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Project Summary  

Caribbean reef-building corals provide many vital ecosystem services and can be resilient 

to changing environmental conditions (Brandt, 2009; Smith et. al, 2013). But human population 

growth in Florida has led to increased dredging activity, elevating suspended sediment, and 

leading to increased turbidity levels. Therefore, biological response variables that can indicate 

the health of these key species are measured after being exposed to various levels of suspended 

sediments to inform the Environmental Protection Agency (EPA) for management. The 

biological response variables (symbiont chlorophyll concentration, symbiont density, and protein 

analysis of coral tissue) indicate the overall coral and algae symbiont health in response to 

various turbidity treatments conducted by the EPA. Results showed that turbidity amount and 

length of sediment exposure period significantly impacted all responses in Montastrea 

cavernosa. The turbidity amount and sediment exposure period only impacted the symbiont 

density for Stephanocoenia intersepta. Information collected from this project provided to the 

EPA will allow for coastal management to change and improve the management of development 

near corals. 

Introduction  

 Coral reefs have been increasingly exposed to a variety of rapidly changing 

environmental conditions that can impact their health and ecosystems. Due to the rise in human 

population, coastal development in Florida- specifically near the keys- is increasing. Dredging is 

a common practice in preparing coastlines and channels for development or access and causes 

sediment to become suspended in the water. This causes increased turbidity, which can smother 

corals (Jones et. al, 2019) and cause health problems that can both harm the corals and have a 

massive impact on the whole reef ecosystem.  
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Properly managed Caribbean coral-dominated reefs yield higher fish biomass (Karr et. al, 

2014) than those that aren’t- displaying the important role of management in promoting reef 

success. The important fishing economy in Florida could be threatened if coastal development 

practices like dredging are unmanaged ecologically and yield negative impacts on coral health. 

Both M. cavernosa (Brandt 2009) and Stephanocenia intersepta (Smith et. al., 2013) are more 

resilient to changing environmental conditions compared to some other Caribbean coral species. 

Additionally, one of the three most abundant Caribbean reef-building corals, Montastraea 

cavernosa, is utilized in this experiment to show the impact of the dredging near the sampling 

sites in the Florida Keys on one of the more common corals in the area. M. cavernosa is also 

expected to experience up to a 100% calcification rate decline by 2100 (Okazaki et. al., 2016) in 

predicted extreme environmental conditions of the Caribbean. So, although these species have 

proven to be comparably resilient and vital in supporting their aquatic ecosystems, they are still 

predicted to experience severe, even deadly, negative health responses. 

While many lab-based studies have shown the impacts of changes in sedimentation and 

turbidity on corals, in situ studies have also shown that dredging near corals increased disease 

prevalence (Pollock et. al., 2014). The lab-based experiments with sediment performed by the 

Environmental Protection Agency could have had a different impact on the corals than if the 

experiment had been done in the field, however, further research could be accomplished to 

compare these two methods. 

 Since both species of corals are important in providing both ecosystem and financial 

services, the threats to these corals must be addressed and further threats must be identified. 

Determining the turbidity thresholds which these key reef-building coral species can handle by 

measuring coral health (biological response variables) across sediment treatments is necessary. 



 3 

By better managing suspended sediment caused by dredging using the results of this project, the 

effects of the turbidity changes at the local level can help decrease coral mortality. Changes in 

management like adjusting the dredging time frame can prevent the effects of sediment from 

dredging from synergizing with thermal stressors that can drastically worsen the corals’ 

condition (Fisher et. al., 2019). Results of sediment experimentation of these specific species in 

Florida will allow for further assessment of the increased turbidity level impact on coral health 

and help determine the next steps in coastal management. 

