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Abstract

:

Despite coral community collapse, the mustard hill coral (Porites astreoides) is a species currently experiencing success throughout the Caribbean. The inshore reefs of Grenada were selected to study the influence of benthic factors on the abundance, size, and coverage of P. astreoides colonies. Surveys of reef communities along established 30 m transects were conducted at eight sites in 2014 and 2017 using a 0.5 m² quadrat. Coral Point Count was used to annotate the images, estimating the coverage of scleractinian corals, sponges, algae, and benthic substrates. Coverage, size, and abundance of P. astreoides colonies were quantified using the area measurement tool in ImageJ standardized against the quadrats. There were significant differences in benthic community assemblages between islands, selected sites, and between years. From 2014 to 2017 there was a significant decrease in the mean abundance of P. astreoides colonies and significant increases in mean colony size and coverage. The presence of P. astreoides colonies was significantly correlated with: rubble (−), sand (−); pavement (+); macroalgae (−); coralline algae (+); sponges (varying response); gorgonians (−); massive corals (+); and branching corals (−). P. astreoides follows similar recruitment patterns as other scleractinian corals. Observed changes in P. astreoides populations appear to indicate a recovery event following a disturbance, potentially tropical storm Chantal in 2013.
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1. Introduction


Mirroring the state of global tropical reef ecosystems, coral reefs in the Caribbean have experienced dramatic declines in the last several decades, with live coral cover declining more than 80% since the 1970s [1,2]. The combined impacts of stressors such as rising sea temperatures, ocean acidification, overfishing, pollution, loss of herbivorous species, and disease outbreaks have been largely responsible for this decline [3,4,5,6]. Declines have not however impacted all scleractinian species in the Caribbean equally. They have been concentrated along select life-history or morphological lines, leading a shift towards non-framework building species [7]. These diverging responses among scleractinian species have led to changes in reef dynamics, with an as yet unclear impact on reef functionality [8]. Scleractinian species in the Caribbean can be broadly characterized as having one of four life history strategies based on colony morphology, growth rate, and reproductive method [9]. These life history strategies are: (1) weedy (high recruitment, brooding reproduction); (2) stress tolerant (large colonies, slow growing, broadcast spawning); (3) competitive (framework, fast-growing, broadcast spawning); and (4) generalist (mix of traits of all other categories) [9]. Competitive species such as Acropora palmata or A. cervicornis, historically responsible for much of the complex framework building on Caribbean reefs, have experienced the most dramatic declines since the 1970s [10,11].



Non-framework building scleractinian species with a weedy life history strategy have proven successful in the region, in an era of rapid environmental change and have been among the few ‘winners’ on Caribbean reefs [12]. Species exhibiting this life history strategy, such as the mustard hill coral (Porites astreoides), have increased in mean percent cover on Caribbean reefs and now account for 16–72% of all living coral in Caribbean reef communities [13,14,15].



P. astreoides is found throughout the Caribbean, along the coasts of Florida, Bermuda, Brazil, and along the coasts of West Africa. It is most abundant at depths of 0.5 m−15 m and tolerates a wide range of thermal, physical, and water quality conditions [16]. P. astreoides populations are dominated by medium and large-sized colonies and colony survival is typically high, making it highly unlikely for large colonies to reduce in size once they have reached certain growth stages [15]. P. astreoides has a brooding reproductive strategy and is capable of either sexual or asexual reproduction, facilitating a high rate of colony production [17].



For highly abundant species such as P. astreoides, it is presently unclear which factors influence population dynamics in the reef communities of the Caribbean, particularly at a local scale. It is also unclear what level of resilience a weedy life history strategy confers on a species to continued changes, necessitating regular updates on population status in the region [18]. To assess short-term temporal changes in P. astreoides populations and the extent of influence a gradient of interspecific and substrate factors may have on coverage, the present study quantified changes in P. astreoides coverage, abundance, and colony size, as well as coverage of other benthic features at eight near-shore reefs in the coastal waters of Grenada and Carriacou in 2014 and 2017.




