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fishing effort increased five fold between 1977 and 1994.
In the island states of Mauritius, Reunion and Rod-

rigues the relative contribution of demersal and reef re-
lated fisheries to total fish production is high (Table 4).
In 1999, there were between 2 500 and 3 000 profession-
al fishers in Mauritius. Total landings in the artisanal la-
goon fishery (traps) in Mauritius have been relatively
stable and have increased only slightly from approxi-
mately 1 600 tons in 1991 to nearly 2 000 tons in 1999
(Naim et al., in press). An important fishery in Mauri-
tius is the Banks fishery along the Mauritius-Seychelles
Ridge with 15 vessels that produced another 4 424 tons
of fish in 1996. The vessels are large (200-430 GRT) each
employing between 50 and 60 fishers and 20 crew.

Fisheries in Seychelles include an industrial fishery
of foreign licensed tuna purse seiners and longliners, a
semi-industrial fishery of longliners for swordfish, and
the reef fishery. In 1992, handlining and traps set on
sandy or sea-grass substrate that target rabbit fish con-
tributed most of the total fishing effort (Jennings et al.,
1995). Handlines caught 78.3% of the 5 718 tons of fish
landed in that year (Figure 7). Seychelles relies largely
on fish exports and tourism for foreign revenue. In
1992, 200 tons of fresh fish and 839 tons of frozen fish
were exported. In 1995, artisanal fish production was 4
313 tons of which 420 was exported for 10 million SR.

In Comores there are approximately 8 000 fishers.

All are artisanal fishers and live in approximately110
fishing villages.Total fish catch in 1995 was13 000 tons
of which 72% was pelagics. (8 000 tons were caught at
Grande Comores). The monetary value of the catch in
that same year was estimated at 9 million francs of
which 6 million was contributed by Grande Comores
alone.

Assessment of the effect of bleaching and coral reef
degradation on coral reef fish and fisheries in Kenya:
A Case Study
The Coral Reef Conservation Project (CRCP) is a U.S.
based NGO of The Wildlife Conservation Society that
has monitored Kenyan coral reefs since 1986 and fish
catches associated with coral reefs since 1995. The
project includes a study of fish populations in Kenya’s
older (>25 years) fully protected marine parks (Malindi
and Watamu MNP), a more recently created park
Mombasa MNP (1991), and four sites on heavily fished
unprotected reefs (Vipingo, Kanamai, Ras Iwatine and
Diani). This study was conducted in late 1997 and re-
peated in early 1999, around four months before and 10
months after the coral bleaching event. For the purpose
of assessing possible effects of the 1998 bleaching event,
abundance and composition of the reef fish community
was determined, together with biomass and composition
of individual fish catches.

The underwater visual census data showed no clear
changes in fish community structure that can be attrib-
uted solely to the bleaching and mortality of corals.
Only the increase in abundance of surgeon fish, which
are grazers that feed on algae on the surface of the dead
coral, may be related to coral mortality. It appears that
there is a strong relationship between management (ma-
rine park versus exploited reefs) and fish abundance for
many of the studied fish families (McClanahan &
Arthur, in press). The catch assessment data show a sig-
nificant decline in catch between 1995 and 1999, where-
as the total fishing effort, measured in numbers of fish-
ers or boats remained constant. There is no significant
deviation from this trend after the 1998 bleaching event.Figure 7. Catch and effort of the artisanal fishery in Seychelles.
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Therefore, it must be concluded that, at this stage, the
fishery has not been significantly affected by the bleach-
ing and mortality of corals. Nevertheless, the declining
catches may be a result of overall environmental degra-
dation. Therefore, it is expected that the effects of the
recent bleaching and coral mortality may become more
evident once the reefs are further eroded in the future.

ASSESSING THE IMPACTS OF THE CORAL
BLEACHING ON REEF BASED TOURISM
The second major socio-economic impact of coral
bleaching would be expected on the tourism industry.
Tourism will be affected by bleaching in those areas
where a substantial proportion of the industry is based
on reef activities and where there are few other attrac-
tions or activities for tourists to enjoy. Tourism varies
throughout the countries of the Indian Ocean and the
diversity of the tourism product ensures a greater or
lesser dependence on coral reefs. Table 6 indicates the
level to which each of the countries is dependant on cor-
al reefs, and the national growth rate in tourism seen
over the past five years.

Reef based tourism is a major industry in both Mal-
dives and Seychelles, although they are marketed quite
differently. Maldives caters for the diving market (45%
of all tourists dive) and the honeymoon market. Sey-

chelles, on the other hand, offers a variety of activities
and people may snorkel and dive as a small part of their
vacation (only 7% of all tourists dive). Similar patterns
were seen in Zanzibar where people spend, on average,
less than 40% of their vacation time diving and snorkel-
ling. In Kenya and mainland Tanzania, wildlife parks
and safaris are probably the main attraction for visitors.
However, visitors may often spend a week on safari and
then a week at the coast where the reef based attractions
form an important component of their vacation. Island
states, such as Comoros and Rodregues have small-scale
tourism industries. In Comoros, tourism employs 600
people and in Rodregues 254 are employed, of which
only five are employed directly in the dive industry. In-
dia supports a huge tourism market, although relative to
the size of the country and its economy it is of lesser im-
portance compared with some of the smaller island
states. The reefs of India tend to be remote and difficult
to access so reef based tourism is limited. Sri Lanka has
some reef based tourism, but has also many other attrac-
tions. There has been enormous overuse of certain areas,
such as Hikkadua where over 90 glass bottom boats op-
erate. Visitors to Reunion and Mayotte are generally
friends and family of residents and those visitors that
are genuine tourists are usually from France or, in the
case of Mayotte, from Reunion.

Country Contribution of reef-based tourism to National tourism trend
the gross domestic product, GDP

Maldives +++++ ++
Mauritius ++++ ++
Comoros +++ ++
Seychelles +++ +/-
Zanzibar, Tanzania ++ +++
Madagascar + ++
Kenya + +/-
India + +
Reunion + +
Sri Lanka + -
Mozambique + No data
Rodregues No data ++++
Mayotte No data +++

Table 6. Relative importance
of reef based tourism to the
economy and 5 year trends in
national tourism for countries
of the Indian Ocean.
++++Very high; +++high;
++medium; +low; -negative.
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Perhaps more importantly than the total arrivals, is
the actual financial gain a country or region might re-
ceive from tourism. The World Travel and Tourism
Council produce simulated forecasts of world tourism.
The revenue generated from travel and tourism and the
contribution of this to the national economy (GDP) is
shown in Figure 8. Maldives shows that 55.9% of the
national economy is based on travel and tourism. The
next highest is Mauritius at 27.9%, followed by the Sey-
chelles at 20.7%. All these countries are small island
states and most of this tourism will be all or partly based
on the reefs. Those countries with lower revenue from
travel and tourism depend heavily on industry for their
national economies.

Two specific case studies were carried out to exam-
ine the financial and economic impacts of the coral
bleaching on tourism. The first was conducted in Tan-
zania and Kenya and the second in Maldives and Sri
Lanka. The following sections give a brief synthesis of
these two studies.

Assessing the impacts of coral bleaching on tourism
in Tanzania and Kenya
One of the specific case studies initiated as part of the
socio-economic assessment of the impacts of the coral

bleaching within the CORDIO programme was carried
out in Tanzania (Zanzibar) and Kenya (Mombasa). The
aims of the research were to:
• Establish whether tourists are familiar with coral

bleaching
• Estimate the financial and economic cost of coral

bleaching to tourism in Zanzibar and Kenya
• Compare the recreational value of the reef before

and after the bleaching event.

METHODS
This research is based on a questionnaire survey of tour-
ist divers in Zanzibar and Mombasa. The economic
analysis is based on the contingent valuation methodolo-
gy (CVM). Financial costs are based on expenditure data
given by the respondents. The questionnaire was initial-
ly developed for use in Zanzibar and Mafia Island, Tan-
zania and had been through pre-testing and a full sur-
vey (Andersson, 1997). Although a few questions were
omitted and a few added, it was not felt that it was nec-
essary to pre-test the survey again. In Zanzibar, 199
divers were surveyed, the sample being split evenly be-
tween the two sites. Initially, in Mombasa, a total of 105
divers were interviewed. Surveys were carried out at the
dive shops of Zanzibar and Mombasa.

RESULTS
The divers visiting Mombasa were found to be on aver-
age older and more experienced divers than those in
Zanzibar. However, the respondents in Zanzibar had a
higher level of education than those in Mombasa. In
Zanzibar, it was estimated that divers spent approximat-
ley 42% of their vacation participating in reef related ac-
tivities compared to 50% in Mombasa. The importance
of the reef can be seen in the diver’s ranking of the vari-
ous attractions in Figure 9.

Diver awareness of coral bleaching
The study found that only a limited number of tourists
surveyed at the two case study sites were actually aware
of coral bleaching. In Zanzibar, this was 28% and in

MADAGASCAR (8%)

MOZAMBIQUE 
(9%)

REUNION (8%)

MAURITIUS (28%)

RODREGUES

COMOROS (11%)
MAYOTTE

SEYCHELLES (21%)TANZANIA (11%)

KENYA (12%)
CHAGOS

MALDIVES (56%)

INDIA (11%)

1999 Million US$
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SRI LANKA (6%)

Figure 8. Revenue generated from travel and tourism and the contri-
bution of this to the national GDP within the Indian Ocean. Source:
World Travel and Tourism Council, 1999.
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Mombasa this was 45% (Figure 10). This low awareness
could be related to their country of origin, level interest
in the marine environment and dive experience. These
links were explored but the sample size of those aware
of the bleaching was too small to make any significant
conclusions. However, of those who were aware of the
bleaching, over 80% stated that knowledge that an area
was bleached would affect their decision to either visit
that area or to dive and snorkel in that area (Figure 10).
This enabled estimations of the financial and economic
costs of the coral bleaching to be made.

Figure 9. Ranking of the importance of the various attractions.

Figure 10. Responses to the questions regarding the knowledge of
coral bleaching and its effect on choice of diving destination.

Valuation of the reef resources
In estimating the financial and economic costs of the
coral bleaching, the survey techniques and the valuation
methods developed by Andersson (1997) for the previ-
ous survey in Zanzibar were used. The financial cost of
the bleaching are the losses to the local community and
tourism economy resulting from those tourists deciding
not to visit or simply not to dive in the locations because
of the bleaching. This is calculated using the diver’s and
snorkeller’s expenditure data collected during the sur-
vey. The economic cost of the bleaching represents the
loss of value to the same group of tourists, either not vis-
iting because of the bleaching, or visiting but not diving.
This loss affects the divers and snorkellers for not hav-
ing access to healthy reefs. The economic cost is calcu-
lated from the diver’s and snorkeller’s stated willingness
to pay. There are two components to the willingness to
pay. The first is the consumer surplus, which is the ad-
ditional money the tourists would be prepared to pay to
still visit the place. This reflects the value of the benefits
they gain from recreation exceeding the total cost they
have spent on visiting the place. The second is the will-
ingness to accept compensation for the fact that they are
unable to dive because of the degraded reefs. The first
value is used as the cost when divers do not visit the area
and the second is used when divers visit but choose not
to dive. When aggregating the results, a range (% of
tourists diving) is used if the exact figure is not known.
This is thought to be in the region of 20% - 30%. In
Maldives, a diving destination, 45% of the tourists were
recorded as divers. These aggregated costs can be seen
in Table 7.

Table 7. Financial and economic cost of the coral bleaching on Zanzi-
bar and Mombasa (range based on % of total tourists who dive).

Financial cost Economic cost
million US$  million US$

Zanzibar 3.08- 4.62 1.88-2.82
Mombasa 13.33- 19.99 10.06-15.09
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Comparison of economic value between 1996 and 1999
One of the main components of this research was the
ability to compare diver and snorkeller valuations of the
reefs of Zanzibar before and after the coral bleaching by
incorporating the data collected in 1996/7 by Andersson
(1997) into analyses. Compared with the 1999 results,
the overall consumer surplus was unchanged indicating
that a complete holiday to Zanzibar was valued the
same in 1996 as it was in 1999. The level of reef use was
also comparable. However, the willingness of the divers
and snorkellers to accept compensation for non-access to
the reefs had increased 20% between 1996 and 1999.
This indicates that the reef remains an important com-
ponent of the visit and the value placed on having access
to reef related activities has actually increased.

The willingness to pay for reef conservation can be re-
lated directly to the state of the reef in 1996 and in 1999.
In 1996, the average willingness to pay to maintain the
reef in the same state was $30. In 1999, this had dropped
to $22, a 27% decline from 1996 to 1999. This reflects ei-
ther a decline in the perceived state of the reef or a change
in the type of tourist and their willingness to pay for reef
conservation. However, comparison of the socio-eco-
nomic data obtained in 1996 with those obtained in 1999
determined that the only difference between the two
groups was that divers surveyed in 1996 were generally
more experienced than those surveyed in 1999. In 1996,
the average number of dives each diver had completed
was 83, compared with only 33 in 1999. This may be an
indicator that the more experienced divers are aware of
reef conditions and their decision has already been affect-
ed by stories of reef degradation or that these divers are
travelling elsewhere, where they can get more adventure
and extreme conditions of diving.

