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Abstract

Coral bleaching as a result of the global warming trend is a warning sign for future generations.  As small rises in temperature continue the coral bleaching situation intensifies.  This paper attempts to investigate the complex interactions of host cnidarians and their symbiotic counterparts: zooxanthellae.  All papers reviewed performed experiments under induced bleaching conditions by small temperature hikes over time.  One study tested the photosynthetic activity of the zooxanthellae before and after expulsion from the host (Ralph 2005).  They discovered that the host will expel both healthy and inactive zooxanthellae in different amounts (Ralph 2005).  Another study done to test for host regulation was performed on the zooxanthellae to test for mitotic activity indicative of cell growth and division (Baghdasarian 2000).  The conclusions were that the host is regulating the symbiont population by expelling those cells ready to divide (Baghdasarian 2000).  Heat stress also causes some interesting changes in the frequency of apopotosis and necrosis cell death in the host and symbiont that emphasizes regulation by both host and zooxanthellae (Dunn 2004).  Some information on studies searching for a treatment for coral bleaching is included—the real problem being the human disregard for the environment, most likely will never be truly addressed. 
Introduction


With a majority of scientists agreeing that the Earth’s climate is warming consistently each year, effects on of this trend on the sensitive organisms are indicators of the changes to come.  In the ocean, corral reefs, and cnidarians themselves are indicative of the ocean’s health of that region.  The cnidarian species that form the reef and their symbionts, several species of dinoflagellate, are sensitive to environmental changes (Baghdasarian 2000).  One environmental factor is the turbidity of the water.  The coral polyps are suspension feeders and the algae (zooxanthellae) that live within their tissues are photosynthetic; in order for the corals to be healthy the water must be clear of particles so that light is able to penetrate.  The other factor effecting corals around the world is the global trend of warming.  A temperature rise of a few degrees at duration is known to cause “coral bleaching”.  Coral bleaching occurs when there is a breakdown of the symbiosis between the coral polyp and the algae (Ralph 2005).  When the coral looses its photopigment by expelling its algae symbionts or from subsequent decreases in the number of chlorophyll in its tissues, the coral appears pale or white—coral bleaching (Dunn 2004).  One strategy is to examine the zooxanthellae that are expelled to find any damage that might warrant expulsion from the host.  Although in recent decades coral bleaching involving mass mortality of coral ecosystems is a world threat, corals appear to regulate the populations of their endosymbiotic algae by expelling them at constant rates (Ralph 2005). There are several studies describing experiments that were done to understand what initiates this breakdown and eventual expulsion of the dinoflagellates.  Several theories suggest that the host initiates the expulsion (Baghdasarian 2000) while others describe a process of apoptosis undergone by the dinoflagellate and host which leads to bleaching (Dunn 2004).  The experiments examined all involve induced coral bleaching by increasing water temperature over time and monitoring the condition and abundance of the dinoflagellates expelled by the host (Baghdasarian 200) (Dunn 2004) (Ralph 2004).   This paper reviews current theories and explores several possibilities that attempt to explain this complex interaction between zooxanthellae and its cnidarian host.  
Methods and Materials 

Several methods of examining the expelled zooxanthellae were used to reveal possible triggers for expulsion.  It would make intuitive sense that expulsion would occur as a result of dysfunctional or damaged algae cells.   One paper in review examined the zooxanthallae for photosynthetic activity after being expelled from the host coral (Ralph 2005).  Photosynthetic viability was categorized as active or inactive (Ralph 2005).  Corals were kept in a lab for the experiments.  The photosynthetic activity of zooxanthellae expelled from coral under “non-bleaching” conditions, were analyzed for the control group (Ralph 2005).  Bleaching was induced in other corals and the expelled zooxanthellae analyzed for activity (Ralph 2005).  Other zooxanthellae were kept outside their host in the lab to examine them for photosynthetic activity (Ralph 2005).  The zooxanthellae were collected using a special designed micropipette. The specimens collected with the micropipette, as they were expelled from their host, were analyzed over a twelve hour period (Ralph 2005).   

