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Backgr ound
In section Il of its decision IV/5, on coral reefs, the Conference of

the Parties to the Convention on Biological Diversity requested its Subsidiary
Body on Scientific, Technical and Technol ogi cal Advice (SBSTTA) to anal yse the
cor al - bl eachi ng phenonenon, the potentially severe |oss of biologica

di versity and consequent soci o-econonmic inpacts. On this basis, in order to
assi st the work of SBSTTA on the topic at its fifth nmeeting, to be held in
Montreal from 31 January to 4 February 2000, the Executive Secretary of the
Convention convened an Expert Consultation on Coral Bleaching. The

Consul tation took place at the headquarters of the International Center for

Li vi ng Aquatic Resources Managenent (I CLARM in Manila, Philippines, from1l
to 13 Cctober 1999.

Part | of the present docunent contains the conclusions and
recomendati ons of the Expert Consultation on priority areas for action on the
i ssue of coral bleaching, and part Il contains the report of the neeting.
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. CONCLUSI ONS AND RECOMMENDATI ONS ON PRI ORI TY AREAS FOR ACTI ON

A | nf or mat i on- gat heri ng

| ssue: Qur ability to adequately project, and thus mtigate, the inpacts of
gl obal warming on coral reef ecosystens and the human communities whi ch depend
upon coral reef services is limted by the paucity of information on

(a) The taxonom c, genetic, physiological, spatial, and tenpora
factors governing the response of corals, zooxanthellae, the coral-
zooxant hel | ae system and ot her coral -reef-associ ated species to increases in
sea surface tenperature;

(b) The role of coral reefs as critical habitat for narine species and
natural resources for human comuniti es;

(c) The current status of coral-reef health and threats to cora
reefs; and

(d) The potential capacity of recovery 1/ of corals and resilience of
the ecosystem after mass nortality.

Response:

(a) | mpl enent and coordi nate targeted research programes, including
predi ctive nodelling, that investigate: (1) the tolerance linits and
adaptation capacity of coral-reef species to acute and chronic increases in
sea surface tenperature; (2) the relationship anmong |arge-scale cora
bl eachi ng events, global warnming, and the nore |ocalized threats that already
pl ace reefs at risk; and (3) the frequency and extent of coral bleaching and
nortality events, as well as their inpacts on ecol ogical, social and econonic
syst ens.

(b) Inplenment and coordinate baseline assessnents, |ong-term
nonitoring, and rapid response teans to neasure the biological and
net eor ol ogi cal variables relevant to coral bleaching, nortality and recovery,
as well as the socio-econoni c paraneters associated with coral reef services.
To this end, support and expand the d obal Coral Reef Monitoring Network
(GCRWN) and regional networks, and data repository and di ssem nation systens
i ncl udi ng ReefBase - the G obal Coral Reef Database. Also, the current
conbi ned Swedi sh I nternational Devel opnent Agency (S| DA)/ Swedi sh Agency for
Research and Cooperation (SAREC) and Worl d Bank programme on coral -reef
degradation in the Indian Ccean (CORDIO), as a response to the 1998 coral -
bl eachi ng event, could be used as an exanpl e.

(c) Develop a rapid response capability to docunent coral bleaching
and nortality in devel oping countries and renote areas. This would involve
the establishnent of training programes, survey protocols, availability of
expert advice, and the establishment of a contingency fund or rapid rel ease of
speci al project funding.

1/ Recovery is the return of a coral colony to a state of health, including a
synbiotic relationship with zooxanthellae, after the health and/or synbiotic
rel ati onship has been disrupted by a stress or perturbation. Recovery may involve a
change in the genetic conposition of species of the zooxanthellae. Resilience is
the return of a coral reef ecosystemto a state in which living, reef-building
corals play a prominent functional role, after this role has been disrupted by a
stress or perturbation. A shift toward high domi nance by frondose al gae acconpani ed
by a reduction in the functional role of coral would indicate a situation of |ow
resilience.
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(d) Encourage and support countries in the devel opnent and
di ssem nation of status-of-the-reefs reports and case studies on the
occurrence and inpacts of coral bleaching.

| ssue: The renmoteness of many coral reefs and the paucity of funding and
personnel to support on-site assessnments of coral reefs require that renote-
sensi ng technol ogi es are devel oped and applied in the evaluation of coral-
bl eachi ng events.

Response: Extend the use of early-warning systems for coral bleaching by:

(a) Enhanci ng current National Cceani c and At nospheric
Admi ni stration (NOAA) advanced very high resolution radi oneter (AVHRR)
"hot spot" mapping by increasing resolution in targeted areas and carry out
ground-truth validation exercises;

(b) Encour agi ng space agencies and private entities to maintain
depl oynent of relevant sensors and to initiate design and depl oyment of
speci al i zed technol ogy for shall ow oceans nonitoring; and

(c) Maki ng the products of renote sensing readily accessible to
coral reef scientists and nmanagers worldwide with a view to those scientists
and managers that are based in devel oping countries.

B. Capacity-building

| ssue: There is a substantial |ack of trained personnel to investigate the
causes and consequences of coral -bl eaching events.

Response: Support the training of and career opportunities for marine
taxononi sts, ecol ogi sts, and nenbers of other relevant disciplines,
particularly at the national and regional |evel.

| ssue: Coral bleaching is a conplex phenonenon. Understanding the causes and
consequences of coral bleaching events requires the know edge, skills, and
technol ogi es of a wide variety of disciplines. Any action ai med at addressing
the i ssue should bear in mnd the ecosystem approach, incorporating both the
ecol ogi cal and soci etal aspects of the problem

Response: Encourage and support nultidisciplinary approaches to coral reef
research, nonitoring, socio-econoncs and managenent.

| ssue: Public awareness and education are required to build support for
ef fective research, nonitoring, and nmanagenent programes, as well as policy
nmeasur es.

Response: Buil d stakehol der partnerships, conmunity-participation programes,
and public-education canpai gns and i nformation products that address the
causes and consequences of coral bl eaching.

C. Policy devel opnent/inpl enentation

| ssue: Nearly 60 per cent of the world' s coral reefs are threatened by

| ocal i zed, human activities which have the potential to exacerbate the inpacts
of coral -bl eaching events. Evaluations of the 1998 coral - bl eachi ng events
suggest that marine protected areas al one may not provi de adequate protection
for at | east some corals and ot her reef-associated speci es as sea-surface
tenperatures rise.
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Response: Use existing policy frameworks to inplenment the nultiple
conservation neasures outlined in the ICRI Renewed Call to Action, and devel op
and i npl enent conprehensive [ocal to national-scale integrated marine and
coastal area managenent plans that suppl enent narine protected areas.

| ssue: Most coral reefs are |ocated in devel oping countries and the majority
of the people living near coral reefs are often extrenely poor. Thus, even
m nor declines in the productivity of coral -reef ecosystens as a result of
coral - bl eachi ng events coul d have dranati c soci o-econoni ¢ consequences for

| ocal peopl e who depend on coral -reef services.

Response: ldentify and institute additional and alternative nmeasures for
securing the livelihoods of people who directly depend on coral -reef services.

| ssue: Coral bleaching is relevant not only to the Convention on Biol ogi ca
Diversity but also to the United Nations Franework Convention on Cinate
Change and the Convention on Wtlands. The ultinmate objective of the United
Nat i ons Framework Convention on Cinmate Change is to reduce emissions in a
manner that allows "ecosystens to adapt naturally" to clinmate change. The
United Nations Franework Convention on Cinmate Change calls upon Parties to
take action in relation to funding, insurance, and technology transfer to
address the adverse effects of clinmate change. The Convention on Wtl ands
provi des gui dance on the conservation and wi se use of wetlands, including
coral reefs.

