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Figure 1. AGRRA survey sites at San Salvador Island, Bahamas. 



ASSESSMKWT-OF CORAL EFS OFF SAN-S-ALVADdSLAND,  BAEQA 
(STONY COIIALS, ALGAE AND FISH POPULATIONS) 

PAULETTE M. PECKOL,' M. ALLEN CUR RAN.^ BENJAMIN J. GREENSTEIN.' 
EMILY Y. FLOYD.~ and MARTHA L. ROBBAR'T'.' 

During assessments at 11 shallow reef sites on an Salvador Island, Bahamas in 
.iunc I998 we found low prevalence of disease, bleaching, and recent partial-colon1 
mortality among stony corals (10 cm minimum dixncter). Old partial-colony mortalit) 
was >iO% in .lcropornprrlnlcr/n: however. recent tissue losses were l o~v  and it had 
recruirs a~ seh era1 sites. '1 o td  (recent + old) partial-colony mortality of the Moi7~nLsrr.rrt.~r 
~rni2~/1rri,~ species complex exceeded 30% on leeward patch reefs and back reefs. 
Groupers (serranids), snappers (lutjanids), and grunts (haemulids) were rare. Parrotfishes 
(scarids) were uncommon at most sites and surgeonfishes (acanthurids) were the 
dominant herbivores. Macroalgae, particularly browns that are seldom grazed by 
surgeonfishes. were the dominant algal functional group. The green macroalga 
h1icrodictyon mnrinum was extremely abundant and vergrowing Porites porires on 
leeward patch reefs. To facilitatc their conservation, an Salvador Island's reef resources 
should be designated as a marine reserve. 

'The condition of coral reefs worldwide is in decline (Will<inson, 2000) and the 
reefs oof the greater Caribbean region have emerged as one area of particular concern 
(Ginsburg, 1994). Reductions in coral cover and diversity, with concomitant increases in 
macroalgal abundances in the Western Atlantic, have been related to the well- 
documented mass mortality of the herbivorous sea urchin Diadema antillarzrnl 
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(Lessios, 1988;Hughes et al., 19991, to increasesf 11 coral diseases 
Bruckner, 1997; Santavy and Peters, 1997), to overfishing (Hughes, 1994; Koslow et al., 
1994), and to widespread elevated sea surface temperatures resulting in coral bleaching 
(Brown. 1997; Wilkinson et al., 1999). While the greatest degradation of Caribbean reefs 
is associated with large human populations (Hughes, 1994; Causey et al., 2000), fewer 
studies document the condition of coral reefs in areas experiencing less human 
disturbance as has been until quite recently the case off San Salvador, Bahamas. 

San Salvador Island (24"N, 74'3O'W), located 600 kin ESE of Miami on an 
isolated carbonate platform (Fig. 1). is bordered by a narrow shelf with an abrupt shelf- 
edge break leading to a very steep slope. Marine water quality is excellent with deep 
water close offshore and no immediate sources of concentrated pollutants. Its eastern and 
southcastcrn coasts typically are windward tci thc prevailing tsade winds. A uell- 
developed. . I cr.opom pulnzcrr~i--dominated. bank-barrier reef lies off the northern coast and 
smaller bank-barrier reels occur along the southeast and southern coasts. Hundreds of 
small patch reefs dot the island's eastern shel-f: larger patch reefs occur in the broad 
coastal embayments on the leeward western shelf. 

Relati\.cly little has been published on the ecological health and short-term 
changes to San Salvador's coral reefs. Curran et al. (1994) assessed stony coral co \w  and 
diversity at two leeward patch reefs between 1984 and 1992. At Telephone Pole Reef, 
rapidIy growing colonies of Porites porites were replacing dead and broken branches of 
Acroporu cervicornis which had been a spatial dominant until decimated by white-band 
disease (Aronson and Precht, 1997) during the early 1980s. During the same interval, the 
percent of live stony coral cover on nearby Snapshot Reef exhibited no significant 
change; however, there was an overall increase in the sizes of monitored coral heads and 
noticeably less macroalgae than seen at present. Similarly, Meyer et al. (1991) reported 
slight increases in the population densities of two species of the crinoid Nemusrer. 
residing in large colonies of the Montrrstraea crnnuluris species complex at Snapshot 
Reef. More recently, stony coral coves, seaward of Snapshot Reef at the 10 in 
CARICOMP monitoring site, experienced a slight decline and macroalgae had a twofold 
increase between 1994 and 1998 (Woodley et al., 1997, 2000; Cerace et al., 1998). 

