the number of species extinctions should
convey differences in the relative vulnerabili-
ty of these groups, because not all clades are
equally speciose (the aforementioned orders
comprise 43.7%, 20.0%, and 9.2% of all
mammals, respectively). Given the average
mammalian extinction frequency of 0.02, ro-
dents, bats, and insectivores have not suf-
fered more species-level extinctions than ex-
pected under a binomial distribution [using a
one-tailed test and data from (2)]. In fact, the
bat extinction rate is significantly lower than
expected (P = 0.02; see the figure).

We agree that the number of ungulate ex-
tinctions is not more than expected from ran-
dom (P = 0.49), but we emphasize that the
relative vulnerability of ungulates depends on
the data source used, illustrating the difficulty
of describing patterns of extinction across
taxa. Seven ungulate species are listed as ex-
tinct in the latest IUCN Red List (9), plus
three additional species if ungulates that are
extinct in the wild are counted. On the basis
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of these data, ungulates have suffered more
extinctions than expected (P = 0.02). There
are only two species in common in the differ-
ent data sets; indeed, four species on the
IUCN Red List were disqualified by
MacPhee and Flemming (2), either because of
evidence that those species are extant or sys-
tematic uncertainty. In addition, over the past
century a factor has arisen that might for the
first time strongly select against extinction of
large vertebrates: conservation. Without ex-
tensive conservation efforts in North America,
for example, current ungulate diversity would
likely be far poorer, missing the likes of bison,
bighorn sheep, musk ox, and pronghorn [see
also (4)]. How should these near misses be
considered when assessing extinction risk?
Patterns will only tell us so much; sooner
rather than later, we must focus on threat pro-
cesses resulting in vulnerability today (/). In-
deed, to complement the study by Berger et al.
(6) that we discussed in our Perspective, we
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described how carnivore reintroductions could
be devastating for naive prey populations
when predators have been absent. Our view is
not, however, that naiveté alone is the sole
threat, but rather that “biological and anthro-
pogenic forces” [emphasis added (3, p. 998)]
critically influence taxonomic differences in
extinction risk and that “extinction results
from a series of factors, interactions among
factors, and the multiplicative effects of these
interactions.” Across mammals, it is likely that
ungulates had and do have increased extinc-
tion vulnerability. Ungulates have shown a
consistently high extinction vulnerability over
time, despite the fact that extinction-driving
processes may have altered substantially: for
example, 28 out of 68 (41.2%) extinctions in
the Pleistocene (2) were ungulates, and orders
within the broadest definition of Ungulata (Ar-
tiodactyla, Perissodactyla, and Sirenia) are cur-
rently significantly more threatened than ex-
pected [on the basis of data from (5)].
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Tales from the DNA of
Domestic Horses

IN OUR STUDY OF THE ORIGINS OF DOMESTIC
horses, published in 1998, my colleagues
and I examined sequence data of the mito-
chondrial DNA control region from 29 indi-
viduals, including Przewalski’s horse and 14
domestic breeds (/). We found virtual genet-
ic constancy within Przewalski’s horse, un-
surprising considering its severe historical
bottlenecking, but a great deal of variation
within and among domestic breeds. We
wrote, “Overall, the amount of sequence di-
vergence among modern breeds is greater
than could have arisen within any plausible

timescale of domestication (approximately
5,000 years by current archaeological esti-
mates), and clearly reflects more ancient
haplotype diversity.” We concluded, “The
extent of modern haplotype diversity proba-
bly reflects an input of wild animals from
different areas. It is unlikely that all domes-
tic horses sprang from a single, local popu-
lation. Domestic horses arose from wild
stock distributed over a moderately exten-
sive geographical region, large enough to
have contained within it considerable pre-
existing haplotype diversity.”

Carles Vila and co-authors undertook a
similar analysis, incorporating some of our
data, and drew essentially the same conclu-
sions (Reports, “Widespread origins of do-
mestic horse lineages,” 19 Jan., p. 474).
Their principal finding, the widespread ori-
gins of domestic horse lineages, echoes our
1998 results, although the latter are not cited
in their report. Vila et al. augmented their
modern mitochondrial DNA study with ad-
ditional results on ancient specimens and mi-
crosatellite DNA sequences, which we did
not perform and which allow them to draw
some interesting subsidiary conclusions.

Although the diverse genetic input to
modern domestic horses, which implies a
broad geographic catchment, is suggestive
of multiple domestication events in different
areas, other explanations are possible—for
example, that horses taken from a wide area
were domesticated in one or a few places
only. This is an archaeological question re-
quiring primarily archaeological evidence,
although it could be aided by the extraction,
thus far unsuccessful (/), of ancient DNA
from the putative centers of domestication.
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Response

WE SEQUENCED PART OF THE MITOCHONDRIAL
DNA control region of 191 domestic horses
from 10 breeds (/). Additionally, we did a
complete search in GenBank, a public
database for DNA sequences, which added 37
of 70 unique sequences from modern horses
to our analyses [see Fig. 1B in (/)]. These
GenBank sequences were referred to by their
accession numbers, and eight of them were
unique to the study by Lister et al. (2). We re-
gret not citing this study. However, we main-
tain that their results were insufficient to draw
firm conclusions. In their paper they said,
“The modern data do not distinguish single
from multi-regional domestication events,
though the extent of the modern haplotype di-
versity probably reflects an input of wild ani-
mals from different areas” (2, p. 276). In fact,
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Lister et al. perceived the work that is neces-
sary for definitive conclusions, and it is pre-
cisely what our study has provided: “This
study needs to be enlarged by accruing larger
domestic samples of accurate pedigree (using
both [mitochondrial DNA] and microsatel-
lites), and by further
pursuing those ancient
specimens which gave
indications of DNA
preservation...” (2, pp.
276-277).

Moreover, the fact
of high genetic diversity
alone, as found by Lis-
ter et al. and other au-
thors before them (3), is
not sufficient to suggest

a widespread origin of ~andentwild horses s providing clues to the
origins of domestic horses.

modern horse lineages.
Large populations can
have substantial genetic diversity. In this
sense, sampling of a large diversity of mod-
ern horses coupled with sequences from late
Pleistocene horses from Alaska that we ex-
amined is a necessary prerequisite to defini-
tive conclusions. Our study represents the
first attempt to characterize the genetic diver-
sity in a wild horse population before domes-
tication. The limited diversity we observed in

SCIENCE'S COMPASS

this ancient population suggests that multiple
populations of wild horses were likely in-
volved in the origin of domestic horses.

We agree with arguments by Lister et al.
that archaeological discoveries are fundamen-
tal to an understanding of the domestication
process. However, early
domestic horses likely
were indistinguishable
from their wild counter-
parts (4); hence, the
timing and location of
domestication are not
easily revealed by a
morphologic study.
DNA analysis of ar-
chaeological specimens
might assist in this re-
gard if population-spe-
cific markers could be
found. However, DNA
is not readily isolated from material in areas
where horses were likely first domesticated,
as indicated by Lister and co-authors’ inability
so far to genetically characterize some of
these horses. Specimens from the Arctic per-
mafrost, where the likelihood of DNA preser-
vation is high, or more recent archaeological
sites might offer our only perspective into the
genetics of ancient horses. This is the ap-

proach that we chose to take.
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Networked Research:
An EC Model for U.S.?

THE EUROPEAN COMMUNITY (EC) HAS FOUND
ways to systematically benefit underrepre-
sented minorities and less research-inten-
sive regions through the distribution of re-
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