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CORAL REEF PAPER

Assessing 50-year Change in Bahamian Reef
Fish Assemblages: Evidence for community
response to recent disturbance?
Katriina L Ilves*, Loren L Kellogg*, Andrea M Quattrini,
Gordon W Chaplin, Heidi Hertler, and John G Lundberg
ABSTRACT
The Caribbean has experienced long-term declines in coral reef habitat. Research
on the effect of habitat degradation has emphasized the importance of time since
disturbance on reef fish response. We examined whether reef fish community
structure was retained over a 50-yr period off the coast of New Providence Island,
The Bahamas, in areas with increased dead coral and algal cover. Using baseline
data from 1955 to 1973, we resurveyed four localities in 2006 using comparable
methodology to assess historical and current reef fish community structure. We
did not find evidence for changes in diversity through time; however, our results
were suggestive of several patterns that should be further explored. Analysis of
similarity (ANOSIM) showed that both shallow and deep sites have experienced
change through time. A general pattern of relative increase was seen in the herbivore
trophic group, as well as the squirrelfishes, parrotfishes, and, qualitatively, the
wrasses, which may be explained by an increase in algal cover and/or a decrease
in predation pressure. Planktivores, primarily cardinalfishes, showed a trend
towards decreased relative abundance. Overall, the results were consistent with a
hypothesis that reef fish assemblages around New Providence Island are responding
to the effects of relatively recent (< 10 yrs) coral loss. Distinct differences were also
found between depths above and below 6 m, irrespective of time or site. These areas
should be continually monitored to track long-term effects, particularly given the
proliferation of the invasive lionfish, Pterois volitans (Linnaeus, 1758), subsequent to
the time frame examined in this study.

Caribbean coral reefs have been in decline for decades (Gardner et al. 2003,
2005, Alvarez-Filip et al. 2009). The causes of these declines are both natural and
anthropogenic, and include hurricanes, coral disease, mass mortality of invertebrate
algal grazers, pollution, physical habitat destruction, nutrient run-off, and warming
water temperatures (Hughes 1994, Aronson and Precht 2001, Gardner et al. 2003,
Burke and Maidens 2004, Otis et al. 2004, Gardner et al. 2005, Wilson et al.
2006, Hoegh-Guldberg et al. 2007). A question of particular interest in coral reef
community ecology is how reef fish communities are affected by such widespread
coral habitat degradation (Jones and Syms 1998, Bellwood et al. 2006, Wilson et al.
2009). Species that require live coral for survival, such as obligate corallivores, have
shown significant declines in abundance and, in some instances, have gone locally
extinct following coral loss (Berumen and Pratchett 2006, Pratchett et al. 2006);
however, studies addressing whether fish community structure and species diversity
are maintained in the face of such loss and degradation have yielded disparate
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answers (Walsh 1983, Knowlton 1992, Halford et al. 2004, Garpe et al. 2006, Wilson
et al. 2009, McCormick et al. 2010).
The disparities in results from empirical studies reflect the complexities of examining the relationship between reef fish community structure (and/or diversity) and
coral loss. A lack of change in species diversity despite massive loss of coral habitat
has been recorded in multiple studies, primarily from sites in the Indian Ocean and
the Great Barrier Reef (e.g., McClanahan et al. 2002, Sheppard et al. 2002, Spalding
and Jarvis 2002, Bellwood et al. 2006). Interpretation of the apparent lack of effect
of coral loss on fish communities, however, is complicated by numerous factors. For
instance, a focus simply on diversity measures may miss important changes in community composition, such as the loss or dominance of particular trophic groups (e.g.,
Bellwood et al. 2006, Cheal et al. 2008). Furthermore, as emphasized by Bellwood et
al. (2006), Garpe et al. (2006), and Graham et al. (2006, 2007), a time lag between
coral death and the subsequent effect on the surrounding reef fish community may
obscure the true impact of disturbance, such as bleaching, in studies with data collected immediately following such an event. In particular, a pattern that may denote
an early stage of reef fish community response to coral loss is an increase in herbivorous species that corresponds to an increase in algal cover following (or perhaps
causing) loss of live coral (Sheppard et al. 2002, Cheal et al. 2008, Wilson et al. 2009).
Whether or not coral decline is followed by physical collapse has been suggested as
a primary determinant of the surrounding fish community’s response. If structural
complexity is retained, there is evidence that even with large reductions in live coral
cover, reef fishes do not show changes in diversity. On the other hand, loss of live
coral, accompanied by diminished structural complexity of the reef, may be expected
to have larger associated changes in reef fish communities (Luckhurst and Luckhurst
1978a, Syms and Jones 2000, Almany 2004, Garpe et al. 2006, Wilson et al. 2008).
Dead coral stands may remain intact for several years, and possibly decades in the
case of non-branching species, but if they do not recover, they will eventually collapse
due to erosion resulting from both biological (bioeroders) and physical (e.g., storms,
wave action) sources (Glynn 1997, Garpe et al. 2006, Pratchett et al. 2008, 2009).
Furthermore, the duration of a disturbance, ranging from a single event (storm,
disease outbreak) to ongoing stressors (repeated storms, temperature increase,
pollution), affects the time frame and/or possibility of coral recovery (Connell 1997,
Berumen and Pratchett 2006, Wakeford et al. 2008). Studies examining the effect of
coral loss must therefore take into consideration the timing and duration of habitat
disturbance events when interpreting the results of fish community structure
analyses.
To assess whether there is evidence for change in reef fish community structure
in a region with known coral depletion (Pandolfi et al. 2003, Sealey 2004, Jaap et al.
2008), we revisited four sites near New Providence Island, The Bahamas, that were
sampled by J Böhlke and C Chaplin of the Academy of Natural Sciences (ANSP)
between 1955 and 1973 (Böhlke and Chaplin 1968). New Providence Island, home
to the Bahamian capital, Nassau, is a popular tourist destination, and has consequently experienced rapid development and population growth, particularly along
its coastline (Sealey 2004). Although quantitative assessments of coral cover around
New Providence Island pre-1970 are lacking, examinations of photographs yielded
estimates of 30%–40% in many areas of The Bahamas, and a coral survey contemporaneous with our study estimated coral cover at 2%–20% with a rugosity index of
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1.20–1.83 at our study sites (Jaap et al. 2008), suggesting declines in coral cover have
occurred over the time frame encompassed by our study. In addition, the recollections of one of us (GWC), a participant in many of the original collections, about the
habitat at three of the four historical sites are consistent with an increase in both
dead coral and algal cover, but little change in the coral architecture (online Appendix Text S1). The historic Böhlke and Chaplin collections, therefore, provide an
important set of baseline reef fish community structure and distribution data that is
quite rare in marine systems.
Following a similar sampling regime with an ichthyocide-based methodology, we
collected fishes from reefs matching four historical sites with the aim of examining
temporal changes in the fish assemblages of New Providence Island coral reefs. Despite the decline in coral cover at the four study sites, the retention of physical structure through time leads us to expect minimal changes in species richness (Bellwood
et al. 2006, Graham et al. 2006). Further, because the Caribbean lacks the obligate
corallivore species that characterize many regions of other tropical oceans (Cole et
al. 2008), we have no a priori expectations regarding the decreased representation
or loss of particular reef species. The increase in algal cover (Jaap et al. 2008, online Appendix Text S1) and the documented reduction of predators in the Caribbean (Stallings 2009, Ward-Paige et al. 2010) may, however, have effects on the reef
fish community assemblages, with possible increases in taxa released from predation
pressure and/or changes in the dominant trophic groups (e.g., Sheppard et al. 2002,
Bellwood et al. 2006, Cheal et al. 2008).
Methods
Locality Choice and Site Descriptions
The sites resurveyed in July and November, 2006, near New Providence Island, The
Bahamas, were chosen by reference to the historical Böhlke and Chaplin field notes (deposited
at the ANSP) and the recollections of one of us (GWC), who participated in many of the
original and in the two 2006 surveys (Chaplin 2006). The main criteria for site selection were:
accessibility from New Providence Island, confidence in historical locality/reef identification
(often difficult to obtain from field notes prior to GPS coordinate availability), and, if possible,
the availability of multiple historical replicate sampling events. Based on these criteria, four
historical sites were selected for resurvey: Lyford Cay/Clifton Point, Delaporte Point, North/
Long Cay, and Green Cay (Fig. 1, Table 1). Historically, these sites were sampled at a single
depth range, but in 2006, additional insight into community structure was explored by
collecting fishes on reefs in the area at three depth ranges, categorized into “shallow” (< 6 m),
“mid” (6 to < 12 m), and “deep” (12–18 m). A description of the 2006 sites comparable to those
sampled historically (LC1, DP1, NL1, and GC3) follows below.
Lyford Cay.—The LC1 site was located 0.6 km due west from the tip of Lyford Cay (Simms
Point) at the western end of New Providence Island; an isolated patch reef oval in shape (ca.
600 m2), surrounded by sand. Depths ranged from 2.5 to 5.5 m. Wave surge was partly buffered by barrier and submerged bank reefs to the north and by New Providence Island to the
east. Stacks of dead staghorn coral (Acropora cervicornis, see online Apendix Table S1 for
species authorities) were visible at the base of the reef, but no live specimens were evident.
The Böhlke and Chaplin Field Notes (May 8, 1956) described this site as an “isolated coral
head west of tip of Lyford Cay, west end of New Providence … surrounded by sand, ca. ¼ mi
from shore.”
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Figure 1. Map of sampling sites off the coast of New Providence Island, The Bahamas. Historical
sampling sites are open boxes. Details and coordinates are listed in Table 1.
Delaporte Point.—The DP1 site was ~1 km west from the tip of Delaporte Point and 290 m
from the closest land point to the south. This patch reef was in the shape of a “U” opening
toward shore (sampling was within U). The inner base of the patch reef was ~4 m deep and
was located behind an extensive barrier reef that may increase water retention times and buffer storm surge. The Böhlke and Chaplin field notes (April 11, 1955; with sketch) described
this site as a “sandy bottomed ‘U’ in a large coral head offshore and just a bit west (ca. ¼ mi)
of Delaporte Point … surrounded on three sides by large composite coral head with attendant
gorgonians, etc.” One of us (GWC) remembers this site as having good coral cover and rugosity, with little algae (found only at the shallow rocky top) and a variety of coral species, including small stands of elkhorn (online Appendix Text S1).
North/Long Cay.—The NL1 site was in closest proximity to the Bahamian capital and population center of Nassau, 4.6 km west-northwest from the western tip of Paradise Island, ~500
m northeast from the eastern most tip of North Cay. This forereef location extended from the
seaward crest edge to the trough of a shallow spur and groove reef (depths from 2 to 4 m). This
site had tidally strong north–south currents and is exposed to storm surge from the north.
Baiting by resort dive/snorkel boat operators may occur in the area. The Böhlke and Chaplin
Field Notes (August 5, 1955) describe the sites as “North edge of coral head between North
Cay and small cay just off Long Cay … coral with many caves and crevices, sea fans, whips,
etc.” This site was also described as having healthy coral, although lacking branching coral,
and with less coral and algal cover than Delaporte Point (online Appendix Text S1).
Green Cay.—The GC3 site was an isolated patch reef located 10.1 km northeast of New
Providence Island, or ca. 360 m north of the west end of Green Cay. The reef was nearly
circular (~35 m across), rising near vertically from a depth of 14.5 m to within 6.0 m of the
surface. The Green Cay reef was surrounded by a wide area of white sand and was located
inshore of extensive submerged, shelf-edge reefs. This site was deeper and more exposed
than others, because reefs to the north are deeper and do not provide an effective barrier to
currents and storm surge. The Böhlke and Chaplin Field Notes (May 14, 1959) described the
site as a “Deep head north of Green Cay about ¼ mi north-northwest of the cays … fine white
sand around an isolated coral head which rose at its highest point about ⅔ the distance from
the bottom to the surface.” One of us (GWC) remembers this site as having a diversity of
healthy corals, including branching species (although lacking Acropora spp.), and a diversity
of invertebrate macrofauna. Brown algae were common only in the caves at the base of the
reef (online Appendix Text S1).
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Table 1. Sampling site locations, depths, and replicates included in analysis. Site numbers
correspond to those in Fig. 1. Year of collection is indicated for the historical sampling events. If
sampling events were excluded from final analyses (see text), the total number of original sampling
events is indicated in parentheses. + indicates historical sampling events that were excluded. * The
“deep” Green Cay site (GC3) crosses the “deep” and “mid” depth zones as the reef rises from 14.5
to 6 m.
Historical
replicates