In the Bahamas, the major comn~ercial fishery is the spiny lobster, Panulirus 
ar-gus, followed by snappers and groupers. Reports of overfishing are widespread 
(Woodley et al., 2000). The queen conch (Strombus gigas) provides another important, 
but smaller-scale (usually subsistence level), fishely although densities are declining 
(Stoner, 1996). Fishing regulations now prohibit the taking of nonlipped queen conch and 
the use of scuba gear for any kind of fishing. However, few data exist regarding the status 
of the marine fisheries off San Salvador Island. 

Until recently San Salvador has experienced little pressure from human activities. 
Now the island is rapidly becoming a more popular tourist destination with impetus from 
the opening of a large Club Med in October 1992 and recent expansion of airport 
facilities, including extension of the runway to permit landing of intercontinental jet 
aircraft. Currently, several dive boats operate primarily off the western (leeward) coast 
bringing up to 200 snorkel and scuba divers per day to the reefs (Kevin Collin, personal 
communication). With San Salvador in a state of flux with respect to human impact, the 
Atlantic and Gulf Rapid Reef Assessment (ACRRA) surveys reported here provide an 



&nt baseline for the currcntconditim of SanSadvador's coral rcefs 
status of its finfish populations. 

Our assessment of reef-building corals, algae, and fish populations was focused 
on three areas of San Salvador Island (Fig. 1). Three shallow (1-4 m) fore-reef sites on 
the exposed northern bank-barrier at Gaulin's Reef have low (<3 m) spur formations 
extending seaward fiom the reef crest to a carbonate pavemen.1 dominated by sea fans and 
~Gfillepom spp. ( 1 1 ~ r o ~ ~ o r ~ ~ ~ ' ) ~ l n ~ ~ t ~ ~  is the dominant coral of the reef crest.) Three sites at 
2-8 m on rhe Gaulin's back reef are characterized by large (1-4 m tall) coloi~ies of the 
,l/ifonturtr~re~ U ~ M I ~ ~ N Y ~ S  complex along with Milleporu spp. and A palnlutcr. Three 
Iceward patch reefs in I:erniandez Bay (Snapshot, Telephone Pole, I,iiidsaj) are each in 
water depths of 3-7 rn. Snapshot Reef (-200 m offshore) corisists of an aggregation of 
individual coral colonies dominated by the M unnz~luri.~ complex. 'Telephone Pole Reef 
(- 250 m offshore) is dominated by large colonies of the M annrdcrris complex 
interspersed with Porites yorites growing on dead A. cervicornis. Lindsay Reef extends 
out from a sandy beach and experiences a relatively high sediment load. Two windward 
patch reefs, at depths of approximately 3-5 m and shoreward of a well-developed reef 
crest in French Bay. are dominated by dead A. pulmata and Agaricia agaricites. These 1 1 
survey sites were selected to be representative of the majority of reef types and exposure 
conditions occurring off San Salvador. We also considered Telephone Pole and Snapshot 
Reefs to be "strategic sites" because of earlier survey data (Curran et al., 1994) and their 
popularity as tourist dive sites. 

Stony coral and algal populations were assayed during June 1998 by five-six 
divers/survey. AGRRA Version 1 benthic protocols (see Appendix One, this volume) 
were used with the following modifications: stony corals 210 cm in diameter were 
included in the surveys: coral diameter and height were measured to the nearest cm for 
smaller corals (10-25 cm in diameter) and to the nearest 5 cm for larger (>25 cm) 
colonies. The Montustrueu unnz~luris complex was treated as a single species. Sediment 
deposits in the algal quadrats were removed by hand before estimating the abundance of 
crustose coralline algae. Diudema antillarum, being rare, was not counted. Training 
sessions were conducted with all divers censusing "practice" transects at the leeward 
patch reefs; species identifications, percent cover estimates, and coral disease and 
bleaching assessments were compared to ensure sampling consistency. We used 
IEIumann's (1 993) reef coral guide for most coral species identifications. 

