The photosynthetic resilience of Porites furcata to salinity disturbance
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Introduction

Benthic habitats of Biscayne Bay, a shallow lagoon adjacent to the city of Miami, Florida, contain a limited number of coral species that represent a subset of the species found at nearby reefs of the Florida Reef Tract.  The physical characteristics of this basin (i.e., variable salinity and temperature, high sedimentation) make it a marginal environment for coral growth (Lirman et al. 2003).  Salinity fields of Biscayne Bay are influenced by freshwater inputs from canal, surface, and groundwater sources that create a near-shore environment with low mean salinity and high salinity fluctuation.  For example, salinity fell to levels below 25 ppt in this area for 188 days in 1998 and 156 days in 1999 (Lirman et al. 2003).  Siderastrea radians and Porites furcata are the most abundant coral species found along this near-shore environment (Lirman et al. 2003), suggesting their high tolerance to low and variable salinity.  In this study, we test the hypothesis that a high physiological tolerance for salinity fluctuations enables P. furcata to occupy these marginal environments.      


Osmotic stress has long been recognized as a limiting physical parameter for marine organisms, as emphasized by the negative correlation observed between marine species and salinity levels in estuarine environments (Wells 1961).  Changes in salinity are known to pose a significant metabolic drain on marine organisms, and disrupt normal cellular electrochemical processes, enzyme kinetics, and nerve conduction (Vernberg and Vernberg 1972).  In corals, sudden changes in salinity are known to negatively impact reproduction (Richmond 1993), photosynthesis and respiration (Muthiga and Szmant 1987; Moberg et al. 1997; Nystrom et al 1997; Porter et al. 1999), and survivorship (Marcus and Thourhaug 1981; Coles 1992; Krupp et al. 1998).  Corals are considered to be stenohaline with a limited ability to adapt to or survive salinity changes (Wells 1957; reviewed by Coles and Jokiel 1992).  Mortality in corals is predicted to occur at salinities lower than 25 ppt (Edmondson 1928) or higher than 45 ppt (Jokiel et al. 1974).  However, other studies suggest that corals can tolerate both low (17.5-28 ppt) (Vaughn 1919; Edmondson 1928) and high salinities (38.5-52.5 ppt) (Edmondson 1928; Wells 1957).  In this study, we evaluate the photosynthetic response of P. furcata to sub-optimal salinity (20-45 ppt) levels in a series of exposure experiments of different duration (2 to 24 hr). 
Methods

Colonies of Porites furcata were collected from Biscayne Bay, FL in May 2001 and transferred to outdoor mesocosms.  The colonies collected (n = 2, 25 cm in diameter) were taken from adjacent clumps.  Considering the high degree of fragmentation and asexual recruitment in this branching species (Soong 1991) it was assumed that these colonies were ramets from a common genet.  Colonies were divided into small, cylindrical pieces (2-3 cm in height) and allowed to acclimate to ambient conditions for at least one week prior to the exposure experiments.  Ambient conditions in the outdoor flow-through mesocosms was characterized by normal oceanic salinities (35 ppt) with a natural light environment shaded with UV filters to reduce the potential for photodamage in collected corals.  Only healthy coral fragments with dark pigmentation and fully extended polyps were used and fragments were assigned blindly to each treatment.
Fragments of P. furcata were exposed to salinities of 20, 25, 35 (controls, ambient

salinity), and 45 ppt for intervals of 2, 4, 6, and 24 hours within aerated 20-liter

containers placed within a water table to control temperature.  Elevated salinities were

achieved by the addition of Instant Ocean salts to seawater whereas low salinities were

created through the addition of freshwater to seawater.  Salinity was checked at regular intervals (i.e., every 2 hours) except for the 24 hr exposures where salinity was

checked upon leaving the lab at ~ 1700 hrs and returning the next day at 0700 hrs. 

Salinity did not change overnight in the aerated 20-liter buckets.  All exposure experiments were carried out under ambient light inside an outdoor greenhouse.   Coral fragments (n=5 per treatment) were placed in translucent and opaque 1-liter containers with both experimental and control salinities, and then sealed airtight to prevent gas diffusion.  Concurrently, control light and dark containers with both experimental and control salinities were set up without coral fragments to account for photosynthesis and respiration due to the plankton and bacterial components of seawater.  Corals (n=5) and water controls (n=4) were kept within the sealed containers for 2 hours, after which dissolved oxygen was measured with a YSI-3000 oxygen electrode.  The surface area of each fragment was calculated assuming a cylindrical shape, and rates of photosynthesis and respiration were normalized to the area of tissue (McCloskey et al. 1978).  To reduce the amount of error due to the daily variation in photosynthesis, as well as the variable light intensity during incubation times, the parameters obtained during each experiment were compared only to those obtained for control corals that were run simultaneously during each exposure.  Net photosynthetic rates were expressed as changes in g O2 cm-2 hr-1.  Relative photosynthesis was expressed as the percent deviation from the mean value obtained for the corresponding coral controls.
To evaluate recovery, coral fragments were returned to ambient salinity following exposure to sub-optimal salinity.  During this recovery phase, corals were placed in flow-through, aerated tanks.  Recovery periods were 24 hr for corals exposed to salinity treatments for 2, 4, and 6 hrs, whereas corals exposed for 24 hr were left to recover for both 24 hr and 7 days.  Photosynthesis and respiration rates were measured for these corals under ambient salinity conditions using the methods previously described.

