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ABSTRACT

Years of over-fishing combined with increased nutrient pollution
have had a catastrophic effect on the ecology of the Chesapeake Bay.
The Holocene record of bay mollusks may provide a baseline for
ecological restoration, but the effects of taphonomic bias on these
assemblages first must be assessed. In this study, a live-dead com-
parison was carried out on four sites distributed in the main channel
of the upper bay. Molluscan death-assemblage data were obtained
from replicate box-core samples from which whole specimens and
fragments were sorted, identified, and counted. Data on live com-
munities at the same sites, sampled over the past twenty years, were
provided by the Chesapeake Bay Program, making it possible to ex-
amine the degree to which death assemblages reflect long-term
changes in the live community. Traditional live-dead metrics docu-
ment a strong agreement between live-community and death-
assemblage estimates of species composition, richness, and abun-
dance—77% of the species in the live community are found in the
death assemblage, and 99% of the individuals of species found in the
death assemblage are found in the live community. Correlations be-
tween live and dead estimates of species richness are not statistically
significant, although they do improve with longer-term sampling of
the live community. Rank abundance of taxa in the death assemblage
is correlated strongly and significantly with live rank abundance re-
gardless of the duration of live sampling. These results suggest that
Holocene molluscan assemblages may provide useful estimates of
richness and abundance for Chesapeake Bay restoration.
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The degree to which these Holocene bay assemblages reflect their
source communities (i.e., their fidelity) is an important metric of tapho-
nomic bias (Johnson, 1965; Behrensmeyer et al., 2000). Compositional
fidelity, which focuses on the reliability of species composition, richness,
and abundance measures, can be assessed using live-dead comparisons,
in which live communities are sampled and compared with death assem-
blages (Kidwell and Bosence 1991; Kidwell and Flessa, 1995). This tech-
nique has been applied successfully to a variety of marine benthic envi-
ronments, with particular attention paid to molluscan assemblages (John-
son, 1965; Cadee, 1968; Warme, 1971; Peterson, 1976; Staff et al., 1985;
Staff et al., 1986; Feige and Fürsich, 1991; Kidwell and Bosence, 1991;
Kidwell and Flessa, 1995; Greenstein and Pandolfi, 1997; Kidwell,
2001b; Kidwell, 2002). Several findings have emerged from this work,
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including the recognition that most taxa with preservable hard parts are
represented in the death assemblage (commonly in correct rank order),
and that out-of-habitat transportation affects relatively few individuals
(Rich, 1989; Kidwell and Bosence, 1991; Kidwell and Flessa, 1995; Kid-
well, 2001a; Kidwell, 2003).
One common limitation of these studies is a dearth of long-term census

data for the live communities (Kidwell, 2001b). Species composition and
abundance can fluctuate dramatically from year to year, and weak cor-
relations between live communities and death assemblages often arise
from an inadequately sampled live community (Kidwell and Flessa,
1995). Recent meta-analyses of live-dead comparisons have demonstrated
the importance of multi-year, replicate sampling of live communities
(Kidwell and Bosence, 1991; Kidwell and Flessa, 1995; Kidwell, 2001a,
b). The Chesapeake Bay is one of the few coastal regions for which
substantial multi-year live census data are available, making it an ideal
site for such a study. Although fidelity has been assessed in a handful of
estuarine environments, it has yet to be examined in detail in the Ches-
apeake Bay (MacDonald, 1969; Zenetos, 1990, 1991; but see Jackson,
1968).
In this study, a live-dead comparison was carried out on four sites

located in the main channel of the upper Chesapeake Bay. The questions
addressed include: (1) how well does the molluscan death assemblage
record the species composition, richness, and abundance of the live com-
munity; and (2) to what extent are these measures of fidelity affected by
the duration of live sampling?
genic factors, recently culminating in escalating episodes of
hypoxia/anoxia (Officer et al., 1984; Newell, 1988; Rothschild et al.,
1994; Nixon, 1995; Jonas, 1997; Caddy, 2000; Zimmerman and Canuel,
2000).