Studies show that coral that recover from bleaching by reaccumulating the zooxanthellae in their tissues.  When this phenomenon occurs, the dinoflagellate population grows at a logistic rate and decreases rapidly as an apparent steady-state equilibrium is reached (Baghdasarian 2000).  This process suggests that there is regulation occurring either by the host or by the algae.  This study involves again examining the expelled zoooxanthellae, this time for evidence of the intention of the zoothanthellae.  The mitotic indices of the expelled algae were analyzed to find a possible reason for the initiation of expulsion either by the host or by symbiont algae (Baghdasarian 2000).  By using the mitotic indices criterion one can observe what phase the algae cell was in when it was expelled: a cell with a high mitotic index will be close to undergoing cell-division (Baghdasarian 2000).  Instead of collecting the algae with a pipette, in this study specimens of anemone were placed in test tubes and then removed after treatment (Baghdasarian 2000).  The seawater left in the test tube contained the zooxanthellae expelled from the host (Baghdasarian 2000).  Mechanically separated algae were kept in the lab to compare the two mitotic indices for possible evidence of host regulation of cell-division in the algae (Baghdasarian 2000).  In the same report the H-thymidine levels of expelled algae, a protein associated with the S phase of mitosis for cell division, were analyzed relative to algae living outside a host (Baghdasarian 2000).  

Another study dealt more with the mechanism by which the algae are expelled.  The experiments in this report were also conducted in a lab using anemones (Dunn 2004). The anemone symbiotic algae relationship is identical to those of coral reef species of cnidarians (Dunn 2004).  Again heat stress at duration (31-33 degrees centigrade) was used as a treatment to induce a bleaching response, this time the period was over several days (Dunn 2004).  Three types of cells were analyzed at different stages in the bleaching event: the zooxanthellae, the endodermal cells, where the algae reside, and the ectodermal cells of the anemone (Dunn 2004).  The cells were analyzed to determine the level of apoptosis versus the levels of necrosis cell death in the three types (Dunn 2004).  
Results

The results from the first study mentioned showed that both photosynthetically active and inactive zooxanthellae were expelled during induced heat stress bleaching (Ralph 2005).   The different species of algae had variable levels of tolerance and therefore the host used different strategies of expulsion.  The specimens collected with a micropipette as they were expelled from one species of host showed that initially the host was expelling both healthy and inactive zooxanthellae and then over time the number of inactive cells expelled decreased while the number of active cells remained constant (Ralph 2005).  Another species of coral showed an initial expulsion of a relatively low number of inactive cells and increased that number greatly as time proceeded (Ralph 2005).

The mitotic indices of zooxanthellae natural expelled from their host were higher than the algae remaining inside (Baghdasarian 2000).  The algae mechanically separated from the host showed no apparent changes in mitotic indices (Baghdasarian 2000).  Correlations between expulsion rates and the mitotic index could distinguish between host selectivity and random expulsion (Baghdasarian 2000).  The H-thymidine levels of the expelled algae were significantly higher than those inside the host (Baghdasarian 2000).  The increase in temperature was associated with an increase in algae cell-division. 
The anemones in normal conditions showed relatively consistent amounts of apoptosis and necrosis-like cell death in all tissue types (Dunn 2004).  The zooxanthellae also followed a similar trend.  At higher temperatures the frequency of apoptosis-like cell death increased dramatically in the endodermal cells of the anemones (Dunn 20004).  The apoptosis gave way to biological restraints and the slower necrosis-like cell death continued (Dunn 2004).  The zooxanthellae showed similar patterns of apoptosis and necrosis cell death (Dunn 2004).  The algae began the apoptosis response to the temperature earlier than the host animal (Dunn 2004).  
Discussion

