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1. SUMMARY 

Twenty-two sites across four monitoring zones of St. Eustatius’s marine ecosystem were assessed 
using the Global Coral Reef Monitoring Network Caribbean Initiative (GCRMN-Caribbean) guidelines 
between June and August 2018. The protocol extracted data that indicated the biomass of key fish 
species and overall reef health including but not limited to relative abundance of macroalgae and 
hard coral, coral disease prevalence, coral recruit density and rugosity to name a few. Using the Reef 
Health Index (McField and Kramer 2007), St. Eustatius’ coral reef ecosystem is in “fair” condition 
(RHI Score = 3.25). Coral cover continues to decline slowly from previous estimates (2015 = 5.19%, 
2016 = 4.99%, 2017 = 4.73% and 2018 = 4.21%) with macroalgae continuing to dominate with an 
insignificant decrease since 2017 (2015 = 27.93%, 2016 = 27.92%, 2017 = 25.33% and 2018 = 
23.89%). This decrease has been replaced by an increase in turf algae and cyanobacteria. Overall 
increase in fish biomass and density hints at the success of the marine reserves and the spillover 
effect. Herbivorous fish (Parrotfish/surgeonfish) biomass. Populations of these key species are 
relatively the same when compared to other Eastern Caribbean territories. Biomass of groupers and 
snappers have increased drastically compared to 2017 but these findings are statistically 
insignificant, possibly due to sampling error. Due to an increased sampling effort, two additional 
survey sites, benthic cover for reef building corals increased but coral cover was not affected. Porites 
astreoides, remains the dominant species on Statia’s reefs due to its successful reproductive strategy 
as a hermaphroditic brooder with it accounting for 20% of the species composition of observed 
recruits. Key reef building genera such as Orbicella spp, Montastrea and Pseudodiploria spp which 
have a benthic cover range between 0.86 – 15.31% only accounted for 0-1 % per species of recruits 
observed. This implies that the future of corals on Statia’s reefs is gravely uncertain as the 
abundance of new reef building recruits are too low. Mitigative and restorative measures are 
desperately needed. Focus should be placed on diversifying coral restoration techniques that target 
reef building genera such as Orbicella and Psuedodiploria along with the repopulation of Diadema 
antillarum. Diadema densities recorded during this survey effort where < 1 individual/m. 

 

1. INTRODUCTION 

This is the fourth consecutive year that the coral reef ecosystem of St. Eustatius was monitored using 
the Global Coral Reef Monitoring Network Caribbean Initiative (GCRMN-Caribbean) guidelines. This 
represents a committed effort by the Ministry of Economic Affairs, Agriculture, Nature and Food 
quality (LNV), St. Eustatius National Marine Parks (STENAPA) and the Caribbean Netherlands Science 
Institute (CNSI) to consistent and scientifically sound monitoring of this vulnerable marine 
environment that heavily supports St. Eustatius’ tourism product and fisheries sector. This 
monitoring is especially important as the Caribbean’s marine ecosystems are increasingly under 
threat by the effects of climate change, coastal development and overfishing. St. Eustatius is no 
exception. It is therefore important that this work continues and the results used to enhance 
management and sustainable use of the island’s marine resources.  

2. METHODS 

The GCRMN-Caribbean protocol was executed within the St. Eustatius National Marine Park (SNMP) 
from June 28th to August 19, 2018. The marine park surrounds the island from the high water mark 
to a depth of 30 meters. The majority of Statia’s coral reefs are not characteristic of a “true” coral 
reef and are described as coral communities on lava outcrops. To maximize comparability across the 
region, the data were collected solely at depths ranging from 8 – 18 meters. An effort was made to 
include sites within the relatively industrialized harbor area along with sites presumably exposed to 
lower anthropogenic influence on the east, north and south sides of the island. Within the SNMP the 



20 sites selected for 2015-2017 were again monitored in 2018 with the addition of two sites on the 
Atlantic side (Figure 1): Crooks Castle, Humps, Twin Sisters, Ledges, Valley of the Sponges, Five 
Fingers South, Double Wreck, Northman, The Blocks, The Cave, Aquarium, Anchor Point, Dump, 
White Wall, Gibraltar, Outer Jenkins Bay, Barracuda Point, Triple Wreck, Mushroom Gardens, 
Hangover, Venus Bay and Corre Corre. 

 

Figure 1 Map of the 22 survey sites in the four monitoring zones of St. Eustatius. Venus Bay and 
Corre Corre are two sites that were added in 2018. 

 

The GCRMN-Caribbean guidelines utilize eight criteria when collecting data on coral reef 
ecosystems: 

2.1 Abundance and biomass of reef fish taxa 

To measure fish density, all fish (of all species) observed within a belt transect (30m length x 2m 
width) were counted, with the survey time limited to 6 - 8 minutes per transect. To measure size 
structure and calculate biomass, the length of each fish was estimated and assigned to the following 
size categories: <5cm, 6-10cm, 11-20cm, 21-30cm, 31-40cm and >41cm. For each monitoring zone, 
five belt transects were surveyed at each site and the data pooled to provide an average assessment 
of the density and size structure of all fishes observed for each zone. Such estimations of the fish 
assemblage provide the core information (snappers, groupers, parrotfish and surgeonfish), while 
also providing fundamental information about other members of the fish assemblage that may serve 
important roles in fisheries or ecosystem management. 

