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SPATIAL PATTERNS OF EPIFAUNAL INVERTEBRATES IN TROPICAL NEAR SHORE
REEFS: INFLUENCE OF ISLANDS, STORMS AND
LAND-BASED SOURCES OF POLLUTION ON BENTHIC DIVERSITY

Kathleen Sullivan Sealey !, Kathleen Semon? and Emily Wright'
'Department of Biology, P.O. Box 249118, Coral Gables, FL 33124 USA
? Fish and Wildlife Research Institute, St. Petersburg, FL. USA

ABSTRACT

Benthic macrofauna have long been used
to characterize marine communities such as coral
reefs and seagrass beds, but these organisms are
also used in impact assessment as indicators of
ecological health and stability. Small differences
in benthic macrofauna assemblage patterns can
indicate shifts in marine communities over space
and time. The assemblages of conspicuous ma-
rine benthic invertebrates were studied for near
shore hard-bottom and patch reefs at two different
islands that varied in size, history of hurricane dis-
turbance and degree of coastal development over
a five-year period. The greatest differences were
found to be temporal in nature, and related to dis-
turbance (e.g. hurricane or acute development
events). Corals (Phylum Cnidaria: Scleractinia),
echinoderms (Phylum Echinodermata), and
sponges (Phylum Porifera) were most sensitive to

disturbance, thus representing the best indicators -

of benthic habitat change over space and time.
The results illustrate the importance of on-going
monitoring of coastal system when attempting to
segregate natural and anthropogenic stressors on
near shore habitats. For large archipelagos such
as The Bahamas, regional or island-specific base-
line datasets are crucial for impact assessments.

INTRODUCTION

Over the past decade, researchers have focused
efforts towards the use of proxies and indicator
organisms to simplify the assessment of anthro-
pogenic impacts on marine ecosystems (Burke
and Maidens 2004). An important indicator group
of marine ecosystem health is benthic macrofauna
(Grall and Glémarec 1997, Simboura and Zenetos
2002, Perus et al. 2004). Members of benthic ma-
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macrofauna communities including cnidarians,
poriferans, echinoderms, crustaceans, molluscs,
chordates and annelids, have many characteristics
that make them ideal indicators. However, epi-
faunal invertebrates have clonal and aclonal life
histories, different life spans and mobility. It is
critical to understand how conspicuous benthic
species respond to stress, particularly changes in
water quality, extreme storm events and increased
sedimentation rates. Their presence or absence
can signal the state of health in the ecosystem
(Zettler et al. 2007, Reiss and Kréncke 2005).
Shallow, near shore marine habitats around is-
lands in The Bahamas host unique assemblages of
macro-invertebrate species that utilize consoli-
dated and unconsolidated substrates. If these as-
semblages were well characterized and regularly
monitored, they could serve as important indica-
tors of impacts occurring over time and space, in-
cluding shifts resulting from anthropogenic activi-
ties. The lack of baseline information as well as
the tendency to assume uniformity in reef or ben-
thic community composition across the archipel-
ago restricts the ability to manage near shore ma-
rine resources.

While it is clear that benthos respond
quickly to environmental changes and stress (Raf-
faelli et al. 2003, Dernie et al. 2003), there is a
need to deduce what stressors can cause major
changes in the coastal zone. The ability to distin-
guish natural stressors from anthropogenic stres-
sors requires frequent and thorough study of habi-
tats over time (Rosa and Bemvenuti 2006, Mor-
risey et al. 1992, Clarke and Warwick 2001,
Lapointe et al. 2007). Benthic macrofauna re-
spond physiologically and behaviorally to diurnal,
lunar, and seasonal cycles (Nichols and Thomp-
son 1985), and thus natural changes in species
composition should occur in describable, cyclical
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patterns. Diversity and species composition are
likely to change more rapidly and irreversibly
with anthropogenic influences, a phenomenon de-
scribed for coral reefs by Hughes (1994). How-
ever, early detection of catastrophic changes may
be more difficult. Tropical marine benthic epi-
fauna composition is a function of both stochastic
recruitment events and additional filtering of
smaller scale events (Carlton and Olson 1993).
Frequent monitoring of the presence or absence,
as well as the abundance of benthic macrofauna
over time should elucidate of the rate and extent
of community changes.