Results and Discussion

Figure 1

Changes in salinity were found to influence photosynthesis of Porites furcata based on salinity values and exposure length.   The initial response (i.e., after 2 hours) of corals exposed to all sub-optimal salinity treatments was a significant drop in relative photosynthetic rates (ANOVA, P < 0.05, Tukey a posteriori comparisons) (Fig. 1).  After sudden exposure, P. furcata fragments displayed a full retraction of polyps and a copious production of mucus qualitatively indicating colony stress.  

Table 1

Significant reductions in net photosynthesis were also documented for colonies exposed to 20 ppt and 25 ppt from 2-24 hr, and for colonies exposed to 45 ppt after 2 and 6 hr of exposure (t-tests, P < 0.05) (Table 1).  While reductions in mean net photosynthesis compared to controls were measured for corals exposed to 45 ppt for 4 and 24 hrs, these differences were not significant (Table 1).  It is important to note that no tissue mortality was observed under any of the treatments used in this study despite the documented decreases in relative and net photosynthesis.  The reported tolerance of P. furcata to salinity fluctuations is similar to that described for its congeneric P. porites, which can withstand salinity deviations from 20 to 40 ppt (Marcus and Thouraug 1981).

The magnitude of the initial (i.e., after 2 hours) as well as the final (i.e., after 24 hr) decrease in relative photosynthesis was influenced by salinity level.  The biggest decrease was documented for corals exposed to 20 ppt and the smallest for corals exposed to 45 ppt (Fig. 1).  Following the initial significant decrease, fragments of P. furcata displayed short-term recovery responses.  For example, corals exposed to 20 and 45 ppt exhibited an increase in relative photosynthesis after 4 hr (Fig. 1).  A similar recovery response was observed between 6 and 24 hr of exposure for colonies exposed to 20 and 45 ppt.  Coral colonies exposed to 25 ppt showed an increase in relative photosynthesis from 4 to 6 hr of exposure and no change between 6 and 24 hr (Fig. 1).  For corals exposed to low salinities, these recovery responses were short-lived, and relative photosynthesis after 24 hr remained below that recorded after the initial decrease.  However, the short-term recovery response of corals exposed to high salinity resulted in higher values of relative photosynthesis at 4 and 24 hr compared to those recorded after 2 hr (Fig. 1).

Respiration rates of experimental corals did not differ significantly from controls and followed no apparent trends. A Pg/R (gross photosynthesis/respiration) ratio > 1.0 indicates that photosynthetically fixed carbon exceeds basal metabolic demands, whereas a Pg/R ratio < 1.0 implies that the coral is utilizing more carbon than what is fixed through photosynthesis (McCloskey et al. 1978).  In this study, Pg/R ratios of experimental corals never fell below one, indicating the maintenance of autotrophy while subjected to salinity stress during daylight hours (Table 1) (McCloskey et al. 1978).  

Figure 2

Photosynthetic recovery was rapid for P. furcata fragments exposed to sub-optimal salinity for 2, 4, and 6 hr.  Following 24 hr of recovery, photosynthetic rates increased for all treatments (except those exposed to 45 ppt for 24 hr), highlighting the metabolic resilience (i.e., rate of return to a non-disturbed state) of P. furcata.  The lower mean relative photosynthetic rate for corals exposed to 45 ppt for 24 hrs following a day of recovery is likely due to the high variability in net photosynthesis for this treatment (Fig. 2) given there was no significant difference in net photosynthesis between experimental and control corals initially after the exposure period (Table 1).  Recovery was slower for corals exposed for prolonged periods of time (24 hr), but all treatments recovered completely after one week indicating that P. furcata can withstand acute and prolonged salinity stress without lasting physiological impairment.  

It has been proposed that the ability of hermatypic corals to tolerate salinity stress is due to a behavioral response of the coral to retract its polyps under osmotic stress, thus decreasing the amount of tissue surface area in contact with the surrounding seawater (Muthiga and Szmant 1987). The largest percent decrease in photosynthesis seen in the first two hours may be explained by the initial retraction of the polyps documented here, which may cause a decrease in the intensity and amount of photosynthetically active radiation (PAR) reaching the zooxanthellae.

