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row). For nonuniform recovery functions,
however, coverage probabilities were already
so low that lack of independence did little to
lower them further (Fig. 4, dashed and dotted
lines in bottom row). In summary, for all of
these methods point estimates are approxi-
mately unbiased in the presence of correla-
tions among taxa as long as recovery potential
is uniform, but standard errors increase
substantially, and coverage probabilities are
degraded as well. It is therefore crucial to
check the assumption of independence.

Summary and Discussion

Given a collection of taxa in a single or
composite stratigraphic section thought to
have gone extinct simultaneously, and as-
suming uniform recovery and independence
among taxa, one should first pool the posi-
tions of their finds together into a single
combined ‘“‘supersample.” One can then
apply the methods proposed by Strauss and
Sadler (1989) for estimating the true extinc-
tion of a single taxon. We have proven that
these methods are optimal in the sense that
they are the most precise estimators satisfying
the properties of unbiasedness and scale
invariance, under the assumption that the
data follow uniform recovery potential and
independence among taxa. This optimality
applies not only among the methods tested in
this paper, but among all possible methods
satisfying the stated conditions—even ones
that have not yet been invented.

Our proof depends on the assumptions of
uniform recovery and independence among
taxa, and it is important to assess the
reasonableness of these assumptions. We
advocate the use of probability plots to
explore the extent to which these assumptions
are met or violated, rather than a hypothesis-
testing approach. Using simulations, we
assessed the sensitivity of the optimal estima-
tors and competing methods to violations of
uniformity and independence. Nonuniformi-
ty had particularly adverse effects, strongly
biasing point estimates and inflating their
standard errors, and degrading coverage
probabilities of confidence intervals. Lack of
independence had less effect on the accuracy
of point estimates, but it also caused inflated
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standard errors and degraded coverage prob-
abilities. Clearly, checking these assumptions
is crucial in any analysis of this kind.

When recovery potential is not uniform,
none of the existing methods are appropriate,
and modifying the optimal methods is not
straightforward. In such cases, it may be
possible to adapt the methods of Springer
(1990) and Wang and Marshall (2004). These
methods require estimating range extensions
for individual taxa, for which one can apply
generalized estimates that account for chang-
ing recovery potential (Marshall 1997; Solow
2003). Judging from Figure 1, we expect that
in such situations point estimates and confi-
dence intervals based on Wang and Marshall
(2004) will be substantially more precise than
those based on Springer (1990).

We have assumed that all taxa are initially
extant at some position 0, corresponding to
the base of the section or some point higher in
the section, rather than originating at different
positions within the section. This appears to
be a reasonable assumption for at least some
data sets (e.g., Jin et al. 2000: Fig. 2A). This
assumption is necessary to justify pooling
data from different taxa. It should be possible
to derive optimal methods under a more
general model with different origination
times; this is an area of ongoing research.

We derived the optimal point estimator
while requiring the property of unbiased-
ness—that the estimator is neither systemat-
ically high nor systematically low. It may be
possible to derive an estimator with smaller
variance if we do not insist on unbiasedness.
However, such an approach is likely to be
analytically intractable. Furthermore, as the
optimal method already has a relative error of
less than 2%, it is unlikely that any other
method, unbiased or not, would improve on
it substantially.
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