2. Materials and Methods


2.1. Study Sites


Surveys were conducted at eight sites in the nearshore waters of Grenada and Carriacou in the Fall of 2014 and 2017. Four previously established study sites [19] were selected to complement a published dataset from Grenada [20,21] and four sites were also established on the nearby island of Carriacou (Figure 1, Table 1) [14,22].



The sites on Carriacou were chosen to mirror those in Grenada in that they were approximately equivalent distances from shore, found at similar depths, had benthic community assemblages that appeared similar during initial visual assessments, and were all frequented by the recreational dive industry. All surveyed sites were comprised of shallow patch reefs on the leeward side of each island. Each site was marked with 1 m rebar stakes that were driven into coral rubble at the ends of 30 m long transects running across patch reefs in the nearshore waters of Carriacou. Each site in Grenada and Carriacou had four transects running parallel to each other spaced 5 m apart. All transects ranged in depth from 9.4 m to 12.2 m. Sites on Carriacou were established in the last week of August 2014 with the authorization of the Grenada Ministry of Forestry, Fisheries and Agriculture.




2.2. Benthic Community Assessment


Images were captured in Fall 2014 and 2017, every 0.5 m, using a standardized 0.5 m2 quadrat along each transect using a camera at a distance approximately 0.5 m above the benthos (including coral colonies that extend upwards). Images were imported into CPCe (Coral Point Count with Excel extensions) for image analysis [23]. A species accumulation curve was generated for the dataset from one full site [24]. The data were fit to a Shepard plot with a non-metric fit of 0.97 and a linear fit of 0.841. Eighteen points per image were distributed in a stratified random pattern (3 × 3 grid with 2 points distributed randomly per cell). This number of points per quadrat has been known to sufficiently capture the coverage of major benthic groups [24,25]. Individual points were identified to the species level for hard coral and to the genus level for gorgonians. Algae were classified as macroalgae (fleshy), turf, or coralline. Remaining benthic cover types were identified as sponges (encrusting and massive), zoanthids, or non-living (sand, pavement, rubble, and dead coral).



Percent cover of major benthic groups were arcsine square root transformed to satisfy the assumption of normality required for ANOVA. Nested ANOVA using sites nested within Island were used to test for differences in arcsine percent cover of coral, macroalgae, gorgonian, sponge, and non-living cover separately within each year. Two-way ANOVA were used to test for differences in the same benthic cover groups between years. Significant differences between groups were further investigated using a Welch’s t-test with a Bonferroni correction where appropriate.



Hard coral species abundance matrices were generated using the images processed in CPCe. Abundance data were square root transformed to remove potential bias due to very rare or very abundant species and Bray-Curtis dissimilarity matrices were generated for each year. Differences in Bray-Curtis dissimilarities between sites were assessed using ANOSIM within a year. A two-way PERMANOVA with site and year as factors was used to test for differences between the same sites over time. General linear mixed models were used to test for differences in species composition of the scleractinian coral community between islands and years. All statistical analyses were conducted in the base R environment Version 3.6.2 [26] or using the ‘vegan’ package [27].




2.3. P. astreoides Population Dynamics


The area measuring tool in ‘ImageJ’ standardized against the 0.5 m² quadrat in each image was used to assess the number of P. astreoides colonies, their respective size, and absolute coverage. Colonies found completely within the borders of the quadrat, or those qualitatively assessed as being 90% within the quadrat were counted. Images taken nearby were examined to ensure an accurate measurement of colonies with any overlap of the quadrat. Changes in mean percent cover, mean abundance, and mean colony size (cm2) of P. astreoides by year and island were assessed using a two-way ANOVA. A Kolmogorov-Smirnov two-sample t-test was used to assess differences in size-frequency distributions of mean colony size between years. Site-specific changes between 2014 and 2017 were assessed using Welch’s t-tests. A Grubbs’ test was used on each variable to identify and remove any potential outliers from the subsequent correlation analyses. Percentage values of coverage were arsine transformed. A scatterplot analysis of residuals vs. predicted values for all factors that were not significant in the Grubbs’ test was used to ensure homoscedasticity. Based on sample size calculations with predicted correlation coefficients of 0.2 [28], only predictors present in a minimum 123 quadrats, out of a total of 240 quadrats for each site, in each year (a potential maximum of four analyses), were included in the correlation. Pearson correlations were used to assess associations between the coverage of P. astreoides and habitat type (sand, rubble, and pavement), as well as biotic factors (scleractinian coral species, sponges, algae, and gorgonians; Table 2). Unless otherwise stated all statistical differences are at p < 0.05.





