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ABSTRACT

Molluscan assemblages (both living
and dead) from three distinctive habitats
were sampled from Graham’s Harbor, a
high-energy lagoon in the Bahamas. Tran-
sects were identified as Seagrass (dense sea-
grass bed), Backreef (located behind a bar-
rier reef) and Transition (a sand-seagrass
transitional area). We examined seagrass
density, species composition, class of mol-
lusc, habitat preference, and trophic role at
each transect. We wanted to know 1) if the
death assemblages at each transect were dis-
tinctive enough to characterize three differ-
ent communities, 2) whether the death as-
semblages were reflections of the living
communities at those transects, and 3) how
representative the living communities were
of the death assemblages.

What we found was 1) that the three
transects are distinctive, 2) the living and
dead assemblages were similar for both the
Seagrass and Backreef transects, but not for
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the Transition transect, and 3) the living as-
semblage is unique from the death assem-
blage at all transects, especially in terms of
species composition and abundance.

INTRODUCTION

Earth scientists have long been con-
cerned with how representative any given
fossil record is to the living community that
produced it. Past studies laid the foundation
for paleoecological analyses (Efremov,
1940; Warme, 1969; Walker and Bambach,
1971; Lasker, 1976; Peterson, 1976 and
1977). Within the last decade, numerous
studies focused on fidelity between living
and dead molluscan assemblages (Zuschin et
al., 2000; Kidwell and Flessa, 1996; Kidwell
and Bosence, 1991; Russell, 1991), time-
averaging of the death assemblage (Kow-
alewski, 1995; Kidwell, 1998; Staff et al.,
1986) and other taphonomic processes that
influence the formation of fossil assem-
blages (Parsons et al., 1997; Cox, 1993; Par-



sons and Brett, 1991; Miller and Cummins,
1990; Miller, 1988; Cummins et al., 1986).

The intent of this study was to char-
acterize molluscan assemblages in a tropical
carbonate lagoon and examine similarities
and differences between the living and dead
assemblages. More than 15,000 mollusc
shells and 900 living molluscs were col-
lected for this study.

Graham’s Harbor is a shallow (<10m
deep) marine environment with varying
wave and current energy, sediment texture
and seagrass cover. Three distinctive habi-
tats in Graham’s Harbor were studied, first
to characterize the molluscan death assem-
blages, then to compare them to the living
communities at each habitat. Seagrass cover
was assessed and used to quantify variations
in seagrass density within and among the
transects.

Ecological parameters, such as spe-
cies composition, trophic roles, type of
mollusc, and habitat, were used to evaluate
community characteristics from three dis-
tinct communities: a dense seagrass bed, an
area behind a barrier reef, and a seagrass-
sand transition. Based on the ecological pa-
rameters, we hoped to distinguish three dis-
tinctive habitats, characterized by different
living and dead molluscan communities.

METHODS
Site Description

Graham’s Harbor is a shallow, high-
energy tropical lagoon located at the north
end of San Salvador Island, Bahamas. The
Harbor is roughly two by three kilometers,
with a maximum depth of about six meters
(Colby and Boardman, 1989). There is a
barrier reef bordering the east side of the
Harbor, with small cays marking the north
and east borders. Over its 6000-year his-
tory, Graham’s Harbor has developed into a
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higher energy lagoon (Colby and Boardman,
1989).

Three 40 m transects were placed in
distinct communities within Graham’s Har-
bor (Figure 1). These three sub-
environments within Graham’s Harbor have
uniform water temperatures, salinity and
storm frequency. However, there are varia-
tions in sediment textures and seagrass den-
sities (Colby and Boardman, 1989). The
three transects were identified by dominant
substrate features in or near the transects:
Seagrass Transect (located in a dense sea-
grass meadow), Backreef (located just west
and south of the barrier reef) and the Transi-
tion Transect (characterized by seagrass
beds and sand flats).

