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ABSTRACT

Up until the 1980sAcroporaspecies were among the dominant coral reef building species in the
western Atlantic and considered a key component in a healthy reef systeraver,Acropora

species experienced precipitous declines in population density, colony size, and overall health
starting in the late1970s, largely as a result of the regide, genusspecific white band disease
epidemic, acting together with other local stressors asghoor water quality and ovéshing.

Western AtlanticAcroporas peci es are now | isted on CITES
Endangerdo by the |1 UCN, and as AThreatenedo
recently there have been several reporggsesting that these species may be starting to recover

in some locations across the Caribbean. In Barbashex,dotal 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 theG o v e r n @eastdl Risk Assessment and Management PrograrGRMP)

and is the subject of the current study. A total of 46 fringing reefs were surveygdlaowest

coast of Barbados from Six Mens Bay in the north to Batts Rock in the south, from Jutoe 13
August 2392015 by freedivers. The GPS eordinates, appearance, condition and size of every
Acropora spp. colony found were recorded. A total d¥77colonies, consisting of botA.
palmataandA. 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 cregires of the fringing reef&\bundance 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 bothaopora spp. abundance and density were significantly and positively
correlated with mean % live corabverand with Diademaurchin density although the latter
relationship was driven by a single reef with exceptionally high densities of both. More
acropoids 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 occurrammeased 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 fireworfxsl%) 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 pwides a valuable detailed baseline datet to guide conservation and
rehabilitation efforts, and for comparative studies to monitor recovery success in the future. The
results are particularly relevant to the ongoivayk of theGo v e r n @RMP with & 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 coratdten found in close proximity to the codse,
throughout the Caribbearonson et al2008,b). In the Atlantic here arewo true species
Acropora palmata (elkhorn coral) and Acropora cervicornis (staghorncoral) and a hybrid of
these twospeciesAcropora prolifera (fused staghorn cora(Vollmer and Palumb2002; Van
Oppen et al. 2000The A. palmataspeciess typically foundin reef zones that experience high
wave action(Aronson et al. 2008b comparedo A. cervicorniswhich is usually fand in the
reef zones with greater depth and éswvave action Aronson et al2008). All three of these
Acroporids can reproduce asexually through fragmentation, which is common with storm
damaggBaums Miller and Hellberg2005. They also reproduce sexually, with the exception of
the hybrid specigsA. prolifera A. palmataand A. cervicornisare broadcast spawners and
reproduce sexually through the release of gametes into the water goldmuh occurs once
annually(Baums Miller and Hellberg2005).A. palmataandA. cervicornishavedistinguishing
morphologies, however the hybrid species can be difficult to distihgass it can express a
variety of morphologies some of which are very similar e or the otheof the two true
speciegBoulon et al. 200p Thisis because the morphology of Anproliferacolonywill more
closely resembléhe specieghat contributedthe egg and mitochondria during theproductive
event (Boulon et al. 2005).

Acroporid corals have played amportantrole in the listory of Caribbean reefs agpaominent
foundation specief.ighty, Macintyre and Stuckenrati982 Jackson 1992vacintyre, Glynn
and Toscand007. In this century, por to the 1980sAcropora species were among the
dominant species the western Atlantic and weoensidered a key componentarhealthy reef
system(Bruckner et al. 20Q2Prechf Robart and AronsoB004 Rogers and Muller 2032This

is because theibranching shape aneklatively rapid growth compared to most coral genera
marks themamongthe moreimportant frameworkbuilding corals(Rogers and Muller 2012)
This framework is important favildlife habita, as thethreedimensional shapereates areas of
protection for reef dweller@Lirman 1999;Baums Miller and Hellberg2005. Furthermore, the
tall robust branching structure, especially/of palmata allows it to reflect and absorbawe
action,affording enhaoed protection of shorelineBruckner et al. 2002

1.2 Declineof acroporid species in thavestern Atlantic

Despite their status as foundation species across the western Atlantic coral reefs for several
millennia (especiallyA. palmata see Lighty, Macintyre and Stuckenrath982) Acropora
speciedn this regionhave experienced precipitodgclines in population density, colony size,
andoverall health starting in the 195@rgely as a result of genusspecific disease epidemic
(Aronson andPrecht200L; Bruckner 2002Boulon et al. 2005)The diseaseknown asWhite

Band Diseas€dWBD) is caused byan epizodt bacterium that only affectsceoporid corals
(Williams and Miller 200%. This diseas@as hadlevastating impactsn the aroporidsand has

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

across the CaribbedRrechf Robbart and Aronsc2004).