Response: Initiate efforts to develop joint actions anong the Convention on

Bi ol ogi cal Diversity, the United Nations Framework Convention on Cimate
Change, and the Convention on Wtlands to:

(a) Devel op approaches for assessing the vulnerability of coral reef
speci es to gl obal warm ng;

(b) Buil d capacity for predicting and nonitoring the inpacts of cora
bl eachi ng;

(c) I dentify approaches for devel opi ng response neasures to cora
bl eachi ng; and

(d) Provi de guidance to financial institutions, including the d oba
Environnent Facility, to support such activities.

| ssue: Coral bleaching has the potential to inpact |ocal fisheries, as well
as certain high-value comercial pelagic fisheries and coastal ecosystens.

Response: Encourage the Food and Agriculture Organization of the United

Nati ons (FAO and regional fisheries organizations to devel op and i npl enment
neasures to assess and mtigate the inpacts of sea-surface tenperature rise on
fisheries.

| ssue: Coral -bleaching events are a warni ng of even nore severe inpacts to

mari ne systens. |f anonal ous seawater tenperatures continue to rise, becone
nore frequent, or are prol onged, the physiological thresholds of other
organisns will be surpassed. Not only will |ocal fisheries be inpacted, but

certain high-value commercial pelagic fisheries and coastal ecosystens will be
affected as wel .

Response: Enphasize that coral bl eaching can be nonitored as an early warning
of the inpacts of global warning on nmari ne ecosystens and that the coll apse of
coral -reef ecosystens coul d inmpact ecol ogi cal processes of the larger marine
system of which coral reefs are a part.
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| ssue: The observations of the 1998 coral -bl eachi ng events suggest that cora
reef conservation can no | onger be achi eved wi thout consideration of the

gl obal climate systemand that it requires efforts to nitigate accel erated

gl obal climate change.

Response: Enphasi ze the interdependenci es and uncertainties in the
rel ati onshi ps anong marine, terrestrial, and climatic systens.

D. Financing

| ssue: Because the issue of climate change is global and Iong-termin scale,
governnents around the world need to work together to nake funds available to
implement initiatives to address the causes and consequences of cora

bl eachi ng.

Response: Mobilize international programes and nechani sns for financial and
techni cal devel opnent assi stance, such as the Wrld Bank, UNDP, the d oba
Envi ronnent Facility, regional devel opment banks, as well as national and
private sources to support inplenmentation of these priority actions.
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1. REPORT OF THE MEETI NG

1. OPEN NG OF THE MEETI NG

1. The Expert Consultation on Coral Bl eaching was hel d under the auspices
of the Secretariat of the Convention on Biological Diversity at the premni ses
of the International Center for Living Aquatic Resources Managenent (| CLARM,
Manila, from11l to 13 Cctober 1999. The Consultation was attended

by 20 experts invited froma regionally balanced sel ection of countries and

i nternational organizations. The full list of participants is contained in
annex | bel ow.

2. Dr. Peter Gardiner, Deputy Director-Ceneral (Progranms) of |ICLARM called
the Expert Consultation to order at 9.30 a.m on 11 Cctober 1999. He thanked
t he coordinators and sponsors of the neeting expressed his appreciation to all
the experts for accepting the invitation on short notice and, for nmany, over a
quite long distance. Dr. Gardiner said that | CLARM had a | ongst andi ng
tradition of research on coral reefs, including issues relevant to bl eaching,
and that nuch was expected of the current neeting. He declared the Expert
Consul tation officially open and wi shed all participants success.

3. Dr. John McManus, | CLARM Senior Scientist and Project Leader of ReefBase
- the dobal Coral Reef Database, welconmed the participants and expressed

| CLARM s appreciation for the invitation by the Executive Secretary of the
Convention on Biological Diversity to host the neeting.

4. M. Salvatore Arico, Secretariat of the Convention on Biol ogical
Diversity, welconmed the participants on behalf of M. Handal | ah Zedan,
Executive Secretary of the Convention. He thanked the experts for naking

t hemsel ves avail abl e and the Governnents of France, Sweden and the United
States of Anerica, as well as |UCN-The Wrld Conservation Union (United States
office), for their generous financial contribution for the organization of the
neeting. He said that holding the neeting at | CLARM was a natural consequence
of the concrete cooperation that had been established between the Convention
and the | CLARM secretariats in the area of conservation and sustai nabl e use of
mari ne and coastal biological diversity. M. Arico provided the context for
the expert consultation and an overview of the products to be prepared, which
wi Il be elaborated upon in the context of the administrative arrangenents.

2.  ORGAN ZATI ONAL NMATTERS

2.1. Adnmnistrative arrangenents

5. The Secretariat briefed the participants on the adm nistrative
arrangenents for the Consultation, which included the election of a
Chai rperson and of a Rapporteur.

2.2. Election of the Chairperson and Rapporteur

6. It was agreed that Dr. McManus, as the expert fromthe host
organi zati on, should serve as Chairperson of the Consultation, and Dr. Janie
Reaser, expert fromthe United States of Anmerica, should serve as Rapporteur.
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2.3. Adoption of the agenda
7. The provisional agenda as circulated i n advance by the Secretari at
(UNEP/ CBDY JM Expert/2/1) was adopted with the addition of itenms on anal ysis
and prediction, response neasures and |inkages with other processes. It was

al so agreed that the question of coral bleaching in relation to the ecosystem
approach shoul d be taken into account in the presentations and di scussion on
all the substantive agenda itens. The agenda as adopted is contained in
annex |1 to the present report.

8. The Chai rperson proposed a tinetable to facilitate the work of the
neeting and identified the experts to introduce specific aspects of cora
bl eachi ng.

2.4. Overview of the docunentation

9. The Secretariat introduced the docunmentation for the neeting, a list of
which is contained in annex |11 bel ow

3. OBJECTIVES OF THE EXPERT CONSULTATI ON

10. The Chairperson, with the assistance of the Secretariat, explained that,
through its decision IV/I5, section Il, on coral reefs, the Conference of the
Parties to the Convention had requested its Subsidiary Body on Scientific,
Techni cal and Technol ogi cal Advice (SBSTTA) to anal yse the coral -bl eachi ng
phenomenon, the potentially severe |oss of biological diversity and consequent
soci o-econom ¢ i npacts. The Expert Consultation had been convened in order to
assi st the work of SBSTTA on the topic at its fifth nmeeting, to be held in
Montreal from 31 January to 4 February 2000, and as a response to SBSTTA
reconmendation IV/1 A paragraph 6, in which the Subsidiary Body urged the
Executive Secretary to nake rapid progress on the issue. The Secretari at
expl ai ned that the main outputs of the neeting were expected to be an analysis
of the coral -bl eachi ng phenonenon to assist the Executive Secretary in the
preparation of his note on the subject for the fifth neeting of SBSTTA (the
"pre-session docunent"); and expert recomendati ons on scientific, technica
and technol ogi cal aspects of coral bleaching, based on the nobst recent

findi ngs on the phenonenon. The report of the nmeeting woul d be made avail abl e
as an information docunent at the fifth meeting of SBSTTA

4. CGENERAL | NTRODUCTI ON TO THE | SSUE OF CORAL BLEACHI NG

11. The Chairperson invited Dr. dive WIKkinson, Coordinator, d obal Cora
Reef Monitoring Network (GCRWN) to provide an overview of recent coral -
bl eachi ng events, on the basis of infornmation gathered through GCRM\.

