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INTRODUCTION

Understanding the role of interspecific interactions
in community organization has been a major objective
of ecology for more than a century (Real & Brown
1991). During this time, the prevailing view has con-
sidered groups of organisms as conceptual communi-
ties that operate within a broader ecological frame-
work dominated by the consequences of negative
interactions (Gleason 1926). Despite longstanding ac-
ceptance of this interpretation of community organiza-
tion (Connell 1961, Real & Brown 1991), support for an

alternative view, that positive interactions are also
important in community organization, has gained
momentum since their incorporation into the ‘key-
stone’ and ‘foundation’ species concepts of Paine
(1966) and Dayton (1971). Analyses of positive species
interactions are now playing a significant role in con-
temporary studies of community structure, where their
effects are described as facilitation (Bruno et al. 2003).

Plant communities have provided tractable model
systems for the study of facilitation (Callaway 1998),
and have demonstrated that facilitative interactions
are usually species-specific yet interdependent (Call-
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away 1998). In terrestrial biomes, plant facilitators
typically ameliorate environmental stress by maintain-
ing favorable soil-water conditions, aiding seed reten-
tion, buffering temperature extremes, and providing
protection from herbivores (Bertness & Hacker 1994,
Bruno & Bertness 2000). The proliferation of reports
describing facilitation (e.g., Bronstein 1994, Callaway
1998, Bruno & Bertness 2000, Bruno et al. 2003) sug-
gests that positive interactions have more pervasive
effects on community structure than was previously
thought (Bruno et al. 2003). Tropical coral reefs pro-
vide an example of a large-scale community that is
probably strongly affected by facilitation created
through the actions of their principle architects —
scleractinian corals. While some work has been done
on coral-associated invertebrates (e.g. Vytopil & Willis
2001), to date such facilitative effects have not been
studied explicitly. 

Tropical reef corals fulfill the functional roles of
facilitators (Bruno et al. 2003) in several ways, but
potentially their greatest effects are through the
construction of complex skeletons that render them
autogenic ecosystem engineers (sensu Jones et al.
1997). Additionally, reef corals probably support a
diversity of subtle facilitative mechanisms including,
for example, the supply of carbon to the reef commu-
nity (Wild et al. 2004) and the creation of a complex
internal milieu within which a diverse assemblage of
symbiotic dinoflagellate can exist (LaJeunesse et al.
2003). Corals as ecosystem engineers (sensu Jones et
al. 1997) are analogous to trees by generating physical
habitats that are exploited by sessile organisms for
settlement surfaces and by motile organisms for shelter
(Steele 1999). Coral skeletons also form reef-scale
roughness elements that modify boundary layers and
create turbulent flow that enhances nutrient and zoo-
plankton availability to the reef community (Atkinson
& Bilger 1992) and promote mass transfer to sessile
taxa (Lesser et al. 1994, Shashar et al. 1996). The suc-
cess of artificial reefs (i.e. 3-dimensional structures
used for reef restoration) in increasing diversity and
abundance of reef-associated taxa (Clark & Edwards
1994) has underscored the important roles played by
coral in providing habitat or, in other words, function-
ing as facilitators.

It has long been recognized that symbiotic sclerac-
tinians provide carbon to reef communities (Benson &
Muscatine 1974, Richman et al. 1975, Kayanne et al.
1995, Wild et al. 2004) and that the carbon released by
corals can benefit other taxa as a food source (Coffroth
1984). However, the pathways for these effects are not
well understood. Particulate coral mucus contains
large quantities of carbon and nitrogen relative to
other food sources in the adjacent seawater (Meikle et
al. 1988) and, together with dissolved organic material

(DOM) from the coral, can provide a valuable nu-
tritional resource for other organisms (Coffroth 1984).
Presumably, mucus and DOM from corals enter the
food web through direct consumption by deposit- and
suspension-feeding organisms (Richman et al. 1975,
Stachowicz & Hay 1999), or after microbial enrichment
(Benson & Muscatine 1974, Wild et al. 2004) or mi-
crobial degradation within the reefal interstices (Rich-
man et al. 1975, Wild et al. 2004). It can be expected
that the relative importance of these pathways will
vary with the magnitude of carbon production and
release by reef corals. On coral reefs with large
amounts of coral cover capable of producing mucus,
especially in shallow water where corals typically
produce excess carbon through photoautotrophy
(Muscatine et al. 1984), the community-level conse-
quences of organics released by corals might be large.

