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N A FIELD OFTEN ACCUSED of being unable to settle controversies or resolve competing

hypotheses, the recent proposal based on interpretations of mitochondrial DNA
(mtDNA) allows for the unambiguous testing of two models about the origin of modern
Homo sapiens. These are the total replacement (“Eve’’) and the continuity (multiregional
evolution) models, both of which have clearly definable, completely different predictions
about the pattern of past evolution, as well as different expectations about the distribution
of certain grade (modernizing) and clade (regional, such as African, North Asian, etc.)
features in the human fossil record. Since proponents of both views recognize that the
fossil record is real, and the two competing interpretations of prehistory have non-over-
lapping predictions about the modern human origins, specific aspects of each model can
be weighed against the fossil record for potential refutation. Here, fossils are not used to
develop interpretations of the human evolutionary pattern, a thankless task whose suc-
cess is very sensitive to the completeness of the fossil record. Instead, limited conflicting
predictions of these two models can be addressed from a circumscribed data set, which
the fossil record clearly provides. Unlike an earlier controversy between the genetic and
fossil reconstruction of the past concerning the timing of the split between humans and
chimpanzees, the current debate about the origin of modern Homo sapiens is represented
by a much more extensive fossil record, spanning a reasonably well dated time period
and supplemented by extensive archeological data.

Using the prehistoric skeletal data of Australasia (Southeast Asia and Australia),
North Asia, Europe, Africa, and the Levant, we test the conflicting predictions of these
two models by evaluating evidence for the existence of transitional samples and the per-
sistence of morphological and metric features over time and space. While many previous
and some current models about the later aspects of human evolution are riddled with
untestable or non-excluding hypotheses, the differences between the “Eve” and the mul-
tiregional evolution models are so profound it is impossible for both to be correct. These
differences in theoretical expectations relate to the requirements of the Eve theory that a
single source of all contemporary mtDNA variation exists and that this source is derived
exclusively from a relatively recent African female (Eve). In this article we review the
predictions of the Eve and the multiregional evolution models and test these against the
human fossil record from the Old World. In addition, we will show that, while an extreme
replacement interpretation is unsupportable, the mtDNA data can be reconciled with the
fossil record within the context of multiregional evolution.
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Two Theories of Modern Human Origins

The genesis of this debate goes back to the later writings of F. Weidenreich and the
earliest formulations of W. W. Howells, then and now perhaps his best-known antago-
nist. Weidenreich (1939, 1943, 1946) contended that human evolution was best under-
stood as a network of interconnected populations that retained regional continuity in at
least some geographic areas. Each of the four major evolutionary centers of his polycen-
tric model retained differences on the racial level and could be directly related to the races
of today (Weidenreich 1943). At the same time, there was significant gene flow across
regions and the human species retained its unity. For instance, in summarizing Austral-
asian evolution, Weidenreich wrote:

at least one line leads from Pithecanthropus and Homo soloensis to the Australian aborigines of today.
This does not mean, of course, that I believe all the Australians of today can be traced back to
Pithecanthropus or that they are the sole descendants of the Pithecanthropus-Homo soloensis line.
[1943:249-250]

Weidenreich concluded that a significant aspect of the skeletal morphology of aboriginal
Australians was to be found in their regional antecedents, but never regarded this as a
unique ancestral-descendant relation. He illustrated this evolutionary pattern as some-
thing like a trellis (Figure 1), with the main vertical lines representing the centers of evo-
lution, and diagonal and horizontal connections between them reflecting the patterns of
genetic interchange (Weidenreich 1946:30).

From Howells’s earliest publications (1942), it is clear that he did not accept the poly-
centric theory. After Weidenreich’s death the model was misinterpreted in an illustration
that reproduced the vertical lines of descent but did not retain the diagonal lines of gene
exchange—transforming it into the “‘candelabra” theory (Howells 1959:236). This was
misattributed to Weidenreich, and Howells characterized the theory as one in which
“[hJuman evolution progressed in each corner of the world, essentially apart from what was
happening in the other corners” (1959:235, emphasis added). Howells asked of this the-
ory, how could one explain the independent evolution of four major races? His answer
was:

Weidenreich has at least four different evolving human varieties, living far apart, moving ahead
by fits and starts, producing their own special peculiarities of form. . . . Yet these four careers at
last converged to produce the same kind of man everywhere. And all, miraculously enough,
breasted the tape at the same time. [1959:235]

Howells discounted the theory because he could provide no answer as to how this could
have happened, unless by some kind of evolutionary miracle. This should not be surpris-
ing, because the four independent converging lines were not components of the polycen-
tric theory, but of Howells’s misinterpretation of Weidenreich’s theory. Ironically, in his
modification of Weidenreich’s polycentrism, Coon (1962) accepted the precept of inde-
pendent lines of evolution, and this developed into an extreme theory of independent
modern human origins in different regions of the world—a theory that was manifestly no¢
Weidenreich’s. Among human paleontologists, the extreme parallelism suggested by
Coon (1962), where each of the major divisions of living humanity were subspecies of
Homo erectus before they somehow all independently moved over to become subspecies (or
races) of Homo sapiens, has been widely and, in our view, correctly rejected. Yet Howells’s
misinterpretation has long outlived the original polycentric theory, as authors such as
Klein (1989) and Lewin (1991) persist in illustrating multiregional evolution as main
vertical lines of descent without any linkages through genic exchanges. In reporting that
the model (as he misconstrues it) could not work, Lewin (1991) cites the geneticist Rou-
hani (1989), who asserts that the model could not work, and we concur with this assess-
ment because Rouhani has also addressed Coon’s model of parallel, independent evolu-
tion of human races and not multiregional evolution.

