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Abstract The purpose of the present research is to find out suitable
indices of coral health, to study effects of nutrient enrichment on coral
growth rate, and to study the mechanism of bleaching of corals

The rates of calcification and photosynthesis, density of zooxanthellae as
well as sugar and lipid contents appeared to be good indices of coral
health, High concentrations of ammonium affected coral growth rates even
when zooxanthellae density was not changed. The morphology of
zooxanthellae in the coral Galaxea fascicularis exposed to various stresses
was compared with that of zooxanthellae expelled from the host. Isolated
zooxanthellae exposed to the same stresses were also studied. The
degradation process of zooxanthellae varied depending on the type of
stresses. Degraded zooxanthellae were selectively expelled by the host

when the coral was treated with high temperature or strong light.
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1. Introduction

Changes in global climate and eutrophication of sea water are
considered to be major factors that affect coral reefs. To monitor the
condition of coral reefs, we need appropriate indices of coral health.

Hermatypic corals contain zooxanthellae in their gastrodermal cells.

They lose their symbionts and become bleached when exposed to stress such

as high or low temperature, low salinity, strong light, and UV" ?*,
Mechanism of bleaching in corals has not been fully understood. It is
likely that mechanisms by which corals become bleached are different
depending on the types of stresses. It is not known whether the stresses
act on zooxanthellae or host tissue when they cause bleaching

Enrichment of nutrients also affect corals by changing density of

zooxanthellae. High concentrations of ammonium increases zooxanthella
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density?®’ - *’, but decreases coral growth rate®’. It is suggested that if

the density of zooxanthellae is too high, translocation of photosynthate to

host corals will be reduced?®’

2. Research Objectives
The purpose of the present research is to find out suitable indices
of coral health, to study effects of nutrient enrichment on coral growth

rate, and to study the mechanism of bleaching of corals.

3. Materials and Methods

To find out suitable indices of coral health, we measured several
biomass and physiological parameters of the coral Stylophora pistillata
kept in darkness for various lengths of time.

To test the hypothesis that bleaching occurs when cnidarian hosts
fail to supply their symbiotic algae with enough amounts of inorganic
nutrients, we examined whether enrichment of ammonium (100 mM) or phosphate
(10 mM) prevents bleaching in the coral Galaxea fascicularis exposed to a
high temperature

Sensitivity to high temperature was compared among three species of
corals, Stylophora pistillata, Goniastrea aspera, and Psammocora contigua

To study whether corals expel damaged zooxanthellae selectively
when they are exposed to stresses, isolated polyps of the coral Galaxea
fascicularis were exposed to various stresses and the morphology of
zooxanthellae remained in the host tissue and expelled zooxanthellae were
observed. Isolated zooxanthellae exposed to the same stresses were also
examined to investigate possible role of host cells in digestion of

zooxanthellae

4. Results

The rates of calcification and photosynthesis, and density of
zooxanthellae all decreased after dark incubation. Sugar content also
decreased while lipid content decreased only after prolonged incubation in
darkness.

High concentrations (30-60 mM) of ammonium decreased the growth
rate of the coral Galaxea fascicularis without affecting the density of
zooxanthellae (Fig. 1). This suggests that ammonium acts directly on

corals rather than indirectly by increasing the densitv of zooxanthellae
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Effects of ammonium enrichment on the density of zooxanthellae (A)

rowth rate (B) of the coral Galaxea fascicularis.

The addition of ammonium or phosphate to the incubation solution

prevent decreases in the zooxanthella density or in chlorophyll a

ation of polyps of (. fascicularis exposed to an elevated

ure (Fig. 2).
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Effects of ammonium (100 mM) and phosphate (10 mM) on zooxanthella
of polyps of G. fascicularis exposed to an elevated temperature, 32
10 days.

antly from the

¥ indicates that the zooxanthella density decreased

initial value (P<0.05).

The rate of net photosynthesis of the coral MHontipora digitata
d at temperature above 340C and became nearly zero at 360C.
ion rate increased at 360C. The temperature dependence of
thetic rate of the coral is similar to that reported for cultured
ellaeb).
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studied.

pistillata was most sensitive to high temperatures among three
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Fig. 3. Effects of temperature on the rates of photosynthesis (A) and

respiration (B) of the coral WNontipora digitata.

