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Taphonomic bias and the evolutionary history of the
family Cidaridae (Echinodermata: Echinoidea)

Benjamin J. Greenstein

Abstract.—The class Echinoidea apparently originated during the Ordovician Period and diversified
slowly through the Paleozoic Era. The clade then mushroomed in diversity beginning in Late
Triassic time and continued expanding into the present. Although this evolutionary history is
generally accepted, the taphonomic overprint affecting it has not been explored. To gain a more
accurate perception of the evolutionary history of the group, I have compared the diversity history
of the family Cidaridae (Echinodermata: Echinoidea) with the preservational style of fossil type
species using literature-derived data. The Cidaridae apparently originated in Middle Triassic time
and diversified slowly through the Neocomian (Early Cretaceous). Diversity was maintained through
the remainder of the Cretaceous and Tertiary Periods, reflecting the diversity history of the subclass.
Characterization of the preservational style of type fossil material for the family revealed the
following breakdown of preservational states: 60% of species were described on the basis of dis-
articulated skeletal material, primarily spines; 20% based on intact coronas denuded of spines, apical
system, Aristotle’s lantern and peristomial plates; 10% based on large coronal fragments; and 10%
based on other skeletal elements. This distribution may represent the effect of a disarticulation
threshold on the condition of echinoid carcasses before final burial and suggests that preservation
of intact specimens may be very unlikely. For cidaroids, previous work has suggested that this
threshold is likely to be reached after 7 days of decay.

Comparison of the diversity history of the Cidaridae with the preservation data reveals that
characteristic patterns of taphonomic overprint have affected the group since its origination in
Middle Triassic time, and the nature of that overprint has changed over time: the early diversity
history of the group is characterized by occurrences of fragmented fossil material, with spines
predominant; further radiation of the group in mid-Jurassic time coincided with an increase in
modes of preservation, ranging between exceptionally well-preserved material and disarticulated
skeletal elements. Finally, type material is more rarely described from younger stratigraphic intervals
(Miocene-Pleistocene) and consists predominantly of disarticulated skeletal elements and coronal
fragments larger than an interambulacrum in size. Intact, denuded coronas are noticeably lacking.

The number of type species of Cidaridae described in each stratigraphic interval has not been
consistent during post-Paleozoic time. Middle Triassic, Malm (Upper Jurassic), Senonian (Upper
Cretaceous) and Eocene series yielded significantly (a = .05) higher numbers of type specimens per
million years, while the Lias (Lower Jurassic), Dogger (Mid-Jurassic), Lower Cretaceous and Paleo-
cene yielded significantly (e = .05) lower numbers of type specimens per million years. This may
be the result of a combination of taxonomic, sampling, and geographical biases.
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Introduction

The known fossil record of a clade is, in

part, a consequence of taphonomic processes -

that may obscure or alter the underlying evo-
lutionary signal(s). Thus, the diversity his-
tory of a group as deduced from fossil data
has a distinct taphonomic overprint. The pur-
pose of this study is to present the diversity
history of the family Cidaridae (Echinoder-
mata: Echinoidea) with respect to that over-
print by comparing literature-derived data on
the preservational style of fossil occurrences
with the diversity curve for the family. Al-
though the evolutionary histories of many
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echinoid clades are relatively well known
(Smith 1984), this study includes taphonomic
data to gain a more accurate perception of the
evolutionary history of the Cidaridae.

The class Echinoidea apparently originated
during Ordovician time and has a long and
abundant fossil record. Bambach (1985) out-
lined the diversity history of the group using
Sepkoski’s (1981) data. The echinoids are
thought to be an example of an invertebrate
group that diversified because of adaptations
that enabled exploitation of previously un-
occupied ecospace; the evolution of irregular
echinoids that were capable of burrowing is
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thought to be a primary catalyst for the group’s
diversification. The result is a clade diversity
with a thin Paleozoic stem that mushrooms
during the Mesozoic and Cenozoic (fig. 1). In
general, the diversity history of the group
since the Triassic is a combination of expand-
ing diversity in the subclass Euechinoidea,
which includes the irregular echinoids, and
conserved diversity with replacement in the
subclass Cidaroidea which includes the fam-
ily Cidaridae (Smith 1984). ’

After their apparent origination in mid-Tri-
assic time, the Cidaridae gradually diversified
at the specific and generic levels through the
Jurassic and Early Cretaceous (fig. 2). Diver-
sity remained approximately constant through
the remainder of the Cretaceous and Tertiary
periods. The number of fossil genera present
in any given series ranges between 1 and 12.
Through 1988, 33 genera of Cidaridae had
been described from the Recent.

Detailed analyses of the evolutionary un-
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Family diversity of the class Echinoidea (after Sepkoski 1981).

derpinnings of echinoid diversity history
have been presented for Paleozoic and post-
Paleozoic forms (Kier 1965, 1974, respective-
ly). Aside from general studies of echinoid
preservation (Kier 1977; Smith 1984), specific
research on echinoid taphonomy has been
conducted along three distinct, yet interre-
lated lines: (1) preservational style of fossil
occurrences (see, e.g., Hawkins and Hampton
1927; Aslin 1968; Bantz 1969; Bloos 1973; Smith
1990); (2) occurrences of exceptionally well-
preserved fossils in Lagerstatten (Wright 1855~
1880; Richter 1931; Kier 1958, 1966, 1968; Ro-
senkranz 1971; Seilacher 1976); and (3) field
and laboratory experimentation with Recent
specimens (Schéfer 1972; Kidwell and Bau-
miller 1990; Greenstein 1990, 1991). Here I
use literature-derived data to compare the di-
versity history of the Cidaridae with the pres-
ervational style of type species described from
fossil occurrences. Comparison of these data
reveals that the diversity history of the Ci-
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FIGURE 2. Generic diversity of the family Cidaridae. The number of type species described from each series (nor-
malized for series length) is plotted along the left margin of the spindle diagram. Results of cluster analysis are
superimposed on the right margin of the diagram. See the text for discussion.

daridae has a distinct taphonomic overprint
that has changed over geologic time. More-
over, the results of this study demonstrate the
utility of this type of analysis for obtaining a
more accurate insight into the evolutionary
history of any group with a fossil record.

Methods

My source of taphonomic data was the pri-
mary literature. Data were collected for all
type species described on the basis of fossil
material for the family Cidaridae. Lambert
and Thiéry (1909-1925) produced a series of
monographs listing all fossil and living echi-
noid species known through 1924, with a ref-
erence to an adequate description of each spe-
cies. In these publications, all references given

for species of the family Cidaridae that are
described using fossil material are references
to the type descriptions. I have reconciled the
taxonomy of the Lambert and Thiéry mono-
graph with that of the Treatise on Invertebrate
Paleontology Part U, Volume 3 (Fell 1966). Kier
and Lawson (1978) compiled an update to
Lambert and Thiéry’s list that included fossil
and living species described between 1924
and 1970 and followed the taxonomy given
in the Treatise. I have updated the list of fossil
species to include those described between
1970 and 1988 by checking citations in the
Zoological Record. The result is a list, current
through 1988, of all species known in the
family Cidaridae (Treatise classification) that
have been described on the basis of fossil ma-



