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ABSTRACT: On most coral reefs, the percentage cover
of scleractinian corals has declined greatly over the last
30 yr; some species that are more resistant to mortality
have been less affected than others. Porites astreoides
is one species that has become a more prominent component of coral reef communities throughout the
Caribbean. Analyses of coral reefs in shallow water
(5 to 6 m depth) at 6 locations spanning a 4100 km
arc of the Caribbean were used to evaluate the contribution of P. astreoides to contemporary reefs. Photoquadrats recorded in 2003/2004 were used to estimate the percentage cover and colony density of P.
astreoides, and colony size-frequency structure was
analyzed to gain insight into demographic processes.
At all locations, reefs were characterized by <15%
coral cover, but 16 to 72% of this cover was P.
astreoides, at mean densities of 1.76 colonies per
0.25 m2. Most of these colonies (62%) were ≤50 cm2 in
size, demonstrating that the populations were young
and influenced strongly by recruitment. Comparison
to historical data collected between 1974 and 1992
suggests that the relative percentage cover of P.
astreoides in shallow water reef habitats has increased
at a rate of 1.5% yr–1, from < 20% in the 1970s to 50%
in 2003/2004. These findings indicate that community
structure of Caribbean coral reefs is changing on a
decadal time scale to become dominated by ‘weedy’
corals that form rapidly growing, small colonies that
are short lived and quickly replaced.
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Shallow coral reef (6 m depth) in Grenada, West Indies, where
Porites astreoides is the dominant coral.
Photo: P. J. Edmunds

