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INTRODUCTION

Coral-reef ecosystems worldwide are degraded
(Pandolfi et al. 2003) due, in large part, to chronic, mul-
tiple stressors that have resulted in a marked decline in
the abundance and diversity of reef organisms
(Hughes 1994, Jackson et al. 2001). Although this
degradation began centuries ago (see Jackson et al.
2001, Pandolfi et al. 2003), recent increases in the spec-
trum, frequency and intensity of disturbance events
have dramatically altered coral-reef community struc-
ture (Hughes & Connell 1999) and potentially reduced
ecosystem resilience (Nyström et al. 2000). Localized
damage to coral reefs by tropical storm events (Rogers
et al. 1991, Hughes & Connell 1999), overfishing

(Hughes 1994, Jackson et al. 2001) and pollution from
human development and agricultural practices
(Szmant 2002) has been exacerbated by regional- and
global-scale disturbances including outbreaks of coral
predators (Birkeland & Lucas 1990), disease (Harvell et
al. 1999), and climate change (Hoegh-Guldberg 1999).
The synergistic effects of these stressors have resulted
in broad-scale changes in coral species composition
and shifts from coral- to algae-dominated communities
(Aronson & Precht 2000). 

Coral-reef communities in the Caribbean have been
particularly degraded (Hughes 1994, Bellwood et al.
2004), with an estimated 80% loss of coral cover over
the last 3 decades (Gardner et al. 2003) and little evi-
dence of large-scale recovery (Aronson & Precht 2001).
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In the 1970s and 1980s, the historically-dominant reef-
building acroporid corals Acropora palmata and
A. cervicornis suffered population declines of >96%
across much of the Caribbean, primarily due to white-
band disease and physical damage from storms
(Rogers et al. 1991, Aronson & Precht 2001). In addi-
tion, the Caribbean-wide mass mortality of the herbiv-
orous echinoid Diadema antillarum in the early 1980s
(Lessios 1988), combined with reductions in herbivo-
rous fishes due to heavy fish exploitation (Hay 1984), is
presumed to have resulted in the widespread prolifer-
ation of macroalgae on coral reefs (Carpenter 1990,
Hughes 1994). This shift towards macroalgae-
dominated systems can stress corals, leading to
decreased coral survivorship and growth (Knowlton
1992, McCook et al. 2001), and may ultimately lead to
coral recruitment failure (Connell et al. 1997) and
colony mortality (McCook et al. 2001). Declines in coral
populations have been attributed to a number of addi-
tional factors including sedimentation (Wolanksi et al.
2003), increased intensity and frequency of coral-
bleaching events (Hoegh-Guldberg 1999), and an
array of diseases (Porter et al. 2001). Coral populations
have suffered further damage from corallivorous
snails, polychaetes and some fishes (Knowlton et al.
1990), which potentially can cause decreased growth
and reduced fecundity and, in extreme cases, colony
mortality.

Coral population recovery and persistence depends
on successful coral reproduction and recruitment
(Richmond 1997, Karlson 1999). Although new
colonies can be produced sexually or asexually, sexual
reproduction promotes genetic diversity and the dis-
persal of potentially large numbers of larvae to local
and distant reef areas, which is likely to be more
important for long-term population recovery and per-
sistence (Richmond 1997). With spawning corals, such
as the historically-dominant reef-building Caribbean
corals Acropora palmata, A. cervicornis, and Montas-
trea annularis, reproductive output is largely a func-
tion of colony fecundity and population size and den-
sity (Knowlton 2001). Colony fecundity is dependent
on a coral’s size and condition, with sublethal stress
and fragmentation resulting in decreased fecundity
(Richmond 1997, Lirman 2000). Successful recruitment
of corals requires the availability of larvae and appro-
priate substrate and environmental conditions for
larval settlement and survivorship (Richmond 1997).
While the presence of turf algae, macroalgae, and
cyanobacteria may prevent or inhibit coral settlement
(Connell et al. 1997, Kuffner & Paul 2004), crustose
coralline algae (CCA) may promote successful settle-
ment (Morse & Morse 1996). Additionally, water qual-
ity is important for successful reproduction and recruit-
ment, as pollutants and extreme temperatures and

salinities can reduce fertilization rates, hinder larval
development, inhibit settlement even in the presence
of appropriate substrate conditions, and kill newly
settled corals (Richmond 1997). 