12. Dr. WIKkinson said that, since the early 1980s, the najor factors
causi ng persistent danmage to coral reefs were anthropogenic: increased

sedi mentation, pollution and over-exploitation, especially through danmagi ng
practices |ike using dynamite and cyanide. The situation had changed
radically in the late 1990s with rising gl obal tenperatures conpoundi ng the
threats of direct anthropogenic stresses. The catalyst had been the severe E
Ni io Sout hern Gscillation (ENSO event of 1997/98. He denonstrated the
exanpl e of the latitudinal progress of elevated sea-surface tenperatures
(SSTs) as "hotspots" in the Indian Ccean observed in analyses fromthe United
States National Oceanic and Atnospheric Administration (NOAA) in the first
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hal f of 1998, which was followed by severe coral bleaching and nortality on
coral reefs inits path. The EIl N fio event collapsed in June 1998, and

i mredi atel y seasonal trade winds recomenced and water tenperatures cool ed.

An equally strong La Nifia event started i nmediately and this resulted in

el evated SSTs in South-East and East Asia with similar levels of cora

bl eaching and nortality. During these ENSO events, severe coral bl eaching was
al so observed in the Red Sea and the Gulf region, on inshore areas of the

G eat Barrier Reef, and in parts of the Caribbean. However, vast areas of the
Pacific and the Red Sea were relatively unaffected, with the exception of

Pal au and the southern Red Sea.

13. A report witten in late 1998 using data and informati on provi ded
through the Internet showed that there was "catastrophic bl eaching" (bleaching
and a nortality rate of up to 95 per cent of coral cover and species) in |large
parts of the Indian Ccean (Oran, Maldives, Sri Lanka) and other areas such as
Si ngapore and Bahrain. There had been "severe bl eachi ng" (50-70 per cent

coral nortality) in Kenya, Seychelles, the United Republic of Tanzania,
Thai l and, Viet Nam Japan and Palau. In the Caribbean and the Atlantic

regi on, there had been reports of severe bl eaching in Belize, Puerto Rico,
Bahamas, the Caynman |slands, Florida, Bernmuda and Brazil, but many of the

bl eached coral s had subsequently recovered. Moderate and patchy bl eachi ng had
been observed on the G eat Barrier Reef, Madagascar, Philippines and

I ndonesia. Current nodels of global clinmate change projected that ENSO events
were increasing both in frequency and intensity, with the Iikelihood of far
greater inpacts to coral reefs in the future. Currently avail able evidence
suggested that major events such as the 1998 bl eaching were directly rel ated
to accel erating gl obal climte change.

14. GCRWN had been established under the International Coral Reef Initiative
with two goals: (i) to obtain data and information on the status and trends
in coral reefs; and (ii) to raise awareness in users, Covernnments, donors and
agenci es on the problens facing reefs. Dr. WIkinson suggested that

noni toring should be increased to involve all potential stakehol ders:
scientists, Governnments and the comunity. He requested the assistance of
participants and others to assist in the expansion of GCRW to all regions of
the world and in the preparation of two products: a revised report on the
status of coral reefs one year after the 1997/98 ENSO event (deadline:
Decenmber 1999) and the Status of Coral Reefs of the World: 2000 report (due
for release in Cctober 2000).

15. Dr. WIkinson identified the foll owi ng key points:

(a) The maj or factors causing increased coral -reef degradation up to
1998 were direct anthropogenic inpacts;

(b) I ncreased sea-surface tenperatures and other effects Iinked to
i ncreasing variations and changes in climte were now augnmenting these threats
to the world's coral reefs;

(c) Bl eaching in 1998 had resulted in the death of nore than 80 per
cent of corals and associ ated species on nmany coral reefs around the world,
resulting in najor threats to biological diversity;

(d) There was a need for enhanced capacity for surveying and
nonitoring in all countries with coral reefs to ensure that clear, unanbi guous
signal s of potential global climte change danage coul d be docunent ed.
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16. The Chairperson invited participants to provide the neeting with any

i nformati on on bl eaching events in different geographical regions they may
wish to add to Dr. WIkinson's presentation. Dr. Tim Md anahan (Wldlife
Conservation Society, Kenya), Dr. Robin South (Marine Studies Programe of the
University of the South Pacific), Dr. Ed Gonez (Marine Science Institute of
the University of the Philippines) and Dr. Ernesto Wil (Departnment of Marine
Sci ences of the University of Puerto Rico) briefly reported on the occurrence
of bleaching in the Indian Ccean, the Pacific island States, the Philippines
and the Wder Caribbean, respectively.

17. Dr. Yossi Loya (Departnent of Zool ogy, Tel Aviv University) and
Dr. Roberto Iglesias-Prieto (National Autononous University of Mexico) then
revi ewed the physiol ogical and evol uti onary aspects of coral bl eaching.

18. Dr. Loya reported on the status of corals in inawa, Japan, focusing on
the status before and after the 1998 bl eaching event, which followed a
significant average increase of 2.5°C in sea-surface tenperatures over the
average for the previous 10 years. A direct result of the increase in sea-
surface tenperatures was nmass nortality of 85 per cent of the stony and soft
coral populations. Coral nortality was species-specific. The bl eaching
heavily inmpacted the nost prolific corals on Ckinawa reefs: the branching
Acropora corals. Paradoxically, the juvenile intertidal Acropora col onies
survived. Wth regard to their survival characteristics, he categorized the
corals as "winners" and "losers". "Wnners" were the nassive and encrusting
coral species; "losers" were generally branching corals with high surface-to-
vol urme ratios and soft corals. He suggested that nass transfer and passive

di f fusion principles mght explain why some corals survived while others did
not. He also showed several slides from pernanent quadrats on his study area
to illustrate conditions before and after bl eaching and progressive changes on
i ndi vi dual col oni es and species. He also discussed the adaptive capability of
some coral species found in very shallow and exposed reefs. Based on

net apopul ati on theory, he suggested that a decline in coral popul ations beyond
a threshold would eliminate certain species fromthe region

19. Dr. Loya identified the followi ng key points enmerging fromhis studies:

(a) There had been a drastic decrease in stony-coral diversity (from
81 species to 40) and |ocal extinction of some previously abundant cora
species, with no evidence of recruitnent;

(b) Current information on changes to coral comunities follow ng
coral bleaching was very linited and there were no projections concerning the
long-termeffects on coral community structures;

(c) There was a need to nonitor and investigate the extent recovery
rates, resilience and adaptability of corals with respect to increasing sea-
surface tenperatures and bl eachi ng.

20. Dr. Iglesias said that the synbiosis between dinofl agell ates
(zooxant hel | ae) and invertebrates was the key to understanding the coral -

bl eachi ng phenonenon. Hi s nost recent studies, focusing on al gae-and- host
interactions in relation to thermal stress were based on questions such as
whet her thermal stress was sensed by the animal and transferred to the al gae
or vice versa. Analyses of the responses of individual associations indicated
that el evated seawater tenperature negatively affected the photosynthetic
apparatus of synbiotic algae. Although there was still debate over the actua
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site of damage, there was a consensus that inactivation of alga

phot osynt hesi s was the underlyi ng nechani sm of coral bleaching. Once alga
phot osynt hesi s was i npaired, exposure to other stressors such as visible and
ultraviolet [ight or reduced water notion woul d exacerbate the effects of
thermal stress. Further studies on thernal stress provided data on the limts
of tolerance of different coral species and showed that zooxanthellae, which
were not genetically uniform have different ranges of thermal tolerance.
There was a need to | ook into individual responses of different hosts and
zooxanthellae to clarify their role during coral bleaching, and to evaluate
their potential to acclimtize to el evated sea-surface tenperatures.