INTRODUCTION
On a global scale, many coral reefs have lost > 50%
of their coral over the last 3 decades (Gardner et al.
2003, Bellwood et al. 2004); losses caused by anthropogenic effects probably began as early as the 17th
century (Jackson 1997, Pandolfi et al. 2005). There is
substantial literature addressing the causes of these
losses (Hoegh-Guldberg 1999, Knowlton 2001, Bellwood et al. 2004), but a long-term prognosis for coral
reefs remains difficult (Knowlton 2001, Pandolfi et al.
2005), and the study of the factors causing declining
coral cover continues to be an important research
objective.
© Inter-Research 2008 · www.int-res.com
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evaluate the contribution of Porites astreoides to these
Research has focused on losses of coral cover (Jackcommunities; (2) quantify the colony size-frequency
son 1997, Gardner et al. 2003), the death of ecologistructure of P. astreoides on contemporary reefs, in
cally important coral species (Aronson & Precht 2001),
order to assess the relative importance of juvenile (i.e.
and the study of macroalgae that typically replace
small) versus old (i.e. large) colonies to coral cover and
these corals (Knowlton 2001), but subtle patterns in
population dynamics (sensu Bak & Meesters 1999);
coral community dynamics tend to be overlooked. For
(3) compare the contribution of P. astreoides to coral
instance, in contrast to the overwhelming quantity of
cover on contemporary reefs versus those that were
literature addressing declining coral cover, less attensurveyed 10 to 30 yr ago, in order to test whether this
tion has been paid to the fact that small areas of reefs
species has increased in relative abundance.
can deviate from this trend (Edmunds & Bruno 1996),
and therefore it is noteworthy when patches of healthy
reef are discovered (Idjadi et al. 2006). Despite a
MATERIALS AND METHODS
Caribbean-wide decline in coral reefs (Gardner et al.
2003), there have also been increases in coral recruitContemporary populations of Porites astreoides
ment and population recovery in the urchin Diadema
(Lamarck, 1816) were characterized using surveys of
antillarum (Carpenter & Edmunds 2006, Mumby et
coral reefs in shallow water throughout the Caribbean
al. 2007). One important aspect of the changing face
(Fig. 1). These surveys were designed to elucidate the
of coral communities is the potential for regional inrelationships among the echinoid Diadema antillarum,
creases in abundance of corals that survive large-scale
juvenile corals and macroalgae (Carpenter & Edmunds
disturbances such as hurricanes or mass bleaching
2006), and they provided a photographic dataset for
events. This is of central importance to understanding
quantifying P. astreoides populations. The surveys
how coral reefs will change, if they do not disappear
were completed within a 12 mo period in 2003/2004 by
entirely (Hughes et al. 2003), and determining future
P. J. Edmunds and R. C. Carpenter using a standardecological features of a coral species.
ized protocol. To place the contemporary population
In the Caribbean, Porites astreoides is one of a small
structure of P. astreoides in an historic context, the resuite of species with the potential for surviving distursults were compared to data from publications describbances, because it has a weedy life-history strategy
ing similar Caribbean reef habitats between 1974 and
(Knowlton 2001) marked by short longevity (Soong
1992. The number of suitable studies was limited,
1991), relatively high fecundity (Chornesky & Peters
because most did not treat P. astreoides separately
1987, McGuire 1998), and the production of brooded
from other scleractinians, whereas we required publilarvae (McGuire 1998) that typically settle at high dencations having data on percentage cover of this species
sities (Bak & Engel 1979). Moreover, P. astreoides
on reefs located close to the 2003/2004 study sites.
thrives in a variety of shallow water habitats, including
Contemporary surveys. The empirical data consome that are suboptimal for coral growth (Tomascik &
sisted of photoquadrats recorded during surveys of
Sanders 1987); analyses of fossilized Pleistocene reefs
shallow reefs (5 to 6 m depth) in Belize, Jamaica,
demonstrate that this species has been a component of
Caribbean reefs for millennia (Pandolfi
& Jackson 2006). The fossil record also
contains evidence that P. astreoides
probably was less affected than other
scleractinians during the early Miocene,
a period of region-wide adverse conditions when cold and turbid conditions
favored brooding, eurytopic coral genera (e.g. P. astreoides) over broadcasting, stenotopic genera (Edinger & Risk
1995, Aronson & Precht 2001). This suggests that P. astreoides may have fared
better in comparison to other corals during the most recent period of adverse
conditions affecting Caribbean reefs.
The objectives of this study were to (1)
describe contemporary coral community
structure at multiple locations spanning
Fig. 1. The 6 study locations in the Caribbean region
the width of the Caribbean, in order to
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St. Croix, Bonaire, Grenada and Barbados (hereafter:
‘locations’; Appendix 1). One or 2 study sites were
analyzed per location; regional comparison of the
population structure of Porites astreoides was accomplished by pooling sites within location where appropriate. Restriction of the sampling effort to shallow
fringing or outer reef communities allowed for regional
comparison without a confounding effect of habitat.
The ecological features of the locations are described
in Carpenter & Edmunds (2006); P. astreoides was
known to occur at the study sites, e.g. in Jamaica
(Goreau 1959) and Belize (Littler et al. 1989).
As part of the original study, the benthic community
was sampled using both in situ censusing of quadrats
(0.5 × 0.5 m) sub-divided into 25 squares of equal size
(10 × 10 cm), as well as photoquadrats (0.5 × 0.5 m).
For the in situ surveys, the dominant benthic taxa —
notably scleractinian corals — were scored in each of
the 25 squares of the quadrats (providing a 4% resolution by taxon) using 20 quadrats per site. To quantify
the abundance of Porites astreoides, the photoquadrats
were analyzed for the presence of the yellow morphotype of this species, which is the most common form
in shallow water (Gleason 1993, 1998). The photoquadrats at each site were located at random points
along a 40 m transect positioned haphazardly along
the 5 to 6 m depth contour. This transect was parallel
to, and < 3 m from, the transect used for in situ analysis
of benthic community structure, and both transects
sampled a single homogeneous area of reef.
Between 19 and 21 photoquadrats per transect were
recorded with a digital camera (resolution: 3.34 megapixels) resolving objects as small as 1 cm. Colonies of
Porites astreoides were assessed based on the criterion
that each colony represents a single area of contiguous
coral tissue (Connell 1973). The number and sizes (i.e.
planar area) of colonies of P. astreoides in each photoquadrat were determined using NIH Image (version
1.62) software, and the results were used to assess
the percentage cover (from the area occupied by P.
astreoides in each quadrat), population density (colonies per quadrat), and size-frequency distribution of
colonies (based on colony area and size classes of
50 cm2); colonies were quantified if ≥50% of their area
was within a photoquadrat, but the size-frequency
analyses were completed using colonies that were entirely within a photoquadrat, to avoid under-estimating
their size. Percentage cover of P. astreoides was expressed relative to the overall cover of scleractinian
corals, as estimated from the in situ surveys based on
the sub-divided quadrats.
Historical surveys. The analyses of contemporary
reefs were compared with data in peer-reviewed publications (Appendix 1), selected using 3 criteria: the
studies had to (1) be completed in the 3 decades pre-
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ceding the present analysis; (2) provide quantitative
analyses of coral reefs based on habitats, depth ranges
and locations, similar to those sampled in the present
study; and (3) contain data on overall percentage cover
of scleractinians, as well as separately for Porites
astreoides. Because most studies did not distinguish
between the morphotypes of P. astreoides (sensu Gleason 1993, 1998), their pooled analyses for this species
(i.e. for both the yellow and brown morphotypes) provided a conservative test of the hypothesis that the
yellow morphotype of P. astreoides has increased in
abundance. This final criterion — listing of P. astreoides
cover — proved difficult to meet, and only 11 studies
completed between 1974 and 1992, surveying a total of
13 reefs at 6 locations proved adequate for our purpose.
Thus, the historic data included here is not an inclusive
summary of studies addressing coral community structure in the study locations, or an indication of the data
available overall. Studies meeting our selection criteria
were used to test the hypothesis that contemporary
Caribbean reefs in shallow water differ from those
observed over the last 3 decades in terms of both absolute and relative percentage cover of P. astreoides.
Statistical analyses. Statistical analyses were completed to determine the extent of regional variation in
the contribution of Porites astreoides to contemporary
reefs, and the extent to which the contribution of this
species to overall coral community structure has
changed on a decadal scale. To test for geographic
variation in population structure of P. astreoides, the
percentage cover and colony density were compared
among sampled locations using quadrats as replicates.
Percentage cover data were arcsine transformed to
achieve homoscedasticity, and among-locations comparisons were accomplished using ANOVA. A similar
procedure was used for the percentage cover of all
scleractinians, and in both cases Bonferroni post-hoc
analyses were conducted. The sizes of the P. astreoides
colonies were log-transformed to achieve homoscedasticity, and compared among locations using an
ANOVA followed by Bonferroni post-hoc comparisons.
To test for temporal variation in the contribution of
Porites astreoides to Caribbean reefs, the results from
contemporary reefs were pooled using the 6 locations
as replicates in order to characterize coral community
structure on a regional scale for the current decade.
The historic data were grouped by decade in which the
field surveys were completed (1970s, 1980s and 1990s),
and locations within decade were used as replicates.
In all cases, the historic locations were defined broadly
by country or island; where >1 survey per decade was
found meeting our selection criteria, the results were
averaged by survey to create a single value for each
location per decade. Two series of statistical tests were
applied to the historic and the contemporary data,
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using as dependent variable (1) absolute percentage
cover of P. astreoides, and (2) percentage cover of P.
astreoides relative to all scleractinians. The contribution of P. astreoides to coral community structure was
compared among decades using a Kruskal-Wallis test,
and a Spearman correlation was used to test for an
association between relative percentage cover of P.
astreoides and time (i.e. decade). Where a significant
relationship was detected, Model II regression techniques (Reduced Major Axis, RMA; Sokal & Rohlf
1995) were used to obtain the best-fit linear relationship, the slope of which was used as an estimate of
the rate of change in relative cover of P. astreoides
(% cover yr–1).