As coloniesbecamesparse, they began to have low reproductive yisidse the distance
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between clonies grew too fato allow for sucessful fertilization of gamete@#recht Robbart
and Aronsoretal. 2004). This reduction in fertilization successeant thatoloniesbegan to rely
more heavily onasexual fragmentation for their propagatiovhich hascontinuel for several
decadegZubillagaetal. 2008) This reliance on asexual mggluction presented a greatesk to

the aroporid populations across the regia® it increasedsusceptibility to diseasand other
impactsdue to theeduction ingenetc variation(Zubillagaet al. 2008 Japaud et al. 20).5The
potential recovery of theceoporids from this disease epideninas been further hampered by
local impactslinked to surrounding activities both on the land and at(&aberDunsmore
Bonito and Frazer2006; Macintyre Glynn and Toscan@007). Such activities can include
agricultural, industrial and domestic activitigdseavy fishing of importantherbivorous and
predatoryreeffishesas well as construction or changes to the shoréMeeintyre, Glynn and
Toscancet al.2007). Some of the problems that arise from these activities indiederioration

of water quality throughvastewaterrun-off and sedimentation; physical damage; and disruption
of the trophic balance in reef communities whaan negatively affect the health of most reef
corals including the acroporids (s&keland 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 bAcroporids in the US Virgin IslandsSfoberDunsmore Bonito and Frazer
2006). Furthermore, acroporids experience predation from several inverelsath as
Coralliophila abbreviaa (snail) andHermodice carunculatgfireworm) and grazing damage
from vertebrates such &tegastes planifornghreespotdamselfishPrecht et al. 200Boulon

et al. 2005, and are also affected by boring organismsch asSpirobranchus giganteus
(Christmas tree wormPresence of thesorganisms on coloniesan lead to structural damage
and mortality(Boulon et al. 200 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 daredgy these invertebrateBgums Miller and Szman2003)
External impacts, such as the regionatafieof the herbivorous urchirDiadema antillarumin

the early 1980s, and the -going global warming trend are also having significant negative
impacts onCaribbean reef coralddckson et al. 20)4As with all coral species,ceoporidsare
temperatureand depthsensitiveand are therefore affected by changes in sea temperatnules
sea levekausd by climate variability(Gardneret al. 2003 Precht and Aronson 2004outting
them at further risk in the futurédnother issue linketb climate variabilityis an increase in the
frequencyand intensityof major hurricanes and other stornighis intensification ofstormscan
increase the rate ofr@sion caused by breakage fromave action As the rate of erosion
increases it becomes more difficult for the coratdoover in the wake of a storrMécintyre
Glynn and Toscana007).

As aresult of thissharpdecline inacroporidpopuations and thebservednability of the species

to recovera number of actions aimed at increasing the awarengaadtonservation status, of

these species were takeMll three species were listed on Appendix Il of the Conventan
International Trade in Endangeresipeciesof Wild Fauna and Flora (CITES) in 1985.
Subsequentlythe US National Marine Fisheries Service (NMFS) identified the three species as
0Candipkatiees® f or USiEsdangenred Speaied Act (ESHN1B99 and they

were transferred tdhe ESAG Specioensc eorfn6C | i st i n 2004aUSI n Mar
NGO, the Center for Biological Diversity (CBDpetitioned theNMFS to list the threeAcropora

species as endangered or threatened spawntes the ESAPrecht Robbart and Aronsc2004).
Thisinitiateda thorough review of the speciasd eventual formal listinop 20060f the two true

speciesA. palmataandA. cervicornisas Ot hr eat e n e NOAA fraderad Regidsteh e E S A
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71 FR 26852)A. proliferahowever, did not qualify for irependent listing due to the fact that it

is considered a hybrid specigss pointed out by Bruckner et al(2002), this listing meant a
compulsory strengthening in the USlefal protection and consenat efforts, as well as an
increase in fundingo support recovery progranes and managemeninitiatives for these
speciesin2 008 NMFS designated o6Critical Habitato
legal protectionin the US(73 FR 72210)Further, n 2012 the NMFS proposed reclassifying the

two Acroporas peci es to o6endangeredd status, but a
remain | isted as 0 tirh2008ddthA.npelrdabaand A7 ServiEoRisweré 3 58 ) .
also listed on the International Union for the Conservation of NatW€N) Red List as
Critically Endangeredl noting thatsome areabad experienced declines in populations as great

as 97%(Aronson et al2008a,bJapaud et al. 2015ee also Boulon et al. 2005 for rev)ew

