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wrong. It is time to move on to more dynamic models
that incorporate regional and temporal diversity.
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Eswaran models a mechanism for correlating adaptive
change across the entire species range. His model ex-
plains one possible mode of multiregional evolution for
Pleistocene humans, but it is important not to overstate
its importance either by presenting it as a unique mode
of change or by implying that the observed course of
events in the Late Pleistocene necessarily requires a
unique explanation.

Multiregional evolution (as described by Relethford
2001; Templeton 1997, 2002; Wolpoff 1989; Wolpoff,
Hawks, and Caspari 2000) is a theory relying on well-
understood forces of evolution to explain the pattern of
variation and change for Pleistocene human evolution
by resolving the apparent contradiction between spe-
cieswide changes and regional continuities of local fea-
tures. Local variation is promoted by differences in se-
lection as well as isolation by distance and unequal
reciprocal gene flow1 in the absence of selection. Clinal
distributions are created by balances of gene flow (mostly
from the center to the edges of the human range) and
selection or drift. Features defining common evolution-
ary trends can disperse throughout the species when re-
ciprocal gene flow is predominantly directional, for in-
stance, the largely center-to-edge pattern originally
identified as a key element of multiregional evolution.
Dispersal is more rapid when the characteristics are pro-
moted by selection or when they respond to cultural
changes that spread. In either case some unique local
variations persist for shorter or longer periods because
there are no instances of complete population replace-
ment everywhere (Wolpoff et al. 2001).

A significant issue in multiregional evolution is how
new features, in particular, features that come to char-
acterize the whole species, disperse together. One would
expect that a dispersing population mixing with other
populations would break apart and attenuate the pack-
age. This is one reason that many multiregionalists argue
that new features had independent origins and appeared
together only after they had dispersed individually and
that other researchers, convinced that complexes of fea-
tures have dispersed together, turn to a population re-
placement explanation for it such as the Eve theory.

Eswaran uses Wright’s adaptive-landscape model for a
new insight, to explain how a complex of features might
disperse together as a diffusion wave through popula-

1. Gene flow refers to the movements of genes, which may or may
not involve the movements of peoples but in either case is recip-
rocal and requires interbreeding between people from different
groups—varyingly called mixture, admixture, assimilation, or
hybridization.

tions without any population movement. His explana-
tion focuses on the spread of “modernity.”

The model predicts a successful diffusion wave within
a limited range of parameters: strong selection promoting
the dispersing gene complex and limited intermixture.
Eswaran suggests that the source of this strong selection
is a reduction of birth mortality. He cites Rosenberg’s
(1992) discussion of the evolution of human birthing dif-
ficulties in support of his argument, but Rosenberg notes
that birthing difficulties can be inferred more than a mil-
lion years before the modern humans whose new mor-
phology presumably “solves” them. Further, the en-
larged pelvic inlets and outlets characteristic of
“modernity” that make births easier are found in female
Neandertal (Rosenberg 1998) and earlier pelves (Arsuaga
et al. 1999). Two Neandertal populations (Krapina [Wol-
poff 1979] and Sima de los Huesos [Bermúdez de Castro
and Nicolás 1997]) have high childhood mortality and
low adult survivorship, which means that they could not
also have had high birthing mortality because they
would not have had enough surviving children to persist.
As it is, Wolpoff (1979) calculated that the live births at
Krapina must have been spaced very close together for
the Krapina “population” size to have been stable.

A more significant question is whether “modernity”
is actually a unique complex of features and even
whether it can be validly defined apart from the descrip-
tion that modernity depicts people as they are today and
in the recent past. If modern humans were a new species
or an overwhelmingly superior anatomical and/or be-
havioral variant they should have a package of unique,
distinct features, but repeated attempts to identify such
a package (Day and Stringer 1982, 1991) fail to include
all recent (Wolpoff 1986) or living (Brown 1990) people.
This suggests that modernity is not a morphological
complex but a perspective created by the fact that we
view the past from the present.

