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Ecological studies suggest that rare taxa are more likely to go
extinct than abundant ones, but the influence of abundance on
survivorship in the fossil record has received little attention. An
analysis of Late Maastrichtian bivalve subgenera from the North
American Coastal Plain found no evidence that survivorship is tied
to abundance across the end-Cretaceous mass extinction (65 mil-
lion years ago), regardless of abundance metric or spatial scale
examined. The fact that abundance does not promote survivorship
in end-Cretaceous bivalves suggests that the factors influencing
survivorship during mass extinctions in the fossil record may differ
from those operating during intervals of background extinction.
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across all subgenera at a given locality (percentage abundance).
Use of the three metrics yielded similar results. The abundance
data are not normally distributed; hence, I used both nonpara-
metric tests (Mann–Whitney U and Kolmogorov–Smirnov) and
parametric tests with data transformation (t test with Box–Cox
transformation) to test for differences in abundance between
KyT victims and survivors. Nonparametric and parametric tests
yielded similar results. All statistical transformations and tests
were performed by using STATISTICA 5.0 for Windows 95.

The absence of a particular taxon at a locality can represent
legitimate absence from the locality, taphonomy, or incomplete
sampling, and so I designated a taphonomic control group
(following ref. 20) for each taxon on the basis of shell mineralogy
and size. Size for each subgenus was determined by calculating
the average size of the species within each subgenus. Next,



dance of victims and survivors across all localities. No significant
difference was recorded between victims and survivors (Table 4,
which is published as supporting information on the PNAS web
site) even after size was removed from the analysis.

The effect of abundance on survivorship may also differ
according to bivalve ecology. For example, suspension-feeding
bivalves as a group tend to include more opportunists and tend
to have higher local abundance than deposit-feeding bivalves
(23). I controlled for ecology by comparing the subgeneric
abundance of victims versus survivors within each ecological
category. The abundance of victims was not significantly differ-
ent from survivors within the two feeding modes tested: sus-
pension versus deposit (Table 5, which is published as supporting



during mass extinction events. It is worth considering whether
rarity, as typified here, can be equated with rarity in modern
ecosystems. To enter the fossil record, a taxon must be abundant
to some extent, and it is possible that paleontological studies do
not always capture a sufficiently broad range of living abundance
to accurately record a relationship between abundance and
survivorship. The taxa sampled in this study may not include the
rarest species that constitute the tail of typical abundance
distributions in modern ecosystems (30), thereby weakening
any relationship that might exist between survivorship and
abundance.

Even in modern studies, the causal link between abundance
and survivorship is not straightforward. The two systems most
commonly cited as evidence for this link are island populations
of British birds and Bahamian orb spiders (31, 32), but these
studies are limited by the fact that the taxa studied are
extremely mobile, sample sizes are small, and extrapolations
from island to continental spatial scales and from decadal to
millennial time scales are difficult to justify. The local extinc-
tions documented in these studies differ in several key respects
from mass extinctions in the fossil record. For example, it is
unclear whether the results obtained in these studies can be
extrapolated beyond the scope of islands and whether the
disappearance of a population can be equated with the dis-

appearance of a species. Perhaps more importantly, these
modern populations are studied under relatively stable envi-
ronmental conditions. These patterns may not be applicable to
times of rapid worldwide ecological devastation, such as that
seen during the KyT mass extinction.

In conclusion, fossil abundance data for Late Maastrichtian
bivalves from North America indicates that abundant taxa are no
more likely to survive mass extinctions than rare ones. The
relationship between abundance and survivorship observed at
ecological time scales cannot be readily translated into paleon-
tological time scales, suggesting that the factors influencing
survivorship during mass extinctions in the fossil record may
differ from those operating during background extinction
intervals.
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Table 1. Results of testing for abundance differences between victims and survivors, controlling for shell mineralogy and organic
content across all localities at the subgeneric level

Preservation potential Data treatment Test

Abundance metric

Raw Rank Proportional

Noncalcitic Cumulative MW U38,38 5 710, P 5 0.90
KS D38,38 5 0.13, P . 0.10
t test t1,74 5 0.09, P 5 0.93 t1,74 5 20.04, P 5 0.97 t1,74 5 0.09, P 5 0.93