Locality
Coordinates
Depth
Lyford Cay (LC)
1
25°01´45.2˝N 4.8 m
1 [(2) 1956,
77°33´35.8˝W (shallow)
1968+]
2
25°00´38.1˝N 8.5 m
0
77°33´33.7˝W (mid)
3
25°00´50.7˝N 17.0 m
0
77°34´6.7˝W (deep)
Delaport Point (DP)
1
25°04´34.7˝N 4.5 m
3 [1955]
77°26´37.9˝W (shallow)
2
25°04´28.3˝N 8.1 m
0
77°28´12.6˝W (mid)
3
25°05´16.8˝N 14.0 m
0
77°26´18.3˝W (deep)
North/Long Cay (NL)
1
25°05´34.6˝N 5.5 m
1 [1955]
77°23´54˝W (shallow)
2
25°05´32.4˝N
9.0
0
77°23´15.2˝W (mid)
3
25°05´42.3˝N 15.2 m
0
77°23´25˝W (deep)
Green Cay (GC)
1
25°06´17˝N 4.5 m
0
77°11´49.3˝W (shallow)
2
25°06´17.5˝N 7.0 m
0
77°11´51.4˝W (mid)
3*
25°06´32.8˝N 14.5 m 6 [(8) 1956,
77°11´44.9˝W (deep) 1957, 1959,
1969, 1972+,
1973+]

Data from 2006
2006 Rugosity Coral
Algal
replicates index cover (%) cover (%)
1

1.49

2.99

57.10

1

1.22

1.81

81.68

1

1.15

1.23

59.80

1 (2)

1.47

2.04

28.26

1 (2)

1.44

11.95

51.85

1 (2)

1.20

0.65

2.83

1

N/A

N/A

N/A

1 (2)

N/A

N/A

N/A

1

N/A

N/A

N/A

1 (2)

1.77

20.56

32.22

1 (2)

1.83

6.29

72.06

1 (2)