2.2 Relative cover of reef-building organisms (corals) and their dominant competitors 

Percent cover of key benthic taxa was assessed by taking digital photographs of the reef surface in 
standardized 0.9m x 0.6m quadrat areas. High resolution photographs were taken along the five fish 
density transect lines, capturing 15 images per transect (one image taken at every odd numbered 
meter mark on the 30m transect tape). Data was captured from the images through post – 

Corre Corre 

Venus Bay 

 



processing using Coral Point Count with Excel extension (CPCe) V4.1 software (Kohler and Gill 2006). 
Twenty-five software generated random points on each image were identified and classified into a 
standardized benthic category, such as Seagrass, Sponge, Zooanthid or Cyanobacteria. Reef building 
corals were identified to species level; soft corals and macroalgae to genus level. The averages and 
standard deviation were calculated. 

2.3 Health assessment of reef-building corals 

Disease prevalence in corals was estimated using the photoquadrats from the benthic cover 
assessment. Data was recorded as the proportion of images collected that contained a coral with 
any disease pathology. For example, if there were four colonies in a particular photoquadrat and any 
of these colonies showed signs of disease, this image would be tagged as “with disease”. The 
number of images that were “with disease” was divided by the total number of images (1479) to 
generate a proportional estimate of disease prevalence. 

2.4 Recruitment of reef-building corals 

Coral recruits are defined operationally for this assessment as any stony coral (except Favia fragum) 
that is greater than 1.0 cm and less than 4.0 cm in length. Valuations of coral recruit density were 
recorded from replicate 25cm x 25xm (625cm2) quadrats. Five quadrats were surveyed along each of 
the first three transects used for fish and benthic surveys. The lower left corner of the quadrat was 
placed at the 2, 4, 6, 8 and 10 meter marks. Each coral within the target size range was recorded to 
species. 

2.5 Abundance of key macro-invertebrate species (lobsters, queen conch, sea urchins and sea 
cucumbers) 

The number of lobsters, queen conch, sea urchins and sea cucumbers was recorded along the 5 fish 
belt transects at each site. The density of which was calculated by dividing the number of each 
species by the total surveyed area (30m x 2m x 5 = 300m2). 

2.6 Macroalgae height 

The canopy heights of fleshy macroalgae were recorded at a maximum of 5 points in the five coral 
recruitment quadrats mentioned in section 3.4. The Macroalgal Index for each site was determined 
by finding the product of macroalgal cover (not including turf and cyanobacteria) and the average 
macroalgal height. This index is used as a proxy for macroalgal biomass. 

2.7 Rugosity  

The three dimensional structure of the reef was measured using a weighted line. A ten-meter-long 
weighted line was laid along the benthos, following the contours of the reef, starting at the 
beginning of each transect. The distance covered by the weighted line was then measured linearly 
against the transect tape. The values obtained for each transect were averaged to give the rugosity 
of the site.  A rugosity of 10m indicates that the reef is flat. The smaller the value the greater the 
topography of the reef. 

The Reef Health Index was developed by the Healthy Reef Initiative (Kramer, 2003; McField & 
Kramer, 2007; Healthy Reef Initiative, 2008; www.healthyreef.org) and the description of the four 
key reef health indicators is given by Kramer et al. (2015).  
The Reef Health Index (RHI) is based on four key coral reef health indicators:  

• Coral cover - the proportion of benthic surface covered by live stony corals, contributors to 
the three-dimensional framework  

• Fleshy macroalgae cover – the proportion of benthic surface cover by fleshy macroalgae, an 
increase in macroalgae limits stony coral recruitment and recovery  



• Herbivorous fish – a measure of biomass of herbivorous reef fish (e.g. parrotfish and 
surgeonfish), these grazing species play a major role in controlling (macro)algae that could 
overgrow coral reefs  

• Commercial fish – a measure of biomass of reef fish (e.g. groupers and snappers) with 
commercial importance to people  

 
The mean values of the indicators are compared to the criteria listed in Table 1. The indicators are 
given a grade from one (‘critical’) to five (‘very good’). The four grades are combined and equally 
weighted to obtain a RHI score. An overall score of 1-1.8 is “critical, >1.8-2.6 is “poor”, >2.6-3.4 is 
“fair”, >3.4-4.2 is “good” and >4.2-5 is “very good”.  
 
Table 1 Overview of the criteria for the four key coral reef health indicators 

REEF HEALTH INDEX (RHI) 
Reef Health 
Index Indicators  

Very good 
(5) 

Good 
(4) 

Fair 
(3) 

Poor 
(2) 

Critical 
(1) 

Coral Cover (%)  ≥40 20.0-39.9 10.0-19.9 5.0-9.9 <5 
Fleshy 
Macroalgae 
Cover (%)  

0-0.9 1.0-5.0 5.1-12.0 12.1-25 >25 

Key Herbivorous 
Fish (g/100m2)  
(only parrotfish 
and surgeonfish)  

≥3480 2880-3479 1920-2879 960-1919 <960 

Key Commercial 
Fish (g/100m2)  
(only snapper 
and grouper)  

≥1680 1260-1679 840-1259 420-839 <420 

 

  