3. Results


3.1. Benthic Community Assessment


Hard coral species abundance matrices were generated using the images processed in CPCe. Most sites experienced a minor, non-significant decrease in mean coral cover between 2014 and 2017, except for a significant decrease at Jackadam (19.14% ± 3.51 to 12.38% ± 3.29), which drove the significant decrease in coral cover between years (Figure 2). Mean coral cover in 2014 was 21.08% ± 6.21 (average ± SE) for all study sites and decreased to a mean of 17.45% ± 5.67 in 2017. Within each year, mean percent coral cover was not significantly different between islands. The only sites that were significantly different within a year (post-hoc test with Bonferroni correction) were Seaview and Jackadam in 2017.



There was a significant decrease in mean macroalgal cover in all sites from 2014 to 2017 (36.56% ± 14.90 to 27.88% ± 13.91). This change was driven by a significant decrease in Carriacou (41.62% ± 16.33 to 29.44% ± 16.00) at all four sites (Figure 2). Macroalgal cover was 28.91% ± 11.84 and did not change significantly in Grenada. In Carriacou, macroalgal cover was significantly higher at Jackadam than at Seaview for both 2014 and 2017 and there was a significant decrease at both sites between surveys. In Grenada, Dragon Bay had significantly higher macroalgal cover than Flamingo Bay in 2014, but not in 2017, as Flamingo Bay experienced a significant increase. Quarter Wreck and Northern exposure also experienced a significant decrease in macroalgal cover (Figure 2).



Mean gorgonian cover for all sites was 3.82% ± 6.47 and did not change significantly between years. There were significant differences in gorgonian cover between islands (not shown). Flamingo Bay and Sandy Island had significantly higher cover than all other sites on their respective islands. Mean gorgonian cover was 18.12% ± 8.6 at Flamingo Bay versus 1.92% ± 1.09 on Grenada and 4.18% ± 4.5 at Sandy Island versus 0.85% ± 0.78 on Carriacou. Mean sponge cover for all sites was 2.67% ± 3.66 and did not change significantly between years or islands. Only Seaview underwent a significant reduction in sponge cover between years. Mean cover of non-living substrate for all sites did not change significantly between years or between islands within a year (not shown).



Site and island had a significant (ANOSIM) effect on predicting similarity of benthic species assemblages. The high dissimilarity (R) values obtained suggest that, for most sites, the majority of the variation in Bray-Curtis dissimilarity can be explained by site grouping. Island had a significant effect in predicting community dissimilarity in both 2014 and 2017. Between-years analysis using PERMANOVA showed a significant effect of time only. All sites were significantly different from the previous year when assessed using ANOSIM (Table 1).



A total of 25 unique hard coral species were identified in the photo quadrats using the stratified random method (Table 3). Of these, the most commonly observed species in Carriacou in both 2014 and 2017 were P. astreoides, P. divaricata and Orbicella annularis. In Grenada, the hard coral species assemblage was dominated by Madracis mirabilis, P. astreoides, and O. annularis in 2014 (Table 3) and M. mirabilis, P. astreoides, and P. divaricata in 2017. The proportions of O. annularis, P. porites, and P. divaricata in the hard coral species assemblage changed significantly between years and islands using a general linear mixed model (Table 3).




3.2. P. astreoides in Grenada


Mean percent coverage of the mustard hill coral increased at all eight sites, but significant increases were only observed at Flamingo Bay in Grenada, and at Whirlpool and Jackadam in Carriacou (Figure 3). Absolute colony coverage ranged from 0% to 38.9% in surveyed quadrats. Mean colony size of P. astreoides increased significantly at all sites in Carriacou and Grenada (Figure 4). Colony sizes from all surveyed quadrats ranged from 0.2 cm² to 1600 cm². Rates of colony size increases over the three years range from +87% to +329%. Mean colony abundance of P. astreoides significantly decreased at all sites in Carriacou and Grenada (Figure 5). P. astreoides colony abundance within a quadrat ranged from 0 to 134. There was a significant shift in the size frequency distribution (Kolmogorov-Smirnov 2-sample tests) of P. astreoides towards fewer, larger colonies at both islands from 2014 to 2017 (Figure 6).