1.43

12.98

73.19

Despite an increase in both algal cover and dead coral at all of our study sites, relative to the
historical time period, the reefs at these sites have retained their physical structure (GWC,
online Appendix Text S1).
Fish Collection and Identification
Fishes were collected using the ichthyocide rotenone, in a slurry containing 3 gal of 5%
Chemfish Regular, 3 cups (~710 ml) of Joy Ultra Concentrated detergent, and seawater up to a
final volume of 15 gal. This mixture was released at depth around each site, making sure that
it penetrated crevices and under ledges. Similar protocols were implemented for the historical collections. The effects of rotenone were apparent after 15 min, and were monitored for
2 hrs with three to eight SCUBA divers searching the treated area and collecting affected
fishes in nets. On the surface, when possible, tissue samples were taken from a representative
of as many species as possible and placed in 95% ethanol for future molecular analyses. The
collected fishes were then fixed in a 10% buffered formaldehyde solution and washed in water
prior to transportation back to the ANSP for identification.
The FAO guide to species identification for the western central Atlantic (Carpenter 2003)
and Böhlke and Chaplin’s classic work (Böhlke and Chaplin 1968, 1993) were used as primary
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sources for specimen identification, with continuous reference to the historical collections at
the ANSP. In addition, more recent literature was consulted for a number of groups, including
brotulas (Bythitidae, Møller et al. 2005), cardinalfishes (Phaeoptyx, Baldwin et al. 2008), gobies (Coryphopterus, Baldwin et al. 2009), and scaly blennies (Starksia, Williams and Mounts
2003). Material in historic collections was reassessed in cases of identification uncertainty,
to update taxonomy, or to verify and maintain taxonomic consistency across time periods.
All specimens have been accessioned and catalogued into the ANSP Ichthyology collection.
Data Analysis
Raw data used in this study appear in the online Appendix Table S1. Prior to data analysis,
historical and 2006 field notes were examined for details of sampling protocols and success,
and the resulting species lists. Sampling events that were reported in field notes to be
compromised (e.g., “poor kill”) were excluded from further analysis because they were not
deemed as representative of either absolute or relative species abundance and could further
bias results by indicating low species richness. Since the study objectives were to compare
reef fish assemblages, species considered not generally coral reef dependent (e.g., pelagic
carangids) were excluded from the dataset. “Non-reef” species were identified based on
Choat and Bellwood (1991) and our own knowledge of reef fish ecology. We were particularly
sensitive to species that are potentially less vulnerable to our sampling method, such as
jawfishes and flounders that generally live in the sand. In addition, species that were only
collected at a single time in a single location were excluded so as not to bias the results based
on extraordinarily rare collections. Taxa identified only to “sp.” (due to developmental stage,
specimen size, and/or quality) were also excluded, because it is unlikely that these unidentified
individuals are unique from the species in the dataset, and therefore should not be treated as
unique taxa in the data analysis. Only non-reef species were excluded from family and trophic
group relative abundance calculations. For each site, standard diversity indices, including S
(number of species) and H´ (Shannon diversity index), and relative abundances by trophic
level and family were calculated with PRIMER 6 (Clarke and Gorley 2006). Following Paddack
et al. (2009), species were categorized into one of six trophic groups (herbivore, planktivore,
omnivore, invertivore, carnivore, piscivore) based on information from Randall (1966, 1967),
Luckhurst and Luckhurst (1978b), Randall and Böhlke (1981), Randall (1983), Lieske and
Myers (1996), Dominici-Arosemena and Wolff (2005), and Paddack et al. (2009), followed by
FishBase (Froese and Pauly 2010), as necessary.
Rarefaction Curves.—To compare species richness across current and historical time periods, species accumulation curves scaled to the number of individuals (Gotelli and Colwell
2001) were calculated using the analytical Mao Tao method (Colwell et al. 2004) in EstimateS
(Colwell 2009). Because the 2006 expeditions sampled at depths not visited in the past, rarefaction curves were produced for both the entire 2006 dataset and a reduced 2006 dataset
that included only the sites directly comparable to the historical data (LC1, DP1, NL1, GC3).
Multivariate Analyses.—Multivariate analyses were conducted to examine fish assemblage
structure by depth, location, and time of collection (Clarke and Warwick 2001, Clarke and
Gorley 2006). Pairwise community composition similarities across the 23 samples were visualized using multi-dimensional scaling (MDS) and hierarchical cluster analyses (Clarke
1993). Raw abundances were standardized and fourth-root transformed prior to calculation
of Bray-Curtis coefficients (Bray and Curtis 1957) to down-weight the very abundant species
so both rare and mid-abundance species could also influence the similarity between sites.
Analysis of similarity (ANOSIM) was used to test for differences in community composition
between depths (shallow vs deep), sites within depths (shallow, deep), and time periods within
depths (shallow, deep). ANOSIM significance is based on the calculation of an R statistic,
which measures the difference between sampling groups (e.g., shallow and deep depths) based
on the idea that a true difference between groups would be reflected by larger differences in
species composition among sites between the groups than among sites within the groups.
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An R value of 0 indicates no difference between groups, while an R value of 1 indicates all
between-group differences are larger than all within-group differences (Clarke and Warwick
2001). The results of the ANOSIM analyses should be treated with caution, however, because
one of the shallow sites (GC1) and three of the deep sites (LC3, DP3, NL3) were not sampled
historically. Similarity percentage (SIMPER) analysis (Clarke 1993) was used to explore which
species potentially contributed to differences identified from the ANOSIM results. For these
analyses, the mid sites were excluded as this depth range was not sampled historically. The
MDS, cluster, and ANOSIM analyses were also conducted on a dataset that included the
“rare” and “non-reef” species to examine any possible effects of their exclusion; this yielded
essentially identical results (data not shown).
Univariate Analyses.—To test for differences in the relative abundance of each trophic
group and family between the historical and 2006 time periods, we conducted two-sample
t-tests (Student’s or Welch’s) or Wilcoxon rank sum tests, depending on whether assumptions
of normality and equal variances were met, using the “stats” package in R (R Development
Core Team 2008). When examining family relative abundance, we combined all families with
a mean relative abundance of < 1% across sites into an “Other” category.
Additional Considerations.—From the literature and through examination of historical
and 2006 collections, it was clear that numerous taxa are in need of revision, were inconsistently identified, and/or different life history stages complicated identifications. For an increased level of conservatism, multivariate analyses were repeated on a condensed dataset
where problematic species were grouped at higher taxonomic levels. The species in the following genera were grouped as a single taxon, with the number of taxa in parentheses: Apogon
spp. (12), Phaeoptyx spp. (4), Coryphopterus spp. (only Coryphopterus dicrus, Coryphopterus
eidolon, and Coryphopterus glaucofraenum grouped), Elacatinus spp. (2), Starksia spp. (4),
Stegastes spp. (7), Scarus spp. (4), Sparisoma spp. (5), Hypoplectrus spp. (4), and Enneanectes
spp. (5). In addition, all 10 collected species in the family Bythitidae were grouped as Bythitidae spp. in the more conservative analyses.

Results
Collection Details and Species Accumulation Curves
The four sites were historically sampled a total of 14 times between 1955 and 1973,
and 19 times in 2006. Three sites had replicate sampling events in the historical period [LC1 (two replicates), DP1 (three replicates), and GC3 (eight replicates)] and seven
sites had replicate samples in 2006 [DP1, DP2, DP3, NL2, GC1, GC2, and GC3 (all
with two replicates)]. Due to sampling issues, however, three historical and seven
2006 sampling events were excluded from further analysis (Table 1, online Appendix
Table S2), which included one historical replicate at LC1, two historical replicates at
GC3, and one of the replicates from each of the replicated 2006 sites. The raw historical data yielded 5348 individuals representing 203 species, while the raw 2006 data
yielded 5423 individuals across 183 species (online Appendix, Table S1). Fifty-eight
species were unique to the historical collections and 38 species were unique to the
2006 collections (online Appendix Table S3), with 145 species shared across time periods. These numbers are slightly misleading, however, as only 15 of the unique historical species and 14 of the unique 2006 species were reef species collected on more
than one occasion (online Appendix Table S3). Further, 24 of 27 unique reef species
in the historical collections were from the deep Green Cay site that was sampled
eight times between 1956 and 1973 (online Appendix Table S3). Similarly, 21 of 30
identified reef species only collected in 2006 included sites that were not sampled
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Figure 2. Fish species accumulation curves for the historical dataset (open squares), the entire
2006 dataset (black circles), and the 2006 sites directly comparable to the historical sites (gray
circles).

historically (online Appendix Table S3). One species, caught only in 2006, is a particular standout: the lionfish (Pterois volitans), an introduced species native to the
Indo-Pacific. An additional species of note is the saddle squirrelfish (Sargocentron
poco), of which only a single specimen was ever collected in The Bahamas [at a deep
Green Cay site (GC3)] through all of the Böhlke and Chaplin fieldwork. Three specimens of this species were collected in 2006—two from the deep Green Cay site and
one additional from the mid-depth Lyford Cay locality (LC2).
Prior to multivariate and species diversity analyses, 79 taxa were removed from
the dataset because they either were identified as “sp.” (19 spp.), were not considered
reef-dependent (17 spp.), were only collected at excluded sites (5 spp.), or were only
collected at a single collecting event (38 spp., online Appendix Table S4). Taking
these exclusions into consideration, the analyzed dataset included 9471 individuals
across 165 species, where the historical dataset had 4614 individuals representing
152 species (17 unique) and the 2006 dataset had 4857 individuals representing 148
species (13 unique), leaving 135 shared species across the dataset.
Species accumulation curves of the collections grouped by time period (historical,
2006) are largely similar (Fig. 2, 95% confidence intervals not shown). The historical and 2006 dataset curves appear to approach an asymptote at ~150 species (Fig.
2). The similarity of the rarefaction curves provides confidence that the reefs were
adequately sampled across time periods. On the other hand, the four directly comparable 2006 sites did not quite reach a species asymptote due to the smaller sample
size; however, the shape of the curve matches that of the complete dataset.
Multivariate Analyses
The MDS plot, with a stress value of 0.16 (within the range of confidence, Clarke
1993), showed a pattern of sites clustering by depth (Fig. 3). Similarly, hierarchical
agglomerative clustering yielded two major groups where the shallow sites generally clustered together separately from the combined mid and deep sites (online Appendix Fig. S1). ANOSIM tests of difference between sites within shallow and deep
depths did not yield significant differences (R = 0.24, P = 0.19; R = 0.47, P = 0.06,
respectively), which allowed us to group the sites for further analysis. Due to the lack
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Figure 3. MDS plot of Bray-Curtis similarities of standardized, fourth-root-transformed fish
abundance data across the historical and 2006 sites. Contour lines mark sites with 60% similarity
of reef fish community composition.