In the light of the potential role of scleractinians as
facilitators, the increases in coral mortality (Connell
1997, Aronson & Precht 2001, Hughes et al. 2003) have
important consequences for the taxa normally associ-
ated with ‘healthy’ reef corals. Nevertheless, despite
decades of studying the biology of reef corals and the
ecology of declining coral reef health, there is a history
of neglect when it comes to the less conspicuous reef
invertebrates (Glasby & Connell 2001, Dulvy et al.
2002). Apart from a few events that have led to cata-
strophic coral losses, such as outbreaks of the coralli-
vorous seastar Acanthaster planci in the Pacific (Moran
1986) and severe tropical storms (Rogers 1993), little
quantitative information is available concerning the
consequences of coral loss for other taxa. An exception
is provided by studies of the macroalgae that have
replaced scleractinian corals on many reefs (McCook
1999), although such studies typically do not consider
the possibility that some algae decline in abundance
and/or diversity as coral cover is lost. For instance,
2 functional groups of algae that are likely to suffer in
the phase changes initiated by coral death are the
diverse zooxanthellae found within symbiotic corals
(LaJeunesse 2002), and the crustose coralline algae
that stimulate coral settlement (Morse et al. 1994, Hey-
ward & Negri 1999) but are out-competed by macro-
algae (McClanahan et al. 2003). 

The goal of this study was to explore the association
between scleractinian corals and reef invertebrates in
the context of potential facilitative mechanisms cre-
ated by the corals. To achieve our goal, the shallow
reefs of St. John, US Virgin Islands, were surveyed for
traits associated with coral cover and reef inverte-
brates in order to quantify the relationship (if any)
between the two. We restricted our analyses to shallow
coral reefs (6 to 13 m depth), and censused only macro-
scopic invertebrates that could be quantified without
manipulating the substratum. This approach excludes
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small and/or cryptic taxa, a restriction made necessary
by limitations on collecting and sampling within a
National Park (Rogers & Beets 2001), but it has the ad-
vantage of providing the time necessary to survey mul-
tiple sites. Because we did not examine a larger size
range of invertebrates or survey all niches (e.g.
infauna) we could not distinguish between the follow-
ing 2 effects this may have had on our results: either (1)
they could swamp an association between corals and
other taxa (i.e. invertebrate diversity is high regardless
of coral cover), or (2) they could accentuate the associ-
ation (i.e. the diversity of conspicuous and cryptic
invertebrates is strongly related to coral cover). To test
for an association between corals and conspicuous
invertebrates, we used multiple regression techniques
to quantify the extent to which coral traits (indepen-
dent variables) accounted for variation in invertebrate
traits (dependent variables). Our results provide sup-
port for the role of reef corals as facilitators in shallow
tropical habitats, but surprisingly reef corals and the

traits they are associated with, are related positively
with the diversity of invertebrates but not their abun-
dance. In the light of the statistical evidence showing
that a substantial fraction of the variation in inverte-
brate traits was ‘explained’ by the coral traits, we criti-
cally evaluated facilitation as a potential mechanism
driving the relationship. While manipulative experi-
ments are necessary to explore the cause-and-effect
relationships implied by our findings, such analyses
will require manipulative experiments of a magnitude
that would be challenging within the present-day
framework of worldwide reef-degradation (Gardener
et al. 2003, Hughes et al. 2003).

