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Corals are animals with unicellular yellow-brown algae called zooxanthellae living
symbiofically within their tissue. It is the nutrients supplied by the zooxanthellae in

the form of photosynthetic products that make it possible for the corals to grow and
reproduce quickly enough to create reefs. In turn, the coral provides protection and
access to light for the zooxanthellae. These coral polyps of the Goniopora family are
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You may have heard

or read about it - coral
bleaching is happening with
an increasing frequency in
tropical areas. Worst was
the global bleaching event
in 1998. And coral reef
researchers are now fearful-
ly awaiting the next bleach-
ing event. Will it be just as
devastating as the 1998
one?

But what is coral bleaching actu-
ally2 No, it is not mum that has stint-
ed bleach over the lovely colourful
tropical corals....although it looks
like it. The explanation is quite differ-
ent. Normally, tropical shallow-water
stony corals only exist to dept’s
where sunlight is able to reach. This
is because they contain in their fis-
sue a specialized kind of brown
algae called zooxanthellae. These
algae are crucial for the survival of
the coral.

The coral is supplied with nutrients
from these zooxanthellae. They pro-
duce energy and nutrients through

photosynthesis. However, this rela-
tionship can only exist at tempera-
tures above 18°C. and below 31°C.
When very hot summers occurs, and
they do with a fast increasing fre-
quency, the zooxanthellae instead
produces something called “super
oxygen”, that is oxygen with extra
energetic levels donated by elec-
trons. This is poisonous for the coral.
Therefore the coral rejects the cell
with the zooxanthellae. Thereby the
coral looses the green and brown
colour nuances from the zooxan-
thellae, and looks “bleached”.

individual animals in a colony who filter the water for food particles

Coral bleaching can have
many causes

Coral bleaching is a phenomenon
that can be caused by a lot of
different factors that stresses the
coral. It can be caused by different
kinds of pollutants or by an eleva-
tion of the average temperature in
the specific habitats or microhabi-
tats. But in all cases it is caused by
changes in the surrounding milieu
that stresses biological ecosystems
as the subtropical and tropical
coral reefs.

Temperature
Especially phenomenons

elevations as the green-
- house effect and El Nino
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Microscope photo of zooxanthellae algae,

Courtesy of NOAA

Calculations have shown
{ that if such conditions are

,(‘.;. maintained, all coral reefs

will become extinct in the
year 2050.

Can corals adapt?

Some researchers, such as the

two world famous scientists,
Daphne Gail Fautin and Robert W.
Buddemeier introduced in the nine-
ties a hypothesis called “adaptive
coral bleaching.” This hypothesis
builds on the assumption that an
adaptation by the coral to the
new conditions (the elevation of
the temperature) has taken place
through symbiotic adaptation with
zooxanthellae that are able to resist
the increase in temperature, by
which the host coral avoid to be
poisoned by super oxygen.

Adaptive bleaching

The adaptive bleaching hypothesis
(ABH) is based on lots of observa-
tions in the field. Professor Daphne
Gail Fautin and Professor Robert
W. Buddemeier have worked out
a generalized conclusion on their
qualitative description of the ABH,
in light of the existing field observa-
tions and data. The conclusion of
this qualitative description of adap-
tive bleaching is that the coral-
zooxanthellae symbiosis is able to
make a dynamic response to the
environment.
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Zooxanthellae of various corals have been found to belong ° /

to at least 10 different algal taxa. Curiously, zooxanthellae
found in closely related coral species are not necessarily
closely related themselves, and zooxanthellae found in dis-
tantly related coral species may, in fact, be closely related

“It turns out that there
is information that cor- 3 o

ft : _ Clearly, there are limits
als and their symbionts

may be capable of accli-

matization and selective

to acclimatory processes
that can counter coral

_ bleaching”
adaptation to elevated tem- £
peratures that have already
resulted in bleaching resist-

ant coral populations.”
Evidence of adaptations and adaptive shifts in their popula-  conditions that have induced corall
In a recent science review, the coral tions at higher temperatures. Such bleaching.
reef researchers Stephen L. Coles mechanisms, when considered in .
and Barbara Brown have summa- conjunction with experimental and  LImits
rized the existing evidence for adap- observational evidence for coral Stephen L. Coles and Barbara Brown
tive coral bleaching. “It turns out recovery in areas that have under- continues: “Clearly, there are limits
that there is information that corals gone coral bleaching, suggest an to acclimatory processes that can
and their symbionts may be capao- as yet undefined capacity in cor- counter coral bleaching resulting
ble of acclimatization and selective  als and zooxanthellae to adapt to from elevated sea temperatures,

but scientific models will not accu-
rately predict the fate of reef corals
until we have a better understand-
ing of coral-algal acclimatization/
adaptation potential. Research is
particularly needed with respect

to the molecular and physiological
mechanisms that promote thermal
tolerance in corals and zooxanthel-
loe and identification of genetic
characteristics responsible for the
variety of responses that occurin a
coral bleaching event. Only then will
we have some idea of the nature
of likely responses, the timescales
involved and the role of ‘experi-

adaptation to elevated tempera-
tures that have already resulted in
bleaching resistant coral populo-
tions, both locally and regionally, in
various areas of the world.”

