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ABSTRACT 

Up until the 1980s, Acropora species were among the dominant coral reef building species in the 

western Atlantic and considered a key component in a healthy reef system. However, Acropora 

species experienced precipitous declines in population density, colony size, and overall health 

starting in the late1970s, largely as a result of the region-wide, genus-specific white band disease 

epidemic, acting together with other local stressors such as poor water quality and over-fishing.  

Western Atlantic Acropora species are now listed on CITES Appendix II, as ñCritically 

Endangerdò by the IUCN, and as ñThreatenedò under the US Endangered Species Act. More 

recently there have been several reports suggesting that these species may be starting to recover 

in some locations across the Caribbean. In Barbados, anecdotal reports and photographs indicate 

a potential recovery of acroporids in several locations along the west and south coasts of the 

island. The potential recovery of acroporids on nearshore reefs in Barbados is of particular 

interest to the Governmentôs Coastal Risk Assessment and Management Programme (CRMP) 

and is the subject of the current study. A total of 46 fringing reefs were surveyed along the west 

coast of Barbados from Six Mens Bay in the north to Batts Rock in the south, from June 13
th
 to 

August 22
nd

 2015, by free-divers. The GPS co-ordinates, appearance, condition and size of every 

Acropora spp. colony found were recorded. A total of 707 colonies, consisting of both A. 

palmata and A. prolifera, were found and their positions were added to a detailed benthic habitat 

map. Colonies were found along the entire west coast and overall were most abundant in the spur 

and groove and reef crest zones of the fringing reefs. Abundance and density were generally low 

and varied considerably among reefs, although there was no obvious spatial pattern along the 

coast. Correlation analyses with reef area and various secondary datasets on indices of reef 

health indicated that both Acropora spp. abundance and density were significantly and positively 

correlated with mean % live coral cover and with Diadema urchin density although the latter 

relationship was driven by a single reef with exceptionally high densities of both. More 

acroporids were found on larger reefs, but reef area does not appear to be influencing colony 

density. General tissue lesions (likely caused by a combination of disease and predation) were 

apparent on almost half the colonies, and their frequency of occurrence increased with colony 

size. Likewise the occurrence of boring Christmas tree worms was common, being present on 

just over a quarter of the colonies, and also positively correlated with colony size.  Presence of 

predatory snails (9.6% colonies) and fireworms (< 1%) fell within the lower end of the ranges 

reported by other studies, and was not strongly influenced by colony size. This study reports on 

the very early stages of a recovery of acroporids on the fringing reefs along the west coast of 

Barbados and provides a valuable detailed baseline dataset to guide conservation and 

rehabilitation efforts, and for comparative studies to monitor recovery success in the future. The 

results are particularly relevant to the ongoing work of the Governmentôs CRMP with a focus on 

rehabilitating west coast fringing reefs.    
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1 INTRODUCTION  

1.1 Acroporid  corals and their importance to reefs 

Acropora species are shallow water corals, often found in close proximity to the coastline, 

throughout the Caribbean (Aronson et al. 2008a,b). In the Atlantic there are two true species, 

Acropora palmata (elkhorn coral) and Acropora cervicornis (staghorn coral) and a hybrid of 

these two species Acropora prolifera (fused staghorn coral) (Vollmer and Palumbi 2002; Van 

Oppen et al. 2000). The A. palmata species is typically found in reef zones that experience high 

wave action (Aronson et al. 2008b), compared to A. cervicornis which is usually found in the 

reef zones with greater depth and lower wave action (Aronson et al. 2008a). All three of these 

Acroporids can reproduce asexually through fragmentation, which is common with storm 

damage (Baums, Miller and Hellberg 2005). They also reproduce sexually, with the exception of 

the hybrid species, A. prolifera. A. palmata and A. cervicornis are broadcast spawners and 

reproduce sexually through the release of gametes into the water column, which occurs once 

annually (Baums, Miller and Hellberg  2005). A. palmata and A. cervicornis have distinguishing 

morphologies, however the hybrid species can be difficult to distinguish as it can express a 

variety of morphologies, some of which are very similar to one or the other of the two true 

species (Boulon et al. 2005). This is because the morphology of an A. prolifera colony will more 

closely resemble the species that contributed the egg and mitochondria during the reproductive 

event (Boulon et al. 2005). 