MATERIALS AND METHODS

A mensurative approach was used to characterize
coral and invertebrate communities along 2 km of the
south coast of St. John, US Virgin Islands (Fig. 1). The
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Fig. 1. St. John, US Virgin Islands, and locations of the 25 study
sites between White Point and Cabritte Horn on the south
coast. For simplification, adjacent sites on similar substrata are
grouped and marked with a single point. �: Virgin Islands Eco-
logical Resource Station (VIERS). Bar graphs show 2 of 3 coral
traits used in the multiple regressions designed to test for rela-
tionships with invertebrate diversity and abundance (inverte-
brate traits) (see Table 1). For clarity, traits are displayed for lo-
cations arranged from west (left) to east (right). Values are
means ± SD, with sample sizes varying from 10 to 30 quadrats
for percent coral cover and invertebrate abundance, and from
4 to 30 measurements for topographic complexity (= rugosity, a
dimensionless index: see ‘Materials and methods’ for details)
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Virgin Islands Environmental Resource Station
(VIERS) in Great Lameshur Bay served as a base for
this work. In shallow waters in this location, the reefs
are predominantly fringing communities on a granite
substratum (Edmunds 2002). Preliminary surveys were
used to select 25 study sites between White Point and
Cabritte Horn to provide a gradient of coral cover and
topographic complexity on reefs 6 to 13 m in depth.
The study sites are surrounded by a protected water-
shed within the Virgin Islands National Park and Bio-
sphere Reserve (Rogers & Beets 2001) and, apart from
the tips of the headlands, are sheltered from the pre-
vailing swells. The community structure of these reefs
has been described extensively by Edmunds & Witman
(1991), Rogers et al. (1997) and Edmunds (2002).

Each study site was treated as a statistical replicate
in the tests of association between corals and inverte-
brates, and quadrats were used to characterize each
site. We surveyed 13 sites in the summer of 1999, and
12 in the summer of 2000, and each was sampled for
coral and invertebrate traits using 10 quadrats (0.5 ×
0.5 m) placed randomly along a 30 m transect along the
depth contour at 6 to 13 m depth (depending on site).
Although it would have been preferable to sample all
25 sites in a single year, this proved impossible given
the time required for each survey and the length of the
field trips. To gain insight into the possibility that our
results were biased by temporal changes in community
structure, we used photographic surveys of adjacent
reefs that are part of our long-term monitoring efforts
(Edmunds 2002) to test for differences in community
structure in 2000 compared to 1999 (see following sub-
sections).

Quantifying coral community. The coral-community
structure was characterized directly by the number of
colonies and the percentage cover, and indirectly by
the rugosity of the reef. Coral colonies were defined as
a contiguous area of living tissue (sensu Connell 1973),
and were counted after brushing aside algae and sedi-
ment as necessary to improve visibility (but without
disturbing the underlying substratum). The abundance
of coral colonies by species (nos. 0.25 m–2) and the
number of coral species was used to calculate Fisher’s
alpha estimates of coral richness (Fisher et al. 1943).
This formula provides an alpha value (α) which corre-
sponds to a standard curve for each set of sampled
number of individuals (N) and observed number of
species (S). The curve gives an estimated species rich-
ness for a standardized sampling effort:

This implicit function was solved iteratively using a
‘Power Basic Program’ written by R. Karlson. We used
the mean number of individuals per transect (49) as our

standardized sampling effort (Fisher et al. 1943). As-
suming that diverse assemblages contain species with
multiple morphologies and potential influences on
nearby taxa, then coral richness can be interpreted as a
proxy for the variety of mechanisms that potentially
could facilitate other invertebrates. If this assertion is cor-
rect, we hypothesized that richness would be correlated
positively with the diversity and abundance of inverte-
brates, and therefore with the strength of facilitation. 

Coral cover was assessed by photographing each
quadrat using color-slide film (Kodachrome 64) in a
Nikonos V camera fitted with a 28 mm lens and Ikelite
strobe (Model 100A) and mounted on a quadrapod.
Percentage coral cover was quantified by placing a
grid of 200 random dots over the projected images (at
20 × 20 cm enlargement), and counting the number of
dots falling on live coral. Reef rugosity has ecological
importance by providing refuges and settlement areas
for other taxa (Lewis & Snelgrove 1990, Steele 1999),
and in St. John was created by scleractinian corals
(both alive and dead), other invertebrates (e.g. Mille-
pora spp. and Porifera), and granite boulders. At the
spatial scale of the quadrats used in this analysis,
nearly all the structures contributing to rugosity were
created by scleractinian corals (J. A. Idjadi unpubl.).
Rugosity was assessed as ‘Topographic complexity’
(TC), and was calculated by conforming a chain (5 m
long with 15 mm links) to the reef surface and dividing
the conformed length by the linear distance to provide
a dimensionless index (Rogers et al. 1982). For surveys
completed in 1999, the sites were characterized by
4 TC measures that were recorded 1 m to each side,
and at either end of the transect. For the surveys
completed in 2000, the methodology was modified
to reduce variance by recording TC in each of the
10 quadrats at all 12 sites. 