Significant correlations between P. astreoides coverage and other biotic factors were identified in Carriacou and Grenada for both 2014 and 2017 (Table 4). Coverage of P. astreoides was significantly associated with sand (−), rubble (−), and coralline algae (+) in all analyses, (Table 4). Coverage was positively associated with sponges in Carriacou, and negatively associated in Grenada, although this was not statistically significant in Grenada in 2017 (Table 4). Coverage of P. astreoides was significantly associated with macroalgae (−) in all four correlation analyses (Table 4) and was significantly associated with gorgonians (−) in all three analyses that were possible (Table 4). Siderastrea siderea and O. annularis were the only scleractinian species present in all four analyses and no significant correlations were found with P. astreoides (Table 4). Porites divaricata was present in three of four analyses and was negatively correlated with P. astreoides coverage, although this was only significant in one of the three analyses (Table 4). Other scleractinian species were only present in one or two of the analyses with varying correlation relationships and statistical significance (Table 4).





4. Discussion


In this study, we were able to provide insight into factors relating to the success and population dynamics of P. astreoides. From 2014 to 2017, populations of this species were found to shift from being dominated by many smaller colonies, to fewer, larger and more mature colonies. Given the magnitude of changes in abundance and size of colonies (coupled with moderate coverage increases) over such a short timeframe, it is likely we observed the population dynamics of P. astreoides during and after a large-scale recruitment event, with a recent tropical storm in 2013 (Chantal) potentially acting as a trigger [29]. P. astreoides colonies were found to be positively associated with coralline algae, and pavement, while negatively associated with sand, rubble, and macroalgae. This mirrors the recruitment patterns found in other scleractinian species, with substrate type and algal status playing a critical role. In addition, recruitment patterns between P. astreoides and other scleractinian coral species were found to be potentially predicted by life-history strategy, being positively associated with massive corals, and negatively associated with branching corals.



The composition of Caribbean coral reefs has been relatively stable for much of the last 150,000 years, with species from all life history strategies persisting [29,30]. In the last several decades, increases in anthropogenic stressors and environmental impacts have resulted in up to 80% reductions in Caribbean live coral cover [1,2,31,32]. Communities once dominated by framework building corals are now primarily comprised of macroalgae and non-framework building species such as P. astreoides [7,33]. Prior species data for Carriacou and the nearby Tobago Cays show communities comprised of relatively similar species assemblages with the notable exception of acroporids [34,35]. In 1976, scleractinian coral cover in Carriacou was estimated at 30%, with A. palmata comprising approximately 10% of this value, with present densities being so low that the method used in the present study did not reflect their presence [34]. This lack of acroporids is attributed to their region-wide decline since the 1980s, with their near absence being noted in the nearby Tobago Cays in 1999 [35,36]. The percent coral cover values obtained in the present study for Grenada are slightly higher than those reported in recently published literature for the same study sites [20,21]. No significant differences in coral cover were detected between the islands. Unfortunately, there is a lack of extensive historical data for Carriacou and the only available published data is more than 40 years out of date and/or in the nearby Tobago Cays [34], hence the need for the present study. Statistically sound comparisons between the previous and present studies are not possible, however, broader comparisons can be made. The composition of the hard coral assemblages and the relatively low percent cover of hard corals combined with the high percent cover of macroalgae suggests that the current reefs of Carriacou and Grenada are stressed [2]. Non-reef building species such as Porites spp. now dominate these coral communities.