RESULTS
Contemporary surveys
Overall coral cover ranged from 4 to 42%, and differed significantly among locations (F5,134 = 21.69, p <
0.01) with the highest cover in Grenada, and the lowest in Belize. In all 6 locations, colonies of Porites
astreoides were conspicuous components of the coral
fauna, and in Belize, colonies of P. astreoides appeared
qualitatively to be the principal species responsible for
coral cover.
The mean absolute percentage cover of the yellow
morphotype of Porites astreoides ranged from 1.3% in
Bonaire to 11.1% in Grenada (Fig. 2). Overall, the
absolute percentage cover of P. astreoides differed significantly among locations (F5,136 = 3.10, p = 0.01); however, post-hoc analysis revealed significant differences
only between Grenada and Bonaire (p = 0.02) (Fig. 2).
The cover of P. astreoides was established with population densities ranging from 0.76 ± 0.21 colonies per
0.25 m2 in Belize to 3.00 ± 0.57 colonies per 0.25 m2 in
Grenada (± SE). While the population densities differed significantly among locations (F5,136 = 2.85, p =
0.02), post-hoc analyses revealed no differences
between pairs of locations (p > 0.05). Although the
mean absolute percentage cover of P. astreoides was
low at all locations, the relative percentage cover of
this species was high, ranging from 16% of all scleractinians in Bonaire to 72% in Belize (see Fig. 4). Overall,
on contemporary reefs in shallow water, P. astreoides
covered 5.1 ± 0.3% of the benthos, its colonies occurred at a density of 1.76 ± 0.34 colonies per 0.25 m2,
and represented 39 ± 8% of the total coral cover (mean
± SE; n = 6 locations).
At all locations, the cover of Porites astreoides was
composed mostly of small colonies (< 50 cm2 in area),
and size-frequency distributions were skewed (n = 16
to 103 colonies per location) (Table 1, Fig. 3). The