 

Methods 

Experimental Design  

The Gulf Ecosystem Measurement and Modeling Division of the EPA completed all 

experimentation with the corals used for this experiment including chamber set-up, water quality 

monitoring, sediment treatments, and monitoring, and live tissue surface area measurements 

recording with a 3D scanner. These surface area measurements were used to standardize the 

results of the biological responses to the size of the coral fragments. The treatments for this 

experiment were targeted doses by NTU turbidity level, however, due to the difficulty in 

determining the sediment in chambers due to coral and algae trapping sediment, treatments are 

defined as the Dry Weight (𝑀𝑔𝐿−1) of sediment added to each of the chambers. There were six 

treatments total, including the control, and those treatments are 0 𝑀𝑔𝐿−1(control), 5.4 𝑀𝑔𝐿−1, 

73.9 𝑀𝑔𝐿−1, 142.1 𝑀𝑔𝐿−1, 284.3 𝑀𝑔𝐿−1, and 511.7 𝑀𝑔𝐿−1. The experiment lasted 35 days, the 

first five days being an acclimation period with no treatment. There were 96 coral fragments 

total, with 48 of each of the two species. Half of these corals (24 of each species=48) were 



 4 

sampled on day 10 and half were sampled on day 30 of sediment exposure to compare short-term 

and long-term exposure responses.  

Once all sediment treatments were completed by the EPA, corals were removed from 

jars, wrapped in aluminum foil, placed in Whirl-Pak® bags, and immediately placed in a -80º C 

ultralow freezer. Coral samples were shipped on dry ice to Texas A&M University–Corpus 

Christi. The coral tissue was removed by using an airbrush (Paasche, D500SR) and a compressor 

that jets high-pressure phosphate-buffer saline solution (PBS) on the coral to create a tissue 

slurry. The tissue slurry was collected in a plastic bag and emptied into a 50 mL Falcon tube. All 

samples were filled to 42 mL and then homogenized with a Tissue Master (Omni, International 

TM125-15). The samples were centrifuged (3000 rpm for five minutes) to separate the 

endosymbiotic algae (i.e., pellet) from the coral (i.e., supernatant). Additional subsamples (1 mL 

aliquots) were taken from the supernatant for total protein analysis of the coral (Whitaker & 

Granum, 1980). The remaining supernatant was discarded, leaving only the algal pellet at the 

bottom of the 50 mL tube. Next, 5 mL of PBS was added to the algal pellet and vortexed until 

fully mixed. Samples were aliquoted (1 mL each) for symbiont density measurements and 

chlorophyll (Chl a, Chl 𝑐2, and total chlorophyll) concentration measurements. All aliquots were 

placed in a -20°C freezer until processing.  

Algal symbiont counts were processed using a hemacytometer using 10x magnification 

of a compound microscope (Leica DM500) (Becker & Silbiger 2020; Wall et al., 2017). All 

samples were counted twice, averaged, and then standardized to the coral surface area. 

Chlorophyll concentrations were processed using methods from Jeffrey & Humphrey (1975) and 

Putnam & Edmunds (2011). Samples were removed from the freezer, thawed, and centrifuged to 

remove PBS. Acetone (90%) was added to each sample, vortexed, and kept in the dark in the 
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freezer (-20°C) for 24h to allow for all chlorophyll to be extracted. Samples were then read using 

a spectrophotometer (Thermo ConFLo IV) at wavelengths for chlorophyll a (630 nm) and 

chlorophyll c2 (663 nm). Calculations for chl a, c2, and total followed Jeffrey & Humphrey 

(1975).  

Total protein analysis for the coral was processed and calculated using protein 

spectrophotometry following Whitaker & Granum (1980). Aliquots (1 mL) of the coral slurry 

supernatant were defrosted to room temperature and read at wavelengths 235 nm and 280 nm. 

The protein content for each sample must fall below 1.0 for the 235 nm reading and above 0.1 to 

be the most accurate, however, some samples with higher protein concentrations had high 235 

nm readings. Therefore, when necessary, samples were diluted with 1 mL of PBS at a time until 

falling into a more accurate range. All measurements were standardized to the coral surface area 

and the dilutions used throughout processing and analysis. A 3D scanner was used to determine 

the live coral tissue surface area (LTSA) from Day 0 of experimentation; the change in LTSA 

throughout the experiment was not significant. Coral skeletal density was calculated (measured 

mass divided by volume) using the water displacement method with a graduated cylinder for 

each coral fragment (CRC Handbook of Chemistry and Physics, 83rd edition). 

