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Executive Summary

SYNOPSIS

The assessments of 50 contributing authors focusing on

coral reefs and related coastal ecosystems, and dependent

communities in 9 countries in South Asia and the central

and western Indian Ocean report that:

Status of Coral Reefs

The bio-physical condition of many reefs continues

to decline.

Recovery from bleaching associated coral mortality is

generally slow and patchy with widespread changes in

species composition of adult and juvenile coral com-
munities.

Recovery is more rapid on reefs that are situated with-

in managed areas or are remote from the influence of

other human disturbances.

Recovery in areas subject to human influences has

been retarded.

The primary causes of coral reef degradation are:

0 Bleaching, which is occuring more frequently and
has accelerated the degradation caused by:

0 Overexploitation of fish and of other organisms
on reefs throughout the region;

0 Destructive fishing, which become an increasing
problem as fish stocks decline; due to lack of en-
forcement destructive fishing has destroyed reefs
in formally protected areas (MPA’s) during the last
couple of years;

0 Pollution and sedimentation, mainly from land-

based human activities.

The impacts of the tsunami of 26™ December 2004

on coral reefs was highly variable and ranged from

negligible (Gulf of Mannar, India, Maldives, East

Africa) to moderate (parts of Andaman and Nicobar

Islands) to extreme (parts of Sri Lanka, Nicobar Is-

lands).

The primary factors determining the severity of dam-

age caused by the tsunami were:

0 How exposed a reef was to the direct force of the
wave;

0 The local bathymetry surrounding a reef;

(]

The geological composition of a reef;

0 The condition of the reef; reefs that had sufferred
extensive coral mortality as a result of the 1998 El
Nifo were more vulnerable to the force of the tsu-
nami.

The reasons for continued coral reef degradation are:

0 High dependence on coral reef resources as a result
of few alternative sources of food and income;

0 Open access; fishing and exploitation of other
coastal resources are unregulated in many coun-
tries; as a result, unemployment and a lack of
opportunities elsewhere in society are directly
linked with coastal degradation;

0 Low awareness of the importance of healthy coast-
al ecosystems and the impacts of human activities;

0 Inadequate laws and regulations;

0 Poor enforcement of existing laws and regula-

tions;



0 Responsabilities dispersed among several agencies
and a lack of coordination between these agencies;

0 Insufficient political will to strengthen laws and
regulations and improve enforcement.

Actions Necessary to Achieve
Sustainable Use of Coral Reef Resources

Research and Monitoring

Continue to strengthen environmental monitoring
programmes in each country so that management de-
cisions are made using the best available information
and so that management strategies can be adapted to
cope with changing situations.

Engage communities in monitoring and management
in order to raise awareness of the importance of coral
reefs, establish behaviours that are not environmen-
tally degrading and secure community support for sus-
tainable resource use.

Continue to develop research capacity in the region
to specifically address management issues.

Management and Governance

I0

Increase the area of coral reefs currently under man-
agement and incorporate management strategies
within the broader frameworks of integrated coastal
zone and catchment management in order to effec-
tively deal with land-based issues such as pollution,
sedimentation and coastal development.

Ensure participation of all stakeholders in the devel-
opment and revision of management strategies in or-
der to open channels of communication and achieve
ownership and transparency of process.

Improve management capacity among local and
national authorities. Years of inactivity, often delib-
erate, must be stopped. In many cases the roots of
the problem is at the political level where deep-
rooted cronyism, unwillingness to follow laws and
regulations because key voter groups may be affected,
and outright corruption prevents responsible behav-
iour.

Strengthen laws and regulations where necessary.
Clarify the responsabilities of different agencies.
Enforcement of laws and regulations must be strength-
ened. Punishments against destructive behaviour
must be such that they are genuine disincentives.
Improve enforcement by providing greater man-
power, equipment and financial resources.
Encourage community-based protection and enforce-
ment in partnership with government agencies by de-
volving to stakeholders the responsibility for direct
conservation of resources and enforcement of laws.
Strengthen political will through the education of de-
cision makers of the tangible benefits of manage-

ment.

AlternativeLivelihoods and Income Diversification

Stimulate the introduction of income diversification
and alternative livelihood schemes that are environ-
mentally sustainable and economically viable and so-
cially acceptable. Examples of such activities can be
found in areas related to agriculture, aquaculture,
waste management, tourism and manufacturing. A
wide range of activities should be encouraged in or-
der to ensure long-term viability.

If necessary, establish financial mechanisms targeted
specifically at improving the economic development
of the poor.

If necessary, secure government support for alterna-

tive livelihood and income diversification schemes.

Education and Awareness

Raise awareness of the importance of healthy coastal

ecosystems and the impacts of various human activi-

ties through:

Q the introduction of marine studies in school cur-
ricula;

0 community-based monitoring and management
activities;

0 awareness raising programmes targeting specific
sectors of society;

Q the use of mass media.



EXECUTIVE SUMMARY

Throughout the Indian Ocean region the relationship
between human population growth and ecosystem deg-
radation is unequivocal. As human populations increase
and techniques to harvest dwindling natural resources
become more efficient, the pressure on coral reefs and
associated ecosystems to provide food for dependent
populations is escalating well beyond sustainable limits
resulting in the universal overexploitation of fish stocks
and the widespread use of destructive fishing techniques.

In addition, the expansion of urban and industrial cen-
tres to accommodate the influx of people to coastal areas
has resulted in unregulated or poorly planned develop-
ments that have been established at the expense of pro-
ductive coastal ecosystems and have degraded surviving
habitats through the discharge of untreated effluents and
accumulation of solid waste.

Physical destruction, overexploitation, destructive fish-
ing, sedimentation and pollution influence directly the
condition of coral reefs and other productive shallow-

The CORDIO Programme

The dependence of coastal populations on coral reef
and their vulnerability to climate change demanded
action that would promote sustainable use of natural
resources. CORDIO is a research programme that
was initiated in 1999 in response to the degradation of
coral reefs in the Indian Ocean where they support
large sectors of the countries’ populations and econo-
mies through fisheries, tourism and large-scale invest-
ments. CORDIO is a locally driven, regional initia-
tive that supports more than 45 research and monitor-
ing projects that are conducted by no less than 5o sci-
entists at local institutions in 11 countries throughout
the western and central Indian Ocean. CORDIO
builds on existing capacity in the Indian Ocean region
that was established through more than a decade of
dedicated support from Sida’s Regional Marine Sci-
ence Programme. The activities of CORDIO are ar-
ranged into 6 broad but interlinked themes:

1. Ecological and socio-economic monitoring of the
health of coral reefs, the impacts of human activi-
ties and climate change and the consequences for
coastal populations dependent on coral reef re-
sources.

2. Targeted Research focused on understanding eco-
logical processes that are essential for healthy, func-

tioning coral reefs, processes of recovery and op-
tions for rehabilitation.

3. Management and Policy Actions that use the results
of monitoring and research programmes to miti-
gate future damage to coral reefs and improve the
quality of life for dependent populations.

4. Alternative Liveliboods that improve the quality of
life of coastal people by providing sustainable alter-
native sources of income that do not rely on har-
vesting coral reef resources.

5. Education and Awareness of the impacts of human
activities on coral reefs and the need for manage-
ment.

6. Networking and Communication to disseminate re-
sults and strengthen capacity and develop collabo-
rative partnerships within the regional network.

The activities conducted within these themes will pro-
duce tangible on-the-ground benefits to coral reefs
and the people within the central and western Indian
Ocean who depend on their resources. CORDIO’s
activities contribute directly to resolving several areas
of global concern such as food security, poverty alle-
viation and particularly, the impacts of global climate
change and conservation of biodiversity.

II



water ecosystems and can therefore be managed through
direct interventions. Until 1998, mitigating these stresses
were the primary foci of coral reef management world-
wide. However, in 1998, the consequences of mass coral
bleaching driven by global climate change became tragi-
cally obvious and an immediate priority requiring action
from the environmental agencies in the affected coun-
tries and the international community to combat global
climat change. Although it is widely accepted that coral
bleaching on such enormous geographic scales is pri-
marily attributable to abnormally elevated sea tempera-
tures, the underlying causes of these increased sea tem-
peratures are far less tangible and are not amenable to
direct management interventions. While the impacts of
future coral bleaching events can be ameliorated through
the analysis of patterns of bleaching (identify species that
are less susceptible to bleaching and areas where these
species are abundant, identify areas that are less prone to
increased sea temperatures, etc.) and then taking meas-
ures to adequately preserve these areas as a potential
source of new corals to assist recovery of degraded areas,
the management of factors causing increased sea tem-
peratures or global climate change lies outside the realms
of local, national or even regional authorities. Mass coral
bleaching is a global problem that requires a global solu-
tion.

Since 1999, scientists and partner institutions collabo-
rating in the CORDIO programme have documented
the condition of coral reefs, the impacts of human activi-
ties, the extent of coral bleaching throughout South Asia
and the central and western Indian Ocean (Status Re-
port 1999), the magnitude of subsequent coral mortality
and resultant degradation of coral reefs throughout the
region (Status Report 2000) and the extent and processes
by which recovery is occurring (Status Report 2002). In
this, the fourth CORDIO Status Report, we present the
current status of coral reefs and the problems that con-
tinue to degrade reefs in the region and document more
recent patterns of recovery and the resultant changes in
coral community structure. In addition, we highlight the
achievements that the CORDIO programme and its
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partners have made in establishing alternative livelihoods
and options for income diversification for people solely
dependent on the productivity of shallow-water ecosys-
tems and the successes in raising awareness among peo-
ple in coastal communities of the importance of coastal
marine ecosystems and the impacts that their activities

have had on these systems.

Status of Coral Reefs

The condition of coral reefs across South Asia and the
central and western Indian Ocean varies according to the
severity of coral mortality suffered during previous
bleaching events; the degree of protection from human
disturbances; and the intensity of natural resource ex-
traction.

Unbleached Reefs
The few coral reefs that escaped the 1998 coral bleaching

event or experienced only minor damage are generally in
better condition than those that suffered extensive mor-
tality. The cover of live hard coral on these reefs ranges
from 20% in Tanzania to 80% on the deeper reefs of Mo-
zambique. The condition of these reefs is dictated pri-
marily by their accessibility and the type and magnitude
of activities that are being conducted on them. The cover
of live hard coral on reefs that are inaccessible or are not
affected by land-based influences is high (>40%) and has
remained stable. Accessible reefs, on the other hand, have
suffered declines in live hard coral cover attributable to a
variety of stresses including the use of destructive fishing
practices, particularly the use of explosives and seine
nets, sedimentation and pollution from land-based

sources.

Bleached Reefs

The condition of coral reefs that were affected by the
bleaching in 1998 varies according to the severity of sub-
sequent coral mortality. Those reefs that experienced
only mild bleaching and mortality are in better condi-
tion with live hard coral cover generally ranging up to
20%. On the majority of reefs that suffered severe coral



mortality (>80% reduction in coral cover), live coral cover
remains very low (<10%). In addition, these coral com-
munities are generally dominated by small colonies (<15
cm) which have settled after 1998.

Recovery

Generally recovery has been slow and has varied between
sites. In many cases, recovery is being retarded by addi-
tional pressures associated with human activities such as
coral mining, destructive fishing, pollution and sedi-
mentation. Reefs that suffered the greatest coral mortal-
ity, such as those in the Maldives where the cover of live
hard coral in the overwhelming majority of sites was re-
duced to less than 2%, recovery has ranged between
1-24%. On average though, increases in coral cover at
these sites have been less than 5%.

On some reefs, particularly Tutia Reef at Mafia, Tan-
zania and the deeper sites at Kiunga in northern Kenya,
the competition from macro-algae is hindering coral
growth and recruitment. In Kiunga, this is attributable
to the upwelling of cool nutrient rich waters which pro-
motes the growth of competitive algae and suspension
feeders, while on Tutia Reef, algal dominance is the re-
sult of overfishing and nutrient influxes from land-based
sources. In each case though, there is considerable poten-
tial for shifts in community structure from one domi-
nated by coral to one that is principally algal. Such
changes will undoubtedly affect the composition of as-
sociated fish communities and the long-term structural
integrity of the reef itself.

Fortunately, there are a number of exceptions. Deeper
reef sites and those exposed to vigorous water exchange
have exhibited more rapid increases in live coral cover. In
addition, sites that are included within marine protected
areas (MPAs) or conservation areas have fared better. For
example, the live coral cover on Bar Reef in Sri Lanka
declined as a result of bleaching-related coral mortality
from 84% to less than 1%. The live coral cover on this reef
has now recovered through the rapid growth of tabulate
Acropora cytherea and branching Pocillopora damicornis
to 19% by 2003 and to 41% by 2004. Similar increases

have been recorded on some of the protected reefs in the
Quirimbas Archipelago in Mozambique, where the cover
of live coral had been reduced to only 19% in 1999 but
has since recovered to §6% in 2002.