of depth by site replication, the results should be treated with caution. This is particularly relevant at the deep sites where only a single site was sampled at a deep depth.
An ANOSIM test of difference in community structure between shallow and deep
depths yielded a significant difference (R = 0.74, P < 0.001), which is consistent with
the MDS and cluster plots (Fig. 3, online Appendix Fig. S1). SIMPER analysis did not
reveal a clearly discriminating species or group of species between depths (shallow
vs deep), as 48 species were required to account for 50% of the dissimilarity between
depth ranges. The longjaw squirrelfish, Neoniphon marianus, which was primarily
collected at deep sites, showed the highest ratio of dr i SD^dih at 2.94, but contributed
only 1.64% of the total dissimilarity between depth zones. The second highest contributor to the difference was the whitestar cardinalfish, Apogon lachneri, which was
also primarily found at deep sites, with dr i SD^dih = 2.84, and a 1.69% contribution
to total dissimilarity across depth. Rounding out the top five discriminating species were the blenny, Ophioblennius macclurei [ dr i SD^dih = 2.29, 1.53% contribution],
collected only at shallow sites, the royal gramma, Gramma loreto [ dr i SD^dih = 1.70,
1.73% contribution], found primarily at deep sites, and the mimic blenny, Labrisomus
guppyi [ dr i SD^dih = 1.69, 1.56% contribution], collected only at shallow sites.
Repeating the ANOSIM test between depths at the family level also yielded a significant difference between shallow and deep sites (R = 0.46, P < 0.001). SIMPER
analysis showed that the five families with the highest dr i SD^dih (Bleniidae, Gobiidae, Grammatidae, Scorpaenidae, and Labrisomidae) explained over 20% of the total
dissimilarity (details in online Appendix Table S7). Of these families, the blennies,
gobies, and labrisomids had primarily shallow distributions, while the basslets and
scorpaenids were collected primarily at deeper depths (online Appendix Table S7).
ANOSIM tests showed minimal, but significant, differences between time period
collections from the shallow (Global R = 0.31, P < 0.02) and deep (R = 0.44, P <
0.01) depths. We caution over-interpretation of these results, given the general lack
of replicates, the missing data for the shallow, historical GC1 site, and for three of
the four deep, historical sites (LC3, DP3, NL3). We also note that the fish assemblage
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Table 2. Sample size (N), number of species (S), Shannon diversity index (H´), and depth category
for each site. Comparable historical and 2006 sites are grouped with historical sites highlighted in
bold text. Sample site codes as in Table 1.
Site (mm/dd/yyyy)
LC1 (11/12/2006)
LC1 (05/08/1956)

N
516
160

S
63
43

H’
3.25
3.43

Depth
shallow
shallow

LC2 (11/11/2006)
LC3 (11/10/2006)

112
116

30
34

3.47
3.05

mid
deep

DP1 (11/12/2006)
DP1 (09/05/1955)
DP1 (07/27/1955)
DP1 (04/11/1955)

442
346
292
132

64
59
54
44

3.52
3.43
3.45
2.81

shallow
shallow
shallow
shallow

DP2 (11/13/2006)
DP3 (11/14/2006)

752
251

65
52

3.13
3.56

mid
deep

NL1 (07/14/2006)
NL1 (08/5/1955)

466
279

59
64

3.19
3.53

shallow
shallow

NL2 (11/09/2006)
NL3 (07/13/2006)
GC1 (11/16/2006)
GC2 (11/16/2006)

177
185
372
456

53
48
52
62

3.33
3.59
3.29
3.52

mid
deep
shallow
mid

GC3 (11/15/2006)
GC3 (05/07/1956)
GC3 (05/12/1957)
GC3 (07/21/1957)
GC3 (05/14/1959)
GC3 (11/14/1959)
GC3 (08/27/1969)

1012
228
113
837
826
904
497

85
46
31
66
80
91
59

3.62
3.04
2.63
2.99
3.41
3.81
3.04

deep
deep
deep
deep
deep
deep
deep

at the 2006 GC site was more similar to the historical GC assemblages compared
with the 2006 NL and DP sites (Fig. 3). SIMPER results between time periods at the
shallow and deep sites showed that 42 and 41 species, respectively, were required
to explain 50% of the difference between time periods (online Appendix Tables
S8, S9). At the shallow depth, of the top five discriminating species, the blackfin
cardinal fish (Astrapogon puncticulatus) was predominantly collected during the
historical collections, while the coralbrotula (Ogilbia boehlkei), marbled moray
(Uropterygius macularius), longspine squirrelfish (Holocentrus rufus), and lofty
triplefin (Enneanectes altivelis) were primarily collected in 2006 (details in online
Appendix Table S8). At the deep sites, the top five discriminating species included
the rock beauty angelfish (Holacanthus tricolor) which was found primarily in
historical collections, and the redband parrotfish (Sparisoma aurofrenatum),
harlequin basslet (Serranus tigrinus), longjaw squirrelfish (N. marianus), and longfin
blenny (Labrisomus haitiensis), which were predominantly collected in 2006 (details
in online Appendix Table S9).
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Figure 4. Relative abundance of trophic groups between historical and 2006 collections at shallow and deep sites. Bars represent standard error and * indicates significant result at P < 0.05
(Table 3).

Univariate Analyses
Sample size, species richness, and the Shannon diversity index for each site showed
no clear pattern across time periods or depth (Table 2), supported by a lack of significant difference in mean H´ between historical and 2006 samples at shallow ( xr = 3.93,
4.04, respectively; t = 1.18, P = 0.28) and deep ( xr = 4.02, 3.92, respectively; t = −0.44,
P = 0.67) depths. The relative abundance of herbivores increased between historical
and 2006 collections at both shallow and deep sites (Fig. 4); however, this difference was only significant for the deep sites (W = −3.90, P = 0.03; Table 3). Further,
although there was an apparent decrease in the relative abundance of planktivores
between historical and 2006 time periods at both shallow and deep depths (Fig. 4),
the differences were not statistically significant (Table 3). Similarly, there were few
significant differences in family level relative abundances (Fig. 5): only squirrelfishes
(holocentrids) at shallow (t = −5.03, P = 0.002) and parrotfishes (scarids) at deep (t =
−3.46, P = 0.03) reefs increased significantly over time, although an increasing trend
was seen in squirrelfishes, parrotfishes, and wrasses (labrids) at both shallow and
deep depths (Fig. 5, Table 4).

Trophic group
Shallow
Herbivores
Planktivores
Omnivores
Invertivores
Carnivores
Piscivores
Deep
Herbivores
Planktivores
Omnivores
Invertivores
Carnivores
Piscivores

16.08 (7.08)
5.22 (5.02)
4.65 (2.70)
55.67 (6.08)
17.13 (4.85)
1.25 (0.88)

6.87 (2.56)
10.91 (6.41)
14.95 (9.89)
52.55 (12.63)
12.85 (2.14)
1.87 (1.23)

10.96 (3.19)
9.38 (8.36)
6.19 (3.83)
48.53 (5.95)
20.70 (14.47)
4.25 (2.79)

1.76 (0.71)
21.19 (8.67)
13.19 (7.78)
53.98 (11.52)
8.28 (3.97)
1.61 (2.19)

Mean relative abundance (SD)
Historial
2006

0.89
0.88
0.89
0.92
0.96
0.64

0.96
0.86
0.90
0.97
0.89
0.94
0.92
0.90
0.82
0.88
0.95
0.82

1.00
0.91
0.96
0.90
0.97
0.94
0.34
0.27
0.29
0.54
0.85
< 0.01+

0.81
0.23
0.41
0.86
0.35
0.65

Shapiro-Wilks test
W
P
Historical 2006 Historical

0.53
0.42
0.14
0.33
0.73
0.14

0.99
0.50
0.78
0.44
0.82
0.68

2006

0.08
1.83
0.62
0.83
3.46
N/A

0.20
2.77
2.00
0.96
8.91
10.07

F

F test

0.02+
0.66
0.60
0.80
0.34
N/A

0.16
0.43
0.59
0.93
0.10
0.09

P

−3.90
2.01
−0.32
0.19
−2.08
6.50^

−1.46
0.87
0.68
−1.77
0.47
2.05

0.03*
0.08
0.76
0.86
0.07
0.29

0.19
0.41
0.52
0.12
0.66
0.08

t-test (Wilcoxin signed rank test^)
t (W^)
P

Table 3. Tests for normality, equal variances, and equal means for trophic group relative abundance between time periods. + indicates violation of normality or
equal variances assumption, ^ indicates Wilcoxin rank sum W statistic calculated, and * indicates significant differences between time periods (P < 0.05).

578
BULLETIN OF MARINE SCIENCE. VOL. 87, NO. 3. 2011

ilves et al.: 50-year comparisons of bahamian reef fish assemblages

579

Figure 5. Relative abundance of families between historical and 2006 collections at shallow and
deep sites. Families with a mean of < 1% relative abundance across sites were grouped into
“Other.” Bars represent standard error and * indicates significant result at P < 0.05 (Table 4).