Grahe\urns Harbor

Transects

Figure 1. Bathymetric map of Graham’s
Harbor, San Salvador, Bahamas. Transects
are indicated as: SG = Seagrass Transect,
BR = Backreef Transect, and Tr = Transi-
tion Transect. Contours in meters.

The Seagrass Transect is located ap-
proximately one kilometer from the northern
shore of San Salvador. Thalassia testu-
dinum and Syringodium filiforme grow
densely in this area, where the water is ap-
proximately 3 m deep. The transect runs
parallel to the shoreline.



The Backreef Transect is in 5 — 6 m
of water roughly two kilometers from shore.
The transect runs NW-SE, paralleling the
reef. This transect passes through both sea-
grass and sand/coral rubble areas.

The third study site, the Transition
Transect, is located 500 m west of North
Point. Water depth is about three meters;
the transect, passing through both sand and
seagrass areas, is parallel to the North Point
landform.

Data Collection and Analysis

At five meter intervals, sediment
samples were collected at each site using a
shallow core (25 cm deep x 30 cm diame-
ter). Additionally, a seagrass census was
completed in order to report seagrass densi-
ties at all sampling sites. Seagrass coeffi-
cients were calculated following Miller
(1988). Each transect was sampled two
times, beginning in September 1990 with the
second sampling occurring six months later
(total of 16 samples at each transect). Sedi-
ment samples were preserved in a 5% for-
malin solution and stained with Rose Bengal
to facilitate sorting of live individuals.
Samples were wet-sieved using 0.5 mm
mesh sieve, and the first 300 dead molluscan
individuals were identified to species when-
ever possible, following the methods of
Staff and Powell (1999). All living indi-
viduals were identified to genus and most to
species. Taxonomic authorities include Ab-
bott and Dance (1990), Warmke and Abbott
(1962) and Morris (1975). For an analysis
of the living communities, see Zimmerman
et al. (this volume). For bivalves, right and
left valves of the same species and size were
paired and considered one individual; all
unpaired valves were considered as separate
individuals. Fragments of any mollusc were
counted only if a beak was present on the
bivalve shell or the apex was present on the
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gastropod shell. Molluscan fragments were
included in all statistical analyses.

To analyze relationships between,
among and within transects, all identified
molluscan species were assigned class of
mollusc, life habit preferences (habitat), and
trophic role. Information for each was gath-
ered from past literature (Stanley, 1970; Ab-
bott, 1974; Robertson, 1975; also Slone,
1990). Classes of mollusc used for analyses
were gastropod, bivalve and scaphopod (re-
ferred to as “type of mollusc” hereafter).
Life habit was simplified to identify each
specimen as either an epifaunal or infaunal
species. Five classifications of trophic roles
were used: herbivore, filter feeder, carni-
vore, detritivore and parasite. Chi square
tests of similarity (a = 0.05) were used to
identify relationships between transects for
the death assemblages and within transects
for living to dead comparisons. Spearman
Rank Order Correlation tests (o = 0.10)
were done sample by sample within each
transect to determine if the rank orders of
abundances were similar within each 40 m
transect. Additionally, Spearman Rank
analyses were used to identify transect co-
variance of species by examining the rank
order of the top ten species at each transect
for both living and death assemblages.

RESULTS

Paleccommunity Reconstructions

Seagrass Transect.

At the Seagrass transect, 4482 indi-
viduals were counted, representing 113 taxa.
The average coefficient of seagrass density
at the Seagrass transect was 8.6 (Figure 2).
Gastropods dominated the transect, in terms
of both numbers of individuals and numbers
of species (Figure 3). The dominant species
was the bivalve Parastarte triguetra, follow-



Sample Location
Figure 2. Seagrass coefficients for each of
the transects (calculations based on Miller,
1988).
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Figure 3. Types of mollusc for the death
assemblages of each transect.

fed closely by the gastropod Tricolia affinis,
both totaling about 20% of all individuals
collected.

