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Abstract 
 Populations of Acropora cervicornis are rapidly declining around the world. However, 

populations in Southeast Florida are largely unaffected by this downturn. This aquarium, 

laboratory study examines the response of A. cervicornis clippings taken from Southeast 

Floridian reefs and transplanted into various water temperatures. Three indicators of coral health 

were examined in this ongoing study. This paper describes the results of two of them, growth 

rate and mortality. The third indicator, zooxanthellae density, will be examined in a future paper. 

Results indicated that longer acclimation periods between collection and transplantation are 

needed to reduce mortality, and that temperature has little effect on short-term growth 

measurement. In the future, clippings should be allowed a longer acclimation period during 

which temperature is slowly increased.

Introduction 

 Corals are colonial animals made up of polyps that bind together  through the secretion of a 

limestone exoskeleton.  Reef-building corals are hosts to dinoflagellate symbionts commonly 

referred to as “zooxanthellae.” Zooxanthellae are generally beneficial for their hosts, 

contributing to the polyp’s energy stores through the sharing of energy gained through 

photosynthesis, as well as accelerating calcification in many skeleton-forming species. This 

dependence, while having clear benefits, also imparts distinct costs. Environmental extremes, 

such as high temperature, damage the symbionts’ photosynthetic machinery, resulting in the 

eventual expulsion of zooxanthelle and the breakdown of the symbiosis. The loss of 

zooxanthellae as a result of this process is referred to as “bleaching”. In Scleractinian (stony) 

corals some 50% or more of the total symbiont community must be lost before paling, the 

apparent whitening of a colony.  is typically visible to the naked eye (Fitt et al., 2000). In corals, 
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bleaching turns the host organism white, as the calcareous skeleton becomes visible through the 

coral's transparent tissues. 

 Climate change, with associated global warming and increased atmospheric CO2, is now  

accepted by the scientific community, and poses a myriad of threats and challenges for coral reef 

communities in the not-too-distant future. Global warming and associated increases in sea 

surface temperatures are now projected to be very likely in the coming decades (Obura 2005), 

and the human “fingerprint” of increased atmospheric CO2 on the climate signal is also clear. 

Combined with the acidifying effect of increasing dissolved carbon dioxide in the ocean (Baker 

et al. 2008), there is a clear need to research and understand the likely impacts of climate change 

on marine ecosystems, and identify strategies to mitigate harmful effects, where possible. These 

assessments are already underway, but as changes in the climate system begin to mature over the 

coming years, it will be increasingly important to refine these temperature forecasts by placing 

them against observations. This research strategy offers the greatest likelihood of identifying 

trends in ecosystem response, and maximizes the accuracy of updated forecasts, especially in 

regards to bleaching. 

 This bodes poorly for Acropora cervicornis, a critically endangered Scleractinian coral that 

formerly made up large parts of Caribbean and Floridian reefs (IUCN).  There has been a 

population reduction are up to 97% in the Florida Keys, Jamaica, Dry Tortugas, Belize and St 

Croix, (Boulon 2005). This trend however, does not appear to hold in the near-shore waters off 

SE Florida. SE Floridian reefs are far from pristine, and exist in the highly polluted waters off a 

highly urbanized area (Gilliam personal communication). Surprisingly A. cervicornis population 

appear to be stable and possibly growing despite the presence of known limiting factors. One 

possible explanation of this apparent paradox concerns the temperate climate of SE Florida. It is 
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possible temperatures do not reach high enough levels for a long enough period of time to cause 

bleaching or damage the corals themselves. Another possibility is some special trait of the 

colonies themselves. The host does matter in determining the tolerance of corals to bleaching 

(Fitt et al., 2009), some adaptation of this population may be saving them. This laboratory, 

aquarium based study sought to evaluate the response of Southeast Floridian Acropora 

cervicornics to various water temperatures. 