A stationary visual census technique (Bohnsack and Bannerot, 1986) was 
employed by two divers to survey the fish populations. All sampling occurred between 
10:OO a.m. and 3:00 p.m. At each sampling point, all species belonging to eight families 
(Acanthuridae, Chaetodontidae, Haemulidae, Labridae, Lutjanidae, Pomacentridae, 
Scaridae, Serranidae) observed in five minutes within a 7.5 m radius cylinder were 
recorded. Each census was begun three minutes after laying a measuring tape on the 
substratum by counting all individuals of all species observed in the pre-set radius within 
the initial field of view. New sectors of fields of view were then scanned by rotating in 
one direction. Abundances of species moving in schools were taken when first observed 
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in the sampling cylinder (it was important to count fishes moving in schools immediately 
because they were unlikely to remain in the sampling area). When very large schools 
were present it was sometimes necessary to estimate numbers in 10s or 50s. Fish lengths 
were estimated in cm using a T-shaped tool marked every 5 cm to help avoid underwater 
magnification problems (Bohnsack and Bannerot, 1986). We recorded the number of 
individuals, plus the minimum, maximum, and mean estimated lengths for each of the 
eight fish families. We used Humann's (1994) reef fish guide for species identifications. 
Littler and Littler (2000) was later consulted for macroalgac. 

As time permitted on the leeward patch reefs. two d i ~ e r s  measured herbivorous 
fish grazing rates following the AGRRA methodology g i ~ e n  in Appendix Onc. All 
grazing rate ineasureinents were made between 10:OO a.m. and 2:00 p.m. cli~~sing the p ~ 3 k  
time for grazing activity (Lewis. 1986). 

Stony ('orals 

Species composition. At each site, we censused at least 10 transects with each 
transect sampling -9-12 stony corals that were 210 cm in diameter (Table 1). In terms of 
numerical abundance, Acroporu palmata was fairly important (means of 13-1 9%) along 
the Gaulin's bank-barrier reef and on the windward patch reefs at French Bay (Fig. 2A, 
B.13). While >50% of the upper surfaces of the A. pulmuta colonies were long dead 
(means for the six Gaulin's sites ranged from 42-78%; mean of 65% at French Bay). very 
little (<2%) receni. partial ~nortality of colony surfaces (hereafier recent mortality) was 
evident for this species. 

The Montastraeu annzrlaris complex dominated (mean 40% of all colonies) the 
leeward patch reefs in Fernandez Bay (Fig. 2C). Recent mortality here was fairly iow 
(<4% oftheir upper surfaces), while nearly 40% (range 30-48% for three leeward patch 
reefs) of the corresponding surfaces were long dead. The Monkzstraec~ crmztlrrri,~ con~plex 
and Diploriu clivosu together contributed about 25% of the colonies in Gaulin's back reef 
(Fig. 2B). Approxin~ately 35% of the upper surfaces of colonies of M. unnzllaris complex 
on the back reef were long dead. 

Millepora complanata, which forms extensive thickets on the spurs, contributed 
nearly a quarter (24%) to the total abundance of stony corals at Gaulin's fore reef (Fig. 
2A). Colonies of Agaricia spp, were important on the windward patch reefs and Porites 
spp. were numerically abundant at most sites (Fig. 2). 

Recruits. The composition of recruits (Fig. 3) was largely dominated by Porites 
astreoides (especially on the bank-barrier reef), P. porites (all patch reefs, Gaulin's back 
reef) and Agaricia agaricites (especially on windward patch reefs). Collectively, poritids 
and agariciids contributed 45-70% of the recruit densities. Although 15% of the recruits 
were of the Montastraea annularis conlplex on the leeward patch reefs and accounted for 
< lo% of the recruits on the bank-barrier reef, none were found on the windward patch 
reefs. At all four habitat types, Acroporapalrnata represented <5% of the recruits. 