There were six gastropod species,
three bivalve species and one scaphopod
species represented in the top ten. There are
about equal numbers of epifaunal and infau-
nal species and individuals (Figure 4). Most
molluscs collected were herbivores (abun-
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Figure 4. Death assemblage habitats by
transect.

dant gastropods included Tricolia affinis and
Cerithium lutosum) or filter feeders (the tro-
phic role of the most abundant species,
Parastarte triquetra) (Figure 5).

Backreef Transect.

At the Backreef transect, a total of
5067 individuals were identified, with 142
taxa represented. The coefficient of sea-
grass density averaged 1.9, the lowest den-
sity of seagrass at all transects (Figure 2).
The most dominant mollusc type by both
numbers of individuals and numbers of spe-
cies was gastropod, approaching 75% of the
total individuals (Figure 3). The gastropod
Tricolia affinis was the most abundant mol-
lusc. Of the top ten taxa in this
transect, there was equal representation of
gastropod and bivalve species. There were
more epifaunal individuals and species, the
highest of all transects (Figure 4). The great-
est number of individuals was gastropods
(40%), and most Backreef molluscan species
were predominantly herbivores, filter feed-
ers and carnivores (almost 80% of the spe-

cies) (Figure 5).
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Figure 5. Trophic roles of death assem-
blage by transect.

Transition Transect.

Nearly 5000 individuals were identi-
fied at the Transition transect (N = 4998),
representing 127 taxa. The average coeffi-
cient of seagrass density of the Transition
transect was 2.4 (Figure 2). Although there
were more gastropod species, there were
slightly more bivalve individuals than gas-
tropods (see Figure 3). Seven of the top ten
species are bivalves. Almost 25% of the
individuals were either the gastropod Tri-
colia affinis or the bivalve Tellina candeana.
There were more epifaunal individuals, yet
more infaunal species (Figure 4). The most
important trophic role by number of indi-
viduals was filter feeder, though herbivore,
carnivore and detritivore were important
roles represented by the specimens col-
lected. There were more herbivore species,
and the combination of herbivore, filter
feeder and carnivore species accounted for
almost 75% of the species present (Figure

5).
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Rank Order Comparisons of Samples
Within Habitats

For these analyses, the null hypothe-
sis is that the rank orders of abundance of
the top ten species will be independent from
sample to sample within a habitat. Signifi-
cant results (p < 0.10) imply that the com-
parisons of the rank orders of abundance of
the top ten species from sample to sample
are correlated. At all transects, within tran-
sect comparisons were highly correlated. At
the Seagrass transect, 93% of the compari-
sons were significant. At the Backreef tran-
sect, comparisons were significant between
86% of the sample-to-sample analyses. The
Transition transect comparisons were all
significant, indicating that the rank orders of
the top species from sample to sample were
very similar.

Paleocommunity Comparisons:
Are the Transects Similar?

Chi Square Analyses.

Inter-transect comparisons of three
ecological parameters (type of mollusc,
habitat preference and trophic role) indicate
that there are several significant differences
among the death assemblages. Visual in-
spection of Figure 4 indicates that the per-
cent of species of mollusc type is similar
among the three transects, and this is sup-
ported statistically. In comparing percents
of individuals between transects, the Sea-
grass Transect is statistically different from
the Transition Transect (X = 6.56, df = 2, p
= 0.04). It would also seem that the Back-
reef Transect differs from the Transition
Transect as well; however, due to the fact
that percent representation of scaphopods in
both transects was less than 0.5%, a Chi
Square analysis could not be performed.

In terms of habitat preference, are
the transects similar? There is no signifi-



cant difference between the epifauna:infauna
ratios of the Seagrass Transect and the
Backreef Transect or the Seagrass and Tran-
sition transects. The habitat preference ra-
tios by individuals for the Backreef and
Transition transects show that there are more
epifaunal individuals in the Backreef Tran-
sect (X2 =4.52, df = 1, p = 0.03). In terms
of species, statistical analyses for habitat
preference indicate similarities in the death
assemblages among all transects.