Quantifying invertebrate community. The inverte-
brate community was characterized by the abundance
and generic richness of non-scleractinian genera with
the rationale that both metrics would be affected by
putative coral facilitation. The abundance and richness
of invertebrates was quantified by counting the ben-
thic invertebrates within each quadrat that were visi-
ble without disturbing (e.g. turning over rocks) the
substratum, and were ≥1 cm in diameter. Hereafter,
these are referred to as ‘conspicuous invertebrates’.
Conspicuous invertebrates were identified to genus
because of uncertain taxonomy or the difficulty of in
situ identification, and individuals of colonial taxa
were defined as autonomous areas of living tissue. For
each site, the number of individuals of all genera was
used to calculate the mean abundance (nos. 0.25 m–2)
using quadrats as replicates, and Fisher’s alpha predic-
tions for species richness were made for a standardized
sampling effort of 37 individuals (the mean number of

S
N= ( )α
α

Log 1+e

120



Idjadi & Edmunds: Corals as facilitators

individuals encountered per transect) after pooling
quadrats within each site. 

Statistical analyses. The overall community struc-
ture (percentage cover of coral and the abundance of
conspicuous invertebrates) was compared among sites
using 1-way ANOVA after transforming the data as
necessary. The ANOVA assumptions of normality and
homoscedasticity were tested through graphical analy-
ses of the residuals.

All analyses were performed using Systat 8.0 soft-
ware running on an IBM-compatible computer. Multi-
ple regressions were used to test for relationships
between the coral and invertebrate communities. This
technique has advantages over correlation analyses
because it permits a statistical analysis of the presence,
strength and direction of the association between mul-
tiple, continuous, independent variables and a single,
continuous, dependent variable (Sokal & Rohlf 1995).
Multiple regressions were completed using the 25 sites
as statistical replicates, and 2 separate analyses were
completed. First, the relationship between the abun-
dance of conspicuous invertebrates (dependent vari-
able) and percent coral cover, coral species diversity
and topographic complexity (independent variables)
was assessed. Second, the dependent variable was
changed to the generic diversity of conspicuous inver-
tebrates without changing the independent variables.
The magnitude of the effect of each independent vari-
able was evaluated using the standardized coefficients
(SC). SCs represent the change (in standard devia-
tions) in the dependent variable that would result from
a 1 SD deviation change in the independent variable.
Thus, the influence of each of the independent vari-
ables can be compared to other independent variables
and the magnitude and direction of their effect can be
evaluated. 

For both multiple regressions, data were tested for
normality using Kolmogorov-Smirnov tests, and log-
transformed where appropriate to correct for skew-
ness. In multiple-regression analyses, the independent
variables can be influenced by each other (although
they are not significantly related) as long as they have
dissimilar effects on the dependent variables (Tabach-
nik & Fiddel 1996). Arguably, this is the case with the
present analysis, where the independent variables are
interrelated because they are constructs of sclerac-
tinian corals, but they are likely to affect invertebrates
in dissimilar ways. For example, coral cover probably
influences invertebrates through the release of mucus
and DOM, as well as the occupation of space that
might otherwise be used for settlement. Coral diversity
might mediate invertebrate diversity by creating a
variety of morphological niches, and topographic com-
plexity might relate to the broad availability of spatial
refuges that mediate invertebrate density. 

RESULTS

Qualitative analyses indicated that in 1999 and 2000
most of the 25 study sites were characterized by low
coral cover (≤10%; the highest was 17%) and large
amounts of macroalgae (≈40% cover) and crustose
coralline algae (C), algal turf (T) and bare space (B)
combined (CTB; ≈ 40% cover) (J. A. Idjadi unpubl.).
These values for the percentage cover of the dominant
benthic taxa are broadly similar to those characterizing
nearby areas at 7 to 9 m depth (Edmunds 2002), al-
though at least one area at 14 m depth in Great
Lameshur Bay had 43% coral cover, 13% macroalgal
cover and 14% CTB in 1998 (Edmunds 2002). Based
on 0.25 m2 photoquadrats recorded on these nearby
areas in 1999 (n = 104 quadrats) and 2000 (n = 108
quadrats), the 2 study years did not differ significantly
with regards to coral cover on the shallow reefs
(F = 3.454, df = 1,210, p = 0.064), although they differed
significantly in terms of cover of macroalgae and CTB
(F > 13.407, df = 1, 210, p < 0.001). As the present
analysis tested for a relationship between coral traits
and invertebrate traits using surveys from 2 consecu-
tive summers, it is important that coral cover did not
change between years in order to reduce the likeli-
hood that temporal variation biased the outcome of our
analyses. The temporal variation in cover of macro-
algae and CTB was a result of enhanced macroalgal
cover at the expense of CTB in 1999, with the reverse
occurring in 2000. We do not know the extent to which
the changes in macroalgal cover affected invertebrate
populations, but the effect probably was small because
macroalgae covered ≤ 30% of the reef in both years,
and still covered 22% of the reef in 2000.