Size-frequency distributions (2014 vs. 2017) in Grenada and Carriacou revealed substantial increases in colony size of P. astreoides at all sites from 2014 to 2017, with a shift towards fewer, larger colonies in 2017. Although, large colonies (>400 cm2) observed in 2014 were still present in 2017. These increases ranged from +87% to +329% across the eight sites in only three years’ time. Moderate increases in mean percentage cover of P. astreoides was also observed at all sites, with statistical significance only found in Flamingo Bay, Whirlpool, and Jackadam. Although increasing in colony size and coverage, significant declines in P. astreoides abundance was observed at all sites. Considering the mean increase in colony size, coupled with a drop in colony abundance and low coverage increases, these results provide a further indication that this study observed the recruitment dynamics of P. astreoides [37]. First, local populations were dominated by juvenile colonies of P. astreoides (<40 cm2) in both 2014 and 2017 (Figure 6). Second, the large number of small colonies in 2014 could be reflective of a large-scale recovery event following a disturbance that took place prior to monitoring, such as tropical storm ‘Chantal’ that affected Grenada and Carriacou eight months prior to the first survey in 2014 [38]. Regional hurricane events in the windward islands of the Caribbean have been observed to negatively impact recruitment in scleractinian coral species, with it persisting at reduced levels [39]. These results corroborate previous research demonstrating that P. astreoides populations, much like other weedy coral species, are largely influenced by recruitment [18,40].



In addition to recruitment, which is thought to be the main explanation for the observed pattern, it is also possible that colony fusion likely played some role in the aforementioned trends observed in P. astreoides colonies. We maintain this possibility as increases in colony size do not correspond with the known growth rate of this species. The upper end of radial growth rates for P. astreoides has been estimated at ~5.78 mm year−1, comparable to other scleractinian corals, with colonies reaching maturity at eight to ten years of age [40,41]. Thus, for a 40 cm² colony to more than triple in size through growth alone over three years as observed (i.e., Flamingo Bay), radial extension of more than 8 mm year−1 would be required, exceeding known growth rates. Colony fusion has been observed in P. astreoides populations following hurricane Hugo in the Buck Island Reef National Monument [42]. Colony fusion rates year−1 as a share of the total population were observed to have increased from a mean of 0.4% to 4.1% following this disturbance [42]. Fusion is known to occur in the species and juvenile P. astreoides colonies are highly likely to be genetically related to one another since inbreeding through self-fertilization is common [41,43]. Asexual recruits are often found in close proximity and have irregular growth forms [37], an occurrence frequently noted observed in our image analysis (Figure 7). Yet, as we did not directly measure colony fusion in our study, this is an important aspect that future studies should consider when exploring populations of P. astreoides.



In our study, P. astreoides colonies were significantly correlated with pavement (+), sand (−), rubble (−), macroalgae (−), and coralline algae (+) as observed with other scleractinian species [10,44,45,46]. Sandy and rubble substrates are habitat ‘sinks’ for coral recruits; the former results in poor attachment and smothering [46,47,48], while rubble can facilitate initial attachment and growth, but is easily shifted, destroying colonies [45,46,47,48,49]. Conversely, P. astreoides larvae can settle and thrive on pavement as this substrate is resistant to physical disturbance [45,46].



The negative relationship between P. astreoides coverage and macroalgae observed in the present study was expected. Scleractinian corals globally are unable to compete with macroalgae, resulting in shifts from coral-dominated communities to those dominated by macroalgae [44,50,51]. Herbivorous species are essential to clear macroalgae [44,52], however, not all herbivores impact P. astreoides success equally. Ocean surgeonfish grazing increased growth of P. astreoides, but parrotfish have no impact [52]. Herbivorous fish biomass in Grenada and Carriacou is ‘poor’ [53] and herbivorous invertebrates, such as Diadema antillarum, are also now largely absent from reef communities in Grenada [21]. Though not directly assessed in this study, high abundances of urchins were observed in transects with the low levels of macroalgae. Unlike macroalgae, coralline algae does not outcompete coral recruits, and attracts their settlement with chemical signatures in the water [46,54]. In the present study, a positive relationship was observed between P. astreoides and coralline algae coverage.



Varying responses of P. astreoides coverage to sponges were observed in the present study. Sponges were not classified by individual species or growth form, a potential source of this unclear relationship. The negative association between P. astreoides and gorgonians observed in the present study was expected as the elongate form of gorgonians can block essential sunlight for many scleractinian colonies [55]. Negative relationships have been observed between gorgonians and scleractinian corals, which has resulted in the classification of coral framework reefs being habitats distinct from gorgonian plains [53,55]. Care should be taken when considering this result as gorgonian cover was based on their respective presence in the image, not just the area where each colony was attached to the substrate.



