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LETTERS

Mass Extinctions and Periodicity

The recent article by Michael J. Benton
tracking “Diversification and extinction
in the history of life” (7 Apr., p. 52)
concludes that periodicity in the mass ex-
tinction record is not supported, as echoed
in “This Week in Science” (p. 9). Benton’s
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Periodicity or not? Percentages of extinction of
families of marine organisms through time as plot-
ted by Raup and Sepkoski (top) in 1986 [adapted
from figure 1A of (2)] and by Benton (bottom) in
1995 (adapted from figure 5C). Note that bottom
figure extends farther back in geologic time. Ab-
breviations: (top) Perm, Permian; (bottom) Pc,
Precambrian; V, Vendian; C, Cambrian; O, Ordo-
vician; S, Silurian; D, Devonian; Crb, Carbonifer-
ous; P, Permian; Tr, Triassic; Jur, Jurassic; Cret,
Cretaceous; Tert, Tertiary.

article, however, contains no quantitative
statistical analyses designed to test the

extinction record for periodic compo-’

nents, and may lack the resolution to
identify all of the significant species-level
extinction events on which such an anal-
ysis should be based.

Benton used compilations of unculled
family-level data to estimate the magnitude
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of extinction events, whereas previous anal-
yses (1, 2) have used familial data from
Raup and Sepkoski (3) culled to enhance
the extinction signal by eliminating extant
families, those known only from strata with
exceptional preservation (Lagerstitten),
and families with extinctions not resolved
to the geologic stage level. Benton was able
to identify the three major events of the last
250 million years (the Late Permian, end-
Triassic, and end-Cretaceous events), but
only four other less severe events, the end-
Jurassic (Tithonian), Aptian, Cenomanian,
and Late Eocene (Priabonian) extinctions,
in contrast to the earlier studies that had
identified a total of from 8 to 12 extinction
events in culled, family-level and more de-
tailed genus-level data for the same interval
(1, 2).

The apparent lack of resolution in Ben-
ton’s study is not unexpected, as Sepkoski
(4) has shown that the use of unculled
familial data in extinction analysis is prob-
lematic, and has determined that genus-
level data are best suited for detecting sec-
ond-order extinction events. First, as the
standard error in any frequency count (n) is
approximately n'/?, the smaller number of
familial extinctions as opposed to those of
genera is thus subject to considerable ran-
dom variation, making detection of signal
above noise more difficult (4).

Because all species in a family or genus
must disappear in order to produce an
extinction on those levels, and as species
extinctions are independent of family or
genus membership, the higher-level data
should significantly dampen the severity
of species-level extinctions in a manner
predictable through rarefaction relation-
ships (4). Raup (5) has determined that
the rarefaction curve for families shows a
shallow slope over low levels of species
extinction, where even a 50% loss of spe-
cies results in only a 10% family extinc-
tion, whereas a similar loss of species re-
sults in a 25% extinction of genera. On
the basis of these two factors, one can
predict that one’s use of family-level data
will present difficulty in resolving extinc-
tion events involving loss of less than or
equal to 40% of species, which is the range
of the additional peaks identified in the
genus-level data (4).

With regard to periodicity, Benton finds
that the seven extinction peaks detected in
his unculled familial data over the last 250
million years are spaced 20 to 60 million
years apart and uses this as evidence against
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the reality of about 26-million-year period-
icity in the record. Here, he seems to con-
clude that detection of periodicity in the
record of extinctions requires that all rec-
ognized extinction events be part of a reg-
ular periodic time series, even though some
relevant events could have been missed in
his analysis. A periodic component in the
extinction record can be detected by time-
series analysis if the extinction events show
relatively small random fluctuations about a
periodic pacemaker, if the extinction time
series contains a mixture of periodic and
stochastic events, and even if some events
are missing (6).

We analyzed the seven events identified
by Benton, with dates taken from the most
recent widely used geologic time scale (7),
using standard Fourier analysis and treating
each event as a delta function (6). This
analysis reveals the highest spectral peak at
a period of about 27 million years, similar to
that found in previous time-series analyses
of family- and genus-level extinction data
(1, 2). Although use of Monte Carlo tech-
niques suggests that the apparent periodic
component falls well below statistical sig-
nificance, this is not unexpected for a
record of only seven events. The appear-
ance of the peak, however, is consistent
with the detection of a similar and signifi-

cant spectral peak either by analysis of the
continuous record of extinction intensity of
the past 250 million years, or by use of the
8 to 12 above-background extinction peaks
found in culled, family-level and genus-
level data (1, 2).