The subsequent short-term recovery or acclimation response documented here for fragments of P. furcata may represent a limited capacity for osmoregulation.  The possibility of osmoregulation in corals has been dismissed as corals have been historically considered osmoconformers (Wells 1957; reviewed by Coles and Jokiel 1992).  However, Vernberg and Vernberg (1972) note that an organism can be both an osmoconformer and euryhaline through the toleration of tissue dilution and the likely dependence on more cellular osmoregulatory abilities.   Notably, a freshwater Cnidarian in the genus Hydra was shown to have the ability to osmoregulate (Lilly 1955).  The results reported here warrant further study into the possible cellular mechanism(s) responsible for the documented physiological acclimation and tolerance response.  

The ability of corals found in marginal habitats to survive both short as well as longer-term salinity fluctuations is essential for their persistence in such environments.  While sub-optimal salinity patterns can persist in the near-shore environment of coastal lagoons like Biscayne Bay for several days, short-term (< 24 hrs) changes in salinity are not uncommon as a result of canal runoff or storm events.  In this study, we document the following aspects of the response of P.  furcata to salinity stress that allow this species to persist in such habitats:  1) the capability of surviving sudden changes in salinity without tissue mortality, 2) Pg/R ratios never falling below one, indicating the maintenance of autotrophy while subjected to salinity stress, 3) acclimation to short-term changes in salinity, and 4) rapid recovery of photosynthetic rates after a return to ambient salinity.  Finally, the documented resistance and resilience of this species to salinity stress correlates well with its reported distribution within near-shore environments of Biscayne Bay where it can reach densities of up to 5 colonies m-2 (Lirman et al. 2003).  


In sum, we report a high tolerance to salinity fluctuation in P. furcata, which may play a critical role in the ability of this coral to inhabit marginal reef-environments that limit the distribution of other hermatypic coral species.  Similarly, the physiological tolerance of P. furcata documented here likely acts as a determining factor in the population structure of coral communities exposed to frequent salinity changes.
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Figure Legend

Figure 1.  Relative photosynthesis of experimental colonies of Porites furcata subjected to 20, 25, and 45 ppt for 2, 4, 6, and 24 hr.  Relative photosynthesis was expressed as the percent deviation from the mean value obtained for the corresponding coral controls. 

20 ppt. One-factor ANOVA, DF=4, F=21.1, P < 0.0001, Tukey a-posteriori comparisons

25 ppt. One-factor ANOVA, DF=4, F=20.1, P < 0.0001, Tukey a-posteriori comparisons
45 ppt. One-factor ANOVA, DF=4, F=3.7, P = 0.02, Tukey a-posteriori comparisons

Figure 2. Comparison of relative photosynthesis of Porites furcata after initial exposure and 24 hrs and 7 days of recovery for all treatments. Relative photosynthesis was expressed as the percent deviation from the mean value obtained for the corresponding coral controls.

Table 1. Net photosynthesis and Pg/R ratios of experimental and control colonies of Porites furcata for each salinity exposure.  Control corals exposed to ambient salinity of 35 ppt.  Signficant differences between control and experimental corals were determined using Student’s t-test.  Values represent means (+/- sem).

	Salinity 
	Duration
	Net Photosynthesis
	(g O2 cm-2 h-1)
	 
	Gross Photosynthesis/Respiration

	(ppt)
	 of
	 
	 
	
	Pg/R
	 

	 
	Exposure (hr)
	Experimental
	Control
	p value
	Experimental
	Control

	20
	2
	2.77 (0.41)
	10.2 (2.1)
	0.011
	1.48
	3.57

	20
	4
	3.76 (0.60)
	11.9 (1.0)
	0.0017
	2.32
	4.40

	20
	6
	1.75 (0.55)
	16.3 (3.0)
	0.0036
	1.31
	5.32

	20
	24
	2.62 (0.43)
	10.3 (1.4)
	0.0019
	1.52
	3.24

	25
	2
	5.35 (0.53)
	10.8 (2.3)
	0.04
	3.01
	3.22

	25
	4
	3.98 (0.85)
	13.5 (1.7)
	0.0012
	2.10
	3.68

	25
	6
	4.38 (0.38)
	 11.2 (2.5)
	0.025
	2.24
	2.84

	25
	24
	5.70 (1.3)
	14.8 (1.8)
	0.0021
	1.42
	4.80

	45
	2
	3.64 (0.73)
	6.28 (0.67)
	0.014
	1.88
	2.69

	45
	4
	3.11 (0.86)
	4.25 (1.72)
	ns
	1.80
	2.57

	45
	6
	3.51 (0.71)
	8.00 (0.39)
	< 0.001
	1.74
	2.81

	45
	24
	3.51 (0.53)
	5.24 (1.56)
	ns
	2.13
	2.51
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