A Bank-barrier Fore 

C Leeward Patch Reefs 

B Bank-barrier Back 

D Windward Patch 

Other 10% 

a AP=Acropora palmata MA=Montastraea annularis complex 
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Figure 2. Species composition and mean relative abundance of the most abundant stony corals 
(21 0 cm diameter) at (A) bank-barrier fore reef (n=3 19), (B) bank-barrier back reef (n=232), (C) 
leeward patch reefs (n=344), (D) windward patch reefs (n=249), off San Salvador Island, 
Bahamas. Other category = combined coral species, each with -4% abundance of occurrence. 
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Figure 3. Species composition and mean relative abundance of all stony coral recruits (52 cm 
diameter) at (A) bank-barrier fore reef (n=64), (B) bank-barrier back reef (n=52), ( C )  leeward 
patch reefs (n=96), (D) windward patch reefs (n=65), off San Salvador Island, Bahamas. 
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Figure 4. Size-frequency distribution as % of dominant stony corals (210 cm diameter) at (A) bank- 
barrier fore reef, (B) bank-barrier back reef, (C) leeward patch reefs, (D) windward patch reefs, off San 
Salvador Island, Bahamas. 
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Figure 5. Frequency distribution of total (recent + old) partial colony mortality of all stony corals (210 
cm diameter) at (A) bank-barrier fore reef, (B) bank-barrier back reef, (C) leeward patch reefs, (D) 
windward patch reefs, off San Salvador Island, Bahamas. 
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Figure 6. Mean fish abundance (no. individuals/200 m3) at (A) bank-barrier fore reef, (B) bank-barrier 
back reef, ( C )  leeward patch reefs, (D) windward patch reefs, off San Salvador Island, Bahamas. 



21 cm (at Lindsay Reef) to 85 cm (at Gaulin's A). 1 Iowever, mean colony sizes were 
reillarkably similar among habitat types ranging fiom -40 cm on the leeward patch reefs 
to -53 cm in the bank-barrier back reef (Table 2). Size-frequency distributions of the 
major reef-building stony corals at each habitat type are shown in Figure 4. Wherever 
11corpor.u pulr~~uta occurred a high proportion of colonies were very large (>ZOO em). 
emphasizing its importance as a major fiame-builder. A4illeporcr con~plamttct also showcd 
a relatively broad s i x  range with colonies of <20 cm to >200 c n ~  in diameter at the bank- 
barrier fore reef. While the Montr~struea ctnnulctri~ complex only exceeded 100 cm in 
diameter on the leeward patch reefs, its massive growth forms provided substantial relief 
at most sltes. 

('or-crl condition. We observed el3idence 01' coral disease in 2% or less of the 
ccnsused colonies at most (811 1) sites (Table 2). Signs 01' disease were higher at one 
rvindward (3%) and two of the leeward patch reefs (4% at Telephone Pole: 8% at 
Snapshot). ' h e  coral diseases observed were black-band disease and yellow-blotch 
disease (both main11 on the M. ctnnzrluris complex) and white-band disease (on 
palmrttcr). The percentage of colonies that were bleached was low in all habitat types 
(from 1.3% in Fernandez Bay to 2.6% in Gaulin's fore and back reefs). Recent mortality 
was also very low at most sites (Table 2). The higher percentages of recent inortality at 
Snapshot (4%) and Telephone Pole (4.7%) were largely associated with the Montasrmea 
annzrlcrris complex and Porites porites, respectively. The decline of P. porites was due in 
large part to overgrowth by the macroalga Microdictyon marinum and crustose coralline 
algae. 

Although old partial-colony mortality (hereafter old mortality) exceeded 30% at 
three sites (Gaulin's back reef A, Snapshot. Telephone Pole), it largely was confined to 
the locally dominant coral species (Table 2). Total (rccent + old) partial-colony mortality 
(hereafter total n~ortality) was lowest overall in the bank-barrier fore reef (-20%) and 
highest at Snapshot (-35%. where total mortality of the 114. a~nzrl~rris complex was nearly 
55%). Gaulin's A (-38%. where A pulmcttct and the 114, mnzrlar-is complex together 
contributed 65% of the colonies measured) and Telephone Pole (-42%, with P. porites 
exhibiting about 44% total mortality). 

Because recent mortality was never greater than 5% of the upper surface of coral 
colonies, we plotted frequency distributions of total mortality for the four reef habitat 
types (Fig. 5A-D). In all areas the vast majority of corals had < lo% total mortality. 
I-Iowever, there was a clear signature (-5-10% of stony corals measured) of colonies 
showing >90% total mortality at all sites except the windward patch reefs. 