3 RESULTS 

3.1 Abundance and biomass of reef fish taxa 

Biomass 

Based on surveys conducted on approximately 6000m2 of coral reef habitat across 22 sites, the 
island of St. Eustatius has an average total fish biomass of 48,613.81 g/100m2 (Figure 2) an 82 % 
increase from 2017. An increase in biomass was observed for all zones ranging from 43-119 % 
increase. The Harbour side continued to have the highest biomass of all the zones (64,106.75 
g/100m2, 67 % increase from 2017) with the Northern Reserve having the lowest (38,885.16 
g/100m2, 43 % increase from 2017). The Southern Reserve, the island’s largest no-take zone had the 
second highest biomass (51,413.97 g/100m2, 99% increase) (Figure 2). The Northern Reserve 
experienced the greatest increase in biomass of all the zones, 120%. There was no significant 
difference among the total biomass for each zone (ANOVA p = 0.69) but there was a significant 
difference between 2017 and this year (ANOVA p = 0.006). Parrotfish/surgeonfish biomass for all 22 
sites ranged from 1,714.26 – 34,928.3 g/100m2. Grouper/snapper biomass ranged from 1,591.69 – 
109,268.78 g/100m2. Based on the Reef Health Index developed by Healthy Reef Initiative (2008), 
parrotfish/surgeonfish biomass for the island is “Very Good” (15,225 g/100m2, 45 % increase from 
2017) with grouper/snapper also being “Very good” (11,888.05 g/100m2, 283 % increase from 2017). 
In comparison to 2017, larger grouper species were observed but not within the transect belts 
surveyed this year. The Coney, Cephalopholis fulva, was the most dominant grouper species 
observed. Snappers were observed at twice as many sites when compared to 2017, and in all 4 
zones. The snapper species observed were Schoolmaster (Lutjanus apodus), mahogany (L. 
mahogoni), and yellowtail (Ocyurus chrysurus). 

 

Figure 2 Average Biomass and Density of Fish in the Four Monitoring Zones of St. Eustatius. Error 
bars indicate the standard deviation for biomass estimates 
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The Atlantic Zone had the highest average parrotfish/surgeonfish biomass of the four zones 
(17,410.78 g/100m2, 42% increase from 2017), only marginally higher than the Southern Reserve 
(17,200.73 g/100m2, 41% increase from 2017) (Figure 3). The Harbour side had the lowest 
parrotfish/surgeonfish biomass (5,759.18 g/100m2, 7% increase from 2017). Parrotfish/surgeonfish 
biomass increased by 87% in the Northern Reserve between 2017 and 2018. For grouper/snapper 
biomass, the Southern Reserve reported the highest biomass (16,021.41 g/100m2, 361% increase 
from 2017) with the Atlantic side accounting for the lowest biomass (5,651.39 g/100m2, 146% 
increase from 2017). The Northern Reserve had the second lowest grouper snapper biomass 
(8,205.17 g/100m2, 144% increase from 2017) and the Harbour side 10,809.73 g/100m2, 144% 
increase from 2017. Parrotfish/surgeonfish or grouper/snapper biomass were not significantly 
different between zones (ANOVA p = 0.19 and p = 0.85 respectively). However, a significant 
difference was observed between 2017 and 2018 year for only parrotfish/surgeonfish (ANOVA p = 
0.0404) and not grouper/snapper biomass. 

 

Figure 3 Average Biomass of Key Fish Species (Parrotfish and surgeonfish, groupers and snappers) at 
the Four Monitoring Zones of St. Eustatius. Error bars indicate the standard deviation of the biomass 
estimates 

Trophic composition of species across the island was 62% Carnivore: 38% Herbivore of the biomass 
recorded. Carnivores made up the majority of species (59-90%) across all zones except the Atlantic 
Side where it was 39% Carnivore: 61% Herbivore. Parrotfish/surgeonfish accounted for ≥81% of the 
total herbivore biomass in each zone except the Atlantic side at 73%. 

Density 

A total of 14,954 fish were surveyed across 22 sites with an average density of 227 fish/100m2 (12% 
increase from 2017). A total of 86 species across 28 families were recorded throughout the surveys. 
The Harbour side presented the highest density (289 fish/100m2, 14% increase from 2017) and the 
Atlantic side the lowest (130 fish/100m2, 3% decrease from 2017). The Southern Reserve presented 
a density of 247 fish/100m2 (31% increase from 2017) (Figure 2). The Northern reserve had the 
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second highest density (250 fish/100m2, 9% decrease from 2017). Fish density across the zones were 
found to be significantly different (ANOVA p = 0.0159). A subsequent post-hoc test revealed that 
densities within the Harbour side and Atlantic side were significantly different when compared to 
each other and all other zones. Densities within both marine reserves were not significantly different 
from each other. No significant difference was observed in the fish density of each zone between 
2017 and 2018. 