Acroporid corals have played an important role in the history of Caribbean reefs as a prominent 

foundation species (Lighty, Macintyre and Stuckenrath  1982; Jackson 1992; Macintyre, Glynn 

and Toscano 2007). In this century, prior to the 1980s, Acropora species were among the 

dominant species in the western Atlantic and were considered a key component in a healthy reef 

system (Bruckner et al. 2002; Precht, Robart and Aronson 2004; Rogers and Muller 2012). This 

is because their branching shape and relatively rapid growth compared to most coral genera 

marks them among the more important framework building corals (Rogers and Muller 2012). 

This framework is important for wildlife habitat, as the three dimensional shape creates areas of 

protection for reef dwellers (Lirman 1999; Baums, Miller and Hellberg 2005). Furthermore, the 

tall robust branching structure, especially of A. palmata, allows it to reflect and absorb wave 

action, affording enhanced protection of shorelines (Bruckner et al. 2002).  

1.2 Decline of acroporid  species in the western Atlantic 

Despite their status as foundation species across the western Atlantic coral reefs for several 

millennia (especially A. palmata, see Lighty, Macintyre and Stuckenrath 1982), Acropora 

species in this region have experienced precipitous declines in population density, colony size, 

and overall health starting in the 1970s largely as a result of a genus-specific disease epidemic 

(Aronson and Precht 2001; Bruckner 2002; Boulon et al. 2005). The disease, known as White 

Band Disease (WBD) is caused by an epizootic bacterium that only affects acroporid corals 

(Williams and Miller 2005). This disease has had devastating impacts on the acroporids and has 

been implicated as the primary cause for these species reaching such critically low numbers 

across the Caribbean (Precht, Robbart and Aronson 2004). 

As colonies became sparse, they began to have low reproductive yields since the distance 
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between colonies grew too far to allow for successful fertilization of gametes (Precht, Robbart 

and Aronson et al. 2004). This reduction in fertilization success meant that colonies began to rely 

more heavily on asexual fragmentation for their propagation, which has continued for several 

decades (Zubillaga et al. 2008). This reliance on asexual reproduction presented a greater risk to 

the acroporid populations across the region as it increased susceptibility to disease and other 

impacts due to the reduction in genetic variation (Zubillaga et al. 2008; Japaud et al. 2015). The 

potential recovery of the acroporids from this disease epidemic has been further hampered by 

local impacts linked to surrounding activities both on the land and at sea (Grober-Dunsmore, 

Bonito and Frazer 2006; Macintyre, Glynn and Toscano 2007). Such activities can include 

agricultural, industrial and domestic activities, heavy fishing of important herbivorous and 

predatory reef fishes as well as construction or changes to the shoreline (Macintyre, Glynn and 

Toscano et al. 2007). Some of the problems that arise from these activities include deterioration 

of water quality through waste water run-off and sedimentation; physical damage; and disruption 

of the trophic balance in reef communities which can negatively affect the health of most reef 

corals including the acroporids (see Birkeland 1997). These stressors can lead to a loss of 

structural integrity, low reproductive yields and higher mortality and have been implicated in the 

lack of recovery of Acroporids in the US Virgin Islands (Grober-Dunsmore, Bonito and Frazer 

2006). Furthermore, acroporids experience predation from several invertebrates such as 

Coralliophila abbreviata (snail) and Hermodice carunculata (fireworm) and grazing damage 

from vertebrates such as Stegastes planiforns (three-spot damselfish) (Precht et al. 2002; Boulon 

et al. 2005), and are also affected by boring organisms such as Spirobranchus giganteus 

(Christmas tree worm). Presence of these organisms on colonies can lead to structural damage 

and mortality (Boulon et al. 2005), and heavy fishing pressure (which results in a reduction of 

the top down control of these organisms) as well as declines in the density of acroporids have 

been implicated in increased damage by these invertebrates (Baums, Miller and Szmant 2003). 

External impacts, such as the regional die-off of the herbivorous urchin, Diadema antillarum in 

the early 1980s, and the on-going global warming trend are also having significant negative 

impacts on Caribbean reef corals (Jackson et al. 2014). As with all coral species, acroporids are 

temperature and depth sensitive and are therefore affected by changes in sea temperatures and 

sea level caused by climate variability (Gardner et al. 2003; Precht and Aronson 2004), putting 

them at further risk in the future. Another issue linked to climate variability is an increase in the 

frequency and intensity of major hurricanes and other storms. This intensification of storms can 

increase the rate of erosion caused by breakage from wave action. As the rate of erosion 

increases it becomes more difficult for the coral to recover in the wake of a storm (Macintyre, 

Glynn and Toscano 2007).  

As a result of this sharp decline in acroporid populations and the observed inability of the species 

to recover a number of actions aimed at increasing the awareness of, and conservation status of, 

these species were taken. All three species were listed on Appendix II of the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora (CITES) in 1985. 