To date, Acropora palmata populations have not
recovered from the mass-mortality event of the 1980s
to their former abundance across most of the
Caribbean (i.e. the US Virgin Islands) (Bruckner 2002).
Remaining populations continue to deteriorate due to
coral diseases, predators, storms and the other distur-
bances noted above (Knowlton et al. 1990, Porter et al.
2001, Bruckner 2002). The appearance of new A. pal-
mata recruits in the shallow waters around the US
Virgin Islands during the late 1990s (R. Grober-
Dunsmore pers. obs., Garrison & Rogers pers. comm.)
suggests the potential for recovery of this threatened
species. However, the broad-scale assessments of A.
palmata necessary to determine its population status
are lacking. The goal of this study was to characterize
the population structure of A. palmata around the
island of St. John, US Virgin Islands, to evaluate its
recovery status and to examine the distribution and co-
occurrence of stressors that may inhibit population
recovery. To provide a baseline for examining changes
in A. palmata population structure, we determined the
size distribution of populations at 11 sites in 2001 and
2002. In 2003, we resurveyed the A. palmata popula-
tions at the 11 baseline sites, and increased our spatial
coverage by surveying an additional 18 sites. At each
of the resulting 29 sites, we documented the occur-
rence of potential stressors (Coralliophila abbreviata,
damselfish damage, active disease and Hermodice
carunculata damage) on individual colonies. The data
were examined to address the following questions:
(1) Are there spatial and/or demographic patterns to
the observed changes in abundance and the distri-
bution of colonies (overall and within various size
classes)? (2) Are there spatial and/or demographic pat-
terns to the occurrence of stressors? (3) Do stressors
frequently occur together? The findings reported
herein provide insights into the recovery status of
A. palmata around St. John, US Virgin Islands, and
improve our understanding of the factors that may con-
tribute to, or inhibit, its recovery across the broader
Caribbean region.

MATERIALS AND METHODS

Surveys of living Acropora palmata colonies were
conducted in August 2001, August 2002, and August
and December 2003. A suite of sites was selected to
maximize the spatial coverage of shallow, nearshore,
hard-bottom habitat around St. John, and to include as
many reef areas with historically-dense A. palmata
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populations as possible (Fig. 1, Table 1).
Survey teams consisted of 2 or 3
snorkelers, who moved parallel to shore
at <5 m depth, as historically this is
where the species was most abundant
(Beets et al. 1985). Surveys were con-
ducted along the extent of the hard-
bottom area, until soft-bottom habitat
or some distinguishable physiographic
barrier was reached. An exhaustive
search of the entire survey area was
conducted. To ensure that the same
areas were surveyed each year, physi-
cal starting and stopping points were
indicated on waterproof aerial images
(grain size of approximately 3 m; see
Kendall et al. 2001) and used as refer-
ences. These images were imported
into Arc View 3.2 (ESRI 1996) and used
to estimate the areas of sampled reefs.
In areas such as Hawksnest, where
colonies were densely distributed, sam-
pled reef areas were divided into
smaller, more manageable units using
transect tapes to facilitate accurate
counts. In 2001 and 2002, the numbers
of colonies in each of the following size
classes (based on the largest maximum
dimension) were recorded at each sur-
vey site: <30 cm, 30–70 cm, 71–120 cm,
121–200, >200 cm. In 2003, we further
divided the smallest size class into 2
categories, branching colonies of
<15 cm and 15–30 cm in size. We also
combined the 2 largest size classes, as
very few corals (<1%) exceeded
200 cm in maximum dimension. Addi-
tionally, we noted for each A. palmata
colony whether it existed as an unat-
tached fragment (any size) or was
encrusting (any size). Furthermore,
larger A. palmata colonies that were
actually several discrete colonies on the
same framework were placed into a
size category based on the maximum
dimension of living tissue and recorded
as remnant/resheeting colonies. Colo-
nies that had suffered partial mortality
were sometimes indistinguishable from
framework that was being resheeted by
new colonies; resheeting is the process
of new tissue growth over large areas
of dead skeleton and can occur after a
colony suffers partial mortality and/or
when a sexual propagule recruits to
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Fig. 1. Spatial distribution of 29 sampling locations along the coast of St. John,
US Virgin Islands, in 2003 (site codes as in Table 1) and magnitude of Acropora
palmata recruitment (colonies <15 cm and encrusting). Size of data points scaled
to reflect abundance of recruits; (e) locations where no recruits were observed

