).

There are a number of key issues to consider when developing 
a monitoring programme in relation to bleaching or other 
serious damage on reefs:
1. W hat regional or national monitoring programmes are 

available in the area? These should be contacted through 
web sites or directly th rough  the program m e co­
ord inators (see References and Resource Materials 
section). Reef Check’s methods are available on their 
web site, and G CR M N  outlines its protocol online. Both 
may be able to facilitate funding or initial support. Other 
organisations or programmes in a region may also be 
able to provide assistance.

2. W hat are the objectives of the monitoring programme? 
These should be clearly defined, as they will influence the 
methods selected. The methods themselves should be 
simple, but flexible and adaptive, so that as resources 
become available, more detailed inform ation can be 
collected, or more sophisticated methods used.
The first step should be a rapid assessment of the bleached 
or damaged area, the results o f which can then be 
compared to any available pre-impact data.
Biological, physical and socio-economic data should be 
collected, so that recovery can be related to the broader 
environm ental and social context. Biological data 
describe ecosystem health and might include coral cover 
and diversity, fish abundance and seagrass density.

Coral cover  being a s s e s s e d  
af te r  b leaching using a line 

t ran sec t .
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m Left: New coral growth, 
o su c h  a s  recruits ,  being 
£ m e a su re d  with a quadrat .
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P hysica l d a ta  sh o u ld  inc lude  m easu rem en ts  of 
temperature, turbidity, sedimentation and nutrients. 
Socio-economic data include a wide range of parameters, 
such as number of fishermen and catch, visitation levels 
and diver numbers, income levels, employment rates and 
sewage disposal. Particular care must be taken in selecting 
m ethods for socio-econom ic m onitoring, and it is 
im portant to seek advice on this im portant component 
of a monitoring programme.

5. The monitoring methods selected must suit the available 
financial and human resources and must not require 
skills beyond the capacity of the available personnel. A 
simplified level of monitoring that is reliable and accurate 
is better than  either no m onitoring or a complex 
programme that exceeds the organisation’s capacity and 
results in unreliable data. In most cases, highly trained 
personnel are n o t necessary to  collect the basic 
inform ation needed to track changes due to bleaching.

6. The selection of monitoring sites must take into account 
the management strategies being used in protected and 
non protected areas, and whether such sites should be on 
so-called source and sink reefs.

7. Adequate time must be allowed in work programmes for 
both the data collection and data analysis. The data 
collected should be com pared with any previously 
collected data, and should be contributed to regional 
and global monitoring programmes as appropriate.

In many countries, lack of capacity within a management 
agency is a major constraint to setting up m onitoring 
programmes. Several of the global and regional programmes 
organise training courses as required and may be able to 
provide funding. Reef managers should nevertheless look at 
other ways of acquiring the same information. These might 
include:
• Recruiting people from  local communities, such as 

fishermen and dive operators. F or example, the NGO 
Reef Care in the Netherlands Antilles has used local 
communities to m onitor the spread of a sea squirt 
( Trididemnum solidum), a pest on the reefs of Curaçao 
and Bonaire (van Veghel, 1993, Bak etal. 1996).

• Using volunteers, either trained scientists or recreational 
divers: these can provide additional monitoring capacity 
at very low cost, although the latter may not be able to 
provide the same level of accuracy, reliability and detail 
as the former. Careful selection of volunteers and of the 
m ethods they are to use is essential (Wells, 1995).

Volunteer programmes are better than no monitoring at 
all, and when carefully designed and tested, they can 
provide managers with reliable and accurate data for 
effective management. Examples include Coral Cay 
Conservation (Mumby etal. 1996), Frontier (Darwall 
and Dulvey, 1996), and REEF (Schmitt and Sullivan,
1996) (see References and Resource Materials section for 
contact details).

Research

We still have much to learn about the coral bleaching 
phenomenon and its potential impacts on both coral reefs 
and the people who depend on them. Reef managers and 
policy makers can encourage scientists, marine laboratories, 
non-governmental organisations and government agencies 
to perform studies that address gaps in our knowledge of 
coral bleaching. In order to predict (and mitigate) the 
im pacts o f co ra l b leach ing , we will need a b e tte r  
understanding of:
• The biology of coral bleaching, including the physiology 

of the coral/zooxanthellae symbiosis and how it is 
disrupted when bleaching occurs.