Algae 

Macroalgae dominated the benthic algae in three habitats (Gaulin's fore and back 
reefs, leeward patch reefs) and was the predominant component of the algal assemblages 
at all but three sites (Table 3). On leeward patch reefs, where their abundance was highest 
(about 50 to 70%), the fleshy green Microdiciyon marinum was the dominant species. For 
example, at Telephone Pole Reef it commonly was completely overgrowing Porites 
porites resulting in total colony mortality. Elsewhere, brown algae, including Dictyota 



divaricatrr, D 
tzwhinutcr and Stypopodizlm zonale, predominated. Green calcareous Halirneda spp. were 
extremely rare at all reef sites. Mean macroalgal height was generally lowest (-2 cm) at 
the windward sites ( h r e  reef and patch reefs) but reached nearly 3 cm at Telephone Pole 
Reef. Mean macroalgal indices (absolute abundance of macroalgae x macroalgal height) 
varied from about 43 on the windward patch reefs to 150 on the leeward patches. Turf 
algae were more abundant at two sites (Gaulin's fore reef' 1, French Bay 2) while crustose 
coralline algae were predominant at only a single site (French Bay 1). 

Fishes 

Mean fish densities (Table 1 )  Mere highest at the leeward patch reefs. ranging 
fiom -50 (Lindsay Reef) to 177 individuals1 200 rn' (Snapshot Reef). E ish abundances 
\\ere rclati\.ely similar at the other sites \ aryiilg between -43 (windward patch reefs and 
bank-barrier back reef) and 53 individuals 1200 m' (bank-barrier fore reef). 

All reef habitats showed a dominance of wrasses (Labridae) and surgeonfishes 
(Acanthuridac) uhich collecti\,el> represented 76% of'the total fish abundancz on the 
leeuard and windward patch reefs and over 90% on the bank-barrier reefs (Fig. 6A-D). 
Parrotfish (Scaridae) densities were low at all sites except Lindsay Reef where 
acanthurids were scarce (Table 4), yet the highest abundances of surgeonfishes occurred 
at the two other leeward patch reefs (Snapshot and Telephone Pole). 

Groupers and other seabasses (Serranidae), snappers (Lutjanidae) and grunts 
(Haemulidae) were absent altogether on the Gaulin's back reef, present in extremely low 
densities on the Gaulin's fore reef and the windward patch reefs, and slightly more 
abundant on the leeward patch reefs (Fig. 6; Table 4). Considered together, these three 
ijmilies represented -12% of total abundance in the eight censused fish families at 
Snapshot and Telephone Pole Reefs. 

The size-frequency distributions for two major guilds (herbivores-parrrotfishes, 
surgeonfislles, the yellowtail damselfish il4icrosputhodon chiyszrrzls, carnivores-grouper, 
snapper) at each of the four reef types are shown in Figure 7. Notably, no groupers or 
snappers were censused on the bank-barrier back-reef. Relatively low abundailces of 
carnivores elsewhere make length comparisons among sites difijcult. For all reef types, 
40-50% of the herbivores fell within the 1 1-20 cm length category; generally, < lo% were 
larger than 20 cm. 

We found no relationship between herbivorous fish density and macroalgal index 
(Fig. 8). Grazing rates were nearly identical at Telephone Pole (mean=3.1 biteslminute, 
se =0.9, n=8) and Snapshot (3.5 biteslminute, se=l -1, n=12) Reefs, respectively. The 
grazing rate at Lindsay Reef was nearly three times those values (mean=l 1. lbiteslminute, 
s e = 0 . 4 , ~ 5 ) .  Ninety percent of the grazing at Lindsay Reef was due to parrotfishes, 
whereas surgeonfishes were the dominant herbivores at the other two patch reefs. 

DISCUSSION 

The stony corals at 11 evaluated sites of the reef system off San Salvador Island, 
Bahamas, are in reasonably good condition. Total (recent + old) partial-colony mortality 



low (-20%) on the bank-barrier fore reef. Interestingly, these estimates of old (and total) 
mortality were lowest (-15-16.5 %) at the sites on the fore reef and back reef that are 
nearest to land. These two sites experience higher wave surge and mixing than elsewhere 
on Gaulin's bank-barrier reef which perhaps provides a more favorable environment for 
coral survival. Similar to other Caribbean reefs, Acroporapulmutu, formerly a dominant 
in shallow windward zones, showed high (>50%) total colony mortality: nevertheless, we 
-found evidence of its recruitment at several sites. 