Table 1. Acropora palmata. Site code and name, sample area, total number (n)
and total density (colonies m–2) of colonies, and protection status of 29 sites
sampled in 2003. VINP = Virgin Islands National Park; VICRNM = Virgin
Islands Coral Reef National Monument; *historically-dense stands based on

surveys conducted prior to mass mortality in the 1980s (Beets et al. 1985)

Site Site Sample area Colonies Protection
code name (m2) n Density status

A Lind Point* 10562 572 0.05 VINP
B Hawksnest (M)* 6996 1996 0.28 VINP
C Hawksnest (E)* 3114 539 0.17 VINP
D Gibney Patch* 2507 61 0.02 VINP
E Gibney 25189 179 0.01 VINP
F Dennis Bay (W)* 8339 1070 0.13 VINP
G Dennis Bay (E)* 4456 671 0.15 VINP       
H Jumbie (W)* 4389 277 0.63 VINP
I Jumbie (E)* 14076 810 0.06 VINP
J Trunk Bay 13903 73 0.01 VINP
K Trunk Bay-Rafe’s* 3475 5 0.00 VINP
L Cinnamon Cay 9689 139 0.01 VINP
M Francis Bay 4003 2 <0.01 VINP
N Mary’s Creek* 46456 218 0.01 VINP
O Leinster 63493 184 <0.01 VINP
P Waterlemon 8403 146 0.02 VINP
Q Haulover Bay (N)* 12943 68 <0.01 none
R Haulover Bay (E)* 12329 3 <0.01 none
S Privateer* 38711 414 0.01 none
T Hansen 22993 45 <0.01 none
U T-Kai (N)* 6683 9 <0.01 none
V T-Kai (S)* 13797 10 <0.01 VICRNM
W Johnson’s Coral Bay*  154596 133 <0.01 none
X Donkeybite 18726 83 <0.01 VINP
Y Yawzi Point 29251 398 <0.01 VINP
Z Fish Bay/Coccoloba*  157680 249 <0.01 VINP
AA Rendezvous 9882 5 <0.01 none
AB Klein Bay 15039 6 <0.01 none
AC Hart Bay 38644 108 <0.01 none
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dead skeletal framework (see Jordán-Dahlgren 1992).
Therefore, remnant and resheeting colonies were com-
bined into this remnant/resheeting category. 

The presence of corallivorous snails (Coralliophila
abbreviata), damselfish damage, active coral disease,
and/or polychaete (Hermodice carunculata) damage
was recorded for each colony censused in 2003.
C. abbreviata was recorded only when present on
colonies, and thus the overall extent of damage by this
organism may have been underestimated. Damselfish
damage was recorded (1) if there were areas of
recently-grazed coral polyps colonized by turf algae
and actively defended by Stegastes spp. or
Microspathodon chrysurus, or (2) when chimney-like
structures resulting from prior damselfish damage
were present. Scarids, such as Sparisoma viride, can
also damage coral tissue. Because of the difficulty in
assessing colony damage, damage attributed to dam-
selfishes may sometimes have been the result of scarid
predation or scars from previous disease lesions.
Active coral disease was recorded if a colony exhibited
tissue necrosis and/or active lesions. H. carunculata
damage was indicated by feeding scars on branch tips
(Knowlton et al. 1990). 

