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Since 1980s, the coverage of coral reefs has been dramatically decreasing
worldwide due to ongoing environmental changes. Previous studies have demonstrated
that the coral-algal symbiosis is sensitive to moderate heat stress, resulting in the loss
of symbiotic algae, i.e. bleaching, and subsequent mortality. However, the mechanism
of heat stress-induced dissociation of symbiotic relationship remains unknown,
although it has been intensively studied in the last few decades. In this study, using sea
anemone Aiptasia as a model system, the effect of heat stress on the establishment of
cnidarian-algal symbiosis, the maintenance of the symbiosis and the re-establishment
of the symbiosis after bleaching was examined.

In the first chapter of this thesis, the effect of heat stress on the establishment of
symbiosis was investigated. The process of algal uptake by cnidarians has several steps
including the acquisition of free-living algae from environment, the retention of algal
cells in gastrovascular cavity, the transportation of algal cells to endoderm tissue and
the engulfment of algal cells to host cells. It has been reported that heat stress
suppresses the efficiency of symbiosis, but the mechanism behind this suppression has
remained unknown. This study demonstrated that heat stress suppresses the infectivity
of algae to host cnidarians, resulting in the failure to establish symbiosis under
increased temperatures. When algal cells from a normal temperature were introduced
into Aiptasia polyps, almost all cells were retained in the polyps and gradually spread
through the polyps within few days. On the other hand, when heat-treated algae were

introduced, algal cells were expelled from the polyps before they spread through the



body. These results suggest heat stress on algae induces active expulsion by host
Aiptasia, resulting in suppressing the establishment of symbiosis. The
experiments were repeated with another algal strain. With the second algal
strain, no significant effect of heat stress on the infectivity was observed.
These results suggest that the algal infectivity to Aiptasia varies by algal type
under heat stress.

In the second chapter of this thesis, the effect of heat stress on the
maintenance of cnidarian-algal symbiosis was investigated. Algal density in
cnidarians is maintained by the dynamic balance between algal uptake and
release of them at their tissues. In the current hypothesis, heat stress
accelerates the algal release from host cells, resulting in the acceleration of algal
expulsion from host polyps and decrease of algal density. However, suppression of algal
uptake into host cells can also accelerate the algal expulsion from host polyps and
decrease the algal density. Yet this possibility has not been experimentally examined.
In this study, I used two algal strains which show different thermal sensitivities: one
possesses infectivity under heat stress and the other does not. When Aiptasia polyps had
the heat-sensitive algae, the algal density declined by increase in the water temperature
with more algal expulsion from host polyps. However, the algal density and number of
algae expelled from the host polyps did not change by increase in temperature when
Aiptasia had heat-tolerant algae. These results suggest that the thermal sensitivity of
algal infectivity decides if they can maintain the symbiotic relationship under heat stress.
Furthermore, these results suggest that the heat-tolerant algae bring higher bleaching
tolerance under elevated temperatures.

In the third chapter of this thesis, the effect of heat stress on the potential of
corals to recover from bleaching was investigated. Bleaching can cause mortality of
corals; however, it is not always lethal because corals can recover the density

of algae through re-uptake of algal cells. However, in the last few decades, the



coverage of corals has dramatically decreased in many regions, implying that such
recovery from bleaching is often limited in the field. The limiting factors have remained
unknown. In this study, it was shown that heat-treated algae lost infectivity and
that it was reversible. However, long-term exposure to heat stress slowed the recovery
of their infectivity. These results suggest that the loss of algal infectivity following
exposure to heat stress can be a factor limiting the recovery from bleaching.

In this study, I discovered that (1) heat stress suppresses the infectivity of algae,
(2) thermal sensitivity of the infectivity varies by algal strain, (3) suppression of algal
infectivity can cause the loss of algal density (bleaching) and (4) recovery of cnidarians
from bleaching can be limited by suppressed infectivity of algae. Overall, my study
demonstrates that the loss of algal infectivity upon the heat stress can be a major
problem for corals by suppressing the establishment of coral-algal symbiosis, inducing
the dissociation of coral-algal symbiotic relationship (bleaching) and limiting recovery
from bleaching. These findings bring new insights into how increased temperatures have
damaged the coral-algal symbiotic relationships in last few decades in coral reefs and

how corals can adapt to ongoing global warming.
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