Although many studies have addressed
temporal change in near shore benthic communi-
ties, research has traditionally focused on infaunal
communities in subtropical and temperate lagoons
and estuaries (Raut et al. 2005, Rosa and Benve-
nuti 2006, Duport et al. 2007, Hyland et al. 2006).
Few studies have characterized the benthic epi-
fauna in hard bottom reefal and non-reefal habi-
tats, and there is a need for studies that character-
ize these communities over time. Exactly how
temporal variability contributes to the long-term
patterns and changes in benthic diversity and spe-
cies assemblages in the Tropical Western Atlantic
is currently unclear.

This study aimed to reveal the survey fre-
quency required to characterize habitats and as-
sess shifts in near shore benthic assemblages
caused by complex stressors that can be linked to
the geography and development of small island
systems. Near shore benthic habitats from two
different islands were examined to contrast tem-
poral and spatial patterns of conspicuous epifauna
across many phyla. Islands differed in size, his-
tory of hurricane events and intensity of coastal
development. Study sites were surveyed over a
five-year period. Temporal changes in these ben-
thic assemblages were evaluated to determine a
protocol for the detection of small changes in the
invertebrate community. Key species and taxa
indicative of major differences between benthic
assemblages were identified.

The size of an island and extent of human
development is critical for determining the scope
and extent of anthropogenic stressors on near
shore marine habitats. Presumably, larger islands
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may be able to sustainably support larger popula-
tions and infrastructure of tourism development.
However, the type of development and infrastruc-
ture in place may mitigate land mass limitations.
The Bahamian archipelago has less than 330,000
people, with a wide range of islands varying in
size and population density. The islands cover
1200 kilometers, thus representing a range of
natural disturbance events (e.g. hurricanes, tropi-
cal storms and frontal systems). The archipelago
provides an ideal location to contrast spatial pat-
terns of benthic invertebrate community composi-
tion under varying coastal environments and hu-
man development regimes.

METHODS AND MATERIALS

Six study sites were chosen to characterize
two different near shore benthic habitat types
(non-reef hard bottom or “hardbar” and patch
reef) on two islands (Great Exuma and Guana
Cay, Abaco) in The Bahamas. Great Exuma is a
large island located in the southern Bahamas and
the study sites around this island are located in
Elizabeth Harbour (Figure 1A). Great Guana Cay
is a very small offshore cay near Abaco Island
(Figure 1B). Survey sites were selected based on
1.) Size of the island, 2.) Proximity to the shore-
line, and 3.) Condition of the shoreline in terms of
vegetation and development. Most sites were rel-
atively protected from exposure to open ocean
currents, resulting in low to medium wave energy.
One site on each island, Tombola Beach (BBCS5)
on Great Guana Cay, and Fowl Cay (FC) off
Great Exuma, were adjacent to channels open to
the western Atlantic Ocean and represented reefs
furthest from island-based impacts. All of the
sites in this study are shallow (maximum depth 6
meters), and each site is located within 500 meters
of the study island shoreline. Throughout the Ba-
hamian archipelago, coastal areas experience
semi-diurnal microtides (range 1.9 meters in
Abaco island group, 1.6 meters in Exuma Cays),
with the annual tidal range increasing from the
southern to the northern extent of the archipelago.

“Hardbar” habitats are characterized by
nearshore, non-reefal hard bottom areas domi-
nated by either algae or soft corals with smaller
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heads of stony corals. Hardbar habitats are cre-
ated by natural processes of cementation (mixed
facies of oolite with coralline skeletal consoli-
dated sediments) (Sealey 2006). Patch reefs are
isolated, nearshore clusters of coral colonies nor-
mally located adjacent to seagrass beds on the
leeward side of an island.
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Figure 1: Top is 14, a map of Great Exuma Is-
land and associated reef study sites, Bottom is 1B,
a map of Great Guana Cay in the northern Aba-
cos, with associated reef study sites.