Arc View 3.2 (ESRI 1996) was used to visually exam-
ine data for temporal and spatial patterns in the distri-
bution of different size classes and stressor frequency,
and evaluated based on protection status of the sam-
pled reef areas. The number and size distribution of
colonies at the 11 common sites were compared
between 2001 and 2003. Data from 2003 for Gibney
and Gibney Patch were combined for between-year
comparisons because the 2 reef areas were sampled
together in 2001. Paired t-tests on log10-transformed
data were conducted to examine changes in overall
abundance between 2001 and 2003 at the 11 baseline
sites. We employed a non-parametric, Spearman‘s rho,
correlation analysis to examine the relationship
between 2001 population density and the number of
new colonies found in 2003 at the 11 baseline sites.
Data from 2003 (29 study sites) were analyzed to deter-
mine whether stressors differentially affected colonies
from different size classes and whether the frequency
of stressors covaried. The occurrence of stressors (for
all stressors combined and by individual stressor) was
compared among size classes using a Kruskal-Wallis
non-parametric test. Spearman’s rho, multiple-
correlation analysis was conducted to explore correla-
tions between colony density, number of remnants and
total number of colonies with Coralliophila abbreviata
presence, damselfish damage, active disease and Her-
modice carunculata damage. Because multicollinearity
was anticipated among these independent variables,
several post-hoc tests were applied to verify all rela-
tionships. First, partial correlation analysis was con-

ducted for all variables. Second, we applied the non-
parametric Hoeffding’s D-statistic, which is robust
against a variety of alternatives to independence, to
reduce multicollinearity between colony density and
occurrence of individual stressors.

RESULTS

There was a significant increase in the total number
of Acropora palmata colonies at the 11 baseline sites
between 2001 and 2003 (t = 2.28, p < 0.045). The abun-
dance of colonies increased at 8 of the 11 baseline
sites, with an average site increase of 193% (±29%
SE). The greatest increase in new A. palmata colonies
from 2001 to 2003 occurred at sites along the northern
coastline of the island, with 5 of 7 of these sites having
99 or more new colonies. 

In general, the number of colonies in each size class
at the 11 baseline sites increased between 2001 and
2003 (Fig. 2); only those colonies in the largest size
class, i.e. >120 cm, did not. Across size classes, colonies
in the <30 cm size class exhibited the greatest increase
(t = 2.54, p < 0.014). While there was no statistically sig-
nificant change in the number of colonies >120 cm,
their abundance remained the same or decreased at 8
of the 11 sites, with an average loss of 48.75% (±14.6%
SE), despite the fact that we may have overestimated
their abundance in 2003 by classifying remnant colo-
nies using their maximum dimension. No strong spatial
pattern was observed related to the loss of colonies
>120 cm; sites around all portions of the island (both
inside and outside the Virgin Islands National Park
(VINP) and Virgin Islands Coral Reef National Monu-
ment (VICRNM)) exhibited losses (Table 1). There was
no significant relationship between population density
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in 2001 and the number of new colonies in 2003.
Island-wide, 50.24% (mean percentage of the 29 sites)
of the 8491 colonies sampled in 2003 were in the small-
est size classes (encrusting, <15 cm, and 15 to  30 cm),
while only 4.86% (mean percentage) of the colonies
were >120 cm (Fig. 3). 

Considering all 29 sites censused in 2003, the great-
est abundances and population densities of Acropora
palmata occurred along the NW coastline (Fig. 3,
Table 1). Survey sites along the NW coast also had the
greatest number of potential new recruits (<15 cm and
encrusting colonies), although recruits were found at
most sites surveyed (Fig. 1). These NW sites also
generally had more fragments (Fig. 4). 