Scleractinian species that were significantly positively correlated with P. astreoides had a massive colony growth pattern (both stress tolerant and generalist), while species that were significantly negatively correlated had a branching growth pattern (only weedy). Weedy corals with a shared life history strategy may compete with each other in disturbed environments [56]. Large colony size is typical of stress-tolerant species, with a greater reserve of polyps from which to draw energy, often increasing the resilience of these colonies to changes over time [57].



P. astreoides continues to be one of the more successful coral species in Grenada and the Caribbean at large and may continue to experience success in the future. P. astreoides faces similar settlement and competitive challenges as other coral species and its life-history strategy may be partially responsible for its success on a regional scale. Further work is required to assess the magnitude and range of environmental stressors this species can tolerate and the role colony fusion plays may play in the recovery dynamics of its’ populations, especially in the context of rapid climate change.
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Figure 1. Location of survey sites in Grenada and Carriacou, Eastern Caribbean (inset). 
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Figure 2. Mean (±SD) of percent coral and macroalgal cover at study sites in Carriacou and Grenada in 2014 and 2017. (*) denotes a significant difference (p < 0.05) at a single site between years while letters denote a significant difference (p < 0.05) between sites in a given year. 
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Figure 3. Mean percent cover of P. astreoides in 2014 and 2017 in Carriacou and Grenada. (*) denotes significance (p < 0.05) between years. 
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Figure 4. Mean colony size (cm2) of P. astreoides in 2014 and 2017 in Carriacou and Grenada. (*) denotes significance (p < 0.05) between years. 
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Figure 5. Mean colony abundance of P. astreoides per quadrat in 2014 and 2017 in Carriacou and Grenada. (*) denotes significance (p < 0.05) between years. 
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Figure 6. Size-frequency distribution of P. astreoides colonies in Carriacou (top) and Grenada (bottom) in 2014 (dark grey bar; solid line) and 2017 (light grey bar; dashed line). * Indicates significance at p < 0.05. 
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Figure 7. Portion of a quadrat photo from the ‘Seaview’ site on Carriacou in 2014. P. astreoides is abundant, with many colonies growing in close proximity to one another. 
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Table 1. Benthic survey site names, site code for figures, locations, GPS coordinates, and similarity of species assemblages at study sites between 2014 and 2017 with p-values. Sites with values closer to 0 have similar species assemblages, those with values closer to 1 have very different species assemblages. All results are based on 200 permutations.
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	Island
	Site Name
	Site Code
	GPS Coordinates
	R





	Grenada
	Dragon Bay
	DRAG
	12°5′6.00″ N 61°45′45.36″ W
	0.958 *



	Grenada
	Flamingo Bay
	FLAM
	12°5′30.36″ N 61°45′30.60″ W
	1.00 *



	Grenada
	Northern Exposure
	NORTH
	12°2′22.14″ N 61°46′4.74″ W
	0.990 *



	Grenada
	Quarter Wreck
	QUART
	12°1′40.98″ N 61°47′0.84″ W
	0.990 *



	Carriacou
	Sandy Island
	SAND
	12°29′7.77″ N 61°29′2.00″ W
	0.656 *



	Carriacou
	Whirlpool
	WHIRL
	12°29′2.50″ N 61°29′31.35″ W
	0.927 *



	Carriacou
	Jackadam
	JAD
	12°29′46.25″ N 61°28′4.11″ W
	0.937 *



	Carriacou
	Seaview
	SEAV
	12°26′44.13″ N 61°29′59.70″ W
	1.000 *







* denotes significant differences at p = 0.05.
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Table 2. Interspecific and substrate factors tested for inclusion in the correlation analyses.
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Factor