MATERIALS AND METHODS

For this study, four sites were sampled in the main channel of the
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FIGURE 1—Location map for the Chesapeake Bay (Atlantic coast, North America).
Detailed map illustrates sample sites used in this study.

TABLE 1—Data on sites sampled in this study. Data include number of samples collected, sample dates, number of specimens in the death assemblage, salinity in parts per
thousand (ppt), latitude (lat), longitude (long), the percentage of silt-clay, collecting gear, and water depth in meters for each sample (VERSAR, 2002).

Site # Samples Sample dates # Specimens Salinity (ppt) Lat. Long. Silt-clay % Gear Water depth (m)
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FIGURE 2—Bar graphs illustrating the results for compositional fidelity; shading
represents the number of years of live data compiled. (A) Percentage of species in
the live community that are found in the death assemblage across all sites and at
each site (live-dead fidelity). (B) Percentage of species found in the death assemblage
that are found in the live community across all sites and at each site (dead-live
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FIGURE 3—Bivariate scatterplot of species richness in the live community versus
species richness in the death assemblage across all sites; samples are rarefied down
to the same sample sizes. Each point in the plot represents a site and is labeled with
the site number; trend lines represent least-squares regression lines constrained to
pass through the origin (0,0).

FIGURE 4—Bivariate scatter plot of rank abundance in the live community versus rank abundance in the death assemblage for each species across all sites. Each point
in the plot represents a species; trend lines represent least-squares regression lines constrained to pass through the origin (0,0). (A) Data for one year of live sampling. (B)
Data for five years of live sampling. (C) Data for twenty years of live sampling.

nificance with longer-term sampling of the live community. Species rich-
ness appears to increase along a north-to-south transect in the upper
bay—a pattern recorded in both the live and dead samples, with the
exception of the single-year live census. This pattern may reflect the
sandier substrates or the decreased seasonal variation in salinity regimes
occurring in the middle of the bay.

Rank Abundance

Raw abundance (i.e., number of individuals) in the live community
does not exceed death-assemblage levels across all sites until 5–10 years
of live data are compiled. When rank abundance of species in the live
community is plotted versus rank abundance of the same species in the
death assemblage, considerable scatter is evident (Fig. 4). Despite this,
Spearman Rank correlations yield a statistically significant positive re-
lationship between live and dead rank abundance (1 yr: R24�0.68,
p�0.0001; 5 yrs: R26�0.55, p�0.004; 10 yrs: R26�0.57, p�0.002; 20
yrs: R29�0.47, p�0.01; Fig. 4). The significant correlation between live
and dead abundance documented here provides preliminary but encour-

aging support for the use of death-assemblage abundance as a proxy for
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FIGURE 5—Bar graphs illustrating the effects of sample size standardization on
metrics of compositional fidelity compiled across all sites. Graphs in the left and
right columns display fidelity metrics before and after re-sampling and rarefaction,
respectively; shading represents the number of years of live data compiled. (A)
Percentage of species in the live community that are found in the death assemblage
across all sites (live-dead fidelity). (B) Percentage of individuals of species found
in the death assemblage that are found in the live community across all sites (dead-
live fidelity). (C) Percentage of individuals in the death assemblage that are repre-
sented as species in the live community across all sites.

Live-dead fidelity � (N 	 100)/(N 
 N )S L S

where NS�number of species found in both the live community and
death assemblage and NL�number of species found in the live com-
munity only (Kidwell and Bosence, 1991). Increased sampling of the live
community can produce an increase in NS and/or NL; however, live-dead
fidelity will only increase if: (1) NS increases faster than NL; or (2) NS

and NL increase at the same rate, but NL is initially higher.
In the case of the upper bay, fidelity decreases with an increase in live

sampling because, although NS and NL increase at approximately the
same rate, NS is initially higher than NL. Given the high NS to NL ratios
obtained for short-term sampling of the live community in most studies,
NS would have to increase substantially faster than NL for this metric to
increase with an increase in live sampling.
Turning to dead-live fidelity in the upper bay, this metric increases
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increases. Longer-term sampling of the live community (up to 5 to 10
years) clearly yields a different picture of species composition than sin-
gle-year census data.

