








Fig. 3 Area of study, San
Salvador Island, Bahamas.
Telephone Pole Reef is located
in Fernandez Bay, while the
Cockburn Town fossil reef is
located onshore at the north end
of Fernandez Bay, in Cockburn
Town

Curran and White (1985), who suggested that they represent back
reef and reef tract environments, respectively, of a bank barrier reef
complex. Our sampling protocol was essentially the same as that
conducted on Key Largo; transects were placed across both facies,
representing approximately 1.5 m of vertical exposure, and intercep-
ted both in situ coral heads and material within the coral framework.
Radiometric age dates obtained from 23 coral specimens obtained at
various levels within the vertical exposure revealed that the corals
composing the Cockburn Town fossil reef lived between 119—131 ka
(Chen et al. 1991), yielding 12 ka represented by our samples. This
fossil reef provides an excellent opportunity for a comparative taxo-
nomic study because of its proximity to Telephone Pole Reef where
A. cervicornis thickets and coral rubble provide modern examples of
the ancient coral rubblestone facies described by White et al. (1984)
and Curran and White (1985).

Sampling strategy

In order to achieve the stated objectives of this study, it was neces-
sary to examine modern reefs that closely matched early ecological
descriptions of presumed ÔÔhealthy reefsÕÕ and compare them to reefs
preserved in Pleistocene strata. The modern and Pleistocene reefs of
the Florida Keys reef tract were selected for this purpose. Addition-
ally, it was essential that we examined a living reef that had recently
undergone a change in coral composition that included the disap-
pearance of living A. cervicornis, and compared it to adjacent Pleis-
tocene facies representing a similar environment. The modern patch
reef in the Bahamas was particularly well suited for comparison to
Pleistocene reef coral assemblages since the transition in coral domi-
nance involved a potentially preservable taxon, P. porites, rather
than essentially non-preservable macroalgae. Although its proximity
to the living reef made the Cockburn Town fossil reef an excellent
locality for our comparative study, White et al. (1984) and Curran
and White (1985) interpreted the main portion of the Cockburn
Town fossil reef as a bank barrier reef system; whereas, Telephone
Pole Reef is a patch reef. We note, however, that both paleoecologi-

cal (primarily the coral fauna) and sedimentological (relationships
between coral-bearing facies, shallow subtidal calcarenites and
eolianites) characteristics as well as the presence of patch reefs in
a portion of the outcrop (Chen et al., 1991) suggest that, while not an
exact match, the reef exposed near Cockburn Town (and parti-
cularly the coral rubblestone facies) represents a depositional envi-
ronment that is suƒciently similar to the modern reef for meaningful
comparisons to be attempted.

We acknowledge that our sample of modern reefs is limited in size,
but emphasize that to achieve the Þrst objective of the study, it was
essential that we chose reefs that matched pre-1980 descriptions of
coral zonation, were in close geographic proximity to Pleistocene
exposures, and reßected an environment of deposition similar to that
preserved in Pleistocene strata. This e⁄ectively limited our survey to
include the two patch reefs from the Florida reef tract described
above. Had we randomly chosen a larger number of modern reefs for
comparative study, our results would have highlighted the changes
that have occurred on most reefs since 1980, as well as the di⁄erences
between such reefs and those preserved in Pleistocene exposures.
Potential localities for additional comparative studies exist else-
where in the Caribbean [e.g., Curaao (Bak 1977; PandolÞ and
Jackson, in review) and San Andre« s (Geister 1980; PandolÞ and
Jackson, unpub. data)]. To achieve the second objective of this
study, it was necessary that we examine a modern reef that had
recently witnessed a decline in live cover of A. cervicornis, was in
close geographic proximity to Pleistocene exposures, and occurred
in a depositional environment comparable to that preserved in
adjacent Pleistocene strata. Telephone Pole Reef is the only modern
patch reef on the leeward shelf adjacent to San Salvador Island that
fulÞlls these prerequisites.

Data analyses

From the Florida Keys, our data consist of 32 samples from modern
environments (eight transects]two assemblages, (live and dead),
]two reefs) and eight samples from Pleistocene exposures. From the
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Bahamas, our data consist of 8 samples from modern environments
(4 transects]2 assemblages) and 5 transects from Pleistocene out-
crop. We constructed species sampling curves to investigate whether
our methodology adequately accommodated the diversity present in
the coral assemblages studied. We have shown, in various studies
(e.g., Greenstein and PandolÞ 1997; PandolÞ and Greenstein 1997a;
Greenstein and Curran 1997; PandolÞ 1996), that the methods of
data analysis discussed are most appropriate for these data. Com-
parison of taxonomic composition was calculated using the Bray-
Curtis dissimilarity coeƒcient (Bray and Curtis 1957), where dis-
similarity values range from 0 (for a pair of samples with identical
taxonomic composition) to 1 (for a pair of samples with no taxa in
common). Abundance data were transformed to their square roots
prior to the analysis, to reduce the inßuence of occasional large
abundance values for some taxa (Field et al. 1982). In addition, the
transformed abundance values for each taxon were standardized by
the maximum attained by that taxon. The resulting Bray-Curtis
matrix was subjected to an ordination technique that provided
a visual summary of the pattern of dissimilarity values among the
samples. The technique employed was global non-metric multi-
dimensional scaling, or GNMDS (Kruskal 1964), where each sample
is represented as a point in a coordinate space with a given number
of dimensions. The distances between each pair of points are, as far
as possible, in rank order with the corresponding dissimilarities in
taxonomic composition; points that are close together on the result-
ing scatter plot represent transects with similar coral constituents.
The degree to which the distances on the scatter plot depart from
a perfect rank order Þt is measured by a quantity known as ÔÔstressÕÕ.
The lower the stress value, the better the representation of the
samples in the multidimensional space (stress values less than 0.2
generally result in interpretable results, Clarke and Warwick 1994).
The obtained stress values decreased minimally after a two dimen-
sional analysis.

