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Global databases will yield reliable measures of global
biodiversity
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For decades, paleobiologists have treated
global diversity estimation as a straightfor-
ward problem (Miller 2000): count up the
known higher taxa in each geological time in-
terval, make a diversity curve, and go straight
ahead to analyzing and interpreting the
trends. However, global diversity curves re-
cently have come under attack from all sides.
Some researchers argue that although tradi-
tional curves are strongly affected by sam-
pling biases (e.g., Smith 2001; Peters and Foote
2002), these biases can be corrected by assem-
bling large, locality-level databases with de-
tailed contextual information (Alroy et al.
2001). Others point to the large gap between
true total global richness and the meager head
counts the fossil record has to offer, and con-
clude that workers should focus exclusively on
local and regional diversity (Jackson and
Johnson 2001). Here I argue that although fur-
ther fieldwork surely is needed, understand-
ing global diversity in the short term remains
a tractable goal—as long as we move quickly
to build a discipline-wide, globally extensive
paleontological database.

Relative versus total diversity: Because the fos-
sil record always is incomplete, we cannot di-
rectly determine true total diversity, i.e., a se-
ries of exact, direct counts of all the species
that ever existed at each point in time (e.g.,
Jackson and Johnson 2001). However, demon-
strating an adaptive radiation or diversity
crash only requires showing in relative terms
that diversity was higher or lower in one time
interval than the next. The same is true of oth-
er important paleontological patterns: the re-
placement of one taxonomic group by another
(e.g., McKinney et al. 1998), the contrast be-
tween taxonomic diversity and morphological
disparity (Foote 1991), diversity differences

among geographic regions (Miller 1997; Ja-
blonski 1998), and the temporal dynamics of
diversification (Sepkoski 1978). All of these
things can be studied by quantifying relative
diversity levels, instead of waiting for centu-
ries to inventory every species that ever was
fossilized.

Sampling biases: Skeptics also may point to
the enormous impact of sampling biases
(Raup 1972) as an indictment against global
diversity compilations. Indeed, diversity esti-
mates are strongly affected by rock outcrop
area (Raup 1976; Smith 2001; Peters and Foote
2002), taxonomic definitions (Patterson and
Smith 1987; Wagner 1995), the historical ac-
cumulation of data (Sepkoski 1993; Niklas and
Tiffney 1994; Alroy 2000), methods for count-
ing diversity (Alroy et al. 2001), and the sheer
amount of fossil data (Alroy 1996; Miller and
Foote 1996; Alroy et al. 2001). However, the
best evidence that biases are tractable is pre-
cisely the fact that sensible methods for re-
moving sampling artifacts do indeed create
large differences in the relative shapes of di-
versity curves. These apparently effective
methods include classical rarefaction (Miller
and Foote 1996), randomized subsampling of
taxonomic lists (Alroy 1996; Alroy et al. 2001),
extrapolation indices based on ecological the-
ory (Nichols and Pollock 1983; Connolly and
Miller 2002), and modified survivorship anal-
ysis (Foote 2002). Although many of these
methods are simply too new for their prop-
erties to be well understood, the pace of the-
oretical discovery has increased so dramati-
cally that optimism seems warranted.

Coupling of regional and global diversity: Some
workers have argued persuasively that diver-
sity patterns may be quite different in differ-
ent biogeographic provinces (Miller 1997; Ja-
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blonski 1998). If global diversity is just the
sum of regional patterns and these regional
patterns differ unpredictably, then one could
argue that only the regional patterns matter.
However, the alternative would be that region-
al patterns exactly reflect global trends, which
if true would mean that intensive, continuous
data for any one region would tell the whole
story. Surely we can agree that these rival hy-
potheses can and should be tested by collect-
ing data on multiple regions—i.e., global data,
but global data grounded at the collection lev-
el. Thus, whatever we think of global patterns
per se, we all should share the goal of com-
piling globally extensive data.

Estimation of regional diversity: Having every-
one focus narrowly on estimating local, basin-
scale species richness (e.g., Jackson and John-
son 2001) would leave methodological prob-
lems unsolved. Basin-scale data suffer from
many of the same biases as global data, in-
cluding changes through time in sea level
(Holland 1995; Smith et al. 2001), paleolatitu-
de (Allison and Briggs 1993), and major taph-
onomic signatures (Koch and Sohl 1983; Kid-
well and Brenchley 1994; Schubert et al. 1997),
not to mention temporal variation in total
sampling intensity (e.g., Badgley and Ginger-
ich 1988; Alroy 1996; Miller and Foote 1996).
Some of these effects may be unavoidable.
However, many other biases could be bal-
anced out by methodically sampling multiple
regions with distinctive megataphonomic
overprints, which is exactly the kind of anal-
ysis made possible by a global, but collection-
level, database.