3.2 Relative cover of reef-building organisms (corals) and their dominant competitors 

A total of 41,250 points were analyzed in CPCe V4.1 software to assess the relative cover of corals 
and their dominant competitors at 22 sites across the four monitoring zones of St. Eustatius’ coastal 
marine ecosystem. Macroalgae were the most dominant competitor of corals, accounting for the 
highest benthic cover across all sites (23.89 ± 17.5 %) resulting in a “Poor” score by the Reef Health 
Index. The Atlantic zone reported the highest macroalgae cover (32.21 ± 28.63 %) and the Southern 
reserve, the lowest (25.93 ± 12.05 %) (Figure 4). Macroalgae cover was not significantly different 
across the zones (ANOVA, p = 0.298) or between 2017 and 2018 (ANOVA, p = 0.96). The Southern 
reserve had the highest coral cover of the four zones (5.41 ± 2.53 %) with the Harbour side having 
the lowest (3.15 ± 2.29 %) (Figure 4). Coral cover was not significant among monitoring zones 
(ANOVA, p = 0.091) or between 2017 and 2018 (ANOVA, p = 0.436). The average coral cover across 
all sites, that is for the island, was 4.21 ± 2.29 % resulting in a “Critical” score by the Reef Health 
Index. Gorgonians averaged 0.46 ± 0.38 % of the benthic cover across all sites with the Harbour side 
having the highest gorgonian cover of 0.52 ± 0.11%. Crustose Coralline Algae (CCA) had the highest 
cover in the Southern reserve (2.05 ± 1.68 %) and the lowest in the Harbour side (0.12 ± 0.064 %). 
The overall cover of CCA across all sites was 1.3 ± 1.54 % and was not significant across monitoring 
zones (ANOVA p = 0.118). The Harbour side zone had the highest cover of seagrass (5.59%), 
predominantly the invasive Halophila stipulacea. Seagrass was not observed in the other zones. 

 

Figure 4 Composition of Key Benthic Categories across the Four Monitoring Zones and St. Eustatius. 
The remaining percentage composition in each monitoring zone consists of sponges, sand and 
zooanthids. 
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Coral Species Assemblage 

Combined coral species richness was reported at 28 species. The Southern Reserve had the highest 
species richness of the four monitoring zones (23 species) while the Northern Reserve had the 
lowest (15 species) [Table 2]. Acropora cervicornis, listed on Annex II of SPAW (Specially Protected 
Areas and Wildlife) Protocol, was not recorded during this year’s surveys. Acropora palmata, also on 
SPAW Annex II was recorded but only on the Atlantic side. Other species on SPAW Annex II, Orbicella 
annularis and O. faveolata, were found to have low cover. Orbicella annularis in particular was only 
observed in the Northern Reserve and Southern Reserve at 3.33 % and < 1 % respectively. Orbicella 
faveolata was observed in all zones with cover ranging from 0.39 % - 9.4 %. Boulder corals and one 
brain coral were the most dominant species recorded across the island for 2018: Porites astreoides 
(17.84 %), Montastrea cavernosa (15.31 %), Psuedodiploria strigosa (13.33 %), Orbicella franksi 
(11.36 %) and Siderastrea siderea. Across each of the four monitoring zones, 4-5 coral species made 
up 49-80 % of the species composition.  At the Atlantic side, Porites astreoides, Montastrea 
cavernosa, Siderastrea siderea, Psuedodiploria strigosa and P. clivosa accounted for 80 % of the 
species recorded in that zone. All other species accounted for ≤ 4.5 % each. At the Harbour side, 
Montastrea cavernosa, Siderastrea siderea and Psuedodiploria strigosa accounted for 49.15 % with 
all other species accounting for ≤ 7.34 % each. At the Northern Reserve, Montastrea cavernosa, 
Pseudodiploria strigosa, Porites astreoides and Siderastrea siderea accounted for 75 % with all other 
species composing ≤ 4.44 %. At the Southern Reserve, Porites astreoides, Orbicella franksi, 
Montastrea cavernosa, Siderastrea siderea and Orbicella faveolata accounted for 69.38 % with all 
other species accounting for ≤ 8.42 %. See Table 2 for breakdown of composition for the other coral 
species in each monitoring zone. 

Table 2 Coral Species Composition of Total Coral Cover at the Four Monitoring Zones of St. Eustatius. 
Blue indicates reef building coral species. Green indicates coral species with combined percentage 
cover is ≥ 49 % in each monitoring zone. 