21. Dr. Iglesias identified the followi ng key points energing fromhis
research:

(a) The tenperature-dependent inpairnent of algal photosynthesis
initiated coral bl eaching;

(b) The species-specific thermal tol erance ranges of individual cora
speci es depends largely on the presence of specific algal synbionts.

22. I n ensui ng discussion, sone experts referred to the role of factors
other than increase in sea-surface tenperatures having significant physica
and bi ol ogi cal inpacts on coral reefs, such as hurricanes and bacteria, which
m ght be linked with the bl eachi ng phenonenon. However, those aspects were
not sufficiently known, and it was difficult to establish a clear correlation
bet ween t hem and coral bl eaching.

23. Several participants confirnmed that the probl ens described for Cki nawa
were typical of vast areas of coral reef around the world over the previous
two years. They confirmed that coral bleaching had occurred on an

unpr ecedent ed scal e.

5. | MPACTS OF CORAL BLEACHI NG ON MARI NE AND COASTAL BI OLOCd CAL DI VERSI TY

24. The Chairperson invited Dr. MC anahan and Dr. Conez to illustrate the
i ssue of potential severe |oss of biological diversity due to coral bleaching
and to provide rel evant exanpl es.

25. Dr. Md anahan reported on coral cover in several reefs in the Indian
Ccean region and his conparisons of these occurrences with historica

i nformati on. He concluded that coral populations in the area were severely
devastated foll owi ng the nassive bl eaching of 1998. Since then, he had not
found any evidence of coral recruitnment within marine parks but there had been
outside. In Kenya, a 20-40 per cent |oss of species had been observed al ong
transects by both hinself and Dr. Nyawi ra Mithiga of the Kenyan Wldlife
Service. Some species were at such | ow densities they did not appear in the
transects. Patchiness of coral and brown al gae was affected by herbivores.
Sites still |ooked patchy one year later. Sone sites had switched to a
predoni nance of brown al gae and turf al gae. Herbivores such as sea urchins
and fish donminated, and in parks further |oss of coral cover had been observed
as a result of consunption of the substrate by scrapi ng and excavati ng

her bi vorous fish. Consuners played an inportant role in whether the reefs
entered in phase-shifts fromcoral to brown algae. Brown al gae reduction
experiments had been conducted, as phase-shifts to brown al gae suppressed

her bi vorous fishes and other carnivores. Once algae were renoved, the nunber
of herbivores doubled. The net production of the new systens (with brown
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algae) was low. No big differences in catches as a result of bleaching had
been observed in Kenya, but the reefs had already been degraded in the first
place. As fifty per cent of the total fish catch came from seagrass beds and
20 per cent from pel agi c sources, |loss of coral as a result of bleaching did
not have much inpact. Fish populations had to be | ooked at in nore detail, in
order to detect changes in species. A conparison of coral recruitnent inside
and outside park areas indicated that parks had the | owest-density recruitnment
of corals and might therefore require restoration nmeasures.

26. Dr. Mcd anahan identified the following as key points energing fromhis
st udi es:

(a) The highest coral nortality rates had occurred in parks as a
result of the presence of bleaching-sensitive species; in parks, nortality
| evel s stood at 80 per cent;

(b) Reefs with high coral nortality and | ow herbi vore abundance
shifted towards brown al gal reefs one year |ater

(c) The experinmental reduction of brown al gae suggested a | ower
abundance and diversity of fishes on brown al gal reefs;

(d) Recruitnent of corals in parks was |ow and mght result fromthe
abundance of consuners feeding on the remaining corals.

27. Dr. CGonez said that the Philippines had experienced an extrene bl eaching
event in 1998. It was tenperature-related and caused the | oss not only of

| arge anounts of corals, but also of thousands of giant clans. In sone

pl aces, fish also died, which was unusual. In addition to dead bl eached
clams, giant clanms had al so died wi thout bleaching. Sea urchins and ot her
invertebrates died on the reef flat. There m ght be extrene situations, when
the water got so warmfor so long in conditions of hypoxia that fish, giant
clanms and other species died in addition to corals. The observed tenperature
had been 34°C and had stayed at that |evel for several days. The water had
been cal m stagnant and clear. Ccean nurseries of giant clanms wth seagrass
had fared better than those wi thout. The shadi ng provi ded by seagrass, which
had been reported to alleviate coral bleaching el sewhere, might have had the
sane effect on giant clans. That aspect was worth investigating in the
future, particularly in terns of the effect of vegetation on dissolved oxygen
in addition to shading. In less extrenme events, bleaching mght be partial
and sel ective. Recent studies on zooxanthellae indicated the presence of
genetically diverse synbionts on the sane coral colony. To understand

bl eaching better, it was necessary to focus nore attention on the synbiosis
bet ween coral s and zooxant hel | ae.

28. The key points identified by Dr. Gonmez were:

(a) Extrene tenperature regi nes over reefs could cause mass
nortalities of organisns independently of bl eaching;

(b) Strategi c research on zooxant hel | ae-host rel ati onshi ps was needed
to expl ai n bl eachi ng phenonena.

29. There foll owed a general discussion on the inpacts of coral bleaching on
mari ne and coastal biological diversity.
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6. SOCI O- ECONOM C | MPACTS OF CORAL BLEACHI NG

30. The Chairperson invited Dr. Herman Cesar (Institute of Environnenta
Studies, Free University of Amsterdan) to outline the actual and likely socio-
economni ¢ inpacts of coral bleaching.

31. Dr. Cesar gave an overview of the econonics of coral-reef deterioration
with specific reference to bleaching. He described the inpacts of cora

bl eachi ng and subsequent nortality on the econonic and ecol ogi cal services of
coral -reef ecosystens. Specifically, reef fisheries, coastal protection, and
coastal tourismcould be seriously affected. In addition, health inpacts from
bl eachi ng-rel ated ci guatera poi soning could be severe. Coastal villages in
devel opi ng countries were typically poor and dependent on coastal resources
and coral reefs for their livelihood. Degradation of coral-reef ecosystens
was a major threat to sustainable fisheries production, and coral bleaching
coul d exacerbate this situation. Hence, health inpacts fromcoral bleaching
could also include malnutrition due to declining fish production, |oss of

i ncone and enploynment. It was difficult to put a precise value on the socio-
econom ¢ damages from bl eachi ng because of the uncertain causal relationships
and thresholds in inpacts. Current socio-econonic research under the
CORDI O 2/ programme in the Maldives, Sri Lanka, the United Republic of
Tanzani a and Kenya, anong ot her countries, showed |arge uncertainties in
possi ble inpacts. It also appeared that nany soci o-econonic inpacts would be
especially felt in the mediumand long term

32. The key points identified by Dr. Cesar were:

(a) The soci o-economi ¢ i npacts of coral bleaching were likely to be
severe, especially if episodes of coral bleaching becane nore frequent in the
future;

(b) Coastal villages in devel oping countries were already inpoverished
because of natural -resource degradation, and coral bleaching was likely to
exacerbate that situation, possibly leading to further malnutrition and
poverty.

33. There foll owed an exchange of views on issues related to soci o-economc
i npacts of coral bl eaching.

7. ANALYSI S AND PRED CTI ON

34. The Chairperson invited Dr. Janmie Oiver (Geat Barrier Reef Mrine Park
Authority, Australia), Dr. McManus and Dr. WIkinson to introduce the issue of
anal ysis and prediction of coral bleaching.