Some study sites used in the present analysis con-
sisted of a pavement of coral, rubble and sand (TC = 1,
e.g. Sites 2 and 3 [site codes in Fig. 1]), while others
contained boulders of living coral colonies (e.g. Sites
20 and 21) or granite (~0.5 to 10 m in diameter as at
Site 13); 3 sites (23, 24 and 25) were dominated by
granite cliffs that were relatively smooth and nearly
vertical. In general, the highest coral cover and great-
est diversity of corals and conspicuous invertebrates
were at sites on the eastern margin of the study range
(e.g. Sites 19, 20 and 21), notably in the lee of Cabritte
Horn. Intermediate coral cover, coral diversity and
diversity of conspicuous invertebrates were found at
the tips of the headlands (e.g. Sites 1 and 23, 24 and
25), and the lowest values for these traits at sites within
the bays (e.g. Sites 2, 3, 9 and 10). Overall, there was a
high degree of variability in coral reef community-
structure among the sites (Fig. 1). When comparisons
were made across the 25 sites, significant differences
among sites were detected for coral cover (F = 3.200,
df = 13, 246, p < 0.001), and the abundance of conspi-
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cuous invertebrates (F = 4.810, df = 13, 246, p < 0.001).
The among-site variation is also reflected in the range
of values on the abscissas and ordinates of the scatter-
plots in Fig. 2, which display the relationships among
coral traits and invertebrate traits (see below).

The surveys at 25 sites revealed 1404 scleractininian
coral colonies that represented 28 species, 17 genera
and 8 families; the majority comprised Montastraea
annularis (25%), Agaricia agaricites (13%), and Pori-
tes astreoides (13%), with most species occurring in
<20 of the 250 quadrats surveyed. The surveys also
revealed 2791 conspicuous invertebrates that re-
presented 7 phyla, 9 classes and 72 genera; the major-
ity belonged to the Demospongia (37%), Anthozoa
(22%) and Polychaeta (18%), and most (77%) were
suspension-feeders. Although some of the conspicuous
invertebrates were found in most quadrats (e.g. Echi-
nometra sp. was recorded in 80% of the quadrats), the
modal density of most genera was zero (i.e. they were
rare). In other words, there were a few genera re-
presented by numerous individuals, but many genera
that were represented by only a few individuals. An
appendix containing the species lists and the relative
abundance of each taxon is available on request from
the first author.

The analyses of the relationships between coral traits
and invertebrate traits provided incongruent results,

with a significant association between corals traits and
diversity of conspicuous invertebrates, but not between
coral traits and the abundance of conspicuous inverte-
brates (Table 1). The proportion of the variance in the de-
pendent variable that was accounted for by the indepen-
dent variables was relatively large for the diversity of
conspicuous invertebrates (55%), but small for their
abundance (0.016%). In the significant relationship be-
tween coral traits and invertebrate diversity, topographic
complexity (TC) had the greatest influence on inverte-
brate diversity. Coral diversity had a slight positive rela-
tionship with the diversity of conspicuous invertebrates
(SC = 0.032), TC was positively related with the diversity
of conspicuous invertebrates, and coral cover was
slightly negatively related to the diversity of conspicuous
invertebrates. In summary, the SCs indicate that the
diversity of conspicuous invertebrates is increased by
greater coral-generated structure, and has little relation-
ship to coral cover and coral diversity. Invertebrate abun-
dance is unrelated to these coral-related traits. 