Management implications of the results
One of the major findings of this research was the fact
that, although only a limited number of tourists were
aware of coral bleaching, or of reef degradation general-
ly, their decision to visit may well be affected. From a
management perspective, this has implications for the

type of information that the tourists are receiving on the
state of the reefs. Should bleaching adversely affect the
reefs, tourists may still visit the area if alternatives are
supplied. These may be marine based or even land
based. Planning for a change in tourism activity may
need to take place sooner rather than later.

The decrease in willingness to pay for the conserva-
tion of the reefs may be related to the state of the reefs
but also could be related to the level of visible manage-
ment. To gain support for reef conservation from visi-
tors, management efforts need to be visible through
public information, brochures, active rangers and pa-
trols. What is useful from the data collected is the ap-
proximation of a willingness to pay being approximately
2% - 3% of the total vacation expenditure. This type of
data can be utilised when establishing protected areas
and generating revenue through user fees.

Limitations of the study and further research
There were several limitations of the study imposed by
time and financial constraints. For full analysis and
comparison of results obtained in 1996 and 1999, the
survey needed to cover the higher-price hotels along the
east coast also. In addition, Zanzibar was only mildly af-
fected by the coral bleaching whereas Mafia Island was
heavily affected. The 1996 survey was also carried out
on Mafia Island and a re-survey of this area could pro-
vide some useful insights into financial and economic
costs of the bleaching. Broadening the survey to cover
all tourists both at home and abroad would also increase
the understanding of tourist behaviour with respect to
coral bleaching and reef degradation.

Assessing impacts of coral bleaching on tourism in
Maldives and Sri Lanka
This study focuses on impacts of coral bleaching and
subsequent mortality on tourism in the Maldives and Sri
Lanka. In Maldives, with 430 000 tourists in 1999 (Min-
istry of Tourism, 2000), diving and other reef-related
tourism are the main income generating activity in the
country. Sri Lanka has a similar number of tourists but
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very few come specifically for reefs, even though they
are attracted in general to the coastal areas. The current
study addresses socio-economic questions related to cor-
al bleaching and tourism primarily by recording tour-
ists’ perceptions of coral bleaching. Also, estimates of the
financial and associated welfare losses resulting from
the 1998 coral bleaching event are provided.

METHODS
This research was based on both questionnaire surveys
and secondary data sources. Four different surveys were
carried out: (i) one for tourists departing from Male air-
port in Maldives and from coastal tourist locations in Sri
Lanka; (ii) one for key informants such as dive operators
and glass bottom boat captains in Sri Lanka; and tour
operators in Italy; (iii) one for tourists at the airports of
Amsterdam, Duesseldorf and Milan on their way to
Maldives and Sri Lanka; and (iv) dive tourists were
asked via the internet about their knowledge of coral
bleaching in Maldives and whether bleaching and coral
mortality was a factor that influenced their decision to
go there. The secondary data sources were the official
tourism statistics of Maldives and Sri Lanka.

RESULTS
Interest in the marine environment
In Maldives, there seemed to be three main categories of
tourists: (i) divers; (ii) honeymooners; and (iii) ‘relaxers’.
Around 45% of all tourists going to Maldives were
divers. In Sri Lanka, only approximately 8% were
divers. Italians tend to visit Maldives for their honey-
moon while Germans go to dive. The number of dives
made while visiting each country also varied considera-
bly. In Sri Lanka, of the 8% that went to dive, 50% did
only one or two dives, while in the Maldives, 69% of
divers did more than five dives. With respect to their in-
terest in the marine environment, 52% of the tourists at
Male airport responded that the importance of marine
life was very high, 34% answered that is was rather im-
portant and only 13% said that it was not important. In
Sri Lanka, the results were quite the opposite. Only 18%

stated that marine life was very important, while 32%
and 51% said that marine life was rather important and
not important respectively.

Divers’ and snorkellers’ knowledge of coral bleaching
The media coverage of the coral bleaching episode of
1998 has been substantial. Dive journals have given con-
siderable attention to the bleaching event and to reac-
tions of divers. Yet, interviews at the European airports
showed that many tourists on their way to Maldives did
not know of the episode. Fifty percent of Germans sur-
veyed had heard of the coral bleaching event in Mal-
dives, compared with 30% of the Italians and 16% of the
Dutch. This can be explained partly by the exceptionally
large media coverage in Germany and by the large per-
centage of divers among German tourists. At Male air-
port, 68% of departing tourists had heard of coral
bleaching, while in Sri Lanka, less than one third knew
of this problem.

Losses in Tourism Revenues in Maldives
Possible losses to Maldives’ economy were analysed
based on the official tourism statistics up to December
1999. Figure 11 presents tourist arrivals since the 1972.
Surprisingly, there was not a significant drop in tourist
arrivals in 1998-1999. In fact, tourism arrivals have in-
creased 8% in both 1998 and 1999.

Source: Maldives Ministry of Tourism (1997, 2000).

Figure 11. Number of  tourist arrivals in Maldives between 1970
and 1999.
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However, trends in bed occupancy rates since 1975
give a different picture (Figure 12). Given the time lag
between the planning phase of expansion and the addi-
tional bed capacity, occupancy rates give a proxy for ex-
pected growth in tourism and the decrease in 1998/9
was substantial. However, the Asian crisis was also af-
fecting tourist numbers. Another way of looking at ex-
pected growth of tourism arrivals is to check the official
government tourism forecasts. In 1997, an annual
growth of 10% was expected for the years of 1998 and
1999 (Ministry of Tourism, 1997), which was 2% higher
than the realised figures. Here, we assume that half of
this difference was due to coral bleaching.

Welfare losses from divers
Besides financial losses to the local economies, coral
bleaching can also affect tourists’ holiday satisfaction
and thereby create a loss in their welfare. In order to cal-
culate these welfare losses, the surveys at Male airport
focused on tourists’ willingness to pay for ‘better reef
quality’. In order to ensure the tourists value the same
change in reef conditions, two pictures were shown, one
of a reef that had completely died because of bleaching
and another that was still intact. The question asked of
tourists was how much extra were they willing to pay to
go to hypothetical remote areas in Maldives where reefs
were not affected by coral bleaching and which were, in
all other respects, the same. Figure 13 shows the distri-
bution of this willingness to pay (WTP) and illustrates

that the tourists surveyed were willing to pay an average
of US$ 284 more to visit these hypothetical reefs. Divers
were prepared to pay more than other tourists, though
the difference was surprisingly small. The mean WTP
for divers was US$ 319 while for non-divers it was US$
261. The aggregated losses can be seen in Table 8.

Finally, tourists were asked about the most disap-
pointing part of their Maldives holiday. The possible an-
swers were: (i) the price of food and beverages; (ii) the

Figure 12.  Bed occupancy rates in Maldives between 1980 and 1999.
Source: Maldives Ministry of  Tourism (2000).

Figure 13. Willingness to pay for better reef quality in Maldives.

weather (humidity, clouds, etc.); (iii) the fact that a lot of
the corals were dead; (iv) the mosquitoes; (v) the resort
accommodation; (iv) others. Figure 14 summarises the
responses, showing that 47% considered the dead corals
the most disappointing experience, while the price of
food and beverages was second with 28%.

This last result is interesting, because nearly all re-
sorts are based on half or full board, so that the actual
amount of money spent on additional food and beverag-
es is quite low, though beer is expensive at around US$ 5
per bottle. The interesting aspect of these responses is

Table 8. Losses in tourism revenues and welfare in Maldives and Sri
Lanka for 1998/9.
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that they allow us to compare and therefore scale the
willingness to pay WTP values. Surprisingly, the aver-
age WTP for better reef quality was not statistically dif-
ferent for those who found coral mortality most disap-
pointing and those who found other parts of their holi-
day most disappointing. Note that one could buy more
than 50 bottles of beer for the average WTP for im-
proved corals, which might either suggest an inconsist-
ency in the way people respond to the various questions
or, alternatively, there are quite a few very hefty drink-
ers among the tourists. Unfortunately, it might also
mean that many tourists do not really care about the
death of coral reefs.

Assessing the future tourism impacts
The two case studies show a number of interesting simi-
larities as well as differences.
• Awareness of the 1998 coral bleaching event among

tourists going to destinations with coral reefs is gene-
rally rather limited.

• Current losses in tourism revenue due to coral
bleaching event have, so far, been rather low. In Mal-
dives, it is estimated that only US$ 3 million was lost
during 1998 and 1999 combined. In Mombasa, the
losses were estimated to be much higher (US$ 13-20
million), but these were hypothetical losses assuming
permanent disappearance of tourists.

• A key determinant of losses in tourism revenues was

the ability to attract other types of tourists who, de-
spite being interested in coral reefs and reef based
activities, were not interested only in diving. This
flexibility could help explain the lower losses in Mal-
dives compared with Zanzibar and Mombasa.

• Divers seemed willing to pay considerable sums for
better reef quality. In Maldives alone, the total welfa-
re loss for 1998/99 was estimated at US$ 19 million.

Future tourism losses remain uncertain. Key determi-
nants are the long-term impact of relatively slow word-
of-mouth reports or TV documentaries on bleaching.
Despite the loss of some avid divers who appear to be
going to areas that have not been impacted by bleaching,
they are easily replaced by the hundreds of new divers
that appear on the market. The key uncertainties are re-
lated to the impacts of coral mortality on fish popula-
tions and on beach erosion.

The impacts of the coral bleaching on tourism
should be seen in the wider picture of reef degradation
which, in itself, is not the only issue affecting tourism.
Mombasa has seen a huge decrease in tourism relating
to public opinion on personal safety. Much of this im-
pression is created in national newspapers indicating the
power of the media in altering public perception.

A further aspect of analysing the impacts of events
such as the bleaching, is to look carefully at who is being
impacted. The tourist has a variety of alternative loca-
tions and may not be affected, whereas the local dive
guide may be unemployed as the dive industry adjusts
or is impacted.

DISCUSSION
The 1998 El Niño event has so far not affected socio-
economic indicators dramatically. Reef fisheries in many
areas in the region have been showing a general decline
over the last decade and data collected can not yet tell
what the added negative impact of coral bleaching is.
On the other hand, diving tourism has been growing
rapidly all over the world (except in East Africa). Again,
the added influence of coral bleaching on these trends is

Figure 14. Question about the most disappointing part of the Maldi-
ves holidays.

Pe
rc

en
ta

ge

28%
8%

47%

10% 2% 5%

Fo
od

 a
nd

 b
ev

er
ag

es
w

er
e 

ex
pe

ns
iv

e

W
ea

th
er

A
 lo

t 
of

 c
or

al
s 

w
er

e
de

ad

M
os

qu
ito

es

R
es

or
t 

ac
co

m
od

at
io

n

O
th

er



– 158 –

uncertain. Tourism studies show however, considerable
financial costs ranging between US$ 3.1 and US$ 4.6
million in Zanzibar and US$ 13.3 and US$ 20.0 million
in Mombasa. In Maldives, financial costs were estimated
at US$ 3.0 million, while economic costs over the last
two years were roughly US$ 63 million.

In the long run, the impacts may be rather more dra-
matic if increased erosion of the reef and a loss of reef
complexity occurs, which would be expected to take be-
tween two and 10 years. Given the lack of other global
coral bleaching events, the likelihood of this scenario is
uncertain. Yet, major declines in fisheries and tourism
can not be excluded, with corresponding impacts on
marginal populations in coastal areas.

Furthermore, coral bleaching has re-opened the dis-
cussion about effective coral reef management. Reduc-
ing the pressure on coral reefs from their over-usage has
never been an easy task. However, it will be essential if
reefs recover from the bleaching and survive future
threats. The bleaching of corals is more difficult to con-
trol. If this is a natural event, there is little man can do
to manage it. We can only assist in recovery through ap-
propriate protection of the reefs and vital sources of lar-
vae. If, on the other hand, coral bleaching is caused by
world-wide pollution and the consequences of climate
change and global warming, it will take a massive glo-
bal effort to reduce impacts in the future.

If continued coral reef degradation is going to be a
widespread phenomenon in the Indian Ocean, the fol-
lowing questions need answering:
• To what extent will reef fish stocks be affected?
• Will a decline in reef fisheries or change in popula-

tion composition affect pelagic fisheries?
• Will reef based tourism be replaced by other forms

of tourism?
• What will happen to the Marine Protected Areas de-

pendent on tourists visiting the reefs for their inco-
me?

• Can we maintain the tourism industry and utilise
the tourism market for basic monitoring of reef fish
and habitats?