Subsequently, the US National Marine Fisheries Service (NMFS) identified the three species as 

óCandidate Speciesô for listing under the US Endangered Species Act (ESA) in 1999 and they 

were transferred to the ESA óSpecies of Concernô list in 2004. In March of the same year a US 

NGO, the Center for Biological Diversity (CBD) petitioned the NMFS to list the three Acropora 

species as endangered or threatened species under the ESA (Precht, Robbart and Aronson 2004). 

This initiated a thorough review of the species and eventual formal listing in 2006 of the two true 

species, A. palmata and A. cervicornis as óthreatenedô under the ESA (NOAA Federal Register 
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71 FR 26852). A. prolifera however, did not qualify for independent listing due to the fact that it 

is considered a hybrid species. As pointed out by Bruckner et al. (2002), this listing meant a 

compulsory strengthening in the US of legal protection and conservation efforts, as well as an 

increase in funding to support recovery programmes and management initiatives for these 

species. In 2008 NMFS designated óCritical Habitatô for both acroporids, giving them further 

legal protection in the US (73 FR 72210). Further, in 2012 the NMFS proposed reclassifying the 

two Acropora species to óendangeredô status, but a determination was made in 2014 that they 

remain listed as óthreatenedô (79 FR 67358). In 2008 both A. palmata and A. cervicornis were 

also listed on the International Union for the Conservation of Nature (IUCN) Red List as 

óCritically Endangeredô, noting that some areas had experienced declines in populations as great 

as 97% (Aronson et al. 2008a,b; Japaud et al. 2015; see also Boulon et al. 2005 for review). 

1.3 Signs of recovery of acroporids in the western Atlantic  

Despite significant concerns regarding the inability of acroporids to recover across the wider 

Caribbean (Boulon et al. 2005; Grober-Dunsmore, Bonito and Frazer 2006; Macintyre, Glynn 

and Toscano 2007) there is new evidence of a slow recovery in some areas. For instance, 

Macintyre and Toscano (2007) report evidence of recovering A. palmata at Carrie Bow Cay, 

Belize, and Zubillaga et al. (2008) report evidence of recovery of A. palmata in Los Roques, 

Venezuela. A recent survey in St. John, US Virgin Islands demonstrated an increase in the 

incidence of larger Acropora colonies on ten reefs over a span of six years, indicating that the 

growth rate in this area is faster than the rate of damage, which suggests that there is recovery 

taking place (Muller, Rogers and van Woesik 2014). Larson et al. (2014) also completed a study 

in the Gulf of Mexico that indicated recovery of A. palmata on 24 reefs in the Veracruz Reef 

System, where they found that the species was widely distributed in high abundances across the 

reef system and that the colonies were healthy with high reproductive potential.  

1.4 Acroporids in Barbados 

Even though fossil evidence indicates that Acropora corals once dominated the coral reef 

communities of Barbados, like other places across the Caribbean, these corals have been almost 

completely eradicated in the islandôs coastal waters (Lewis 1984; Macintyre, Glynn and Toscano 

2007; see also Connell 2013 for review). However, recent evidence including: anecdotal reports 

from recreational and research divers; photographs taken by research divers; and annotated 

photographs shared on the web by D. Patriquin in 2015 (http://versicolor.ca/reef/) indicate a 

potential recovery of acroporids in several locations along the west and south coasts of Barbados. 

Although the locations of a few of these colonies have been recorded, and some colonies are 

being used in the ongoing lesion recovery and reproductive condition work by the Coastal Risk 

Assessment and Management Programme (CRMP) of the Government of Barbados Coastal Zone 

Management Unit (CZMU) (Baird 2015), their exact locations and size have not been 

methodically or comprehensively documented on any of the islandôs reefs.  

The possible natural recovery of acroporids in Barbados is of particular relevance to the 

Governmentôs CRMP project, currently funded through the Inter-American Development Bank 

(IDB Loan 2463/OC-BA). This project is contributing to the efforts of the CZMU to strengthen 

the Barbados economy by restoring marine ecosystem health and building a more resilient coast. 

As part of these efforts, a coral nursery programme is being considered for implementation and 
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the species of greatest interest are the acroporids, in view of their preference for shallow 

(nearshore) environments, fast growth rates, complex 3-D growth form, and frequent use in other 

coral nursery and rehabilitation projects elsewhere in the Caribbean (Bruckner and Bruckner 

2001; Baums 2008; Young, Schopmeyer and Lirman 2012; Lohr et al. 2015).  