As found in other studies (e.g., Rogers et al.. 1986), the species composition of 
the stony coral recruits did not reflect the major coral-reef builders at any site. Although 
15% of the recruits at the lee~vard patch reefs were of the Montustraeu crm~duris 
znmples, ~vhich here represented 40% of the  suneyed (210 cm) corals, no recruits (and 

A Bank-barrier Fore l i e d  Bank-barrier Back Reef 

Length (cm) categories Length (cm) categories 

C Leeward Patch Reef D Windward Patch Reef 

Length (cm) categories Length (cm) categories 

Figure 7. Size-frequency distribution of herbivores (all acanthurids and scarids, Microspathodon 
chlysurus) and carnivores (all lutjanids and serranids) at (A) bank-barrier fore reef, (B) bank-barrier 
back reef, (C) leeward patch reefs, (D) windward patch reefs, off San Salvador Island, Bahamas. 



a fairly important component (1 6% of 21 0 cm corals) in the bank-barrier back-reef region 
but it was represented by only 7% of the recruits. 

Although receiving higher sediment loading from its proximity to the beach, 
recent and old mortality values were significantly lower at Lindsay Reef than on the other 
two leeward patch reefs. This apparent paradox may be an artifact of our sampling. 
Lindsay is a fairly "dead reef' overall; however, the live corals that remain are in good 
condition. The high percentages of partial mortality of the Montnstrrreu unnularis 
complex at Snapshot Reef, possibly from disease. and of Poriles pori1e.s at Telephone 
Pole Reef from algal overgrowth, both occurring since Curran et al.'s (1994) assessment 
of these reefs. are causes for concern. The M. unnt~lnris complex has also suffered high 
rates of partial-colony mortalit:, at other Caribbean sites. For example, two major 
ivarming events (1  995. 1998) in Belize have resulted in massive coral bleaching with 
subsequent increased evidence of coral disease and mortality (Mc17ield. 1999: Peck01 el 
al., this volume). Although the high incidence of diseased corals at Snapshot Reef (8% of 
censused colonies, 3.5% belonging to the h4 an?.lulrrris complex) in June 1998 predated 
rhe 1998 warming event that resulted in major coral bleaching worldwide (Wilkinson, 
2000). San Salvador's leeward patch reefs had previously bleached in 1995 (McGrath 
and Smith, 1999). However. these researchers noted that the major effect of the warming 
event was experienced by Agariciu spp. not Montustmeu. 

By June 1998, colonies of Poritesporites were no longer expanding over the 
skeletons of Acropora cervicornis at Telephone Pole Reef. A more recent AGRRA 
survey during June 2000 showed that their condition had declined even further: partial- 
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Figure 8. Relationship between mean herbivore abundance (no. individuals/200 m3) and mean 
macroalgal index, by site in Sal Salvador. 



increase in macroalgal abundance from 57% to 88% (Peck01 et al.. unpublished). In 
Belize, Lewis (1  986) demonstrated that macroalgae can directly overgrow and kill 
portions of Poriles crslr-eoicles in herbivore exclusion treatments. Increases in macroalgae 
associated with declining coral cover have also been documented on other Caribbean 
reefs, including the San Blas Islands, Panama (Ogden and Ogden 1994), Jamaica 
(IIughes 1994), and even areas remote from human impact (McClanal~an et al, 1999). 

I ligh macroalgal abundances on San Salvador reefs may be related to the 
coinposition of the herbivorous fish guild where. in 1998. acanthurids (surgeonfishes) 
predominated at most sites. Lewis and Wainwright (1 985) reported highest grazing rates 
h r  Belize in areas supporting higher parrotfish densities: siillilarly our highest grazing 
rates in F'crilanctez Bay were at Lindsay Reef where scarids were more common. Ixwis 
11985) also noted that parrotfish actively g r u e  several genera of' brown algae. including 
S'cr~~guss~rrn, T~~rbinur-ia. and P C J L ~ ~ M L I ,  that are common at many oi'thi: San Salvador sites. 
Brown algae uere  not grazed at all by two surgeonfishes in Belize (Lewis 1985) and 
showed significant increases in percent cover and height ( i t . ,  height is not a measure of 
abundance but ralher of size/biomass) in response io experimental reducxion in herbivory 
(I,e\\is, 1986). These findings may help to explain the high relative abundances of 
inacroalgae off Sail Salvador reefs which are dominated by brown seaweeds at all but the 
leeward patch reefs. Lewis' (1 985, 1986) results also may explain why there was no 
relationship between herbivore density (primarily acanthurids) and macroalgal index in 
the present study. 