Fig. 2. Percentage cover of Porites astreoides and of all scleractinians at the 6 study locations. Surveys were conducted at
1 site per location, except at Grenada, where 2 sites were
studied. Data are mean and SE, sample sizes shown above
bars; error bars are asymmetrical due to arcsine transformation of the data

upper tails of these distributions were marked by
colonies as large as 1000 cm2 (in Grenada), but most
large colonies were in the 250 to 500 cm2 size class.
The logarithms of colony size-frequency distributions
were normally distributed (after Underwood 1997,
Bak & Meesters 1999), and mean colony sizes differed significantly among sites (F5,249 = 3.59, p =
0.04). Post-hoc analyses revealed that colonies differed in size between Bonaire and Grenada (p <
0.05), but not between any other pairs of locations
(p > 0.05).

Historical surveys
The 11 peer-reviewed studies analyzed here (see
Fig. 4) described surveys conducted between 1974 and
1992 on reefs in Barbados, Grenada, Jamaica, and the
US Virgin Islands; historical data meeting the selection
criteria could not be located for Belize and Bonaire.
Overall, the historic data reveal that between 1974
and 1992 shallow coral reefs (<10 m depth) in the
Caribbean were characterized by 26.0 ± 2.7% (mean ±
SE) total coral cover, of which 12.3 ± 1.7% was Porites
astreoides (which covered 4.2 ± 0.4% of the reefs)
(Fig. 4). Overall coral cover declined from 50% (n = 7
surveys) in the 1970s to 15% (n = 1 survey) in the
1990s, but the absolute cover of P. astreoides remained
similar at 4.4% (n = 7 surveys) in the 1970s and 4.0%
(n = 1 survey) in the 1990s. Importantly, the relative
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Table 1. Porites astreoides. Size-frequency distribution (no. of colonies) at the 6 locations in this study (from photoquadrats in
Carpenter & Edmunds 2006)
Location

Barbados
Belize
Bonaire
Grenada
Jamaica
St. Croix

Size class (cm2)
0–50 51–100 101–150 151–200 201–250 251–300 301–350 351–400 401–450 451–500 501–2500
32
10
16
52
22
27

8
3
5
23
2
6

2
0
0
7
2
0

0
0
0
7
1
0

3
1
0
3
0
2

contribution of P. astreoides to coral cover increased
from 9% (n = 10 surveys) in the 1970s to 27% (n =
1 survey) in the 1990s (Fig. 4). Together with the analyses for the current decade, these data describe
significant differences among 4 decades for overall
coral cover (F3,14 = 4.02, p = 0.03), as well as for relative
cover (F3,23 = 10.64, p < 0.01) of P. astreoides. The
absolute cover of P. astreoides did not vary among
decades (F3,20 = 0.32, p = 0.81) (Fig. 5). The changes in
relative cover of P. astreoides were significantly and
positively associated with time (r = 0.763, df = 27, p <
0.01), and the RMA slope of the relationship indicated
that this species has increased in relative cover at a
rate of 1.52% yr–1 since the 1970s (Fig. 5).