1.3 Signs ofrecovery ofacroporids in the westernAtlantic

Despitesignificant concerns regarding the inability @froporids to recover across the wider
Caribbean Boulon et al. 2005; Grobddunsmore Bonito and Fraze2006; Macintyre Glynn
and Toscand007) there isnew evidence ofa slow recovery in eme area. For instance,
Macintyre and Toscano (2007) report evidence of recovekingalmataat Carrie Bow Cay,
Belize, andZubillaga et al (2008) report evidence of recovery Af palmaa in Los Roques
Venezuela A recent surveyin St. John US Virgin Islands demonstrated an increasethn
incidenceof larger Acroporacolonieson ten reefs over a span of si@ars indicatingthat the
growth ratein this areas faster than the rate of damagéich suggests that there iscovery
taking placgMuller, Rogers and van Woesi#014). Larson et al(2014 also completed a study
in the Gulf of Mexico that indicated recovery Af palmataon 24 reefs in the Veracruz Reef
System where they foundhat the species was widely distributed in high abundancessattre
reef system and that the colonies were healthy kgh reproductive potential.

1.4 Acroporids in Barbados

Even though fossil evidence indicates thdropora corak once dominated the coral reef
communitiesof Barbadoslike other places across thartbbeanthese coralfiave beenalmost
completelyeradicatedn thei s | acoadtd waterflLewis 1984;Macintyre Glynn and Toscano
2007 see also Connell 2013 for revipviHowever, ecentevidence includinganecdotal reports
from recreational and research diyephotographs taken by research diyeaad annotated
photographssharedon the web by DPatriquinin 2015 (http://versicolor.ca/reef/indicate a
potential recoveryf acroporidsin several locatios along the west and south ceagtBarbados.
Althoughthe locations of a fevef these colonies have been recordauold some colonies are
being used irthe ongoingesion recovery and reproductive conditiork by the Coastal Risk
Assessmerdnd Managenmg Programme (CRMR)f the Government of Barbad@oastal Zone
Management Unit (CZMU)(Baird 2015, ther exact locatiors and size have not been
methodically ocomprehensiveld o c ument ed on any of the islandd¢d

The possible natural recovery otraporids in Barbados is of particular relevancethe
Government 6 s CR MHungedtiogughthd InterAmerican @eveldpyent Bank
(IDB Loan 2463/OGBA). This project is contributing tthe efforts of theCZMU to strengthen
the Barbadosconony by restoringmarineecosystem health and building a more restlcoast.
As part of these effortsa coral nursery programe is being considered fanplemenation and
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the species of greatest intereste the acroporids, in view of their preference for shallow
(nearshorgenvironments, fast growth rates, comple® growth form andfrequentuse in other
coral nursery and rehabilitation projects elsewhere in the Caribidranknerand Bruckner
2001; Baums 2008Young Schopmeyer and Lirm&2012 Lohr et al. 201k

2 RATIONALE

Al t hough acroporids are among the foundati on
they have suffered huge population declines in recent decades, similar to moSiastbleean

countries where they virtually disappeared in the 1980s. Concomitant with this, the fringing reefs
along the west coast of Barbados have suffered significant degrad@ficce (of Research

2014) prompting interest in engineering solutions amd mestoration efforts to stem the coastal

erosion now being experienced. Acroporid corals probably offer the bestdramstoration of
Barbadosd fringing reefs and there is now som
a slow recovery inthe s| and. However, this O0recoveryo6 ha
has there been any attempt to map areas where recovery appears to be taking place, or to
examine what factonmay be influencing recovery patterns.

