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Abstract: 
 In order to understand the reef ecosystem health it is important to study the varying 

organisms and their symbiotic relationships that contribute to the overall function in a coral reef 

system. This study compared population density of Diadema antillarum with benthic coverage in 

two sites in Dominica, W.I.. Champagne Bay and Scott’s Head Bay were the two sites selected 

for this study. Six 10-m transects were laid in each site and used to collect data on both the 

density of Diadema and substratum coverage. Though both are protected in the Soufriere Marine 

Reserve, their reefs are fairly different. The two sites had varying benthic coverage and Diadema 

density, though only the algae density was found to be statistically significant. A positive 

relationship was found between algae and live coral coverage; Scott’s Head Bay had  4.53% 

(SD=5.88) of live coral and 92.30% (SD=6.43) of algae whereas Champagne only had  4.27% 

(SD=5.13) of live coral and 81.54% (SD=26.88) of algae. Champagne Bay, on the other hand, 

had a considerably higher Diadema density than Scott’s Head Bay, with 1.05 m-² (SD=1.58) of 

adult Diadema in Champagne and 0 m-2 (SD=0) in Scott’s Head.  

Introduction: 

 The symbiotic relationship between long spine sea urchin, Diadema antillarum and 

Caribbean coral reefs has been greatly impacted by the massive die-off of the urchins in the 

1980s. The cause for this die-off is still unknown, though it was likely a species-specific 

pathogen (Ogden 1987). While excessive algal grazing by sea urchins can eventually become 

harmful, as they sometimes graze on live coral, sea urchins help prevent algae from completely 

covering coral reefs (Birkeland 1997). Primary productivity drops dramatically in areas where 

the algae population is not controlled by sea urchins and other herbivorous organisms, which is 

detrimental to the reef community as a whole (Ogden 1987).  Reefs all over the Caribbean show 
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the consequences of the sudden drop in D. antillarum populations by displaying a rapidly 

growing rate of new diseases (Porter 2001). Reefs, including those of the volcanic island of 

Dominica, have suffered considerably from the combined anthropogenic effects of SCUBA 

diving, overfishing and climate change (Grimsditch and Salm 2005).  

 Due to the lack of data on Dominican reefs prior to 1983, the extent of the damage done 

by the mass die-off is not fully understood (Steiner 2006). Given that Dominica is located 

upstream of much of the rest of the Caribbean there was initial uncertainty as to how the 

pathogen arrived there, though evidence now seems to indicate that it was brought in by 

imported goods from other parts of the Caribbean (Roberts 1997; Steiner 2006). Other factors 

may affect D. antillarum populations such as storms, predation, and movement of larvae 

downstream to other islands (Steiner 2006).  Studies concerning Diadema population density in 

Dominica have been conducted between 2001 and 2005, demonstrating an increase in density of 

the entire west coast by 61% (Steiner 2006).  

Since corals rely heavily on the different grazing organisms that live around them, such 

as Diadema antillarum, various algal-grazing reef fish, and algae, it is important to take their 

density into consideration when analyzing coral reef health. The balance necessary for the 

proliferation of corals and marine organisms in general is very delicate, as corals need 

zooxanthellae for acquisition of photosynthetic products, but cannot tolerate an excess of algae 

(Birkeland 1997). Human influence on this fragile habitat can further tip the balance, making it 

even more difficult for coral reefs to survive.  

This study is designed to analyze the relationship between Diadema and the coral reefs of 

Dominica. Benthic coverage data was gathered from the study sites along the same transect lines 

according to Atlantic and Gulf Rapid Reef Assessment (AGRRA) protocol version 5.4 (Lang et 
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al 2010). For the collection of benthic coverage data, the categories looked at were live coral, 

rock, sand, and algae; a tally of queen conch, lionfish, and spiny lobsters was also taken. 

Champagne Bay and Scott’s Head Bay, both within the Scott’s Head Soufriere Marine Reserve 

(SSMR), were selected for comparative purposes.  