0
0
0
3
0
1

2
1
0
3
2
0

0
0
0
0
0
0

1
0
0
1
0
1

0
1
0
0
0
0

1
0
0
4
0
0

Total

49
16
21
103
29
37

DISCUSSION
The decline of coral cover on Caribbean reefs has
been underway since at least the early 1980s (Aronson
et al. 2005), and arguably it may have begun centuries
ago (Jackson 1997). Recent studies have, however,
brought a greater appreciation of the severity of the
coral losses that have taken place (Knowlton 2001,
Gardner et al. 2003, Bellwood et al. 2004). Research
has focused on taxa that are declining rapidly in abundance, which are often the dominant scleractinians
responsible for reef construction (Aronson & Precht
2001). While coral reefs may eventually be replaced by
macroalgae and slime (Pandolfi et al. 2005), many reefs

Fig. 3. Porites astreoides. Size-frequency distributions (50 cm2 intervals) of colonies at each location. Size classes range from
1 cm2 (smallest detectable size) to >1000 cm2; colonies > 500 cm are pooled into a single size class (*). Arrows: mean colony size
(mean ± SE given next to arrow); n: sample size
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Fig. 5. Porites astreoides. Percentage cover throughout the
Caribbean. (a) Absolute cover of P. astreoides, and percentage
of all scleractinian corals. Values are mean and SE, sample
sizes shown above bars. (b) Mean cover of P. astreoides relative to all scleractinians, by year in which the study was completed. Linear regression fitted by Model II, RMA technique
(Sokal & Rohlf 1995). Data sources given in Appendix 1

Fig. 4. Coral cover at 6 locations surveyed since 1974; abscissas are categorical by decade, and within each panel data are
offset as needed within each decade for clarity. (a) Overall
cover of all scleractinian corals, (b) cover of Porites astreoides,
and (c) relative contribution of P. astreoides to overall coral
cover. Values in (a) and (b) are mean ± SE of cover for each
decade; values in (c) are the relative percentage of the total
coral cover that is composed of P. astreoides. Symbols for
historical data are based on 1 to 5 studies (Appendix 1); post2000 data from the present study

may endure in an altered state dominated by scleractinians having life-history characteristics that make
them resistant to environmental degradation (Knowlton 2001, Precht & Miller 2006). Such reefs would differ from those of the recent past, missing for example,
massive and topographically complex reef-building
corals such as Acropora and Montastraea in the