Thus, analysis of Benton’s data in no way
rules out a 26- to 30-million-year periodic
component in the mass extinctions. Further-
more, contrary to Benton'’s concluding state-
ment, impacts could provide a single cause
for mass extinctions (8), as the impact
record may contain both periodic (possibly
derived from periodic comet showers) and
stochastic components (from nonshower
comets and earth crossing asteroids) (9).

Michael R. Rampino
Bruce M. Haggerty

Earth Systems Group,
Department of Biology,

New York University,

New York, NY 10003, USA
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Response: Rampino and Haggerty take ex-
ception to the implication in “This Week in
Science” that I claimed to have disproved in
my report the periodicity of mass extinc-
tions, previously proposed (1). They are right
that I did not carry out statistical tests for
periodicity, and the reason is that this was
not a focal purpose of my article. I merely
indicated that, on the basis of a new data set
(2), support for periodicity was not found.
Rampino and Haggerty argue that a bet-
ter quality analysis could have been ob-
tained from the use of a genus-level data set,
instead of family-level, and by the applica-
tion of various culls to the raw data. Gener-
ic-level data certainly have the advantage
(3, 4) of being closer to the species level,
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and hence they have the potential to reflect
species-level extinctions more closely than
do family-level data. Generic-level data, on
the other hand, suffer larger problems in
determination, both taxonomically and
stratigraphically. The available generic-lev-
el data set (4), not yet published, is a de-
veloping assemblage of information from
many sources, and it makes no claim to be
complete, unlike the available family-level
data sets (2, 5), which are both best efforts
at a complete coverage of all available pa-
leontological data.

Culling of raw data on fossil distribu-
tions can be justified in various ways for
different purposes (4). However, | decided
to present the data in a raw form, corre-
sponding precisely to the available pub-
lished data base (2). The information is
now widely available in printed and elec-
tronic form (6), and further studies, using
different styles of cull, may be carried out.

Rampino and Haggerty find that the
seven extinction events identified in my
article give a periodic signal of about 27
million years on the basis of Fourier analy-
sis, although the result is not statistically
significant. They note also that my identi-
fication of additional events that do not fit
the periodic signal in no way denies the
possibility of a mix of periodic and non-
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periodic extinction events. This is obvious-
ly the case (4), but I found seven possibly
periodic, and seven nonperiodic peaks.
These two classes of extinction peaks do
not fall into two distinctive classes.

The proposal of periodicity in mass ex-
tinctions was based on analyses by Raup
and Sepkoski in 1984 (1), and their subse-
quent work (4, 6) apparently strengthened
the quality of the periodic signal they
found. I have no strong view either way
about the existence, or not, of a periodic
cause of mass extinctions, but | had expect-
ed a stronger match of timings than I found
in my article. The data are improving all
the time (7), and it is the responsibility of
the proponents of periodic extinction to
show that paleontological data support their
view. Ten years of data analysis and of
search for astronomical drivers have not pro-
duced dramatic confirmation of periodicity.

Michael J. Benton

Department of Geology,
University of Bristol,

Bristol, BS8 1RJ, United Kingdom
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FDA Antibody Rules

Richard Stone’s article “Companies fear
FDA rule on antibodies” (News & Com-
ment, 28 Apr., p. 494) raises legitimate
issues of concern in the regulation of anti-
bodies. It does not, however, describe the
complexity of the current Food and Drug
Administration (FDA) review system,
which allows FDA considerable latitude in
performing a risk-to-benefit analysis of new
products and requesting an appropriate data
set based on this analysis.

Whether FDA classifies a product as
Class-1, -1, or -111, it has three very different
administrative review options predicated on
the risk, technical features, and intended
use of the product. For low-risk products,
FDA can use a focused labeling review
aimed at ensuring proper information is
present, but without requiring a detailed
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