Results 

Coral and symbiont response measurements (symbiont density, chlorophyll-a 

concentration, and coral protein density) were standardized to coral live tissue surface area 

(𝑐𝑚2)and all dilutions used during processing and then analyzed using a univariate analysis of 

variance (ANOVA). A two-way ANOVA compared biological responses with treatment (dry 

weight) and sampling day as the two factors separately and combined to compare responses by 

species. 
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Figure 1. The a) average symbiont density by turbidity treatment (Dry Weight) for sampling day 

10 and b) the average symbiont density by turbidity treatment (Dry Weight) for sampling day 30.  

 M. cavernosa was significant overall (Two-way ANOVA; F(11,36) = 4.377; p=0.0004*) 

and the sampling day factor was the only insignificant factor alone (p=0.2812), while dry weight 

(p=0.0003*) and the interaction of dry weight and sampling day (p=0.0213*) were both 

significant alone. S. intersepta was significant overall (Two-way ANOVA; F(11,36) = 6.855; 

p<0.0001*) and the sampling day factor was the only insignificant factor alone (p=0.6460), 

while dry weight (p<0.0001*) and the interaction of dry weight and sampling day (p=0.0019*) 

were both significant alone. 

 

Both species showed variation in symbiont density across turbidity treatments (Two-way 

ANOVA:  M. cavernosa p=0.0004; S. intersepta p<0.0001). Additionally, the interaction of the 

exposure period (sampling day) and turbidity treatments (dry weight) led to varied responses 

across treatments for both species (dry weight*sampling day; M. cavernosa p=0.0213; S. 

intersepta p=0.0019). At day 10, higher levels of symbiont densities in the lowest treatment (5.4 
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𝑀𝑔𝐿−1) and at the second highest treatment (284.3 𝑀𝑔𝐿−1) at day 30 for both species. The other 

treatments all had much closer levels of symbiont densities for both species.  

 
Figure 2. The a) average chlorophyll a concentration by turbidity treatment (Dry Weight) for 

sampling day 10 and b) the average chlorophyll a concentration by turbidity treatment (Dry 

Weight) for sampling day 30. 

 

 M. cavernosa was significant overall (Two-way ANOVA; F(11,36) = 2.074; p=0.0492*) 

and the dry weight factor was the only significant factor alone (p=0.0062*) while sampling day 

(p=0.8968) and the interaction of dry weight and sampling day (p=0.6650) were both 

insignificant alone. S. intersepta was not significant overall (Two-way ANOVA; F(11,36) = 

1.133; p=0.3657) and the sampling day (p=0.9296), dry weight treatment (p=0.0675), and 

interaction of both factors (p=0.9541) alone were all insignificant.  

Chlorophyll a concentration in M. cavernosa was significantly influenced (Two-way 

ANOVA; F(11,36) = 2.074; p=0.0492; turbidity p = 0.0062) by turbidity treatment, with higher 

chlorophyll a level at higher turbidities (142.1 𝑀𝑔𝐿−1 and 284.3 𝑀𝑔𝐿−1), however, at the 

highest turbidity treatments similar responses of chlorophyll a production to that of the control 

treatment was shown. The sampling day, or exposure period alone, did not impact chlorophyll a 

concentration.  The chlorophyll a concentration of S. intersepta was not influenced by turbidity 
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levels or length of exposure, or their interaction (Two-way ANOVA; F(11,36) = 1.133; 

p=0.3657).  

 
Figure 3. The a) average protein density by turbidity treatment (Dry Weight) for sampling day 

10 and b) the average protein density by turbidity treatment (Dry Weight) for sampling day 30. 