	
Acropora cervicornis

	
Mycetophyllia aliciae




	
Acropora palmata

	
Mycetophyllia danaana




	
Acropora prolifera

	
Mycetophyllia ferox




	
Agaricia agaricites

	
Mycetophyllia lamarckiana




	
Agaricia fragilis

	
Oculina diffusa




	
Agaricia grahamae

	
Orbicella annularis




	
Agaricia lamarcki

	
Orbicella faveolata




	
Agaricia tenuifolia

	
Orbicella franksi




	
Agaricia undata

	
Porites branneri




	
Colpophyllia breviserialis

	
Porites divaricate




	
Colpophyllia natans

	
Porites furcata




	
Dendrogyra cylindrus

	
Porites porites




	
Dichocoenia stellaris

	
Scolymia cubensis




	
Dichocoenia stokes

	
Scolymia lacera




	
Diploria clivosa

	
Siderastrea radians




	
Diploria labyrinthiformis

	
Siderastrea siderea




	
Diploria strigosa

	
Solenastrea bournoni




	
Eusmilia fastigiata

	
Solenastrea hyades




	
Favia fragum

	
Stephanocoenia michelinii




	
Isophyllia sinuosa

	
Tubastraea aurea




	
Leptoseris cucullata

	
Coralline algae




	
Madracis decactis

	
Gorgonians




	
Madracis mirabilis

	
Macroalgae




	
Manicina areolata

	
Sponges




	
Meandrina meandrites

	
Zoathids




	
Millipora alcicornis

	
Sand




	
Millipora complanata

	
Rubble




	
Millipora squarrosa

	
Pavement




	
Montastraea cavernosa




	
Mussa angulosa
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Table 3. Mean (±SD) relative proportion of hard coral species colony counts in Carriacou (CAR) and Grenada (GND) in 2014 and 2017.
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	Taxon
	CAR 2014
	CAR 2017
	GND 2014
	GND 2017





	Agaricia agaricites
	0.037 ± 0.003
	0.046 ± 0.004
	0.014 ± 0.002
	0.016 ± 0.002



	Agaricia lamarcki
	0.000 ± 0.000
	0.003 ± 0.001
	0.000 ± 0.000
	0.001 ± 0.000



	Colpophyllia natans
	0.005 ± 0.001
	0.092 ± 0.005
	0.000 ± 0.000
	0.039 ± 0.004



	Dendrogyra cylindrus
	0.003 ± 0.001
	0.001 ± 0.001
	0.003 ± 0.001
	0.001 ± 0.001



	Diploria labyrinthiformis
	0.013 ± 0.002
	0.021 ± 0.003
	0.004 ± 0.001
	0.005 ± 0.001



	Diploria strigosa
	0.081 ± 0.005
	0.006 ± 0.001
	0.035 ± 0.003
	0.001 ± 0.001



	Eusmilia fastigiata
	0.000 ± 0.000
	0.001 ± 0.001
	0.002 ± 0.001
	0.001 ± 0.001



	Madracis decactis
	0.000 ± 0.000
	0.019 ± 0.003
	0.000 ± 0.000
	0.015 ± 0.002



	Madracis mirabilis
	0.100 ± 0.005
	0.102 ± 0.006
	0.250 ± 0.007
	0.253 ± 0.008



	Meandrina meandrites
	0.015 ± 0.002
	0.017 ± 0.002
	0.007 ± 0.001
	0.005 ± 0.001



	Millipora alcicornis
	0.033 ± 0.003
	0.040 ± 0.004
	0.014 ± 0.002
	0.013 ± 0.002



	Millipora complanata
	0.018 ± 0.002
	0.000 ± 0.000
	0.003 ± 0.001
	0.000 ± 0.000



	Millipora squarrosa
	0.000 ± 0.000
	0.003 ± 0.001
	0.000 ± 0.000
	0.001 ± 0.001



	Montastraea cavernosa
	0.039 ± 0.004
	0.032 ± 0.003
	0.036 ± 0.003
	0.026 ± 0.003



	Oculina diffusa
	0.000 ± 0.000
	0.001 ± 0.001
	0.000 ± 0.000
	0.000 ± 0.000



	* Orbicella annularis
	0.147 ± 0.006
	0.122 ± 0.006
	0.169 ± 0.006
	0.094 ± 0.005