Site Characterization: 

 The SSMR was implemented in an effort to help preserve and maintain the coral reefs of 

Dominica, due to its limited area for coral growth (A Virtual Dominica - Scott's Head Soufriere 

Marine Reserve 2004). Four different zoning systems (fish nursery area, recreation area, fishing 

priority area, and SCUBA diving area) are attributed throughout SSMR in response to the 

varying needs of the whole area. Champagne Bay is a heavily visited area close to Roseau 

whereas Scott’s Head Bay seemed less impacted by tourism. Several reef fish species were found 

only in Scott’s Head, such as Syacium micrurum, Caranx ruber, Epinephelus fulvus, and 

Centropristis ocyurus (Arnold et al 2010). Others, such as Chromis cyanea, Thalassoma 

bifuscatum, and Stegastes partitus, were found in a considerably higher amount in Scott’s Head 

Bay than in Champagne Bay (Arnold et al 2010). 

Figure 1: Map of the Southwestern Tip of Dominica 
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Methods and Materials:  

 Due to the prolonged periods of time I spent at sea, I wore a wetsuit, a mask, snorkel, and 

fins. A 50-meter underwater tape was used as a transect line, though each transect was only 10-

meters long. The water quality data, such as pH, salinity, and dissolved oxygen, were gathered 

with a Hydrolab Quanta Water Quality Monitoring System and water temperature was recorded with 

a 4 HOBO U22 Water Temp Pro v2 Loggers, and HOBOware Pro v2.7. I used a Kestrel 3500 Pocket 

Weather Meter to measure wind speed, barometric pressure, relative humidity, temperature, dew 

point, and altitude. A Garmin GPSmap 76 was used to get the coordinates for each transect. I used 

an underwater slate to record my data and a 1 m x 1 m PVC-pipe quadrat was used to determine 

dominant substratum along the transect. Rope was used to tie my slate to myself and to facilitate 

in bringing the quadrat back up from deeper parts of the transect. The quadrat was divided into 

100 10-cm squares. To do so, holes were drilled 10-cm apart across the quadrat and string was 

tied to these holes.  

 Upon arrival at the dive sites, data were collected with the Hydrolab Quanta Water Quality 

Monitoring System, Kestrel 3500 Pocket Weather Meter, and Garmin GPSmap 76. In order to count 

the Diadema antillarum, I laid a 10-meter transect line along the coral reefs and first collected 

the quadrat data. To do so, I dropped the quadrat down and counted the amount of bare rock, 

sand, coral, and algae. The count for algae included algae-covered rock, hence the large amount 

of algae. The quadrat was divided into 100 10-cm boxes, allowing me to calculate the percentage 

of each category of benthic coverage. The transects were randomly selected, though set in 

somewhat close proximity to each other. A total of 12 transects were laid, 6 in Champagne Bay 

and 6 in Scott’s Head Bay.  
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Results and Discussion: 

 Champagne Bay had a larger density of adult Diadema antillarum, 1.05 m-2 (SD=1.58), 

than Scott’s Head Bay, 0 m-2 (SD=0) (Figure 2). In July 2004, Champagne Bay had a reported 

Diadema density of 1.38 m-2 (SD=0.91). Scott’s Head had a reported Diadema density of 2.27 m-

2 (SD=0.79) (Steiner 2006). Scott’s Head had a marginally larger density of juvenile Diadema 

with 0.167 m-2 as opposed to 0.067 m-2 in Champagne Bay. Though Scott’s Head did have more 

live coral present there, with 4.53% versus 4.27%, the data regarding live coral was found to be 

statistically insignificant (Figure 3). Scott’s Head Bay had a reported live coral cover of 20.69% 

in 2003 and Champagne Bay had a reported live coral cover of approximately 17.01% (Steiner, 

2003). Personal observations of our surveyors showed that other parts of Scott’s Head did have 

Diadema, though there were few in the area where the transects were laid.  

Figure 2: Density of Diadema antillarum by age group 
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Figure 3: Benthic Coverage: Scott’s Head Bay vs. Champagne Bay 

 

A positive correlation was seen between the percent of algae and the percent of live coral. 