Recruitment

At most reefs in South Asia, the central Indian Ocean
and core sites along the east African coast, recruitment of
new coral colonies has been substantial with recruit den-
sities ranging between 0.5—6 recruits per m=. At sites in
Sri Lanka and Maldives, coral communities are domi-
nated by small colonies less than 15 cm in diameter indi-
cating that recruitment is not a limiting factor for recov-
ery at these sites. In contrast, on marginal reefs in South
Africa, which are situated at the southern extremity of
the geographic range of coral reefs in east Africa, and
those influenced by cool current in northern Kenya, re-
cruitment does appear to be a limiting factor for recov-
ery, particularly for the previously dominant genus Acro-
pora. In Kiunga in northern Kenya, recruitment of new
colonies in 1999 immediately following the bleaching
event, was negligible but has since increased to 2 recruits
per m™ in 2000/01 and was between 1-1.5 recruits per
m™ in 2003/04. Ironically, in South Africa, where the
gradual increase in sea temperatures during the last 20
years has favoured the growth of hard corals so that they
are now displacing traditionally dominant soft corals, re-
cruitment of new hard corals to the population is ex-
tremely low. In fact, in 2001, no recruitment of new cor-

als was recorded at all.

Region-Wide Changes

in the Composition of Coral Assemblages

Coral reefs throughout South Asia and the central and
western and Indian Ocean seem to be undergoing signifi-
cant changes in coral community composition as a result of
differential mortality among adult colonies of different
genera during periods of elevated sea temperature (i.e. vari-
ation in bleaching susceptibility) and differences between
the taxonomic composition of recruit assemblages settling
following the 1998 bleaching event and the pre-bleaching
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adult coral communities. At a number of sites throughout
the region, corals of the genera Acropora, which was easily
the most abundant and diverse genus comprising pre-
bleaching coral communities in the Indian Ocean, are
now conspicuously absent. Although settlement of Acro-
pora spat on settlement plates in South Africa and recruit-
ment of new Acropora colonies to post-bleaching popula-
tions in Tanzania has been reported, it appears that along
the east African coast, the geographic range of Acropora
has been restricted to core areas in southern Tanzania and
northern Mozambique. Millepora, a once dominant ge-
nus in shallow coral communities throughout the Indian
Ocean, is also noticeably absent and is now represented
at some sites only by dead standing skeletons. Previously
dominant genera are now being replaced by those that
are less susceptible to bleaching, such as Porites, Diploast-
rea and several others belonging to the family Faviidae.

Changes in the composition of recruit assemblages
are also marked. Prior to 1998, Acropora would have
dominated most recruit assemblages. At present, Pocillo-
pora dominates recruit communities in most areas while
slow growing faviids and poritids are also common. In
the central Indian Ocean, agariciids, particularly Pavona,
are abundant and in northern Kenya, Coscinaraea is most
common among recruit assemblages. These changes sug-
gest that the coral reefs of the future might look racher
different from those before 1998. With the reduction in
the range and abundance of branching Acropora species
this could also influence the distribution and abundance
of those fish species relied upon the arborescent structure
of these corals for shelter.

Benefits of Marine Protected Areas (MPAs)

Throughout the Indian Ocean, there is an irresistible
trend demonstrating that legal protection and regulation
of human activities in some areas has enhanced recovery
of coral populations. In Sri Lanka, Socotra, Tanzania and
Mozambique, sites within MPAs showed greater increases
in the cover of live hard coral than similar sites where hu-
man activities remain unregulated. Advantages of pro-
tection are also exhibited by fish and invertebrate popu-
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lations. In Tanzania, the density of fish within protected
areas was greater than adjacent areas subject to fishing. In
protected areas in Mozambique, the abundance of eco-
nomically valuable carnivorous fish species was consider-
ably greater than on unprotected reefs, which were dom-
inated by small specimens of low-value herbivorous spe-
cies In Tanzania, the density of sea urchins, which is
often used as an indicator of fishing pressure, was far
greater (>5 per m™) in unprotected areas than in pro-
tected areas (<1 per m™) illustrating the benefits of man-
agement and the effects of overfishing on different
trophic levels.

Unfortunately however, there are many examples of
‘paper parks’ in the region. These are MPA that are only
protected ‘on paper’ but where destructive fishing and
other similar activities are going on as if the legal protec-
tion did not exist.

Recurrent Bleaching Events

Bleaching events were recorded along the coast of east
Africa in Tanzania and Kenya in April/May 2003. In
Tanzania, the magnitude of bleaching was minor and its
only likely impacts were to further impede reef recovery.
In Kenya, mortality of corals, while considerably less
than that which occurred in 1998, was about 10%. Differ-
ences in the proportion of colonies that exhibited bleach-
ing was noted between genera, with Pocillopora and
Montipora being the only genera that exhibited complete
(100% of the colony) bleaching in substantial numbers.
Less than 10% of Porites, Pavona, Galaxea, Echinopora
and Favia colonies were completely bleached. Interest-
ingly, at one site north of Mombasa, none of the colonies
of Acropora exhibited bleaching, yet greater than 80% of
these colonies succumbed to the stresses caused by the
increased sea temperatures. A similar inverse relationship
was observed among several species of Pocillopora, where
all colonies that exhibited greater than 20% bleaching
survived and all colonies that did not show any signs of
bleaching died indicating that bleaching in fact protected
some colonies of Pocillopora from the stress of increased
sea temperatures. Mortality among other genera varied



with Astreopora, Echinopora, Montipora and Pocillopora
exhibiting greater than 20% mortality.

Between March and May 2005, a low to medium level
bleaching event was observed at many sites around Sri
Lanka when sea surface temperatures ranged between
30—32° C. Again, susceptibility to bleaching varied be-
tween coral genera, with many Acropora colonies appear-
ing paler than usual and several faviid species seemed
particularly vulnerable. In contrast to previous events
however, a number of genera that survived past events
seemed particularly sensitive to increased water tempera-
tures on this occasion. Alarmingly, on June 22", 2005,
near total bleaching of all zooxanthellate hard and soft
corals was reported from the reefs near Batticaloa on the
east coast of Sri Lanka threatening to produce impacts of
a similar magnitude to those experienced during 1998.

Impacts of the Tsunami of 26*" December, 2004

The damage done to coral reefs throughout the Indian

Ocean by the tsunami varied enormously across scales

ranging from international to intra-reefal. Analysis of the

patterns of damage caused by the tsunami across sites

stretching from the Andaman and Nicobar Islands in the

east, across South Asia, Maldives and Seychelles, to the

coast of east Africa in the west showed that the primary

factors that determined the magnitude of impacts were:

o The degree of exposure to incident tsunami waves;

o The bathymetry of the arca within which a reef s situ-
ated;

o The geomorphology of the reef;

e The condition of the reef.

The degree to which reefs were situated in the direct path
of the tsunami and how the direction of travel and ener-
gy of the wave was influenced by the bottom topography
of the area determined the force with which the wave
struck various coral reef habitats. The geological compo-
sition of the foundation of a reef (i.e. consolidated coral
limestone or volcanic rock supporting coral growth) and
its condition determined how well it was able to absorb
or dissipate the energy of the tsunami.

Generally, reefs that were not in the direct path of the
tsunami suffered very little damage. For example, most
reefs around the island of Mahé in the Seychelles escaped
major damage because they were sheltered from the full
force of the tsunami by the adjacent northern islands of
Praslin and La Digue. On the Indian coast of the Gulf of
Mannar and along the coast of east Africa, the force of
tsunami was greatly reduced and the damage to coral
reefs was negligible.

Reefs that were located in very deep water without a
shallow coastal shelf, such as those atolls comprising the
Maldives, were also not seriously affected because the
tsunami was not able to build up into a tall breaking
wave. Damage to 1—2% of branching and tabulate corals
occurred with some accumulation of sediment but other-
wise damage was minimal.

Reefs located on shallow coastal shelves and adjacent
to deeper channels often exhibited significant damage
because these channels often diverted the path of the tsu-
nami and concentrated the energy of the wave onto spe-
cific portions of the reef and adjacent coastline causing
considerable physical damage. This was particularly evi-
dent at Dutch Bay, Trincomalee on the east coast of Sri
Lanka, and on some of fringing reefs surrounding the
northern granitic islands of the Seychelles. At Dutch Bay,
nearly half the reef area has been turned into fields of
rubble and sand and more than 75% of the remaining
reef has been severely damaged by large coral blocks and
dead coral that have razed the reef, tearing off the live
coral and eroding the limestone foundation of the reef.
Virtually all remaining live corals were damaged, with
many tabulate Acropora colonies having been uprooted
and many massive corals toppled and transported large
distances, including some Porites colonies over 2 m in
diameter. Further south on the east coast of Sri Lanka at
Kirankulam, large Porites colonies >2 m in diameter have
been deposited 150 m inland from the shoreline.

On other reefs located on shallow coastal shelves, the
damage caused by the tsunami was highly varied between
sites and was dictated primarily by the geomorphology
of the reef and its condition. Reefs that have formed on
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Critical Data - Region by Region
South Asia East Africa

e Reefs continue to be degraded by coral mining, de- e 'The current condition of coral reefs reflects the se-
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structive fishing practices, overexploitation, pollu-
tion and sedimentation.

Recovery from bleaching-related coral mortality of
1998 is slow and patchy. The best recovery has been
recorded in areas where human activities are man-
aged, such as in MPAs and marine sanctuaries.
Where human activities remain unregulated, re-
covery has been poor.

The impacts of the tsunami on coral reefs were
highly variable and ranged from negligible (Mal-
dives, Gulf of Mannar, India) to moderate (Anda-
man and Nicobar Islands) to severe (parts of Sri
Lanka, Nicobar Islands). The most severe damage
to coral reefs and adjacent coastlines occurred
where coral mining has been rampant.
Considerable changes have occurred in the compo-
sition of coral communities where previously domi-
nant species (e.g. Acropora) are being replaced by
species that either survived the 1998 bleaching event
or have dominated assemblages of new recruits.
The establishment of awareness raising pro-
grammes and community-based restoration
projects has resulted in significant declines in de-
structive coral mining and fishing practices.

The introduction of several alternative livelihood
and income diversification schemes in the Gulf of
Mannar has reduced pressure on coral reef resources
and improved the economic status of fisher families.
Despite efforts to address the underlying causes of
coral reef degradation, the condition of reefs con-
tinues to decline as a result of inadequate laws or
regulations, poor enforcement, lack of political
will to strengthen laws and improve enforcement,
insufficient awareness of the impacts of human ac-
tivities, few options for alternative livelihoods or

income diversification.

verity of bleaching-related mortality in 1998. Reefs
that largely escaped are in good condition with a
healthy cover of live hard coral. Reefs that suffered
severe coral mortality are in poor condition and
have shown little recovery.

Overexploitation, destructive fishing activities,
pollution and sedimentation continue to degrade
coral reefs in east Africa and hinder recovery.
Recovery in marginal environments (South Africa,
northern Kenya) has been limited by the low in-
flux of new coral recruits and competition of other
benthic inhabitants.

Considerable changes have occurred in the com-
position of coral communities where previously
dominant species are being replaced by species that
either survived the 1998 bleaching event or have
dominated assemblages of new recruits. For exam-
ple, the distribution of Acropora has receded to
core areas in Tanzania and northern Mozambique.

e A repeat coral bleaching event occurred in 2003

killing ~10% of corals in Kenya, and having negli-
gible impacts on coral reefs in Tanzania.

Fish densities in areas where human activities are
managed are greater with increased abundances of
economically valuable carnivorous species. In areas
that are not managed, fish communities are domi-
nated by small specimens of low-value herbivorous
species.

Community-based monitoring programmes and
education has successfully raised awareness and
lead to the establishment of several marine conser-

vation areas under community management.



solid volcanic rock substrates, such as the granitic reefs in
the Seychelles, exhibited very littdle damage as the dense
rocky foundation of the reef was able to resist the energy
of the tsunami. However, genuine coral reefs, founded
on less dense limestone accumulated through millennia
of coral growth, were more vulnerable to damage by the
tsunami but the magnitude of damage to these reefs was
dependent on their condition. Healthy reefs with a con-
solidated limestone foundation and good live coral cover
were better able to absorb or dissipate the energy of the
tsunami and generally escaped without damage to the
reef framework and only minor damage to the coral
community. Reefs degraded by severe bleaching-related
coral mortality, overfishing, chronic sedimentation or
pollution suffered considerably more damage primarily
as a result of the tsunami moving fields of unconsolidated
rubble which abraded and destroyed living coral colonies
and smothered areas of reef.

The exacerbation of the impacts of the tsunami by
coral reef degradation was amply demonstrated at some
sites in Sri Lanka and the Seychelles. On the reefs along
the eastern and southern coasts of Sri Lanka which have
been degraded by bleaching, overexploitation and ram-
pant coral mining, damage, although patchy, was fre-
quently severe with large coral blocks and live branching
and massive colonies up to ~50 cm being overturned and
extensive stands of Acropora demolished by shifting rub-
ble. The redistribution and increase in the proportion of
substrate covered by coral rubble was almost ubiquitous
and likely to have been caused by the disintegration of
dead standing corals that were killed previously by
bleaching.