2 RATIONALE  

Although acroporids are among the foundation species of Barbadosô shallow coral reef habitats, 

they have suffered huge population declines in recent decades, similar to most other Caribbean 

countries where they virtually disappeared in the 1980s. Concomitant with this, the fringing reefs 

along the west coast of Barbados have suffered significant degradation (Office of Research 

2014) prompting interest in engineering solutions and reef restoration efforts to stem the coastal 

erosion now being experienced. Acroporid corals probably offer the best hope for restoration of 

Barbadosô fringing reefs and there is now some evidence that the acroporids may be undergoing 

a slow recovery in the island. However, this órecoveryô has not been formally documented nor 

has there been any attempt to map areas where recovery appears to be taking place, or to 

examine what factors may be influencing recovery patterns.  

3 RESEARCH AIM AND OBJ ECTIVES 

The aim of this research project was to investigate and document any signs of a return of 

acroporid corals to the fringing reefs along the west coast of Barbados, and to explore possible 

factors which may be influencing the pattern of population recovery. The specific objectives of 

the research were: 

1. To document and map the locations, size and visual health status of all acroporid coral 

colonies on the fringing reefs and breakwaters along the west coast of Barbados. 

2. To explore possible environmental correlates (e.g. area of fringing reef; area of reef 

zones; and indices of reef health) with presence/absence and or density of Acroporid 

colonies along the west coast. 

4 METHODS 

4.1 Study sites 

The study area covered the west coast of Barbados from Six Mens Bay in the north to Batts Rock 

in the south. Every nearshore fringing reef and artificial breakwater along this stretch of 

approximately 15.5 km of coastline was sampled (Figure 1). This included 17 of the fringing 

reefs in the Governmentôs long-term reef monitoring programme (RMP) (Office of Research 

2014) and 36 reefs surveyed by Connell (2013). These fringing reefs extend from the shoreline 

up to about 330 m from shore and from approximately 41-611 m in width, as measured parallel 

to the shoreline (Connell 2013). Each fringing reef was identified on satellite imagery using 

Google Earth, and individual images were printed and laminated in order to use as a guide in the 

field. 
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Figure 1. Approximate locations of the 46 fringing reefs along the west coast of Barbados surveyed for 

Acropora species from June 13
th

 to August 22
nd

, 2015. 
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4.2 Field data collection 

4.2.1 Survey techniques  

Visual surveys for colonies of all Acropora species were conducted on each of the 46 reefs via 

free diving with mask and snorkel. Each reef was temporarily marked off into sections 

approximately 30 m in width using anchored dive buoys. These sections were methodically 

surveyed following a standardized zigzag search pattern (Figure 2) by at least one person 

snorkelling and a second person above water in a kayak (Figure 3). The kayaker was responsible 

for setting the dive buoys, taking GPS coordinates with a handheld Garmin GPS72H unit, 

recording the data on a waterproof slate, and ensuring snorkelers maintain their search pattern. 

The kayaker and dive buoys, as well as the Folkestone Marine Reserve patrol boat (Figure 3) 

provided safety for the snorkelers by warning boaters and keeping traffic out of the survey area. 

The exact position of each colony that was located by the snorkeler was marked by the kayaker 

using the GPS unit. Where colonies were very close together, one GPS point was taken for a 

central colony and the nearest distance and direction to the neighbouring colonies were measured 

to the nearest 0.1 m with a survey tape.  

On one reef, Mullins (reef 15), where a very high density of colonies was found between 

approximately 80 and 180 m from shore, the survey method used for other reefs was modified as 

it was virtually impossible to distinguish which colonies had been recorded and which had not. 

In this case, this central part of the reef was surveyed using a benthic transect method. For this 

method a series of straight-line benthic transects stretching north to south across the width of the 

reef and separated by approximately four metres were temporarily marked using survey tapes. 

The north start point and the south end point were marked for each transects using the GPS unit. 

Each transect was then followed by a snorkeler who noted the number of Acropora colonies 

found in each size class (fragment, small, medium, large and extra-large; Table 1) within two 

metres left and right of the tape. As such, the exact location of each colony was not recorded. 

 

Table 1. Range of maximum diameters used to classify Acropora colonies into specific size classes. 

 

Range of Max. Diameter (cm) Size Class 

<10 Fragment 
10-30 Small 
30-50 Medium 
50-100 Large 
>100 eXtra Large 
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Figure 2. An example of the route (traced using the GPS unit) taken by the kayak setting out marker buoys 

on a fringing reef, to ensure that snorkelers maintained a methodical search pattern during Acropora surveys. 