• What are the links between reef usage and the
bleaching?
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INTRODUCTION
The 1998 interaction between the El Niño and the Indi-
an Ocean dipole produced one of the warmest years in
recent records (McPhaden, 1999; Saji, 1999; Webster et
al., 1999) and is reported to have caused extensive coral
bleaching and mortality throughout the western Indian
Ocean (Strong et al., 1998; Goreau et al., 1999; Wilkin-
son et al., 1999). Previous observations of coral bleaching
in Kenya were recorded in 1987 and 1994 with the 1987
event causing significant mortality in corals and other
benthic invertebrates (McClanahan, unpublished data
and observations). The East African coast has a strong
seasonal cycle and these bleaching events occurred at the
end of the warm north-east monsoon, usually beginning
in March, during the local annual peak of solar irradi-
ance and water temperature (McClanahan, 1988). The
recent 1998 coral bleaching event was the most severe in
terms of the mortality of benthic organisms, particularly
corals, and, therefore, efforts were made to document
this event and to determine the sensitivity of coral gen-
era to this disturbance, the role of reef management and
in particular, the role of herbivory, on the ecological out-
come of this coral mortality.

Coral mortality from bleaching or other factors has
been shown to produce a variety of responses in coral
reef benthic communities (Brown, 1997). These range
from quick recovery of coral cover and species composi-
tion (Brown, 1997), switches in coral species dominance

(Aronson & Precht, 1997; Greenstein et al., 1998), over-
growth of bare substrate by erect fleshy algae (Shulman
& Robertson, 1997; McClanahan et al., 1999), near extir-
pation of species (Glynn & Feingold, 1992), to the de-
struction of reef framework by bioeroding organisms
(Glynn, 1988; Eakin, 1996). The factors that determine
reef changes by bleaching after mass mortalities are,
therefore, of considerable interest to understanding reef
ecology and for reef management. This study compares
four un-fished coral reef parks of Kenya and a monitor-
ing study of herbivorous sea urchins and fishes in and
out of these marine parks to determine how these two
factors influenced the mortality and the benthic re-
sponse to this mortality approximately one year after the
bleaching mortality. We hypothesised that coral mortali-
ty and herbivory would interact to influence the re-
sponse of benthic algae and that management of herbiv-
ores would determine the response to this mortality.

METHODS
Study sites included nine sites in the four MPAs, Malin-
di, Watamu, Mombasa and Kisite Marine National
Parks (MNPs) and seven sites in four unprotected reefs,
Vipingo, Kanamai, Ras Iwatine, and Diani. Sites within
a reef are often separated by 20 m to 100 m and the reefs
are distributed along 190 km of coastline with distance
of 3 km to 50 km between reefs. Sites were in back reef
lagoons with shallow water (< 3 m) at low tides (Kenya

Coral and algal response to the 1998 El
Niño coral bleaching and mortality on
Kenya’s southern reef lagoons
TIM R. McCLANAHAN and STEVEN MANGI
Coral Reef Conservation Project, Mombasa, Kenya
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has a 4 m tidal range) dominated by hard substrate colo-
nised by corals and other benthic invertebrates and algae
(McClanahan & Shafir, 1990). Benthic cover, sea urchins,
and major fish groups have been monitored in these
sites since 1987. Artisanal fishing, which dominates the
fishery on the Kenyan coast, is mostly restricted to these
shallow reef lagoons in Kenya.

A water temperature logger (Onset Corporation
Hobo Temperature Loggers) that recorded hourly
measurements was deployed in a shaded lagoonal area
of the Mombasa MNP under a massive coral at about 1
m water depth (at low tide) for a period between Au-
gust 1996 and May 1998. In addition, NOAA satellite
sea water temperature data for Malindi, from 1982 to
1998 was obtained from NOAA’s electronic archives. To
compare these two data sets we used and present only
the midday temperatures from the in situ temperature
logger and performed a least-squares regression on the
monthly averages for the two data sources for the period
during which the logger was deployed.

In each of the above 16 study sites, benthic line
transects were completed before (November 1997 to
January 1998) and after the bleaching (August 1999 for
some sites to determine mortality and again between
January and March 1998 for another group of sites to
determine changes in benthic cover). In each site, nine
to 12 haphazardly placed and loosely draped 10 m line
transects were used to describe the benthic cover (Mc-
Clanahan & Shafir, 1990). We classified and measured
the length of all benthic organisms > 3 cm into the fol-
lowing nine gross substrate categories, hard coral and
soft coral; fleshy, turf, red coralline and green calcareous
(Halimeda) algae; sponge, seagrass and sand.

Sea urchins, surgeonfish and parrotfish were cen-
sused in each of the study sites both before and after the
bleaching event to estimate their wet weights and rates
of consumption. Sea urchins were identified to species
and counted in nine to 12 10 m2 circular quadrats in
each study site. The biomass of each species was calcu-
lated by multiplying the average wet weight (McClana-
han, unpublished data) with the average density of each

species, and the total weights of each species were
summed to estimate the total sea urchin wet weight.
Consumption rate studies of the four most common spe-
cies of sea urchin undertaken on Kenyan reefs indicate
that the average daily consumption for these four spe-
cies is ~1.6% of their wet wets (McClanahan & Kurtis,
1991; Silva, 1999). Consequently, we multiplied the total
sea urchin wet weight (kg/ha) by 0.016 to estimate sea
urchin daily consumption in kg/ha/day.

Herbivorous fish were counted in three to five 5 m x
100 m belt transects per site, identified to the family and
standard body lengths estimated in 10 cm intervals, with
a 3 cm minimum. Count and body length data were
converted to wet weight estimates per family from
length-weight relationships established from fish catch-
es at a landing site adjacent to the Mombasa MNP (Mc-
Clanahan & Kaunda-Arara, 1996). We estimated an av-
erage daily consumption rate for these fishes as 16% of
their body weight per day based on a summary of litera-
ture studies (McClanahan, 1992; Bruggeman et al.,
1994), so consumption rates of fish were estimated by
multiplying their estimated average wet weights by 0.16.

Sea urchin and herbivorous fish consumption rates
were summed to estimate the total herbivore consump-
tion rate for each site on a kg/ha/day basis. In order to
determine the ability of herbivore consumption rates to
predict changes in fleshy algal abundance due to coral
mortality, regressions and multiple factor ANOVA tests
(Sall & Lehman, 1996) were used on pooled herbivore
consumption rates before and after bleaching with the
change in coral and fleshy erect algae cover.

RESULTS
Sea water temperatures
Sea water temperature data indicate that average mid-
day water temperature during March 1998 was between
30o C and 31o C (Figure 1). The NOAA satellite data
suggest that this was the warmest month on record for
the Malindi site with an elevation of 1o C to 1.5o C for
the month of March and April. 1998 was also unique in
that there was only a very small drop in water tempera
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ture during the onset of the north-east monsoon winds,
usually between January and February, prior to the
maximum temperatures in March. The satellite and log-
ger data were well correlated, although the intercept
was not zero, nor was the slope 1, which suggests that
the logger was less responsive than the satellite data to
temperature changes.

Post-bleaching benthic surveys
Gross substrate categories derived from line transects
(Table 1) indicate that hard coral was reduced to 11% of
the benthic cover in both the protected and unprotected
reefs. Because the protected reefs had a higher pre-
bleaching abundance of coral than the unprotected
reefs, this resulted in a 71% and 44% reduction in hard
coral in the protected and unprotected reef sites, respec-

tively. There was also a 65% and 85% loss in soft coral
cover in the protected and unprotected sites, respective-
ly. Increases in turf and fleshy algae were also statistical-
ly significant. The protected reefs experienced 88% and
115% increases in turf and fleshy algae, respectively,
while the unprotected reefs largely experienced a 220%
increase in fleshy algae with no appreciable change in
turf algae.

Analysis of the benthic cover approximately one year
after the bleaching event comparing 12 sites for the rela-
tionships between the loss of coral cover, the estimated
daily consumption rates of algae by herbivores and the
increase in fleshy algae indicate that there was no clear
relationship between the change in fleshy algae with the
change in coral, but a weaker relationship with the esti-
mate of herbivory  (Figure 2). Some reefs appeared to fit

Figure 1.  Water temperature time series
for a) NOAA satellite data for Malindi, b)
monthly average midday temperature collec-
ted by the Hobo temperature data logger
(Onset Co.) deployed in the Mombasa MNP
and c) regression analysis of the two data
sets for the period between August 1996
and May 1998
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a clear negative relationship with the change in algae
and consumption estimates (Ras Iwatine, Diani 2, Mom-
basa 2, Malindi 1 and 2, and Diani 1) while another
group of sites that experienced only a small or no in-
crease in fleshy algae had low to moderate levels of her-

bivory (Vipingo, Kanamai, Mombasa 1 and Watamu).
Consequently, six of the 12 sites experienced an increase
in fleshy algae equal to or more than 10 cm/m over the
year, but there was no clear distinction between protect-
ed and unprotected reefs.

DISCUSSION
The warm north-east monsoon of 1998 was unique in
being one of the strongest El Niño events since 1877/78
(McPhaden, 1999). Both NOAA satellite data and our in
situ logger suggest that the midday water temperatures
were above 30o C, 2o C to 3o C degrees above the overall
average temperatures, and 1o C to 1.5o C above average
monthly temperatures for about two months in March
and April. The lack of a significant drop in sea water
temperatures during the north-east monsoon windy pe-
riod in January, indicates that there was also poor water-
column mixing during this monsoon as well. In addi-
tion, sea water temperature measurements haphazardly
taken while diving to 20 m also found that this warm
water extended to those depths (Muthiga, unpublished
data). Consequently, although Kenyan reefs experience
good tidal mixing, having a 4 m tidal range, there was
probably little refuge from this warm water for a few
months. Bleaching and coral mortality is likely due to

Figure 2.  Relationships between the difference in the fleshy algal co-
ver in the study sites as a function of estimates of herbivory by both
fish and sea urchins in sites studied ~13 months after the 1998 bleach-
ing event

Table 1.  Comparison of the gross benthic substrate in protected and unprotected reefs before and after the 1998 bleaching and mortality event.

                                   Protected                                                          Unprotected                                                        Kruskal-Wallis test

                                Before                  After                Chng              Before                    After                Chng                        Mngmt                 Bleaching
                                x           sem         x            sem        %                   x         sem          x          sem          %                           F             p F p

Hard Coral 39.6 2.9 11.4 1.4 -71.3 20.6 0.7 11.4 2.2 -44.4 1.7 NS 21.9 0.000
Algal Turf 31.0 3.7 58.5 3.6 88.3 49.0 3.6 50.4 2.3 2.9 1.1 NS 9.6 0.002
Calcareous 4.6 2.3 1.8 1.3 -61.0 0.6 0.2 0.5 0.2 -17.8 0.2 NS 0.1 NS
Macroalgae 4.5 1.6 9.8 2.3 114.9 4.0 1.2 12.9 4.3 222.0 0.0 NS 6.7 0.01
Coralline 2.2 0.6 2.6 0.4 16.9 1.9 1.0 2.2 0.9 14.6 11.7 0.001 0.1 NS
Seagrass 6.3 2.2 7.5 2.9 18.9 6.5 1.2 13.1 2.1 103.7 21.9 0.000 0.9 NS
Softcoral 3.8 1.0 1.3 0.3 -64.7 3.1 0.6 0.4 0.2 -85.8 1.3 NS 12.3 0.001
Sand 7.6 1.3 6.8 1.2 -10.3 13.6 4.1 8.4 1.5 -38.6 1.8 NS 0.5 NS
Sponge 0.3 0.1 0.3 0.1 4.7 0.7 0.2 0.6 0.2 -19.1 4.4 0.04 0.0 NS
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this warm water, although other factors such as changes
in water chemistry, low wind and water column mixing,
and high light or UV penetration probably contributed
to the response (Coles & Jokiel, 1978; Hoegh-Guldberg,
& Smith, 1989; Gleason & Wellington, 1993; Berkelmans
& Willis, 1999; McField, 1999).

Coral mortality became evident a little over a month
after the first bleaching began, and the branching spe-
cies of Acropora, Pocillopora, branching Porites, and Sty-
lophora experienced the highest mortality. Stylophora ap-
pears to have been extirpated from many Kenyan reefs
and may be one of the more susceptible genera to tem-
perature fluctuations (Sheppard et al., 2000). Coral com-
munity structure after the bleaching largely reflected
survival from the bleaching with reefs being dominated
by massive Porites, Galaxea fascicularis, species of Pavona
and other massive and sub-massive genera in the Favii-
dae. Montipora was still common in the protected sites
after the bleaching.