	Orbicella faveolata
	0.003 ± 0.001
	0.000 ± 0.000
	0.005 ± 0.001
	0.000 ± 0.000



	Orbicella franksi
	0.000 ± 0.000
	0.020 ± 0.003
	0.000 ± 0.000
	0.074 ± 0.005



	Porites astreoides
	0.221 ± 0.008
	0.199 ± 0.008
	0.212 ± 0.007
	0.211 ± 0.007



	* Porites divaricata
	0.029 ± 0.003
	0.178 ± 0.007
	0.056 ± 0.004
	0.163 ± 0.007



	* Porites porites
	0.174 ± 0.007
	0.000 ± 0.000
	0.118 ± 0.005
	0.005 ± 0.001



	Siderastrea siderea
	0.077 ± 0.005
	0.089 ± 0.005
	0.072 ± 0.004
	0.070 ± 0.005



	Solenastrea bournoni
	0.000 ± 0.000
	0.007 ± 0.002
	0.000 ± 0.000
	0.004 ± 0.001



	Stephanocoenia michelinii
	0.006 ± 0.001
	0.000 ± 0.000
	0.000 ± 0.000
	0.000 ± 0.000







* denotes significance between years and islands at p = 0.05.
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Table 4. Magnitude of the relationship between P. astreoides, scleractinian coral species, biotic factors, and habitat type. Pearson correlation coefficients indicated by r. * Indicates significance at p = 0.05.
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Carriacou

	
Grenada






	
2014

	
2014




	
Factor

	
r

	
p-value

	
Factor

	
r

	
p-value




	
Rubble

	
−0.168

	
0.0001 *

	
Rubble

	
−0.101

	
0.002 *




	
Pavement

	
0.193

	
0.0001 *

	
Sand

	
−0.122

	
0.0001 *




	
Sand

	
−0.168

	
0.0001 *

	
Madracis auretenra

	
−0.127

	
0.0001 *




	
Diploria strigosa

	
0.159

	
0.0001 *

	
Orbicella annularis

	
0.047

	
0.148




	
Orbicella annularis

	
−0.031

	
0.345

	
Porites divaricata

	
−0.006

	
0.844




	
Porites porites

	
−0.118

	
0.0001 *

	
Porites porites

	
−0.048

	
0.143




	
Siderastrea siderea

	
0.013

	
0.685

	
Siderastrea siderea

	
−0.063

	
0.054




	
Gorgonians

	
−0.095

	
0.003 *

	
Gorgonians

	
−0.156

	
0.0001 *




	
Sponges

	
0.259

	
0.0001 *

	
Sponges

	
−0.128

	
0.0001 *




	
Macroalgae

	
−0.288

	
0.0001 *

	
Macroalgae

	
0.071

	
0.03 *




	
Coralline Algae

	
0.199

	
0.0001 *

	
Coralline Algae

	
0.099

	
0.002 *




	
2017

	
2017




	
Factor

	
r

	
p-value

	
Factor

	
r

	
p-value




	
Rubble

	
−0.196

	
0.0001 *

	
Rubble

	
−0.073

	
0.027 *




	
Sand

	
−0.145

	
0.0001 *

	
Sand

	
−0.114

	
0.001 *




	
Colpophyllia natans

	
0.126

	
0.0001 *

	
Madracis auretenra

	
−0.101

	
0.002 *




	
Orbicella annularis

	
−0.044

	
0.179

	
Orbicella annularis

	
−0.03

	
0.364




	
Porites divaricata

	
−0.078

	
0.017 *

	
Orbicella franksi

	
0.088

	
0.008 *




	
Siderastrea siderea

	
−0.026

	
0.417

	
Porites divaricata

	
−0.049

	
0.141




	
Sponges

	
0.199

	
0.0001 *

	
Siderastrea siderea

	
−0.017

	
0.61




	
Macroalgae

	
−0.238

	
0.0001 *

	
Gorgonians

	
−0.14

	
0.0001 *




	
Sponges

	
−0.057

	
0.083




	
Coralline Algae

	
0.116

	
0.0001 *

	
Macroalgae

	
−0.083

	
0.012 *




	
Coralline Algae

	
0.119

	
0.0001 *
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