Figure 5 illustrates the percent abun-
dance of individuals and species classified
by trophic role in the death assemblages at
each transect. Chi square tests indicate that
the role ratios (by individuals) are statisti-
cally different between the Seagrass and
Transition transects (X = 10.23, df = 4, p=
0.04) and between the Backreef and Transi-
tion transects (X2 = 10.22, df = 4, 2 =0.04).
There were no significant differences in
comparisons of trophic roles by species be-
tween any of the transects.

Spearman Rank Correlations.

Spearman rank order tests were used
to determine if there is correlation between
the rank order of the top ten species among
transects. While molluscan species compo-
sition at the three transects are similar, we
failed to reject our null hypothesis, that the
rank order of species from one transect is
independent of the top ten of another tran-
sect. Another way of saying this, knowing
the rank order of the top ten species of any
transect does not help predict the rank orders
of the other two transects. In fact, Spearman
rank correlation tests indicate a weak inverse
correlation between the Seagrass and Back-
reef transects
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Parastarte triquetra (B)
Tricolia affinis (G)
Crenela divaricata (B)
Cerithium lutosum (G)
Acteocina candei (G)
Alvenia auberiana (G)
Zebina browniana (G)
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Figure 6. Top ten species of the Seagrass
and Backreef death assemblages.

Parastarte triquetra (B)
Tricolia affinis (G)
Crenella divaricata (B)
Cefithium lutosum (G}
Acteocina candei (G)
Alvania aubefiana (G)
Zebina browniana (G)
Chione cancefiata (B)
Odostomia sp. (G)
Dentalium sp. (S)
Cerithiopsis greeni (G)
Lucina sp. (B)

Tellina candeana (B)

Tefina caribaea (B)
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Figure 7. Top ten species of the Seagrass
and Transition death assemblages.

Tricolia afiinis (G)
Turbonilta elegantula (G)
Cerithium lutosum (G)
Barbatia canceflaria (B)
Caecum comucopiae (G)
Telina altemata (B)
Tellina candeana (B)
Teflina canbaea (B)
Alvania aubeiiana (G)
Chiona cancellata (B)
Adeodina candei (G)
Crenelia divaricata (B)
Lucina sp. (B)
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O Dead TR

Spearman Rank Correlation:
Rho =-0.196
P-valua = 04624

Figure 8. Top ten species of the Backreef
and Transition death assemblages.



Trophic Trophic Class Class Habitat Pref- Habitat Rank Order
Role Role (Ind) (Spp) erence Preference Top 10
(Ind) (Spp) (Ind) (Spp)
Seagrass:
Backreef similar similar similar similar similar similar independent
(Dead)
Seagrass:
Transition different similar different | similar similar similar independent
(Dead)
Backreef:
Transition different similar different? | similar different similar independent
(Dead)

Table 1. Between transect comparisons of dead molluscan assemblages for individuals (Ind) and

species (Spp).

as well as between the Backreef and Transi-
tion transects. Spearman rank test rho and
p-values are given on Figures 6, 7, and 8.

Summary of Death Assemblage Compari-
sons.

A synopsis of death assemblage
comparisons is shown in Table 1, above.
Results of Chi Square tests are reported as
“similar” if p > 0.05 and “different” if com-
parisons yielded p < 0.05. Spearman Rank
Order comparisons are recorded as “inde-
pendent” if p > 0.10 and “correlated” if p <
0.10.

Comparisons of Living and Dead Assem-
blages

Seagrass Transect.