Stressors were documented on coral colonies at most
sites around the island, seemingly irrespective of the
sites’ protective status, i.e. stressors were observed at
sites within and outside VINP and VICRNM. Overall,
Acropora palmata colonies were most commonly
affected by Coralliophila abbreviata (6.1%) and dam-
selfishes (5.1%). However, at particular sites, C. abbre-
viata, damselfish damage and active disease individually
affected up to 60.0, 44.4, and 33.3% of the colonies, re-

spectively. Active disease was observed for only 2% of
the colonies censused in 2003, with symptoms generally
consistent with those of white pox, which is character-
ized by tissue degradation in circular lesions. 
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Significant differences in the percentage of colonies
affected by at least 1 stressor were found among differ-
ent size classes of corals (Kruskal-Wallis test, p <
0.0001) (Fig. 5), with small colonies less frequently
affected by stressors (Kruskal-Wallis test, p < 0.0001).
Stressors most frequently affected colonies >120 cm
(46.1% were affected by at least one stressor) (Fig. 5B),
although colonies in this largest size class, as stated
previously, were not common (Fig. 3). 

In addition, larger colonies were significantly more
likely to be remnants (Kruskal-Wallis test, p < 0.0001).
In fact, 28.8% of colonies >120 cm were classified as
such (see Fig. 5A).

The percentage of the largest colonies affected by
any individual stressor was significantly greater than
that of the smallest colonies (Kruskal-Wallis, p < 0.0001
for Coralliophila abbreviata, damselfish damage and
active disease, and p < 0.02 for Hermodice carunculata
damage) (Fig. 5). On average, >27% of colonies
>120 cm at each of the 29 sites had C. abbreviata
present (Fig. 5C), and >20% of colonies >120 cm at
each of these same sites exhibited signs of damselfish
damage (Fig. 5D). H. carunculata damage was rarely
observed on corals of any size class (0.06% overall),
although the greatest mean percent occurrence (1.6%)
was on colonies of 70 to 120 cm (Fig. 5F). The incidence
of C. abbreviata, damselfish damage and active dis-
ease was ubiquitous around the island; they occurred
at 89.7, 72.4, and 75.9% of the sites, respectively, and
did not appear to be related to protection status. 

There were significant positive correlations between
stand density and the abundance of colonies with
Coralliophila abbreviata and damselfish damage, and
these remained significant after the post-hoc tests (par-
tial correlation analysis and Hoeffding’s D) were
applied (Table 2). The abundance of colonies with
active disease or Hermodice carunculata damage,
however, was not significantly correlated with stand
density, following the application of post-hoc tests
(Table 2). Remnant colonies (regardless of size) were
strongly associated with individual stressors (Kruskal-
Wallis, p < 0.0001). There were significant correlations
for all combinations of stressors (Table 2). The number
of remnant colonies was strongly and significantly cor-
related with the presence of C. abbreviata (R2 = 0.83,
p < 0.0001) and active disease (R2 = 0.61, p < 0.0004),
and these relationships remained significant after the
post-hoc tests were applied (Table 2). There was no
significant relationship between remnant colonies and
damselfish damage after post-hoc tests were applied
(Table 2). There was, however, a strong significant
association between damselfish damage and active
disease that remained significant following post-hoc
analyses (Table 2).

DISCUSSION

Acropora palmata populations around the island of
St. John show signs of recovery, as evidenced by the
significant increase in total abundance of colonies and
abundance of new recruits from 2001 to 2003 at sites
distributed around the island. Our observations and
size-class data suggest that recruitment of new
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colonies probably began in the late 1990s and has con-
tinued through 2003, which is temporally consistent
with observations of high densities of new, small
colonies (<15 cm) in many locations in the Caribbean
including Buck Island, St. Croix, the Dominican
Republic, the Northern Yucatan, Los Roques Islands
and Puerto Rico (Bruckner 2002, Zubillaga et al. 2005).
In combination, these findings are suggestive of a
broad recovery potential for A. palmata, in spite of the
longer-term pattern of coral reef degradation within
the Caribbean region (Gardner et al. 2003, Pandolfi et
al. 2003). 

