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The K/T event and infaunality: morphological and ecological
patterns of extinction and recovery in veneroid bivalves

Rowan Lockwood

Abstract.—Although the causes of mass extinctions have been studied in detail, recoveries have
received little attention until recently. In this study, I examine the influence of extinction versus
recovery intervals on ecological patterns across the end-Cretaceous (K/T) event in veneroid bi-
valves. Systematic and stratigraphic data were collected for 140 subgenera of veneroids, ranging
from the Late Cretaceous through Oligocene of North America and Europe. Morphological data
were collected for 1236 specimens representing 101 subgenera. Extinction selectivity and differ-
ential recovery were assessed with respect to morphology, and by extension, burrowing ecology
in these bivalves. Eighty-one percent of veneroid subgenera went extinct at the K/T and diversity
did not return to preextinction levels until 12 million years later. Despite the severity of the K/T
extinction, I found little evidence of morphological or ecological selectivity. The K/T recovery, in
contrast, was strongly biased toward taxa with deep pallial sinuses (i.e., toward deeper burrowers).
For veneroids, the morphological and ecological effects of the K/T event are not tied to the ex-
tinction itself, but to the recovery that followed. The K/T recovery initiated a trend toward deeper
burrowing that helped to establish veneroids as one of the most abundant and successful groups
of modern marine bivalves.
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Introduction

To understand the role that mass extinctions
play in shaping morphological and ecological
patterns, it is important to examine both the
extinctions themselves and the recovery inter-
vals that follow. Similar to extinctions, recov-
eries can influence the ecology and evolution-
ary history of a biota. Although the causes and
immediate consequences of mass extinctions
have been studied in detail, recoveries have re-
ceived little attention until recently (Erwin
1996, 1998a,b, see papers in Erwin 1999, 2001;
see papers in Hart 1996; Kirchner and Weil
2000).

Recent studies of recovery in the fossil re-
cord have involved the collection of high-res-
olution community composition data from the
first one to two million years after an event
(e.g., Harries 1993; see papers in Hart 1996;
Håkansson and Thomsen 1999; Heinberg
1999; Twitchett 1999; Wood 2000). Available
data suggest that the amount of time required
for diversity to return to pre-extinction levels
(ranging from 250 Kyr to 20 Myr) differs in
different clades crossing the same extinction

boundary, and in the same clade crossing dif-
ferent extinction boundaries (see for example
Copper 1994a,b; Arnold et al. 1995; Erwin
1996; see papers in Hart 1996; Retallack et al.
1996; Smith et al. 1999; Arens and Jahren
2000). Although the need for a more compre-
hensive understanding of recovery is recog-
nized, few studies have used the data available
to address large-scale ecological or evolution-
ary questions.

The goal of this study is to examine eco-
morphological patterns of extinction and re-
covery across the end-Cretaceous (K/T) event
in veneroid bivalves. The majority of vene-
roids are infaunal suspension-feeding bi-
valves that are abundant and extremely suc-
cessful in modern shallow-marine environ-
ments. Although they originated in the De-
vonian, these bivalves were a minor
constituent of shelf habitats until the early Ce-
nozoic, when they diversified rapidly and ra-
diated into deeper burrowing niches (Palmer
1927; Cox et al. 1969; Harte 1998a,b, 1999).
This shift in ecological dominance and diver-
sity after the K/T mass extinction, in addition
to the fact that these bivalves are well pre-
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FIGURE 4. Three-dimensional morphospace construct-
ed from the first principal component axes from the lat-
eral shell (Lateral PC1), cross-sectional shell (X-Section-
al PC1), and pallial line (Pallial PC1) analyses. Points
represent subgenera and are categorized according to
superfamily. Subgenera with deeper pallial sinuses are
distributed in the lower part of the plot.

shape variation and summarized changes in
overall shell shape, ellipticity, and position of
the umbo in the anterior-posterior plane. The
PCA of cross-sectional shell outline produced
ten axes that accounted for 99% of the original
variation and described changes in globosity,
the position of maximum width, and general
shell shape. Finally, the PCA of pallial line
shape produced nine axes that accounted for
99% of the original shape variation and sum-
marized changes in pallial sinus depth, shape,
and angle. The scores from each of these 25
axes were used in subsequent selectivity anal-
yses to represent PCA measures of morphol-
ogy. The PCA measures of pallial sinus mor-
phology correlated strongly with the simple
measure (Pallial PC1 vs. PD: r559 5 0.95).

To examine the distribution of taxa in mor-
phospace, the first principal component axes
for the lateral shell (Lateral PC1, which ac-
counts for 86% of the original shape varia-
tion), cross-sectional shell (X-Sectional PC1,
which accounts for 45% of the original shape
variation), and pallial line (Pallial PC1, which
accounts for 62% of the original shape varia-
tion) analyses were plotted against each other
in three-dimensional space (Fig. 4). Lateral

PC1 describes differences in general shell
shape, with rectangular subgenera such as
Coralliophaga s.s. and Neotrapezium displaying
low values, circular genera such as Dosinia and
Cyprimeria displaying mid-range values, and
triangular subgenera such as Tivela s.s. and
Transennella displaying high values. Posterior
PC1 summarizes differences in cross-sectional
shell shape. Subgenera with round cross-sec-
tional shapes, such as Mercenaria and Omni-
venus, have low values, whereas subgenera
with somewhat squarer cross-sectional
shapes, such as Petricola and Eomiodon, display
high values. Pallial PC1 describes differences
in pallial sinus depth. Taxa with deep pallial
sinuses including Grateloupia s.s. and Dosinia
s.s. have low values, taxa with shallow pallial
sinuses such as Lirophora have middle values,
and taxa with no pallial sinus including Arc-
tica have high values. When subgenera are
plotted in morphospace according to super-
family (Fig. 4), it is clear that subgenera within
the superfamily Arcticoidea tend to have high
Pallial PC1, variable Lateral PC1, and mid-
range to high X-Sectional PC1 values, and lack
pallial sinuses. Subgenera within the super-
family Glossoidea all have high Pallial PC1,
mid-range Lateral PC1, and mid-range to low
X-Sectional PC1 values, and also lack pallial
sinuses. Subgenera within the superfamily Ve-
neroidea tend to have low Pallial PC1, mid-
range Lateral PC1, and variable X-Sectional
PC1 values and display a range of pallial sinus
depths. Of the three axes plotted here, Pallial
PC1 is the most effective at differentiating
these three superfamilies. For example, the
Glossoidea and Arcticoidea plot toward the
top of the morphospace, whereas the Venero-
idea plot toward the bottom. The relationship
between morphology and burrowing behav-
ior in veneroids predicts that deep-burrowing
taxa (i.e., taxa with deeper pallial sinuses) are
distributed throughout the lower half of this
plot.

Patterns of K/T Extinction and Recovery

Extinction Selectivity and Differential Recov-
ery. To test for K/T selectivity, differences
between victims, survivors, and new taxa
were examined for each of the 26 simple and
PCA morphological measures. The extinction
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FIGURE 8. Refilling of morphospace during the K/T recovery. Top, Points represent the K/T survivors (65 Ma) and
taxa that originated during the first interval of the recovery (61.3 Ma). Outlines represent the entire range of sur-
vivors (65 Ma) and taxa that originated during the first interval of the recovery (61.3 Ma). Bottom, Points represent
the taxa that originated during the first (61.3 Ma), second (57.1 Ma), and third (53 Ma) intervals of the recovery.
The outlines represent the cumulative range of taxa that originated in each successive interval of the recovery (i.e.,
the outline for 57.1 Ma includes taxa that originated in the first and second interval of the recovery).
