Coral Species Atlantic 
Side 

Harbour 
Side 

Northern 
Reserve 

Southern 
Reserve 

St. Eustatius 

Acropora palmata 0.38% 0.00% 0.00% 0.00% 0.06% 

Agaricia spp. 4.19% 1.13% 2.22% 6.00% 4.84% 

Colpophyllia natans 4.50% 4.52% 1.11% 1.43% 2.18% 

Coral (general)* 0.38% 3.39% 0.00% 0.45% 0.69% 

Dendrogyra cylindrus 0.00% 0.00% 0.00% 0.45% 0.29% 

Dichocoenia stokesi 0.00% 0.56% 0.00% 0.36% 0.29% 

Diploria labyrinthiformis 0.00% 2.26% 4.44% 4.12% 3.34% 

Eusmilia fastigiata 0.00% 0.00% 0.00% 0.27% 0.17% 

Madracis decactis 0.00% 5.65% 1.67% 1.79% 1.90% 

Madracis mirabilis 0.00% 0.00% 0.56% 0.00% 0.06% 

Meandrina jacksoni 0.00% 1.13% 0.00% 0.09% 0.17% 

Meandrina meandrites 0.00% 7.34% 3.89% 0.81% 1.67% 

Millipora spp. 8.67% 8.47% 2.78% 2.69% 4.19% 

Montastraea cavernosa 20.58% 15.82% 30.00% 11.64% 15.31% 

Mycetophyllia lamarckiana 0.00% 0.00% 0.00% 0.18% 0.12% 

Orbicella annularis 0.00% 0.00% 3.33% 0.81% 0.86% 

Orbicella faveolata 0.38% 5.08% 0.56% 9.40% 6.69% 

Orbicella franksi 0.38% 0.00% 2.22% 17.19% 11.36% 



Porites astreoides 15.93% 7.34% 16.67% 20.14% 17.84% 

Porites digitate 0.38% 3.39% 2.22% 1.43% 1.56% 

Pseudodiploria clivosa 9.20% 0.00% 0.00% 0.45% 1.67% 

Pseudodiploria strigosa 26.57% 19.21% 18.89% 8.42% 13.33% 

Siderastrea radians 0.38% 0.00% 0.00% 0.00% 0.06% 

Siderastrea siderea 7.67% 14.12% 9.44% 11.01% 10.66% 

Solenastrea bournoni 0.00% 0.00% 0.00% 0.09% 0.06% 

Stephanocoenia intersepta 0.38% 0.56% 0.00% 0.81% 0.63% 

Species Richness 17 16 15 23 28 

*Corals that could not be identified due to poor image quality. 

Macroalgae Species and Turf Algae Assemblage  

Cyanobacteria and turf algae accounted for 24.26 % and 31.34 % respectively of total benthic cover 
across the island. They were the most dominant of macroalgal assemblage recorded in each 
monitoring zone except for the Atlantic side (Turf algae, 43.56 % and Dictyota sp., 32.43 %) (Figure 
5). The Northern Reserve had the highest turf algae cover accounting for 48.76 % of the total species 
assemblage recorded with the Southern Reserve having the lowest (35.52%). Cynaobacteria was the 
second most dominant coral competitor recorded across all sites, being the highest in the Harbour 
zone (29%) and lowest at the Atlantic side. All fleshy and calcareous macroalgal species except 
Dictyota were observed at ≤ 8 % of total benthic cover in all zones. Lobophora spp. were recorded at 
0-5 % of species assemblage across the zones. Peyssonnelia spp. were recorded at 1.48-9.28 % of 
species assemblage across the zones. 

 

 Figure 5 Macroalgae Species Assemblage across the Four Monitoring Zones and St. Eustatius 

3.3 Health assessment of reef-building corals 

A total of 1575 benthic photos were analyzed to determine disease prevalence. Ten photos were 
found to have diseased corals resulting in a disease prevalence of 0.63%. Psuedodiploria strigosa and 
Orbicella faveolata appeared to be infected with yellow band disease at the Blocks site in the 
Southern Reserve (Figures 7 and 8). Potential white plague infections were observed on a colony of 
P. strigosa at the Cave, Gibraltar, Ledges and the Cave (Figures 6, 9 and 10). One Agaricia colony was 
potentially infected by white plague at Northman site in the Northern Reserve (Figure 13). 
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Dichocoenia stokesi was potentially infected with black band disease at Ledges (Figure 11) in the 
Southern Reserve. Colonies of Siderastrea siderea infected with dark spot disease were observed at 
Ledges and the Valley of the Sponges in the Southern Reserve (Figures 12 and 14). 

As it relates to bleached coral, 6.22 % of the island’s coral cover were observed to be partially 
bleached, no colonies were observed to be fully bleached. The highest percentage of bleached coral 
was observed at the Northern Reserve (7.52 %) and the lowest in the Harbour side (4.58 %). The 
Southern Reserve and Atlantic Side had 6.16 % and 6.56 % respectively, of coral cover being 
bleached. Montastrea cavernosa was observed as the species with the most incidences of bleaching 
as was the case in 2017. 

 

Figure 6 Potential White Plague infecting Psuedodiploria strigosa at the Cave 

 

Figure 7 Psuedodiploria strigosa possibly infected with Yellow Band disease at the Blocks 

 

Figure 8 Orbicella faveolata possibly infected with yellow band disease at the Blocks 

 

 



 

Figure 9 Psuedodiploria strigosa potentially infected with white plague at Gibraltar 

 

 

Figure 10 Psuedodiploria strigosa potentially infected with white plague at Ledges 

 

Figure 11 Dichocoenia stokesi potentially infected with black band disease at Ledges 

 

Figure 12 Siderastrea siderea infected with dark spot disease at Ledges 



 

Figure 13 Agaricia sp potentially infected with white plague at Northman 

 

        

Figure 14 Colonies of Siderastrea siderea infected with dark spot disease at Valley of the Sponges 

3.4 Recruitment of reef-building corals 

A total of 182 coral recruits were observed in 330 quadrats (0.0625 m2 per quadrat) across the 22 
sites. Recruit density decreased from values observed in 2017 in all monitoring zones except the 
Southern Reserve (Figure 9). The Harbour side continued to have the highest coral recruit density of 
all the zones (13 recruits/m2) with the Atlantic side and Northern Reserve having the lowest (5 
recruits/m2) (Figure 6). The island average remains at 9 recruits/m2. A total of 13 coral recruit species 
were recorded, slightly higher than 2017 (10 species). There was a significant difference observed 
among the recruit density across all zones (ANOVA, p = 0.0106). Subsequent post-hoc tests 
determined that recruit density of the Harbour side and Atlantic Side were significantly different 
from the other zones and each other. A low correlation was detected between recruit density and 
percentage cover of crustose coralline algae (r = 0.022, p = 0.923). However, there was a negative 
relationship between macroalgal index and coral recruit density but this was not significant  
(r = -0.21, p = 0.34). 
 