To better understand the nature of change
and variability in near shore marine habitats, the
two islands were selected based on the proxy in-
dicators for threats to coral reefs in the “Reefs at
Risk™ analyses compiled by Burke and Maidens
(2004). The parameters measured for coastal de-
velopment that correspond to land-based threat
sources include the number of cities (settlements),
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ports, airports, dive tour centers and coastal popu-
lation of the island (Table 1).

Sampling methods

Each site was surveyed two to four times
between March 2004 and July 2006, resulting in a
total of 18 surveys at the six sites. Roving diver
surveys were completed over an area of 2500 m?,
measured by underwater transect tape. Survey
times ranged from 1-2 hours per survey event.
Conspicuous benthic macrofauna were identified
on site to the most specific taxonomic level possi-
ble and recorded on underwater paper. Species
abundances were recorded using geometric abun-
dances: 1 individual = single; 2-10 individuals =
few; 11-100 individuals = many; >100 individuals
= abundant. Invertebrate and coral identification
guides for the Caribbean (Humann and DeLoach
2002), underwater photos, drawings and descrip-
tions were used as aides following each survey to
confirm species identifications.

The probability of Type 2 errors with the misiden-
tification of species was reduced by referencing
field guides, verification by laboratory identifica-
tion and experience. References on Bahamian
distribution of the surveyed species (Appendix 2)
served to confirm the presence of each species on
the different islands. Very rare or questionable
species (outliers) were also removed from the
dataset. Transect tapes were used to estimate ar-
eas and define the limits of the survey area.

Data analysis

Univariate diversity indices (Shannon Di-
versity, number of species present, species rich-
ness and Peilou’s evenness) were calculated with
the species data from each survey event using the
PRIMER v5 package (Clarke and Gorley 2001) to
measure assemblage diversity and species equita-
bility. Multivariate analyses also were performed
on the assemblage data using the PRIMER v5
package to elucidate differences in near shore
benthic assemblages by island, year and habitat.
Raw data from the surveys, including pres-
ence/absence and geometric abundance of species,
was sorted and outliers were removed. Data did
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not require transformation because use of the
geometric abundance system normalized the
dataset. A Bray-Curtis similarity matrix was
composed to show similarities between the sur-
veyed communities. The Bray-Curtis Index is not
affected by joint absences and is based on quanti-
tative data, reflecting differences in relative abun-
dances of species between samples (Clarke and
Warwick 2001).

From the Bray-Curtis similarity matrix,
CLUSTER dendrograms were created to eliminate
outliers, then show potential groupings by island,
year and habitat type. To visualize the groupings
of surveys, ordination by non-metric multidimen-
sional scaling (MDS) was carried out to produce
two-dimensional ordination plots of the Bray-
Curtis similarities between surveys. Distance on
MDS plots between samples corresponds to the
relative similarity between factors (in this case,
species presence/absence and abundance) such
that samples that are far apart are more dissimilar
than those that are closer together. Analysis of
Similarities (ANOSIM) was used to test for sig-
nificant differences between community assem-
blages. Similarity percentages (SIMPER) high-
lighted which species contributed to the differ-
ences between groups of surveys that showed
clustering (similar species composition and abun-
dance patterns).