Discussion
The large Böhlke and Chaplin collections of coral reef fishes from The Bahamas
made between 1955 and 1973 provide a rare opportunity to compare historical and
current reef fish community structure. In 2006, we resurveyed four of the Böhlke and
Chaplin localities off New Providence Island using comparable collecting methods.
Habitat surveys (Jaap et al. 2008) and the recollections of one of us (GWC) revealed
an increase in algal cover and dead coral, but with little change in the physical reef
structure from the 1950s through 2006. This finding, in conjunction with the results
from our comparative community analyses, suggests that the fish assemblages of the
reefs around New Providence Island are at an early stage (< 10 yrs) of response to
habitat disturbance. We also found a partitioning of species by depth that is consistent with that from other Caribbean regions.
Comparisons Between Historical and Current Species Assemblages
Long-term degradation of Caribbean coral reefs has been widely reported (e.g.,
Gardner et al. 2003, 2005, Hughes et al. 2003, Hoegh-Guldberg et al. 2007, AlvarezFilip et al. 2009, Paddack et al. 2009). A coral habitat survey conducted along with
our reef fish surveys in July 2006 found that coral cover at our focal sites had been
diminished to 2%–20% from pre-1970 levels that exceeded 30%–40% in many areas
of The Bahamas (Jaap et al. 2008). Personal observations of one of us (GWC) also
confirmed an increase in dead coral and algal cover, yet maintenance of coral structure through the time periods compared in our study.
At face value, the results of our study are consistent with observations that the
structure of coral reef fish communities has changed relatively little despite increases

Family
Shallow
Acanthuridae
Apogonidae
Chaenopsidae
Gobiidae
Grammatidae
Holocentridae
Labridae
Labrisomidae
Moringuidae
Muraenidae
Pomacentridae
Scaridae
Serranidae
Synodontidae
Tetraodontidae
Tripterygiidae
Other

1.68 (1.53)
16.08 (14.15)
3.31 (3.19)
2.69 (1.16)
2.08 (1.37)
6.22 (2.93)
7.46 (2.26)
14.34 (6.72)
1.66 (1.71)
3.96 (1.92)
8.36 (4.13)
3.05 (2.84)
3.88 (2.04)
2.41 (3.03)
1.91 (1.57)
6.84 (5.73)
14.05 (6.65)

2.76 (0.95)
13.77 (11.61)
1.48 (0.58)
2.79 (1.23)
1.23 (1.92)
17.54 (3.85)
10.33 (4.50)
14.28 (4.84)
1.24 (0.74)
3.91 (1.10)
10.63 (8.48)
4.87 (2.74)
1.62 (1.29)
0.47 (0.34)
0.93 (0.30)
4.05 (1.99)
8.12 (3.29)

Mean relative abundance (SD)
Historical
2006
0.93
0.85
0.93
0.87
0.80
0.94
0.87
0.97
0.89
0.97
0.93
0.85
0.93
0.72
0.90
0.88
0.84

Historical

W
0.94
0.92
0.95
0.97
0.77
0.84
0.87
0.92
0.95
0.98
0.81
0.96
0.85
0.92
0.96
0.97
0.95

2006
0.57
0.21
0.57
0.26
0.08
0.70
0.25
0.88
0.38
0.88
0.59
0.19
0.57
0.01+
0.43
0.30
0.15

Historical

Shapiro-Wilks test
P
0.65
0.53
0.73
0.82
0.06
0.18
0.29
0.52
0.72
0.90
0.13
0.76
0.22
0.55
0.77
0.86
0.73

2006

F test

2.62
1.48
30.05
0.89
0.51
0.58
0.25
1.93
5.36
3.05
0.24
1.07
2.50
N/A
28.31
8.27
4.10

F
0.46
0.78
0.02+
0.88
0.52
0.60
0.22
0.62
0.20
0.39
0.20
0.99
0.48
N/A
0.02+
0.11
0.28

P

−1.22
0.26
1.26
−0.13
0.78
−5.03
−1.26
0.02
0.46
0.05
−0.53
−0.97
1.92
17.00^
1.37
0.92
1.62

0.26
0.80
0.27
0.90
0.46
< 0.01*
0.25
0.99
0.66
0.96
0.61
0.37
0.10
0.11
0.24
0.39
0.15

t-test (Wilcoxon rank sum test^)
t (W^)
P

Table 4. Tests for normality, equal variances, and equal means for family relative abudance between time periods. Familes with < 1% mean relative abundance
across sites were grouped as “Other.” + indicates violation of normality or equal variances assumption, ^ indicates Wilcoxin rank sum W statistic calculated, and
* indicates significant differences between time periods (P < 0.05).
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in coral mortality and algal cover, overall declines in fish abundance, overfishing
of large predators, pollution, and loss of nursery habitat (McClanahan et al. 2002,
Sheppard et al. 2002, Wilson et al. 2009). This interpretation, however, is an
oversimplification of what is possibly an initial stage in the response of the reef fish
assemblage to recent habitat disturbance. A lack of change in species diversity when
reef structure is maintained has been explained by observations that even dead coral
continues to provide protection and food resources to small reef fishes (Beukers and
Jones 1998, Steele 1999, Almany 2004); however, Bellwood et al. (2006) demonstrated
that significant shifts in community composition can occur after coral bleaching
even with no apparent change in diversity metrics. Our results indicating increased
representation of herbivorous fishes and observations of increased algal cover
have also been documented in other areas, where herbivore proliferation has been
explained by an increase in food resources resulting from algal growth on dead coral
(Sheppard et al. 2002, Cheal et al. 2008, Wilson et al. 2009). Although our ANOSIM
results were not significant, a trend of decreased relative abundance of planktivores
[the vast majority of which were the small-bodied cardinalfishes (Apogonidae)]
between the historical and 2006 sampling events was apparent. Additional data are
needed to test whether the coral habitat is no longer functioning well as a shelter
from predators (Munday and Jones 1998, Graham et al. 2007).
In contrast to the decreases seen in cardinalfishes, we found an increase in the
relative abundance of squirrelfishes, parrotfishes, and, qualitatively, wrasses. One
possible reason for the increase of such groups is a decrease in predator adundance
resulting from overfishing or other impacts from human population growth (Stallings
2009). Unfortunately, the present study did not allow us to directly examine changes
in predators, such as groupers and barracuda; however, a large amount of evidence of
decreased densities of predators in the Caribbean (e.g., Pandolfi et al. 2003, Stallings
2010) is consistent with the hypothesis that a trend toward an increase in the
relative abundance of larger-bodied fishes may be related to this decreased predation
pressure.
Although algae has been shown to cause coral mortality under certain conditions
(e.g., Nugues and Bak 2006, Rasher and Hay 2010), evidence suggests that shifts
from coral to algae-dominant communities are initiated by the death or impairment
of coral from other sources (e.g., temperature increase, disease, storm, pollution;
Hughes 1994, McClanahan and Muthiga 1998, McCook et al. 2001, Aronson and
Precht 2006). Regardless of the cause of mortality, it is well documented that dead
coral will retain its structure for only a limited time, after which it will be eroded
(Glynn 1997, Garpe et al. 2006, Pratchett et al. 2009). The time frame of structural
collapse depends on numerous factors, including the coral species and duration of
disturbance. Branching corals, such as Acropora spp., are more susceptible to erosion than non-branching taxa, losing their structural integrity on the order of 5–10
yrs (Graham et al. 2006, Pratchett et al. 2008, 2009). The sites examined around
New Providence Island were dominated by non-branching species during both historical and 2006 collections, making it difficult to precisely determine the timing
and cause(s) of disturbance. Our observation of the increase in herbivore relative
abundance, a signature in multiple cases of a response to a relatively recent (< 10 yrs)
loss of coral (Lindahl et al. 2001, Sheppard et al. 2002, Graham et al. 2006, Graham
et al. 2007, Wilson et al. 2009), provides a clue regarding the potential time frame
during which corals died, algae colonized, and reef fishes responded. There are mul-
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tiple potential causes of coral degradation at our study sites, including the El Niño
event of 1997–1998, damage from storms during the 2004–2005 hurricane seasons,
ongoing pollution and/or nutrient enrichment from human developments on New
Providence Island, and water temperature increases from climate change. Even with
uncertainty about the exact nature of coral-algae interaction, there is general consensus that algal growth slows or limits coral recovery (McCook et al. 2001, Aronson
and Precht 2006). Furthermore, recovery can be hindered by continual disturbance
from storms, disease, pollution, and/or runoff (Connell 1997, Nyström et al. 2000,
Aronson and Precht 2001, Chazottes et al. 2002, Carreiro-Silva et al. 2005, Fabricius
2005). Continual monitoring of these reefs and their associated fish communities
will provide greater insight into the long-term effects of coral degradation on reef fish
biodiversity and community structure, and allow a test of the hypothesis that the fish
assemblages at these sites are responding to relatively recent disturbance.
Our ANOSIM results suggest that both shallow and deep sites have changed
through time. Although a lack of replication in our study does not permit a conclusive determination, Jaap et al. (2008) noted that in contrast to the more isolated
Green Cay sites that displayed typical benthic and epibenthic reef flora and fauna,
the Delaporte Point sites closer to the Bahamian capital of Nassau lacked attached
organisms. In addition, Stallings (2009) found negative correlations between predator abundance and human density in the Caribbean. Future surveys at additional
shallow and deep sites, in regions in proximity to and isolated from urbanized areas,
in conjunction with studies of anthropogenic effects, such as nutrient runoff, pollution, and sedimentation, will allow further tests of the hypothesis that proximity to
human habitation is correlated with greater changes in coral habitat and associated
communities.
Species Found Only at One Time Period
Most of the species collected either only historically or only in 2006 were collected from a single site in a single sample, suggesting that these species are rare
and/or transient at these reefs. More than two-thirds of the historically unique reef
species were collected from the deep Green Cay site (GC3). GC3 was sampled eight
times historically, and it was therefore expected that rarer species would appear most
frequently at this site. Similarly, more than ⅔ of the reef species collected only in
2006 included sites that were not sampled historically, thus it is not surprising that
these collections included some unique species. One particularly standout singleton
from the 2006 collections is the Indo-Pacific native lionfish, P. volitans. This introduced species has been documented in The Bahamas since 2005 (Whitfield et al.
2007, Morris et al. 2009). Recently, there has been both observational (Green and
Côté 2009) and experimental (Albins and Hixon 2008) evidence that P. volitans is
becoming more abundant and is a voracious predator on native fishes. With data now
available from the historical Böhlke and Chaplin and our 2006 collections from four
sites around New Providence Island prior to the lionfish population explosion, it will
be important to revisit these sites to determine the effects that lionfish have on the
reef fish community.
Fish Community Structure by Depth
A further result of our community assemblage comparisons was the distinct separation of sites by depth. Differences in community assemblages along depth gradients are well documented (e.g., Choat and Bellwood 1985, Greenfield and Johnson
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1990a,b, McGehee 1994, Meekan et al. 1995, Friedlander and Parrish 1998, ArreolaRobles and Elorduy-Garay 2002, Donaldson 2002, Srinivasan 2003). In particular,
Arreola-Robles and Elorduy-Garay (2002) found significant community differences
among reef fishes in the Gulf of California at depths comparable to our shallow and
mid/deep sample sites. The clustering of sites from our study conformed to documented patterns of community changes across depth, providing confidence that our
historical and current samples accurately reflect the community composition.
The depth associations we found for multiple species are supported by knowledge
of cardinalfishes, blennies, and squirrelfishes. Our finding of a generally shallow
distribution for the cardinalfish, Phaeoptyx conklini, and deeper ranges for Apogon
lachneri, Apogon robinsi, Apogon pseudomaculatus, Apogon townsendi, and
Phaeoptyx pigmentaria were also reported by Greenfield and Johnson (1990a).
Similarly, our results that blennies, O. macclurei, Labrisomus gobio, L. guppyi, and
Labrisomus nigricinctus, were found primarily in shallow waters, while L. haitiensis
generally had a deeper distribution matches the results of Greenfield and Johnson
(1990b). Also, our finding that the squirrelfish, N. marianus, was more abundant
at deeper sites is consistent with Lieske and Myers (1996). Explanations for such
partitioning include larval settlement preference, differential survival in different
habitats, and/or food/shelter availability (Greenfield and Johnson 1990a,b). Note that
our study focused solely on depth and did not examine microhabitat preferences
across a range of habitats (Srinivasan 2003).
Acknowledgments
We are grateful for the assistance provided by the Bahamian government through the field
portion of this study. In particular, we thank M Braynen, Director of Marine Resources, and
L Gittens, K Wright, R Hanna, and C Mounts of the Department of Marine Resources for
their assistance with the permit process and securing use of the Fisheries research vessel
Guanahani. We also thank K Sullivan Sealy of the University of Miami and her graduate
students for logistical support, and W Jaap and J Dupont of the University of South Florida for
assistance in the field. C McKinney-Lambert and the late N Nuttall of BREEF and S Cove provided valuable information and support. We also thank R and J Carroll for accommodations
at the Chaplin House, the many interns from the College of The Bahamas and Department
of Fisheries for their work in the field collecting specimens, and the captain and crew of the
Guanahani. Much appreciation also goes to Academy of Natural Sciences ichthyology collection manager M Sabaj-Pérez for assistance with cataloguing the 2006 collections and to K
Luckenbill for assistance with figure preparation. D Greenfield, W Smith-Vaniz, and L Rocha
provided insightful contributions on an early draft of the manuscript. The manuscript was
also greatly improved by the comments of two anonymous reviewers and the editor.