 

Figure 3. The kayak with dive flag and the Folkestone Marine Reserve patrol boat assisting with the Acropora 

surveys of the west coast fringing reefs. 

4.2.2 Biological data 

Where ever possible, each Acropora colony encountered during the surveys was measured for 

maximum height to the nearest 0.5 cm using a metal ruler and was photographed from above 

with an underwater camera (Olympus Tough TG3 or Nikon Coolpix S32) with a 20 cm long by 2 

cm wide graduated pipe placed on or beside the coral as a scale (Figure 4). Some of the colonies 

could not be measured or photographed. These included: colonies in very shallow water where 

the camera could not be held high enough above the subject to get a complete planar surface 

photograph; colonies in rough water that could not be measured or photographed for fear of 
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Figure 4. Photographs of the free diving method used to measure and photograph Acropora colonies found 

along the west coast of Barbados. Left - shows measurement of maximum colony height. Right - shows 

placement of scale bar for planar photograph.  

damaging the colony; colonies that were extremely dense (e.g. Mullins reef 15) that were not 

photographed or measured due to time constraints in the field. Photographs were used as a record 

of appearance and were later analysed to determine size and health condition of each colony. 

4.3 Secondary data 

Existing data for the fringing reefs in this study were used to investigate possible environmental 

correlates with the acroporid presence/abundance data. These data included: a semi-qualitative 

index of general reef health for each of the fringing reefs (Connell 2013); a digitized habitat map 

covering all of the fringing reefs and showing the separation of reef flat, reef crest, and spur and 

groove habitat zones (IDB-CZMU CRMP Project unpubl.); and quantitative reef monitoring 

programme data on the mean percent macro-algae cover, mean percent live coral cover, 

Diadema density and number of coral species collected in the summer of 2012 for 17 of the 

fringing reefs as part of the Governmentôs long-term Reef Monitoring Programme (RMP) 

(Office of Research 2014). 
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4.4 Data handling and analysis 

4.4.1 Mapping 

The GPS coordinates of all Acropora colonies recorded in this survey were downloaded using 

MapSource software and exported to a Microsoft Excel database (Appendix 1). These 

coordinates were added as X,Y data into ArcGIS software and plotted on a georeferenced 

satellite image basemap of the west coast of Barbados (DigitalGlobe) using ArcMap 10.2. All 

colony locations were also overlaid on a 2015 digitized benthic habitat map (IDB-CZMU CRMP 

Project unpubl.) showing the areas of reef coral spur and groove, reef crest, and reef flat zones. 

Using this benthic habitat map, the areas of each fringing reef and of each reef zone were 

calculated (by calculating the geometry in ArcMap 10.2) and the number of colonies in each of 

these reef zones along the west coast was then extrapolated. Since the GPS coordinates for 

Mullins (reef 15) only included the north start and south end points of each transect, the locations 

of each colony were estimated by distributing the number of colonies found in each transect 

equally across the entire stretch of the belt transect. 

4.4.2 Acropora characteristics 

4.4.2.1 Size 

Colony size attributes (maximum measured height in cm, calculated planar surface area in m
2
, 

calculated maximum diameter in cm, and assigned size class [F, S, M, L, X see Table 1]) were 

also recorded in the Excel database for each colony measured and photographed (Appendix 1).  

Planar photographs taken of each individual colony were used as a record of their appearance 

and analysed using Image J software to calculate each colonyôs planar surface area and 

determine the maximum diameter (as measured across the widest part of the colony; Figure 5). 

Each colony was also categorised based on their maximum diameter as either a Fragment, Small, 

Medium, Large or eXtra-large colony (Table 1).  In the case of Mullins (reef 15) for colonies that 

were not measured or photographed, but were recorded in the field by number and size class 

only, the planar surface area for each colony was estimated based on the mean planar surface 

area for each size class calculated for all other colonies measured across all reefs combined.  

4.4.2.2 Health indices 

Each colony was assessed from the individual colony photographs for presence of any 

invertebrate predators including Coralliophila abbreviata (snails) and Hermodice carunculata 

(fire worms), borers such as Spirobranchus giganteus (Christmas tree worms), tissue lesions or 

bleaching (possibly from disease) or other disturbances such as whether or not the colony was 

overturned (Figure 6). Any colonies that were not photographed (including a high proportion of 

those on Mullins reef 15) were not scored for health indices. 
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Figure 5. Analysis of A. palmata colony photographs taken with the scale bar along the west coast of Barbados 

from June 13th to August 22nd 2015, using Image J software showing: (A) an example of the planar surface 

area calculated from the perimeter (drawn in yellow); and (B) the maximum diameter (drawn as yellow line).  