35. Dr. diver sunmarized current perspectives on the analysis and

predi ction of coral bleaching, using the exanple of the Great Barrier Reef.

He highlighted the need to | ook at bl eaching thresholds to understand what was
causi ng bl eaching and to predict coral bleaching in the future. Satellite
technol ogy woul d al so be crucial to that end. Wrk with Dr. Al Strong of NOAA

2/ The programre on coral -reef degradation in the Indian Ocean (CORDIO is
funded by the World Bank through its World Bank-The Netherl ands partnership and by
the Swedish International Devel oprment Agency (S| DA)/ Swedi sh Agency for Research
Cooper ati on ( SAREC)
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showed that there was a hi gh correspondence when bl eaching threshol d records
were overl apped with gl obal satellite sea-surface tenperatures. He al so spoke
of the "Eye on the Reef Monitoring Progrant and the use of aerial survey
results as good ways to nmeasure and nonitor the incidence and severity of

coral bleaching over broad scales. A simlar overlay using the aerial surveys
and gl obal satellite SST data show a good correspondence as well. ENSO
events, however, appeared to offer a | oose explanation for coral-bl eachi ng
events. He also highlighted points of collaborati on between the Australian
Institute of Marine Science/ Geat Barrier Reef/NOAA, critical issues to be
addressed and information needs. Finally, he reviewed the relationship

bet ween the frequency/intensity of bleaching and recovery tine.

36. The key points identified by Dr. Qiver were:

(a) A proper understandi ng of the coral-bl eachi ng phenonenon required
a good record of the extent and severity of bleaching over tine. That in turn
requi red assessnent and nonitoring programes that provided reliable data and
i ncl uded both negative and positive reports of the occurrence of bl eaching;

(b) Aerial surveys could provide a cost-effective nmeans for assessing
bl eachi ng on | arger scal es;

(c) Satellite data on sea-surface tenperatures could be used to
denonstrate the rel ati onshi p between bl eaching and tenperature anomalies, and
that techni que shoul d be devel oped furt her

(d) The ability of corals and their zooxanthellae to adapt to higher
tenperatures was crucial to an understanding of the likely long-termeffects
of coral bl eaching;

(e) A obal climate nodels were also crucial in determining the effects
of gl obal warming on coral reefs. Those nodels needed to be verified for use
at regional scales.

37. Dr. McManus presented evidence that w dely used benthic sanpling

techni ques were of limted use in assessing the health and potenti al
resilience of coral reefs based on one-tine anal yses. However, those
approaches provided a useful basis for anal ysing changes to coral reefs in

i nter-annual nonitoring programes. He therefore enphasized the need to
strengt hen nonitoring programes globally and to support the analysis of major
reef problens and the devel opnent of effective nmanagenent actions.

38. Dr. WIKkinson el aborated on the issue of analysis and prediction through
t he experience of GCRWN, which was not exclusively a scientific nmonitoring
programe, but involved the devel opment of a "network" of all potenti al

st akehol ders working on coral -reef assessnent and nonitoring. The current
focus was on expandi ng governnental and non-governnental nonitoring, targeting
80 countries with coral reefs. A critical point was that nonitoring should
not be an end in itself, but should be part of ongoi ng programes ai ned at
conservi ng and nmanagi ng coastal resources. The experiences of 1998 with the
first global status report should be repeated every two years, but based on
all countries producing national status reports, even though many CGovernnents
m ght not be fully prepared to wite full reports. Dr WIkinson stressed that
t he purpose of such a strategy was to require Governments to increase their

i nvol venent in nonitoring and reporting. He sought assistance for the
production of biennial national reports, which would be condensed into the

gl obal report. It was hoped that conparison of biennial reef reports within
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regi ons woul d encourage countries to sustain nmonitoring activities and achi eve
simlar reporting nechanisns. For the current year, efforts would focus on
key case-studi es of coral bleaching around the world to substantiate the
prelimnary reports from1998. He also asked for assistance in producing
those reports. Finally, he nmentioned the need to establish a coordination
project Iike CORD O for South-east Asia, the Pacific and the Caribbean to
facilitate setting up simlar large-scale experinents and to be prepared for
potential future bleaching events, for exanple, by using simlar techniques
for assessnment of recovery and recruitnent.

39. There foll owed a di scussion on the analysis and prediction of cora
bl eachi ng.

8. RESPONSE MEASURES

40. The Chairperson invited M. Brian Crawford (Associ ate Coastal Resources
Manager, Coastal Resources Center of the University of Rhode Island) to
i ntroduce the issue of response neasures to the occurrence of coral bleaching.

41. M. Crawford covered four areas in his presentation: (i) the coasta
nmanagers perspective on coral bleaching; (ii) integrated narine and coasta
area managenent (I MCAM in the context of coral bleaching; (iii) response
options; and (iv) reconmended general policies and actions. He said that
managers were interested in information on coral bleaching that answered
nmanagenent -r el evant information needs concerning trends in coral bleaching and
associ ated mass nortality, probable ecol ogical and soci o-econoni c inpacts,
responses that could be taken, and the extent to which future events could be
forecast. Coastal managers' perspectives nmight vary. Wile a marine park
nmanager m ght be concerned about biol ogical -diversity conservation, the
coastal manager outside protected areas m ght be nore concerned about econonic
and devel oprent issues first and biol ogi cal -di versity conservati on second,
particularly in devel oping countries.

42. | MCAM provi ded a franework for addressing |ocal, subnational, and

nati onal coastal -resources-nanagenent issues, including coral bleaching.
However, the responses that could be taken by |local and national | MCAM
initiatives were limted, and could not by thensel ves address the root causes
of coral bl eaching and associated coral nortality — gl obal warning and

el evated sea-surface tenperatures. |IMCAM efforts might beconme nore difficult
as those global events could totally overwhel mefforts to protect and preserve
coral reefs fromlocalized inpacts. However, |MCAM was an inportant framework
for I ocal response that could address | ocal issues relating to the degradation
of coral -reef ecosystens. The nmmintenance of healthy coral -reef ecosystens
through IMCAMinitiatives could help mninze the damage caused by nmass coral -
bl eachi ng events, as well as increase the speed of recovery.

43. | MCAM manager s needed to be able to distinguish between coral -reef
degradation as a result of globally caused coral bleaching and degradation
fromlocalized sources, and i nform coastal comrunities and | ocal policy nakers
of those facts. Possible responses to nmass coral bl eaching could be
categorized as prevention, mtigation, disaster relief and rehabilitation

Wi le there were specific responses that could be taken by area of inpact
(fisheries, tourism coastal erosion, health), there were al so sone genera
responses that cut across all inpact areas. Such responses included keeping
reefs healthy fromlocal inpacts, supporting efforts to reduce carbon
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em ssi ons, and physical coral-reef restoration after bleaching events
occurred.

44, Responses needed to be considered in ternms of a one-tine natural -

di saster event that might require inmediate relief and rehabilitation efforts,
in addition to a series of events of increasing severity and frequency,

requi ring a range of responses. General policies and actions that could be
considered included: (i) the pronotion of public education and awar eness-
rai sing of senior officials, as well as the general public; (ii) the

i ncorporation of coral-bleaching responses into |ocal and national | MCAM
programes, as well as capacity-building and training progranmes; and

(iii) funding and supporting research and nonitoring efforts on cora

bl eaching as part of overall research and nonitoring conponents of coral-reef
and | MCAM nmanagenent programes.