   

Review of Literature 

The impact of climate change through thermal stress-related coral bleaching on coral reefs has 

been well documented (Carpenter et.al; Crabbe; Baker et. al; Obura) and is caused by rising sea 

water temperatures associated with background warming trends and extreme climate events 

(Crabbe). The threat of coral bleaching to the future of coral reefs is very real, but the expected 

impact was largely unknown due to the unprecedented spatial scale of the threat and its novelty 

to science. Until recently, knowledge was insufficient to predict whether the impacts of climate 

change on coral reefs would be catastrophic, because corals and zooxanthellae were thought be 

unable to adapt fast enough to changing conditions. A core problem in this debate was the 

likelihood that coral reefs had already changed in unknown ways as a result of human impacts as 

well as climate changes in the last several hundred years. This was the case until recently when it 

was discovered that a third of reef-building corals around the world are threatened with 

extinction, according to the first-ever comprehensive global assessment to determine their 

conservation status-(Carpenter et. al).. The 39 scientists who co-authored this study agree that if 

rising sea surface temperatures continue to cause increased frequency of bleaching and disease 
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events, many corals may not have enough time to replenish themselves and this could lead to 

extinctions.  

Researchers identified the main threats to corals as climate change and localized stresses 

resulting from destructive fishing, declining water quality from pollution, and the degradation of 

coastal habitats (Carpenter et. al). Climate change causes rising water temperatures and increased 

levels of CO2, which lead to coral bleaching and disease often resulting in mass coral mortality. 

Land-based nutrient pollution also represents a significant human threat to coral reefs. Nutrient 

pollution is a primary factor in the seasonal development of phytoplankton, macroalgae, and 

seagrass epiphyte blooms in the inshore, nearshore, and offshore waters. Chronic nutrient 

enrichment of waters off the Florida Keys from local (sewage) and regional (agricultural) land-

based sources leads to elevated NH4 and depleted coastal environments (Woolfe 331–345). 

Eutrophication or “nuisance” algal growth causes negative impacts on coral reefs via a number 

of routes and can eventually lead to the replacement of the coral community with various flora 

and fauna. Land based pollution is often a casual factor in nuisance algal growth and occurs 

frequently in Florida, especially from sewage. In 2007, it was revealed that Miami-Dade, 

Broward and Palm Beach counties dumped 500,000 of minimally treated sewage onto the reefs 

two or three miles off the counties beaches (Hiaasen). Many corporations and city municipalities, 

including the ones mentioned above, argue that anthropogenic run-off doesn’t affect off-shore 

reefs; that ocean currents will cause enough dispersion to mitigate any danger the runoff might 

have posed. However, studies have shown that runoff can reach and damage reefs as far as 5km 

from the dump point (Abelson et al.) 
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Acropora cervicornis populations are declining in many waters around the Caribbean including 

here the U.S. They’ve recently been listed as critically endangered by the IUCN. It once made up 

a large portion of Florida, Mexican, and Caribbean reefs, but today large colonies are virtually 

non-existent (IUCN). There has been a population reduction of over 80% since 1978 due to the 

effects of disease, climate change and other human-related factors. That figure, 80% is 

generalized, in the Florida Keys, Jamaica, Dry Tortugas, Belize and St Croix, up to 97% of 

cervicornis colonies (Boulon year). According the IUCN white band disease and climate change 

have been the main problems for this species especially since cervicornis is particularly 

susceptible to bleaching (Aronson).  

To date, dozens of experiments have been conducted with Acropora species (e.g. Baker; Precht; 

Torres; Strychar; etc.) Many of them, like Strychar’s study Bleaching as a pathogenic response 

in Scleractinian corals, evidenced by high concentrations of apoptotic and necrotic 

zooxanthellae, focus on temperature and bleaching. None however, have used Acropora 

cervicornis collected from Southeast Florida. In light of the unique situation of the coral, 

temperature experiments are necessary. 

 

 

Materials and Methods 

 

Experimental Design 

120 clippings of Acropora cervicornis were collected from a shallow, near-shore reef in 

Southeast Florida. These fragments were placed into eight aquarium tanks at four different 
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temperatures (26°C, 29°C, 31°C¸and 33°C.) Fragments were monitored over a six week period. 

Fragments were periodically removed from the tanks and decalcified to determine Zooxanthellae 

density.  Fragments were weighed at the start of the project, and immediately before 

decalcification. 