Absent or rare in most reef habitats, snappers. groupers and grunts were found in 
relatively high numbers only at Snapshot Reef in Fernandez Bay; this area may have a 
somewhat lower level of fishing activity than other sites. Hence. the San Salvador reefs 
are probably experiencing pressures from overfishing. but this co~lclusion catmot be 
stated with certainty because currently there are no comparable areas off San Salvador 
designated as "no-take" zones. In siinilas patch reefs off Belize. snapper and grouper 
densities and lengths are significantly greater within marine reser\.es and areas nearby 
(spillover effect) compared with sites not protected from fishing (Sedbelq et al., 1992; 
Peck01 et al., this volume). 

Although we have documented partial mortalities of the major reef-building 
corals, Acroyora yalmara and the Montastraea annuluris complex, that are relatively 
high in some habitats, the San Salvador reef system was fairly resistant to a large-scale 
disturbance from the passage of Hurricane Floyd. On September 13-14, 1999, this 
Categoiy 4 storm passed within 20 to 30 nautical miles NE and N of the island with 
winds reaching 135 knots. Its greatest impact was felt on the leeward side of the island 
which experienced substantial coastal erosion and damage to buildings and infrastructure. 
However, the leeward patch reefs in Fernandez Bay showed little damage. We resurveyed 
the three leeward patch reefs in January 2000 and found insignificant change from June 
1998 in the percent of recent or old partial mortality for the corals at these sites (compare 
Tables 2 and 5). As Smith and Buddemeier (1992) suggested for other reef systems, the 
San Salvador reefs displayed resilience in response to this large-scale natural disturbance. 

Notwithstanding San Salvador's remote location, excellent marine water quality, 
and low human population density, the coral reefs surrounding the island are 

- - 

experiencing increased pressures from the combined effects of tourism and possibly 



overfishing.-Maifit2iEinigIhE iiitegritfZf Salvador's coral reefs andadjacent marine 
ecosystems, and increasing the populations of fishes and invertebrates, will be important 
to the island's economic future. We strongly recommend the establishment of a inarinc 
reserve with an active management and regulations enforcement plan for all or a portion 
of San Salvador's reef system. Such designation should facilitate conservation of its 
critical fish and coral resources (Roberts, 1995; Nowlis and Roberts. 1997) and might 
contribute larval and adult fish to adjacent Bahamian insular and bank areas (Russ and 
Alcala, 1996; Stoner, 1996). 
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Table 1. Site information for AGRRA stony coral, algae and fish survcys off San Salvador Island. Bahamas, June 1998. 
. . . - . .... 

Site name Reef type Latitude Longitude Survey date Depth Bcnthic ? I  0 cm stony Fish Fish species Fish density 
(ON) ("W) (m) transccts c ~ r a l s  cylinders ( f i  j' (#I200 m') 

(#/I0 In) (1;) ________-. (# )  
Gaulins 1 bank barrier fore recf 24.16 74.46 Junc 03 98 1-4 1 i) 10.5 6 2 1 55.5 

Gaulins 2 bank barrier fore rccf 24.17 74.48 Junc 04  98 1-4 13 1 0 8 19 45.5 

Gaulins 3 bank barrier fore rcef 24.14 74.45 June 07 08 1-4 10 i 0 6 15 5 7 

Gaulins A lbank barrier back reef 24.15 74.47 Junc 04 98 2-8 10 S 5 7 24 4 6 

Gaulins B bank barrier back recf 24.16 74.48 Junc 04 98 2-8 10 I I 7 26 5 7 

Gaulins C bank barrier hack rcef 24.14 74.46 lunc 07 98 2-8 I0 9.5 6 18 3 3 

Snapshot leeward patch reef 24.04 74.54 Junco1 98 4-7 1 1  9 h 34 177 

Telephone Pole leeward patch reef 24.03 74.54 .lunc 02 98 6-7 10 I 2.5 h 2 8 74 
Lindsay leeward patch reef 24.0 1 73.53 .June 10 98  3-6 1 0  10.5 h 20 49.5 

French Bay I windward patch reef 23.95 74.54 June 06 98 3-5 13 9.5 8 24 47.5 

French Bay 2 windward patch recf 23.95 74.55 June 09 98 3-5 10 10.5 6 2 1 35.5 

' ~ i s h  species = all species of acanthurids,, chaetodontids, hacrnulids, labrids, lutjanids, lornnccntrids, scarids and xrranids. 