DISCUSSION

The domination of coral reefs by scleractinian corals
is likely to facilitate the diversity of other taxa — not-
ably benthic invertebrates and demersel fishes — and
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this has led to parallels being drawn
between coral reefs and salt marshes,
kelp forests and mussel beds that are
model systems for illustrating the im-
portance of facilitative interactions
(Estes & Palmisano 1974, Bertness &
Hacker 1994). Despite extensive de
facto recognition of the importance of
facilitation by reef corals (Jones et al.
1997, Bruno & Bertness 2000), there is
little quantitative evidence describing
the scope and consequences of this
facilitation. The present study is
among the first to explicitly quantify
the association between scleractinian
corals and other reef invertebrates,
and our results from shallow Carib-
bean reefs show that scleractinian
traits are associated with the diversity
of conspicuous invertebrates, but not
their abundance. These results under-
score the strong likelihood that the worldwide loss of
reef corals (Hughes et al. 2003) is being accompanied
by reductions in invertebrate diversity. Because the
abundance of invertebrates is less affected by changes
in coral traits, presumably because shifts in relative
abundance of individual taxa compensate for species
losses, declines in invertebrate diversity may avoid
detection by human observers until severe. Based on
the putative mechanistic basis of scleractinian facilita-
tion (described below), methods to enhance inverte-
brate diversity on denuded coral reefs (i.e. reef-
restoration efforts) will be most successful if they
include the placement of structural components (e.g.
coral transplants or artificial reefs) that mimic both the
topographic and morphological complexity of the reef
corals they are intended to replace.

Given the mensurative scope of the present study
and the characteristics of the scleractinian communi-
ties that were quantified, the statistical association be-
tween coral traits and invertebrate traits are consistent
with several non-exclusive hypotheses. Assuming that
a hypothesis of random association can be rejected
(based on the rigor obtained by sampling 25 sites, and
on the detection of a pattern consistent with decades of
qualitative observations: Bruno & Bertness 2000), the
remaining hypotheses fall into 2 camps. First, the asso-
ciation could reflect the independent yet systematic
responses of scleractinians and conspicuous inverte-
brates to environmental conditions varying spatially
among the study sites. Therefore, conditions favoring
scleractinians also enhance the diversity of conspi-
cuous invertebrates, and conditions that are detrimen-
tal to scleractinians also are harmful to conspicuous
invertebrates. Depending on the scale of investigation

and and the nature of the conditions involved, such re-
lationships could be construed as evidence in support
of the intermediate-disturbance hypothesis (Connell
1978). The study of Aronson & Precht (1995) from the
Belizean Barrier Reef provides a particularly interest-
ing example of this conceptual approach because they
used topographic complexity— as in the present ana-
lysis — as an integrated measure of disturbance and
explored the relationship between TC and scleractin-
ian diversity on the scale of reef spurs. For this location
and the spatial scale investigated, Aronson & Precht
(1995) found that TC and scleractinian diversity were
associated in a pattern consistent with the predictions
of the intermediate-disturbance hypothesis. Although
their study was restricted to scleractinians, it is not un-
reasonable to expect that the relationship between a
proxy for disturbance (TC) and diversity would extend
to other taxa, at least at the same spatial scale. How-
ever, in the case of the present analysis, we feel it is
unlikely that the relationships between coral traits and
invertebrate traits can be explained by a common
response to environmental conditions, in part because
disturbance regimes do not vary greatly among the
sites investigated (P. J. Edmunds unpubl. data and
pers. obs.), and in part because the factors affecting
invertebrate diversity operate over regional scales
(Cornell & Karlson 2000) rather than the local scales
(i.e. <20 km, sensu Mittelbach et al. 2001) exploited
here (2 km). Thus, quadrat-scale diversity patterns are
more likely to be influenced by the coral-generated
habitat features occuring at the same spatial scale
(Siemann 1998, Rypstra et al. 1999). The second group
of hypotheses to explain our results focuses on the
mechanisms by which scleractinians could facilitate
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Source SS df MS F p R2

Regression A 129.0 3 0.535 8.522 0.001 0.549
B 52.12 3 17.37 0.112 0.952 0.016

Error A 105.9 21 5.045
B 3250 21 154.8

Effect Topographic Percent Estimated coral
complexity coral cover species richness