3 RESEARCH AIM AND OBJ ECTIVES

The aim d this research project wa®e investigateand document angigns of areturn of
acroporid coralsto the fringingreefsalong the westoast of Barbadosandto explore possible
factors which may be influencing the patternpopulationrecovery The specifc objectives of
the research were

1. To documeni&nd map the locationsizeand visual health status all acroporid coral
colonies on the fringing reeésd breakwateralong the west coast of Barbados

2. To explore possible environmental correlatesy. area of fringing reefarea of reef
zones and indices of reef heal)hwith presence/absence and or densityAofoporid
colonies along the west coast.

4 METHODS
4.1 Study sites

The stuly area coverethewest coast of Barbados from S¥ensBay in the north to Batts Rock
in the south. Eery nearshore fringing reef and artificial breakwater along this streftch
approximately 15.%m of coastlne was sample@igure 1). This included 17 of the fringing
reefsi n t he Go v etermmeefmiordtaring |pmgragnm@MP) (Office of Research
2014)and 36 reefs surveyed Ionnell (2013) Thesefringing reefs extend from the shoreline
up toabout330 mfrom shoreand from approximately 4611 m inwidth, asmeasured parallel
to the shorelingConnell 2013) Each fringing reefwas identifiedon satellite imagery using
Google Earthand individual images wemginted and laminated in order to use as agum the
field.
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1% by Roxanne Maclean, Msc. candidate at the Universityo fthe West Indies.
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Figure 1. Approximate locations of the 46 fringing reefs along the west coast of Barbados surveyed for
Acroporaspecies from Junel3" to August 22", 2015



4.2 Field data collection
4.2.1 Surveytechniques

Visual surveys for colonies of aldicroporaspecies 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 usingnchored dive buoys. These sections weethodically
surveyed following a standardized zigzag search patteigure 2) by at least one person
snorkelling and a second person above water in a k&yguré3). The kayakewas 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 Folkestomen® Reserve patrol bodtigure 3)

provided safety for the snorkelers by warning boaters and keeping traffic out of the survey area.
The exact position of each colpthat 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 thenearest 0.1 m with a survey tape.

On one reef, Mullins (reef 15), where a very high density of coloniasfeund between
approximately 80 and 18 from shore the survey method used for other reefs was modifsed

it was virtually impossiblea distinguish which colonies haldeen recorded and which had .not

In this casethis central part of the reef was surveyed using a benthic transect method. For this
method a series of straiglie benthic transects stretching north to south across the width of the
reef and separated by approximately fowtreswere temporarilynarkedusing survey tapes.

The north start point and the south end point were marked fortread®ctaising the GPS unit.

Each transect was then followed by a snorkeler who noted the nwhBe&ropora colonies

found in each size class (fragment, small, medium, large andlasgea Table 1) within two
metredeft and right of the tape. As sudhe exact location of each colony was not recorded.

Table 1. Range of maximumdiametersused to classifyAcroporacolonies into specific size classes.

Range of Max. Diameter (cm) Size Class

<10 Fragment
10-30 Small
3050 Medium
50-100 Large
>100 eXra 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 duringcroporasurveys

Figure 3. The kayakwith dive flag and the Folkestone Marine Reserve patrol boat assisting witihe Acropora
surveysof the west coast fringing reefs

4.2.2 Biological data

Whereever possibleeach Acropora colony encountered during the surveyss measued for
maximum heighto the nearest 0.5 cm using a metal rudard wasphotograpkd from above

with an underwater camera (Olympus Tougdb3Tor Nikon Coolpix S32 with a 20cm long by 2

cm widegraduated pipgelacedon orbeside the coras a scal¢Figure4). Some of the colonies

could not be measured or photographBadeseincluded colonies in very shallow water where

the camera could not be held high enough above the subject #ocgetpleteplanar 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 photograptcropora colonies found
along the west cosat of Barbados. Left - shows measurement of maximum colony heighiRight - shows
placement of scale bar foplanar photograph.

damaging the colony; colonies that were extremely dense (e.g. Mullins reef 15) that were not
photographed or measured duditee 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 gossibionmental
correlates with the acroporid presence/abundance data. These data includedquabetive

index of general reef healfbr each of the fringing reef€pnnell 2013)a digitized habitat map
covering all of the fringing reefs and shogithe separation of reef flat, reef crest, and spur and
groove habitat zonedB-CZMU CRMP Project unpubl.);and quantitative reef monitoring
programme data on the mean percent matgae cover, mean percent live coral cover,
Diademadensity and numberfaoral species collected in the summer of 2012 for 17 of the
fringing reefs as parerm Reéf Maonitoeng Brograem@RNiPg nt 6 s
(Office of Research 2014).