One year after the bleaching nearly half the study
sites experienced an increase in fleshy algae of 10% or
more, which is an unprecedented inter-annual change
for Kenyan reefs in comparison with previous monitor-
ing studies of algal cover (McClanahan & Obura, 1995;
McClanahan, unpublished data). The increase in fleshy
algae cover could not entirely be explained by fishing
levels, the amount of coral loss or herbivory as separate
variables. Herbivory was the best predictor of fleshy al-
gae abundance, however, a number of reefs with low to
moderate levels of herbivory experienced only small in-
creases in fleshy algae. Fleshy algae in Kenyan reefs can
be sensitive to other factors such as physical disturbances
by waves and currents (McClanahan et al., 1996; 1999;
McClanahan, 1997). In addition, nutrient levels may
have played a role, but phosphate and nitrate levels in
most Kenyan reefs are above a suggested nutrient
threshold (LaPointe, 1999; Obura et al., 2000) and,
therefore, algae is unlikely to be limited by these nutri-
ents. The measured increase in fleshy algae is likely to
be an interaction between herbivory and other distur-
bances to algae interacting with the newly created space

opened up by coral mortality and high growth rates of
algae. This suggests that coral bleaching could be a cata-
lyst in the expansion of erect algae in reefs as reported in
other regions that have not been severely influenced by
fishing or nutrification (Shulman & Robertson, 1997;
McClanahan et al., 1999; Sheppard, 2000).
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INTRODUCTION
During the last two decades, countries from the Indian
Ocean region have experienced a variety of seafood poi-
sonings involving coral reef fishes (ciguatera), turtles
(chelonitoxism), sharks (carchatoxism) and sardines
(clupeotoxism) (Quod & Turquet, 1996; Turquet et al.,
2000a). The ecotoxicological process of ciguatera fish
poisoning (CFP) is caused by benthic dinoflagellates
from coral reefs (Gambierdiscus, Prorocentrum, Ostreop-
sis) that are epiphytic on algal turfs, coral rubble and
macro-algae. They produce potent neurotoxins that ac-
cumulate in herbivorous marine animals and are trans-
ferred to higher levels of the food chain by carnivorous
fish. These microalgae are natural inhabitants of coral
reefs and become problematic when densities reach crit-
ical levels.

There is currently a global increase of harmful algal
blooms (HABs) with consequences for both human
health and aquaculture. Further, the intensity, frequen-
cy and distribution of HABs has increased in relation to
coastal marine environment degradation. Furthermore,
increased media focuson HAB’s has increased public
awareness of the problem. HABs are also associated
with natural phenomena such as cyclones, resulting in
endemic hot spots for CFP. Unusual climatological con-
ditions such as the El Niño-Southern Oscillation
(ENSO) are also associated with blooms of toxic plank-
tonic Pyrodinium bahamense in Philippines (Hallegraeff,

1995) or benthic Gambierdiscus toxicus in French Poly-
nesia (Bagnis et al., 1992). Benthic microalgae are partic-
ularly influenced by disburbances that result in mass
coral mortality, due to the large increase of dead coral
surfaces, which form a good substrate for recruitment of
algal turfs and associated epiphytes. This paper is the
preliminary report of a Ciguatera Risk Assessment
(CRA) to document any increase in HABs resulting
from the 1998 El Niño related mortality of corals.

Descriptions of the key-features of contamination
levels of coral reef ecosystems serve numerous purposes.
First, quantification of the toxic species abundance is the
first step to identifying the potential risk of reef fishes
after natural or anthropogenic disturbances (e.g. cy-
clones, bleaching, pollution). Second, micro-algae and
particularly dinoflagellates are biological indicators of
reef health and could form part of the reef monitoring
activities and be included into the general monitoring
database. Monitoring of coastal waters in relation to
HABs is also promoted by the IOC of UNESCO.

A large scale, rapid assessment of CRA was under-
taken in countries from East Africa, South Asia and In-
dian Ocean islands. CRA packages were sent to COR-
DIO national focal points in order to collect 10 samples,
fix biodetritic fractions and send them back for analysis.
As capacity of the countries stakeholders was unequal
and adequate equipment not available, it was proposed

Ciguatera risk assessment in the Indian
Ocean following the 1998 coral bleaching
event
JEAN-PASCAL QUOD1, JEAN TURQUET1, SANDRINE CONEJERO1 and CHRISTIAN RALIJAONA2

1Agence pour la recherche et la valorisation marines, Saint-Denis, Réunion Island/France.
2IHSM, Tuléar Madagascar
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to assess ciguatera risk by implementation of a semi-
quantitative methodology. To avoid seasonal variability,
collection of all samples was done in November 1999.

PRELIMINARY RESULTS AND DISCUSSION
CRA sampling on coral reefs in the Indian Ocean re-
gion showed that degraded reefs where dead corals are
covered by algal turfs are contaminated by a multispe-
cific assemblage of micro-algae (Table 1). Cyanobacte-
ria, diatom and dinoflagellate densities vary from place
to place due to environmental different conditions. Spe-
cial attention was focused on the potentially toxinogenic
dinoflagellate Gambierdiscus cf toxicus (Figure 1). Avail-
able information from CRA and other sources did not
find a strong correlation between contamination levels
and CFP endemicity (Figure 2). It is thought that in
many places, an increase in population may not be sus-
tainable in time. Confirmation of this pattern was con-
firmed for Mayotte where local authorities (SPEM)
found a bloom in November 1998 on Surprise inner
reef, followed by a drop in 1999.

Investigation of the impact of 1998 coral bleaching
was also initiated as part of the REP/COI (Regional En-
vironment Programme/Indian Ocean Commission with
support of the EU) (Turquet et al., 2000a). Two studies
were carried out. First, the Vigitox project was started
to survey the abundance of toxic micro-algae in
bleached coral reefs and the potential toxicity of herbiv-
orous fishes Ctenochaetus striatus. Degraded reefs were
visited in January 1999. Second, a socio-economic survey
was initiated to estimate the impact of ciguatera on hu-

man activities. Only one set of data was collected but no
increase in seafood poisoning outbreaks was detected in
1999.

The present-day distribution of Gambierdiscus and
associated species is significantly larger that previous de-
scriptions. Values observed during the first regional sur-
vey (Bagnis, 1980) were low. At present, we have
learned that CFP progenitors are now widespread and
that critical levels are reached in some places. For exam-
ple, in Mayotte, iterative contamination of the reef eco-
system started in 1984 with circumstantial evidence for

Figure 1. Gambierdiscus toxicus, the main progenitor of Ciguatera Fish
Poisoning (CFP). Human poisoning may occur when densities of toxic
strains are reached in degraded reefs.

Table 1. Abundance of micro-algae, with consideration of three toxinogenic Dinophyceae genera.
(0) absence; (1) presence; (2) low (normal) density; (3) medium density; (4) large (bloom) density.

Country Cyano-bacteria Diatoms Dino-flagellates Gambierdiscus spp. Prorocentrum spp. Ostreopsis spp.

Comoros 1.9 1.6 2.3 0.4 1.5 2.4
Madagascar 2.3 1.7 1.8 0.3 1.7 1.7
Mauritius 2 1.4 1.8 0.8 0.8 2.2
Mayotte 1.7 1.4 1.7 1.6 0.9 1.4
Reunion 2.3 1.8 1.6 1 1 1.5
Tanzania 2 0.7 1 0.3 0.7 0.5
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coincidence with bleaching events in 1983/84, 1987/88
and 1997/98 (Turquet et al., 2000b).

The question of whether the increase of HABs may
affect marine biodiversity and human activities repre-
sents a growing problem. In the Indian Ocean, currently
the main impacts of HABs are through human poison-
ing and the bans on potentially edible fishes from safe
areas, but human activities such as aquaculture, arti-
sanal fisheries, and tourism may be seriously affected.

Harmful algal blooms need management to mitigate
their impact on society. Assessment of the toxic micro-
algae required capacity building, which is at present de-
veloped in the East Africa region by IOC-HAB of
UNESCO with support from Sida. Most importantly,
awareness of decision-makers in coastal management
(aquaculture, pollutants loading, etc.) should be raised
on increase of harmful algal bloom as a probable out-
come.
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ABSTRACT
A SST anomaly occurred in April-May 1998 resulting
in widespread bleaching of zooxanthellate reef inverte-
brates in Maldives. Subsequently, bleaching induced
mortality was unprecedented. This study reports on the
initial stages of reef recovery and describes initial results
from integrated studies on coral settlement and recruit-
ment. Preliminary results from the in situ recruitment
surveys indicate that recovery of the reef at Feydhoo Fi-
nolhu is not recruitment limited. At the study site, mean
coral recruitment ranged between 19 individuals per m2

at a depth of 10 m and 26 individuals per m2 at 5 m.
Overall, the ratio of branching corals to massive corals
was approximately 10:90. The most abundant recruit
was Pavona (>57%). Despite the severity of the coral
mortality in Maldives these data suggest that the capaci-
ty of this reef system to recolonise degraded reefs,
through a supply of coral planulae from surviving colo-
nies is high.

INTRODUCTION
In 1998, unprecedented bleaching and subsequent mor-
tality of corals was reported in Maldives (Naaem et al.,
1999; Rajasuruya et al.,1999; Wilkinson et al., 1999)
Bleaching of zooxanthellate reef invertebrates was
widespread but most severe in shallow reef-flat areas,
where up to 90% bleaching was observed. However,
bleaching was also observed at depths greater than 30 m.
Subsequently, a significant reduction in live coral cover
has been recorded at all sites studied with average live

coral cover decreasing from 42% to 2% on shallow reef
flats (Zahir et al., 1999). Maldives is composed of low-ly-
ing coral atolls and cays and is particularly vulnerable to
the potential loss of protection formerly provided by
healthy accreting reef flats. The consequences of the
bleaching induced coral mortality may have a profound
affect on the calcium carbonate structure that provides a
foundation for the islands’ survival.

Where mortality has been severe reef recovery will
largely be dependent on the supply of larvae. However,
recruitment processes are subject to high levels of natu-
ral variability (Hughes et al., 1999). Thus, time scales for
reef recovery processes are difficult to predict and large-
ly depend on site-specific conditions. Factors that may
influence the recovery processes include: the severity of
bleaching and subsequent mortality of coral within a
given site, the supply of coral larvae, the availability of
consolidated reef framework for recolonisation by coral
recruits and the life histories of the dominant corals in
the surviving community.

Studies of coral recruitment fall into two categories:
those that quantify the number of visible juvenile corals
appearing on the natural reef, and those that use natural
or artificial settlement tiles to estimate larval supply.
The latter involve a fixed period during which the set-
tlement tiles are deployed on the reef, before they are re-
moved and examined microscopically in the laboratory
to estimate non-visible settlement (i.e. coral spat).
Therefore, these methods concentrate on different phas-
es of the life history of corals and community develop

Evaluation of succession and coral
recruitment in Maldives
SUSAN CLARK
Department of Marine Sciences & Coastal Management, University of Newcastle, UK.
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ment, with spat abundance being linked to larval availa-
bility and dispersal whereas the density of juvenile cor-
als within an area reflects post-settlement mortality.
Few studies have combined both approaches in one
study (see Rogers, 1984). Consequently, there is a lack of
information on the relationship between the relative
measure of larval supply and the actual recruitment of
corals to a site.

The purpose of the present investigation was two
fold: 1) to investigate spatial and temporal patterns of
coral recruitment in Maldives using permanent quad-
rats and experimental settlement tiles, and 2) to estimate
post-settlement mortality by comparing the abundance
and community composition of juvenile corals that set-
tle on the reef with the abundance and community com-
position of coral spat that settle on experimental tiles.
This paper reports preliminary data from the CORDIO
funded research programme conducted in Maldives.

METHODS
Settlement tiles
An initial pilot experiment was conducted in November
1999 to test the suitability of terracotta-like tiles at Feyd-
hoo Finolhu reef. After 3-4 weeks the terracotta-like
tiles became soft and were breaking up in sea water and
therefore, were considered inappropriate for this study.
Subsequently, glazed ceramic tiles were found to be
suitable for the settlement tile studies. When placed on
the reef two tiles were placed together with the glazed
surfaces facing each other ensuring the unglazed surfac-
es were exposed and available for potential settlement of
coral larvae.

Tiles were deployed during mid December 1999 at
three sites in North Malé atoll that were selected for
sampling every three months.  At each site two sets of
tiles (10 pairs of tiles per set) were deployed at two
depths (5 m and 10 m). Tiles were orientated vertically
or near-vertically, as this has been shown to be the pref-
erential orientation in other studies (Bak & Engel, 1979;
Birkeland, 1977). The tiles were fixed to hard substrate
such as raised buttresses on the natural reef using push

mount plugs and cable ties (see Plate 1). Experimental
tiles are only suitable for coral settlement once a fouling
community has developed on the artificial substrates
during a process called conditioning. This is achieved in
the experimental design by deploying two sets of tiles
several weeks prior to the period during which settle-
ment of corals on the tiles will be recorded (i.e. overlap-
ping tiles for settlement). Every three months, 10 pairs
of tiles will be retrieved from each depth and examined
under a binocular microscope for coral spat. Informa-
tion will be collected describing the orientation, size and
condition (live or dead) and, wherever possible, each
coral spat will be identified to genus. At the same time,
the 10 pairs of tiles that were collected will be replaced
using the same mounts ensuring that tiles that have
been conditioned are always available for coral settle-
ment.

Permanent quadrats
Permanent quadrats were mapped in situ to obtain data
describing rates and taxonomic patterns of coral recruit-
ment. Ten permanent quadrats (0.25m2) were marked

Plate 1. View of one of the ceramic settlement tiles deployed onto
hard reef substrate on the reef slope. Note the cable ties that attach
the tile via a push mount plug to the reef. Small colonies of the coloni-
al ascidian Didemnum molle have settled onto the tile after 2 months.
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within each depth zone (5 m and 10 m). Individual coral
colonies within the quadrats (recruits, survivors and
fragments of survivors) were identified to the lowest
taxonomic level. Colony sizes (maximum and minimum
diameters) were measured with vernier calipers and the
condition of the colony (live, dead, partial mortality)
noted. In this study, recruits were defined as the recently
settled individuals that have survived for a period after
settlement and are large enough to be detected in the
field (usually around 5 mm). This represents a measure
of new individuals entering a population. Observers
were trained to recognise fragments of older colonies
and surviving colonies. If observers could not distin-
guish between fragments, survivors or recruits they
were omitted. Line intercept transect data were also col-
lected describing the benthos at each site to determine
the percentage cover of live coral and other major con-
stituents of the reef benthos.