In the Seychelles, the structural integrity of many car-
bonate reef structures surrounding many of the northern
granitic islands has been compromised by severe bleach-
ing associated coral mortality in 1998 and the subsequent
bio-erosion and disintegration of the reef framework. As
a consequence, the superficial reef structure of many of
these reefs is composed of unconsolidated rubble which
was easily moved by the tsunami abrading living corals
and breaking branching corals. The resulting damage

was severe and in some cases, coral mortality approached
100%.

Threats

In South Asia and along the coast of east Africa, wide-
spread overexploitation of fish and invertebrate popula-
tions has degraded the condition of coral reef commu-
nities. Moreover, the failure of diminished catches to
meet basic food and livelihood requirements is driving
more and more fishers to use increasingly destructive
fishing techniques. In Tanzania, the use of explosives and
poisons is common, while in other areas throughout the
region, particularly Sri Lanka, the use of small-mesh nets
and beach seines is causing considerable damaged to fish
and coral communities. In India, the influence of lucra-
tive international markets has increased demand for reef
fish exacerbating the existing overexploitation resulting
from satisfying domestic and subsistence needs. In addi-
tion, land-based activities, particularly along the coasts
of South Asia and east Africa, are resulting in widespread
sedimentation and pollution of near-shore coral reef
areas.

In South Asia and East Africa coral mining remains a
significant threat to the functional integrity of coral reefs.
Throughout the region living shallow-water corals are
used as sources for calcium carbonate. The corals are bro-
ken loose from the substrate and trasported to kilns
on land where they are baked to produce lime. Despite
the widespread ban on mining activities, poor and inter-
mittent enforcement of regulations allows this destruc-
tive activity to continue in both Sri Lanka, India, Mada-
gascar, Tanzania and Mozambique.

Often the activity has the character of back-yard pro-
ductions on a relatively small scale. However, in Tanza-
nia, it is practiced on an industrial scale with large kilns
operated also in the city of Dar es Salaam very close to
the agencies in charge of environmental protection. The
large-scale operation is fed by corals that are broken i
shallow-waters along the coast and transported to the
city using different types of vessels.

As a result, the abundance and diversity of both coral
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and fish populations on many reefs has declined. Moreo-
ver, the damage caused to the reef framework by mining
has reduced the effectiveness of near-shore fringing reefs
as breakwaters. The consequences of this were tragically
demonstrated when the tsunami was able to breach
fringing reefs causing widespread damage to coastal com-
munities, infrastructure and coastal erosion. In the worst
cases along the eastern and southern coasts of Sri Lanka
where coral mining is rampant, the width of beaches was
reduced by half and losses in beach height of more than
1 m were common. In addition, the shifting rubble frag-
ments left behind from mining impede reef recovery by
offering little suitable substrate for settlement of new
corals and abrading surviving colonies and other benthic
organisms. In the short-term, coral mining can be curbed
by instituting regular enforcement and improving regu-
lations that presently allow offenders to evade prosecu-
tion and by increasing fines so that they are a genuine
disincentive to those engaged in this activity. In the long-
term, sustainable and equally lucrative alternative em-
ployment options must be offered to miners if coral min-
ing is to be stopped.

Such alternative income-generating scheems have to
be combined with vigorous education and awareness-
building campaigns focusing on various sectors of socie-
ty, particularly school children, fishers and women.

While coral bleaching and mortality is a sporadic
phenomenon that has accelerated the degradation of
coral reefs throughout the Indian Ocean, pressures ex-
erted by other human activities remain a constant and, as
such, should receive the constant attention of manage-
ment efforts.

Income Diversification and Alternative Livelihoods

In several coastal fishing villages along the Tuticorin
Coast on the Gulf of Mannar, India, three projects pro-
viding opportunities for income diversification and al-
ternative livelihoods have been introduced. Women be-
longing to 13 families from Thirespuram, Punnakayal,
Vellapatti and Tharuvaikulam have been trained in the

production of organic fertilizer using earthworms to
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break down organic matter and other bio-degradable
household wastes produced every day. With buyers for
the compost being organised for the women, ensuring a
market for the product, the women earn between 1 500
and 2 000 Rs for each crop, which requires less than one
month to mature. Vermi-composting, as it is known, has
become popular because of the low initial investment re-
quired to construct a compost pit and the relatively high
return for effort spent maintaining the pits. As a result,
the practice has spread to other villages in the area pro-
viding an environmentally sustainable option to diversify
the income of fisher families in the region.

In Vellapatti, a practice known as crab fattening was
introduced where recently moulted, soft-shelled crabs,
which have very little market value, are maintained in
tanks until the shell has hardened and can be sold at fair
market value. With the construction of a number of
tanks within a crab fattening facility, women within five
co-operative Self Help Groups have been trained and are
now responsible for stocking, feeding, harvesting and
selling the crabs. The principal species used is Portunis
pelagicus because their shells harden more rapidly and
can be stocked in higher densities than the alternative
crab species Scylla serrata. Earnings from this activity
range from 1 0oo—1 500 Rs per month and it has raised
considerable interest among neighbouring villages and
also among donor organisations that are keen to repli-
cate this venture at other coastal villages in the region.

The third activity introduced is the production of
value added goods using the meat of gastropods which
are caught in large numbers as by-catch in the crab fish-
ery and are discarded because they are not part of the
traditional diet of local people. Twenty-five women were
trained in the preparation of products such as pickles,
soup and chutney powders and other local products us-
ing the meat from these gastropods, which could serve as
an alternative source of protein in the future. These ac-
tivities raised considerable interest among local villages
to protect and manage coastal marine resources and serve
as models for other coastal communities in India and
throughout the region.



A review of experiences and lessons learned from the
implementation of alternative livelihood programmes in
Sri Lanka has identified a number of key factors that
must be considered for the success of any alternative live-
lihood programme. In order to ensure long term eco-
nomic development, it is essential that all factors that
threaten the sustainability of any alternative livelihoods
programme be identified and addressed in an integrated
manner in the design and implementation of the pro-
gramme. Factors that must be considered are:

o Financial viability—The alternatives must be at least as
financially rewarding as the destructive activity in
which people were previously engaged and there must
be a market for the product being manufactured or
grown within an alternative livelihood scheme. If
these criteria are not met, it will be futile.

o Social norms and perceptions, the demographic composi-
tion of the community and gender specific roles — these
factors play an important part in determining the so-
cial acceptability of the programme and their implica-
tions for the implementation of the programme must
be thoroughly understood before it is introduced.

o Expectations and contributions of the target group — it is
essential that the contribution and efforts required to
make an alternative livelihood programme succeed
and the expected benefits and income are clearly ex-
plained and understood. Allowing unrealistic expec-
tations of unprecedented wealth to persist is a sure
recipe for failure.

o Assisted economic development — financial services that
are designed specifically to assist poor people with
limited repayment options or collateral should be es-
tablished in order to imporve the economic develop-
ment of many coastal communities and also to secure
the long term sustainability of alternative livelihood
programmes. Along the Tuticorin Coast of India, this
has been successfully achieved through the establish-
ment of a number of Self Help Groups (SHGs), which

ing and wise use of financial resources. Each SHG is
registered with the Tuticorin Multiservice Social Serv-
ice Society (TMSSS) and receives a disbursement
based on the amount of savings it has accumulated
from the TMSSS who takes a single large loan from a
bank on behalf of all the SHGs in the region. The
money received by each member of the SHG must be
repaid within 21 months at 9% interest. This scheme
has improved the economic situation of families in
the region by allowing them to escape the financial
control of middlemen and loan sharks. Moreover,
the financial support obtained and provided by the
women involved in the SHGs has empowered them
to take a much stronger role in social and economic
domains and in planning decision making processes.
Information exchange — establishing a dialogue and an
atmosphere of trust between the executing agency
and the various stakeholders is essential for the suc-
cess of any alternative livelihood programme.
Monitoring — constant monitoring is required in order
to respond to change and address problems as they
arise.

Ouwnership and empowerment — in situations where
natural resources are threatened by an external source
(e.g. foreign investors or fisherman from another re-
gion), it is important that the local community is em-
powered to manage their own resources.

Integration and participation — introduction of alter-
native livelihoods should be seen as an integral com-
ponent of a broader strategy that involves all stake-
holder and resource users to develop and better man-
age the coastal zone and its resources. Furthermore,
establishing alternative livelihoods is a long-term
undertaking. While the initial phases are often com-
pleted with donor assistance, governments should be
prepared to offer technical and financial assistance
once the donor funding has finished.

are comprised of 20 women with similar interests.
The primary function of each SHG is the economic
development of each of its members through the sav-

It is clear that the only way to break the cycle of poverty,
unemployment and environmental degradation is to offer

alternative income generating options that are environ-
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mentally sustainable, financially viable and socially ac-
ceptable. The establishment of such activities will make
people less vulnerable and more adaptable to changes in
food supply and income. In addition, these activities
must be conducted in conjunction with programmes spe-
cifically designed to educate and raise awareness of the
environment, the impacts that their activities have and
the need for and benefits of sustainable resource use. Only
through making people aware will it be possible to en-
train environmental sustainability into their behaviour.

Awareness Raising

Although coral mining and the use of destructive fishing
methods are illegal, they are sill widely practiced largely
because:

a) the returns are more profitable than less destructive
alternatives;

b) the risk of being caught and subsequently punished is
low because enforcement of laws and regulations is
inadequate;

¢) the knowledge of the impacts of their activities on the

reef are low.

Within fishing villages along the Tuticorin Coast, sur-
veys showed that only 29% of men and 3% of women
knew the ecological significance of corals for coral reefs
and their associated fish populations. In the short term,
compliance with laws and regulations can be obtained
through strong enforcement backed up by appropriate
punishments. However, if long term environmental im-
provements are going to be achieved, improved govern-
ance must be augmented with education of the impor-
tance of coral reefs and the damage that destructive ac-
tivities do to these habitats.

Through a series of programmes conducted along the
Tuticorin Coast, which targeted women and focussed on
the importance of corals and the impacts of illegal activi-
ties such as destructive fishing and coral mining, the
level of awareness among men and women increased to
80% and 20% respectively. Moreover, as a result of these
campaigns, coral mining and the use of destructive fish-
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ing practices have ceased in one village and are in decline
elsewhere in the region.

Awareness has also been raised through community-
based activities. In India, a community-based reef resto-
ration project involving the transplantation of corals has
successfully transferred knowledge of the importance of
corals and the need to conserve them. In addition, the
fisher folk involved in this project improved there ability
to communicate issues and concerns affecting their envi-
ronment. Similar results have been obtained in Tanzania
where community-based monitoring projects have illus-
trated the impacts of overfishing prompting communi-
ties to impose self-regulatory mechanisms including vol-
untary closures, community patrols and enforcement
and the establishment of conservation areas.

Another successful strategy has been the implementa-
tion of public exhibitions. CORDIO, in conjunction
with IUCN, produced an exhibition entitled A tomorrow
for our reefs. The project was enormously successful at-
tracting more than 4 000 visitors per day at one location.
An important by-product of this activity was the pro-
duction of education materials in Sinhala, Tamil and
English that were incorporated into the Sri Lankan
school curriculum and introduced to more than 1 0oo
secondary schools to teach students of the importance of
reefs and the conservation of marine resources. This ma-
terial will be introduced into schools in the Tamil Nadu
region of India during this year.

Building on a Solid Foundation

Since its initiation in 1999, the CORDIO programme

has:

e Established and strengthen coral reef monitoring pro-
grammes in 10 countries around the Indian Ocean
through the provision of financial support and train-
ing;

e Established and conducted socio-economic monitor-
ing of the coral reef dependent fishing and tourism
sectors in 7 countries around the Indian Ocean and
have initiated household level monitoring within

coastal communities in 3 countries;



e Supported more than 30 targeted research projects fo-
cusing on critical issues affecting the condition, re-
covery and management of coral reefs, particularly
coral bleaching dynamics, sea temperature regimes,
coral growth and recruitment, bio-erosion and reef
rehabilitation;

e Introduced the results of monitoring and research
into management strategies and policy development
both at national and regional levels;

e Reduced pressure on coral reef resources and im-
proved the quality of life of many families in coastal
communities through enhanced economic develop-
ment achieved through the introduction of income
diversification and alternative livelihood schemes;

o Raised awareness of the importance of coral reefs and
the impacts of various human activities among people
in coastal villages throughout the Indian Ocean.