RESULTS

In the 18 surveys of six benthic macro-
fauna assemblages in Great Exuma and Guana
Cay, 142 total invertebrate species were recorded.
Seven phyla were represented (Figure 2). Benthic
cnidarians, including hard and soft corals, anemo-
nes, and hydroids showed the highest richness (61
species). Other represented phyla including mol-
lusca, porifera and echinodermata may not have
been less speciose, but certainly less detectable in
this survey method (2-20 species). The crusta-
ceans and annelids are often cryptic on tropical
reefs, and thus require special collection methods.
Only large and conspicuous species are repre-
sented in this survey (e.g. Spirobranchus giganti-
cus). Tunicates were also limited to a few con-
spicuous species (<15 species).
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Proxy indicators for land-based impacts on
nearshore marine communities (Table 1) highlight
the differences in size and development of Great
Exuma compared to Guana Cay. Univariate di-
versity indices for each island (Table 2) indicate
that while Great Exuma is more developed, the
average benthic macrofauna assemblage there has
higher species richness and higher Shannon diver-
sity than at Guana Cay. Figure 3 shows the Shan-
non diversities for each site surveyed at the is-
lands, with 95% confidence intervals that repre-
sent the range of temporal variability in the ben-
thic assemblages at those sites. While diversity
varied little by island, the confidence intervals
imply that the assemblages at Guana Cay were
more variable over time than those at Great
Exuma.

Initial non-hierarchical clustering verified
the need to exclude Tombola Beach (BBCS5) off
Guana Cay as an outlier, as this one site was less
than 5% similar to any other site surveyed. This
site was distinctly different in its species composi-
tion, and was the most dissimilar site. The re-
moval of this site helped elucidate more differ-
ences in the other survey events over space and
time (Gauch 1982).

TUNICATA
ANNELIDA
CRUSTACEA
ECHNOBERMATA
PORIFERA
MOLLUSCA
CNIDARIA
© 0w 9w w4 = & W
Rumber of species

Figure 2: Benthic macrofauna composition of near
shore reefs habitats in Great Exuma and Guana
Cay, Abaco based on 18 surveys of 6 sites sampled
in 2004, 2005 and 2006.

Univariate diversity indices averaged for
all surveys by year indicate few major differences
between the three years of this study. Closer in-
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spection of the Shannon diversities over time
(Figure 4.) exposed greater differences in the as-
semblages from year to year at a single site. The
Great Exuma sites show temporal changes due to
micro-scale proximity impacts, with large diver-
sity differences observed at Hooper’s Bay (HB),
smaller differences at Out Island Inn (OI), and
minimal differences at Fowl Cay (FC). Each of
these sites is affected by different amounts of
land-based development; HB is the closest to a
large development under construction and FC is
more than 5 kilometers away from the nearest de-
velopment center.

The sites on Guana Cay presumably show
similar temporal changes to each other due to
proximity and larger scale disturbance (e.g. three
hurricanes). The outlier site, Tombola Beach
(BBC5), demonstrated increased Shannon diver-
sity over time while the sites near Joe’s Creek
(JC1, JC3) demonstrated decreased diversity.
BBCS5 is exposed to more ocean currents due to
its location in a channel, while JC1 and JC2 are
close to the island in the Sea of Abaco.

Guana Cay
[ ] {
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Shannon Diversity (H')
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ol HB FC BBCS 3o

Site

Figure 3: Mean Shannon diversities with 95%
confidence intervals for each benthic macrofauna
assemblage by site. Note that the length of the
whiskers represents the range of temporal vari-
ability for each site. Guana Cay experienced hur-
ricanes in both 2004 and 2005, while Exuma was
not impacted by a major hurricane over the
course of this study.

Multivariate analyses for all surveys by
year show significant temporal effects on benthic
macrofauna assemblages (Figure 6 and 7). MDS

24

shows a grouping of surveys from 2004 and 2005
and another grouping of surveys from 2006, with
little overlap between the two major clusters. A
pairwise comparison of the three years using
ANOSIM indicated that this grouping was likely
not produced by chance and that there is a differ-
ence between the assemblages by year (R=0.197,
1.6% significance). SIMPER analysis (Table 4)
indicated that corals, echinoderms and sponges
contributed fairly equally to the differences in
benthic assemblages by year. Inspection of SIM-
PER analyses between 2005 and 2006 (Table 4B)
and 2004 and 2006 (Table 4C) shows that echino-
derms represent half (5/10) of the species contrib-
uting to the largest differences between the years
shown in the MDS plot.