Sites
Sites were selected on the basis of 1) data from previous
studies and 2) protection from interference from other
reef users. Three sites were selected in North Malé Atoll
(Figure 1): the reef at Bandos Island, (a tourist resort 2.5
km from Malé), Udhafushi (a faro to the north west of
Bandos) and the reef at Feydhoo Finolhu  (1 km north
west of Malé). An additional three sites were selected in
Vaavu Atoll (Figure 2): Wattaru, Vaavu (a patch reef),
and Foththeyo. In North Male atoll sites will be sam-
pled every three months and in Vaavu atoll the sam-
pling frequency will be every six months to coincide
with the GCRMN reef monitoring programme.

PRELIMINARY RESULTS
Coral settlement tiles
An initial examination of a sub-sample of settling tiles
during February 2000 revealed no coral recruitment
during the first two months of the study.

Initial evaluation of succession - The composition of the
benthic community was examined under a binocular

Figure 1. Map of the North Malé atoll showing the location of the
study sites.
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microscope and the percent cover of the main benthic
colonisers estimated visually. Space on the tiles was rap-
idly colonised. The outer surfaces were dominated by
green algae (40%) and the inner surfaces by bryozoans
(50%), polycheates (10%) and ascidians (5%). Both inner
and outer tiles had a covering of red coralline algae at
the outer margins (5 mm –10 mm).

Next steps - The first set of tiles will be retrieved in mid
March. Additional information will be collected on ben
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thic community development to evaluate patterns of
succession and competition. A grid point method will be
adopted to estimate cover, species richness and commu-
nity development (see Fairfull & Harriot, 1999).

In-situ mapping for coral recruitment
Initial results from Feydhoo Finolhu, North Malé atoll
A total of 88 coral recruits were found within 26 m2 and
19 m2 sampled at depths of 5 m and 10 m respectively.
At 5 m recruits constituted 49% of all corals observed,
fragments 35% and the remaining 16% were colonies
that had survived the bleaching. At 10 m more adult
colonies survived (28%) and persisted as fragments
(42%). Only 30% of colonies observed were recruits (see
Figure 3). Despite the sample size being too small to

Figure 2. Map of the
Vaavu atoll showing the
location of the study
sites.
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The taxonomic patterns of coral recruits at each
depth are shown in figure 4. Overall, the ratio of
branching to massive colonies was 14:86 and 10:90 at 5
m and 10 m respectively. Among branching corals, only
Acroporiidae (14%) was recorded at 5 m whereas colo-
nies of both Acroporidae (7%) and Pocilloporidae (3%)
were observed at 10 m. At 5 m Agariciidae (Pavona spp.)
was the dominant coloniser (63%) followed by Acropo-
riidae (14%), Poritidae (8%) and Faviidae (8%). At 10 m

the taxonomic pattern was similar with agariciids con-
stituting 67%. However, the remaining 33% of corals
were comprised of a more diverse assemblage than at 5
m with seven families represented.

The dominant massive corals within the category of
fragments were Agariciidae (Pavona spp.) (56%) fol-
lowed by Poritidae (22%), whereas among survivors
Faviidae colonies were dominant (34%) followed equal-
ly by Poritidae and Agariciidae (22%). No fragments of
Acropora were recorded within any of the quadrats sam-
pled and no colonies with staghorn growth form were
observed at this site. General observations around the
reef found small numbers of Acropora colonies, with a
digitate growth from, present below 10 m but quantita-
tive surveys were not conducted. Observers noted that
branching species of Acropora and Pocillopora tended to
occur in crevices, over-hangs and under dead standing
colonies. Thus, it is possible that this study may have
under-estimated the density of these colonies due to dif-
ficulties in placing quadrats in such locations. To test
this hypothesis a trial study will compare data obtained
from belt transects (200 cm x 20 cm) and quadrats with-
in the same location to determine the most appropriate
survey protocol.

Size frequency distributions of the coral recruits at
both depths are shown in figure 5. Ninety-six percent of
all coral recruits had mean colony diameters less than 40
mm. Only two recruits, one Acropora and one Pocillopo

Figure 4. Pie charts showing the taxonomic patterns of coral re-
cruitment at two depths at Feydhoo Finolhu recorded in February
2000 (21 months after the onset of the 1998 coral bleaching event).
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ra, exhibited colony sizes greater than this. Overall,
branching corals were not well represented in the
surveys. Colony sizes of Acropora species ranged from
13 mm to 60 mm, which may represent wide variation
in rates of growth between different growth forms (e.g.
digitate versus tabular) or different cohorts.

Reef Structure
At a depth of 5 m the cover of live coral averaged 5.4%
and 8.4% at 10 m while rugosity was 1.17 at 5 m and
1.34 at 10 m respectively. At both depths algae was the
dominant living cover (> 30%) and coral rubble (> 30%)
the dominant non-living cover.

DISCUSSION
Preliminary results from the in situ recruitment surveys
indicate that the reef at Feydhoo Finolhu is not recruit-
ment limited. Mean recruitment ranged between 19 in-
dividuals per m2 at 10 m and 26 individuals per m2 at 5
m to depth at the study site. Among recruits the overall
ratio of branching corals to massive corals was approxi-
mately 10:90. The dominant coloniser was Pavona (>
57%). Branching species represented less than 10% of all
recruits recorded (Acropora 8% and Pocillopora 1.2%).
Broadscale assessments of other reefs in North Malé at-
oll indicate that similar levels of coral recruitment have
occurred since the bleaching event. McClanahan (in
press) found a total of 29 recruits per m2, with Pavona
being dominant (11.7 recruits per m2), and the previous-
ly abundant branching and encrusting species (Acropora,
Pocillopora and Montipora) had recruit densities less than
0.65 recruits per m2. Clark (this volume) describes recol-
onisation of artifical reef structures and natural reefs
following the bleaching event. Branching corals (Acro-
pora and Pocillopora) were dominant colonisers consti-
tuting 67% of the post-bleaching coral community on
the shallow artificial reef structures. The remaining
33% of colonies were massive corals. This represented a
marked shift in community composition when these
data are compared with surveys conducted prior to the

bleaching (1990-1994) in which branching corals repre-
sented 95% of the coral community and massive corals
only 5%. However, at this site, taxonomic patterns may
be linked to site settlement preferences of the different
taxa on the artificial reefs (Edwards et al., in press).

Patterns of reproduction and spawning are impor-
tant in understanding the subsequent recruitment of
corals to the reef. The only information on spawning of
corals in Maldives is that reported by Sier & Olive (1993)
for Pocillopora verrucosa. Broadcast spawning was in-
ferred from the disappearance of mature gametes be-
tween late March and April. Clark (unpublished data)
detected small juveniles of Acropora (size range 5-20
mm) on the reef between February and April between
1991-1994. This suggests that coral spawning occurs
during early summer when sea-surface temperatures
are increasing towards their annual maximum. In Tan-
zania, a recent study (Nzali et al., 1998) reported maxi-
mum coral recruitment to settlement tiles occurred dur-
ing April which also coincided with the period of the
annual maximum sea-surface temperature.

In this study, the initial surveys of recruits began 21
months after the 1998 bleaching event occurred. There-
fore, it is important to distinguish between settlement
that occurred immediately after the bleaching event
(1998/1999) and settlement during the second recruit-
ment season (1999/2000). Given the large colony diame-
ters of some Acropora species (>15 cm) present on the
reef slope, it is possible that settlement occurred imme-
diately after the bleaching event or even before but was
not visible during initial bleaching assessments. This
suggests that juveniles and recruits may be less suscepti-
ble to bleaching induced mortality than adult colonies.
Mumby (1999) reported greater resilience to bleaching
amongst small recruits (2 mm – 20 mm) compared with
the adult population during the 1998 bleaching incident
at Glovers Reef in Belize. As further data become avail-
able information on colony sizes and analysis of size-fre-
quencies will provide insights into population develop-
ment following the bleaching event.

Despite the severity of the coral mortality in Mal
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dives, this study has demonstrated that this reef system
possesses the capacity to recolonise degraded reefs,
through a supply of coral planulae from surviving colo-
nies.
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INTRODUCTION
Responses of coral reef ecosystems to disturbance
Historically, coral reefs have been subjected to a range
of disturbances including major sedimentary events
from flooded rivers (Robertson & Lee Long, 1990),
storm events and changes related to long-term patterns
such as El Niño (Glynn, 1985). Reef ecologists have ac-
cumulated a great deal of evidence implicating distur-
bance as a major influence on reef ecology (Connell,
1978). Increasing global temperatures, eutrophication in
coastal areas and the physical damage that is becoming
so widespread is potentially reducing the reefs intrinsic
ability to cope with such perturbations. Primary produc-
tion on a reef is largely dependent on a variety of algae
including the symbiotic algae living in hard corals
(zooxanthellae). The level of production that any of
these components might attain is determined by a varie-
ty of physico-chemical (e.g. hydrodynamics and nutri-
ents) and biological factors (e.g. grazer-communities).

Furthermore, the addition of nutrients such as
nitrogen and phosphorous has the potential to increase
the growth rates of some algae and heterotrophic inver-
tebrates relative to corals (Littler et al., 1991; Sammarco
& Risk, 1990). As a consequence, many reef ecologists
warn that eutrophication of waters surrounding coral
reefs may alter patterns of dominance on these reefs
from corals to various forms of fleshy and filamentous
algae and bioeroding sponges (Rose & Risk, 1985; Sam-
marco & Risk, 1990). In practice, however, there are a
number of factors that prevent this from occurring. Per-
haps the most important is herbivory (Hatcher & Lar-

kum, 1983). Vertebrates and invertebrates comprising
the grazing community consume the plant production
(Hatcher & Larkum, 1983) and often inadvertently in-
gest limestone from the skeletons of corals and epiphytic
micro-invertebrates while grazing. Some investigators
have argued that the abundance of grazers is the main
limitation to primary production on coral reefs (Lar-
kum & Steven, 1994). Indeed, the abundance of fleshy
algae is generally very low on healthy reefs that support
reasonable populations of herbivores. However, declines
in grazing pressure through overexploitation of herbiv-
orous fauna can shift the balance in favour of the algae
allowing them to out-compete and eventually exclude
corals from the reef community.

The products of photosynthesis by zooxanthellae are
the primary source of energy used by corals for accre-
tion of calcium carbonate (CaCO

3
) and skeletal growth

(Muscatine, 1990). Mass bleaching on the scale reported
in 1998 can alter the balance between net accretion and
net decay of CaCO

3
 from the reef framework. Subse-

quently, the loss of zooxanthellae through bleaching can
reduce the rate of accretion of CaCO

3
 into the skeleton

of the coral. This imbalance may also be mediated by
grazers, bioeroders and organisms whose actions direct-
ly affect benthic community structure (Done et al.,
1996). The persistence of a coral reef, in the long-term,
requires that its overall rate of calcium accretion equals
or exceeds losses from biological and physical erosion
and transport of sediment away from the reefs (Done et
al., 1996).

Studies of bioerosion on coral reefs of
Tanzania
HELENA STRÖMBERG
Zoology Department, Stockholm University, Stockholm, Sweden
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Bioerosive processes
An important aspect for the maintenance of coral reefs
is that the skeletal structure is broken down by bioerod-
ing organisms into sediment, which form sandy bottoms
and beaches and is an important factor of the inorganic
pathway. Bioerosion is divided into two types; external
bioerosion, which is usually performed by different
types of fish and sea urchins (McClanahan, 1994) and in-
ternal bioerosion by polychaetes, sipunculans, molluscs,
barnacles and sponges (Sammarco & Risk, 1990).

Risk and Sammarco (1982) demonstrated a signifi-
cant positive correlation between the degree of internal
bioerosion in dead coral and reduced grazing pressure.
This correlation can be explained in three ways. First, a
decrease in the level of biological disturbance imposed
by grazers on newly settled larvae of endolithic borers
might reduce post-settlement mortality among these
bioeroders allowing greater numbers to survive to
adulthood (Sammarco, 1980). Second, reduced grazing
pressure enables algae to flourish which, in turn, pro-
vides a refuge for bioeroders. Third, food and nutrient
levels might be more abundant in the associated algal
turf and sediment (Klumpp et al., 1988). Risk and Sam-
marco (1982) also demonstrated that predation may in-
fluence the rate of internal bioerosion by affecting popu-
lation dynamics within the endolithic bioeroder com-
munity. Sammarco et al. (1987) reported that boring by
sponges with large exposed papillae (Cliothosa hancocki)
increased significantly when grazing is reduced within
damsel fish territories, while the abundance of more
cryptic boring sponges decreased.