4.4.2.3 Abundance and density indices 

Abundance and density was measured using two different indices. Firstly abundance was 

measured as the number of colonies found and density was measured as the number per hectare 

of reef. This was calculated for each fringing reef and for each habitat zone separately. A second 

measure of abundance was taken as the planar surface area of Acropora colonies, and the second 

measure of density was measured as area of total colony surface area per benthic area of reef and 

presented as a percent benthic cover by Acropora for each reef.  

The reef areas and areas of each habitat zone were calculated to the nearest m
2
 from the benthic 

habitat map using ArcGIS software and later converted to hectares in Excel. 

4.4.3 Environmental correlates 

The numerical reef health index for each of 36 reefs assigned by Connell (2013) was plotted 

against the abundance and density of Acropora colonies recorded in this study for each of these 

reefs using Excel, and the relationship was examined using Pearsonôs correlation. Likewise, the 

quantitative data on coral species diversity, mean percent coral cover, Diadema density and 

mean percent macroalgae cover for the 17 reefs included in the Governmentôs long-term RMP 

was also plotted against abundance and density of Acropora spp. on each fringing reef and 

examined using Pearsonôs correlation analyses. 

(A) (B) 
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Figure 6. Examples of predators, borers, lesions and other disturbances to Acropora colonies used as 

measures of heath. Photographs show presence of: (A) predatory snail; (B) predatory fire worm (outlined in 

yellow) and boring Christmas tree worms (outlined in red); (C) colony covered in boring Christmas tree 

worms; (D) general lesions; (E) overturned colony; and (F) breakage (grazing). Photo (C) taken by Renata 

Goodridge, all others taken by authors. 
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5 RESULTS 

5.1 Reef characteristics 

A total of 46 fringing reefs and artificial breakwaters along the west coast of Barbados from Six 

Mens Bay in the North to Batts Rock in the south were surveyed between June 13th and August 

22
nd

, 2015. The reefs surveyed in this study included 36 reefs surveyed by Connell (2013) in his 

broad-scale assessment of their ecological condition, as well as 17 of the reefs with permanent 

monitoring sites belonging to the Governmentôs long-term reef monitoring programme (RMP) 

(Office of Research 2014). The general location, identification number, and size (area) of each 

reef are given in Table 2, together with the numbers and names assigned to these reefs by 

Connell (2013) and by the RMP (Office of Research 2014). The GPS coordinates and area of 

each reef by habitat zone are given in Appendix 2. A summary of the quantitative reef health 

indicators available from the RMP for a subset of the fringing reefs in 2012 is given in Appendix 

3.  

5.2 Acropora characteristics 

5.2.1 Overall abundance 

A total of 707 acroporid colonies were found across all reefs surveyed, representing a total 

Acropora planar surface area of 148.6 m
2
 (Table 3). The vast majority were A. palmata and easy 

to distinguish from the other two species, with their characteristic palmate growth forms (Figure 

7). A total of 21 colonies were positively identified as the hybrid, A. prolifera. Most of these (14 

colonies) were found in a small area of Vauxhall (reef 34) and were easy to distinguish from the 

two true species (A. palmata and A. cervicornis) since they had the óbushyô morphology typical 

of hybrid crosses where the egg comes from A. cervicornis (see Vollmer and Palumbi 2002) 

(Figure 7). However, there were other cases in which it was difficult to distinguish with certainty 

between A. palmata and A. prolifera with a palmate morphology (a hybrid originating from an A. 

palmata egg) (Figure 7). Therefore, for the purpose of this study, both species were grouped 

together for the analyses, and simply referred to as Acropora or A. palmata. There were no 

Acropora cervicornis found on any of the fringing reefs in this study.  

The abundance of colonies by number and by planar area was highly variable among reefs with 

individual fringing reefs hosting from 0 (19 reefs) up to 482 Acropora colonies covering 98.8 m
2 

(Table 3, Figures 8 and 9). The mean number of Acopora colonies per reef is 15.3, whilst the 

mode is 0-5 colonies and the majority (87%) of reefs have less than 15 colonies (Figure 10). The 

mean planar area of Acropora colonies per reef is 3.3 m
2
, whilst the mode is 0-1 m

2
 (Figure 11). 