The combination of Howells’s subsequent ‘““Noah’s Ark” hypothesis (1976) of a single
recent origin for living peoples and Protsch’s claim (1975) of an African origin for all modern
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Figure 1
The trellis of multiregional evolution with some key fossils and sites placed in the Old
World sequence. Vertical lines signify regional links; diagonal and horizontal lines rep-
resent contributions of genic exchange and migration.

humans, developed into the other extreme view: the total replacement by Africans or their
descendants as the origin of modern humans. Ultimately, this became the Eve theory,
held among paleontologists—most prominently, if not uniquely, by Gould (1987, 1989),
Brauer (1989, but see 1992), and Stringer (1990, 1992; Stringer and Andrews 1988a,
1988b).

Multiregional Evolution

Coon’s parallel evolutionary lines and the Eve theory have one thing in common—they
both minimize the importance of genic exchanges (gene flow and migrations) in the evo-
lutionary process. Other prevalent theories, such as the “‘stages of human evolution,”
emphasize genic exchange to the exclusion of geographic variation, treating all of hu-
manity as one panmictic population. Quite different from each of these is a model of evo-
lution that focuses on the importance of long-term geographic variation and posits a crit-
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ical role for genic exchange as a driving mechanism underlying the pattern of human
evolution. Multiregional evolution (Wolpoff, Wu, and Thorne 1984) envisages a role for
both local genetic continuity and genetic exchanges (with or without invasions). The hy-
pothesis began as an explanation for the observations that some of the features distin-
guishing major human groups, such as Asians, Australian Aborigines, or Europeans,
evolved over a long period in approximately the same geographic regions where these
traits are found in their highest frequency. This view traces all modern populations back
to what was ultimately an African source (but to a time when people lived only there),
through a web of ancient lineages whose genetic contributions to the present varied from
region to region and from time to time (Weidenreich 1939). Regional variants first be-
came distinct at the geographic edges, a consequence of the colonization events that lim-
ited peripheral variability, primarily because of drift and bottlenecking. Regional differ-
ences were maintained through a series of balances between (1) genic exchange often but
not always from the center toward the peripheries, and (2) selection (for some features)
and drift (for others) that may have been more intense at the peripheries but, in any
event, tended to be unique from one peripheral area to another (Wolpoff 1989a). This
dynamic view of the evolutionary process accounts for how human populations both de-
veloped and maintained regional differences, while at the same time continuing to exchange
genes. Thus, selectively advantageous gene frequency changes (and the occasional new
allele) could spread rapidly throughout the human range. We find that just as in the
world today, where very distinctive populations maintain their physical differences even
though they are linked by gene flow, this situation has existed within our lineage ever
since humans first spread out of Africa and colonized the Old World.

Multiregional evolution is an explanation about the worldwide pattern of Pleistocene
human evolution. A number of different hypotheses of modern human origins fit this
model, although of course only one (if any) reflects the reality of what actually took place.
We believe the best evidence of the fossil record indicates that modern humans did not
have a single origin, or for that matter a number of independent origins, but rather that
it was modern human features that originated—at different times and in different places.
This model implies that there is no specific morphological rubicon to be crossed to mark
the appearance of modern humans. This view also implies that certain features that dis-
tinguish some modern groups were developed very early in our history, after the exodus
from Africa. It is also important to recognize that not all features common to modern
humans emerged at precisely the same time (Thorne 1981; Thorne and Wolpoft 1991;
Wolpoft 1989a; Wolpoff and Thorne 1991; Wu 1988; Wu and Wu 1982).

Total Replacement: The Eve Theory

The total replacement theory proposes that modern humans are a new species that
arose between 50,000 and 500,000 years ago (Stoneking and Cann 1989), a range often
reduced to a date of 200,000 years ago. This represents the polar opposite of Coon’s idea
of independent lineages by postulating a unique African origin for all modern humans,
and ultimately the descent of all races from a single African woman (see Vigilant et al.
1991 for the most recent statement). The theory relies on an interpretation of the genetic
data, concluding that over a period as short as 50,000 years there was a complete replace-
ment of all preexisting hunter-gatherers in Africa and the rest of the then-inhabited
world.

The impetus for the Eve theory comes from the study of mtDNA. Some biochemists
believe that the evolutionary record of this extranuclear organelle can be traced back to
a single female, the putative Eve. Wilson’s Eve theory (Cann, Stoneking, and Wilson
1987) thereby transformed the “‘out-of-Africa” explanation first proposed by Protsch
(1975) into one of complete and total replacement of indigenous peoples around the in-
habited world by “Eve’s” descendants (Stringer and Andrews 1988a; Stringer 1990,
1992). According to this genetic interpretation, only mtDNA that can be traced to Eve is