Univariate indices of the benthic assem-
blages show no clear patterns in species richness,
evenness or diversity by habitat type (Figure 5).
However, the confidence intervals of the mean
Shannon diversities by habitat type (Figure 6) il-
lustrate that patch reef assemblages varied more
over time than hardbar assemblages. Multivariate
analyses indicated habitat effects on macrofauna
assemblages (Figure 6 and 7). MDS exhibited
grouping of hardbar surveys and grouping of
patch reef surveys with some overlap. The more
compacted grouping of hardbar surveys compared
to the spread of the patch reef surveys again sug-
gests that patch reef assemblages show more vari-
ability than hardbar assemblages. ANOSIM con-
firmed a strong difference in benthic macrofauna
assemblages between the two habitats (R=0.178,
2.6% significance). SIMPER analysis (Table 5)
revealed that soft and hard corals are the most
common taxa (10/15) among the top contributing
species for differences in benthic macrofauna as-
semblages across the habitat types.
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Figure 4: Year to year changes in benthic macro-
fauna diversity (Shannon index) for each site in
Great Exuma and Guana Cay, Bahamas. The
prefix X- denotes a site in Exuma and A- denotes
a site in Guana Cay, Abaco.

DISCUSSION

Relatively common and conspicuous epi-
fauna, in addition to the stony corals, can vary
dramatically between survey sites and over time.
Sponges and echinoderms appear to be particu-
larly likely to change in both occurrence and
abundance over time. Stressors, both abiotic and
biotic, induce changes in marine communities
(Fabricius and De’ath 2004); ideally there would
be changes in the benthos that could be indica-
tive of high sedimentation rates (e.g. loss of cor-
als); increased pathogens (e.g. loss of sponges or
echinoderms) or increased physical damage from
storms (e.g. increased occurrence of weedy or
encrusting benthos).

The population density for Great Exuma
was twice as high as that of Guana Cay (but well
below the highest population density in the Ba-
hamian archipelago of 290 people per hectare on
North Bimini). Great Exuma is more developed,
having more and larger resorts, settlements, ma-
rinas and dive centers than Guana Cay. These
results suggest potentially greater anthropogenic
influence on the near shore communities at Great
Exuma than at Guana Cay.

Natural stressors (hurricanes and frontal
systems) and anthropogenic stressors (coastal
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alterations associated with development) may
have produced local impacts, including coastal
eutrophication and increased turbidity.  Al-
though Great Exuma sites overall were more di-
verse than sites at Guana Cay, there were greater
differences between sites on Great Exuma. The
least diverse sites (HB and OI), exhibiting the
least stability and greatest change over time, oc-
curred immediately adjacent to a hotel and filled
coastal areas under construction. The site FC,
furthest from developed coastal areas, exhibited
the highest diversity and changed the least over
years. The proximity of coastal alterations can
impact both the diversity and stability of benthic
invertebrate communities, even when water
quality changes are not detectable or obvious
(Sealey 2004). Changes at the two near-
development sites were attributed to the loss of
the stony corals P. furcata and M. annularis and
loss of the soft corals Psuedopterogorgia spp.
combined with the increase in the occurrence of
the encrusting sponges C. nucula and A. varians
and weedy fire coral M. alcicornis.

Generally, all benthic sites off Guana
Cay contained fewer species in lower abundances
that those sites surveys off Great Exuma. Both
hard bottom habitat types appear to have greater
invertebrate species diversity and species richness
off Great Exuma compared to Guana Cay. The
importance of latitudinal gradients along the ar-
chipelago are critical in making island to island
comparisons, as Great Exuma may have naturally
greater diversity of reefal invertebrates in the ab-
sence of cold fronts and temperature extremes ex-
perienced by northern Guana Cay. Weak differ-
ences found in the macro-invertebrate assem-
blages in these two islands elucidate the impor-
tance of habitat and locations when making ben-
thic assessments.