Table 2. Size and condition (mean * standard error) of all stony corals (>I 0 cm diameter): by site off San Salvador, Bahamas. 

Site name 

Gaulins 1 

Gaulins 2 

Gaulins 3 

Gaulins A 

Gaulins B 

Gaulins C 

Snapshot 

Telephone Pole 

Lindsay 

French Bay 1 

French Bay 2 

Stony corals F'arlial-colony surfacc mortality (%) Cords (%) -~ - 

Diamcter (crn) Reccnt Old lotal Standing dead Rleachctl Diseased 



Table 3. Algal char-acteristics and stony coral recruit . abundance . (mean 3 standard error) - -. . - 175'"te -. . - oi3'th;all - Salvador Island, Bahamas. -. 

Site name I Quadrats ALxolrm nbun~laiiee (96) - Xh~ro:ll;!:~l 'cl ;~c~-o:~lpl  Recruits 

Gaulins 1 
Gadins  2 
Gaulins 3 
Gaulins A 
Gaulins B 
Gaulins C 
Snapshot 
Telephone Pole 
Lindsay 
French Bay 1 
French Bay 2 

Acarith~~ritiae Scaridae Haemulidae 
Gaulins I Ibank-barrier fore reef 10.4 2.2 10.8 i 7.2 0.2 2: 0.2 

37 19.0 3: 3.8 53.5 i 3.0 27.5 i: 3.8 2.0 :i 0.4 44 -$: 10.8 0.3 2: 0.1 

Table 4. Fish abundance (* standard error) by sitc off San Salvador Island, Bahamas. 

Gaulins 2 
Gaulins 3 
Gaulins A 
Gaulins B 
Gaulins C 
Snapshot 
Telephone Pole 
Lindsay 

I ~ a c r o a l ~ a l  index = absolute macroalgal abundance x macroalgal lleight. 

Site name 

bank-barrier fore reef 
bank-barrier fore reef 
bank-barrier back reef 
bank-barrier back reef 
bank-barrier back reef 
leeward patch reef 
leeward patch reef 
leeward patch reef 

Reef type Herbivores (#I200 m') Calnilvo~cs (1;/200 ni') 
Lutjanidae 

--.- 
Serranidae 

0 2 3  0 2  0.6 : 0.4 

French Bay 1 
French Bay 2 

windward patch reef 13.8 i- 3.8 5.3 :i. I ,9 0.25 !. 0.2 0.0 5 0.0 0.0 5 0.0 
windward patch reef 1 1.2 i 2.4 4.8 i 1.3 0.0 r 0.0 0.33 : 0.0 0.3 i 0.2 

Table 5. Partial-colony mortality (recent and old) of all stony corals (21 0 cm diameter) by site at the Icewar-d patch reefs, off San 
Salvador, Bahamas, in January 2000. 

Site name 

Snapshot Reef 
Telephone Pole Reef 
Lindsay Reef 

Stony corals Partial-colony surface mo~tali ty (% * standard error) 
(# Ikeent Old 
160 0.8 -3: 0.4 25.6 i 2.6 
220 3.2 4 0.8 35.1 * 2.3 
200 1.3 i 0.5 20.5 * 2.1 



Plate 5A. Partial niorrality, as seen in a colony of Ahri[mtrmn cmlertiosa, is a wcll- 
established indicator of reef condition. In the AGRRA benthos protocol, partial mortality 
is disti~lguished as either .'recentn or "old." The importance of this distinction is that 
..recent mortality" approximates tissue losses occurring within the previous days to 
months, whereas "old mortality" represents an integration of disturbances occurring over 
much longer time scales. (Photo Kenneth W.  Marks) 

Plate 5B. The percentages of "recent mortality" and of "old mortality" are assessed fi-on1 
above the colony in planar view and at an angle that is parallel to its axis of growth. 
(Photo Kenneth W. Marks) 