Estimation of diversity within assemblages: One
could argue that measuring diversity within a
collection is tractable in a way that tallying
global diversity is not, because at least the
sampling pool is relatively well defined. How-
ever, at the scale of single fossil collections
sampling biases become profound, because
only a small fraction of the regional species
pool can be represented in a tray full of spec-
imens. Furthermore, even the most sophisti-
cated ecological methods for extrapolating the
overall species pool size are known to suffer
from crippling biases (Colwell and Codding-
ton 1994). Such handicaps are substantial even
when dealing with sample sizes of thousands

that far exceed the usual specimen quotas in
paleoecological studies (Koch 1978). However,
the nature of sampling is such that compiling
large numbers of even relatively small collec-
tions eventually must yield a usable picture of
regional and even global diversity—so com-
piling many collections that individually are
inadequate for paleoecology may prove cru-
cial for large-scale studies.

Evenness versus richness: Changes through
time in the shape (including evenness) of
abundance distributions might cause sampled
diversity—and even sampling-standardized
diversity—to change in a way that does not re-
flect total diversity. Indeed, it is possible for
the summed relative abundance of the few
most common species in an otherwise fixed
pool to change dramatically. However, this
concern may be overstated. Paleoecological
data sets often most closely resemble infinite,
untruncated distributions such as the log se-
ries (Koch 1987), whereas naturally truncated
distributions such as the log normal typically
fail to appear unless sample sizes are truly he-
roic (Koch 1978). True total richness is unde-
fined for distributions such as the log series,
which fundamentally assume that more spe-
cies always can be recovered by more sam-
pling. Therefore, the evenness/richness dis-
tinction means nothing in such cases. Mean-
while, the log normal is governed by just two
parameters that correspond to richness and a
measure (‘‘gamma’’) of evenness (May 1975).
In practice, gamma shows remarkably little
variance across data sets, with theorists ar-
guing not over whether this pattern is real, but
rather over whether it is a mathematical arti-
fact (May 1975) or biologically meaningful
(Sugihara 1980). By elimination, therefore, the
major source of variation in such abundance
distributions is likely to be variation in total
richness. All of this suggests that it would be
more helpful to redirect theoretical attention
to the interplay between alpha (5 ‘‘even-
ness’’), beta, and gamma diversity (Sepkoski
1988).

Higher and lower taxa: Yet another objection
to the quest for new species-level data is the
assumption that counts of higher taxa (e.g., or-
ders: Sepkoski 1978) are more robust to sam-
pling artifacts; ergo, they may be better prox-
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ies for species-level data than the species-level
data themselves (Benton et al. 2000). However,
even if we put aside concerns about sampling,
biologically different patterns at different tax-
onomic levels are expected on theoretical
grounds (Sepkoski and Kendrick 1993) and do
appear in traditional synoptic compilations
(Sepkoski 1997). Furthermore, if we really
want to know about the relationship between
higher- and lower-level patterns, we need to
collect significant amounts of lower-level
data—and doing so will make the argument
moot.

Importance of diversity curves: Many paleon-
tologists simply may not care too much about
global diversity. However, our colleagues in
such varied disciplines as astronomy, ocean-
ography, ecology, and genetics certainly do.
Key papers on diversity dynamics such as
Raup and Sepkoski (1982) rank among the
most highly cited contributions ever published
by paleontologists. Scientists in other fields
such as molecular systematics always will con-
tinue to make claims about (say) the Cambrian
explosion and the Cretaceous/Tertiary bound-
ary mass extinction. Therefore, it instead falls
on us to do the best possible job of providing
accurate information to the public in the form
of an evolving, communally maintained data-
base.

Benefits of databases: Many workers will al-
ways remain skeptical about the future of di-
versity studies. Note, however, that almost all
of the preceding arguments hinge on the pros-
pects for developing a discipline-wide data-
base of the fossil record (Miller 2000; Alroy et
al. 2001). Regardless of the diversity issue, the
Paleobiology Database initiative should yield
considerable benefits for almost every practic-
ing paleontologist. First, collection-level da-
tabases will become a key tool for assessing
previously published literature—regardless of
whether one wants to know about just one
species or fossil locality, or else an entire tax-
onomic group, geological formation, temporal
interval, or geographic region. Second, com-
pilations of collection-level data will provide
strong justification for additional field- and
specimen-based research by showing exactly
where the published literature is deficient. Fi-
nally, a community-wide database will serve

as a permanent repository for the hard-won
data recovered by generations of paleontolo-
gists. Quantifying global diversity is a trac-
table, multifaceted, and scientifically impor-
tant goal, and everyone stands to gain by fos-
tering this endeavor.
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