The variability seen over time in benthic
macrofauna assemblages may be influenced by
acute anthropogenic impacts, such as in Great Ex-
uma, and acute storm events, such as in Guana
Cay. Guana Cay experienced three large
hurricane events, concurrent with a decrease in
diversity and evenness. Specifically, there was a
loss of soft coral species P. homomalla, and
Psuedopterogorgia spp., as well as an increase in
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sea anemones such as Condylactis gigantean and
Stichodactyla helianthus. Some hard corals de-
creased in abundance (M. annularis, S. siderea
and P. furcata) as well. Increased monitoring of
near shore marine systems over longer periods of
time will clarify responses to specific stressors
such as hurricane events or major dredging/ de-
velopment activities.

The differences observed in benthic epi-
fauna assemblages over time indicated that as-
semblages in 2004 and 2005 were similar to each
other and yet both different from assemblages in
2006. One possible explanation for this pattern is
that the hurricane impacts caused by Wilma in
October 2005 were more damaging than those
caused by the hurricanes in the fall of 2004. It is
important to note that sampling of benthic inver-
tebrate assemblages on annual or semiannual time
frames can allow researchers to miss important
changes; quarterly sampling may be required in
areas with rapid development changes taking
place or large active construction project to pin-
point major disturbance events (Nichols and
Thompson 1985).

Estuarine macrofauna communities in
Brazil show seasonal variability with water tem-
perature variations. Communities there are denser
in the summer months due to high levels of re-
cruitment following the patterns of high water
temperature and salinity (Rosa and Benvenuti
2006). Sfriso et al. (2001) found seasonal
changes in macrofauna communities in a Venice
lagoon due to seasonal changes in environmental
variables such as oxygen and temperature levels.
Buchanan et al. (1978) found some of the largest
changes in benthic macrofauna abundances to oc-
cur after unpredictable natural disturbances such
as storms, which were likely the cause of the ma-
jor changes seen in the assemblages in Guana Cay
following the hurricanes of 2004 and 2005.
Higher frequency surveys will allow a more com-
plete characterization of the marine community
and will the assessment of species assemblage re-
sponse to specific stressors on the system.

The two most common hard bottom ben-
thic habitats in the Bahamian archipelago are the
non-reefal hardbar and patch reefs (Sealey 2002).
These two habitats are often described as contain-
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ing corals and sponges, but are distinct in their
epifauna species composition. Patch reefs are
more diverse, but have a higher dissimilarity over
time compared to hardbar sites. It is not clear if
patch reefs naturally have a higher species turn-
over of the benthos or are more susceptible to
change from disturbance events. Disturbance re-
gimes and wave energy in marine systems not
only influence diversity levels, but also determine
the distribution of habitat types (Dernie et al.
2003). In the same way, the physical characteris-
tics facilitating a patch reef in a given location
could contribute to the increased level of change
in the benthic community over time from local-
ized water flow rates, substratum diversity, topog-
raphic complexity, depth, surrounding habitat, and
the age of the site (Sale and Douglas 1984). Dif-
ferences in benthic invertebrate assemblages by
habitat type may also indicate acute micro-scale
(10 to 100°s of meters) stressors such as disease
outbreaks or local overfishing. Near shore reefs
may change more over time because they are
more susceptible to these stressors. Patch reefs
should be chosen for long-term monitoring rather
than hardbar sites because of the higher benthic
diversity and the likelihood to show noticeable
shifts over time.

Stony and soft corals appear to be the best
indicators of differences in assemblages between
island and between habitat. Corals have been de-
scribed as good indicators of variability in physi-
cal parameters and ecosystem health in other stud-
ies (Shinn 1966, Negri and Heyward 2000, Oka-
moto et al. 2000). Benthic surveys that include
echinoderms, sponges and soft corals will be more
sensitive to temporal changes in benthic assem-
blages. Echinoderms have been previously found
to be sensitive indicators of contamination in
coastal marine environments (Burd and van Pop-
pelen 2004, Atkinson et al. 2003). Diaz et al.
(2004) found that sponges can give insight to the
directionality of community shifts. Use of a rela-
tively short checklist of less than 50 benthic inver-
tebrates could be developed (specific for an island
group) to reduce survey time in future research of
near shore ecosystem health.