The living assemblage is very similar
to the death assemblage in the Seagrass
Transect. With the exception of a statisti-
cally significant difference in the percentage
of species classified by trophic role X =
25.58, df =4, p < 0.0001), there were no dif-
ferences in comparisons of specimens classi-
fied by type of mollusc orhabitat preference
(Figures 9 and 10, respectively). Figure 11
illustrates the comparisons of trophic roles,
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the rank orders of which were similar at all
transects.

The species composition of the live
and dead assemblages is different. The most
abundant dead species (Parastarte triquetra)
is absent from the living assemblage, and
Acmaea pustulata, the most abundant living
species, is not in the top ten species of the
death assemblage. The rank order of abun-
dance of the top ten dead individuals is dif-
ferent from the rank order of the top ten
living individuals (Spearman Rank test: Rho
=-0.43, p = 0.11). There appears to be an
inverse correlation between the living and
dead assemblage top ten species (Figure 12).

While the rank orders of the species
may be independent, there is species compo-
sition fidelity between the rank order of the
living and dead species. Within the living
assemblage, there were 42 species repre-
sented. Of those 42, 41 of them (or 97.6%)
appear in the death assemblage. We suspect
that synonymous nomenclature could ac-
count for the one species in question. The
41 species held in common between the two
assemblages only account for 36.3% of the
death assemblage species. The death as-
semblage has nearly three times as many
species represented as the living assemblage.
This was expected due to the time-averaging
death assemblage; Kidwell and Flessa
(1996) found  similar results in
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Figure 9. Live:dead comparisons of mollusc
type A) by individuals and B) by species for
each transect.

coastal subtidal habitat studies.
Backreef Transect.

There are no statistically significant
differences in dead and live assemblages
with regard to bivalve:gastropod ratios and
epifauna:infauna ratios (Figures 9 and 10).
Comparisons of trophic roles (by individu-
als) between the live and dead
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Figure 10. Live:dead comparisons of
habitat preference A) by individuals and B)
by species for each transect.

assemblages show similarities in ratios (Fig-
ure 11). However, the species percentage of
trophic roles of the live assemblage differed
significantly from the percentage of species
in the death assemblage (X* = 12.51, df = 4,
p = 0.01). The rank order of abundance of
the top ten dead individuals is different from
the rank order of the top ten living individu-
als. We failed to reject the null hypothesis
(Spearman Rank test: Rho = -0.30, p =
0.24). There is a weak inverse correlation



between the living and dead assemblage top
ten species (Figure 13).

Forty of the 41 species of the living
assemblage (97.6%) show up in the death
assemblage. Those 40 species only account
for 28.2% of the death assemblage species.
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Figure 11. Live:dead comparisons of tro-
phic roles A) by individuals and B) by spe-
cies for each transect.

195

Parastarte tnquetra (B)

Tricolia affinis (G)
Crenefla divaricata (8)
Cerithium futosum (G)

Adleocina candei (G} .
ia suberizna (G) gmm‘;:m Corretation:
Zebina browniana (G) P-vaive = 0.1110

Chione cencellata (8)
Odostomia sp. (G)
Dentaltum sp. (S)
Acmaea pustuista (G)
Haminoea succinea (G)
Cerithium ktteratum (G)
Lucina nassula (B)
Lucina pensyivanica (B)

T ¥ T

0 5 10 15

Figure 12. Top ten dead and live molluscan
species of the Seagrass Transect.

Tricotia affinis (G)
Turbonila elegantula (G)
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Figure 13. Top ten dead and live molluscan
species of the Backreef Transect.
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Figure 14. Top ten dead and live molluscan
species of the Transition Transect.




Transition Transect.

The Transition Transect proved to be
the most interesting transect in terms of live-
dead uniqueness. This was the only transect
with a significant difference in type of mol-
luse (X* = 9.47, p = 0.01), since the bivalves
were more dominant than gastropods in the
death assemblage (Figure 10). There were
significant differences between habitat per-
centages (by individuals: X* = 5.15, df = 1,
P = 0.02) and between trophic roles (by in-
dividuals: X* = 25.32, df = 4, p < 0.0001; by
species: X* = 22.51, df = 4, p = 0.0002).
Figures 10 and 11 show this information
graphically.

