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Resistance and Resilience: 

Intrinsic Facilitation of Increased Coral Reef Recovery and Resistance to Bleaching
Introduction

The level of diversity found in coral reef ecosystems is easily comparable to that found in terrestrial tropical rainforests, and similarly they are widely acknowledged as one of the most threatened global ecosystems. They are vital as aquatic habitats, and are highly valuable to humans as a source of food, income from tourism, and as coastal protection for tropical islands(Stone et al. 1999, West and Salm 2003). The value of living resources and services (fisheries; tourism and costal protection) that reefs provide has been estimated at approximately $375 billion annually (West and Salm 2003). Reef building (Scleractinian) corals form closely knit communities with their symbiotic, dinoflagellate zooxanthellae algae (Symbiodinium sp.) on which most are highly dependent. The zooxanthellae provide up to 95% of the carbon needed by the corals for growth reproduction and maintenance, but they are vulnerable to many environmental stress factors that can result in bleaching, the most prominent of which are increased Sea Surface Temperature (SST) and high levels of irradiance (light energy per unit time in a given area). Other stressors which can also induce bleaching include pollution, salinity anomalies, prolonged aerial exposure, sedimentation, and disease(West and Salm 2003, McWilliams et al. 2005, Glynn 1991, Jokiel and Brown 2004).

Bleaching is a response to stress that results in the whitened appearance of the coral because of the loss of a significant portion of the photosynthetic pigments of the zooxanthellae and/or their expulsion from the coral host. Although coral bleaching is not, as commonly believed, synonymous with the death of the coral, it results in reduced growth rates, suppression of sexual reproduction, impaired healing after mechanical damage, and increased susceptibility to disease (Brown et al. 2002). They cannot survive for very long if high stress conditions are prolonged and symbiosis cannot be reestablished, and large scale mortality has resulted when reefs fail to recover (Stone et al. 1999, Jokiel and Brown 2004, Huppert and Stone 1998, Glynn 1991, West and Salm 2003). 

Because of the close positive correlation between increased SST and coral bleaching, these events have become increasingly more common with the onset of global climate change and El Nino Southern Oscillation (ENSO) weather patterns (McWilliams et al. 2005, Huppert and Stone 1998, Stone et al. 1999, Jokiel and Brown 2004, etc.). The frequency and intensity of occurrences of coral bleaching and mortality has increased worldwide from rare, localized events before the early 1980’s, to widespread mass mortality events in the early 21st century (Glynn 1991, Jokiel and Brown 2004, Stone et al. 1999, Winter et al. 1998, Woolridge et al. 2005). This results primarily because the zooxanthellae algae have a temperature threshold, over which bleaching results. However, threshold values vary widely between species, environments, and over time; additionally the negative affects of heightened temperature interact with each of the other factors influencing coral bleaching in different ways, and mortality after any such event is highly variable, as well as recovery (McWilliams et al. 2005, Brown et al. 2002). 

Issue

Bleaching never results in complete elimination of all corals on an entire reef; patches of coral survive, resulting in localized areas of coral that have resisted bleaching (Brown et al. 2002, West and Salm 2003). However, there are many influences that tend to confound coral recovery after bleaching events. The decline or elimination of the zooxanthellae algae allows species of coralline algae (which are not symbionts with the corals) to increase in abundance, further restricting the ability of the zooxanthellae to become reestablished and thrive. Coral predation also increased with coralline algae cover (McClanahan et al. 2005, Woolridge et al. 2005).

The degree of mortality that occurs from a bleaching event, and the rate at which the coral recovers varies among taxa, the strength of association with Symbiodinium, position in the colony, depth and habitat, light quality and quantity, thermal and light history, water flow, fishing management, regional location and season (McClanahan et al. 2005).  In short, it is dependent on the combination of acclimation and interactions between genetics, the environment and thermal stress thresholds which determines the coral’s thermal protection, resistance, tolerance and resilience (McClanahan et al. 2005, Obura 2005). 

Proposition 

Observations by Brown (2002) shows that some species of zooxanthellae algae can develop higher levels of tolerance for temperature stresses if they are also exposed to high solar stress. His study showed that west facing Gonaistrea aspera corals in Phuket, Thailand that were exposed to high levels of solar radiation without distressingly high SST during January-March show bleaching annually during this time, whereas the east facing corals of the same species that are exposed to 20% less radiation did not bleach. However, in May when SST is highest, and solar radiation on both faces of the coral was approximately equal, only the east face exhibited bleaching. The zooxanthellae in the two areas are both Symbiodinium phylotype e, indicating that the observed differences were not simply due to genetically acquired differences between the symbionts or the hosts. The study concluded that the corals on the west face were more tolerant of high SST in May because of heightened/more efficient protective defenses because of the January-March bleaching (Brown et al. 2002). 

Their study showed that it is possible for at least some corals and zooxanthellae to be affected by previous experience and acquire protection from stresses, and in Strasser et al. 1999 it is demonstrated that foraminifera that are exposed to higher levels of variability are more capable of responding to and adapting to future changes. It has also been shown that some shallow reefs that are regularly exposed to both high SST and variation have low mortality during periods of anomalous high temperatures that cause severe bleaching and mortality elsewhere, suggesting that selective pressures from rising temperatures could result in adaptive changes that would produce ecologically resilient coral communities. (McClanahan et al. 2005).

Baker (2001) presents an extension of this concept by showing that coral bleaching not only results in adaptation; it facilitates these changes. Many corals show distinct depth zonation patterns in their algal symbionts; i.e., shallow water zooxanthellae do not perform as well in deeper waters and vice versa. Coral transplants along these lines had the following results. Corals that were transplanted upward in the water column showed significantly more bleaching (11/24 bleached) than those transplanted downward (0/37 bleached), but had much lower mortality rates (0/24 dead vs. 7/37 dead). This resulted from an adaptive change in the organization of the symbiont communities. These changes are typically slow because established symbionts have a significant advantage over invasive or low abundance symbionts. Stress induced bleaching in upward transplants rapidly removed the established zooxanthellae species, facilitating their replacement by more appropriate symbionts (12/16 changed). Downward transplants do not or cannot change their algal compositions (1/25 changed). These corals are part of “an ecological gamble in that [they] sacrifice short-term benefits for long-term advantage”(Baker 2001 pg. 766).


In the interest of maintaining these valuable ecosystems in the face of rising global temperatures and potentially increasing numbers of coral bleaching events, I propose to conduct a study by which it can be determined whether corals that participate in algal zonation have higher thermal resistance (individuals suffer lower degrees of bleaching from stress), higher thermal tolerance (individuals show lower levels of mortality from stress) or higher resilience (individuals recover from bleaching mortality more rapidly) (concepts from Obura 2005) during future high temperature thermal anomalies, or whether the response is limited to times of acute change such as transplanting. Alternatively, the study may show that the rearrangement of symbionts is only effective in situations of rapid change where suitable recombination is possible, and that for long term changes, repeated periods of stress, or in areas where zooxanthellae are homogenous that species adaptation is necessary for increased resistance and resilience.
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