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Indian seas experienced severe warming in 1998 and
2002 that resulted in large-scale bleaching and mortality
of corals. Anticipating increased warming in future,
we made an attempt to project coral vulnerability in
the Andaman, Nicobar, Lakshadweep, the Gulf of Man-
nar and the Gulf of Kachchh regions for the 21st cen-
tury. To project the number of bleaching events, the
thermal threshold for bleaching, degree heating
month (DHM) accumulations of the sea surface tem-
perature (SST) hotspot anomalies, and the predicted
increase in SST during this century were considered.
The decadal DHM values are expected to gradually
increase in all the five regions in the early decades of
this century, but abruptly increase after the year
2050. The results indicate that if there is no increase
in thermal tolerance capacity, bleaching would become
an annual or biannual event for almost all reef regions
along the Indian coast in the next 30-50 years. Reef
building corals may lose dominance between 2030 and
2040 in the Lakshadweep region and between 2050
and 2070 in the other four regions.
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CORAL reefs are the most diverse marine habitat, and
support an estimated 0.5 million species globally'. They
are among the most sensitive of all ecosystems to tempe-
rature changes, exhibiting bleaching (a phenomenon in
which the symbiotic zooxanthellae are expelled by coral
polyps) when stressed by higher than normal sea tempe-
ratures™. Corals usually recover from bleaching, but they
die in extreme cases’. Increased frequency of bleaching
events will reduce corals’ capacity to recover’. Large-
scale bleaching episodes indicate that coral reefs are likely
to be one of the first ecosystems damaged or destroyed by
global climate change®. Sessile tropical coral reefs are
uniquely threatened by global warming, because they
cannot relocate to more favourable conditions’.

Studies relating to monthly average threshold tempera-
ture values preceding bleaching in the Indo-Pacific’ and
Caribbean® showed that they were near or above 1 degree
climatological averages in the warmest months. Surface
water that equals or exceeds the widespread bleaching
threshold of +1.0°C above long-term averages for the
warmest month in coral reef regions is termed as a hot-
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spot”. These anomalous seawater conditions are sufficient
to cause most corals to bleach under experimental labora-
tory conditions as well as in the field”'®. Indian coral
reefs have experienced 29 widespread bleaching events
since 1989 (www.reefbase.org), but intense bleaching
occurred in 1998 and 2002 (refs 11 and 12). To find out
the thermal threshold for coral bleaching in the Indian
seas, Vivekanandan et al.'® plotted the sea surface tem-
perature (SST) data prior to, during and after the 1998
coral bleaching events in the Andaman, Nicobar, Lak-
shadweep regions, the Gulf of Mannar and the Gulf of
Kachchh. From these plots, they estimated the degree
heating month (DHM) accumulations of the SST hotspot
anomalies. They also found that coral bleaching occurred
when the summer SST maxima exceeded 31°C and
remained high for more than 30 days.

Bleaching events and the ambient temperature at the
time of bleaching provide scope for making projections
on the vulnerability of coral reefs with future warming of
the seas. In this study, for projecting the likelihood of
bleaching, we took advantage of DHM algorithm from
the output of atmospheric—ocean general circulation
model after making appropriate transformations.

To project what the future holds for the coral reefs as a
consequence of warming of the Indian seas, the method
used by Hoegh-Guldberg' was followed. This method
was used for projecting the future condition of the Great
Barrier Reef' > .

The SST compilation for the present analysis was
derived from two sources: a satellite (historical) and a
forecast SST series. In the absence of continuous real
time data, the United States National Oceanic and At-
mospheric Administration, National Environmental Satel-
lite Data and Information Service (NOAA/NESDIS)
images are the most useful and accurate means of gaining
a comprehensive data on the SST anomaly in the Indian
seas''. Monthly SST data for the years 19852005 around
the study sites (Table 1) were obtained by Vivekanandan
et al.® from NOAA/NASA Oceans Pathfinder SST pro-
ject'®, which consists of all pixel products of monthly
SST derived from the 5-channel Advanced Very High
Resolution Radiometers on board the NOAA polar
orbiting satellites (http://podaac.jpl.nasa.gov). This was
combined with the monthly SST from the year 2000 to
2099 from the UKMO HadCM3 model for each study
region. The historical (satellite) dataset has a resolution
of 0.045x0.045 degree latitude and longitude, while
the HadCM3 data have a larger grid of 1.25x1.25
degrees. Comparisons with several other models by ear-
lier publications suggest that HadCM3 is a substantial
improvement from other models in many respects'™®.
SRES A2 was chosen as the warming scenario as it is
commonly used for “business as usual’ impact studies,
projecting a 3°C increase in surface temperature by 2100
(which is an average across all the IPCC models). More-
over, SRES A2 consistently shows itself close to
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