Results of a Spearman Rank Corre-
lation test between the rank order of the top
ten dead individuals and the top ten living
individuals support the independence of the
dead and live assemblage (Rho = -0.17,
p =0.58). There seems to be a weak inverse
correlation between the two rank orders
(Figure 14).

There were 41 species represented
in the living assemblage, 39 of which
(95.1%) were found in the death assem-
blage. Within the death assemblage, those
39 shared species account for 32.0% of the
total death assemblage species.

Summary of Live:Dead Comparisons.

Table 2 is a summary of the
live:dead comparisons within each transect.
Results of Chi Square tests are reported as

“similar” if p > 0.05 and “different” if com-
parisons yielded p < 0.05. Spearman

Rank Order comparisons are recorded as
“independent” if p > 0.10 and “correlated” if
p<0.10.

DISCUSSION

For each transect, within-habitat
comparisons of dead molluscs indicate that
the rank order of species abundance from
sample to sample are quite similar. This in-
dicates to us that each of the three transects
is relatively homogeneous within each envi-
ronment. However, with regard to species
rank orders of abundance, comparisons
among the transects show that the rank or-
ders of dead mollusc species are quite dis-
tinctive.  Certainly, this is what we had
hoped to find — three distinct communities,
at least in terms of species abundance and
rank order.

Within each transect, the rank orders of the

top ten death assemblage species by abun-
dance were independent of the top ten living
assemblage species’ rank orders of abun-
dance. Most of the species in the living as-
semblages (95 — 98%) appeared in the re-
spective death assemblage at each transect.
However, the most abundant species in the
Graham’s Harbor living assemblage was not
even present in the top ten of the Graham’s
Harbor death assemblage. If this were the
only criterion for community comparisons,
we could conclude that the living

Trophic Trophic Class Class Habitat Habitat Rank Order
Role Role (Ind) (Spp) Preference Preference Top 10
(Ind) (Spp) (Ind) (Spp)
]S)f:f;_ alfis\.re similar | different similar similar similar similar independent
giiﬁiie similar | different | similar | similar similar similar | independent
E?;;‘i‘g; different | different | different | different | different similar | independent

Table 2. Within transect comparisons of living and dead molluscan assemblages for individuals

(Ind) and species (Spp).



assemblage cannot be used as a predictor of
paleocommunity and vice versa. However,
the death assemblage is most likely time-
averaged, while our living community is
only an “ecological snapshot.” The mollus-
can fossils recovered at each transect reflect
many years (upwards of hundreds; see
Colby and Boardman, 1989) of accumula-
tion. Time averaging of such death assem-
blages is supported by a wealth of studies
(Kidwell, 1998; Kidwell and Flessa, 1996;
Warme, 1969; Russell, 1991; Kidwell and
Bosence, 1991; Staff et al., 1986; Walker
and Bambach, 1971; Peterson, 1976 and
1977).

There are some distinctive features
of the individual transects. Within the Sea-
grass transect, gastropods dominated both
the live and dead assemblages. Miller
(1988) fourd similar results of mollusc type
within dense seagrass communities in Tague
Bay, St. Croix. Because the bivalve
Parastarte triquetra and the gastropod Tri-
colia affinis account for 20% of the death
assemblage, filter feeders and herbivores,
respectively, dominated trophic role classifi-
cations. In such a detritus-rich environment,
we were surprised that the detritivorous
molluscs were relatively unimportant.

The Backreef transect had the high-
est percentage of gastropods and epifauna of
all transects, both in the living and dead as-
semblages. Since the seagrass coefficient
was lowest of all transects, it seems counter-
intuitive that the epifaunal gastropod Tri-
colia affinis was the most important dead
species, accounting for 20% of the individu-
als in the Backreef transect. Similarly, the
most abundant living species was Aclis
floridana, a parasitic gastropod.