The distribution pattern of abundance of Acropora
palmata in the shallow waters around the island of
St. John indicates not only that the highest overall den-
sities occur along the NW shoreline, but that new
recruits are also more common there. This latter find-
ing is particularly interesting given that study reefs in
the NW area were generally amongst the smallest
sampled. This NW bias is consistent when examining
the state of historically-dense stands (Beets et al. 1985);
those in the NW have the greatest abundance, density
and number of new recruits in 2003, while those on the
northern, eastern and southern coastlines have lower
abundances and densities of colonies and fewer
recruits despite their relatively larger reef areas. Reefs
along the NW coast may be well situated to receive
and retain coral larvae from either local or distant
sources. Dense relict populations of A. palmata (those
that may have survived the mass mortality of the
1980s), which potentially generate large numbers of
larvae, were recently observed at some up-current
locations in the British Virgin Islands, such as Virgin
Gorda and Anegada (R. Grober-Dunsmore pers. obs.).
Large and meso-scale eddies and meanders that move
north from the Lesser Antilles across the British and US
Virgin Islands may transport coral larvae generated by

distant or local populations. Addition-
ally, reefs along the NW coast may
have substrates that are more con-
ducive for coral settlement and sur-
vivorship, or fragmentation may occur
more frequently (as indicated by the
relatively high number of fragments re-
corded at these sites) as a consequence
of their exposure (i.e. high wave ener-
gy) and high visitation rates (i.e.
snorkler/diver activity). Our findings
suggest that some combination of fac-
tors (e.g. wave exposure, substrate con-
ditions, larval supply) contributes to the
NW coastline being better suited than
other areas of the island to successful
recruitment of A. palmata. These fac-
tors may act at varying scales, as sug-

gested by the between-site differences in the number
of recruits, thus potentially explaining the consider-
able variation observed in the individual trajectories of
coral communities (Edmunds 2002). 

Several demographic patterns associated with the
change in colony abundance documented between
2001 and 2003 and the size distribution of colonies at
the 29 study sites surveyed in 2003 provide insights
into the factors that are likely to control recovery of
Acropora palmata around St. John. First, >50% of the
colonies sampled in 2003 were <30 cm in size or
encrusting, suggestive of successful recruitment
events over the past 4 to 7 yr. Moreover, a large num-
ber of these colonies (ca. 33%) were <15 cm or encrust-
ing, which, based on our observations, is indicative of
sexually produced recruits rather than fragments or
partial colony-mortality. Historically, fragmentation
was considered by some workers to be a primary mode
of propagation for A. palmata (e.g. Bak & Engel 1979),
and while it undoubtedly contributed to the increased
abundance of colonies in this study, sexual recruitment
appears, at present, to be more prevalent. Consistent
with this view are the findings of Baums et al. (2005),
who found 52.3% of the colonies (mean for 3 reefs)
sampled in St. John were unique genets; however, this
is a conservative estimate, and we suspect this number
might have been substantially greater if sampling had
been restricted to small colonies. Furthermore, we note
that the lack of a density-dependent relationship
between colony density in 2001 and the number of
subsequent new recruits corroborates findings from
other coral studies, indicating that the current state of
the local population may not predict future population
dynamics (Edmunds 2002). Finally, while the popula-
tion size-distribution in St. John is indicative of a
recovering population, the loss of larger colonies sug-
gests that conditions are not conducive for survival and
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Table 2. Spearman’s rank pairwise comparisons and partial correlation analysis
of relationships of stand density and stressors affecting Acropora palmata in 

2003. Relationships in bold have significant Hoeffding’s D-statistic

Stressor relationship Spearman’s R2 p-value Partial r

Coralliophila abbreviata and stand density 0.82 <0.0001 0.46
Damselfish damage and stand density 0.87 <0.0001 –0.12
Active disease and stand density  0.67 < 0.0001 0.19
Hermodice carunculata and stand density 0.19 <0.0103 –0.42
Damselfish damage and C. abbreviata 0.79 <0.0001 0.66
Active disease and C. abbreviata 0.61 0.0006 –0.13
H. carunculata and C. abbreviata 0.55 0.0020 0.05
Active disease and damselfish damage 0.64 0.0002 0.13
Active disease and H. carunculata 0.35 0.0690 0.01
Remnant and C. abbreviata 0.83 <0.0001 0.54
Remnant and damselfish damage 0.76 <0.0001 –0.46
Remnant and active disease 0.61 0.0004 0.58
Remnant and H. carunculata 0.66 <0.0001 0.06
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ultimately recovery to historic population levels and
stand structure. 