Bleaching causes changes in the cell density and subsequently the pigments and their photosynthetic abilities.  The theory that was put to the test in the first study cited is that the host cnidarian is expelling zooxanthellae that are damaged due to environmental stresses (Ralph 2005).  The results suggest that the host is expelling both active and inactive algae in response to environmental change.  The zooxanthellae collected after being expelled that were healthy were viable suggesting that they were not damaged beyond repair (Ralph 2005).  This paper also showed the variability of different responses from different species of cnidarian (Ralph 2005).  Some expelled a large fraction of inactive algae initially and then proceeded to expel both active and inactive (Ralph 2005). Others expelled a large number of both active and inactive and then became more selective for the inactive (Ralph 2005).  The initial expulsion was large in magnitude and then became more selective for damaged algae of time in more “tolerant” cnidarians (Ralph 2005).  This selectivity suggests that there is a host regulation of the expelled algae (Ralph 2005).  The variability strategies infer that there is more going on between the host and the algae than just simply if the zooxanthellae are damaged they are expelled.

The study involving the mitotic indices and H-thymidine levels of zooxanthellae was interesting in that it addressed a more specific question about the expelled algae.  In a slightly elevated temperature the rate of algae cell division increases (Baghdasarian 2000).  This study first theorized that the host maybe regulating the algae by inhibiting cell division (Baghdasarian 2000).  If this is the case then algae released from the host should exhibit higher mitotic indices—this was not the case (Baghdasarian 2000).  The algae kept outside the host showed no differences in mitotic indices (Baghdasarian 2000).  The second part of this study focused on H-thymidine, a chemical responsible for initiation of cell division.  Cells that were expelled had much higher levels of the chemical than those that remained in the host (Baghdasarian 2000).  These two pieces of evidence show that the host is preferentially expelling algae that are growing and dividing and therefore regulating the population of zooxanthellae within the host tissues (Baghdasarian 2000).  

The final study reviewed made a case for apoptosis or necrosis cell death in the host as a possible mechanism for expulsion.  Endoderm, ectoderm and zooxanthellae cells were counted to produce a fraction that concludes that the cell death was either predominated by apoptosis or necrosis (Dunn 2004).  After an induced bleaching event, the cells were analyzed and produced some interesting results.  Under normal conditions the apoptosis and necrosis cell death was constant, under bleaching conditions the results were much different.  During the initial temperature treatment apoptosis levels in the endodermal, where the zooxanthellae are housed, increased dramatically relative to the ectoderm cells (Dunn 2004).  After a period of heightened apoptosis, necrosis continued at a slower pace acting on the endoderm cells.  The zooxanthellae also increased in apoptosis activity in the bleaching treatment but initiated the process well before the host (Dunn 2004).  It was suggested that the algae may be exhibiting “pseudo-altruistic” behavior and undergoing programmed cell death as a means to minimize the inflammatory response of the host and therefore prevent further damage to host tissues (Dunn 2004).

The effect of global warming is undoubtedly affecting the ecology of coral reefs around the world.  Human activity has been proven to be the primary contributor to this trend of warming.  If a solution is to be employed it will have to deal with the lifestyles of the developed countries that contribute the most to the greenhouse gasses that cause the warming.  Other studies have shown some interesting localized solutions to coral bleaching.  For instance, a study performed in the Indonesian islands used submerged electrified cages to initiate coral settlement and growth (Goreau 2004).  What they discovered is that the corals that grew on the cages had much greater levels of symbiotic algae within their tissues (Goreau 2004).  This increased symbiotic activity was attributed to the reduced energetic demand for calcification and increased energetic supply for growth (Goreau 2004).  These corals also showed increased tolerance to environmental change (Goreau 2004). Although this method sounds promising, more study would need to be done to investigate possible complication of tampering with a symbiotic relationship that took millions of years to transpire.  Further investigation into the relationship of these symboiotic organisms is necessary to understand their complex interactions.  Although the papers reviewed illustrated some contributing factors of the breakdown of these relationships, there is likely a complexity of interactions that has not yet begin to unravel.  Although the host cnidarian seems to be the more dependent of the two organisms, the question of who is regulating who is still up for debate.   
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