In the future, CORDIO will continue to implement ac-
tivities within its core themes of Monitoring, Research,
Management and policy, Alternative livelihoods and
Education and awareness. In addition, CORDIO will
continue to expand and strengthen its network of scien-
tists, managers, policy makers and governments in South
Asia and the central and western Indian Ocean. In par-
ticular, CORDIO will continue to build on its collabo-

ration with regional entities, such as the Western Indian
Ocean Marine Science Association (WIOMSA), [IUCN
Marine and Coastal Programmes in East Africa and
South Asia, and the Indian Ocean Commission (COI),
UNEP Regional Seas Programmes in East Africa and
South Asia, and with global partners such as the Global
Coral Reef Monitoring Network (GCRMN), Reef
Check, the IUCN Global Marine Programme, the Inter-
national Coral Reef Initiative (ICRI), the International
Coral Reef Action Network (ICRAN), the Worldwide
Fund for Nature (WWF), the World Bank and the Glo-
bal Environment Facility (GEF). At this time, when the
tsunami of 26" December, 2004 demonstrated all too
clearly the importance of healthy coral reefs and coastal
ecosystems for coastal protection and the tragic impacts
are fresh in our memories, the need for concerted action
to reduce the continuing degradation of coral reefs has
never been more urgent. In the past, CORDIO has fo-
cussed its activities on helping to resolve several issues of
global concern, such as food security, poverty alleviation
and particularly the impacts of global climate change
and the conservation of biodiversity, so as to produce the
greatest tangible benefits for both coral reefs and the
people who depend on them. This will not change in the
future.
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ABSTRACT

East Africa’s coral reefs continue to recover slowly from the
ENSO-induced coral bleaching and mortality of 1998. However,
fastest recovery has been recorded in reefs previously degraded
from other threats such as fishing, and slowest in protected areas
and on reefs that were less degraded before 1998. Minor bleach-
ing continues to affect reefs in the region, most notably in 2003,
though with some reported in 2005, though mortality in both
cases was limited to some vulnerable Pocillopora species. Interest-
ingly, many Acropora species and Pocillopora damicornis, which
suffered near 100% mortality in 1998 showed low bleaching and
mortality levels in 2003 and 2005. Ongoing increases in other
threats continues, most notably fishing, Crown of Thorns out-
breaks and now the effects of long term bioerosion related to
high mortality in 1998. Dynamite fishing is resurging in north-
ern Tanzania. Social and management oriented research and
monitoring are becoming increasingly common, and integrated
with biological studies to provide more comprehensive assess-
ments of the status of reefs, and recommendations for mitigating
threats. The expansion of socio-economic monitoring through a
collaborative programme focused on the GCRMN SocMon
system started in 2005, for which CORDIO will serve as the
regional coordinator. Greater integration of CORDIO’s activi-
ties has occurred in the last 2 years through the adoption of a
resilience-based approach, combining research and monitoring
projects and cutting across biological, socio-economic and man-

agement fields.

INTRODUCTION

Coral reefs of the East African coast cover a range of 40°
of latitude between the cool upwellings of the Somali
Current (10°N) to the cool temperate waters of the Agul-
has Current (30°S), and are fed by warm waters of the
South Equatorial Current that hits the Mozambique—
Tanzania border (approx. 16°S). Increasingly recognized
as the ‘East Africa Marine Ecoregion’ (WWF 2000), this
coastline includes the major reef systems of northern and
southern Tanzania (800 km) and northern Mozambique
(800 km), the narrow fringing reefs of southern Kenya
(200 km), smaller isolated reefs along the southern Mo-
zambique coast (500 km) to South Africa (150 km), and
patchy reefs in northern Kenya and southern Somalia
(soo km). The latitudinal range and linear structure of
the reef system provide an excellent case study on region-
al variation in vulnerability of coral reefs to climate
change, and the spread of monitoring and research sites
supported by CORDIO since 1999, as well as those of
independent researchers and other programmes, is en-
abling greater contributions of science from the region
to the literature on local to regional resilience questions
(Obura, 2005b).

With increasing threats from both local acute uses,
such as overfishing, to regional chronic conditions, such
as global warming, East Africa’s reefs are increasingly
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threatened (table 1). Greater integration in science and
management links, such as that offered by resilience-
based concepts may help reduce impacts (Hughes ez a/.,
in press), however the prognosis is poor without major
improvements in management efforts and capacity across
the board (table 1). To adapt to these increasingly com-
plex and linked conditions, CORDIO’s activities in East
Africa are being oriented towards a resilience-based ap-
proach, linking monitoring with research projects, and
crossing biological, socio-economic and management
boundaries. CORDIO’s involvement in the broader
context of coral reef health and assessment was illustrated
carly in 2005 in leading the development of a recom-
mended rapid response methodology for assessing dam-
age caused by the tsunami of 26 December 2004 (ICRI/
ISRS, 2005).

STATUS OF REEFS

CORDIO has continued to support coral reef monitor-
ing, summarized in the national reports in this volume
(Motta & Costa, 2005; Mohammed et 4/, 2005; Obura,
2005a). The extent of coral reef recovery since the ENSO
in 1998 has been very variable, with close to 30% being
classified by scientists at high risk or ‘seriously damaged/
totally destroyed’ (table 2). Thirty percent are regarded as

Table 1.

showing strong recovery. However, many of the reefs
that have shown ‘full recovery’ to pre-bleaching condi-
tions were already degraded by other human pressures
before bleaching. Their rate of recovery was more rapid,
but only to a state that had already lost many slow grow-
ing and vulnerable coral species and was instead domi-
nated by opportunistic and stress resistant species. In
contrast reefs showing the least recovery since 1998 are
those that were in better health prior to bleaching. Many
have been affected by chronic and local threats that in-
clude minor bleaching, increasing overfishing (regional)
and crown-of-thorns starfish infestations. Repeat coral
diseases and Harmful Algal Blooms have not been re-
ported since the major scare in 2001 (Obura, 2002). The
Asian Tsunami of 26 December 2004 reached the East
African coast in Kenya and Tanzania, but damage to
coral reefs was negligible though some lives were lost.
Seagrass monitoring has generally been neglected in
coral reef monitoring programmes, highlighted recently
in Kenya when an explosion in populations of the herbi-
vorous sea urchin Tripneustes gratilla caused an uproar
among local fishermen when it denuded seagrass beds,
the primary habitat for artisanal fishing activity (Mwaura
et al., 2003). In response, CORDIO collaborated with
Kenya Marine and Research Institute (KMFRI) scien-
tists to pilot participatory monitoring methods on sea-

Summary status of coral reefs in East Africa, extracted from Obura 2004 in Wilkinson 2004

100 years ago

pollution around towns

coral reefs largely pristine, except for localized extraction around towns and villages, and point-source

1994 at a coastal population of 10-15 million, subsistence and small scale fishing were the dominant threats to

coral reefs in East Africa

2004 coral bleaching in 1998 and a coastal population of 22 million are the two primary threats to East Africa
reefs, the former causing declines in some 30% of the region’s reefs, the latter probably slowing recovery.
On the positive side, management is improving in all countries, in Marine Protected Areas, fisheries
management and environmental legislation

with a likely coastal population of 39 million people and probably repeat of a coral bleaching event similar in
magnitude to that in 1998, the prognosis is poor. Significant investments in capacity must be made in all
areas, in particular finance, to mitigate the hardships likely to impact vulnerable coastal communities
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Table 2.

National summary of reef state in 2004 (Obura 2004 in Wilkinson 2004)

Kenya
1. seriously damaged or totally destroyed 10
2. strong recovery since 1998 30
3. high risk: clear damage 30
4. medium risk: moderate damage 30
5. low risk: healthy and relatively stable 0

Tanzania Mozambique South Africa Overall
10 10 0 7.5
30 30 NA 30
20 20 10 20
30 10 30 25
10 30 50 22.5

1. 90% of the corals are gone and unlikely to recover soon.
3. 50 to 90% loss of corals and likely to join category 1 in 10 to 20 years.

4. moderate signs of damage — 20 to 50% loss of corals and likely to join category 1 in 20 to 40 years.

grass health, as well as sea urchin reduction studies. These
are being expanded through a new KMFRI research
project (J. Uku, unpublished data) to establish per-
manent monitoring of seagrass beds in the Diani area,
Kenya, and integrate this with fisheries and coral reef
monitoring.

Destructive and Over-Fishing

The largest local threat to reefs in East Africa is consid-
ered to be fishing (McClanahan ez al., 2000), although
the specific impacts vary at different sites (e.g. according
to the relative impact of excess harvesting, destructive
gears and migrant fishermen). Beach seines and other
types of drag-nets are the most common form of destruc-
tive gear that cause significant damage to habitats, juve-
nile fish populations and vulnerable species. Their use
increases as catch rates using more selective and individ-
ually-operated traditional gears decline, and as the sup-
ply of unemployed youth and men increases to work on
large nets as labourers. The increasing amount of migrant
fishing in larger reef systems is rated as a serious problem
in places such as Tanga, Tanzania, and Kiunga, Kenya,
posing specific challenges to locally-based management.
Commitment to comanagement is a complex issue, and
while significant efforts are underway, greater attention
to devolution and real sharing of responsibilities will be
increasingly necessary (Alidina, 2004; this volume).

A resurgence of dynamite fishing on reefs in northern
Tanzania (Dar es Salaam, Tanga) in 2003/04 has been

reported, a reversal of the successful eradication practices
by the Tanzanian government in the late 1990s. The Tanga
Dynamite Fishing Monitoring Network (TDFMN 2005)
reports over 60 observations from January-May 2005, of
1—4 blasts per day focused on the reefs of Kigombe and
Karange reef. Many of the newly impacted reefs were re-
covering from dynamite fishing of the 1980s and 1990s
and were beginning to show recovery of fish populations
as a result (Horrill, 2001).

Coral Mining

Throughout the region living shallow-water corals are
used as sources for calcium carbonate. The corals are bro-
ken loose from the substrate and transported to kilns on
land where they are baked to produce lime. The practice
of using live coral has been banned for many years in
most of the region. However, this destructive practice is
still going on in Madagascar, Mozambique and Tanza-
nia. Often the activity has the character of back-yard
productions on a relatively small scale. In Tanzania it is
practised on an industrial way with large kilns operated
also in the city of Dar es Salaam very close to the agencies
in charge of environmental protection. This large-scale
operation in Tanzania is fed by corals that are broken in
shallow waters along the coast and transported to the
city using different types of boats. Particularly the large-
scale operations are likely to be very destructive to the
coastal environment, affecting both productivity of fish

and the protection of the coastline. However, small-scale
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coral mining can also have similar effects if the practice is
widespread.

Coral Bleaching

Reports of significant bleaching were made in Kenya and
Tanzania during the peak of the local summer in March/
April 2003, and in April/May 2005. However mortality
was generally low, and in some cases the species that suf-
fered the most damage from bleaching in 1998 showed
less response than others, for example, Pocillopora dami-
cornis and common small Acropora species. Coral bleach-
ing reported in March/April 2005 in the southern islands
of the Indian Ocean (Mauritius, Reunion and western
Madagascar) was also then reported in Mayotte in May.
However it appears that the bleaching occurred too late
in the season to cause significant mortality. Some specu-
lation has it that the northern part of the Indian Ocean
remained in a cool state during March and April perhaps
due to mixing caused by the tsunami of 26 December
2004, and certainly no persistent hotspots were visible
on NOAA hotspot charts from January—April 2005 as
usually occurs during this season.

CORDIO projects are participating in broader scale
research initiatives on coral reefs, most notably with the
recently started World Bank-Global Environment Facil-
ity Coral Reef Targeted Research Project (GEF-CRTR)
with representation in the Bleaching Working group.
Work under this group will build on recent studies on
recovery of zooxanthellae populations following bleach-
ing (Visram, 2004, 2005) and integrating these studies
with ecological studies on resilience (Obura, 2005a).
Through research grants from CORDIO and the GEF-
CRTR, further capacity will be built at the region-al
level to broaden participation in such global initiatives.

Crown of Thorns Seastars

A patchy but widespread increase in COTS numbers was
recorded in 2003 and 2004 in Tanzania (M. Richmond,
pers. comm.; Mohammed ez 4/, this volume, 200s;
C. Daniels, pers. comm.) and Kenya (J. Mwaura &
S. Mangubhai, pers. comm.). The first reports in Febru-
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ary 2003 were of aggregations of 10-30 individuals per 10
m? spread over 100 m of reef front on an inner patch reef
in the Songo Songo Archipelago. In 2004, COTS aggre-
gations appeared on reefs in Tanzania around Unguja
Island (Zanzibar), Pemba, Mafia Island, Dar es Salaam,
Tanga, and north to Mombasa in Kenya. Some were
reported on an isolated reef near St. Lucia, South Africa.
COTS numbers have increased on reefs on the west
coast of Zanzibar, by a hundred-fold from initial densities
of 10 per 1,000m* in early 2003, to 10 per Tom* in August
2004; these are the largest populations in Zanzibar for
the last 7 years. There are ongoing attempts at controlled
removal of COTS in Chumbe Island Coral Park by park
staff with more than soo COTS removed between April
and July 2004. They were assisted by dive operators who
have removed some COTS and started collaborative
monitoring program. There has been up to 50% mortal-
ity of corals from these COTs populations in some areas,
and extending down to 30 m depth, and monitoring is
continuing to determine the wider implications.

Bioerosion and Coastal Protection

The long term impacts of coral bleaching and mortality
on reef erosion are starting to become apparent now,
some 6 or more years after the bleaching event. Surveys
in Mozambique in 2004 showed that some reefs had
small decreases in coral cover, attributed to a collapse in
the reef framework, while coral diversity and community
complexity was still increasing. Examples of coral tables
and plates that died in 1998 and subsequently collapsed
due to bioerosion have been observed elsewhere in the
region, such as southern Tanzania, similar to reports
from the Maldives and Chagos Archipelago (Sheppard
etal., 2002). Weakening of reef frameworks by bioerosion
is also implicated in tsunami-related damage (see below).