 

Figure 15 Average Coral Recruit Density in the Four Monitoring Zones of St. Eustatius 

Siderastrea siderea was the most abundant recruit species observed throughout the survey (35 %) 
followed by Porites astreiodes (20%) (Figure 7). Meandrina sp., Madracis decactis, Dichocoenia 
stokesi, Orbicella franksi, Montastrea cavernosa, Psuedodiploria spp. and Scolymia spp. each 
accounted for 1% of the species composition for the island. Siderastrea siderea was the most 
abundant species in all the zones. Siderastrea radians, Agaricia spp, Porites digitate spp, Porites 
astreoides, and Stephanocoenia intersepta accounted for 4-12 % of the recruits across all zones. 

 

 

Figure 16 Species composition of Coral Recruits across the Four Monitoring Zones and St. Eustatius 
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3.5 Abundance of key macro-invertebrate species (lobsters, queen conch, sea urchins and sea 
cucumbers) 

The abundance of key macro-invertebrates recorded were very low, for all species observed. An area 
of 300m2 was surveyed at each site. A total of 28 adult Diadema antillarum, 14 juvenile D. 
antillarum, 33 other urchin species, 5 sea cucumbers, 1 queen conch and 9 lobsters were observed 
for the entire survey. Other urchin species observed during the surveys were the slate-pencil urchin 
(Eucidaris tribuloides) and the rock-boring urchin (Echinometra lucunter). The Atlantic side had the 
highest density of all types of macroinvertebrates except for sea cucumbers which were highest at 
the Harbour side, and adult D. antillarum at the Northern Reserve. Diadema antillarum, both adults 
and juveniles were observed at the Dump, the Cave, Aquarium, Gibraltar, Double Wreck, Blocks, 
Hangover and Ledges. The sea cucumbers were observed at the Humps, Aquarium and Barracuda 
Reef, one at each site. Queen conch were only observed at Blocks and Ledges in the Southern 
Reserve. Lobsters were observed at Crook’s Castle, Double Wreck, Northman, the Cave, Gibraltar, 
Barracuda Reef and Hangover (Figure 8).  

 

Figure 17 Average density of macroinvertebrates across the four monitoring zones 

 

3.6 Macroalgae height and Macroalgae Index 

Average macroalgal heights ranged from 0.18 cm – 2.56 cm across all sites. Macroalgal indices across 
all sites ranged from 0.92 – 166.68 and suggests a high macroalgal standing stock. The highest 
macroalgal profile was observed at the Corre Corre and the lowest at Twin sisters. The Atlantic side 
continued to account for the highest averaged macroalgal profile of the four zones (52.91) and the 
Harbour Side for the lowest (6.92) (Figure 14). The Northern and Southern Reserves reported indices 
of 18.64 and 30.06 respectively. Compared to 2017, the macroalgae index for 2018 decreased in all 
zones except for the Northern Reserve (Figure 14). There was no significant difference in the indices 
of 2017 and 2018 across the zones (ANOVA, p = 0.579).  
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Figure 18 Macroalgal Index for the 20 monitoring sites around the island of St. Eustatius 

 

Figure 14 Macroalgal Index for the 4 Monitoring Zones around the island of the St. Eustatius 

3.7 Rugosity  

Mushroom Garden had the highest rugosity of the 22 sites (6.75m) indicating the site with the most 
structural relief which was Gibraltar in 2017. The Dump had the lowest rugosity of 9.23m. All other 
sites ranged from 6.76 m – 9.04m. The average rugosity for each zone were not significantly 
different (ANOVA, p = 0.1034). 
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4. DISCUSSION 

According to the Reef Health Index (RHI), the island’s coral reef habitat continues to be in “Fair” 
condition (RHI Score = 3.25). This is attributed to very low coral cover (4.21%), extensive macroalgal 
cover (79.5%), “very good” grouper/snapper biomass and parrotfish/surgeonfish biomass. Though 
not statistically significant, coral cover over the last four years has shown a marginal decline (2015 = 
5.19%, 2016 = 4.99%, 2017 = 4.94% and 2018 = 4.21%) with fleshy macroalgae decreasing by 1.44% 
(2017 = 25.33% and 2018 = 23.89%). However, cyanobacteria and turf algae benthic cover is 
increasing Therefore, the coral reefs of St. Eustatius continue to experience critical levels of 
macroalgae with an increase in the presence of cyanobacteria and turf algae. The island average for 
coral recruit density has remained relatively the same since 2016, however densities decreased this 
year in all zones except the Southern reserve when compared to 2017. This may be due to sampling 
error as there was no significant difference between years. Crustose coralline algae cover, important 
for coral recruitment (Tebben et al. 2015), decreased by 20 % from 2017, continuing the decline of 
Statia’s coral reefs, potentially leading to more detrimental impacts. 