Average MW U38,38 5 710, P 5 0.90 U38,38 5 696, P 5 0.79 U38,38 5 689, P 5 0.73
KS D38,38 5 0.16, P . 0.10 D38,38 5 0.13, P . 0.10 D38,38 5 0.18, P . 0.10
t test t1,74 5 0.05, P 5 0.96 t1,74 5 20.07, P 5 0.94 t1,74 5 0.18, P 5 0.86

Calcite-bearing Cumulative MW U26,19 5 166, P 5 0.06
KS D26,19 5 0.38, P . 0.05
t test t1,43 5 22.03, P 5 0.05 t1,43 5 1.86, P 5 0.07 t1,43 5 22.03, P 5 0.05

Average MW U26,19 5 161, P 5 0.05 U26,19 5 183, P 5 0.14 U26,19 5 150, P 5 0.03
KS D26,19 5 0.38, P . 0.05 D26,19 5 0.30, P . 0.10 D26,19 5 0.42, P < 0.05
t test t1,43 5 22.15, P 5 0.05 t1,43 5 1.16, P 5 0.25 t1,43 5 22.32, P 5 0.03

High shell organic content Cumulative MW U16,16 5 99, P 5 0.27
KS D16,16 5 0.31, P . 0.10
t test t1,30 5 21.24, P 5 0.22 t1,30 5 1.18, P 5 0.25 t1,30 5 21.25, P 5 0.22

Average MW U16,16 5 95, P 5 0.21 U16,16 5 110, P 5 0.50 U16,16 5 90, P 5 0.15
KS D16,16 5 0.31, P . 0.10 D16,16 5 0.25, P . 0.10 D16,16 5 0.38, P . 0.10
t test t1,30 5 21.39, P 5 0.17 t1,30 5 0.77, P 5 0.45 t1,30 5 21.58, P 5 0.12

Low shell organic content Cumulative MW U38,29 5 471, P 5 0.31
KS D38,29 5 0.20, P . 0.10
t test t1,65 5 20.97, P 5 0.34 t1,65 5 1.04, P 5 0.30 t1,65 5 20.97, P 5 0.33

Average MW U38,29 5 464, P 5 0.27 U38,29 5 507, P 5 0.57 U38,29 5 463, P 5 0.27
KS D38,29 5 0.26, P . 0.10 D38,29 5 0.19, P . 0.10 D38,29 5 0.24, P . 0.10
t test t1,65 5 21.11, P 5 0.27 t1,65 5 0.77, P 5 0.45 t1,65 5 21.04, P 5 0.30

Mixed shell organic content Cumulative MW U10,10 5 44, P 5 0.62
KS D10,10 5 0.20, P . 0.10
t test t1,18 5 20.49, P 5 0.63 t1,18 5 0.38, P 5 0.71 t1,18 5 20.49, P 5 0.63

Average MW U10,10 5 47, P 5 0.82 U10,10 5 50, P 5 0.99 U10,10 5 46, P 5 0.76
KS D10,10 5 0.20, P . 0.10 D10,10 5 0.20, P . 0.10 D10,10 5 0.30, P . 0.10
t test t1,18 5 20.55, P 5 0.59 t1,18 5 0.13, P 5 0.90 t1,18 5 20.31, P 5 0.76

Differences were assessed within shell mineralogical categories and organic content categories independently. Three abundance metrics (raw, rank, and
proportional), two data treatments (cumulative and averaged), and three statistical tests [Mann–Whitney (MW), Kolmogorov–Smirnov (KS), and t test with data
transformation] were used. Calcite-bearing victims were significantly less abundant than survivors, but this result was not robust to changes in abundance metric
or statistical test. No significant relationship between abundance and survivorship was found within noncalcitic taxa or taxa in any of the shell organic categories.
It should be noted that the nonparametric tests do not differentiate among the three abundance metrics when the data are treated cumulatively. Boldface
indicates statistical significance.
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