 

 M. cavernosa was significant overall (Two-way ANOVA; F(11,36) = 4.164; p=0.0005*) 

and the dry weight treatment was the only significant factor alone (p<0.0001*), while sampling 

day (p=0.1719) and the interaction of dry weight and sampling day (p=0.3220) were both 

insignificant alone. S. intersepta was not significant overall (Two-way ANOVA; F(11,36) = 

1.6075; p=0.1384) however, the dry weight treatment was the only significant factor alone 

(p=0.0368*), while sampling day (p=0.2258) and the interaction of dry weight and sampling day 

(p=0.7368) were both insignificant alone.  

Protein densities in M. cavernosa were significantly influenced (Two-way ANOVA; 

F(11,36) = 4.164; p=0.0005; turbidity p<0.0001) by turbidity treatment, with higher 

concentrations at intermediate turbidity levels (142.1 𝑀𝑔𝐿−1 and 284.3 𝑀𝑔𝐿−1) compared to 

other levels (73.9 𝑀𝑔𝐿−1 and 511.7 𝑀𝑔𝐿−1). Control treatments showed similar levels of protein 

densities to the higher turbidity treatments. The protein densities of S. intersepta were not 
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influenced by turbidity levels or length of exposure, or their interaction (Two-way ANOVA; 

F(11,36) = 1.6075; p=0.1384).   

 
Figure 4. The a) average chlorophyll a concentration scaled to symbiont density by turbidity 

treatment (Dry Weight) for sampling day 10 and b) the average chlorophyll a concentration 

scaled to symbiont density by turbidity treatment (Dry Weight) for sampling day 30.  

 

 M. cavernosa was not significant overall (Two-way ANOVA; F(11,36) = 1.045; 

p=0.4301) and the sampling day (p=0.3782), dry weight treatment (p=0.2374), and interaction of 

both factors (p=0.6197) alone were all insignificant. S. intersepta was not significant overall 

(Two-way ANOVA; F(11,36) = 1.223; p=0.3080) and the sampling day (p=0.9752), dry weight 

treatment (p=0.1071), and interaction of both factors (p=0.6117) alone were all insignificant.  

 When standardizing the chlorophyll a concentration to the symbiont densities, no 

significant response was observed for either of the two species (Two-way ANOVA:  M. 

cavernosa p=0.4301; S. intersepta p =0.3080), indicating the within and across species response 

as unpredictable specifically for the chlorophyll production per symbiont cell density.  

Results showed that turbidity amount and length of sediment exposure period 

significantly impacted all responses in Montastrea cavernosa. The turbidity amount and 

sediment exposure period only impacted the symbiont density for Stephanocoenia intersepta. 
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Discussion and Conclusion 

Studies have shown that higher levels of suspended sediment could lead to a negative 

biological response for both species of corals in this experiment when compared to the control. 

However, both S. intersepta (Brandt, 2009) and M. cavernosa (Smith et. al, 2013) have shown a 

reduced response to the increased turbidity levels in this experiment since they have proven to be 

resilient to other changes in their environment compared to other reef-building corals. Assessing 

the symbiont and coral health measurements of these corals can provide insight into how 

elevated turbidity pressures caused by nearby dredging are impacting these key Caribbean coral 

species. Similar sediment experiments on corals identified significant differences between in situ 

dredging sediment experiments and lab-based turbidity experiments (Jones et. al, 2016) which 

should be noted for the discussion and conclusion of results from this lab-based experiment. 

Additionally, a Florida-based study on M. cavernosa found that effects of dredging like 

increased turbidity during a seasonal thermal stress event showed much greater mortality (Miller 

et. al, 2016) which can be avoided by proper management of dredging practices and coastal 

development like certain dredging time frames during the year and coordinated construction to 

avoid multiple sudden environmental changes on/near the coastline.  

The results from this project highlight that different Caribbean coral species respond 

differently to turbidity exposure periods and varying levels of turbidity. Additionally, there is 

variation in response to these changing environmental conditions by both the zooxanthellae algal 

symbiont and the coral itself, with both impacting the functionality and survivability of the coral.  

Findings from this project and other sediment and coral research can be significant in providing 

the EPA information to properly manage coastal development that can impact vital Caribbean 

corals.  
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