45, M. Crawford identified the foll owi ng key points:

(a) Ceneral responses to coral -reef-ecosysteminpacts associated with
coral bl eaching included educati on and awar eness-rai si ng anong deci si on nakers
and the general public;

(b) | MCAM coul d provide a broad framework for |ocal and nationa
response to coral - bl eachi ng i npacts;

(c) Response strategi es needed to consider coral bleaching not only as
a natural phenonenon but also as a series of events of increasing frequency
and severity;

(d) The effectiveness of |ocal and national response strategi es needed
to be assessed, as there was little known on that subject.

46. Foll owi ng the presentation on |inkages w th other processes (see
paras. 47-49 below), there was a di scussion on response neasures and |inkages
wi th ot her processes.

9. LI NKAGES WTH OTHER PROCESSES

47. M. Brett Olando (1UCN, Washi ngton O fice) gave an overview of the

I i nkages between coral bleaching and the United Nations Franework Convention
on dimte Change (UNFCCC) and the Convention on Wetlands of Internationa

| nportance especially as Waterfow Habitat. The ultinate objective of the
climate change convention was to reduce anthropogeni c emni ssions of greenhouse
gases in a manner that allowed "ecosystens to adapt naturally"” to climte
change. The Convention also required its parties to take action in relation
to fundi ng, insurance, and the transfer of technol ogy to address the adverse
effects of climte change, including those on coral reefs. The Convention on
Wetl ands required its parties to conserve and w sely use wetl and resources,
whi ch according to its article 1, paragraph 1, included coral-reef ecosystens.
At its nost recent neeting, the Conference of the Parties to the Convention
had decided to initiate efforts to strengthen cooperation with the clinate
change convention, in light of the potential adverse effects of climte change
on wetl ands, and to undertake an assessnment of those inpacts. It had been
concl uded that opportunities for nutually reinforcing inplenentation of these
agreenents existed, but that immediate efforts by Governnments, non-
governnental organizations, and international institutions nust be nmade to

sei ze them



UNEP/ CBDY JM Expert/ 2/ 3
Page 16

48. One initial action would be to share the report of the current Expert
Consultation with the Convention on Cinate Change, the Convention on
Wet | ands, and the Intergovernnental Panel on Cinmate Change (I PCC). He
stressed the inportance of initiating a process between the Convention on

Bi ol ogi cal Diversity, the Convention on Cinate Change, and the Convention on
Wetlands to identify joint actions to address: (i) the prediction, nonitoring,
and assessnent of vulnerability; (ii) the role of conservation and nanagenent
in mtigating the inmpact of clinmate change; and (iii) the role of financial
nmechani sns, such as the d obal Environment Facility, in supporting such
activities.

49, M. Olando identified the follow ng key points:

(a) Addr essing coral bleaching woul d require concerted action under
the Convention on Cimte Change and the Convention on Wtlands as well as the
Convention on Biological Diversity;

(b) Such joint action should address the vulnerability of coral reefs
to climate change; the role on conservation in mitigating potential inpacts;
and the need for financial nechanisns such as the dobal Environment Facility
to support such activities including through the transfer of know how and
envi ronnental |y sound technol ogy.

50. There foll owed a di scussion on response neasures to coral bl eaching and
i nkages with other processes.

10. CONCLUSI ONS AND RECOMVENDATI ONS

51. A summary of main points and issues of the presentations and di scussion
is contained in annex |V below. The conclusions and recomendati ons on
priority areas for action that energed fromthe di scussions on the different
agenda itens are set out at the beginning of this docunent (pp. 2-5 above).

11. ADOPTI ON OF THE REPORT OF THE EXPERT CONSULTATI ON, | NCLUDI NG
THE APPROVAL OF THE DRAFT PRE- SESSI ON DOCUMENT FOR THE FI FTH
MVEETI NG OF THE SUBSI DI ARY BODY ON SCI ENTI FI C, TECHNI CAL AND
TECHNOLOG CAL ADVI CE

52. The participants in the expert consultation considered the draft pre-
sessi on docunent for the fifth nmeeting of SBSTTA, which had been el aborated on
the basis of docunent UNEP/ CBD/ JM Expert/2/2. The participants approved the
draft pre-session docunent.

53. The Rapporteur introduced the draft report of the neeting. After a
brief discussion, the Expert Consultation adopted the draft report, as
anended, by accl anati on.

12. CLOSURE OF THE MEETI NG

54, After concluding remarks by the Secretariat and the representative of
t he host organi zation, thanking the donors and the organi zers of the neeting
and the participants for their efforts and nost val uable contribution, the
Expert Consultation was decl ared cl osed by the Chairperson at 2 p.m on
Wednesday, 13 October 1999.
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Annex 11
AGENDA
1. Openi ng of the neeting.
2. Organi zational matters:
2.1. Administrative arrangenents;
2.2. Election of the Chairperson and Rapporteur;
2.3. Adoption of the agenda;
2.4. Overview of the docunentation.
3. hj ectives of the Expert Consultation.
4. General introduction to the issue of coral bl eaching.
5. | npacts of coral bleaching on marine and coastal biological diversity.
6. Soci o- econoni ¢ i mpacts of coral bl eaching.
7. Anal ysi s and prediction.
8. Response neasures.
9. Li nkages with ot her processes.
10. Concl usi ons and reconmmendati ons.
11. Adoption of the report of the Expert Consultation, including the
approval of the draft pre-session docunent for the fifth nmeeting of the
Subsi di ary Body on Scientific, Technical and Technol ogi cal Advice.
12. Cl osure of the neeting.



UNEP/ CBDY JM Expert/ 2/ 3
Page 23

Annex 111

LI ST OF DOCUMENTS

A. Docunents prepared for the neeting

UNEP/ CBD/ JM Expert/2/1 Provi si onal agenda

UNEP/ CBD/ JM Expert/ 2/ 1/ Add. 1 Annotations to the provisional agenda
UNEP/ CBDY JM Expert/ 2/ 1/ Add. 2 Li st of docunents

UNEP/ CBDY JM Expert/ 2/ 2 Anal ysi s of the coral bl eaching

phenomenon, potential severe |oss of
bi ol ogi cal diversity and consequent socio-
econom cs i npacts

UNEP/ CBDY JM Expert/2/1nf.1 I nformation for participants
UNEP/ CBDY JM Expert/2/1nf.2 Tentative list of participants
UNEP/ CBDY JM Expert/2/1nf.3 Decision I V/5 of the Conference of the

Parties to the Convention on Bi ol ogi cal
Diversity: conservation and sustai nabl e
use of marine and coastal bi ol ogical
diversity, including a programe of work —

section Il: "coral reefs"
UNEP/ CBDY JM Expert/2/1nf. 4 Conpi | ati on of subm ssions made by the
experts

10.

B. Gher relevant docunentation available at the neeting

Berkelmans, R and B. L. WIllis (1999). Seasonal and Local Spati al
Patterns in the Upper Thernal Limt of Corals on the In-Shore Central
Great Barrier Reef. Coral Reefs, Vol. 18: 219-228.

Berkel mans, R and J. Qiver (1999). Large Scal e Bl eaching of Corals on
the Great Barrier Reef. Coral Reefs, Vol. 18: 55-60.

Brown, B.E. Coral Bleaching: Causes and Consequences. Coral Reefs, Vol.
16: 129-138.

CGonez, E.D. and S.S. M ngoa-Licuanan (1998). Mrtality of Gant C ans
Associated with Unusually H gh Tenperatures and Coral Bl eaching. In:
Wat son, Maggie (Ed.) Reef Encounter No. 24, Decenber 1998, and

Newsl etter of the International Society for Reef Studies.

