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Coral Bleaching and the Affect of Temperature Change on Coral Reef Predator-Prey Interactions


Although they account for less than one tenth of one percent of the world’s oceans, coral reefs contribute play a large part in the functioning of many of Earth’s natural environmental cycles. In addition to performing important ecosystem functions, such as filtration, oxygen production and biodiversity support, coral reefs provide human benefits through the income gained from tourism, recreation, fishing and pharmaceutical uses. AZT, for example, the foremost treatment used to battle the HIV virus, uses chemicals extracted from a species of coral reef sponge [5].


Reefs, however, are some of the most fragile ecosystems in the world. Small changes in water temperature, pH, oxygen levels, light or other environmental factors can be devastating. Pollution and global warming can, and are, significantly changing these ocean properties, making coral reefs some of the most endangered communities on the planet [5].


Coral bleaching, a phenomenon that has increased in recent years is one example of what can happen when coral’s optimal conditions are altered. Each coral species has an optimal temperature range in which it can function properly. Optimal ranges for most coral species are approximately 24-29°C. When the sea surface temperature (SST) is raised above the upper limit for a coral species (that species ‘coral bleaching threshold’), the photosynthetic, symbiotic algae living inside coral tissue and giving the coral its vibrant colors, die. The coral detects the death of the algae and expels the dead matter from its tissue, revealing the coral’s bright white calcium carbonate skeleton. Soon after the algae is flushed from the coral, the coral itself dies, the symbiotic link broken [1,2[.
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Figure 1. SST over a two-year period in the Virgin Islands. The light blue line represents the ‘bleaching threshold’, accompanied by high ‘bleaching alert levels’ whenever it is crossed.


Several other coral reef inhabitants depend on the coral as an integral part of their diet. A wide array of species, from shrimp and krill to fish species such as parrotfish and damsel fish to many varieties of sea stars, all feed on coral, either by eating the algae inside the tissue or actually biting off and digesting chunks of the calcium skeleton. Naturally, when large patches of coral reefs are destroyed as a result of bleaching, as is what happens during large-scale bleaching episodes, the populations of these predators are affected as well [2, 3]. 


Choosing parrotfish as my main coral predator, I took a look at the classic Lokta-Volterra predator-prey model and attempted to alter it to include another parameter that would help describe the behavior of the coral and parrotfish populations as SST increased. I called this new parameter ∆T, defined as the number of degrees SST is above a coral species’ specific bleaching threshold.

The classic model describes predator-prey interactions as a system of two differential equations:
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with the four parameters defined as the growth rate of the prey (a), the death rate of the predators (b) and a constant that measures the amount of interaction between the predator and the prey (c&d). The model makes some assumptions about the basic functioning of the populations such as that the rate at which prey is eaten by the predator is proportional to the rate at which they interact, the rate at which the predator is born is proportional to the rate the prey is eaten and that interaction is limited between the prey and the predator. That is, with out any prey, the predator population decreases proportionally and, vice versa, in the absence of predators, the prey will increase according to a standard population model.


In incorporating a ∆T parameter, I needed to make some additional assumptions. First off, I assumed that at its optimal temperature, coral would grow at a steady rate, neglecting other environmental factors. I then assumed that temperature negatively and proportionally affected coral populations and that this decrease in coral growth would proportionately affect the parrotfish population. Since the model assumes that the predator and prey populations are dependant upon one another, I assumed that without coral, the parrotfish population would decrease. Following these assumptions, I adding another term, making the model:
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where f(x) was the population of coral and f(y), the population of parrotfish.


I assigned approximate values, based on data gathered from various coral research papers [2, 3, 4], to a, b, c and d:
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I then changed the value of ∆T as I moved along to model the rise in surface ocean temperatures. When ∆T is set at a value, the nullclines of the system can then be found by setting each equation to 0 and solving for either x or y (for all ∆T, the nullclines x=0 and y= 0 exist, in addition to other nullclines, dependant on the value of ∆T). Below is the phase portrait for ∆T=0. The nullclines x=0 and y=0 intersect at a saddle equilibrium point at (0,0) and the nullclines y=2.33 and x=2.66 intersect at a spiral equilibrium at (2.66, 2.33). This portrait suggests that when there is no temperature change, the coral and fish population remain at equilibrium. The stability of this equilibrium is impossible to determine, since the eigenvalues for the Jacobian 
[image: image4.wmf] are both 0. 
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Figure 2.   ∆T=0. Saddle point at (0,0) and a spiral equilibrium at (2.66, 2.33)


As ∆T increases, the same saddle point is exhibited at (0,0), but the spiral equilibrium moves closer and closer to the x-axis. At ∆T=.2, the equilibrium is located at (3.33, 1.66) and at ∆T=.5, is has moved down to (4.33, .66).
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Figure 3. Phase portraits of ∆T=0.2 and ∆T=0.5. Spiral equilibrium located at (3.33, 1.66) and then at (4.33, 0.66)

When ∆T is increased to 0.8, the spiral equilibrium moves below the x-axis and becomes a saddle point equilibrium. The saddle point that existed the point (0,0), interestingly, becomes a nodal sink. The Jacobian of the equilibrium at (0,0) when is 
[image: image8.wmf] and the two negative eigenvalues (-0.1 and -1.6) tell us that is a stable nodal sink. 
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Figure 4. Phase portrait of ∆T=0.8. Spiral equilibrium has moved below x-axis and ‘become’ a saddle node at (5.33, -0.33). Equilibrium at (0, 0) has ‘become’ a nodal sink.

At ∆T =0.8, all points in the first quadrant fall into the stable nodal sink at (0, 0) (extinction). This change suggests that up to a ∆T of 0.8, the coral and parrotfish populations are able to maintain their population at a certain equilibrium. However, if the temperature rises above this value, the populations will fall into extinction.

As ∆T continues to rise, the saddle point equilibrium moves further below the x-axis and the vectors leading into the sink at (0, 0) become steeper, indicating that extinction will occur more quickly, the bigger the change in temperature becomes.
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Figure 5. ∆T=1 and ∆T=2. Saddle equilibrium at (6, -1) and then at (9.33, -4.33)


In conclusion, what this model proposes is that the populations of coral and of parrotfish are interrelated and decrease as the SST rises above the coral’s maximum optimal temperature or ‘bleaching threshold’. When the SST is around 0.8 or more degrees over this threshold, the populations move towards extinction. 

A problem with this model is its simplicity; many other factors contribute to coral death and the decline of fish populations including light, availability of other food sources, pollution, over fishing, etc. It does point out, however, the little leeway coral has in terms of what temperature it can survive in and how a decrease in coral growth may lead to a decrease in fish populations and biodiversity. Coral reefs have been called “the rainforests of the ocean” [5]. Hopefully, mathematical modeling can help predict the long-term consequences of coral reef damage and we can take action, to help save these beautiful caches of biodiversity.
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