4.4 Data handling and analysis
4.4.1 Mapping

The GPS coordinates of alcroporacolonies recorded in this survey were downloaded using
MapSource software and exported to a Microsoft Excel databdppendix 1). These
coordinates were addeas XY data into ArcGIS softwareand plotted on a georeferenced
satellite image basemay the westcoast of Barbados (DigitalGlobe) usidgcMap 10.2 All

colony locations were also overlaid o2@l5digitized benthic habitat mapd(B-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 calculatinthe geometry in ArcMap 10.2) and the number of colonies in each of
these reef zoneslaang the west coast was thesxtrapolated. Since the GP®ocdinates for
Mullins (reef 15) only included the north start and south end points of each transect, the locations
of eachcolony were estimated bgistributing the number of colonies found in each transect
equally across the entire stretch of the bahsect.

4.4.2 Acroporacharacteristics
4.4.2.1 Size

Colony size attributesnfaximummeasurecheight incm, calculatedplanar surface aréa m?,
calculatedmaximum diametem cm, and assignedize clasgF, S, M, L, X seeTable 1) were
also recorded in the Excel datab&seeach colony measured and photograpAggbendix1).

Planar fhotographgakenof each individual colop were used as a record of their apmnce

and analysedusing Image J softwaréo calculatee a ¢ h ¢ planarswféce area and
determine thanaximum diametefas measured across the widest part of the cqléigure5).

Each colony waslsocategorisedbased on themaximum diameter as eithefFeagmentSmall,

Medium, Large or eXtrdarge colony (Table 1). In the case of Mullins (reef 15) for coloiat t

were not measured or photographed, but were recorded in the field by number and size class
only, theplanar surface area for each colony was estimated based on the mean planar surface
areafor each size classalculated for all other colonies measuaetoss alteefscombined.

4.4.2.2 Health indices

Each colony was assessed from the individual colony photographs for presence of any
invertebrate predators includir@oralliophila abbrevia& (snails) andHermodice carunculata

(fire worms), borers such &pirobranchus giganteugChristmas tree worms), tissue lesions or
bleaching (possibly from disease) or other disturbances such as whether or not the colony was
overturned Figure6). Any colonies that were nghotographed (including a high proportion of
those on Mullins reef 15) were not scored for health indices.



Figure 5. Analysis of A. palmatacolony 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 maximundiameter (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. Thiswas calculated for each fringing reef and for each habitat zone separately. A second
measure of abundance was taken as the planar surface A@amiracolonies, and theecond

measure of density was measured as area of total colony surface araalgperabea of reef and
presented as a percent benthic coveAtrpporafor each reef.

The reef areas and areas of each habitat zone were calculated to the rfefaoesttine benthic
habitat map using ArcGIS software and later converted to hectareseh Ex

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\ofoporacolonies recorded in this study for each of these

reefs wusing Excel, and the relationship was e
guantitative dataon coral speciesliversity, mean percent coral covebjademadensity and
mean percentnacioalgae covefor thel7r eef s i ncluded | nterimP Gover

was also plotted against abundance and densit@bpora spp. on each fringing reef and
examined using Pearsonds correlation analyses
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Figure 6. Examples of predators, borers, lesions and other disturbances tAcropora 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 andrtificial breakwaters along the west coast of Barbddwa Six

Mens Bay in the North to Batts Rock in the south were surveyed between June 13th and August
22" 2015. The reefs surveyed in this study included 36 reefs surveyed by Connell (2013) in his
broadscale assessment of their ecological condition, as wédll a$ the reefs with permanent
monitoring sites belonging to thBo v e r n me ntérn eef Manitogng programme (RMP)
(Office of Research 2014). The general location, identification numbdrsiaze (area) of each

reef are given inTable 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 givenAjppendix 2. A summary of the quantitative reef health
indicators available from thRMP for a subset of the fringing reefs in 2012 is given in Appendix

3.