Gynn, P. W (1996). Coral Reef Bl eaching: Facts, Hypotheses and
I nplications. G obal Change Biology, Vol. 2: 495-509.

Linden, O and N. Sporrong (eds.) (1999). Coral Reef Degradation in the
I ndi an Ccean: Status Reports and Project Presentation.

Hoegh-@ul berg, O (1999). dimate Change, Coral Bl eaching and the Future
of the Wrld' s Coral Reefs. Greenpeace publication series.

Loya, Y., K Sakai, Y. Nakano, K. Yanazato and R van Wesik. Coral
Bl eachi ng: Changi ng of the Guard (Ms.)

Poll nac, R B. (1998). Rapid Assessnent of Minagenment Paraneters for
Coral Reefs. Coastal Resource Center, University of Rhode Island.

Reaser J.K , R Ponerance and P.O Thonas (1999). Coral Bl eaching, Coral
Mortality, and dobal dimte Change. Journal of Conservation Biol ogy
(in press).




UNEP/ CBDY JM Expert/2/3
Page 24

11.

12.

13.

14.

15.

Osen, S. B., J. Tobey and L.Z. Hale. A Learning-Based Approach to
Coast al Managenent. Anbio, Vol. 27 No. 8, Dec. 1998.

Stone, L., A Huppert, B. Rajagopalan, H Bhasin and Y. Loya (1999).
Mass Coral Bleaching: a Recent Qutcone of |Increased El Nifio Activity?
Ecol ogy Letters, Vol. 2: 325-330.

Ware, J. R, D.G Fautin and R W Buddeneir (1996). Pattern of Coral
Bl eachi ng Hypot hesis. Ecol ogical Mdelling, Vol. 84: 199-214.

Wl kinson, C. (ed.) (1998). Status of Coral Reefs of the World: 1998.
Australian Institute of Marine Science, on behalf of the Q@ obal Coral
Reef Monitoring Network.

W1 kinson, C., O Linden, H Cesar, G Hodgson, J. Rubens and A E
Strong. Ecol ogi cal and Soci oecononic | npacts of 1998 Coral Mrtality i
the Indian Ccean: An ENSO I npact and a Warni ng of Future Change? Anbi
Vol . 28, No.2, March 1999.

n
()




UNErR CBDY JM EXpert/ 2/ 3
Page 25

Annex |V

SUMVARY OF MAIN PO NTS AND | SSUES

The followi ng tables were assenbl ed from notes taken during expert presentations and di scussions. They formthe
basis of the general conclusions and reconmendati ons brought forth fromthe workshop, which are contained at the
begi nni ng of this docunent.

CONCLUSI ONS

Bi ol ogy

Coral reefs are the nost diverse ecosystens in the oceans. However, we do not know how many speci es of even
the main groups of organisms (corals, octocorals, hydrocorals, sponges, algae, etc.) coexist and interact in
the system

Coral reefs are anbng the nost sensitive ecosystens to long-termclimate change.

Corals are especially sensitive to el evated sea-surface tenperature.

When physiologically stressed, corals may |ose nmuch of the their symbiotic al gae, which supply nutrients and
colour. In this state, corals appear white and are referred to as "bl eached. "

Coral s can often recover from short-term bl eachi ng; however, prolonged bl eaching can cause irreversibl e damage
and subsequent nortality.

In 1998, coral reefs around the world suffered the nost extensive and severe bl eaching and subsequent nortality
on nmodern record; this w despread bl eaching cannot be fully explained by |ocalized stressors al one.

In 1998, tropical sea-surface tenperatures associated with the El N fio Southern Gscillation (ENSO phenonenon
were the highest in nodern record, topping off a fifty-year trend for some tropical oceans.

The majority of sites subjected to coral bleaching co-occurred with areas of high sea-surface tenperatures and
cannot be accounted for by localized stressors or natural variability.

The repercussions of the 1998 mass bl eaching and nortality events will be far-reaching in tine and space.

The threat posed by global warmng to corals conpounds the inpacts of nore |ocalized ant hropogenic factors that
al ready place reefs at risk.

The coral - bl eachi ng events of 1998 were highly variable with regard to taxonon ¢ groups, geogdraphic |ocations,
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tenporal scal es, depths, and recovery rates.

Coral reefs are conplex biotic systenms bound by the rel ati onshi ps anong vari ous species and are particularly
sensitive to changes inpacting the synbi osis between corals and zooxant hel | ae.

Al t hough coral bl eaching can be induced by a wide variety of natural and anthropogenic factors, mass bl eachi ng
events are a tenperature-driven phenomenon

Coral bleaching is an indicator of thermal stress to coral reef ecosystens.

Conmmunities that replace coral reef communities generally are not as biologically diverse or productive.

The inpact of global warming on coral reefs can be as severe, or nore severe, than inpacts fromdirect
| ocal i zed stressors.

For isolated reef systens, recolonization of corals via |long-di stance dispersal of |arvae from other sources
may be limted, especially when the sink reefs are not down-current of the |arval source reefs.

Coral reefs provide critical habitats for threatened species such as sea turtles and dugongs.

Soci 0- econoni cs

Coral reefs provide many services, including fisheries, coastal protection, tourism and nmedicines.

When maj or coral nortality occurs, human popul ations that depend on reef services face | osses of |ocal marine
bi ol ogi cal diversity, fisheries, and coastal protection

Coral reefs are not only inportant for local fisheries, but they also play critical roles in the life cycle of
some economically inportant mgratory marine species, including tuna and rmacker el

Even those reefs with well-enforced | egal protections as narine sanctuaries, or as areas managed for
sust ai nabl e use, are threatened by gl obal climte change. However, it is anticipated that such reefs,
protected from ant hropogeni c stresses, would be nore resilient to the added stress of climate change.

The incidence and severity of ciguatera poisoning are likely to be enhanced by bl eaching through increases in
al gal cover after reef damage; ciguatera poisoning can have long-termdebilitating effects on human health.

Mortality fromcoral bleaching might reduce the coastal protection function of reefs, |leading to increased
coastal erosion.

Reef-related touri smnmay be negatively inpacted by actual or perceived reef degradation
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Local | osses of biological diversity fromcoral bleaching may reduce di scoveries of bioactive conpounds of
potential pharmaceutical val ue.

Anal ysi s/ predi ction

Thus far, attenpts to accurately assess the specific ecological and soci o-econoni c inpacts of bleaching have
been hanpered by a | ack of data and information -- effective mitigation strategies are contingent upon such
i nformati on.

Current nodels of global climte change project that ENSO events are increasing both in frequency and intensity
with the likelihood of far greater inpacts to coral reefs in the future

Trends of the past century suggest that coral bleaching events nay becone nore frequent and severe as the
climate continues to warm exposing coral reefs to increasingly hostile conditions.

A potential consequence of the steadily rising baseline of sea surface tenperatures is an increase in frequency
of mass bl eaching events.

| MPORTANT QUESTI ONS/ FACTS UNKNOMN

What are the relationships (taxonom c, spatial, and tenporal) between the vulnerability of corals and
zooxant hel l ae to bl eaching and nortality/recovery as a result of increasing sea surface tenperature?

What are the nmechanistic responses of corals and zooxanthell ae to increasing water tenperatures? How do these
di ffer taxonomi cally and what are the maxi nrumtenperature thresholds for each taxon within various geographic
localities and depths?

Are corals and their zooxanthellae able to adapt to rising sea tenperatures and thus becone nore resistant to
coral bleaching and nortality? |If so, what are the tinme frames and mechani snms for such adaptation?