Sample collection  

 Two sets of Acropora cervicornis samples were collected, the first on July 8th and the second 

on July 23rd. The first set of  Acropora cervicornis clippings were taken from a near-shore patch, 

BCA located a few hundred meters off-shore of Pompano Beach, FL. Clippings were single, 

straight branches between eight and ten centimeters in length, and were collected from colonies 

that were not diseased or bleached. The size (length and width) of each clipping was measured to 

the nearest millimeter using calipers on the day of transport and transplantation. Seven samples 

were immediately placed in Z-fix® solution for later zooxanthelle calculation. The second set of 

13 samples was collected from the same site with the same protocols, Three of these samples 

were immediately placed in Z-fix®. 

 

Tank set-up  

 120 samples were mounted on one-inch long concrete plugs using super glue, and then 

secured in an eggshell crate and placed in an acclimation tank held at 26°C for two days to 

reduce the shock of transplant. After acclimation each sample was weighed through the buoyant 

weighing process described in detail later in this article and then placed into experimental and 

control tanks. 
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 The first sample set was divided equally among eight 10-gallon tanks within four 30-gallon 

tanks. Each 30-gallon tank was held at a different temperature. Temperatures were chosen based 

on known maximum, minimum, and mean temperatures of collection sites as shown in Figure 1. 

Figures were collected daily and compiled by NOVA research staff.   Tank 1 (samples 1-30) at 

room temperature, 26°C; Tank 2 (samples 31-60) at 29°C; Tank 3 (samples 71-90) at 31°C, and 

Tank 4 (samples 91-120) at 33°C. Light was provided with a 400W sunlamp from 8:00am to 

8:00pm.  

   

Figure 1 

Daily Temperature of Collection Sites
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The second set was introduced into Tanks 3a and 4a on July 27th, after all samples in both Tank 3 

(a, b) and 4 (a, b) had died and been removed. 
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Filtration/Circulation:  

A powerhead brand water pump was used to circulate water with in the tank. Filtration and 

circulation are present to simulate the presence of the water currents and exchange of the 

collection site. Seawater was pumped from outside into four 160 gallon reservoir tanks to all four 

sample tanks through a peristaltic pump mechanism. Water exited each experimental tank by 

means of an overflow outlet.  A powerhead brand water pump was used to circulate water within 

the tank. When experimental tanks showed very poor water quality as determined by visual 

observation, forced water changes were performed by siphoning water out from the tanks, and 

then refilling with clean water from the reservoir tanks.  

.   

Figure 2 Reservoir tanks  
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Figure 3 Peristaltic pump mechanism 

 

Figure 4 Experimental tanks without fragments 

 

 

Observations 

 

 On a daily basis clippings were visually assessed for changes in color, tissue loss and any 

build-up in algae. Any breakage, mortality, or apparent bleaching was recorded. If tissue loss 

was observed, colonies were removed from the tank, the longest length of the exposed area was 

measured, and the colony was returned to the tank. When all samples in a tank were dead and 
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completely devoid of tissue, samples were removed, washed, dried, and stored for later 

reference. Tanks were then cleaned and dried. 

 Tank temperatures were also checked on a daily basis in the morning (9:00am), afternoon 

(1:00pm) and evening (5:00pm), to ensure that the tanks were maintaining an acceptable range of 

temperature variation ( 1 C). The following three charts (Figures 5, 6 and 7) show that the 

daily recorded temperatures of the experimental tanks were for the most part maintained within 

tolerances. 

Figure 5 

 
Figure 6 
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Figure 7 

 
Temperature Regulation:  

 Temperature was controlled by the placement of heaters in the treatment tanks. Two heaters 

were placed at opposite ends of  Tanks 3 and 4.  Initially, when temperature began to climb 

above accepted variability, tanks were cooled through by means of ice-packs in the 30-gallon 

outer tank. Later, a small fan went set above the tank and positioned so that it blew over the 

surface of the water.  

Figure 8 Tank heater 
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Zooxanthellae density- 

 Samples were removed from their tanks at the end of 6 weeks, or when only 5 fragments 

remained in a treatment, and immediately placed in Z-fix® solution and fixed for 24-48 hours. 