The overall increase in total fish biomass and density observed across the island may suggest the 
recruitment of new individuals due to successful reproductive events across the fish community or 
the growth in biomass of the fish cohorts surveyed in 2017. The same could be implied for the 
significant increase in key herbivore (parrotfish and surgeonfish) biomass across all zones between 
2017-2018. More sightings of large-bodied grouper species such as the Black Grouper and Yellowfin 
grouper were observed in 2018 compared to the previous year when no sightings were reported. 
These were observed in the Southern reserve. A significant but minimal decrease in fish density 
between 2017 and 2018 in the Atlantic zone may suggest mortality due to fishing as it is the primary 
fishing zone. The significant increase in fish density and biomass in the Harbour side could be due to 
the continued spillover effect from the adjacent marine reserves first implied by the results of 2017 
results. This zone receives limited fishing pressure as fishermen will not set traps here due to the it’s 
use as an anchorage zone for oil tankers; drastically reducing their chances of finding the traps for 
harvest. Our results continue to support the role of the marine reserves in maintaining fish stock 
biomass on Statia. However, the sustainability of the fishery is largely unknown. Research to 
estimate size of maturity and life history parameters specific to Statia’s commercial fish stocks are 
critical to evaluating sustainability.  
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Biomass of key herbivore fish on Statia is vastly greater when compared to other Eastern Caribbean 
territories. Williams et al. (2017) reported a biomass of 3951 g/100 m2 in Antigua, 3849 g/100 m2 in 
Barbados, 3440 g/100 m2 in St. Lucia and 3801 g/100 m2 in St. Vincent and the Grenadines. This 
suggests that Statia’s key herbivore biomass is much better when compared to other Caribbean 
territories but still far below levels required to keep macroalgae in check. Roff and Mumby (2012) 
put forward various hypotheses to account for the stark disparity in reef resilience between 
Caribbean and Indo-Pacific reefs. In particular, they comment on the unfortunate hand dealt to the 
Caribbean regarding the lack of functional redundancy of key herbivores, i.e. a low species diversity 
of key herbivores compared to the Indo-Pacific. The key herbivorous fish found in the Caribbean 
which consist of two families: Acanthuridae and Scaridae, account for only 4.5 % and 15 % 
respectively, of the combined herbivore species list of the Caribbean and Indo-Pacific regions, 
covering a limited niche compared to their Indo-Pacific cousins. These Caribbean species along with 
the black sea urchin, Diadema antillarum are the only dominant herbivores on Caribbean reefs. 
Therefore, any drastic reduction in the population dynamics of these species can and has had a 
deleterious effect on Caribbean reefs including Statia’s. This concept is one among many (Roff and 
Mumby 2012; Jackson et al. 2014), with their cumulative effect significantly reducing Caribbean reef 
resilience. When considering only biomass, the average herbivore biomass reported for the Indo-
Pacific (2900 g/100m2; Roff and Mumby 2012) is marginally different from Statia’s yearly average for 
2017-2018. However, in the Indo-Pacific fleshy macroalgal cover are kept well below critical levels 
but surge above critical levels in the Caribbean suggesting that other factors need to be considered. 
Thus, the recovery of not only Caribbean reefs but Statia’s reefs is dependent on a multifaceted 
approach.  

There was a marginal shift in the dominant coral species reported for the Island between 2017 and 
2018 due to the addition of two monitoring sites in the Atlantic zone. This saw an increase in benthic 
observations of the reef building coral, Orbicella franksi and Pseudodiploria strigosa, in this zone and 
an increase in the island average benthic cover for these species. Benthic cover reported for these 
species were similar to observations made by Klomp and Kooistra (2003) on Statia in 1999. This 
stresses the importance of survey site distribution to acquire a more accurate representation of all 
zones. Porites astreoides remains the most dominant coral species on Statia’s reefs from 2017 
increasing from a relative abundance of 7 % in 1999 to 18 % in 2018. Similar patterns of species 
composition have been reported in other Eastern Caribbean territories with P. astreoides being the 
most dominant followed by Montastrea cavernosa and Siderastrea siderea with benthic cover > 10 % 
(Williams et al. 2017). The successful establishment of P. astreoides on Statia may be linked to its 
reproductive strategy as a hermaphroditic brooder, i.e. gametes are fertilized and nurtured to 
planula larvae within the colony’s maternal polyps. The larvae are subsequently released, competent 
to settle, thus increasing chances of settlement, as opposed to broadcast spawners where gamete 
fertilization and development to planula are exposed to predation amongst other environmental 
elements (Richmond and Hunter 1990). This success of P. astreoides on Statia is also evident as it 
accounted for 20 % of the recruits observed while broadcast spawning, reef building genera such as 
Orbicella spp, Montastrea and Pseudodiploria spp accounted for 0-1 % per species. Benthic cover of 
M. cavernosa, P. strigosa and O. franksi on Statia remained relatively the same when compared to 
1999. Our results also suggest that P. strigosa on Statia has a greater mean benthic cover compared 
to the Eastern Caribbean reefs surveyed by Williams et al. (2017) [mean cover = 5.2 %]. Over the last 
two decades, Statia’s reefs have been subjected to numerous hurricanes and major bleaching events 
that have significantly reduced coral cover and hampered reef recovery. Given the minimal change 
in benthic cover of these three reef building species, our results may suggest resilience in the 
established colonies on Statia’s reefs. However, comparison of data collected using different 
methods (linear point-intercept method used in 1999 and Williams et al. (2017) study, and benthic 
photoquadrat method used in 2017-2018) may prove to yield inaccurate implications as these 



methods, according to Henderson et al. (2018) do not produce comparable results on a detailed 
level. Therefore, the implications of these comparisons must be taken with caution. 