The Transition transect is the most
difficult to characterize, due to the fact that
the living and dead assemblages differ with
regard to all the ecological parameters ex-
amined in this study. What could account
for these differences? It is possible that
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since this is a transitional community, rang-
ing from dense seagrass to sand flat, the ef-
fects of minor within-habitat transport could
influence the assemblages. However, using
techniques described by Cummins et al.
(1986), there was a low percentage of spe-
cies covariance among samples, indicating
little within-habitat transport. Based on past
research in similar environments, this is not
an unusual result (see Cummins et al., 1986;
Miller and Cummins, 1990; Kidwell and
Flessa, 1996).

CONCLUSIONS

We are able to conclude that each of
the three habitats is distinctive in terms of
the molluscan death assemblages. Compari-
sons of living and dead assemblages at each
of the habitats were variable. In terms of the
ecological parameters studied, the living and
dead assemblages at both the Seagrass and
Backreef transects were similar; however,
the Transition Transect had distinct living
and dead molluscan communities. In gen-
eral, the living molluscan communities are
not very representative of the paleocommu-
nities at any of the three habitats, especially
in regards to species composition and abun-
dance.

Analyses of additional data from this
study will further benefit the understanding
of the Graham’s Harbor habitats. Future
work will include lateral sample compari-
sons along the length of the transects, with
special consideration given to seagrass den-
sity. Since seagrass density is quite variable
and a necessary habitat for certain benthic
molluscan species, it seems that we are
overlooking potentially significant informa-
tion about small-scale community variability
within habitats. Similarly, continued sam-
pling of the living communities could in-
crease the fidelity of live:dead species com-



position comparisons at each of the tran-
sects.

REFERENCES

Abbott, R.T., 1974, American Seashells:
New York, Van Nostrand Reinhold,
663p.

Abbott, R.T. and Dance, S.P., 1990,
Compendium of Seashells:
Melbourne, Florida, American
Malacologists, Inc., 411p.

Colby, N.D. and Boardman, M.R., 1989,
Depositional evolution of a
windward, high-energy lagoon,
Graham’s Harbor, San Salvador,
Bahamas: Journal of Sedimentary
Petrology, v. 59, no. 5, p. 819-834,

Cox, P.S., 1993, Taphonomic
characteristics of subfossil molluscan
remains in Graham’s Harbor, San
Salvador, Bahamas [M.S. Thesis]:
Miami University, 160p.

Cummins, H., Powell, E.N., Newton, H.J.,
Stanton, R. J. Jr., and Staff, G., 1986,
Assessing transportation by the
covariance of species with comments
on contagious and random
distributions: Lethaia, v. 19, p. 1-

22.

Efremov, J.A., 1940, Taphonomy: new
branch of paleontology: Pan-
American Geologist, v. 74, no. 2,
p. 81-93.

Kidwell, S.M., 1998, Time-averaging in the
marine fossil record: overview of
strategies and uncertainties:
Geobios, v. 30, no. 7, p. 977-995.

Kidwell, S.M. and Bosence, D.W.J., 1991,
Taphonomy and time-averaging of

198

marine shelly faunas: in Allison,
P.A. and Briggs, D.E.G., eds.,
Taphonomy: Releasing the Data
Locked in the Fossil Record, New
York, Plenum, p. 115-209.

Kidwell, S.M. and Flessa, K.W., 1996, The
quality of the fossil record:
populations, species and
communities: Annual Review of
Earth and Planetary Science, v. 24,
p. 433-464.

Kowalewski, M., 1995, Time-averaging,
overcompleteness, and the geological
record: Journal of Geology, v. 104,
p. 317-326.

Lasker, H., 1976, Effects of differential
preservation on the measurement of
taxonomic diversity: Paleobiology,

v. 2, p. 84-93.

