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elocity
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and ng;gcity. Letters indicate the output points

Figure 5.3: Tidal height for P™8"

velocity
and the black and white bars represent night and day, respectively. The x-axis

shows the date and local time of day.

phigh

. . 3
velocity 1 Unit mg N m-3,

Figure 5.4: PON at the surface of the water column for
The title of each panel states the time point letter as well as the date and time of
day. Arrows represent the current direction and strength. The black contour marks

the rim of the reefs.

Plow

Figure 5.5: PON at the surface of the water column for Pygjg ity

in unit mg N m-3.
The title of each panel states the time point letter as well as the date and time of
day. Arrows represent the current direction and strength. The black contour marks

the rim of the reefs.

high
l:)velocity’

Figure 5.6: DIN at the surface of the water column for unit mg N m-3. The

title of each panel states the time point letter as well as the date and time of day.
Arrows represent the current direction and strength. The black contour marks the

rim of the reefs.

ow
elocity’

Figure 5.7: DIN at the surface of the water column for P‘} unit mg N m-3. The

title of each panel states the time point letter as well as the date and time of day.
Arrows represent the current direction and strength. The black contour marks the

rim of the reefs.
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high
l:’velocity'
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Figure 5.19: Profile of DIN uptake by the coral community, and change DIN
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(B), and P!9Y.. (C). The arrow in indicate the

along the transect for phieh elocity

velocity

direction of the current. At the bottom of the panels showing biomass different
colour bars indicate different parts of the reef; black=reef slope, gray=reef crest

and dashed=bommies.
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vii. ABSTRACT

Understanding the symbiotic association between a coral host and their algae
symbiont is essential if we are to be able to simulate and predict how expected
changes in ocean sea surface temperatures and other environmental conditions
associated with climate change may influence coral reefs in the future. In this
thesis a mechanistic coral-algae symbiosis model is proposed, a model which
captures the interaction between a heterotrophic host and an autotrophic
symbiont with varying sources of nutrients, and various temperature and light
intensities. This modelling effort includes mathematical representations of
important physiological processes, such as growth, respiration, photosynthesis,
calcification, translocation of photosynthates, mortality and mucus production, as
well as photoinhibition, ROS production and bleaching. Validating the model using
experimental data, showed the model capable of capturing the nutrient dynamics
between the environment, the cnidarian host and the symbiotic algae,
photoinhibition and bleaching as a function of elevated temperature and light, as
well as the mitigating effects heterotrophic feeding may have during elevated

thermal stress.

The basic coral symbiosis model, first developed, considered the nutrient dynamics
of the symbiosis. The coral acquires nitrogen (N) through two processes, uptake of
dissolved inorganic nitrogen (V/iy) and heterotrophic feeding (Zy). Numerical
experiments were used to highlight the importance of these different sources of N
for coral survival and growth. The model outputs showed the importance of the
algae symbionts to the coral host as a source of both N and C when the feeding rate
was limited. In contrast, with no light or low light, conditions under which the
symbiont population dies, the host was able to survive if Zy was sufficient to
sustain its metabolic requirements. Translocation and recycling of nutrient were
shown to be two of the most important features of this model, emphasizing why it

is essential to resolve host and symbiont in a coral model.
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During the second phase of this thesis a photoinhibition and bleaching model was
added to the basic symbiosis model. The resulting modelled rate of bleaching
depended on temperature, light intensity and the potential for heterotrophic
feeding. The validation showed that the model was capable of capturing both the
diurnal change in the state of the photosystem, as well as changes in the symbiont
population and the coral host caused by different temperature, light and feeding
treatments. Elevated temperatures and light led to a degradation of the
photosystem and the expulsion of symbiont cells. If the coral fed heterotrophically,
this degradation of the photosynthetic apparatus due to temperature and light
stress was reduced, but still a clear decrease in Fv/Fm and cell numbers was

observed when the coral was exposed to elevated temperature.

During the first two phases of this modelling effort it was noted that translocation
and the uptake of inorganic nutrients needed more consideration. These processes
were redefined using experimental (nanoSIMS) data of uptake and translocation in
the symbiotic sea anemone Aiptasia pulchella. The new definitions proposed that
the uptake of DIN and DIC from the environment were symbiont driven and
directly associated with photosynthetic activity. The new translocation definition
has two components including a representation of the “host release factor” as well
as a release of excess photosynthates. This exercise also allowed us to show that

the model worked well for a symbiotic association other than the corals.

The final part of this project was to incorporate the coral symbiosis model into a
reef scale fully coupled hydrodynamic biogeochemical model of Heron Island Reef.
Due to the high complexity of the model a simplified version of the basic symbiosis
model was included. Even so the month long model runs showed how the coral
influenced the nutrient dynamics over the reef and how changes in water column

properties, water velocity and bottom friction influenced coral uptake of nutrients.

The model developed in this thesis highlights that the interchangeability of N
sources, and the ability to exchange and recycle nutrients in the host-symbiont
system, is the key to coral survival in nutrient poor environments. The

photoinhibition model showed that heterotrophic feeding can mitigate the effect of

24



temperature and light stress as it enhances repair rates and tissue synthesis. The
model is also applicable to other host-symbiont associations (such as the sea
anemone) and it can be decoupled and used for the animal or the algae part
separately. This model is a good tool to explore host-symbiont interactions,

however there is always room for improvement and further development.
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