Literature Cited
Albins MA, Hixon MA. 2008. Invasive Indo-Pacific lionfish Pterois volitans reduce recruitment
of Atlantic coral-reef fishes. Mar Ecol Prog Ser. 367:233–238. http://dx.doi.org/10.3354/
meps07620
Almany GR. 2004. Differential effects of habitat complexity, predators and competitors on
abundance of juvenile and adult coral reef fishes. Oecologia. 141:105–113. PMid:15197644.
http://dx.doi.org/10.1007/s00442-004-1617-0

584

BULLETIN OF MARINE SCIENCE. VOL. 87, NO. 3. 2011

Alvarez-Filip L, Dulvy NK, Gill JA, Côte IM, Watkinson AR. 2009. Flattening of Caribbean coral reefs: region-wide declines in architectural complexity. Proc Roy Soc B. 276:3019–3025.
PMid:19515663. PMCid:2817220. http://dx.doi.org/10.1098/rspb.2009.0339
Aronson RB, Precht WF. 2001. White-band disease and the changing face of Caribbean coral
reefs. Hydrobiologia. 460:25–38. http://dx.doi.org/10.1023/A:1013103928980
Aronson RB, Precht WF. 2006. Conservation, precaution, and Caribbean reefs. Coral Reefs.
25:441–450. http://dx.doi.org/10.1007/s00338-006-0122-9
Arreola-Robles JL, Elorduy-Garay JF. 2002. Reef fish diversity in the region of La Paz, Baja California Sur, Mexico. Bull Mar Sci. 70:1–18.
Baldwin CC, Mounts JH, Smith DG, Weight LA. 2008. Genetic identification and color descriptions of early life-history stages of Belizean Phaeoptyx and Astrapogon (Teleostei:
Apogonidae) with comments on identification of adult Phaeoptyx. Zootaxa. 2008:1–22.
Baldwin CC, Weight LA, Smith DG, Mounts JH. 2009. Reconciling genetic lineages with species in western Atlantic Coryphopterus (Teleostei: Gobiidae). Smithson Contr Mar Sci.
38:111–138.
Bellwood DR, Hoey AS, Ackerman JL, Depczynski M. 2006. Coral bleaching, reef fish community phase shifts and the resilience of coral reefs. Glob Change Biol. 12:1587–1594. http://
dx.doi.org/10.1111/j.1365-2486.2006.01204.x
Berumen ML, Pratchett MS. 2006. Recovery without resilience: persistent disturbance and
long-term shifts in the structure of fish and coral communities at Tiahura reef, Moorea.
Coral Reefs. 25:647–653. http://dx.doi.org/10.1007/s00338-006-0145-2
Beukers JS, Jones GP. 1998. Habitat complexity modifies the impact of piscivores on a coral reef
fish population. Oecologia. 114:50–59. http://dx.doi.org/10.1007/s004420050419
Böhlke JE, Chaplin CCG. 1968. Fishes of The Bahamas and adjacent tropical waters. 1st ed.
Philadelphia: the Academy of Natural Sciences.
Böhlke JE, Chaplin CCG. 1993. Fishes of The Bahamas and adjacent tropical waters. 2nd ed.
Austin: University of Texas.
Bray JR, Curtis JT. 1957. An ordination of the upland forest communities of southern Wisconsin. Ecol Monogr. 27:325–349. http://dx.doi.org/10.2307/1942268
Burke L, Maidens J. 2004. Reefs at risk in the Caribbean. Washington, DC: World Resources
Institute.
Carpenter KE, editor. 2003. The living marine resources of the western central Atlantic. Three
volumes. Rome: FAO.
Carreiro-Silva M, McClanahan TR, Kiene WE. 2005. The role of inorganic nutrients and herbivory in controlling microbioerosion of carbonate substratum. Coral Reefs. 24:214–221.
http://dx.doi.org/10.1007/s00338-004-0445-3
Chaplin G. 2006. A return to the reefs. Smithson Mag. 36:41–49.
Chazottes V, Le Campion-Alsumard T, Peyrot C, Cuet P. 2002. The effects of eutrophicationrelated alterations to coral reef communities on agents and rates of bioerosion (Reunion
Island, Indian Ocean). Coral Reefs. 21:375–390.
Cheal AJ, Wilson SK, Emslie MJ, Dolman AM, Sweatman H. 2008. Responses of reef fish communities to coral declines on the Great Barrier Reef. Mar Ecol Progr Ser. 372:211–223.
http://dx.doi.org/10.3354/meps07708
Choat JH, Bellwood DR. 1985. Interactions amongst herbivorous fishes on a coral reef: influence of spatial variation. Mar Biol. 89:221–234. http://dx.doi.org/10.1007/BF00393655
Choat JH, Bellwood DR. 1991 Reef fishes: their history and evolution. In: Sale PF, editor. The
ecology of fishes on coral reefs. New York: Academic Press, Inc. p. 39–66.
Clarke KR. 1993. Non-parametric multivariate analyses of changes in community structure.
Aust J Ecol. 18:117–143. http://dx.doi.org/10.1111/j.1442-9993.1993.tb00438.x
Clarke KR, Gorley RN. 2006. Primer Version 6. User manual/tutorial. Plymouth: PRIMER-E.
Clarke KR, Warwick RM. 2001. Change in marine communities: an approach to statistical
analysis and interpretation. 2nd ed. Plymouth: PRIMER-E.