The Tsunami

The tsunami of 26 December 2004 was felt as tidal surges
of 1-1.5 m in Kenya and Tanzania, with a period of 1015
minutes, decreasing in size from north to south and
spread over 6-8 hours (Obura, in review). Fortunately



they were most severe at low tide, thus did not exceed
high tide levels, and only in the north did they poten-
tially extend below spring low tide levels. Beach erosion
occurred in northern Kenya due to super-strong currents
in complex channel systems, and redeposition occurred
changing the shape of some beaches. No damages were
reported to subtidal reef communities. Only one in-
stance of overturned corals has been observed, of 7Turbi-
naria plates some 2—3 m across in a high current channel
feeding extensive mangrove systems in the Kiunga Ma-
rine Reserve, Kenya. Large plates are easily lifted and
overturned by the tsunami surges (e.g. in the Seychelles,
Obura & Abdulla, 2005) due to their high surface area:
volume ratio and low density carbonate skeletons. While
the tsunami may also have caused the slumping of some
large bioeroded boulders in parts of East Africa this could
not be distinguished from more general toppling from

storms and waves.

SOCIO-ECONOMIC STUDIES

CORDIO initiated a pilot socio-economic monitoring
programme in 2001 in Kenya, with activities spreading
to Tanzania in 2003 (Malleret-King & King, 2002; Wan-
yonyi et al., 2003). The programme targeted fisheries and
MPA applications, using local resource users as key par-
ticipants in data collection. In 2005, with assistance from
NOAA and ICR], a regional workshop to identify moni-
toring priorities, participating sites and develop a
GCRMN SocMon manual for East Africa will start a 2
year expansion of this programme to other sites in East
Africa and the WIO, and formal collaboration with
other organizations interested in socio-economic moni-
toring.

As a complement to the basic monitoring variables
captured in the participatory monitoring programmes,
CORDIO has participated in more in-depth socio-
economic coral reef assessments in Tanzania and Kenya.
An independent study, funded by DFID in 2003, exam-
ined fisheries-associated livelihoods and constraints to
their development (Malleret-King ez al., 2003). A com-

prehensive socio-economic assessment of the communi-
ties and use of resources of the MPA was funded through
TUCN at the Mnazi-Bay Ruvuma Estuary Marine Park
in southern Tanzania in 2004 (Malleret-King, 2004). It
also included a detailed study of the occupational struc-
ture of villages adjacent to and in the MPA boundaries.
This was the first use of detailed socio-economic data in
a MPA Management Plan for East Africa. At a broader
level, these studies provide detailed baseline data for fu-
ture assessments of benefits from MPA and fisheries
management at the sites, which can then serve as refer-
ence areas for understanding the dependence of local

communities on coral reef goods and services.

MANAGEMENT INITIATIVES

Potential and actual climate change impacts are perhaps
the most severe threats to East African reefs, but unfortu-
nately are beyond the management capacity of local and
national MPA authorities. The examples of Kiunga
(Kenya) and Tanga (Tanzania) are pertinent, where par-
ticipatory monitoring programmes have been established
with local communities as the primary implementers of
coral reef monitoring. These have stimulated strong edu-
cation and communication programs with local stake-
holders to raise their awareness of the threat of climate
change. This learning has contributed at a broader scale
to developing guidelines on management responses to
climate change (Obura ez 4/, in review).

Tourism is often cited as a threat to coral reefs, and
unmanaged growth of tourism development and direct-
use activities such as uncontrolled scuba diving often
results in reef degradation. An MSc study from south-
ern Mozambique (Pereira, 2003, 2005), supported by
CORDIO, of the cross-border diving industry with
South Africa, however, found that while scuba diving use
is increasing at relatively unmanaged levels, the damage
to destination reefs is still minimal. Nevertheless recom-
mendations concerning their carrying capacity, im-
proved study and management were made, and could be
usefully applied to reefs were diver impact is apparent.
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Two new tools to assist managers were developed in
the region by the World Conservation Union (IUCN)
East Africa Regional Office in collaboration with the
Western Indian Ocean Marine Science Association
(WIOMSA): ‘Toolkit for MPA Practitioners in the
Western Indian Ocean’ (IUCN, 2004), and ‘Manage-
ment Effectiveness Workbook’. These were undertaken
on the recommendation of an IUCN Regional Task
Force to provide more locally accessible and applicable
materials for use by MPA managers within the Western
Indian Ocean.

As an example of increased use of research and moni-
toring in management, coral reef research and monitor-
ing efforts in South Africa are being focussed on assess-
ing the entire coral reef system in order to develop a
comprehensive management plan. Scientists of the
Oceanographic Research Institute in Durban character-
ized and mapped the reefs of KwaZulu-Natal using
underwater digital image analysis, hydrographic surveys
and remote sensing techniques. They will make recom-
mendations on the establishment and efficacy of sanctu-
aries to protect sensitive areas and important biodiversity
targets (Schleyer & Celliers, 2005).
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INTRODUCTION

Close to half of the world’s poor people live in South
Asia (UNICEE 2001; Samarakoon, 2004). Ramachan-
dran (2002) identified population growth, insufficient
food production, and underdevelopment as the major
problems in the region. Open access to the sea, poverty,
and an increasing demand for fishery products has esca-
lated pressure on coastal resources (e.g. James, 1994; De-
varaj & Vivekanandan, 1999; Bhattacharya & Sarkar,
2003; Perera ez al., this volume). For example, in India,
the number of fishermen in coastal villages increased
from two million to six million between 1980 and 1997
(Meenakumari, 2002). Moreover, growing commercial
fleets operating in near-shore waters to supply expanding
export markets cause habitat destruction and deprive lo-
cal communities of fish products and a cheap source of
nutrition (Jayashree & Arunachalam, 2000; Bavinck,
2003; Bhattacharya & Sarkar, 2003). About 10% and 15%
of the total fish catches in India and Sri Lanka respec-
tively are derived from coral reefs by small-scale fisher-
men (Wafar, 1986; Rajasuriya ez al., 1995). Although this
is a considerable proportion of the national fish catches,
these statistics do not adequately illustrate the actual
situation in many areas in the region where hundreds of
thousands of poor people depend solely on the products
of coral reefs for food and livelihood (e.g. Berg ez al.,
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1998, Kannan ez a/., 2001; Shanthini ez /., 2002; Hoon,
2003; Singh & Andrews, 2003; Whittingham, 2003; Pat-
terson et al., this volume).

During the last few decades, most coral reefs in South
Asia have been progressively degraded by destructive hu-
man impacts, such as coral mining, blast fishing and the
use of other destructive fishing methods, overexploita-
tion, increased sedimentation due to poor land use prac-
tices, pollution, anchor damage from boats and tourism
related activities (Ohman er 4/., 1993; Rajasuriya et al.,
1995; Bakus ez al., 2000; Dharmaretnam & Kirupairajah,
2002; Patterson, 2002; Rajasuriya, 2002; Rajasuriya this
volume). By 1998, almost half the coral reefs of South
Asia were severely degraded, with the greatest impacts
recorded on those reefs fringing the densely populated
mainland coasts (Hinrichsen, 1998).

In addition, most coral reef areas of South Asia, in-
cluding those in remote areas with few local human im-
pacts, suffered extensive coral bleaching and subsequent
mortality during the severe El Nifio event of 1998, which
caused significant increases in sea surface temperatures.
While the deeper reefs, below ~10 m, generally recovered
from bleaching, between 50% and 90% of the corals in
many shallow areas were killed (Rajasurya ez al., 1999;
Wafar, 1999; McClanahan, 2000; Rajasuriya 8 Karunar-
athna, 2000; Zahir, 2000). In addition, the tsunami that
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hit the coasts bordering the Andaman Sea and Bay of
Bengal in December 2004 also caused some damage to
the coral reefs.

Coral reef destruction has lead to decreased produc-
tion of ecosystems services with adverse effects on peo-
ple’s food security and livelihoods, shoreline stability,
and national economies (e.g. Spurgeon, 1992; Berg ez al.,
1998; Westmacott & Rijsberman, 2000; Westmacott ez
al., 2000; White et al., 2000).

This paper provides a brief overview of the current
status of coral reefs in India, the Maldives and Sri Lanka,
reports the progress of CORDIO’s activities in the re-

gion, and presents a number of recommendations for the
future.

THE STATUS OF CORAL REEFS
AND MAJOR THREATS

India

All major coral reef areas in India, including the Gulf of
Mannar, Lakshadweep, Andaman and Nicobar Islands,
and the Gulf of Kutch are under threat from human ac-

tivities (Arthur, 2000; Muley, 2000; Rajasuriya, et al.,
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2004). In addition, the coral bleaching event in 1998
caused a significant decline in the cover of live coral in
most areas (Wafar, 1999; Arthur, 2000; Muley ez 4.,
2002; Rajasuriya, 2002; Wilhelmsson, 2002). Bleaching
of extensive areas was recorded also during 2002 in Palk
Bay, the Gulf of Mannar, and the Andaman Islands (Ku-
maraguru et al., 2003).

Venkataraman (2002) reiterated Pillai (1996) by stat-
ing that the magnitude of destruction of the marine envi-
ronment in the Gulf of Mannar may be unprecedented.
Destructive fishing methods (including blast fishing),
near-shore trawling, sedimentation and pollution are
causing considerable damage to the coral reefs, threaten-
ing the reef fisheries of the Gulf of Mannar (James, 1994;
Bakus ez al., 2000; Deepak-Samuel ez al., 2002; Patter-
son et al., this volume). Declines in the abundance of
coral associated fish due to the bleaching in 1998 have
been reported (see Kumaraguru ez al., 2003, for refer-
ence). Coral mining, which reduces the function of reefs
as natural barriers and lead to increased beach erosion,
has transformed the coast (Quazim, 1999; Ramanujam
& Sudarsan, 2003), and is probably responsible for the
submersion of two islands in the Gulf of Mannar (Venk-
ataraman, 2002). The tsunami in 2004 caused little dam-
age to the reefs of Gulf of Mannar (CORDIO, 2005).

The atoll reefs of the Lakshadweep Islands lost be-
tween 43% and 87% of their live coral cover during the
1998 bleaching event (Wafar, 1999) declining to only
~10%. Post-bleaching surveys suggested a subsequent in-
crease in live coral cover (Arthur, 2004). The reefs pro-
vide an important source of baitfish for the tuna fishery.
Food fish are caught on the reefs primarily when tuna
catches are low (Bakus ez a/., 2000). Most of the atoll is-
lands are unpopulated, and human pressure on coral
reefs is relatively low, although the population has tripled
during the past 20 years (Muley et al., 2002). Dredging
and coral mining have damaged the reefs near several is-
lands (Chandramohan ez 4l., 1993; Bakus et 4l., 2000). A
drop in reef fish catches due to coral bleaching or over-
fishing has been noticed (Muley ez 4l., 2002).

In the Gulf of Kutch, less than 30% of the corals were
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killed by coral bleaching in 1998 (Wafar, 1999; Pet-Soede
et al., 2000). Although the coral reef areas remain impor-
tant for different fisheries, they are patchy and degraded
by coral mining, sedimentation, coastal constructions
and discharged waste (Bakus er /., 2000; Muley ez al.,
2002).

The majority of the coral reefs of the Andaman and
Nicobar Islands are comparatively healthy (Turner ez .,
2001; Kulkarni & Saxena, 2002), but many reef areas are
affected by sedimentation due to logging, sand and coral
mining, poaching, blast and cyanide fishing (Bakus ez
al., 2000; Sundarmoorthy ez al., 2004; Venkataraman,
2004). The tsunami in 2004 caused damage to several
reef areas in the Andaman and Nicobar Islands (Peninsi,
2005). The population and intensity of development ac-
tivities are growing rapidly. Also, a growing demand for
live fish for export has increased the Indian fishing sec-
tor’s interest in the coral reefs of the Andaman and Nico-
bar Islands (Sakthivel, 1999).

Maldives

Most direct human impacts on the coral reefs of the Mal-
dives are localised to certain atolls or islands. The devel-
opment of the country since the 1970s, through the ex-
pansion of the tourism and fishing sectors, has increased
the demand for corals for construction of ports and
houses (Naseer, 1997). Extensive reef areas bear the scars
of coral mining, and a loss of reef-associated fish at these
sites has been recorded (Dawson-Shepherd ez 4l., 1992).
Land reclamation projects have also damaged reefs near
densely populated islands. Although coral mining still
occurs, there is now a certain degree of governmental
regulation.

In the Maldives, the collection of bait fish on coral
reefs sustains the traditional pole and line fishing for
tuna, which is “highly appreciated on the international
market for its perceived sustainability and high quality
products” (MRC, 2003). Tuna fishers have, however, re-
ported a scarcity of baitfish in recent years that they be-
lieve is a result of habitat degradation due to the mass
mortality of corals in 1998 and high fishing pressure



(MRC, 2003). Further, the growing tourism and en-
hanced export facilities have expanded the market for
reef fisheries. The grouper, sea cucumber, ornamental
fish, giant clam, shark and turtle fisheries have expanded
rapidly in the Maldives and signs of overexploitation of
some reef resources were recognised in the early 1990s
(Naseer, 1997; Shakeel & Ahmed, 1997; Flewwelling,
2001) and is a growing concern (Risk & Sluka, 2000;
MRC, 2003).