Stressors were observed at sites distributed around
the island, with no apparent spatial pattern to their
occurrence. Local protective status provided by the
VINP and VICRNM appears insufficient to reduce the
incidence of stressors. Sites along the NW coast have
the highest abundances and densities of colonies, and
all occur within the boundaries of VINP. Additional
protective measures (e.g. limited snorkeler access and
reduced fishing pressure) may be necessary to facili-
tate recovery of this threatened species. 

Although stressor occurrence was highly variable
among sites, the overall incidence was generally less
than that reported from other parts of the Caribbean.
Overall, Coralliophila abbreviata were present on
6.1% of our sampled colonies, compared with 18% in
Puerto Rico (Bruckner et al. 1997) and 10 to 20% in the
Florida Keys (Baums et al. 2003). Damselfish damage
was evident on 5.1% of our sampled colonies overall,
which is far below the 70% reported for the Florida
Keys (Bruckner 2002) and the 56% reported for
Colombia (Bruckner 2002), although the proportion of
colonies affected at several reefs approached these
values. Predation by Hermodice carunculata was gen-
erally low and comparable to gross estimates of <0.1%
on A. palmata fragments in Puerto Rico (Bruckner
2002). Although comparable at the scale of individual
reefs, the 2% occurrence of active disease we found on
colonies overall was lower than the 18% reported for
individual reefs in Colombia (Bruckner 2002) and the
70% detected in St. John by Rogers et al. (2005). Our
lower frequencies for some stressors compared to other
studies may be partially explained by spatial-scale dif-
ferences in sampling (individual reef versus island-
wide sampling). Furthermore, most studies are con-
ducted to address outbreak conditions rather than to
characterize background conditions, and historical
data on stressor occurrence are sorely lacking. 

Of particular concern for the recovery of Acropora
palmata is our finding that stressors disproportionately
affected larger colonies. This may be partly due to an
area effect, as larger colonies are not only likely to
offer better refuge for organisms such as Coralliophila
abbreviata and damselfishes than smaller colonies, but
also have a greater surface area that can be affected by
a stressor. However, the morphology of A. palmata and
limitations of our sampling technique preclude our
ability to sufficiently address this issue. Larger colonies
were also more likely to be remnants, which is an indi-
cation of stress-related tissue loss. Although large
colonies in general exhibit greater fecundity (Rich-
mond 1997) and fragmentation potential than small
colonies, high stressor frequency on large colonies is
likely to reduce their reproductive output (Richmond

1997). If chronic multiple stressors, such as those
recorded in this study, preferentially affect larger
colonies, they may severely limit the regenerative
capacity of coral populations. 

Of additional concern is that relict framework (dead
colonies that remain in the growth position) is being re-
colonized. Colonies, which appear to be sexual recruits,
are encrusting the framework in a process called
resheeting. While this may allow colonies to attain a
large size rather quickly, thus rapidly increasing coral
cover, the longer-term structural integrity of these
resheeted colonies is likely to be compromised (Bonito
& Grober-Dunsmore 2005). We observed that relict
framework, much of which has remained devoid of
corals for over 20 yr, is often heavily colonized by bio-
eroders. Bioeroders can weaken the structural integrity
of the framework, leaving colonies resheeting it, and
growing on it, more susceptible to physical disturbance.

The occurrence of 2 stressors (Coralliophila abbrevi-
ata and damselfish damage) on individual Acropora
palmata colonies was greater in high-density stands,
suggesting a density-dependent relationship. Interest-
ingly, this was not the case for active disease or Her-
modice carunculata damage. Although the incidence of
active disease around St. John was generally low, and
only weakly associated with stand density, disease may
persist as a chronic stress that is present at some back-
ground level in all populations (see also Rogers et al.
2005), or be transported either passively through the
water column or by some biological vector among and
within A. palmata populations. Epidemiological data on
white pox and other coral diseases in the Caribbean
(Porter et al. 2001) is scarce (but see Patterson et al.
2002), but is essential if we are to more fully understand
the etiology of coral diseases and their potential effects
on the recovery of A. palmata populations. 