SC A –0.744 0.032 –0.043
B –0.034 0.129 –0.050

Table 1. Results of 2 multiple regressions testing relationships between coral
traits (independent variables) and invertebrate traits for 25 sites on south coast of
St. John. Topographic complexity, percentage coral cover, and estimated coral
species richness were used as independent variables in both analyses; estimated
invertebrate generic richness was used as the dependent variable in the first
analysis (A), and invertebrate abundance was used as the dependent variable in
the second analysis (B). Standardized coefficients (SC, standardized units) refer
to magnitude of effect of each independent variable, e.g. SC of 0.5 indicates that 

y variable would increase by 0.5 SDs for each 1 SD increase in x variable
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conspicuous invertebrates, namely through the cre-
ation of morphologically diverse topographic niches
and the mediation of their availability through cover-
age (or exposure) by living coral tissue.

The biological importance of topographic complexity
(TC) in mediating the facilitative role of scleractinian
corals is suggested by the explanatory power of this
trait in the multiple regressions using invertebrate
diversity as the dependent variable. In this context, the
use of TC as a proxy for invertebrate refuges undoubt-
edly underestimates these resources by the extent to
which the measurement chain cannot be conformed to
all surfaces. This possibility applies both at the small
scale of the quadrats/transects and at the scale of the
study site, which sometimes included massive (i.e.
10 m in length) granite boulders. Not withstanding
these limitations, our TC measurements in St. John
reflect the structural framework of coral skeletons on a
scale commensurate with the analysis of the other
invertebrates. The use of coral skeletons for habitats by
reef-dwelling organisms is well documented (Choi &
Ginsburg 1983, Steele 1999), with skeletal fragments
and the undersurfaces and interstices of coral colonies
creating what has been defined as coelobitic habitats
(sensu Choi & Ginsburg 1983). In such locations, the
exclusion of predators and grazers enhances the abun-
dance of other taxa (Choi & Ginsburg 1983, Lewis &
Snelgrove 1990, Meesters et al. 1991, Steele 1999), for
example, as shown by the 367 invertebrate species
(mostly sponges) in coral rubble in at least 2 Caribbean
locations (Meesters et al. 1991). The positive relation-
ship between coral skeletons and the density and spe-
cies richness of demersal fishes (Steele 1999) probably
also represents the effect of predator exclusion. The
association between coral traits (particularly TC) and
invertebrate diversity, but not their abundance, sug-
gests that the relationship is not simple, i.e. that it is
dependent on the quantity of spatial refuges but is also
influenced by the quality (structure and shape) of
the refuges.

It is likely that sites with high coral diversity provide
a greater variety of habitats and refuges for conspicu-
ous invertebrates compared to sites with low coral
diversity, based simply on the morphological diversity
of the coral species. For example, the branching mor-
phology of Acropora cervicornis provides a plethora of
refuge opportunities for invertebrates, whereas fewer
are provided by the short and stubby branches of
Porites porites and P. furcata, and virtually none by
massive colonies of Colpophyllia natans and Diploria
strigosa. In the context of the present study— in which
coral diversity and topographic complexity are posi-
tively related to the diversity of the invertebrates asso-
ciated with the reef— it is interesting that the epi-
faunal community associated with Acropora spp. on

the Great Barrier Reef is also strongly affected by coral
morphology (Vytopil & Willis 2001). In this case, the
epifaunal community is more abundant and speciose
on corals with tightly branched, as opposed to open-
branched, corallum morphologies (Vytopil & Willis
2001). Thus, the role of coral morphologies in creating
habitat complexity and facilitating the occurrence of
diverse invertebrate communities appears to be a gen-
eralizable property of reef corals, most notably in 2 dis-
tinct and separate biogeographic regions (i.e. the trop-
ical Pacific [e.g. Vytopil & Willis 2001] and the West
Atlantic/Caribbean [Lewis & Snelgrove 1990, Stacho-
wicz & Hay 1999, present study]). 

Several studies have found that coral mucus (gener-
ated by living coral cover) contributes significantly to
food resources on coral reefs (Benson & Muscatine
1974, Richman et al. 1975, Wild et al. 2004). Although
on larger spatial scales, coral cover and the resultant
mucus production might be expected to benefit other
reef-dwelling invertebrates by imparting this nutri-
tional benefit, on small spatial scales living coral cover
would preempt space from other sessile invertebrates.
Thus, perhaps it is not surprising that we found an
almost negligible negative relationship between coral
cover and invertebrate diversity and no discernible
relationship between coral cover and invertebrate
abundance.  