Caribbean (Goreau 1959, Precht & Miller 2006), and
Porites and Acropora in the Pacific (Done 1987, van
Woesik & Done 1997). In their place might be species
that form small colonies, settle in large numbers, grow
rapidly, and are short lived, i.e. weedy species (Knowlton 2001, Precht & Miller 2006).
Our results show that Porites astreoides is now one of
the most abundant corals on shallow reefs throughout
the Caribbean, and they support the hypothesis that
this species has increased in relative abundance over
the last 30 yr. The increase in relative cover has been
driven mostly by declining cover of other scleractinians, although our surveys in Grenada and Barbados
suggest that increases in absolute cover of P. astreoides
have also taken place. P. astreoides may thus become a
dominant coral on Caribbean reefs in shallow water.
Our study, among others (e.g. Gardner et al. 2003),
demonstrates that coral cover is low (<15%) in shallow
water Caribbean reefs, and that Porites astreoides
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now is a dominant component of coral communities.
The historical data show a striking loss of overall coral
cover and its replacement by macroalgae in both the
Caribbean (Gardner et al. 2003) and the tropical
Pacific (McCook 1999), with this transition being driven by a variety of disturbances (Knowlton 2001, Bellwood et al. 2004). In a growing number of cases, the
coral community has been monitored long enough following the disturbance(s), such that shifts already have
been detected in coral species composition (Loya et
al. 2001) and the relative abundance of differing lifehistory strategies (Aronson et al. 2004). To date, most
of these examples have come from specific reefs or a
single location.
Examples of recent changes in coral species composition come from the replacement of Acropora cervicornis by Agaricia tenuifolia in Belize (Aronson &
Precht 1997), and by Porites porites in the Bahamas
(Curran et al. 1994), as well as the replacement of
P. furcata by A. tenuifolia in northwestern Panama
(Aronson et al. 2004). The geographically widespread
bleaching episodes of the 1980s and 1990s also have
caused changes in coral species assemblages. For
example, the globally widespread bleaching events
of 1998 caused high mortality among fast growing
branching corals in Okinawa (Loya et al. 2001), increases in the relative abundance of massive Porites
and Favia species in Kenya (McClanahan & Maina
2003), and almost ‘total mortality’ of Agaricia tenuifolia
on lagoon reefs in Belize (Aronson et al. 2000). More
subtle effects on coral assemblages have also been
recorded, such as low levels of chronic mortality and
lack of recruitment, which caused shifts in the generic
abundance of juvenile corals in St. John between 1994
and 2001 (Edmunds 2004), and declines in cover for all
coral species except agaracids in deep water (30 to
40 m) off Curaçao and Bonaire between 1973 and
2002 (Bak et al. 2005). There are also a few reports of
changes in coral species assemblages through range
extensions, such as for Acropora along the Atlantic
coast of Florida (Precht & Aronson 2004), as well as by
invasion in the case of Tubastrea in the Caribbean
(Fenner & Banks 2004). Although changing species
assemblages through local extinctions have yet to be
reported for scleractinians in recent times, such events
exist in the fossil record (Edinger & Risk 1995, Pandolfi
et al. 2002), and are thought to have occurred for several hydrocorals in the Galapagos Islands in the 1980s
(Glynn & deWeerdt 1991, Glynn & Feingold 1992).
Changes in coral species assemblages have occurred
in recent times, but to our knowledge, the present
study is the first to report a region-wide increase in
relative cover of one resilient scleractinian.
A striking feature of the contemporary populations of
Porites astreoides is the high abundance of juvenile
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colonies, which is a common feature of scleractinian
populations that reflects the effects of strong recruitment (Bak & Meesters 1999). Small colonies can also
be created by fission (Hughes & Jackson 1980), but it is
unlikely that many of the small colonies of P. astreoides
originated by this mechanism, as few showed signs of
the antecedent skeletal framework that is created
when a large colony splits by partial mortality into
smaller pieces (Hughes & Jackson 1980). It is difficult
to determine whether historic populations of P. astreoides were influenced as strongly by small colonies
as extant populations, largely because size-frequency
distributions for this species have rarely been reported.
In contrast, such information is preserved in the fossil
record (Scoffin 1992), and while this record may differentially preserve calcareous organisms based on size
(Cummins et al. 1986), and complicate the elucidation
of demographic traits through time-averaging (Pandolfi 2002), it offers a promising means to explore temporal variability in the population structure of reef
corals such as P. astreoides.
On a shorter time scale, evidence for the temporal
stability of the population structure of Porites astreoides can be found in 2 types of studies: (1) direct and
indirect studies of coral recruitment on Caribbean
reefs, in which this species has been recorded as one of
the most abundant juvenile corals since at least 1975
(Bak & Engel 1979, Rogers et al. 1984), and forms
populations that recover quickly from disturbances
(Lirman & Miller 2003); (2) older studies of coral populations, among which one study from the late 1970s
(Hughes & Jackson 1985) — albeit for a reef at 35 m
depth where the brown morph of P. astreoides probably
dominated (Gleason 1993) — recorded a size-frequency
distribution for this species that is similar to those
reported here. A similar size-frequency distribution
was also reported in the early 1990s for the shallow
reef off Buck Island (St. Croix, US Virgin Islands)
(Bythell et al. 1993) where the yellow morph of P.
astreoides is common (P. J. Edmunds pers. obs. in
2004). In the early 1970s, Kissling (1977) used growth
bands in sectioned colonies of P. astreoides from a reef
flat in the Florida Keys to reveal a population age
structure similar to that inferred here from the population size structure. Although the population structure
reported by Kissling (1977) showed that colonies in the
1 to 3 yr age group were poorly represented, this was
probably an artifact of ageing colonies by sectioning,
which would have been difficult for the smallest
colonies. Together with the present results, these findings suggest that strong recruitment and positive
skewing of the population structure is characteristic of
P. astreoides, and reflects the capacity for population
growth through further recruitment. While population
increases could also occur through the growth of exist-
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ing colonies, this mechanism may be less important,
given the rarity of large colonies of P. astreoides, even
though their mortality rates are low (Hughes & Jackson
1980, P. J. Edmunds unpubl.).
This study shows that Porites astreoides has been
successful in an era that portends a gloomy future for
scleractinian corals (Knowlton 2001), yet it is unclear
at a mechanistic level why populations of this species
are thriving while others corals are dying. Adult P.
astreoides are quite resistant to adverse conditions,
e.g. high sedimentation rates (Tomascik & Sanders
1987, Gleason 1998) and elevated temperature (Gates
1990), and they typically contain Symbiodinium taxa
(Clades A4a, A3, B1) that are hardy with respect to
bleaching (LaJeunesse 2002). Therefore, the recent
success of this species may be driven both by the production of adult colonies that are resilient to environmental stress, and by a weedy life-history strategy
(notably to support a high rate of recruitment). In addition to the classic benefits of the latter (Knowlton 2001),
the capacity for self-fertilization (Brazeau et al. 1998)
presumably is an additional advantage for P. astreoides at low population densities, and might serve to
reduce the consequences of an Allee effect (Courchamp et al. 1999).
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Appendix 1. Scleractinian coral community analyses used in the preparation of Figs. 4 & 5. Density: no. of colonies of P. astreoides in
a 0.25 m2 quadrat. Values are mean ± variability (no. of quadrats or transects). n/a: not available; C&E: Carpenter & Edmunds (2006)
Location