• The genetic factors that may determine the vulnerability 
of certain species of corals and zooxanthellae to bleaching.

• The spatial and temporal patterns of bleaching, and the 
climatological and oceanographic factors that determine 
such patterns.

• The potential for recovery of corals and coral reef 
ecosystems after bleaching.

• The role of coral reefs as a critical habitat for a variety of 
marine species and natural resources.

• The current status of coral reef health and other threats 
to coral reefs.

• The socio-economic implications of coral bleaching for 
human communities that depend on their coral reefs for 
a variety of natural services.

As with all research, bleaching-related work should be 
carefully planned to maximise scarce resources and to use 
methods appropriate to the objectives of the study. When 
possible, research program m es should be designed in 
collaboration with reef managers and other stakeholders, 
and local and national expertise should be used. Regional 
research programmes may be able to provide financial and 
technical assistance.
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Addressing Global Climate Change -  
the Ultimate Challenge

The suggestions made in this booklet will help managers to 
prepare for bleaching events or aid reef recovery after 
bleaching and other impacts have occurred; however, the 
problem of coral bleaching will become increasingly severe 
if accelerated global warming continues. According to the 
Intergovernmental Panel on Climate Change (IPCC). average 
SSTs in the tropics are expected to increase by about 1-2°C 
over the next 100 years (Watson etal. 1996). The bleaching 
event of 1998 has already shown that coral reef conservation 
can no longer be achieved without consideration of the 
global climate system.

In 1998, the 4th Conference of the Parties to  the 
Convention on Biological Diversity (CBD) expressed its 
deep concern at the extensive and severe coral bleaching 
event and its possible relationship to global climate change. 
In response, the Executive Secretary of the CBD convened 
an Expert Consultation on Coral Bleaching in October 1999. 
The Experts produced a report and a set of recommendations 
on priority areas for action. This report was presented to the 
CB D ’s Subsidiary Body on Scientific, Technical and 
Technological Advice (SBSTTA-5), which further expanded 
on the proposed actions. The SBSTTA then forwarded their 
suggestions to the 5th Conference of the Parties to the CBD 
(COP-5), which (in M ay 2000) endorsed the E xpert’s 
recommendations and passed a decision to:
• Integrate coral reefs into the marine and coastal living 

resources element of their programme of work.
• Urge Parties, other Governments, and relevant bodies to 

develop case studies on coral bleaching and to implement 
response measures including research programmes, 
capac ity  bu ild ing , com m unity  p a rtic ip a tio n  and 
education.

• Implement a specific work plan on coral reef conservation 
in cooperation with organisations such as the United 
N ations Framework Convention on Climate Change 
(UNFCCC), the Intergovernmental Panel on Climate 
Change (IPCC), the International Coral Reef Initiative 
(ICRI), and the Global Coral Reef M onitoring Network 
(GCRMN) and other international bodies.

• Urge the U NFCCC to take all possible actions to reduce 
the effect of climate change and to address the socio­
economic impacts on the countries most affected by 
coral bleaching.

There is a clear link between the coral bleaching issue and the 
stated objectives of the UNFCCC. Article 2 of the UNFCCC

Healthy and d iverse  reef in the  Turks and Caicos,
Caribbean.

explicitly acknowledges the importance of natural ecosystems 
and urges Parties to address climate change in a manner that 
will “ allow ecosystems to adapt naturally to climate change ”. 
T hrough a resolution  in O ctober 1999, IC R I further 
encouraged the U NFCCC to address the coral bleaching 
phenomenon. In November 2000, the U NFCCC Conference 
of the Parties (COP-6) will consider actions to deal with the 
adverse effects of climate change, to facilitate transfer of 
technologies, and to develop capacity building programmes.