Species richness patterns were compared between life, death, and
fossil assemblages. To compute species richness, the number of
species in each sample was counted and then corrected for sample
size. Thus, species richness"(S!1)/(log N), where S"the number
of species present in a sample and N"total number of specimens
counted.

Results

Florida Keys

The cumulative number of species encountered in each
sample was plotted for life, death and fossil assem-
blages at each site examined on the Florida reef tract
and in the Key Largo Limestone (Fig. 4). Eight samples
were suƒcient to account for coral diversity in life and
death assemblages in the modern patch reefs (Fig. 4A).
Six transects were suƒcient to account for coral diver-
sity in the Pleistocene facies exposed in the Key Largo
Limestone (Fig. 4B). These results indicate that samp-
ling is adequate to estimate species richness in the fossil
assemblages and compare their taxonomic composi-
tion to that of the Holocene life and death assemblages
occurring o⁄shore.

Results of ordination reveal that samples from live
patch reefs are, on the basis of their taxonomic com-
position, most similar to the samples from the fossil
assemblages exposed in the Key Largo Limestone
(Fig. 5). Analyses of species richness indicate that
life assemblages in the patch reef are signiÞcantly

Fig. 4A, B Cumulative diversity of reef coral species versus number
of sampling intervals (transects.) A Life and death assemblages for
Horseshoe Reef (HR) and Cannon Patch Reef (CAN). Each line is
a plot proceeding from the Þrst through eighth transect. B Cumulat-
ive diversity of reef coral species versus number of sampling intervals
(transects) from Pleistocene reef coral assemblages exposed along
AdamÕs Canal and in the Windley Key Quarry in the Florida Keys.
The solid line is a plot proceeding from the Þrst transect sampled
along AdamÕs Canal to the last transect sampled in Windley Key
Quarry. The dashed lines are plots of Þve random sequences of
transects

(ANOVA; F
(2,37)

"14.20; P(0.0005) more diverse
than either their dead or fossil counterparts (Fig. 6).

Bahamas

Species sampling curves indicate that four transects
were insuƒcient to account for the full diversity of the
life assemblage on Telephone Pole Reef (Fig. 7A).
Sampling curves level o⁄ only between the Þnal two
transects for both the modern death assemblage and
the fossil assemblage exposed in Cockburntown
(Fig. 7B, C); we hesitate to claim adequate sampling
based on these results.

Results of ordination reveal that samples from life,
death, and fossil assemblages are clearly distinct from
one another (Fig. 8). Moreover, the taxonomic com-
position of life assemblages is clearly less similar to that
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Fig. 5 Two-dimensional global nonmetric multidimensional scaling
(GNMDS) ordination of coral life and death assemblages from two
patch reefs in the Florida Keys, and fossil assemblages preserved in
the Key Largo Limestone. Points closest to one another represent
samples (transects) that are more similar in taxonomic composition
than points farther away from one another. Note the extreme sim-
ilarity between samples obtained from the fossil assemblages and
those obtained from the living patch reefs. The minimum stress value
for the two dimensional analysis was 0.17

Fig. 6 Comparison of species richness between life, death and fossil
assemblages of the Florida Keys. The patch reef life assemblage is
more diverse than either the death or fossil assemblages. Error bars
are standard errors of the mean, n"40

of the fossil assemblages than to that of the death
assemblages (Fig. 8). Analyses of species richness indi-
cate that a signiÞcant (ANOVA; F

(2,10)
"121.31;

P(0.0005) decrease in species diversity occurs from
life to death to fossil assemblages (Fig. 9).

Discussion

Classic patterns of coral zonation and a shifting ecologic
baseline

Results of the ordination of samples from the Florida
Keys (Fig. 5) suggest that the taxonomic composition
of reef corals preserved in the Key Largo Limestone
more accurately represents the assemblage of corals

Fig. 7A—C Cumulative diversity of reef coral species versus number
of sampling intervals (transects) from A live B dead and C fossil reef
coral assemblages present on San Salvador. Four transects accom-
modated the diversity present in both death and fossil assemblages,
but were insuƒcient to account for the diversity present on the living
reef. For all sampling curves, the solid line is a plot proceeding from
the Þrst transect through last transect sampled for each assemblage;
the dashed lines are plots of Þve random sequences of transects
drawn from each assemblage

currently living in patch reefs o⁄shore than the
contemporary death assemblage. The fact that points
representing samples from the living and fossil reef are
virtually superimposed on one another indicates that
taxonomic composition and relative abundance of the
living and fossil patch reef are very comparable. The
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