In terms of live coral cover, the reefs of the Maldives

are recovering at varying rates after the mass bleaching

Figure 2. Coral reef monitoring in the Maldives.
Photo: HUSSEIN ZAHIR.

Figure 3. Mined corals in Batticaloa, Sri Lanka.
Photo: DAN WILHELMSSON.

and mortality in 1998, when 90—95% of the corals on the
shallow reef flats died (Zahir, this volume). New recruit-
ment has been noticed at all sites. However, studies indi-
cate a relatively poor supply of larvae of the genus Acro-
pora, which was once the most abundant on these reefs,
while other corals, such as Pzvona, dominate the assem-
blage of new recruits (Zahir ez al., 2002). Results suggest
that recovery of coral communities to pre-bleaching lev-
els will be slow or that a change in the coral species com-
position of these reefs is underway (Zahir, 2002; Zahir,
this volume). The deeper reefs are in better condition.
Further, the relatively high coral cover recorded during
surveys conducted in the Addu region in 2002, suggests
that the most severe impacts of the bleaching of 1998
may not have been as geographically widespread as ini-
tially thought (Zahir, 2002a). The tsunami in 2004 had a
negligible direct impact on overall coral cover, but sedi-
ment build up that may make the substrate unsuitable
for coral growth, as well as solid waste on the reefs, poses
subsequent threats to several reef areas (UNEP, 2005;
Zahir, this volume).

Sri Lanka

Destructive fishing methods, such as the use of bottom-
set nets and blast fishing, continue to damage coral reefs
in Sri Lanka (Ohman ez 4/, 1993; Rajasuriya ez al., 1998;
Perera ez al., 2002; Rajasuriya this volume). Coral min-
ing is still practiced resulting in extensive beach erosion,
especially along the south-western and eastern coasts.
Even the marine protected areas in Sri Lanka are unman-
aged and increasing human activities continue to de-
grade their condition (Rajasuriya & Karunaratna, 2000;
Rajasuriya 2002; Rajasuriya ez al., this volume). Declines
in catches of reef fishes have been reported in several
areas in Sri Lanka (Rajasuriya & Karunarathne, 20005
Perera ez al., 2002; Wilhelmsson ez al., 2002). A signifi-
cant decrease in the number of butterfly fish (Chaeto-
dontidae), many of which are usually associated with live
coral, has been observed on several reefs (Rajasuriya &
Karunarathna, 2000; Wilhelmsson ez /., 2002).
Uncontrolled tourism has caused considerable dam-
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age to coral reefs in Sri Lanka. For example, in Hikkaduwa
National Park, the glass-bottom boats and their anchors
break the corals, and local visitors trample corals on the
reef flacs (Rajasuriya, 2002).

Most of the dominant forms of reef building corals in
many of the shallow coral habitats (<8 m) were destroyed
during the bleaching event in 1998. The dead coral reefs
are largely dominated by algae, tunicates, and coralli-
morpharians (Rajasuriya & Karunaratna, 2000; Rajas-
urya, 2002). However, survival among corals growing in
deeper waters (>10 m) was greater, providing a potential
source of new recruits. Recovery of bleached corals in
shallow reef habitats has been variable between sites but
has in general been slow (Rajasuriya, 2002). Recent sur-
veys indicate that there is better recovery on some patch
reefs. In the Bar Reef Marine Sanctuary, Acropora cythe-
rea and Pocillopora damicornis are replacing areas that
were previously dominated by branching Acropora spp.
(Rajasuriya, this volume).

The tsunami caused considerable damage to coral
reefs in Sri Lanka. Although there was no discernible
damage to coral reefs in the Gulf of Mannar or Palk Bay
in Sri Lankan waters, all other areas were affected by the
tsunami. Damage was evident on shallow water coral
habitats; damage to sandstone and rock reef habitats was
negligible. The damage was very patchy even within a
single reef. Coral habitats in areas where the seabed con-
figuration appears to have focussed energy into specific
locations along the coast, and reefs in these areas were
the most affected.

THE CORDIO PROGRAMME

IN SOUTH ASIA, 1999-2004:

OBJECTIVES

The CORDIO programme has worked towards improv-
ing management of coral reefs in South Asia since its ini-
tiation in early 1999. The programme, supported pri-
marily by the Swedish International Development Co-
operation Agency (Sida), has included a number of
projects and activities in India, Maldives and Sri Lanka.
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The objectives of CORDIO’s South Asia Programme

have been:

e Enhance coral reef related bio-physical and socio-
economic research and monitoring;

e Raise public awareness of issues relating to the use
and conservation of coral reef resources;

o Investigate the feasibility of restoration of damaged
coral reefs;

e Provide alternative livelihoods for people dependent
on coral reefs.

The following sections provide an account of the progress
of CORDIO’s activities in the region.

ACHIEVEMENTS AND EXPERIENCES

Coral Reef Related Bio-Physical

and Socio-Economic Research and Monitoring
Knowledge of ecological and socio-economic processes,
existing problems and risks are essential pre-requisites
for making informed decisions and developing appro-
priate policies and responses to manage coral reefs and
their resources effectively. The generation of relevant
data is also important to conduct cost-benefit analyses to
justify and continuously evaluate management meas-
ures. The institutional capacity in South Asia to collect
such data is improving but substantial improvements are
still to be made.

Ecological Research and Monitoring

CORDIO supports the monitoring carried out by the
national governmental institutes, National Aquatic Re-
search and Resources Agency (NARA) in Sri Lanka (Ra-
jasuriya & Karunarathne, 2000; Rajasuriya, 2002; Rajas-
uriya, this volume) and Marine Research Centre (MRC)
in the Maldives, (Zahir, 2000; 2002; this volume). The en-
vironmental data generated by these institutes contrib-
utes directly to the National Development Plan (NDP)
and National Biodiversity Strategy Plan (NBDSAP) in
the Maldives, and the government organisations respon-



sible for the management of fisheries and related activi-
ties (Department of Fisheries and Aquatic Resources),
implementing integrated coastal zone management
(Coast Conservation Department), and conservation of
biodiversity and management of protected areas (De-
partment of Wildlife Conservation) in Sri Lanka. The col-
laboration between CORDIO and NARA in Sri Lanka
builds on previous capacity development and support
provided by Sida/SAREC between 1989 and 1998. In ad-
dition, since 1999, CORDIO has funded a M.Sc. study
investigating the spatial and temporal patterns of coral
recruitment in the Maldives (Zahir et a/., 2002). The de-
gree of erosion of reefs following the extensive coral mor-
tality has also been investigated through field experi-
ments (Zahir, 2002b). The CORDIO programme has
also trained several people at MRC in methods to con-
duct general coral reef surveys and assessments of recruit-
ment and erosion of reefs.

Further, the first comprehensive surveys of the reefs of
the Tuticorin Coast in India were conducted by Suganthi
Devadason Marine Research Institute (SDMRI) as part
of the CORDIO Programme (Patterson, 2002; Patter-
son et al., this volume). Through the institutional capac-
ity building within the programme, SDMRI has estab-
lished a research group equipped for repeated monitor-
ing of coral reefs along the Tuticorin Coast (Patterson ez
al., this volume). Several of the projects carried out by
SDMRI provide students with Ph.D. degrees. CORDIO
further supported SDMRI in the preparation of pro-
ceedings of two coastal management workshops, and the
production of A field guide to stony coral (Scleractinia) of
Tuticorin in Gulf of Mannar, Southeast Coast of India
(Patterson et al., 2004) for distribution among research-
ers entering the field of coral reef research.

With assistance from the National Aquatic Resources
Research and Development Agency (NARA) and the Sri
Lanka Sub-Aqua Club, CORDIO provided training and
basic equipment to students at Eastern University, Bat-
ticaloa, on the east coast of Sri Lanka. Eastern University
completed the first surveys of the reefs of Passichuda
during 2003—2004 (Dharmaretnam & Ahamed, this vol-

Figure 4. Transplanted corals, Tuticorin, India.
Photo: SDMRI.

ume). It is anticipated that this will form the basis of ex-
panded coral reef and socio-economic monitoring along
the east and north-east coasts of Sri Lanka. Upon request,
CORDIO also organised a training course in coral reef
monitoring at Colombo University in 2000. Moreover,
CORDIO has provided support for a number of re-
searchers from India, Sri Lanka and the Maldives to at-
tend international coral reef training courses and confer-
ences.

Socio-Economic Monitoring of Household Parameters

Sen (1995) challenged the activist call ‘think globally, act
locally’ with ‘analyse locally before acting globally’, em-
phasising the need to combine macro-system approaches
with appropriate micro-system socio-economic analysis
particularly to ‘identify the distribution of policy benefits
and costs’ in the coastal communities. Using this ap-
proach, SDMRI has conducted socio-economic surveys
in five villages along the Tuticorin Coast as a basis for sub-
sequent management projects in the area (Patterson et al.,
this volume). Further, in the Lakshadweep Islands, the
Centre for Action Research on Environment, Science and
Society (CARESS) has established a community based
monitoring programme to map the coral reef related ac-
tivities and resource use with CORDIO support (Hoon
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& Tamelander, this volume). The data obtained and the
enthusiasm generated among community members dur-
ing a pilot project initiated by the Global Coral Reef
Monitoring Network (GCRMN) in 2001 resulted in the
perpetuation and expansion of this monitoring pro-
gramme. This programme can facilitate the development
and implementation of future management actions,
through the generation of data and information and the
successful involvement of the broader community.
Furthermore, CORDIO has co-funded some GCRMN
initiatives such as pilot socio-economic surveys in Sri
Lanka in 2000 (by NARA), and a training course on socio-
economic monitoring for coral reefs, in the Andaman

and Nicobar Islands, India, in 2001.

Reef Fisheries and Tourism

"The catches obtained in small-scale coral reef fisheries are
often not recorded by governmental fishery institutes, or
cannot be disaggregated from the national fishery statis-
tics. Therefore, NARA, with support from CORDIO,
initiated a programme of monitoring of reef fisheries in
three areas in Sri Lanka (Perera et al., 2002). Further, a
database to collate and store information describing the
collection and trade of marine ornamental fish was de-
veloped at NARA (Wilhelmsson et al., 2002). These pro-
grammes will hopefully serve as useful tools in the man-
agement of the reef fisheries industry in Sri Lanka.

Coral reef related tourism is of particular importance
in the Maldives, where about half of the visitors are scuba
divers and travel and tourism contribute around 56% to
the national economy (Westmacott et al., 2000). In Sri
Lanka, the reef related tourism is increasing, particularly
in the newly accessible north-eastern and eastern areas.
The effects of coral reef degradation on tourism were
therefore investigated within the CORDIO programme
in both the Maldives and Sri Lanka between 1999 and
2002 (Cesar et al., 2000; Westmacott ez al., 2000; Amar-
alal, 2002). These governmental monitoring efforts of
reef fisheries and tourism unfortunately came to a haltin
2002, but the intention is that these activities will resume
during 2005s.
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Increases in Public Awareness

Attempts to reduce the destructive exploitation of coral
reefs in South Asia through legal measures are often
short-lived and localised, having little effect at larger
scales or over longer periods (e.g. Premaratne, 2003; TCP,
2004). In order for a law or regulation to be generally
complied with, it has to be firmly established and ac-
cepted in the broader community through the creation
of awareness and education. In addition, these measures
need to be supplemented with firm law enforcement to
avoid a situation where individuals successfully evade the
law and thereby discourage voluntary compliance (Flew-
welling, 2001). A strong awareness among the public of-
ten influences both the local stakeholders and politicians.
Further, prospects of financial gains inevitably generate
political and social acceptance of a certain strategy of ex-
ploitation of natural resources (Ludwig er al., 1993).
Thus, the overall as well as long-term economic benefits
of non-destructive practices need to be better communi-
cated to policy makers and coastal communities.

In 2001, CORDIO co-funded an educational and
awareness project entitled A tomorrow for our reefs imple-
mented by the World Conservation Union (IUCN) in
Sri Lanka. The awareness campaign started with an eight-
day exhibition in Colombo, followed by a mobile exhibi-
ton in Hikkaduwa and Tangalle in the south. The
number of visitors per day in Tangalle averaged 4 ooo
resulting in recommendations for the implementation of
similar projects in other areas of South Asia (IUCN,
2001). Furthermore, during the educational exhibitions,
school teachers often asked for resource material to assist
them in teaching subjects related to the marine environ-
ment. Thus, CORDIO assisted [IUCN in producing edu-
cational packages, in Sinhala, Tamil and English, for
school children in Sri Lanka during 2003. The resource
material was distributed to over 1000 schools in Sri Lan-
ka (IUCN, 2004), enabling secondary school teachers to
enhance the knowledge of issues affecting coral reefs
among a large number of young people. The distribution
of this material to schools in Tamil Nadu, India by
SDMRI is planned for 2005.