Zooxanthellae in polyps of Galaxea fascicularis exposed to various
stresses were observed and classified into six types: NO, normal
zooxanthellae; HO, zooxanthellae with an apprent hollow; DGl, degenerate
zooxanthellae which have a small empty space; DG2, degenerate zooxanthellae
which have a gap between cell wall and shrunk cytoplasm; RP, small red
particle without cell wall; CL, colorless zooxanthellae.

The degradation process of zooxanthellae varied depending on the
type of stresses. Strong light directly acts on zooxanthellae degrading
their chlorophyll and produced colorless zooxanthellae (CL). Heat stress
increases small red particles (RP) which might be produced by digestion of
zooxanthellae by hostT7). Degraded zooxanthellae were selectively expelled

by the host exposed to high temperature or strong light.

5. Discussion

The rates of calcification and photosynthesis, density of
zooxanthellae as well as sugar and lipid contents appeared to be good
indices of coral health.

The present results suggest that loss of zooxanthellae at high
temperature is not due to decreased level of inorganic nitrogen supplied to
zooxanthellae by their host. Other mechanisms have been proposed:
Photosynthesis of zooxanthellae stops at a high temperature and corals
expel those algae that fail to secrete photosynthate®’. Heat shock causes
endodermal cells containing zooxanthellae detach from mesogloea®’
Lysosomes in the host cells become unstable at high temperature resulting

in digestion of zooxanthellae®’.
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Fig. 4. Histograms of zooxanthellae of various degrees of degradation in
polyps of G. fascicularis exposed to various stresses (open column) and
isolated zooxanthellae exposed to the same stresses (hatched column). Refer

to text for abbreviations.
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Fig. 5. Histograms of zooxanthellae of various degrees of degradation in
polyps of G. fascicularis exposed to various stresses (open column) and 1in

expelled zooxanthellae (hatched column).Refer to text for abbreviations.
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The present results suggest that degradation process of
zooxanthellae varies depending on the type of stresses and that degraded
zooxanthellae are selectively expelled by the host when the coral is

treated with high temperature or strong light.

References

1) Glynn P¥ (1993) Coral reef bleaching: ecological perspective. Coral

Reefs 12:1-17.

2) Brown BE and JC Ogden (1993) Coral bleaching. Scientific American Jan. |1

993: 44-50.

3) Muscatine L, PG Falkowsky, Z Dubinsky, PA Cook and LR McCloskey (1989)

The effect of external nutrient resources on the population dynamics of

zooxanthellae in a reef coral. Proc. R. Soc. Lond. B236: 311-324

4) Hoegh-Guldberg 0 and GJ Smith (1989) Influence of the population density

of zooxanthellae and supply of ammonium on the biomass and metabolic

characteristics of the reef coral Seriatopora hystrix and Stylophora pistil

lata. Mar. Ecol. Prog. Ser. 57: 173-186.

5) Stimson J and RA Kinzie Ill (1991) The temporal pattern and rate of rele

ase of zooxanthellae from the reef coral Pocillopora damicornis (Linnaeus)

under nitrogen-enrichment and control conditions. J. Exp. Mar. Biol. Ecol.
153: 63-74.

6) Igresias-Prieto R, JL Matta, WA Robin, RK Trench (1992) Photosynthetic

response to elevated temperature in the symbiotic dinoflagellate

Symbiodinium microadriaticum in culture. Proc. Natl. Acad. Sci. USA 89: 103

02-10305.

7) Titlvanov EA, TV Titlyanova, VA Leletkin, J Tsukahara, R van ¥Woesik. and

K Yamazato (1996) Degradation of zooxanthellae and regulation of their

density in hermatypic corals. Mar. Ecol. Prog. Ser. 139: 167-178

"8) Gates RD, G Baghdasarian, L Muscatine (1992) Temperature stress causes

host cell detachment in symbiotic cnidarians: Implications for coral

bleaching. Biol. Bull. 182: 324-332.

9) Suharsono, RK Pipe, BE Brown (1993) Cellular and ultrastructural changes
in the endoderm of the temperate sea anemone Anemonia viridis as a result

of increased temperature. Mar. Biol. 116: 311-318

—347—