Scott’s Head Bay contained more live coral, 4.53% (SD=5.88), and more algae, 92.30% 

(SD=6.43), whereas Champagne Bay contained less algae, 81.54% (SD=26.88), and less live 

coral, 4.27% (SD=5.13). The proportion of live coral to algae is not consistent with prior studies, 

as corals cannot tolerate an excess of algae (Birkeland 1997). 

To calculate the statistical significance of benthic cover between the two sites, a Nested 

ANOVA was used. The outcome explained that live coral, rock, and sand show no statistical 

significance between the two sites (Table 1). However, the amount of algae revealed statistical 

significance (Table 1). When statistically comparing algae between the two sites, Scott’s Head 

had a higher mean than Champagne Bay. Though sand is marginally non-significant, Champagne 

Bay’s mean, 0.447 m-2, had a tendency to be higher than the mean for Scott’s Head, 0.213 m-2 

(Table 2).  
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Table 1: Nested ANOVA: Benthic Cover 

Nested ANOVA: Benthic Cover 
   Wald Chi‐Square  df  p‐value 
Live Coral          

Site  0.045  1  0.833 
Transect  13.733  5  0.017 

Sand          
Site  3.016  1  0.082 

Transect  25.71  5  0 
Algae          

Site  5.547  1  0.019 
Transect  10.735  5  0.057 

Rock          
Site  1.75  1  0.186 

Transect  9.054  5  0.107 
 

Table 2: Significant Means for Benthic Cover 

Significant Means 
   Sand  Algae 
Scott's Head  2.13%  92.3% 
Champagne  4.47%  81.54% 

  

Physical Data and Discussion: 

I took basic physical environment data for comparison at Champagne Bay and Scott’s Head Bay (Table 3, 

4, 5; Figure 4, 5).  
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Table 3: Kestrel 3500 Pocket Weather Meter Data for Champagne Bay and Scott’s Head Bay 

 

   Champagne Bay:  Scott's Head Bay: 

  5/30/2010  6/1/2010  6/3/2010  6/5/2010 

Windspeed:  7.2 mph  4.7 mph  4.6 mph 
10.9 
mph 

Relative Humidity:  69.20%  74.90%  49%  76.20% 

Dewpoint:  75.4  76.2  69.8  79.2 

Barometric 
Pressure:  29.93 inHg  30.10 inHg  30.01  29.94 

Temperature:  86.8 F  84.8 F  91.4 F  86.6 F 

 

Table 4: Water quality data collected with a Hydrolab Quanta Monitoring System for Champagne 

Bay. 

Champagne Bay Hydrolab Data    

Temperature  28.94°C 

Specific Conductance  54.6 mS/cm 

D.O.  6.98 mg/L 

pH  8.07 

Depth  2.1 m 

D.O.%  89.5% SAT 

Oxidation Reduction Potential  80 mV 

Turbidity  0.5 NTU 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Table 5: Water quality data collected by Hydrolab Quanta Monitoring System for Scott’s Head 

Bay. 

Scott's Head Hydrolab Data    

Temperature  29.74 °C 

Specific Conductance  56.6 mS/cm 

D.O.  7.50 mg/L 

pH  8.21 

Depth  2.6 m 

D.O.%  98.2% Sat 

Oxidation Reduction Potential  73 mV 

Turbidity  0 NTU 

   

 

Figure 4a: Temperature range of the shallow water in Champagne Bay from 05/30/10-06/08/10 
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Figure 4b: Temperature range of the deep water in Champagne Bay from 05/30/10-06/08/10 

 

 

Figure 5: Temperature range of Scott’s Head Bay from 06/06/10-06/10/10 

 

Conclusions: 

 It might also be helpful to measure the size of the Diadema in future studies for 

comparative purposes. Along the transects in Scott’s Head, three other species of sea urchin were 

found: Slate-pencil sea urchin, West Indian Sea Egg, and the Reef Urchin. A more extensive 
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study of the two sites, including topography and varying reef types, might help explain the 

seeming absence of the other species in Champagne Bay. Tests of the varying types of algae in 

Dominica would be beneficial in exploring which types of algae are more beneficial than others. 

In order to have data applicable to all of Dominica, other sites should be added to the study.   
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