How Does Species Richness In The Death Assemblage Mirror
Estimates From The Live Community?

Past authors have noted that the species richness of marine molluscan
death assemblages is inflated relative to short-term sampling of the live
community (e.g., Cadee, 1968; see reviews in Warme, 1971; Peterson,
1976; Russell, 1991; Kidwell, 2002). Transport and time-averaging can-
not always account for this inflated richness, suggesting to some authors
that it may be due to differential preservation of rare taxa (Kidwell,
2002). It also has been suggested that, even if rare taxa display a range
of preservability similar to that of common taxa, rare taxa with high
preservability will be overrepresented in the death assemblage and rare
taxa with low preservability will be underrepresented in both assemblag-
es, leading to inflated richness in the death assemblage (T. Olszewski,
pers. comm., 2005).
Single-census data for the Chesapeake Bay demonstrate that median

death-assemblage richness exceeds live richness by 2.33 to 1
(range�1.15–8.60 to 1) when richness is compiled at the site level and
rarefied down to the same sample size. As duration of live sampling
increases, this disparity decreases (see Peterson, 1976; Carthew and Bos-
ence, 1986; Kidwell, 2001b). With five years of live sampling, the median
dead richness is 1.98 times that of the live (range�1.30–2.38). With
twenty years of live sampling, the median dead richness is 1.49 times
that of the live (range�0.94–1.72), although live richness exceeds dead
richness at one out of the four sites sampled. Increased sampling of the
live community gradually decreases the disparity between live and dead
species richness, even when sample size is controlled via rarefaction (Fig.
3). In a meta-analysis of 85 molluscan datasets, Kidwell (2001b) obtained
very similar results, demonstrating that the median species richness of
the death assemblage outweighed that obtained via one year of live sam-
pling by 2.6 to 1 (range 0.6–22 to 1).

How Does Rank Abundance In The Death Assemblage Mirror
Estimates From The Live Community?

Species that are abundant in bay live communities tend to be abundant
in the death assemblage. This study documents a statistically significant
positive correlation between the rank abundance of species in the live
community versus the death assemblage in the upper bay. The Spearman
R values reported here (0.47–0.68) are slightly higher than expected,
based on Kidwell’s (2001b) meta-analyses of past work. In her reanalysis
of 85 molluscan datasets, Kidwell (2001b) demonstrated that, when mesh
size is taken into account, 92% of live-dead comparisons document a
significant positive relationship between live and dead species rank abun-
dance. The median R-value obtained in Kidwell’s meta-analysis was 0.48;
and the values for sand/gravel (�0.32) and coastal-mud (�0.45) envi-
ronments sampled using fine mesh sieves were somewhat lower than the
values documented for the upper bay.

Mesh size plays a crucial role in the strength of these live-dead rank-
abundance correlations. Kidwell (2001b) found that 92% of studies using
coarse mesh sizes (defined as �1mm) documented a statistically signif-
icant correlation between live and dead rank order, in contrast to only
60% of fine-mesh studies. The disparity that Kidwell (2001b) documented
between coarse and fine mesh sizes makes the fine-mesh results obtained
for the Chesapeake Bay even more impressive.

The duration of live sampling available for the Chesapeake Bay is
significantly longer than most studies (Kidwell, 2001b), and suggests that
longer-term sampling does not necessarily improve rank-order correlation
(Fig. 4). The statistically highest correlation between live and dead rank
abundance recorderant
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sures of rank abundance are statistically significantly correlated with each
other, but the correlation weakens with longer duration of live sampling.
These results suggest that death-assemblage data can be used as an ac-
curate proxy for species rank abundance in the live Chesapeake Bay
molluscan community.
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