ilves et al.: 50-year comparisons of bahamian reef fish assemblages

585

Cole AJ, Pratchett MS, Jones GP. 2008. Diversity and functional importance of coral-feeding fishes on tropical coral reefs. Fish Fish. 9:286–307. http://dx.doi.org/10.1111/j.14672979.2008.00290.x
Colwell RK. 2009. EstimateS: statistical estimation of species richness. Version 8.2.0. User’s
Guide and application published at: http://purl.oclc.org/estimates.
Colwell RK, Mao CX, Chang J. 2004. Interpolating, extrapolating, and comparing incidencebased species accumulation curves. Ecology. 85:2717–2727. http://dx.doi.org/10.1890/030557
Connell JH. 1997. Disturbance and recovery of coral assemblages. Coral Reefs. 16:S101–S113.
http://dx.doi.org/10.1007/s003380050246
Dominici-Arosemena A, Wolff M. 2005. Reef fish community structure in Bocas del Toro (Caribbean, Panama): gradients in habitat complexity and exposure. Caribb J Sci. 41:613–627.
Donaldson TJ. 2002. Habitat association and depth distribution of two sympatric groupers
of the genus Cephalopholis (Serranidae: Epinephelinae). Ichthyol Res. 49:191–193. http://
dx.doi.org/10.1007/s102280200025
Fabricius KE. 2005. Effects of terrestrial runoff on the ecology of corals and coral reefs: review
and synthesis. Mar Pollut Bull. 50:125–146. PMid:15737355. http://dx.doi.org/10.1016/j.
marpolbul.2004.11.028
Friedlander AM, Parrish JD. 1998. Habitat characteristics affecting fish assemblages on a
Hawaiian coral reef. J Exp Mar Biol Ecol. 224:1–30. http://dx.doi.org/10.1016/S00220981(97)00164-0
Froese R, Pauly D, editors. Fishbase [Internet]. FishBase Consortium; Version (01/2010). Available from: http://www.fishbase.org.
Gardner TA, Côte IM, Gill JA, Grant A, Watkinson AR. 2003. Long-term region-wide declines
in Caribbean corals. Science. 301:958–960. PMid:12869698. http://dx.doi.org/10.1126/science.1086050
Gardner TA, Côte IM, Gill JA, Grant A, Watkinson AR. 2005. Hurricanes and Caribbean coral reefs: impacts, recovery patterns, and role in long-term decline. Ecology. 86:174–184.
http://dx.doi.org/10.1890/04-0141
Garpe KC, Yahya SAS, Lindahl U, Öhman MC. 2006. Long-term effects of the 1998 coral
bleaching event on reef fish assemblages. Mar Ecol Prog Ser. 315:237–247. http://dx.doi.
org/10.3354/meps315237
Glynn PW. 1997. Bioerosion and coral reef growth: a dynamic balance. In: Birkeland C, editor.
Life and death of coral reefs. New York: Chapman & Hall. p. 68–95.
Gotelli NJ, Colwell RK. 2001. Quantifying biodiversity: procedures and pitfalls in the measurement and comparison of species richness. Ecol Lett. 4:379–391. http://dx.doi.org/10.1046/
j.1461-0248.2001.00230.x
Graham NAJ, Wilson SK, Jennings S, Polunin NVC, Bijoux JP, Robinson J. 2006. Dynamic
fragility of oceanic coral reef ecosystems. Proc Nat Acad Sci USA. 103:8425–8429.
PMid:16709673. PMCid:1482508. http://dx.doi.org/10.1073/pnas.0600693103
Graham NAJ, Wilson SK, Jennings S, Polunin NVC, Robinson J, Bijoux JP, Daw TM. 2007.
Lag effects in the impacts of mass coral bleaching on coral reef fish, fisheries, and ecosystems. Conserv Biol. 21:1291–1300. PMid:17883494. http://dx.doi.org/10.1111/j.15231739.2007.00754.x
Green S, Côté I. 2009. Record densities of Indo-Pacific lionfish on Bahamian coral reefs. Coral
Reefs. 28:107. http://dx.doi.org/10.1007/s00338-008-0446-8
Greenfield DW, Johnson RK. 1990a. Heterogeneity in habitat choice in cardinalfish community
structure. Copeia. 1990:1107–1114. http://dx.doi.org/10.2307/1446495
Greenfield DW, Johnson RK. 1990b. Community structure of western Caribbean blennioid
fishes. Copeia. 1990:433–448. http://dx.doi.org/10.2307/1446349
Halford A, Cheal AJ, Ryan D, Williams DM. 2004. Resilience to large-scale disturbance in coral and fish assemblages on the Great Barrier Reef. Ecology. 85:1892–1905. http://dx.doi.
org/10.1890/03-4017

586

BULLETIN OF MARINE SCIENCE. VOL. 87, NO. 3. 2011

Hoegh-Guldberg O, Mumby PJ, Hooten AJ, Steneck RS, Greenfield P, Gomez E, Harvell CD,
Sale PF, Edwards AJ, Caldeira K, et al. 2007. Coral reefs under rapid climate change and
ocean acidification. Science. 318:1737–1742. PMid:18079392. http://dx.doi.org/10.1126/
science.1152509
Hughes TP. 1994. Catastrophes, phase shifts, and large-scale degradation of a Caribbean
coral reef. Science. 265:1547–1551. PMid:17801530. http://dx.doi.org/10.1126/science.265.5178.1547
Hughes TP, Baird AH, Bellwood DR, Card M, Connolly SR, Folke C, Grosberg R, HoeghGuldberg O, Jackson JBC, Kleypas J, et al. 2003. Climate change, human impacts, and the
resilience of coral reefs. Science. 301:929–933. PMid:12920289. http://dx.doi.org/10.1126/
science.1085046
Jaap WC, Dupont JM, Kellogg L, Hertler H. 2008. Coral reef habitat around New Providence
Island, Bahamas. Proc 11th International Coral Reef Symp. 18:752–756.
Jones GP, Syms C. 1998. Disturbance, habitat structure and the ecology of fishes on coral reefs.
Aust J Ecol. 23:287–297. http://dx.doi.org/10.1111/j.1442-9993.1998.tb00733.x
Knowlton N. 1992. Thresholds and multiple stable states in coral reef community dynamics.
Amer Zool. 32:674–682.
Lieske E, Myers R. 1996. Coral reef fishes: Caribbean, Indian Ocean, and Pacific Ocean, including the Red Sea. Princeton, NJ: Princeton University Press.
Lindahl U, Öhman MC, Schelten CK. 2001. The 1997/1998 mass mortality of corals: effects
on fish communities on a Tanzanian coral reef. Mar Pollut Bull. 42:127–131. http://dx.doi.
org/10.1016/S0025-326X(00)00167-3
Luckhurst BE, Luckhurst K. 1978a. Analysis of the influence of substrate variables on coral reef
fish communities. Mar Biol. 49:317–323. http://dx.doi.org/10.1007/BF00455026
Luckhurst BE, Luckhurst K. 1978b. Diurnal space utilization in coral reef fish communities.
Mar Biol. 49:325–332. http://dx.doi.org/10.1007/BF00455027
McClanahan T, Maina J, Pet-Soede L. 2002. Effects of the 1998 coral morality event on Kenyan
coral reefs and fisheries. Ambio. 31:543–550. PMid:12572820
McClanahan TR, Muthiga NA. 1998. An ecological shift in a remote coral atoll of Belize over
25 years. Environ Conserv. 25:122–130. http://dx.doi.org/10.1017/S0376892998000174
McCook L, Jompa J, Diaz-Pulido G. 2001. Competition between corals and algae on coral reefs:
a review of evidence and mechanisms. Coral Reefs. 19:400–417. http://dx.doi.org/10.1007/
s003380000129
McCormick M, Moore J, Munday P. 2010. Influence of habitat degradation on fish replenishment. Coral Reefs. 29:537–546. http://dx.doi.org/10.1007/s00338-010-0620-7
McGehee MA. 1994. Correspondence between assemblages of coral reef fishes and gradients
of water motion, depth, and substrate size off Puerto Rico. Mar Ecol Prog Ser. 105:243–255.
http://dx.doi.org/10.3354/meps105243
Meekan MG, Steven ADL, Fortin MJ. 1995. Spatial patterns in the distribution of damselfishes
on a fringing coral reef. Coral Reefs. 14:151–161. http://dx.doi.org/10.1007/BF00367233
Møller PR, Schwarzhans W, Nielsen JG. 2005. Review of the American Dinematichthyini (Teleostei: Bythitidae). Part ii. Ogilbia. Aqua. 10:133–207.
Morris Jr JA, Akins JL, Barse A, Cerino D, Freshwater DW, Green SJ, Muñoz RC, Paris C,
Whitfield PE. 2009. Biology and ecology of the invasive lionfishes, Pterois miles and Pterois
volitans. Proc 61st Gulf Caribb Fish Inst. 1–6.
Munday P, Jones GP. 1998. The ecological implications of small body size among coral-reef
fishes. Oceanogr Mar Biol Annu Rev. 36:373–411.
Nugues MM, Bak RPM. 2006. Differential competitive abilities between Caribbean coral species and a brown alga: a year of experiments and a long-term perspective. Mar Ecol Prog
Ser. 315:75–86. http://dx.doi.org/10.3354/meps315075
Nyström M, Folke C, Moberg F. 2000. Coral reef disturbance and resilience in a humandominated environment. Trends Ecol Evol. 15:413–417. http://dx.doi.org/10.1016/S01695347(00)01948-0