Mechanisms

There are possible mechanisms

that might provide resistance and
protection to increased tempera-
ture and light. These include induc-
ible heat shock proteins that act in
refolding denatured cellular and
structural proteins, production of
oxidative enzymes that inactivate
harmful oxygen radicals, fluorescent
coral pigments that both reflect and
dissipate light energy, and pheno-
typic adaptations of zooxanthellae

When corals bleach they commonly
lose 60-90% of their zooxanthellae and
each zooxanthella may lose 50-80% of
its photosynthetic pigments
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ence’ in modifying bleaching
impact.”

The Future

If global temperatures rise as
predicted by the current cli-
mate models, water tempera-
tures in 100 years will be much
greater than those that cause
bleaching now. Consequently
corals would need to accli-
matise continually to survive.
However, most research indi-
cates that acclimatisation is
limited and unlikely to allow
corals to adapt in due time.
to the predicted rise in water
temperatures.

Natural selection

A second process by which
coral populations could adapt
to new conditions is by natu-
ral selection. This results in a
gradual change in the tem-
perature-tolerance of the

population through the elimina-

fion of the corals that cannot
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tolerate higher temperatures.
As described elsewhere in this
issue (see page 6, “Corals may
survive global warming by
gorging themselves”) some spe-
cies will be better at adapting
to changes than others. Also,
different colonies of the same
coral species may respond to
thermal stress differently. If only
the most temperature-toler-
ant corals survive a bleaching
episode, the offspring from
those corals might be on aver-
age more temperature-tolerant
than the previous generation.
Again, there will be limited
how high the temperature can
rise before corals reach the limits
of of survival, and thereby their
possibilities of adaptation. This
would invariably also lead to
extinction of species. Such ad-
aptations are thought to occur
slowly, over several generations
(with most corals having genera-
tion times of at least 5-10 years),
but potential rates of adaptation

USGS

have never been estimated.

Replacing the algae
Corals can host several types
of zooxanthellae in their fissues.
Another possible adaption to
warmer conditions could be
changing the dominant type of
zooxanthellae within their tis-
sues. Corals with a certain type
of zooxanthellae can tolerate
up to 1.5°C higher temperatures
than corals of the same species
without that type.

It is not known how many of
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the almost 800 species of reef
building corals can change the
type of dominant zooxanthel-
lae or, indeed, what stimulates
the change.

However, results from the
laboratory shows that some
corals can adapt to the heat
resistant types of zooxanthellae
under artificial circumstances.
Increased temperature toler-
ance may also come at a cost.
For example it has been ob-
served that juvenile corals with
heat-tolerant zooxanthellae
grow up to three times slower
than those with a different
zooxanthellae type. The type
of zooxanthellae that occurs in
the corals may also affect other
aspects of coral health.

It is possible that a combina-
tion of natural selection and
switching of zooxanthellae
may help corals cope with
climate changes. Faster rates of
change are possible for zoox-
anthellae than for the coral
because the algae have much
shorter generation times

Moving

A third process is one in which
larvae from warm-adapted
coral populations may disperse

Coral polyps
Tubastraea spp

Coral Bleaching

to cooler areas as they warm,
thereby changing the distribu-
tion of species creating new
reefs further from the equator
However, this is also likely to be
a very slow process and as there
are other ecosystems already

in place elsewhere the whole
picture becomes quite complex
and unpredictable. But because
the cooler areas warm, these
warm adapted species gain an
extra advantage in advance.
But only the future will show if
such settlements will succeed.

Recovery

There has been short-term
recovery of coral reefs after
bleaching events. When a reef
is only slightly stressed, a few
scattered corals will die, and the
effect will be barely noticeable.
When a reef has been exposed
to prolonged heating, most cor-
als will die, and it can take many
years for the area to recover,

in particular if large, old corals
have been killed.

The long-term recovery of
reefs from bleaching will de-
pend on the frequency of
bleaching events. If bleaching
becomes more frequent reefs
may change greatly in charac-
ter. Unless there is a greater ca-
pacity for adaptation in corals
than scientists currently believe
to be likely, today’s diverse
community of corals may be
replaced by a smaller number
of tolerant species. Or worse sfill,
replaced by completely differ-
ent and less diverse ecosystems
such as dense algae cover
Some vulnerable coral species
may come to be found only in
cooler areas. m
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