The slight increase in observations of diseased corals could be due to sampling error and at the 
moment, does not pose a significant threat to coral reef health. However, due to the emergence of 
the Stony Coral Tissue Loss Disease in the adjacent territory of St. Maarten, a vicious disease that 
eviscerates multiple colonies in a matter of months, Statia’s reefs are even more under threat. 
Percentage of bleached coral cover remained relatively the same compared to 2017 with M. 
cavernosa being the species with the most observations of bleaching. Sea temperatures have not 
varied outside optimal coral growth range (23-29°C) during 2017-2018 (National Oceanic and 
Atmospheric Administration 2018; Sandin et al. 2019) providing one less stressor to Statia’s reefs 
during this period. However, sources of land based pollution including sewage and increased 
nutrient load in surface run-off still pose a threat. Lapointe et al. (2019), through a 3-decade study of 
dissolved inorganic nitrogen (DIN) and soluble reactive phosphorus (SRP) levels at Looe Key, Florida 
Keys, identified that major coral bleaching events only occurred when DIN:SRP ratios increased after 
heavy rainfall with surface run-off laden with nutrients, despite water temperatures exceeding the 
30.5°C bleaching threshold multiple times throughout the study period. This implies that increased 
eutrophic conditions can reduce temperature tolerance of corals and not just cause harmful algal 
blooms. The implications of this are detrimental to the future of Statia’s coral reefs if not mitigated. 
Cyanobacteria, an indicator of human based water pollution, dominated macroalgal assemblage in 
the Harbour side where water quality tests have revealed levels of dissolved inorganic nitrogen and 
soluble reactive phosphate in excess of concentrations that cause eutrophication (Kitson-Walters 
2018; United States Environmental Protection Agency 2019). Mitigative measures are therefore 
needed to significantly reduce these threats to Statia’s coral reef ecosystems. 

An increase in the number of survey sites in underrepresented monitoring zones provided more 
accurate data on the benthic cover of coral species with percentage cover increasing for almost all 
species observed when compared to 2017. Additional sites will be added to other monitoring zones 
to allow for an even spread of sampling effort.  

5. RECOMMENDATIONS 

Based on the results of the 2018 GCRMN surveys, the following points are recommended and are in 
addition to those put forward in the 2017 report: 

1. Determining life history parameters for key herbivores and commercially important species 
specific to Statia’s fish populations. Limited information is available on the sustainability of 
fish stocks on St. Eustatius. Data is collected on the catch and effort of the island’s fisheries 
along with morphometric data on reef fish, Caribbean spiny lobsters and queen conch. This 
data can be used, to some extent, to identify levels of sustainability. For reef fish in 
particular, this would require knowledge on life history parameters such as size of maturity 
and growth rates. These parameters are only available for a few territories and are specific 
to them. Gathering these parameters specifically for Statia’s fish stocks would allow for an 
accurate assessment of the fisheries sustainability.   
 

2. Restoration of Diadema antillarum populations. The long-spined sea urchin experienced a 
massive die-off throughout its geographic range with its particular niche as a voracious 
consumer of macroalgae being left unfilled for the last 4 decades. Scientists have since 
established protocols to assist in the restoration of these populations by collecting and 
rearing juveniles ex situ and strategically placing them on macroalgae dominated reefs 
(Williams 2016). 



 
3. Diversification of Coral Restoration. Coral restoration on St. Eustatius has been focused on 

the recovery of Acroporid species with a complete neglect of those species that play a major 
role in building reef structure and resilience. These species have also suffered significant loss 
of benthic cover over the last 20 years. It is recommended that effort be put into adapting 
the restoration methods developed by other practitioners throughout the Caribbean that 
have proven to be successful. These methods include microfragmentation (Page et al. 2018) 
and coral larvae propagation (Chamberland et al. 2013). These methods are not limited to 
any one species of coral, allowing for a multi-species approach to restoration.  
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7. APPENDICES 

 
Appendix 1. Reef Health Indices (RHI) for St. Eustatius for 1999, 2008 and 2015-2018 illustrating the 
state of the four key coral reef indicators (Kramer, 2003; McField & Kramer, 2007; Healthy Reef 
Initiative, 2008; www.healthyreef.org) 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 1999 2008 2015 2016 Pre Irma 
2017 Post Irma 2017 2018 

Coral Cover 
(%) 23 6.5 5 4.99 4.94 5.07 4.21 

Fleshy 
Macroalgae  
Cover (%) 

10 14 25 25 37 24 24 

Key 
Herbivorous 
Fish 
(g/100m2) 

4977 2100 44,821 4698 10,481 15,647.85 15,225 

Key 
Commercial 
Fish 
(g/100m2) 

921 2261 1670 >1680 4649 9299 11,897 

RHI Score 3.5 3 2.5 3 3 3 3.25 

http://www.healthyreef.org/


Appendix 2. Habitat Photos of a few of the survey sites 
 
 

 
Venus Bay, Atlantic Side 
 
 

 
Corre Corre Bay, Atlantic Side 
 

 
Double Wreck, Harbour Side 
 



 
Humps, Southern Reserve 
 

 
Crook’s Castle, Southern Reserve 
 

 
Gibraltar, Northern Reserve 
 



 
Twin Sisters, Northern Reserve 
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