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zooxanthellae were affected by high irradiance level as well. In
laboratory manipulation, Hoegh-Gulberg and Smith (1985) reported that
experimental bleaching of coral after exposure to high temperatures
caused bleaching due to loss of zooxanthellae, but that exposure to high
light intensity was due to pigment loss by the zooxanthellae. They did
not find loss of zooxanthellae from high light intensities. The above
findings suggested that high temperatures could be responsible for
bleaching due to loss of zooxanthellae but not loss of pigment. Glynn and
D’Croz (1990) found both types of bleaching even though about 50% ambient
light was supplied for the temperature stress tanks. While studies on
bleached corals in the field, among the common case of zooxanthellae
loss, both loss by loss of zooxanthellae cell and loss of zooxanthellae
pigment of chloroplast, namely chlorophyll-a and -c¢ (Gladfelter (1988)
in Glynn and D’Croz, 1990; Kleppel et al, 1989) or other accessory
pigment, namely peridinin and diadinixanthin (Kleppell et al, 1898) were
always found though suspecting that high light was a contributing factor.
Several other studies revealed that chlorophyll-a per zooxanthellae cell
were generally inversely related to irradiance (Dustan, 1982; Muller-
Parker, 1987; Battey and Porter, 1988; Lesser et al., 1990) in particular
uv light (Jokiel and York, 1982; Imai, 1992). The contrast assumption
might reflect differences due to species and factor initiating bleaching.
Furthermore, Szmant and Gassman (1990) found both types of bleaching even
among different colonies of the same coral species, montastrea annularis.
This point out the complication of bleaching mechanism. For the present
study it could be assumed that both elevated temperatures and light
intensities (even normal) have synergistically interacted and are
responsible  for bleaching in Dboth loss of zooxanthellae and
zooxanthella” pigment from coral, which conform to the suggestions
provided by several works (i.e. Oliver, 1985, Jokiel, 1988; Jokiel and
Coles, 1990). However, the susceptibility to certain stresses varied
among coral species. Increased temperature was a common Stress among
bleached corals while light proved to be selective stress to certain
species as well,
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With regard to the recent concern, the complex co-evolve between
cnidarians and algal symbiosis was greatly suspected for variation in
bleaching. The presence of genetically different types of zooxanthellae
(i.e. Blank and Trench, 1985 Rowan and Powers, 1991) with possibly
different environmental tolerances in different coral host (Brown and
Ogden, 1993; Glynn, 1993) is another concern which complicate the degree
of bleaching in affected coral reef organisms. Algal degeneration might
be expected if the strain is unable either to photoadapt to an alteration
in intensities of light or to thermoadapt to temperature extreme. The
susceptibly affected by most acroporid corals due to bleaching might not
only to be resulted from sensitivity of the coral host but perhaps also
implied sensitivity of the algal strains which selectively associated
within these coral hosts. Furthermore, Sandeman (1988 in William and
Bunkley-Williams, 1990) also suggested that the different patterns of
bleaching could be explained by the differences in zooxanthellae in
different colonies anc even different parts of the same coral colony.

It is not clear if the deterioration of coral tissues, reduction
in protein contents, after bleaching was due to direct coral tissue
damage by the thermal stress or to a nutritional deflect following
expulsion of zooxanthellae. While the role of zooxanthellae in provision
to thier coral hosts with large quantities of organic materials has long
been documented (Muscatine, 1971; Muscatine and Cernichiari, 1969;
Muscatine et.al., 1981; Trench, 1971; Smith, 1979; Battey and Patton,
1984), several investigations estimated that algal translocate provides
up to 100% of the host’s diary energy requirement, and may also provide
materials for growth and reproduction (Muscatine et.al., 1981, 1984
Davies, 1984). Furthermore, the photosynthetic capacity of the coral will
be reduced in either case wether colonies lose their symbionts or wether
the symbionts are retained without chlorophyll (Hayes and Bush, 1990).
Base on this knowledge, it is not surprising if one find lower tissue
biomass in coral which had remained bleached for a prolonged period
compared to those of the normal or recovered corals (e.g. Glynn et.al.
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(1985), Glynn and D’Croz (1990), Szmant and Gassman (1990), and the
present study, while Gates et. al. (1992) suggestned that it was
resulted from detachment of host cell containing zooxanthellae.

Even though there has been much attention to the most recent
bleaching phenomena of several reef regions, there still be a need for
extensive investigation into this phenomenon aspecially since no evidence
exists to explain the variation and patterns of coral bleaching in the
field. A greater understanding of the basic regulatory mechanism that
exists between the symbiotic partners is also required. Huge gap in
knowledge still remains especially insight into zooxanthellae-cnidarian
hosts symbiosis, tolerance and adaptation of the couples to stress, and
role of genetic variants either among zooxanthellae and/or coral in
coevolution.
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