Further, on reefs across the central region of the
Great Barrier Reef, Australia, Sammarco and Risk
(1990) reported that total internal bioerosion decreased
significantly with distance offshore. The greatest de-
creases in abundance occurred in bivalves and sponges.
It was suggested that because bivalves and sponges are
filter feeders they may gain more food in the more nu-
tritious inshore waters.

Grazing by fish, particularly scarids and acanthu-
rids, and sea urchins cause high levels of external

bioerosion of dead foliose coral substratum. The micro-
topography of coral substratum is altered greatly by
grazing, suggesting that these activities might hinder
settlement of internal bioeroders. Although small fish
and galatheid crabs contributed only negligibly to
bioerosive activities, some of them appear to prey direct-
ly on cryptofauna such as boring sponges. Therefore,
predation may have an important influence on the pop-
ulation dynamics of endolithic communities (Sammarco
et al., 1986).

Infestation by boring organisms also weakens the
corals which may make them more susceptible to dam-
age from catastrophic high-energy events such as storms
and cyclones (Highsmith, 1982) causing them to become
easily detached from the substratum (Highsmith et al.,
1980). The degree to which the skeleton has been erod-
ed will also be an important factor determining the re-
sistance of corals to wave shock (Highsmith, 1982; Tuni-
cliffe, 1983). Further, bioerosion may contribute to con-
trol of nutrient and gas fluxes on coral reefs (Tudhope &
Risk, 1985) and others have stated that it can affect the
morphology of carbonate coastlines (Acker & Risk,
1985). On severely bleached reefs, bioerosion could con-
tribute to the total erosion of corals such that entire reefs
could be eliminated if rates of coral recruitment do not
increase (Reaka-Kudla et al., 1996).

A review of the response of reefs to eutrophication
suggests that the maintenance of fish populations and
their feeding responses as well as the physical structure
of the reef may be important factors inhibiting over-
growth of coral reefs by algae and degradation by inter-
nal bioeroders (Sammarco & Risk, 1990). These studies
suggest that it is often the combined effect of the loss of
reef consumers, reef structure and eutrophication that
cause drastic changes in reef ecology.

Aims
If environmental factors and the observed trends in
bioerosion are functionally related, then eutrophication
or increased productivity in the waters surrounding cor-
al reefs may promote increased levels of internal bioero
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sion which, when combined with decreases in grazing
pressure by fish, can further accelerate bioerosion and
the degradation of reefs that are already seriously affect-
ed by bleaching. The aim of this study is to investigate
how some of the main regulators of coral reef ecosys-
tems affect rates of bioerosion of the reef structure and
key coral species. Also, it is important to determine
whether different parts of the reef such as reef flat, reef
crest and slope have different erosion rates to be able to
predict how disturbance affects the different parts.

EXPERIMENTS AND PRELIMINARY RESULTS
Bioerosion across a nutrient concentration gradient
Between February and April 1999, a study of the distri-
bution and abundance of bioeroders was conducted
across a nutrient gradient from the runoff of Zanzibar
town situated on the west coast of Unguja Island. Four
sites at progressively increasing distances from the sew-
age outflow of town were chosen: Chapwani Island
nearest the runoff, Bawe Island 2 NM from town,
Chumbe Marine Park 7 NM from town and Mnemba
Reef off the east coast of Unguja Island. Coral-rubble
from the bottom and dead standing corals of the genera,
Acropora, Porites and the subgenus Synaraea were col-
lected from each site. The percentage erosion from dif-
ferent eroding groups (i.e. sponges, polychaetes, sipun-
culans, bivalves and balanoides) was measured and the
abundance of each taxon in the dead coral was deter-
mined to identify higher-level interactions between wa-
ter quality and the composition of the bioeroding com-
munity. Preliminary results show that the variation of
bioeroding organisms within and among sites was very
high. This indicates that the common method of using
corals for bioerosion studies where the time of mortality
is unknown is questionable.

Succession of the bioeroder community
Although it is known that bioeroding organisms are
more active in dead corals than in living corals, the rela-
tionship between the time since mortality and the rate of

erosion and colonisation of the skeleton by various
bioeroders is poorly documented. In order to determine
temporal changes in the rate of bioerosion and also pat-
terns of succession within the bioeroding community,
skeletons of corals at Mafia Island killed by El Niño in-
duced coral bleaching of 1998 were sampled after one
year (March 99) and 1.5 years (October 1999). Additional
samples will also be taken 2.5 years and 3 years after the
bleaching event.

Pieces of dead Acropora formosa were collected from
2.5 m x 2.5 m quadrats. All corals in the quadrats were
killed in March 1998. The corals were sectioned longitu-
dinally and the percentage area eroded by different tax-
on (i.e. polychaetes, sponges, sipunculans, barnacles, bi-
valves) were calculated. All bioeroding organisms found
in the pieces of corals were collected and identified. To
date, only preliminary results are available but a small
increase in bioerosion was recorded between March
1999 and October 1999.

Experimental gradient in grazing pressure
A gradient in fish grazing pressure was established ex-
perimentally by placing the dead coral substratum un-
der three experimental conditions: 1) fully exposed to
natural levels of fish grazing; 2) protected from grazing
fish within cages; and 3) beneath cage sides without top
and two sides to control for decreased light and current
while allowing access to grazing fish and invertebrates.
The coral samples will be exposed for 12 months before
analysis.

Temporal patterns of bioerosion within habitats
characterised by different fish communities
Two sites were selected outside Zanzibar, Bawe Island
and Chumbe Island. Bawe is an island situated near
Zanzibar town where fishing is permitted. Chumbe Is-
land is a marine park situated 7 NM from Zanzibar
town and is protected from fishing. Three different fish
communities were identified at both sites. At both sites,
living colonies of Acropora formosa were collected and
killed before being placed within the habitats in which
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each of the three different fish communities resided.
The coral samples will be exposed for 24 months before
analysis.
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INTRODUCTION
Coral reefs globally are increasingly under threat from
environmental and anthropogenic factors, particularly
the recent widespread bleaching and mortality of corals
due to the temperature anomaly recorded during the
1997/98 El Niño. The active rehabilitation of reefs may
be necessary in some locations. Different rehabilitation
methods require development for use in different condi-
tions according to the constraints of area, availability of
funding and reasons for rehabilitation. A number of
studies have involved transplantation of parts of adult
corals at a variety of technical, financial and spatial
scales. Methods have included placement of loose stag-
horn Acropora branches (Bowden-Kirby, 1997; Lindahl,
1998) on suitable substrates, cementing corals to natural
substrates using cement or epoxy-type glues, and ce-
menting corals to movable bases (Obura, unpublished
data). Transplantation can be used for management pur-
poses in the rehabilitation of reefs (Harriott, 1988), and
in conjunction with transplants of wider reef communi-
ties (e.g. Muñoz-Chagin, 1997).

The primary objective of this study is to investigate
the capacity of coral transplants, covering a range of
genera with different growth and life history strategies,
in the repair and rehabilitation of degraded reefs. A sec-
ondary objective is to develop a suitable (efficient, eco-
nomical and practical) methodology for the transplant
procedure. Higher level objectives can be investigated in
the long term, including three-dimensional complexity
and diversity in the vicinity of the transplants. The
study is conducted in the Mombasa Marine National
Park, Kenya.

METHODS
Coral species used were Porites lutea, Pavona cactus,
Montipora spongodes, Echinopora gemmacea, Acropora sp.
(f. corymbose), Hydnopora microconos and Goniopora sp.
Small fragments were broken off parent colonies and
immediately fixed using an epoxy “Quickset putty” as
the cementing agent to a) natural reef substrate cleaned
by scraping with a wire brush and b) small conical ce-
ment bases to enable movement of the fragments, held
in place on the reef in holes on an elevated rubber rack
(Figure 1). Coral fragments were left for >2 days to ac-
climatize to the manipulation. Size was measured at ap-
proximately 30 day intervals, recording height and base
diameter for branching species, and maximum and a
perpendicular diameter to compute projection area for
sub-massive species. Losses and mortality were recorded
and sample sizes made up by addition of new frag-
ments. The results of three and four intervals of growth
are reported here (number of intervals are varied due to
the time of starting different species).

RESULTS
Positive growth was recorded only for Echinopora, Hyd-
nopora and Porites on the racks, and for Acropora and
Montipora on natural substrate (Figure 2). Negative
growth was recorded in the remaining instances, with
Pavona and Goniopora displaying negative growth rates
for transplants on both natural substrate and on the
racks. Therefore, transplants of branching corals appear
to do better on natural substrates and transplants of sub-
massive corals grow better on the racks, with the excep

Transplantation of coral fragments
DAVID OBURA and SHAKIL VISRAM
CORDIO-East Africa, Mombasa, Kenya
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Figure 1. Coral fragments transplanted to natural substrate (be-
low) and onto conical cement bases for fixing onto raised rubber
racks (left).

tion of Goniopora and Pavona. Growth of the corals, par-
ticularly on natural substrate, was better during rough-
water conditions, decreasing during the calm transition
between monsoons in November-December. During
this time large amounts of fine silt accumulate on reef
surfaces and are likely to stress benthic organisms.

Survivorship was high (> 80%) for all transplants ex-
cept for Acropora on both racks and natural substrate
and Echinopora on natural substrate. Porites suffered no
losses or mortality on either the racks or natural sub-
strate. Echinopora on the racks and Hydnopora on the
substrate also exhibited a 100% survival rate. The lowest
survival value was for Acropora on the racks, caused by
predation by Drupella during the first interval. Replace-
ment fragments survived at close to 90% for the remain-
ing intervals presented here. Acropora and Echinopora

showed significant long-term decline of substrate
transplants.

DISCUSSION
The primary objective for this study was to investigate
the capacity of transplants of different species of corals
in the rehabilitation and repair of degraded reefs. One
of the main findings so far was that sub-massive corals
tend to fare better on elevated racks while branching
species tend to do better when transplanted onto natu-
ral substrates. The difference is most likely due to algal
competition and the accumulation of sediment in algae
adjacent to the coral tissue margin (especially in calm
conditions) and overgrowth of the coral by algae, that
suppresses growth of non-erect corals. However, why
branching corals should fare less well on racks is not
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Figure 2. Growth
and survivorship of
coral fragments
transplanted to ele-
vated racks, and na-
tural substrates.
Branching corals
(this page) in mm/
30 days, sub-massive
corals (facing page)
in mm2/30 days.
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clear. Future investigation will include the use of larger
sized fragments to determine if the large amount of
negative growth is a function of size.

Higher level objectives can be derived with the con-
tinued monitoring of transplants over the long term.
The response of transplants to manipulations and trans-
planting to reefs with different environmental condi-
tions enables research into species-specific differences in
growth and survival. One possible outcome could be the

development of a coral bio-assay in which the health
and environmental conditions of varied reef systems
could be assessed through the use of transplants of a spe-
cies with a known and predictable response profile un-
der well defined environmental conditions.

The two methods used for the study are relatively
low cost with the following estimates per transplant
(underwater materials only): approximately 6.50 Kshs
(US$ 0.10) per coral fragment (on natural substrate), and



– 183 –

50

0

-50

-100

-150

-200

-250

100

75

50

25

0
1             2              3

Pavona

Su
rv

iv
or

sh
ip

 (
%

)

G
ro

w
th

 (
m

m
2 /3

0 
da

ys
)

50

0

-50

-100

-150

-200

100

75

50

25

0
1             2              3

Echinopora

Su
rv

iv
or

sh
ip

 (
%

)

G
ro

w
th

 (
m

m
2 /3

0 
da

ys
)

100

75

50

25

0

-25

-50

100

75

50

25

0
1             2              3

Hydnopora

Su
rv

iv
or

sh
ip

 (
%

)

G
ro

w
th

 (
m

m
2 /3

0 
da

ys
)

50

25

0

-25

-50

100

75

50

25

0

1        2          3          4

Goniopora

Su
rv

iv
or

sh
ip

 (
%

)

G
ro

w
th

 (
m

m
2 /3

0 
da

ys
)

150

100

50

0

-50

100

75

50

25

0
1        2         3         4

Porites (massive)

Su
rv

iv
or

sh
ip

 (
%

)

G
ro

w
th

 (
m

m
2 /3

0 
da

ys
)

Interval Interval

Interval Interval

Interval

Surviv    growth

Racks

Substrate



– 184 –

25-30 KShs (US$ 0.35-0.40) per coral fragment (on
racks). However, further studies have to be performed
before transplantation of corals by these methods can be
considered a feasible rehabilitative technique for de-
graded reefs. Different transplant methodologies such
as the use of cement will also be considered for evaluat-
ing the strengths and weaknesses of specific methods
under different contexts, including economic.
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INTRODUCTION
Many coral reefs that have been subjected to severe coral
mortality may erode into rubble before the reef frame-
work has been stabilised by the growth of recruiting or
surviving corals and other calcifying organisms. Since
unconsolidated coral rubble provides a poor substrate
for coral recruitment and subsequent growth, these
damages can persist for a long time, even where there is
ample supply of coral larvae. Rehabilitation of this type
of habitat through coral transplantation has therefore
been hampered since the substrate does not provide a
base for attachment. Unattached corals that are moved
by water movements may suffer severe damages
through breakage and abrasion, and are also at risk of
being buried in the shifting sediment. The aim of the
present study was to further develop and evaluate a
method to stabilise transplanted staghorn corals on un-
consolidated substrate in a moderately exposed environ-
ment.