Many benthic organisms surveyed in this
study may have the ability to handle some levels
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of stress and harmful impacts, both natural and
anthropogenic. Life history strategies of benthic
organisms are reflected in response times to dis-
turbance (Thistle 1981), and rapid recovery has
been measured in benthic shallow-water commu-
nities of temperate estuary systems (Dernie et al.
2003) and subtropical estuaries (Raffaelli et al.
2003). Shallow near shore habitats may support
benthic organisms adapted to deal with seasonal
changes and impacts from processes occurring on
land due to their vicinity to the shore or the stabil-
ity of the bottom type in hardbar and patch reef
habitats. De La Rosa et al. (2006) studied a deca-
pod community in the Inner Bay of Cadiz in Spain
and found the diversity, species richness and
evenness of the assemblage to be stable over a
two year period, despite high levels of anthropo-
genic impacts on the bay. The researchers sug-
gested that the diversity and stability of this com-
munity may have been due to the specific charac-
teristics of the bottom type.

The frequency of disturbances, including
the storm history of an island, is critical to any
near shore ecological assessment. Connell (1978)
proposed that physical disturbances are important
in the maintenance of diversity, and that a direct
relationship exists between the frequency of these
disturbances and the species richness in a com-
munity. The proximity of this study’s sites to
land and their shallow depth lead to higher levels
of disturbances than habitats offshore, including
frequent salinity changes due to fresh water runoff
after precipitation and changes in temperature and
light during the tidal cycle. Shallow, near shore
communities, like those in this study, are most
susceptible to land-based stressors caused by
coastal development (Sealey 2004).

Shallow, near shore hardbar and patch reef
habitats require protection to maintain high
diversity and ecological function, and
management and research plans must take into
account the differences present between
communities in different island groups and in
different habitats over time. Consistent, frequent
surveys will enable full characterizations of
tropical near shore invertebrate communities in
terms of health and stability, and will contribute
information when relating changes over time
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ity, and disturbances such as hurricanes, or an-
thropogenic impacts.
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Figure 5. Mean Shannon diversities with 95%
confidence intervals for benthic macrofauna
communities in patch reef and hardbar sites in
The Bahamas. Note that the length of the whisk-
ers represents the range of temporal variability
for each habitat type.
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Figure 7. Two-dimensional non-metric MDS
plot based on Bray-Curtis similarities for all
benthic macrofauna assemblage surveys taken
at each site in The Bahamas showing habitat
type as the factor.
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Table 1. Comparison of proxy indicators for anthropogenic impacts (coastal development and marine
threats) on Great Exuma and Guana Cay, Bahamas.

GREAT EXUMA

PARAMETER (Moss Town to Rolletown) GUANA CAY, Abacos
Area (ha) 2270.8 251.2
Number of people 3,571 170
Population density (persons/ hectare) 1.57 0.68
Number of airports 1 0
Number of resorts/hotels 7 3
Number of major settlements (25 10 1
buildings or more)
Number of marinas and major an- 14 7
chorages
Number of Dive Tour Centers 2 2

Table 2. Univariate diversity indices (calculated with the DIVERSE function in PRIMER v5)
for all surveys over time. Indices shown are the number of species present (S), species rich-
ness (d), Pielou’s evenness (J’), and Shannon diversity (H’).