5.2 Acroporacharacteristics
5.2.1 Overall abundance

A total of 707 acroporid colonies were found acrossredifs surveyed, representing a total
Acroporaplanar surface area of 148.6 (fable3). The vast majority wer@. palmataand easy

to distinguish from the other twapecies, with their characteristic palmate growth forRigufe

7). A total of 21 colonies were positively identified as the hybkidprolifera Most of these (14
coonies)were found in a small area of Vauxhall (reef 34) and were easy to distinguish from the
two true speciesA. palmataandA. cervicorni3 si nce they had the O6bust
of hybrid crosses where the egg comes francervicornis(seeVollmer and Palumbi 2002)
(Figure7). However, there were other cases in which it was difficult to distinguish with certainty
betweenA. palmataandA. proliferawith a palmate morphology (a hybrid originating fromAan
palmataegg) Figure 7). Therefore, for the purpose of this study, both species were grouped
together for the alyses, and simply referred to Asroporaor A. palmata There were no
Acropora cervicornigound 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 fringingreefs hosting from 0 (19 reefs) up to 48&oporacolonies covering 98.8 M
(Table 3, Figures 8 and 9). The mean numberAcbporacolonies per reef is 15.3, whildte

mode is 85 colonies and the majority (87%) of reefs have less than 15 col&ingesg10). The

mean planar area éfcroporacolonies per reef is 3.3%mwhilst the modés 0-1 n? (Figure11).

5.2.2 Spatial distribution

5.2.2.1 Among reefs

A. palmatacolonies 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 Saht@3,
Figures 8 and 12). Howevdrd overall spatial distribution was highly varialAdthough there is

no clear pattern from north to southgete are several noticeable clusters of reefs twith or

more Acroporacoloniespresentas well as several gaps whereawere found. For instance,
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Table 2. The ID number, general location, and area of 4@ringing reefs sampled forAcroporaalong the west
coast of Barbados from Junel3" to August 22", 2015. Also shown are the respective reef numbers and

names used by Connel |l ( 2 0 1 3-term &eetiMobitgringt Pnogramne (Officerofne nt 6 s
research 2014).
Reef Location Reef  Area (nf) Reef Name (Connell) Reef No. Reef name Site No. (RMP)
No. (Connell) (RMB
Six Mens Bay 1 15156 South Fish Pot 3 - -
Six Mens Bay 27 14936 North Port St. Charles 4 - -
Port St. Charles 3* 300 - - - -
Almond Bay qn 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 o 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 JetSki 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 341 25940 Vauxhall 28 - -
Vauxhall 357 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 tlreysoa . 32 - -
The CIiff 40 16648 - - - -
Crystal Cove 41 16336 Beach Village 34 Beach Village 16
Fitts Village 42 23804 W2 NRFyQa 35 - -
Waves 43 21116 cAddiQa i 36 cAldidQa 17
Waves 44 10388 {2dzikK CAG 37 - -
Batts Rock 45 8448 {2dziK CAGG 37 - -
Batts Rock 46 24596 .Fdidoa wz 38 .FaddQa 18
Total 46 36 17

A indicates reefs thaincorporate artificial breakwaters * indicatesreef is entirely arartificial
breakwater
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Table 3. Summary data for Acropora palmatashown separately for each ofhe 46 reefs surveyed along the
west coast of Babados from June 13th to August 22nd2015. Data includedor each reefare total number of
colonies found the maximum height and surface area of each colony averaged across all coloni¢ise total
surface aea of all colonies the number of colonies per hectare of reefand the contribution of Acroporato
the benthic area of reef shown as percent covef entire reef area

Reef Location # of Mean max Mean TotalAcropora  Density % cover
ID # Colonies  height (cm) area (nf)  area (nf) (colonies/ha)

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 12 211 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 Bachelordall 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 CIiff 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 ofcropora colonies found on the fringing reefs along the
west coast of BarbadosTop panelshows typical symmetrical palmate morphology ofa small and a large
colony of A. palmata Second roweft shows morphology ofA. palmataregrowing from an upturned colony,
and right shows coloniegrowing in deeper water, oriented perpendicular to the normal swell direction. Third
row shows possibleA. prolifera colonies of palmate form typical of hybrids with an egg from A. palmata
Bottom panelshowsA. prolifera colonies of the bushy type typical of hybrid with an egg fromA. cervicornis
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