METHODS
The staghorn corals Acropora formosa and A. vaughani
were transplanted in November 1998 to an area moder-
ately exposed to waves at Tutia Reef, Tanzania. The sea-
bed at the transplantation site is made up of a mix of
coral rubble and sand at a depth of 3 m. Due to the un-
consolidated and shifting substrate there were few cor-
als growing at the study site, apart from some thickets

of branching corals encroaching over the seabed. Coral
branches were either dropped on the seabed without
any attachment or attached to each other on 1.2 mm
polythene strings, which were placed on the seabed us-
ing a method modified from Lindahl (1998). Groups of
10 coral branches were tied on pieces of string to form 1
m sections of “coral necklaces”, which were stored un-
der a tarpaulin onboard a boat. Each coral necklace was
taken to the seabed at the transplantation site by a
snorkler where the ends were tied to other sections to
form an interconnected grid of 1 m x 1 m squares with
each side made up of a coral necklace. Altogether 364
corals were placed, of which 260 were tied to strings to
form a grid made up of 26 sections. The remaining 104
corals were dispersed in the surrounding area. Prior to
the transplantation each coral was weighed and tagged,
and the linear dimensions (length, width and height)
were recorded. The average weight of the transplanted
corals was 371 g ± 256 g (SD). One year after transplan-
tation the corals were recovered, the measurements
were repeated and the degree of tissue mortality was es-
timated.

RESULTS AND DISCUSSION
Twelve of the 104 loose corals were not recovered, and
were presumed dead. The tied corals increased their live
weight more and suffered less mortality than the loose
corals (Figure 1). Among the tied corals, there was a sig

A low-tech method for reef
rehabilitation by stabilisation of
transplanted corals
ULF LINDAHL
Kristineberg Marine Research Station, Fiskebäckskil, Sweden
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nificant trend toward slower relative growth rate for
larger colonies, as estimated by linear regression (p <
0.05), whereas the trend was the opposite, but not signif-
icant for the loosely placed corals.

The results show that the attachment method signif-
icantly increased the growth and survival of the corals.
Most of the tissue mortality on the tied corals occurred
on branches that were embedded in the sediment,
whereas many of the loose colonies showed significant
mortality also on exposed parts. Tumbling, abrasion and
sequential burial of different parts of the colony had
probably caused this mortality. All tied corals seemed to
be fixed in their positions, remaining in place also after a
slight tug by an inspecting diver. Most of the tied corals
had fused with adjacent branches and were partially
embedded in the seabed. The reduced relative rate of
weight increase for heavier colonies in the tied treat-
ment was probably related to the lower ratio of surface
to volume with increasing size, and to some degree to

self shading among branches in the same colony. This
effect must have occurred for the loose corals as well,
but was probably outweighed by the advantage of in-
creased stability that comes with a larger size.

The described method is easy to apply, and requires
very little material resources. The grid created by the
coral necklaces will probably have a stabilising effect on
the substrate, as noticed in a similar study by Lindahl
(1998), and should thereby facilitate recruitment of oth-
er sessile biota as well as fish. The combined weight of
the transplanted corals and the anchorage provided by
the partially embedded branches was enough to stabilise
the grid, and it may be resistant to water movements
much stronger than those prevailing at the study site.
The presence of naturally growing thickets on uncon-
solidated substrate at the study site shows that, once a
certain density is achieved in a population, the stabilisa-
tion provided by the string will no longer be necessary.
The applications of the described method should be fur-
ther studied with regard to different exposure regimes,
substrates and species. Unpublished results have showed
that a third staghorn species, Acropora nobilis, exhibits
responses very similar to those described here.

The most important limitation of this method, apart
from wave protection and shallow depth, is the availa-
bility of suitable source populations. If corals are har-
vested in an uncontrolled manner, the damage to source
populations may be greater than the beneficial effect on
the receiving site. However, since the staghorn corals of-
ten grow in dense thickets, a selective, small scale har-
vesting of colonies in the interior of these thickets
should result in a reduced intra-specific competition for
space and facilitate encroachment over the harvested
patches by neighbouring coral colonies.
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Figure 1 Final weight of coral colonies one year after transplantation
expressed as a percentage of initial weight. Sample size = 130 (tied tre-
atment); 52 (loose treatment).
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ABSTRACT
A research programme to evaluate the feasibility of us-
ing artificial reef structures (ARS) to rehabilitate de-
graded reefs was conducted in Maldives between 1990-
1994. Detailed monitoring and analysis of coral recruit-
ment patterns on the ARS over a period of 3.5 years
demonstrated that a diverse community of branching
corals developed within three years with a similar com-
position to adjacent reef flats. A warm water anomaly of
+3° C occurred in Maldives between late April and May
1998 resulting in extensive bleaching of corals and other
zooxanthellate reef invertebrates. On the ARS bleaching
was followed by full to partial mortality of certain corals
within 4 - 6 weeks of the onset of bleaching. Branching
species of the genera Acropora and Pocillopora were the
most susceptible corals to bleaching. At the same time
massive corals, such as Porites, Favites, Pavona and Favia
spp. showed partial to full recovery on the ARS and on
natural reefs

Quantitative surveys in March 1999 recorded 205 re-
cently settled coral recruits on the three concrete SHED
areas. Although branching corals were the dominant
colonisers (67%), there was a significant increase in the
abundance of massive corals (33%) when compared with
the taxonomic patterns recorded between 1990-1994, in
which massive recruits represented less than 2% of the
population. On natural reefs rates of recruitment were
23.2 colonies per m2. Settlement and subsequent growth
of coral recruits with both branching and massive
growth forms since the bleaching event indicates that a

supply of viable coral larvae are available from reefs lo-
cated upstream or from deeper areas of the same reef.
Bioerosion and breakage of dead standing corals on the
ARS was evident ten months after the bleaching event.
As the reef framework breaks down the ultimate fate of
the calcium carbonate fragments will have important
consequences for the integrity of the reef framework,
which provides natural protection for low lying islands
against oceanic waves.

INTRODUCTION
In Maldives coral mining for the construction industry
has resulted in widespread degradation of shallow reef
flat areas (Brown & Dunne, 1988). The loss of vital
coastal resources, the associated problems of coastal ero-
sion and the slow rates of natural reef recovery have
prompted interest in the potential of artificial reef struc-
tures to rehabilitate physically damaged reefs.

With funding from the UK Department for Interna-
tional Development (DFID - formerly ODA) an experi-
mental artificial reef programme was initiated in 1990
to determine the feasibility of using a bio-engineering
approach to kick-start natural reef recovery. The main
objectives were to: i) restore reef  fish and coral biodi-
versity, ii) test the hypothesis that lack of reef recovery is
due to the lack of stable surfaces for settlement of coral
planulae, iii) investigate the biological and physical con-
ditions conducive to reef recovery and iv) determine
which rehabilitation techniques are cost effective. Ac

Impacts of bleaching on coral communities
on artificial reef structures in Maldives
SUSAN CLARK
Department of Marine Sciences & Coastal Management, University of Newcastle, U.K.
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cordingly, 360 tonnes of concrete structures with vary-
ing levels of topographic complexity, stabilising effect
and cost were deployed on a heavily mined study site
close to the island upon which the capital Malé is situat-
ed.

Recruitment and subsequent growth and mortality
of corals on the Artificial Reef Structures (ARS) were
monitored over 4 years (Clark & Edwards, 1994; 1995;
1999). By late 1994, substantial coral recruitment had oc-
curred on the larger reef structures, which were each
supporting circa. 500 colonies. The coral community
that developed on the reef structures was dominated by

acroporids (53%) and pocilloporids (45%), with very few
massive colonies (2%) present. Given the slow recruit-
ment and growth of massive species, which are crucial
for reef framework construction, it was predicted that a
further 5-10 years are required to attain a community
structure similar to pristine adjacent reefs.

Coral bleaching on artificial reef structures
In May 1998, scientists attending a training workshop
supported by the South-east Asia Global Coral Reef
Monitoring Network (GCRMN) visited the ARS at
Galu Falhu and observed almost 100% bleaching of

Plate 1. In May 1998, virtually all corals on the ARS at Galu Falhu exhibited bleaching.
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branching and massive corals (Plate 1). In June 1998, a
brief inspection of the ARS revealed that the majority of
massive corals had recovered from the bleaching event
but almost all of the branching corals were dead and
covered with filamentous algae (Plate 2). A follow up
visit in February 1999 found evidence of new coral colo-
nisers, particularly the opportunistic species Pocillopora
damicornis had settled on both the SHED and Armor-
flex structures, indicating reef recovery processes were
underway.

This report describes the results of field surveys con-
ducted 11 months after the onset of bleaching to assess
quantitatively the post-bleaching status of the coral
communities developing on the ARS and evaluate ini-
tial stages of recovery.

processes on the adjacent reefs. Due to time constraints,
attention focused on the larger SHED structures which
had shown greater levels of coral recruitment during
the initial monitoring programme. In the past, a lack of
information describing the growth rates of juvenile cor-
als has lead to confusion over the age at which corals be-
come visible to the naked eye (usually around 5 mm). In
this study, rates of growth measured from local juvenile
corals (Clark, unpublished data) were used to define the
size of coral recruits. The following are considered to be
small juveniles that have settled within 12 months: i)
branching colonies with a diameter of 7 cm or less and
ii) massive colonies with a colony diameter not exceed-
ing 3 cm.

Description of artificial reef structures
Four sets of artificial reef structures weighing a total of
360 tonnes were deployed on a 4 ha area of reef flat on a
severely degraded faro called Galu Falhu, which is situ-
ated 2.4 km north-west of the capital Malé. The study
area was 0.5-1.8 m below LAT (approx. tidal range 1m)
and largely consisted of sand and loose coral rubble. The
four sets of structures comprised: 1) One cubic metre
SHED (Shephard Hill Energy Dissipator) hollow con-
crete blocks modified with infills to reduce internal void
space, 2) Amorflex-220 flexible concrete mattresses, 3)
Armorflex-220 onto which corals were transplanted and
4) Chain-link fencing anchored by concrete paving
slabs.

Status of the coral community prior to bleaching
Two rapid assessments of the ARS conducted in June
1998 and August 1998 found that juvenile coral popula-
tions at the SHED sites had increased substantially since
the last survey in 1994. Qualitative assessments suggest-
ed an increase in abundance of frame-building massive
species, particularly on the internal surfaces of the
SHED areas and the interstitial and void spaces of the
Armorflex mats. These data indicate that good condi-
tions for growth continued at the site prior to bleaching.

METHODS AND SITE DESCRIPTION
The approach involved in situ surveys of visual recruit-
ment to document patterns of recruitment within differ-
ent taxa on a variety of substrate types. Information was
collected on the taxonomic patterns, density of colonies
on different surface orientations and survivorship. Coral
recruitment on the ARS was also compared to recovery

Plate 2. By June 1998, almost all colonies of massive corals had reco-
vered their zooxanthellae. However, mortality amongst colonies of
branching corals was extensive.
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Figure 2. Taxonomic patterns exhibited by coral recruits recorded on
the ARS 11months after the 1998 bleaching event. Note that colonies
with branching growth form constitute 66% of the coral community.

Figure 1. Taxonomic patterns exhibited by the coral community on
the ARS which had recovered from the 1998 bleaching event. Note
that colonies with massive growth forms constitute 99% of the coral
community.
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RESULTS
Bleaching induced coral mortality
Ten months after the onset of bleaching it was difficult
to distinguish between dead coral, which can be directly
attributed to the bleaching event, and pre-bleaching
mortality. Colonies of Acropora suffered early mortality
within 6-8 weeks of the onset of bleaching and were
rapidly colonised by filamentous algae (Plate 2). At the
same time the majority of pocilloporid colonies were
bleached but still alive. In 1994, there were 728 live colo-
nies of Acropora and 497 colonies of Pocillopora on the
three SHED areas. A thorough search of the three
SHED areas in March 1999 revealed that no colonies of
Acropora and only four colonies of Pocillopora survived
indicating that branching acroporids and pocilloporids,
which were the dominant colonisers of the SHED areas,
suffered almost total mortality as a result of the bleach-
ing event in April-May 1998.

Survivorship of the coral community on the SHED
areas.
A total of 246 colonies of coral, classed as survivors,
were found on the three SHED areas. Figure 1 shows
the taxonomic composition of survivors with massive
growth forms showing greater levels of resilience to
bleaching. The greatest numbers of survivors belonged
to the genera Porites (Poritidae) and Pavona (Agaricii-
dae). The highest densities of survivors were found on
internal surfaces (1.8 colonies per m2) followed by outer
vertical (0.8 colonies per m2) and metal bar (0.7 colonies
per m2) surfaces. These patterns appear to be related to
the settlement preferences of the massive corals Porites
and Pavona.