Miller, A.L., 1988, Spatial resolution in
subfossil molluscan remains:
implications for paleobiological
analysis: Paleobiology, v. 14, p. 91-
103.

Miller, A.I. and Cummins, H., 1990, A
numerical model for the formation of
fossil assemblages: estimating the
amount of post-mortem transport
along environmental gradients:
Palaios, v. 5, p. 303-316.

Morris, P.A., 1975, A Field Guide to Shells:
Atlantic and Gulf Coasts and the
West Indies: Boston, MA,
Houghton-Mifflin, 330p.

Parsons, K.M. and Brett, C.E., 1991,
Taphonomic processes and biases in
modern marine environments: an
actualistic perspective on fossil
assemblage preservation: in



Donovan, S.K., ed., The Processes of
Fossilization, New York, Columbia
University Press, p.22-65.

Parsons, K.M., Powell, E.N., Brett, C.E.,
Walker, S.E. and Callender, W.R.,
1997, Shelf and Slope Experimental
Taphonomy Initiative (SSETI):
Bahamas and Gulf of Mexico:
Proceedings of the 8% International
Coral Reef Symposium, v. 2,
p. 1807-1812.

Peterson, C.H., 1976, Relative abundances
of living and dead molluscs in two
California lagoons: Lethaia, v. 9,

p. 137-148.

Peterson, C.H., 1977, The paleoecological
significance of short-term temporal
variability: Journal of Paleontology,
v. 51, p. 976-981.

Robertson, R.R., 1975, Systematic list of
commonly occurring marine
mollusks of Belize: in Wantland,
K.F. and Pusey, W.C. II], eds.,
Belize Shelf-Carbonates, Clastics,
and Ecology: Tulsa, OK, The
American Association of Petroleum
Geologists, p. 40-52.

Russell, M.P., 1991, Modern death
assemblages and Pleistocene fossil
assemblages in open coast high
energy environments, San Nicolas
Island, California: Palaios, v. 6,
p. 179-191.

Slone, G.B., 1990, Sedimentology and
taphonomy of a Holocene carbonate
lagoon, Pigeon Creek, San Salvador,
Bahamas [M.S. Thesis]: Miami
University, 143p.

Staff, G.M. and Powell, E.N., 1999,
Onshore-offshore trends in

199

community structural attributes:
death assemblages from the shallow
continental shelf of Texas:
Continental Shelf Research, v. 19,
p. 717-756.

Staff, G.M., Stanton, R.J. Jr., Powell, E.N.
and Cummins, H., 1986, Time-
averaging, taphonomy, and their
impact on paleocommunity
reconstructions: death assemblages
in Texas bays: Geological Society of
America Bulletin, v. 97, p. 428-443.

Stanley, S.M., 1970, Shell form and life
habits in the Bivalvia (Mollusca):
Geological Society of America
Memoir 125, p. 296.

Walker, K.R. and Bambach, R.K., 1971,
The significance of fossils from fine
grained sediments: time-averaged
communities: Geological Society of
America Abstracts with Programs,

v. 3, p. 783-784.

Warme, J.E., 1969, Live and dead molluscs
in a coastal lagoon: Journal of
Paleontology, v. 43, p. 141-150.

Warmke, G.L. and Abbott, R.T., 1962,
Caribbean Seashells: New York,
NY, Dover Publishers, 348p.

Zimmerman, R.A., Cummins, H.,
Boardman, M.R, and Deehr, R.A.,
(this volume), Living invertebrate
community distribution and species
composition as it relates to seagrass
density in a tropical carbonate
lagoon, Graham’s Harbor, Bahamas.

Zuschin, M., Hohenegger, J., and Steininger,
F.F., 2000, A comparison of living
and dead molluscs on coral reef
associated hard substrata in the
northern Red Sea — implications for



. the fossil record:‘ Palaeo, v. 159, p.
167-190.