In the present study, the strongest relationship to
emerge was between coral traits and invertebrate
diversity, with meter-scale topographic complexity
exhibiting the greatest explanatory power for the vari-
ation in invertebrate diversity. A testable hypothesis to
explain this outcome is that on coral reefs with low per-
centage cover of coral (e.g. < 10%), the relic skeletons
(i.e. those left behind after the coral tissue dies) and
the structural diversity they create are the most impor-
tant factors determining the diversity and structure of
the invertebrate communities. To test this hypothesis,
studies similar to the present one will need to be ex-
tended to reefs with coral cover and diversity greater
than currently available at St. John. However, support
for this hypothesis is already available for Caribbean
Acropora palmata populations that were severely
affected by white-band disease in the 1980s (Aronson
& Precht 2001). In this case, the dead colonies contin-
ued to support a rich invertebrate community while
they remained in growth position, but when this
framework was damaged by hurricanes, the reef-asso-
ciated taxa were severely depleted (Aronson & Precht
2001). The potential duality of the relationship be-
tween corals and invertebrates (involving live coral
cover or their relic skeletons) is important because it
suggests that the mechanistic basis of this relationship
will differ between reefs with high coral cover and
those with low coral cover. If this is correct, then reef
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degradation may be accompanied by at least 2 crises
for the invertebrate community, the first precipitated
by the loss of coral cover, and the second by the loss of
reef structure as coral skeletons erode through biotic
and abiotic agents.  

Aside from providing physical habitat, there may be
indirect benefits of scleractinian skeletons. Chief
among these is the role played by coral skeletons in
mediating benthic boundary-layer dynamics and reef-
wide patterns of water flow (Hearn et al. 2001). As the
roughness of the reef increases, it promotes turbulent
flow (Shashar et al. 1996), which enhances the contact
rate of planktonic prey with benthic suspension-
feeding organisms (Shashar et al. 1996), the delivery of
pelagic larvae to benthic surfaces (Walters et al. 1997),
and the flux rate of metabolically important metabo-
lites as a result of a thinner diffusive boundary-layer
(Hearn et al. 2001). All 3 effects would be expected to
be potentially important mechanisms (Walters et al.
1997, Hearn et al. 2001) driving a positive relationship
between topographic complexity and conspicuous
invertebrates.

The present study supports the notion that sclerac-
tinian corals facilitate (sensu Bruno & Bertness 2000)
the presence of diverse invertebrate communities and,
given the roles of their skeletons in providing settle-
ment area, habitats, refugia and beneficial boundary-
layer dynamics, function as autogenic ecosystem en-
gineers (sensu Jones et al. 1997). Clearly, however,
facilitation is not the only (or necessarily the most im-
portant) mechanism determining the types and density
of invertebrates that live in close association with
scleractinian corals. Indeed, based on the proportion
of the variation in invertebrate diversity and abun-
dance (≤ 55%) explained by coral traits, the majority
of the variance has yet to be explained. Presumably,
this reflects the effects of random processes as well
as other deterministic events such as competition
and predation. 

From the early days of ecology, there have been
numerous examples illustrating the importance of
habitat heterogeneity for species diversity (Tews et al.
2004), and here we show the potential for the hetero-
geneous habitats created by corals to promote the
diversity of other invertebrates. Coral reefs are among
the most diverse ecosystems known, so it is noteworthy
that positive interactions among community members,
rather than competition, may be among the significant
mechanisms driving diversity in this system. In the pre-
sent study, our power of inference was limited because
the study was correlational and included only conspic-
uous invertebrates. While the study established the
relationship between patterns of coral-mediated traits
and invertebrate diversity, simple experiments could
easily be set up to test our conclusions. For example,

transplants of sessile invertebrates could be made to
test the importance of living coral on the growth and
survival of these organisms. Settlement plates could be
placed in areas with high and low coral-generated
habitat heterogeneity to test the importance of coral
features on the recruitment of invertebrates, thereby
gaining insight into the mechanisms by which corals
facilitate the occurrence of other invertebrates. In
short, the present study provides an important step in
our understanding of the role of facilitation on coral
reefs. 
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