Recolonisation of the artificial reef structures
A total of 205 new coral recruits were observed on the
three SHED areas. Densities of coral recruits ranged
from 0.6 colonies per m2 to 2.8 colonies per m2, with the
highest density found on outer vertical surfaces. Lower
densities of recruits were found on near-vertical surfac
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es, metal bars and PVC surfaces. No recruits were
found on outer horizontal surfaces.

The taxonomic patterns of coral recruitment on the
SHED areas is shown in figure 2. Overall, the ratio of
branching to massive colonies was 67:33. This represents
a greater abundance of massive species than the initial
colonisation patterns recorded between 1990 and 1994,
where massive colonies represented less than 2% of the
entire population of corals. In total, nine genera of mas-
sive corals were represented on the three SHED areas
from the following families: Poritidae, Faviidae and
Agariciidae. The dominant massive corals on the three
SHED areas were Porites lutea and Pavona varians.

There was considerable variation in the taxonomic
patterns of recruits on different settlement surfaces. The
highest percentage of recruits belonging to Acropora and
Pocillopora were recorded on outer vertical surfaces,
which concurred findings reported by Edwards et al.
(1994). Recruits with massive growth forms belonging
to Poritiidae and Faviidae were also found on both in-
ternal and vertical surfaces. In contrast, the genus Pavo-
na was predominantly found on internal surfaces (91%).

Bioerosion and breakage
Although the dead stands of branching coral colonies
largely remain in-situ they have been subject to break-
age and erosion (Plate 3). Most of the dead coral surfaces
have been colonised subsequently by opportunistic spe-
cies including filamentous and macro-algae (Plate 4).
Repeated measurements of dead colonies on the SHED
and Armorflex areas have provided an early indication
of the extent of erosion of the reef framework. Many of
the large Acropora colonies with a tabular growth form
have shown a 40% - 60% decrease in mean colony diam-
eter in 6 months. However, it is not possible to deter-
mine the causative agents (i.e. physical breakage, graz-
ing or bioerosion) and it is likely that a combination of
factors is involved. The magnitude and direction of
change in the reef framework and topographical com-
plexity of shallow reef flats may be crucial in determin-
ing the time scales for reef recovery in Maldives.

Natural recovery processes
Coral recruitment patterns on the adjacent mined reef
were very patchy. The reef consists of raised coral boul

Plate 4. The exposed skeletons of dead corals are colonised rapidly
by filamentous algae and other opportunistic species.

Plate 3. Although many dead branching corals remained intact, their
skeletons were being degraded by biological and physical erosion and
breakage.
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ders interspersed amongst unconsolidated sediment and
rubble. Coral recruits were found only on hard sub-
strates such as raised boulders. Densities of recruits
reaching 23.2 colonies per m2 were recorded on patches
of raised hard substrate, but were negligible over much
of the degraded reef flat. Availability of suitable sub-
strate for larval settlement appeared to be the most criti-
cal factor limiting recruitment in the adjacent reefs.

DISCUSSION
Extensive searching revealed a total of 246 adult colo-
nies of coral on the three SHED areas that survived the
bleaching event. Distinct taxonomic patterns were evi-
dent amongst the surviving coral population, which was
dominated by massive corals. No colonies of Acropora
survived on any of the ARS and less than 2% of the sur-
vivors on the three SHED areas belonged to the genus
Pocillopora. In contrast, colonies with a massive growth
form, with slower growth rates and low recruitment,
showed greater resilience to the temperature anomaly
and many colonies regained their pigmentation within
four to six weeks. These findings concur with those of
Fisk & Done (1985) and Brown & Suharsono (1990) who
found that Acropora and Pocillopora were most affected
by bleaching in the Indo-Pacific.

Quantitative surveys found 205 new coral recruits on
the three SHED areas. Although branching corals were
dominant among recruits, the ratio of branching to mas-
sive colonies (67:33) was significantly lower than that
previously recorded during the initial colonisation peri-
od in 1990/1991. Between 1990 and 1994 the major reef
frame-building species were rare or absent from the
ARS indicating that reef recovery rates would be very
slow. A comparison between the early colonising species
in 1994 and those following the 1998 bleaching event in-
dicates that although the same suite of massive coral col-
onies dominate the ARS there were greater densities
present in 1999.

Results of this survey show that extensive mortality
has occurred to the coral community of the ARS since

the bleaching event. Despite the severity of the mortali-
ty, this evaluation has demonstrated that the capacity of
the reef system to recolonise degraded areas, through an
influx of coral planulae from undisturbed sites, is high
as long as suitable substrate is available. Acropora re-
cruits have colonised dead coral surfaces indicating that
recovery of these reefs is not limited by coral recruit-
ment and also that those colonies that survived bleach-
ing were able to complete gametogenesis and spawn
within one year of bleaching. Although there was a
source of larvae in the local area, it was likely that larval
supply was lower than in previous years. Therefore, the
ARS provided a suitable tool to evaluate the potential
availability of larvae within shallow reef flat areas in
Maldives.

Implications for reef recovery processes
Corals recovering from sub-lethal bleaching may expe-
rience reduced skeletal growth, reproductive failure and
have a lower capacity to resist disease, shed sediment
and heal injuries (Jokiel & Coles, 1990; Glynn, 1993).
Coral reefs are dynamic systems exhibiting high levels
of natural variability. Thus, time-scales for reef recovery
processes are difficult to predict and largely depend on
site-specific conditions. Studies of coral reefs following
major bleaching events have shown contrasting patterns
of recovery. For example, in the Thousand Islands of
Indonesia, Brown & Suharsono (1990) and Brown (1996)
found that, although the community structure was
markedly different, coral communities attained their
pre-bleaching cover within five years. The differences in
community structure were attributed to storm activity
and an increase in anthropogenic influences during the
recovery period.

Ecological consequences of the bleaching event
Coral diversity and community structure on both the
ARS and natural reefs are different from the pre-
bleaching state. In the short term (< 5 years), the ARSs,
which were formerly populated by a preponderance of
branching species, will be dominated by non-living sub
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strate that supports a low percentage cover of living cor-
als, of which most will be massive species. Recruitment
processes, particularly the subsequent growth and sur-
vival of juvenile corals, will depend on the frequency
and intensity of recurrent bleaching events.
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BACKGROUND
Coral reefs are now recognised as the most diverse eco-
systems in the sea and of immense economic impor-
tance. In 1998/1999 a major coral bleaching event
(linked to El Niño and almost certainly to climate
change) caused extensive reef damage throughout the
Indian Ocean, with coral mortality exceeding 90% in
some areas. This can be likened to large areas of tropical
rainforest being razed to the ground. There is an urgent
need to take immediate action. We need to stimulate a
response comparable to the international reaction to the
forest fires in Indonesia, which generated intense inter-
national concern and rapid response planning.

Protection of the few remaining healthy reefs, as
well as those that are largely damaged, is now critical if
the reef ecosystems as a whole are to have any chance of
recovery. The future livelihoods of human populations
dependent on reefs will depend on reef recovery. Coun-
tries of the Indian Ocean are now at serious risk of los-
ing this valuable ecosystem. The economy of Maldives,
for example, has traditionally been based on fisheries
and tourism. Both of these activities can be linked di-
rectly to the reefs, which have been severely affected by
bleaching. This, combined with ongoing additional hu-
man impacts of over-fishing, pollution and coastal de-
velopment, will potentially have major economic and
ecological impacts.

Crucial management questions are now being raised
in many areas. Managers are already asking how they

should deal with this situation: whether the reefs will
recover and - if they will - what actions they should take
to aid and accelerate regeneration; how can they con-
vince policy makers and government agencies of the
value of maintaining marine parks and conservation ef-
forts in the face of dead or dying reefs; should they be
investing in what may be costly and risky reef rehabili-
tation projects; and what economic impact will degrada-
tion have and how can such impacts be mitigated?

ACTIONS
Manual on management of coral reefs in the
western Indian Ocean
It is recognised that scientific information is not yet suf-
ficient for precise recommendations to be made, but it is
clear that the knowledge that is available must be trans-
ferred to those in a position to protect the remaining re-
sources and stimulate recovery. A publication on man-
agement of coral reefs in the western Indian Ocean is
proposed as a rapid response measure, which will pro-
vide guidance on precautionary measures to be taken,
translate current scientific opinions on consequences
and predicted outcomes of bleaching, and make sugges-
tions on positive actions that might aid reef recovery.

The booklet will be short, about 30 pages, and target
reef managers. It will focus on the management of de-
grading/degraded coral reefs, the possibility for recov-
ery/restoration and what actions should be taken to aid

Management of bleached and
severely damaged coral reefs
SUE WELLS
IUCN, Eastern Africa Regional Office, Kenya
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regeneration and prevent further destruction. The
booklet will contain sections on the value of maintaining
parks, (protecting what’s left, conservation efforts), the
role of MPAs in reef recovery, the roles of fishing, tour-
ism and coastal development in reef destruction as well
as information on restoration techniques and monitor-
ing. Management guidelines, information on economic
impacts of reef destruction and mitigation of these as
well as suggestions on actions will be included in each
section.

The booklet will be translated into all major lan-
guages of the region and distributed free to govern-
ments, MPAs and NGOs as well as published on the In-
ternet. A summary leaflet of 4-6 pages will also be pro-
duced for wider distribution.

This booklet is needed immediately. Following pub-
lication and dissemination, it may be possible to expand
the concept into a more measured response. This could
involve regular updating of managers on advances in
understanding of recovery rates, economic impacts, etc.
and linking existing and planned monitoring pro-
grammes with management to ensure appropriate feed-
back.

Environmental education
Environmental education efforts will be intensified. Ed-
ucation should be directed primarily at the general pub-
lic and school children, in collaboration with organisa-
tions, such as NGOs, already established in the region.
The aim should be to increase awareness of the func-
tions of healthy coral reefs and their role in the ecosys-
tem. Conservation and the need for protected areas, as
well as the value of healthy coral reefs as a source for
food and income for coastal populations, should be em-
phasized.

This will be achieved through the development of
hard-copy materials (e.g. posters, booklets, photographic
material and videos) that can be used by experienced ed-
ucators and awareness groups. Existing material will be
used as much as possible although new material will
have to be produced to suit local conditions, target
groups and issues. Local level collaborations to develop
and ensure use of the materials and using local knowl-
edge, language, artwork and concepts will help achieve
impact at the local level. The regional context will be
addressed through forming linkages across countries, to
disseminate and assist development of parallel materials.
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Thursday 10th Jan:
8.00 am
Arrival and short field trip

2.00 pm
Opening and Presentation of Regional Reports
East Africa – David Obura
South Asia – Dan Wilhelmsson
Island States – Lionel Bigot

2.30 pm
Presentation of Country Reports
Kenya (David Obura)
Tanzania (Christopher Muhando)
Mozambique (Helena Motta)

3.15 pm
Coffee Break

3.30 pm
Country Reports (cont.)
India (Dan Wilhelmsson)
Sri Lanka (Dan Wilhelmsson)
Maldives (Hussein Zahir)
Réunion (Lionel Bigot)
Seychelles (John Turner)
Mauritius (John Turner)

5.00 pm
Presentation of Other Regional Activities
WWF (Irene Kamu)
IUCN (Sue Wells)
GCRMN (Clive Wilkinson)
UNEP (Agnetha Nilsson)

7.00 pm
Cocktails & Snacks

Friday 11th Jan:
8.30 am
Presentation of Thematic Reports
Socio-economic effects on fisheries and tourism (Her-
man Cesar, Lida Pet-Soede, Susie Westmacott & Nar-
iman Jiddawi)
Measuring change: The importance of long term trends
(Charles Sheppard)
Southern Seychelles islands (Kristian Teleki)

10.30 am
Coffee Break

10.45 am
Temperature and water flow in a Kenyan fringing reef
lagoon (David Kirugara)
Wildlife Conservation Society Coral Reef Programme
activities in East Africa (Tim McClanahan)
Growth of Finnish co-operation in coastal management
in Eastern Africa (Erkki Siirila)
Low-tech rehabilitation of coral reefs (Ulf Lindahl)
Recruitment of corals in Maldives (Susan Clark)

Coral Reef Degradation in the Indian Ocean (CORDIO) -Progress to Date and Directions for 2000
February 10th - 12th, 2000, Lamu, Kenya

AGENDA
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12.30 pm
Lunch

2.00 pm
Discussion Groups (All participants)
General themes:
I Socio-economics
II Databases, methodologies; monitoring.
III Alternative livelihoods, fisheries
IV Reef recovery processes, rehabilitation.

7.00 pm
Dinner

Saturday 12th Jan:
8.30 am
Discussion Groups (cont.)

12.30 pm
Lunch

2.00 pm
Presentation of outputs from discussion groups
Discussion of targets for 2000/2001
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Coral reefs are key ecosystems in the Indian Ocean

region, supporting large sectors of the countries’ popu-

lations and economies, from artisanal fisheries to

tourism and large-scale investments.

CORDIO is a program created to respond to the

degradation of coral reefs throughout the Indian

Ocean, in particular the mass bleaching and mortality

of corals that occurred during 1998.

The program is supported by Sida, the

World Bank (Dutch Trust Fund), Mistra, FRN,

The Government of Finland and WWF.
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