Island Survey Date Habitat S d J' H'
Site Code

Exuma 0] | July 04 patch reef 24 5.573 0.9941 3.159
Exuma o1 Jan 05 patch reef 27 6.252 0.9873 3.254
Exuma (0] 4 June 05 patch reef 36 7.686 0.9892 3.545
Exuma 01 June 06 patch reef 30 6.738 0.983 3.343
Exuma HB July 04 hardbar 35 8.03 0.9966 3.543
Exuma HB Jan 05 hardbar 23 5.683 0.9905 3.106
Exuma HB June 06 hardbar 37 8.061 0.9885 3.569
Exuma FC July 04 patch reef 39 8.553 0.9833 3.602
Exuma FC June 05 patch reef 42 8.723 0.9764 3.649
Exuma FC June 06 patch reef 48 9.783 0.988 3.825
Guana BBCS5 Mar 04 patch reef 20 4.963 0.9937 2.977
Guana BBCS5 July 05 patch reef 31 7.015 0.9748 3.347
Guana BBC5 July 06 patch reef 34 7.575 0.9859 3.477
Guana JC3 July 05 hardbar 35 7.976 0.9867 3.508
Guana JC3 July 06 hardbar 21 4.969 0.9886 3.01

Guana JC1 Mar 04 hardbar 32 7.347 0.9895 3.429
Guana JC1 July 05 hardbar 33 7.303 0.9818 3.433

Guana JC1 July 06 hardbar 25 5.862 0.9838 3.167
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Table 4. The top 5 species contributing to the differences in benthic macrofauna assemblages over time
between the years (4) 2004 and 2005, (B) 2005 and 2006, and (C) 2004 and 2006 determined by SIM-

PER analysis (performed with PRIMER v5).

A)
Species Taxa 2004 2005 Con- Cum.
Av.Abund Av.Abund trib% %
Porites furcata hard coral 2.00 0.00 2.32 2.32
Pseudopterogorgia sp.  soft coral 0.60 1.86 2.05 4.37
Montastrea annularis hard coral 2.00 1.29 2.01 6.38
Millepora alcicornis hard coral 1.60 0.86 1.89 8.27
Chondrilla nucula sponge 1.80 2.29 1.87 10.14
B)
Species Taxa 2005 2006 Con- Cum.
Av.Abund Av.Abund trib% %
Holothuria mexicana echinoderm 2.29 0.00 2.32 2.32
Aplysina fistularis sponge 0.86 2.83 2.13 4.45
Echinometra lucunter ~ echinoderm 2.29 0.33 2.08 6.54
Anthosigmella varians  sponge 1.00 2.17 1.87 8.39
Echinometra viridis echinoderm 0.00 1.83 1.84 10.23
0
Species Taxa 2004 2006 Con- Cum.
Av.Abund Av.Abund trib% %
Anthosigmella varians  sponge 0.00 2.17 2.53 2.53
Echinometra lucunter  echinoderm 2.20 0.33 2.22 4.75
Echinometra viridis echinoderm 0.00 1.83 2.13 6.88
Briareum asbestinum soft coral 1.80 1.00 1.90 8.78
Millepora alcicornis hard coral 1.60 1.00 1.85 10.63

Table 5. SIMPER analysis (performed with PRIMER v5) based on habitat type (patch reef vs. hardbar
sites) showing the top 15 species contributing to the differences in benthic macrofauna assemblages.

Species Taxa Patch Hard Bar Contrib% Cum.%
Av.Abund  Av.Abund

Pterogorgia anceps soft coral 0.90 2.00 1.99 1.99
Millepora complanata hard coral 1.80 0.00 1.98 3.97
Montastrea annularis hard coral 2.10 1.00 1.88 5.85
Condylactis gigantea anemone 1.00 2.13 1.81 7.65
Erthryopodium caribaeorum soft coral 1.60 0.88 1.77 9.42
Diploria clivosa hard coral 0.80 1.63 1.76 11.18
Chondrilla nucula sponge 1.90 1.35 1.73 12.91
Aplysina fistularis sponge 1.70 0.63 1.68 14.59
Briareum asbestinum soft coral 1.80 1.75 1.68 16.27
Anthosigmella varians sponge 1.50 0.50 1.67 17.94
Porites porites hard coral 2.80 0.75 1.64 19.59
Millepora alcicornis hard coral 1.60 0.50 1.63 21.21
Pseudopterogorgia sp. soft coral 1.50 0.75 1.62 22.83
Holothuria mexicana echinoderm 1.40 1.00 1.57 24 41
Diploria strigosa hard coral 1.00 1.88 1.55 25.96
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