Figure 5. Vermi-compost in Vellapatti village, Tuticorin,
India. Photo: SDMRI.

Figure 6. Crab fattening tanks in Vellapatti village, Tuti-
corin, India. Photo: DAN WILHELMSSON.

During 2002 and 2003, SDMRI conducted a series of
awareness raising programmes on the importance of sus-
taining reef productivity in a number of villages along
the Tuticorin Coast. Fisherwomen organised in ‘Self
Help Groups’, who play a vital social role in these com-
munities, constituted the main target group. Surveys in-
vestigating the degree of awareness of coral reef related
issues conducted in the villages before and after the
campaign showed a substantial increase in knowledge
among the community members (Patterson ez al., this

volume). Moreover, coral mining activities at Vellapatti
and blast fishing at Thirespuram have ceased completely
as a direct result of this and earlier education campaigns.
Also, in Tharuvaikalam, the fisherwomen are now
strongly opposing coral mining (Patterson ez 4L, this vol-
ume).

Figure 7. Fisherman in Vellapatti village preparing gastro-
pods. Photo: DAN WILHELMSSON.

At Rekawa in southern Sri Lanka, coral mining is ex-
tensive, and mangroves are harvested for firewood for the
production of lime from the mined corals. In an attempt
to reduce these highly destructive activities, the Turtle
Conservation Project (TCP) organised five workshops
during 2003 to educate and raise awareness of issues af-
fecting coral reefs and associated ecosystems among the
community members of Rekawa.

In Batticaloa, Sri Lanka, CORDIO assisted in the or-
ganisation of a seminar on environmental issues held
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over two days in July, 2000. During the first day, local
school children and teachers were invited to participate
in discussions and, on the second day, governmental of-
ficers, NGO, and different stakeholders contributed
their views. One of the major topics discussed was the

extensive coral mining taking place in Batticaloa.

The Feasibility of Restoration

of Damaged Coral Reefs

The natural recovery of reefs damaged by coral mining or
dynamite fishing is often inhibited by unconsolidated
substrata that are unsuitable for settlement and, as a con-
sequence, is very slow (Brown & Dunne, 1988). Natural
recolonization can be facilitated by transplantation of
corals, similar to reforestation programmes used to re-
store terrestrial habitats (Auberson, 1982). However,
transplantation techniques used in one area may not be
applicable to other areas since both physical and biologi-
cal conditions for survival and reef development vary
greatly among localities and species (Guzman, 1991;
Smith & Hughes, 1999). Also, when considering trans-
plantation of coral, there is a trade-off between costs, in
terms of labour and material, and the survival rate of
transplants, which in turn affects the amount of damage
caused to donor sites. Thus, CORDIO supported
SDMRI in investigating the feasibility of low-cost com-
munity driven reef restoration through coral transplan-
tation on the Tuticorin Coast. Results obtained to date
are presented in Patterson ez /. (this volume). A valuable
spin-off of the involvement of the local community is an

enhanced awareness of environmental issues among lo-

cal fisher folks.

Alternative Livelihoods

for People Dependent on Coral Reefs

“Resource problems are not really environmental prob-
lems. They are human problems that we have created at
many different times and in many places, under a variety
of political, social, and economic systems” (Ludwig ez
al., 1993). The increasing pressure on coastal resources
and the continuous degradation of coral reefs threatens
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the food supply and incomes for many people. There-
fore, CORDIO seeks to make coastal communities in
selected pilot areas less dependant on the coral reef re-
sources by providing opportunities for income diversifi-
cation and alternative livelihoods. This also reduces the
pressure on reefs.

In order to optimise the outputs of CORDIO projects,
and other efforts at a larger scale, the South Asian Co-op-
erative Environment Programme (SACEP) has reviewed
past, present and planned efforts to establish alternative
livelihoods in Sri Lanka and other parts of the world. This
resource guide, targeting policy makers and ground level
managers has analysed the lessons learned and presents a
set of recommendations for future initiatives in promot-
ing additional income generating activities (Perera, 2004).
It has incorporated the findings of various institutions,
such as the Asian Development Bank, universities and
governmental departments, as well as individuals with
experience in this field. Moreover, there is scope for a re-
gional co-operation on these issues through the inter-
governmental mandate of SACEP. The recommendations
of this review are outlined in Perera ez 4/. (this volume).

In Tuticorin, several village communities are solely
dependent on fish resources obtained from the coral reef
areas off the coast (Shanthini ez /., 2002). Crowded fish-
ing grounds, increasing demand for fisheries products,
and declining catches compel fishermen to use more ef-
fective and destructive fishing methods (Deepak Samuel
et al., 2002). Further, coral mining and blast fishing,
which has already destroyed a significant portion of
many reefs, still occurs despite increased law enforce-
ment (Deepak Samuel ez al., 2002; Patterson, 2002). The
Tuticorin Coast is one area that should be given high
priority for management interventions providing alter-
native livelihoods for artisanal fisher families.

Thus, SDRMI, with support from CORDIO, has
trained fisherwomen from four villages in preparation,
maintenance and harvesting of earthworm composts for
the production of eco-friendly fertilizers for the agricul-
tural sector. SDMRI assisted in the installation of facili-
ties, provides technical backup, and organizes the mar-



keting and sale of the products among local farmers. To-
day, hundreds of fisherfolk in the area are making con-
siderable financial gains from these activities.

Also, in 2002, groups of fisherwomen were trained in
crab fattening where recently moulted crabs are main-
tained in tanks until the shell hardens before selling them
at market for higher prices (Patterson ez aL., this volume).
The project has attracted attention from local authorities
and the District Administration provided funds for the
construction of a shed with tanks for crab fattening. To-
day, around 60 women in Vellapatti are engaged in this
activity, with continuous technical support provided by
SDMRI through the CORDIO Program. A strong in-
terest in expanding this project within the Tuticorin re-
gion and eventually throughout the Gulf of Mannar has
been shown from other villages as well as from govern-
mental and international agencies. The provision of sup-
plementary incomes to coastal populations through de-
velopment of crab fattening has been encouraged by the
Bay of Bengal Programme (BOBP), due to the fast turn-
over rate, low operating costs, and reliable market de-
mand for the end products (Pramanik & Nandji, 2002).

Further, at Vellapatti, large quantities of gastropods
are landed as by-catch from the crab fishery but the meat
from the gastropods was not used due to lack of knowl-
edge of its nutritional value. Thus, 25 women in Vellap-
acti were trained by SDMRI in processing the gastropods
for consumption and today it is part of the diet in the vil-
lage. Nearby villagers are now asking for similar training.
The gastropods could also be locally marketed although
additional support for facilities, logistics and promotion
would then be needed (Patterson ez 4., this volume). The
activities of SDMRI have contributed to a more efficient
utilization of marine resources and to some extent re-
duced poverty in villages of the Tuticorin Coast.

At Rekawa in southern Sri Lanka, coral mining is ex-
tensive (Perera, 2004; TCP, 2004). Large areas of the reef
have been turned into plateaus of shifting sediments and,
as a consequence, beach erosion in the area is severe.
Coral mining was temporarily curtailed in mid-1990s
through increased law enforcement, which resulted in

Figure 8. Coral miners receive training in batik produc-
tion at Rekawa, Sri Lanka.
Photo: DAN WILHELMSSON.

the loss of income for a number of people, of which
about 200 were women. Due to lack of alternatives,
many coral miners turned their attention to another il-
legal practice, poaching sea turtle eggs (TCP, 2004). Fur-
ther, the profitable coral mining resumed quickly once
beach patrolling by the police ended and is currently
continuing on a large scale.

During 2003/04, the Turtle Conservation Project,
with support from CORDIO, trained 20 women who
were engaged in coral mining to make coir mats, batiks
and wood carvings in an attempt to provide them with
an alternative livelihood within the tourism sector. After
a series of training workshops, a gift house was con-
structed on the beach by TCP. The women receive assist-
ance in selling the products in conjunction with the
turtle-watching tourism that is conducted by TCP. TCP
also promotes the outlet at hotels in the area. This is a
first step of a long-term effort by TCP to involve coral
miners in the community-based tourism industry at
Rekawa. It is not expected that all the trained women
will venture into the new occupation full time since coral
mining is still more profitable. However, when the tour-
ism industry in the area has been further developed, there
is scope for shift at a larger scale from mining into tour-
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ism, which can build on the experiences from this pilot
project (TCP, 2004). Unfortunately, the tsunami on De-
cember 26, 2004, caused many casualties as well as dam-
age to the infrastructure at Rekawa. This tragic event will
have long-lasting and serious consequences for the devel-

opment of the area, including the tourism sector.

DISCUSSION AND FUTURE PERSPECTIVES

The threat of global climate change to coral reefs has
come to the world’s attention relatively recently, but
seems to be here to stay (IPCC, 2001). Increased sea sur-
face temperatures and intensified El Nifio events may
cause mass mortality of corals and relatively rapid and
significant losses in the extent, biodiversity and eco-
system functions of coral reefs in the next few decades
(Hoegh-Guldberg, 1999, Stone ez al., 1999, Wilkinsson
et al., 1999, Reaser et al., 2000). So is there a point in try-
ing to conserve reef functions through extensive local
management efforts affecting large numbers of people?
Indeed, first the susceptibility to bleaching and mortality
vary among species and sizes of corals (e.g. Obura, 2001).
Also, thermal adaptations among corals through altera-
tions of the composition of symbiotic algae (Symbiodin-
ium spp.) have been suggested (e.g. Rowan, 2004). Many
reefs show a degree of resilience to bleaching, and there is
“circumstantial evidence for an ongoing evolution of
temperature tolerance” (Hughes ez al., 2003). Hughes ez
al. (2003) further suggest that the reefs will change rather
than disappear entirely. However, no coral is tolerant to
coral mining or dynamite fishing. Anthropogenic stres-
sors and fragmentation of reefs undermine reef resilience
(Nystrom & Folke, 2001; Hughes ez al., 2003), and in-
hibit reef recovery, including the possible recolonisation
by more tolerant corals (Loya, 1990; Connell, 1997).
Thus, a dense network of effectively managed marine
protected areas (MPAs), and an enhanced protection of
other reef areas, to improve the prospects of re-colonisa-
tion of damaged areas through dispersal of corals from
more intact reefs are now a high priority (e.g. Nystrom
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& Folke, 2001; Hughes ez al., 2003; West & Salm, 2003,
Bellwood et al., 2004).

Secondly, if development of enhanced resilience among
coral reefs cannot keep up with the rate of the increase in
sea temperatures, and most of the reefs are still doomed,
the promotion of sustainable management of reefs will be
part of a race against time. A collapse in reef resources can
be postponed and more preparatory actions can be taken
to mitigate the consequences for coastal communities.
Thus, for either scenario, there is no reason to give up on
the coral reefs and the people depending on them.

Pertaining to coral reef management in South Asia
and elsewhere, repeated urges for enhanced Integrated
Coastal Zone Management (ICZM) practices with law
enforcement, fisheries management, environmental and
socio-economic monitoring, collaboration between in-
stitutes, involvement of local communities, and public
awareness have been made through a number of organi-
sations and reports of meetings during the past 10 years.
While echoing these recommendations, it is worth em-
phasising some points:

Enhanced Co-Ordination of Efforts

among Donors and Implementing Agencies

There is a certain degree of progress at political and insti-
tutional levels in South Asia. A number of programmes
and projects adopting the principles of ICZM and in-
cluding coral reefs have been initiated in the region (e.g.
Regional: Bay of Bengal Programme (BOBP) executed
by FAO, UNEP Regional Seas Programme, implemented
by SACEP in South Asia; Sri Lanka: Coastal Resources
Management Project (CRMP) implemented by Coast
Conservation Department; Maldives: Integrated Reef
Resources Management (IRRM); India: National and
State Coastal Zone Management Authorities) (see also
Le Tissier ez al., 2004). External support has been pro-
vided by a number of organisations and governments.
However, mitigating the problems affecting coastal com-
munities and marine ecosystems in South Asia to any
significant degree is an immense task, and a major break-
through at ground level is yet to occur.



The CORDIO programme can fill some gaps in the
process where national and international institutes and or-
ganisations with larger financial and human resources as
well as formal authorities carry the main responsibility.
CORDIO South Asia can also provide a number of path
finding demonstration projects for others to build on.
There are often advantages in starting with small-scale
projects and building coastal management efforts at larger
scales on the progress, trust and confidences gained among
the local communities (e.g. Olsen & Christie, 20003
Torell, 2000). This is illustrated particularly in Patterson
et al. (this volume), where an increasing interest from
governmental agencies and donors is allowing the initial
project to expand both geographically and financially.