A concerted effort is needed to ensure that progress in 
these areas continues. Addressing global climate change 
requires national and individual commitments to altering 
current life styles that have led to worldwide changes. As 
members of the global community, we must speak out loudly 
in support of international efforts to reduce harmful emissions 
of greenhouse gases. Coral reef managers and scientists 
should submit frequent reports on coral bleaching to their 
local policymakers and to their Convention delegates, 
expressing ongoing concern for the effects of climate change 
on coral reefs and other ecosystems, and calling for continued 
attention to the problem in international forums.
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CED AM: www.cedam.org
Convention on Biological Diversity: www.biodiv.org/jm.html 
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Wild Fauna and Flora (CITES): www.cites.org 
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Coral Reef Degradation in the Indian Ocean (CORDIO) : 
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Earthwatch: www.earthwatch.org 
Frontier: www.frontierprojects.ac.uk 
Global Coral Reef Monitoring Network (GCRMN): 

www.coral.noaa.gov/gcrmn 
ICM Bibliography by Island Resources Foundation: 

www.irf.org/irczrefs.html 
ICM websites collected by Newcastle University: 

www. ncl .ae. uk/tcmweb/tcm/ czmlinks. htm 
International Coral Reef Initiative (ICRI): 

www. environnement. gouv. fr/icri 
International Maritime Organisation (IMO): www.imo.org 
Jakarta Mandate on Marine and Coastal Biological Diversity: 

www.biodiv.org/jm.html 
Ocean hot spots: www.psbsgil.nesdis.noaa.gov:8080/PSB/EPS/ 

SST/climohot.html 
Raleigh International: www.raleigh.org.uk 
Reef Base: www.cgiar.org/iclarm/resprg/reefbase/framet 
Reef Check: www.reefcheck.org
REEF: Reef Environmental Education Foundation: www.reef.org 
Reef Keeper International: www.reefkeeper.org/
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Useful Contacts and Addresses

CORDIO (Coral Reef Degradation in the Indian Ocean)
Contact person: Dr. Olof Lindén 
Timmermon,
61060 Tystberga, Sweden 
Tel: + 46 156 31077 
F ax :+ 46 156 31087 
olof.linden@cordio.org 
www.cordio.org

Coral Reef Alliance (CORAL)
2014 Shattuck Avenue,
Berkeley, CA 94704-1117 U.S.A.
Tel: +1 510 848-0110 
Fax: +1 510 848-3720 
Toll-free: 1-888-CORAL REEF 
info@coral.org 
www.coral.org

IUCN Eastern African Regional Office
Contact person: Sue Wells 
P.O. Box 68200,
Nairobi, Kenya 
Tel: +254 2 890605 
F ax :+254 2 890615 
smw@iucnearo.org 
www.iucn.org

IUCN Washington
Contact person: John Waugh
1630 Connecticut Ave., N.W. -  Third Floor,
Washington, D.C. 20009, U.S.A.
Tel: +1 202 387 4826 
F ax :+1 202 387 4823 
j waugh @ iucnus. org 
www.iucnus.org

The Secretariat of the Convention on Biological Diversity
World Trade Center
393 St Jacques Street, Office 300,
Montreal, Quebec, Canada F12Y 1N9 
Tel: +1 514 288 2220 
Fax: +1 514 288 6588 
secretariat@biodiv.org 
www.biodiv.org

Secretariat for Eastern African Coastal Area Management 
(SEACAM)
874, Av. Amilcar Cabral, 1st floor,
Caixa Postal 4220,
Maputo, Mozambique 
Tel: +258 1 300641/2 
Fax: +258 1 300638 
seacam@ virconn. com 
www. seacam. mz

U.S. Agency for International Development (USAID)
Ronald Reagan Building 
Washington, D.C. 20523-0016, U.S.A.
Tel: 202-712-4810 
Fax: 202-216-3524 
pinquiries@usaid.gov 
www.usaid.gov

World Bank CORDIO programme
contact person: Indu Flewawasam 
Environment Group -  Africa Region,
The World Bank,
1818 H Street,
N.W. Washington D.C. 20433, U.S.A.
Tel: 1 202 473 5559 
Fax: 1 202 473 8185 
ihewawasam@worldbank.org 
www.worldbank.org

World Conservation Monitoring Centre
219 Fhrntingdon Road,
Cambridge CB3 ODL, U.K.
Tel: +44 1223 277314 
Fax: +44 1223 277136 
www.wcmc.org.uk

World Wide Fund for Nature (WWF)
WWF International,
Ave du Mont Blanc,
CFl 1196 Gland, Switzerland 
Tel: +41 22 364 9111 
F ax :+ 41 22 364 5358 
www.panda.org
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