What is the effect of massive coral nortality on the abundance of fish (both food and non-food) species?

Are other invertebrates directly or indirectly affected by high-tenperature events and coral nortality?

There is a need for better information to confirmthe indication that coral bleaching and associated nortality
is increasing significantly in frequency and severity on a gl obal scale.

Can satellite imagery and aerial surveys/imagery be used as a cost-effective nethod to docunment bl eaching
events in devel opi ng countries?

What | evel of certainty can be ascribed to satellite "hotspot" bl eaching predictions?
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How do nortality, herbivory, organic enrichment, and other factors control the likelihood, duration, and
effects of comunity-1level phase shifts fromcoral reef ecosystens to al gae-domi nated ecosystens?

Do bl eaching events make reef organi snms (hosts and symbionts) nore sensitive to other anthropogeni c and natura
events, such as pollution, cyclones and di seases?

What roles to nicrobes play in bl eaching events?

What are the popul ation structures, adaptabilities, ecology, and physiol ogy of different zooxanthellae taxa?

What is the nunber of coral-reef species affected by increased sea-surface tenperatures, and what proportion of
the total number of species on a coral reef does this represent?

What are the life-cycle interdependenci es of species noving between coral reefs and ot her ecosystens?

Does an increase in sea-surface tenperature cause long-termshifts in coral-reef community structure? If so
how does the shift inpact energy and nutrient cycling?

What inpact do the "starting conditions"” of reefs have on the response of corals to increasing sea-surface
t enper at ures?

What is the relationship between coral bleaching events and toxic al gal bl oons?

WI1l increased acidification of sea-surface waters fromclinmate change negatively affect the calcification
process of corals, and hence their ability to grow (especially under increasingly frequent bleaching events)?

What will be the response of |ocal fisheries and commercial fisheries to coral bleaching and nortality? What
will be the time lag before the response?

What effect will coral bleaching and nortality have on tourism the livelihoods of coral-reef-dependent
conmuni ties, and coastal erosion? VWhat will be the time |ag before the response?

RECOMVENDATI ONS

| nf or nat i on- gat heri ng

Expand and coordinate international and national rapid response teans and |long-termnonitoring to nmeasure cora
bl eaching and nortality.

Support the d obal Coral Reef Mnitoring Network (GCRWMN) and associ ated regi onal networks, as well as data
repository and di ssem nation systens such as ReefBase, expanding the network as resources permt.
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Establ i sh baseline data (biological, climatic, and soci o-econom c) for coral-reef ecosystens.

Conduct rmul tidisciplinary research programes that investigate the rel ationship anong | arge-scale cora
bl eaching/nortality events, the health statuses of coral reef ecosystens, and gl obal clinmate change.

Coordi nate and strengthen targeted research programes that investigate the long-termeffects of cora
bl eaching and nortality on ecol ogi cal, social, and econom ¢ systens.

Coordi nate and strengthen research programres that investigate the physiological tolerance and adaptive
capacity of corals and zooxanthellae to acute and chronic stressors, especially high tenmperature.

Devel op dynamic, predictive nodels of the inpacts of global warnming on the ecol ogy of coral reef ecosystens, as
wel | as the socio-economc factors influencing the human comuniti es that depend upon these ecosystens.

Extend the application of early warning systens of coral bleaching by: (1) enhancing current NOAA AVHRR hot spot
mappi ng via increased efforts at resolution in targeted areas, (2) involving nanagers and others in

col l aborative efforts to develop and refine early warning thresholds by maki ng experi mental products avail abl e
during their calibration and validation phases, and (3) extending use to areas with no direct access to
renot el y-sensed data, via best neans avail able, and devel op nmechanisns to automatically provide and verify this
i nformati on.

Encour age space agencies and private entities to maintain depl oynent of existing and rel evant operational and
research sensors on satellites or other platforms, (i.e., AVHRR Landsat 7, SeaWFS, Space Shuttle, Space
Station, LIDAR etc.) and to initiate design and depl oynent of specialized technology for shall ow oceans
noni t ori ng.

Moni tor crustose coralline algae and other nmacroal gae on reefs as indicators of reef status and resilience.

Moni tor and investigate extent, recovery rates, resilience, and adaptability of corals and zooxanthellae wth
respect to increasing tenperature.

Investigate the role of coral reefs as critical habitats for other marine species.

I nvestigate whether previously stressed reefs are nore or less likely to be susceptible to the inpact of cora
bl eachi ng.

I nvestigate the proxinmal and ultimte soci o-econom ¢ inpacts of bl eaching.

I nvestigate the degree of human dependence on coral reefs; what are the inplications of coral bl eaching
mortality to human food security, quality of life issues, forced mgrations, etc.?

Det ermi ne ecol ogi cal and soci o-econonic indicators of stress for use as "early warning signals”
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Devel op risk-assessnment protocols that anal yse potential coastal erosion and its econom c consequences.

Capaci ty-bui |l di ng

Coordi nate and strengthen these research programes internationally through bilateral and nultil atera
programes and i nstrunents.

Enphasi ze and appreciate that coral reefs can be nonitored as useful bioindicators of environmental stress,
i ncl udi ng gl obal warni ng.

Devel op an integrated strategy to address the effects on gl obal warm ng on coral -reef ecosystens through the
United Nations system as well as through other international progranmes and treaties.

Train and support taxonomi sts, of which there are few

Establ i sh training programmes to increase our capacity to assess short- and | ong-term changes in fish
conmposition that are a consequence of coral bleaching and that inpact on reef resilience potential

Pol i cy devel opnent/i npl enent ati on

Apply the lessons learned fromthe 1998 nass coral -bl eaching event to the next stages of clinmate policy while
continuing to inplenment current conmitnents to reduce greenhouse gas emni ssions.

Consi der coral bleaching an early warning of additional severe inpacts to coral reef systens that could occur
if tenperatures continue to rise for prol onged peri ods.

Incorporate the I essons | earned fromthe 1998 coral - bl eaching events into the IPCC third assessnment report.

H ghlight that the collapse of coral-reef ecosystens could inpact upon ecol ogi cal processes of the |arger
mari ne system of which they are a part. Not only will local and conmercial fisheries be inpacted, but coasta
ecosystens will be as well.

Marine diversity "hotspots" should no | onger be considered refugia (safety zones) for marine organi sns.

Protect reefs fromlocal human inpacts.

Pronmote alternative/ suppl emental |ivelihoods of coral-reef fishers where feasible (aquaculture, non-reef
fishing, non-resource based activities).
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Consi der short-term assistance to tourist operators and fishers inpacted by coral -bl eaching events.

Di versify touri smbeyond diving and snorkelling (sea kayaki ng, water sports, |and-based activities) and reduce
sol e dependence on coral -reef species.

I ncrease advertising and market pronotion once a coral -reef area has recovered.

Devel op preventive strategies and regulations to protect public infrastructure and private property from
i ncreasing coastal flooding and erosion threats.

Provi de public-health alerts concerning possible increases in ciguatera poisoning as a result of cora
bl eachi ng.

Encourage and support the devel opnment of integrated nmarine and coastal area nmanagenent (I MCAM progranmes in
those regions that do not already have them and integrated coral-bl eaching response strategies.

Fi nanci ng

Initiate | ong-term conprehensive funding initiatives.

Fund governnent -l evel and comunity-based programres for coral reef nonitoring that encourage | ocal awareness
and participation.

Pronote and finance the transfer of know how and technol ogy anmong groups dedicated to coral reef conservation.