5.2.2 Spatial distribution 

5.2.2.1 Among reefs 

A. palmata colonies were found on 27 reefs (59% of all reefs surveyed) along the entire west 

coast from Port St. Charles (reef 3) in the north to Batts Rock (reef 46) in the south (Table 3, 

Figures 8 and 12). However the overall spatial distribution was highly variable. Although there is 

no clear pattern from north to south, there are several noticeable clusters of reefs with two or 

more Acropora colonies present, as well as several gaps where none were found. For instance,   
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Table 2. The ID number, general location, and area of 46 fringing reefs sampled for Acropora along the west 

coast of Barbados from June 13
th

 to August 22
nd

, 2015. Also shown are the respective reef numbers and 

names used by Connell (2013) and by the Governmentôs long-term Reef Monitoring Programme (Office of 

research 2014).  

Reef Location Reef 
No. 

Area (m
2
) Reef Name (Connell) Reef No. 

(Connell) 
Reef name 

(RMP) 
Site No. (RMP) 

Six Mens Bay 1 15156 South Fish Pot 3 - -  
Six Mens Bay 2^ 14936 North Port St. Charles 4 - -  

Port St. Charles 3* 300 - - - -  
Almond Bay 4^ 18092 South Port St. Charles 5 - -  
Almond Bay 5 6368 Heywoods 6 - -  
Almond Bay 6 8300 Heywoods 6 Heywoods 2  
Almond Bay 7 12332 South Heywoods 7 - -  

Speightstown 8 35392 N. Speightstown 8 N.Speightstown 3  
Cobblers Cove 9 66208 Plantations 9 Plantations 4  
Godings Bay 10  ̂ 5600 - - - -  
Godings Bay 11 47708 Sandridge 10 Sandridge 5  
Godings Bay 12 10601 Kings Beach 11 - -  
Godings Bay 13 16446 Kings Beach 11 - -  
Godings Bay 14 13788 North Mullins 12 - -  

Mullins 15 35195 Mullins 13 Mullins 6  
Gibbs Bay 16 30137 South Mullins 14 - -  
Gibbs Bay 17 32108 Greensleeves 15 Greensleeves 7  
Reeds Bay 18 13412 - - - -  
Tropicana 19 27428 Tropicana 16 Tropicana 8  
Weston 20  ̂ 8740 South Reeds Bay 17 - -  
Weston 21 11780 Weston 18 - -  
Weston 22 17524 Driftwood 19 Driftwood 9  

Alleynes Bay 23 13172 North Jet Ski 20 - -  
Alleynes Bay 24 6868 Jet Ski 21 Jet Ski 10  
Alleynes Bay 25 17940 Glitter Bay 22 - -  

Bachelors Hall 26 19440 Bachelor Hall 23 Bachelor Hall 11  
Bachelors Hall 27 27212 Heron Bay 24 Heron Bay 12  
Bachelors Hall 29 4584 - - - -  
North Bellairs 29 16664 Bellairs 25 - -  
South Bellairs 30 40172 Bellairs 25 Bellairs 13  

Holetown 31 8540 - - - -  
Holetown 32 13768 Holetown 26 - -  
Holetown 33  ̂ 23216 South Holetown 27 - -  
Vauxhall 34  ̂ 25940 Vauxhall 28 - -  
Vauxhall 35  ̂ 22644 Vauxhall 28 - -  

Sandy Lane 36 24212 Sandy Lane 29 Sandy Lane 14  
Paynes Bay 37 20124 South Sandy Lane 30 - -  
Tamarind 38 12176 Bamboo Beach 31 Bamboo Beach 15  

Mahogany Bay  39 13872 tŀȅƴŜΩǎ .ŀȅ 32 - -  
The Cliff 40 16648 - - - -  

Crystal Cove 41 16336 Beach Village 34 Beach Village 16  
Fitts Village 42 23804 WƻǊŘŀƴΩǎ 35 - -  

Waves 43 21116 CƛǘǘΩǎ ±ƛƭƭŀƎŜ 36 CƛǘǘΩǎ ±ƛƭƭŀƎŜ 17  
Waves 44 10388 {ƻǳǘƘ CƛǘǘΩǎ ±ƛƭƭŀƎŜ 37 - -  

Batts Rock 45 8448 {ƻǳǘƘ CƛǘǘΩǎ ±ƛƭƭŀƎŜ 37 - -  
Batts Rock 46 24596 .ŀǘǘΩǎ wƻŎƪ 38 .ŀǘǘΩǎ wƻŎƪ 18  

Total 46   36  17  

^ indicates reefs that incorporate artificial breakwaters,  * indicates reef is entirely an artificial 
breakwater  
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Table 3. Summary data for Acropora palmata shown separately for each of the 46 reefs surveyed along the 

west coast of Barbados from June 13th to August 22nd, 2015. Data included for each reef are total number of 

colonies found; the maximum height and surface area of each colony averaged across all colonies; the total 

surface area of all colonies; the number of colonies per hectare of reef; and the contribution of Acropora to 

the benthic area of reef shown as percent cover of entire reef area. 