Porites astreoides
Relative cover
Density
(%)
(colonies quadrat–1)

All scleractinia
Total cover
(%)

Absolute cover
(%)

Kings Beach, Drift Wood

1974
1981
1992
2003
1989

37a
16a
15a
19.6 ± 3.2 (20)
16.4 ± 10.2 (2)d

8a
4a
4a
7.7 ± 2.1 (20)
4.5c

22b
25b
27a
39.2b
27.7 ± 3.3 (4)e

n/a
n/a
n/a
2.5 ± 0.5 (20)
n/a

Scoffin (1993)
Scoffin (1993)
Scoffin (1993)
C&E, this study
Wittenberg &
Hunte (1992)

Belize
Turneffe Atoll

2004

4.2 ± 1.9 (20)

3.0 ± 1.2 (21)

72.5b

0.8 ± 0.2 (21)

C&E, this study

Bonaire
Karpata

2004

8.0 ± 4.0 (20)

1.3 ± 0.5 (20)

15.8b

1.05 ± 0.4 (20)

C&E, this study

Grenada
Saline Island
Grand Anse Bay

1976
2003

29.1f
42 ± 4.5 (40)h

3.1 ± 5.4 (3)g
11.1 ± 2.8 (41)h

10.6b
26.5b

n/a
3.0 ± 0.6 (41)h

Goodwin et al. (1976)
C&E, this study

1976
n/a
1977
n/a
1977
60.0 ± 6.1 (3)j
1977
42.0 ± 13.1 (3)j
1978
n/a
1977–1982
60a
1983
27.2k
1984
28.8k
1985
20.9k
1986
11.9k
1987
10.4k
2003
8.0 ± 1.6 (20)

n/a
n/a
2.8 ± 3.1 (3)j
2.4 ± 1.3 (3)j
n/a
4.74a
3.4c
4.1c
3.0c
1.0c
1.6c
3.6 ± 1.8 (19)

8 ± 5 (9)i
6 ± 8 (9)i
4.7b
5.7b
5 ± 4 (9)i
7.9b
12.7k
14.3k
14.3k
8.6k
15.8k
45.3b

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
1.5 ± 0.4 (19)

Rylaarsdam (1983)
Rylaarsdam (1983)
Huston (1985)
Huston (1985)
Rylaarsdam (1983)
Liddell & Olhorst (1987)
Hughes (1989)
Hughes (1989)
Hughes (1989)
Hughes (1989)
Hughes (1989)
C&E, this study

16 ± 4 (2)l
n/a
12.2 ± 1.9 (20)

1.1c
n/a
4.0 ± 1.3 (21)

6.9 ± 0.4 (2)l
4.9m
32.6b

n/a
n/a
1.8 ± 0.5 (21)

Rogers et al. (1984)
Edmunds et al. (1990)
C&E, this study

Barbados
North Bellairs Reef

Jamaica
Discovery Bay, fore reef

Rio Bueno

Port Antonio
St. Croix
Salt River Canyon
St. John
Tague Bay, fore reef

Year

1981
1988
2003

Source

a

Resolution insufficient for determination of variability; b obtained by dividing mean cover of P. astreoides by mean cover of all corals;
calculated from scleractinian cover and relative cover of P. astreoides; d mean ± SD, pooled from 2 sites; e mean ± SE from 2 ecological
zones × 2 sites; f calculated from summed mean cover on 3 transects; g mean ± variance based on 3 transects; h mean ± SE, pooled between
2 sites; i mean ± 95% CI based on ≥9 transects; j mean ± SD based on 3 transects; k single plot of 32 contiguous quadrats at 7 m depth;
l
mean ± SE based on 2 sites at 9 m depth; m calculated from Edmunds et al. (1990)
c
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