The occurrence of multiple stressors on coral colo-
nies may result in complex and non-additive effects
that hinder coral population recovery. In particular,
Coralliophila abbreviata may cause substantial tissue
loss, thus contributing to the high number of remnant
Acropora palmata colonies. Although snail predation
rarely caused colony mortality at a site in Haulover
Bay, St. John (C. S. Rogers pers. comm.), and did not
cause extensive damage to corals in Barbados (Ott &
Lewis 1972), our findings corroborate findings from
Jamaica (Knowlton et al. 1990) and the Florida Keys
(Baums et al. 2003) that suggest C. abbreviata can
cause considerable damage to A. palmata populations.
In addition, territorial damselfishes could play a role in
the establishment and/or transmission of active dis-
ease, particularly in reef areas with high abundances
of A. palmata. Damselfishes bite repeatedly at the
same location, removing coral polyps and creating
conspicuous lesions (Kaufman 1977) that may then be
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infected by pathogens present in the water column.
Furthermore, damselfishes may spread disease
through their mouths or feces. Some studies suggested
that coral-damaging organisms can serve as vectors of
disease (Sussman et al. 2003), including several that
suggested a causal link between corallivorous snails
and disease (Bruckner et al. 1997), yet there has been
little experimental research addressing this possibility.
Disease, in turn, appears to contribute to partial mor-
tality of colonies, possibly contributing to the high
abundance of remnant colonies, as suggested by Pat-
terson et al. (2002). While our data merely suggest a
relationship between the presence of damselfish dam-
age (and to a lesser extent C. abbreviata) and active
disease, experimental manipulations are clearly re-
quired to tease apart the complex interactions between
stand density, colony size, damselfishes, coral preda-
tors and disease transmission. 

Although Acropora palmata populations in St. John
are exhibiting signs of recovery, with potential new
recruits and increases in the total number of colonies at
most of our study sites, the prognosis for eventual
recovery to historic conditions is uncertain. Of concern
is the lack of survival of larger colonies, which are most
affected by stressors; larger colonies have greater
reproductive potential, and their loss may have dispro-
portional consequences for population recovery and
persistence. Protective actions taken in the Virgin
Islands (i.e. VINP, VICRNM) appear ineffective in
shielding corals from the observed stressors, as stres-
sors were present around the entire island. Further-
more, the structural integrity of resheeting colonies
may be compromised by bioeroders, which may have
colonized relict framework, making them more sus-
ceptible to physical disturbances. A number of com-
plex relationships exist between stand density and
stressor occurrence (e.g. stand density and Corallio-
phila abbreviata) and among individual stressors (e.g.
damselfishes and disease). Although these relation-
ships are difficult to verify based on the correlative
nature of this study, they provide hypotheses that merit
testing. Experimental studies are clearly needed on the
duration and frequency of exposure of colonies to
these and other stressors in order to better understand
the long-term effects of chronic, multiple stressors on
A. palmata populations. 

Disturbance is an integral part of coral community
dynamics and can have lasting effects on coral commu-
nity structure (Karlson 1999), but the response of coral
communities to disturbance events will depend on the
size, intensity and the frequency of disturbance as well
as the tolerance and life histories of the resident spe-
cies (Connell & Keough 1985). It is poorly understood
to what extent human activities have shifted environ-
mental conditions (increased temperature, sedimenta-

tion, predator removal), potentially creating more con-
ducive conditions for the proliferation of biological
stressors. Understanding the compound effects and
interactions of current disturbance regimes and global
climate change is one of our most pressing ecological
challenges for understanding the fate of coral reef
communities (Hughes et al. 2003). Although the appar-
ent return of Diadema populations in some Caribbean
locations may appear promising for coral community
recovery (Edmunds & Carpenter 2001), we can only
speculate whether or not acroporids will recover, given
current levels of protection, the ephemeral nature of
ecological disturbances inherent throughout their
range, and their susceptibility to local, regional and
global sources of mortality.
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