 
Reef 
ID #  

Location # of 
Colonies 

Mean max 
height (cm) 

Mean 
area (m

2
)  

Total Acropora 
area (m

2
) 

Density 
(colonies/ha) 

% cover  

1 Six Mens Bay 0 0 0 0 0 0 
2 Six Mens Bay 0 0 0 0 0 0 
3 Port St. Charles 3 52 1.22 3.66 100 1.22 
4 Almond Bay 12 24.7 0.34 3.72 6.63 <0.0001 
5 Almond Bay 0 0 0 0 0 0 
6 Almond Bay 0 0 0 0 0 0 
7 Almond Bay 5 23 0.32 1.59 4.05 0.00013 
8 Speightstown 1 26 0.64 0.64 0.28 <0.0001 
9 Cobblers Cove 13 21.3 0.34 4.41 1.94 <0.0001 
10 Godings Bay 0 0 0 0 0 0 
11 Godings Bay 0 0 0 0 0 0 
12 Godings Bay 0 0 0 0 0 0 
13 Godings Bay 0 0 0 0 0 0 
14 Godings Bay 0 0 0 0 0 0 
15 Mullins 482 - 0.21 98.75 136.95 0.0028 
16 Gibbs Bay 2 - 0.51 1.01 0.66 <0.0001 
17 Gibbs Bay 12 21.1 0.41 4.97 3.69 0.00015 
18 Reeds Bay 0 0 0 0 0 0 
19 Tropicana 45 19.5 0.15 6.39 16.04 0.00023 
20 Weston 0 0 0 0 0 0 
21 Weston 0 0 0 0 0 0 
22 Weston 3 5.3 0.14 0.41 1.71 <0.0001 
23 Alleynes 2 - 0.06 0.12 2.28 <0.0001 
24  Alleynes 0 0 0 0 0 0 
25 Alleynes 1 - 1.33 1.33 0.56 <0.0001 
26 Bachelors Hall 2 67.5 1.03 2.07 1.03 0.00012 
27 Bachelors Hall 3 9.3 0.07 0.20 1.10 <0.0001 
28 Bachelors Hall 0 0 0 0 0 0 
29 North Bellairs 2 13.3 0.05 0.11 1.20 <0.0001 
30 South Bellairs 13 13.3 0.2 2.63 2.24 <0.0001 
31 Holetown 1 - 0.88 0.88 1.17 0.00010 
32 Holetown 1 - 0.43 0.43 0.73 <0.0001 
33 Holetown 0 0 0 0 0 0 
34 Vauxhall 21 11.8 0.13 2.49 8.10 <0.0001 
35 Vauxhall 18 12 0.11 2.25 8.39 <0.0001 
36 Sandy Lane 28 20.7 0.26 7.21 9.88 0.00025 
37 Paynes Bay 6 20.7 0.11 0.44 2.67 <0.0001 
38 Tamarind 7 10.1 0.13 0.51 5.43 <0.0001 
39 Mahogany Bay 0 0 0 0 0 0 
40 The Cliff 1 0.5 0.01 0.01 0.60 <0.0001 
41 Crystal Cove 0 0 0 0 0 0 
42 Fitts Village 3 - 0.29 0.86 1.27 <0.0001 
43 Waves 2 - - - 0.90 0 
44 Waves 0 0 0 0 0 0 
45 Batts Rock 0 0 0 0 0 0 
46 Batts Rock 18 14.8 0.09 1.50 7.32 <0.0001 

Overall mean 15.3 9.1 0.20 3.3 7.10 0.003 

Overall total 707   148.6   
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Figure 7. Examples of the various morphologies of Acropora colonies found on the fringing reefs along the 

west coast of Barbados. Top panel shows typical symmetrical palmate morphology of a small and a large 

colony of A. palmata. Second row left shows morphology of A. palmata regrowing from an upturned colony, 

and right shows colonies growing in deeper water, oriented perpendicular to the normal swell direction. Third 

row shows possible A. prolifera colonies of palmate form typical of hybrids with an egg from A. palmata. 

Bottom panel shows A. prolifera colonies of the bushy type typical of hybrids with an egg from A. cervicornis. 




















































