In collaboration with the existing projects and pro-
grammes, assistance from additional organisations and
institutes is much needed. However, better communica-
tion among national and international agencies is essen-
tial. For example, in order to promote the influx of new
initiatives or strengthening of ongoing programmes,
more transparent, concrete and specific reporting is re-
quired primarily from the supporting and co-ordinating
organisations and institutes in the region. This would fa-
cilitate the identification of gaps and needs allowing
ameliorative efforts to be more focused and co-ordinated.
Moreover, the commitment from the governments needs
to be improved to assure a long-term process rather than
short-term fragmented interventions by donor driven
projects (Perera et al., this volume). Unfortunately, in
some cases, the governmental dedication seems to be in-
hibited by the assumption that the donor driven pro-

grammes will succeed each other.

Reconstruction after the Tsunami

Large financial, human, and material resources are enter-
ing the region in the wake of the tsunami that devastated
many coastal communities in south-eastern India, Mal-
dives, and Sri Lanka. It is now of paramount importance
that a holistic view is adopted so as not to recreate the
pre-existing unsustainable situation in the coastal areas
affected. The development of infrastructure, settlements,

and economic activities (e.g. aquaculture, tourism) has
to a large extent taken place against policies, laws, and
regulations, resulting in conflicts of interests, environ-
mental degradation, economic losses and coastal erosion.
Also, several governmental and donor driven, rather
small-scale, attempts have been made to reduce the pres-
sure on coastal resources, and to mitigate current and
future poverty, through helping people into new liveli-
hoods, such as agriculture, aquaculture, off-shore fisheries
(e.g. Perera, 2004). Thus, aid resources must be used in
accordance with the long-term development needs of the
region, and establish economic activities and infrastruc-
ture where and how it should be rather than where and
how it was previously.

Empower Governmental Agencies for

More Efficient Surveillance and Law Enforcement
The number of laws and regulations pertaining to the use
and protection of marine resources and the number of
MPAs established in South Asia is misleading. Enforce-
ment of laws and regulations is very weak (e.g. Rajasuriya,
2002; Premaratne, 2003; Perera, 2004; Rajasuriya ez 4l.,
2004). As indicated earlier, in the long run, we will not
succeed in promoting a change in behaviour among fisher-
men who use relatively effective but rather destructive
seine nets on the reefs, while their neighbours use explo-
sives. Thus, law enforcement needs to be strengthened
urgently to primarily stop the people destroying marine
habitats for profitable but short-term gains (e.g. Weera-
kody, 2004). However, this should be done concurrently
with awareness raising activities among the broader public
and policy makers, not only to influence the behaviour of
more stakeholders, but also to create general support for
law enforcement and supplement it with social pressure.
One example, of many, that illustrates the need to influ-
ence public and political opinion is the event in Seenigama,
Sri Lanka, in 2002, where the police had to release a
number of coral miners after strong protests by fellow vil-
lagers and local politicians (Perera, 2004). For the segment
of the people involved in illegal activities, such as coral
mining and destructive reef fishing, that are poor with no
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access toalternative income sources (e.g. Dharmarethnam
& Kirupairajah, 2001), increased law enforcement needs
to be accompanied by extensive development pro-
grammes providing other livelihood opportunities.

Consider Research Efforts as
Only a Contribution to the Process,
Not a Solution
The call for more resources for research and monitoring
should only be made in the context of enhancing the ca-
pability to set priorities, continuously assess and opti-
mise the decision-making processes and actions taken.
Support to research and monitoring should not be seen
as a way to show deed and replace or delay uncomfort-
able management measures. With fluctuating and com-
plex ecosystems such as coral reefs, a scientific consensus
that specifies in detail the levels or means of exploitation
that are sustainable will take a long time to accomplish if
we will ever get there other than through trial and error.
Policy makers will have to live with some uncertainty in
decision-making (Ludwig, 1993; Olsen & Christie,
2000), and we certainly know enough about the most
urgent threats to the coral reef systems in South Asia (e.g.
coral mining, blast fishing, overfishing, pollution and
sedimentation) to take immediate action. Unequivocal
results are already at hand from the 3—4 decade long
large-scale experiment on the effects of uncontrolled hu-
man activities on coastal ecosystems in South Asia.
CORDIO will maintain the support to long-term
monitoring in the region, and continue to develop dem-
onstration projects for reef management. Also, in 2004,
CORDIO, together with IUCN Regional Marine Pro-
gramme, assumed the role of the GCRMN node in South
Asia. This increases CORDIO’s emphasis on network-
ing, dissemination of information, and influencing coral
reef stakeholders at local as well as policy-making levels.
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INTRODUCTION

The Indian Ocean Islands CORDIO node consists of
Comoros, Madagascar, Mauritius and Seychelles, all lo-
cated within the western Indian Ocean. Although their
combined total Exclusive Economic Zone (EEZ) exceed
4.1 million km?, coral reefs cover only about 3 500 km?,
with the largest area being in Madagascar (see table 1).
Significant areas of coral reefs occur in the sub-region,
in particular within the Seychelles archipelago, Mada-
gascar, Mauritius, and Comoros. Madagascar has the
largest area of coral reefs in the sub-region, mostly domi-
nant along the eastern coast. Most of the granitic islands
of the Seychelles are encircled by discontinuous, fringing
reefs. Along the east coast of Mahé, reef flats reaching
over 2 km in width and terminating in a high algal ridge
which descends down a reef slope to a floor typically at 8

Est. Coral Cover

to 12 m are observed. In the coral islands, the types of
reefs are highly varied from true atolls, raised atolls to
submerged or partially submerged atolls and sand banks.
Mauritius is almost completely encircled by fringing
reefs, with substantial lagoon and barrier reef develop-
ment on the east and southwest coasts (Salm, 1976).
Rodrigues Island (Mauritus) is totally encircled by reefs,
with wide shallow reef flats extending from the shore,
with its widest extent reaching 10 km in the west (Spald-
ing et al., 2001). The main types of reefs in the Comoros
are discontinuous fringing reefs, ranging from 15 m to
several kilometres from the coastline. In Comoros, reef
cover is most extensive on the island of Anjouan (Scetau-
route, 1999).

There are a total of about 14 marine protected areas
(MPAEs) in the region, covering over 8oo km?* of ocean.

No. of Genera

No. of Species

Table 1. Estimated coral cover in the Indian Ocean Islands
Countries Land Area (km?) Coastline (km)
Comoros 2230 469
Madagascar 581 540 9935
Mauritius 2 030 496
Seychelles 450 747

432 km? (Anjouan) N.A N.A
~2 000 km? 112 57
~500 km? 133 47
~577 km? 174 55

Source: McClanahan et al., 2000.
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Table 2. Characteristics of marine protected areas in the sub-region

Country Name Year Est. Size (km?)

Comoros Moheli Marine Park 2001 404

Madagascar Nosy Atafana Marine Park 1989 10
Masoala Marine Park 1997 100

Mauritius Fishing Reserves (Port Louis, Grand Port, Black River,
Poudre d’Or, Poste Lafayette, & Trou d’Eau Douce) 1983 63.2
Blue Bay Marine Park 1997 3.5
Balaclava Marine Park 1997 5

Seychelles St Anne Marine National Park 1973 14
Aride Island Special Reserve 1979 0.1
Baie Ternay Marine National Park 1979 1
Cousin Island Special Reserve 1979 1
Curieuse Marine National Park 1979 16
Port Launay Marine National Park 1979 1.5
Aldabra Special Nature Reserve/World Heritage Site 1981 190
Silhouette Marine National Park 1987

Source: Francis et al., 2002.

All of these MPAs include substantial areas of coral reefs,
however, recent assessments indicate that there are still a
number of important coral reefs areas which should be
included in MPAs in all of these countries (Payet, 2004).
Within its research programme CORDIO has assisted
and supported monitoring within and outside MPAss.

STATUS OF THE REEFS

The status of coral reefs in the Indian Ocean is reported
in the ‘State of the Coral Reefs 2004’ report, through the

contribution of CORDIO experts (Ahamada ez al.,
2004). This summary provides an update to that report.

Comoros

Monitoring of coral reefs in Comoros is undertaken at
20 sites on the three main islands in the group. Monitor-
ing has been ongoing since the 1998 mass coral bleaching
event, and in many areas coral recovery has been ob-

served.

However, reported coral recovery has been modest. In
some areas (Isandra Island), coral cover has increased from
36% in 2003 to 42% in 2004. Ouani (Ajounan Island) re-
mains one of the most intact and diverse reef within the
Comoros which deserves better management, although
it was also affected by the 1998 bleaching. In some areas
such as Bimbini reef (Anjouan Island), live coral cover
has actually decreased from 24% in 2003 to 18% in 2004,
primarily due to a proliferation of sea urchins and also
pressure from trampling and anchor damage. Conserva-
tion efforts at the Moheli Marine Park (Moheli Island)
indicate that coral reef recovery is enhanced when areas
are protected and human intervention reduced.

Surveys undertaken in 2005 (Ahamada, 200s) indi-
cate a 48.8% increase in coral cover in Isandra Island, a
slight increase over 2004. However, in Ouani, the extent
of recovery from 2003 to 2005 ranges up to 61%. Exten-
sive stands of branching and tubular Acropora species
which are currently unprotected at this site continue to
be threatened by human intervention.
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Madagascar

Due to its large coastline, coral reef monitoring sites
around Madagascar are separated by large distances and
also exposed to various local conditions which can influ-
ence recovery. For example, sites such as Dzamandjar
(on the north-west coast) saw a decline in live hard coral
cover (LHC) in 2004, whilst in Foulpointe (on the east
coast) LHC has increased, despite high levels of sediment
input in that region. At the ‘Grand Recif” in Toliara (on
the south-west coast), no significant change in coral cov-
er has been reported. Overall human impacts on coral
reefs in Madagascar include sediment discharge from
unsustainable land-use practices and fishing pressure has
not diminished and remains largely unmanaged. Natural
events such as cyclones also impact on coral reefs, in par-
ticular unconsolidated ones.

Mauritius

Coral bleaching was also observed in the lagoons of Mau-
ritius in 1998 during regular coral reef monitoring. How-
ever, the percentage of bleached corals was less than 5% at
all the sites surveyed (7 sites). Follow up surveys in 1999
showed that the coral reefs exhibited marked recovery. In
2003, further bleaching of corals was observed in late Feb-
ruary but by June, 97% of the bleached corals had recov-
ered. Coral cover dropped by 11% to 37% in 2002. Likewise,
in 2004 almost 60% of the corals were affected by bleach-
ing during the warmest month (March) but by July most
of these affected corals had recovered. Overall, Mauritius
reported a higher coral mortality at all of the sites due to
the 2004 bleaching episode than previous episodes.
Coral cover at the Blue Bay Marine Park remained
stable at 91%. Substantial stand of Acropora sp. (59%) re-
main, primarily as a result of intensive conservation ef-
forts by the Mauritius Government from human inter-
vention, mainly from hotel and tourism development.

Seychelles

Most of the shallow reefs in the Seychelles archipelago
were bleached in 1998. Seven years after the bleaching

event, recovery of coral communities has been variable,
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although recovery has been hampered by recurring
bleaching events in 2002 and 2003. In 2000, mean LHC
was only 3% (surveys done at 22 sites), but in 2004 mean
LHC was 10.2% (surveys done at 48 sites) a significant
increase despite the recurring bleaching events.

Detailed coral reef surveys of Cosmoledo Atoll in
2002 showed that bleaching-related mortality had been
quite severe, despite its remoteness from human popula-
tion (Souter et al., this volume). Coral mortality in the
lagoon was very high, with 95% of the large colonies of
Acropora completely decimated.

Recovery rates on carbonate reefs were found to be
much slower than on granitic reefs. This may be due to
the greater stability of granitic reefs compared with car-
bonate reefs (Payet ef al., this volume). The majority of
reefs with high rates of recovery are found in MPAs.

ASSESSMENT OF TSUNAMI DAMAGE

Seychelles was the only country within this CORDIO
node to have reported damage to its coral reefs as a result
of the tsunami of 26 December 2004 that affected many
countries in south-east Asia and the Indian Ocean. A
rapid assessment of the damage was undertaken by
CORDIO and IUCN in February 2005 (Obura & Ab-
dullah, 2005). Coral reefs were found to be particularly
vulnerable to physical damage from the tsunami waves
due to the weakened reef structure and bio-erosion as a
result of the recent bleaching events. The survey revealed
little direct damage caused by the tsunami on coral reef
habitats, with the majority experiencing 5% reduction in
coral cover, especially in unconsolidated reef areas. How-
ever, greater than 50% substrate damage and greater than
25% of direct damage to corals was observed in northern
and eastern-facing carbonate reef sites.

CLIMATE CHANGE IMPACTS

As a result of the 1998 coral bleaching due to elevated sea
surface temperatures (SST), research aimed at predicting
the occurrence of such bleaching events is being under-



taken. Sheppard (2003) using mean historical SSTs (from
1871 to 1999) in combination with the HadCM3 climate
model (IS92a climate scenario) generated forecast SST
for the period 2010—-2025. The results of this modelling
work indicated that reefs found at latitudes between 10—
15° south in the western Indian Ocean will be affected by
elevated SST every s years. Although areas outside of this
geographical range will also be affected, the model does
not give clear results. Such predicted coral bleaching
events will have serious impacts on ongoing conserva-
tion efforts and coral recovery.
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