ilves et al.: 50-year comparisons of bahamian reef fish assemblages

587

Otis D, Carder K, English D, Ivey J. 2004. CDOM transport from The Bahamas Banks. Coral
Reefs. 23:152–160. http://dx.doi.org/10.1007/s00338-003-0356-8
Paddack MJ, Reynolds JD, Aguilar C, Appeldoorn RS, Beets J, Burkett EW, Chittaro PM,
Clarke K, Esteves R, Fonseca AC, et al. 2009. Recent region-wide declines in Caribbean
reef fish abundance. Curr Biol. 19:590–595. PMid:19303296. http://dx.doi.org/10.1016/j.
cub.2009.02.041
Pandolfi JM, Bradbury RH, Sala E, Hughes TP, Bjorndal KA, Cooke RG, McArdle D, McClenachan L, Newman MJH, Paredes G, et al. 2003. Global trajectories of the long-term
decline of coral reef ecosystems. Science. 301:955–958. PMid:12920296. http://dx.doi.
org/10.1126/science.1085706
Pratchett MS, Munday PL, Wilson SK, Graham NAJ, Cinner JE, Bellwood DR, Jones GP, Polunin NVC, McClanahan TR. 2008. Effects of climate-induced coral bleaching on coral-reef
fishes - ecological and economic consequences. Oceanogr Mar Biol Annu Rev. 46:251–296.
http://dx.doi.org/10.1201/9781420065756.ch6
Pratchett MS, Wilson SK, Baird AH. 2006. Declines in the abundance of Chaetodon butterflyfishes following extensive coral depletion. J Fish Biol. 69:1269–1280. http://dx.doi.
org/10.1111/j.1095-8649.2006.01161.x
Pratchett MS, Wilson SK, Graham NAJ, Munday PL, Jones GP, Polunin NVC. 2009. Coral
bleaching and consequences for motile reef organisms: Past, present and uncertain future
effects. In: van Oppen MJH, Lough JM, editors. Coral bleaching: patterns, processes, causes
and consequences. Heidelberg: Springer-Verlag. p. 139–158.
R Development Core Team. 2008. R: a language and environment for statistical computing.
Vienna: R Foundation for Statistical Computing. http://www.R-project.org
Randall JE. 1966. The West Indian blenniid fishes of the genus Hypleurochilus, with the description of a new species. Proc Biol Soc Wash. 79:57–71.
Randall JE. 1967. Food habits of reef fishes of the West Indies. Stud Trop Oceanogr. 5:665−847.
Randall JE. 1983. Caribbean reef fishes. Neptune City, NJ: TFH Publications, Inc.
Randall JE, Böhlke JE. 1981. The status of the cardinalfishes Apogon evermanni and A. anisolepis (Perciformes: Apogonidae) with description of a related new species from the Red Sea.
Proc Acad Nat Sci Philadelphia. 133:129–140.
Rasher DB, Hay ME. 2010. Chemically rich seaweeds poison corals when not controlled by herbivores. Proc Nat Acad Sci USA. 107:9683–9688. PMid:20457927. PMCid:2906836. http://
dx.doi.org/10.1073/pnas.0912095107
Sealey KS. 2004. Large-scale ecological impacts of development on tropical islands systems:
comparison of developed and undeveloped islands in the central Bahamas. Bull Mar Sci.
75:295–320.
Sheppard CRC, Spalding M, Bradshaw C, Wilson S. 2002. Erosion vs. recovery of coral reefs
after 1998 El Niño: Chagos reefs, Indian Ocean. Ambio. 31:40–48.
Spalding MD, Jarvis GE. 2002. The impact of the 1998 coral mortality on reef fish communities in the Seychelles. Mar Pollut Bull. 44:309–321. http://dx.doi.org/10.1016/S0025326X(01)00281-8
Srinivasan M. 2003. Depth distributions of coral reef fishes: the influence of microhabitat structure, settlement, and post-settlement processes. Oecologia. 137:76–84. PMid:12856204.
http://dx.doi.org/10.1007/s00442-003-1320-6
Stallings CD. 2009. Fishery-independent data reveal negative effect of human population density on Caribbean predatory fish communities. PLoS ONE. 4:e5333. PMid:19421312. PMCid:2672166. http://dx.doi.org/10.1371/journal.pone.0005333
Steele MA. 1999. Effects of shelter and predators on reef fishes. J Exp Mar Biol Ecol. 233:65–79.
http://dx.doi.org/10.1016/S0022-0981(98)00127-0
Syms C, Jones GP. 2000. Disturbance, habitat structure, and the dynamics of a coral-reef fish community. Ecology. 81:2714–2729. http://dx.doi.org/10.1890/0012-9658(2000)081[2714:DHS
ATD]2.0.CO;2

588

BULLETIN OF MARINE SCIENCE. VOL. 87, NO. 3. 2011

Wakeford m, done t, Johnson C. 2008. decadal trends in a coral community and evidence of
changed disturbance regime. Coral reefs. 27:1–13. http://dx.doi.org/10.1007/s00338-0070284-0
Walsh WJ. 1983. stability of a coral reef fish community following a catastrophic storm. Coral
reefs. 2:49–63. http://dx.doi.org/10.1007/Bf00304732
Ward-paige CA, mora C, lotze hK, pattengill-semmens C, mcClenachan l, Arias-Castro e,
myers rA. 2010. large-scale absence of sharks on reefs in the greater-Caribbean: a footprint of human pressures. plos one. 5:e11968. pmid:20700530. pmCid:2916824. http://
dx.doi.org/10.1371/journal.pone.0011968
Whitfield p, hare J, david A, harter s, muñoz r, Addison C. 2007. Abundance estimates of
the indo-pacific lionfish Pterois volitans/miles complex in the western north Atlantic. Biol
invasions. 9:53–64. http://dx.doi.org/10.1007/s10530-006-9005-9
Williams Jt, mounts Jh. 2003. descriptions of six new Caribbean fish species in the genus
Starksia (labrisomidae). Aqua. 6:145–164.
Wilson sK, dolman Am, Cheal AJ, emslie mJ, pratchett ms, sweatman hpA. 2009. maintenance of fish diversity on disturbed coral reefs. Coral reefs. 28:3–14. http://dx.doi.
org/10.1007/s00338-008-0431-2
Wilson sK, fisher r, pratchett ms, graham nAJ, dulvy nK, turner rA, Cakacaka A, polunin
nvC, rushton sp. 2008. exploitation and habitat degradation as agents of change within
coral reef fish communities. glob Change Biol. 14:2796–2809. http://dx.doi.org/10.1111/
j.1365-2486.2008.01696.x
Wilson sK, graham nAJ, pratchett ms, Jones gp, polunin nvC. 2006. multiple disturbances
and the global degradation of coral reefs: are reef fishes at risk or resilient? glob Change
Biol. 12:2220–2234. http://dx.doi.org/10.1111/j.1365-2486.2006.01252.x
date submitted: 23 June, 2010.
date Accepted: 4 January, 2011.
Available online: 4 february, 2011.
Addresses: (Kli, llK, gWC, Jgl) Department of Ichthyology, Academy of Natural Sciences,
1900 Benjamin Franklin Parkway, Philadelphia, Pennsylvania 19103. (AmQ) Biology
Department, Temple University, 1900 N 12th Street, Philadelphia, Pennsylvania 19122. (hh)
Center for Environmental Education Conservation and Research, Inter American University of
Puerto Rico, Dr. Harris Ave, Building 101, San Germán, Puerto Rico 00683. Corresponding
Author: (Kli) E-mail: <ilves@ansp.org>.