After fixation, the colonies are decalcified in a 10% Decal solution. Samples are removed from 

their tanks, and clipped to approximately 5cm in length. Length and width are measured along 

the vertical length and across the base of the sample, respectively. Samples are then placed into 

10% Decal solution for 16-24 hours to dissolve the skeleton. After only the tissue is left, samples 

are placed in De-Ionized water and refrigerated to await processing.  

 One colony is removed from refrigeration and surface area is calculated. Surface area of 

each tissue sample will be measured using the foil method (Brownlee, 2008). This method was 

used due to the small size and cylindrical morphological characteristics of the A. cervicornis 

colonies. Each decalcified tissue sample will be cut into one, flat shape by cutting down the 

vertical length of the colony. The sample was then placed on a sheet of heavy-duty aluminum 

foil and carefully traced around the edges with a razor blade to match the exact boundaries of 

the coral tissue. This process was repeated three times per tissue sample to correct for any 

human error. The weight of each aluminum foil cut-out will be weighed and averaged per 

sample in a microgram scale. To convert the mean weight to surface area, a pre-determined 

surface area to weight ratio was be applied. This ratio was obtained by weighing a piece of foil 

of known surface area, in this case, 25 cm2. After obtaining the surface area of a colony, the 

tissue sample will be mechanically homogenized using a food processor and diluted with a 

known volume of seawater. Ten sub-samples will be taken from the subsequent homogenate 

blend and placed onto a Neubauer Hemocytometer slide for counting microscopically. 

Zooxanthellae cells will be counted for all ten sub-samples and averaged. The mean number of 
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cells will then be divided by the volume of the counting chamber, multiplied by the dilution 

factor, and divided by the mean surface area to obtain the number of zooxanthellae cells per 

cm2 using the following equation. 

 [(mean cell count _ x dilution factor]/ surface area = cells cm-2                           

volume of chamber) 

 

 

Buoyant weighing- 

The weight of an object in air, its density [D], its buoyant weight and the density of the water are 

inter-related and can be expressed in a series of equations. These were derived by simple algebra 

manipulation from Eq. (1) below, the derivation of which has been explained in more detail by 

Jokiel et al. (1978).  Weight in water was determined by suspending an eggrate in seawater from 

a microgram scale, taring the scale, and placing a sample on the seawater. 
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Figure 9- Buoyant weight Mechanism 

Results: 

 
Colony growth was highly erratic across temperature gradients, yielding no delineable 

relationship between temperature and growth rate. This lack of correlation is likely a result of the 

briefness of the acclimation and observation periods. 

 

Observable health 

 Overproduction of mucus, a stress reaction by the corals, increased water turbidity in all four 

tanks. Tank 4 (33°C) was the most highly affected, the water becoming thick and translucent by 

day 3 of observation. Tank 3 (31°C) experienced a similar progression of turbidity over a longer 

time-scale, reaching translucent waters on day 6. Tanks 1 and 2 remained relatively clear for the 

first two weeks of observation, then became lightly clouded and remained so until the study 
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concluded. (Mortality was seen almost immediately in Tanks 3 and 4. Colonies in Tank 4 were 

completely devoid of tissue by day 5 of observation; tank 3 suffered the same fate by day 8. The 

second grouping of samples placed in tank 4 suffered complete and total tissue loss by day three 

of observation, while those placed in tank 3 remained healthy, with none of the overproduction 

of mucus apparent in tanks 1, 2, and 4.   

 

Discussion 

 
 This experiment was designed to quantify and qualify the effects of high temperatures on 

Acropora cervicornis through basic visual observation and changes in growth rate. Early on, the 

experiment was characterized by extremely rapid mortality in the two highest temperature tanks, 

likely due to heat stress, as well as stress caused by the rapid transplantation and limited 

acclimation period. The complete death of all samples in Tanks 3 and 4 during the first set, and 

again in Tank 4 during the second confirms that 33 degrees is a temperature intolerable to 

Acropora cervicornis. Skeletal growth over the observation period was minimal, with no 

significant difference between any tank. In the coming weeks, the Zooxanthellae densities of the 

surviving samples will be collected and analyzed, giving insight into the health of the corals.  
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