Questioning whether this particular explanation of a
diffusion wave is valid does not affect the issue of
whether multiregional evolution works. It does address
how it might work, but there is nothing in the multi-
regional hypothesis implying that only one mechanism
has been operative in dispersing features. With pleiotropy
and hitchhiking when there is selection, a number of
models could explain the simultaneous adaptive spread
of more than one trait. How many traits must disperse
together before simpler selective models are no longer
adequate?

I am not opposed in principle to the idea that a package
of related features could have spread around the world,
presumably from a single source—this is the assumption
of the (poorly named) “assimilation”2 explanation of
multiregional evolution proposed by Smith, Falsetti, and
Donnelly (1989), and a single-source explanation is fa-
vored by Relethford (2001). But the fossil evidence has
never provided much support for the idea as an expla-

2. All explanations of how multiregional evolution works neces-
sarily involve gene flow, which implies interbreeding, and therefore
all are “assimilation” models.
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nation of modern human origins. Still, there is no ques-
tion that in some form or other Eswaran’s diffusion-wave
model is quite likely a valid explanation for the multi-
regional pattern of any one of a number of specieswide
events in human evolutionary history. It is a significant
and particularly insightful description of how multire-
gional evolution might be expected to work when a spe-
cieswide change involves a package of characteristics
that have a single origin but are related only by the com-
mon adaptation they promote.
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Rua Prof. João Barreira, Porta C, 3H, 1600–634
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A popular interpretation of the results of genetic studies
of the origins of modern humans is that no Neandertal
genes survive among today’s Europeans. This interpre-
tation is in turn used to argue for the total replacement
of anatomically archaic Eurasian populations by anatom-
ically modern groups migrating out of Africa. Eswaran’s
“diffusion-wave” model shows that those present-day ge-
netic patterns can be more parsimoniously explained
through the operation of such ordinary population bi-
ology mechanisms as demic diffusion and admixture. In
fact, the model suggests that such patterns are better
explained by hybridization than by total replacement and
that hybridization “could have been the principal reason
for the disappearance of the archaic morphology.”

I cannot but agree with these conclusions, since I have
been arguing along similar lines (Zilhâo 2001a:72):

It is quite likely that between 100,000 and 40,000
years ago a large majority of all the planet’s human
beings lived in Africa, where the modern morpholog-
ical form evolved. If these African groups also had a
higher fertility, as is commonly the case with warm
climate populations of the same species when com-
pared with those from colder climates, we can plau-
sibly explain what happened [the “extinction” of
Neandertals through assimilation by moderns].
When Africa became “full” of Africans, Africans
started to disperse into the neighboring regions. . . .
Given enough time, even a very small difference in
fertility would put the much smaller and more scat-
tered populations of Neandertals at a demographic
disadvantage, especially if interbreeding was
common.

This quotation highlights where it is that I disagree
with Eswaran. His model requires two assumptions: that
a strong adaptive advantage for the “modern” genotype
exists and that the rate of interbreeding between demes
is low. He also suggests that the advantage may have lain
in the particular features of anatomical modernity, for
instance, in bringing about reduced childbirth mortality:
“an increase in fertility due to this advantage is sufficient
to explain the modern transition.” He also assumes that
population density is constant across time and space,

which entails making all group-demes of the same size
and each made up of a single genome.

There are a few problems with these assumptions.
First, as is pointed out by Eswaran himself, in order for
the model to work, the magnitude of the difference need
be no greater than archaic populations’ having 7 children
per mother versus modern ones’ having 7.5. Such differ-
ences in fertility, however, are of the same order of mag-
nitude as those between warm-temperate and arctic pop-
ulations of contemporary hunter-gatherers (Binford
1983), all of which are anatomically modern. Conse-
quently, the selective advantage assumed by Eswaran is
not necessarily related to body morphology, and the
model cannot be used to support the notion that moderns
had reduced childbirth mortality because of “a decrease
of the anterior-posterior diameter of the modern cra-
nium” and “concomitant modifications of the pelvis.”

Second, one of the simulation’s basic mechanisms, the
mating procedure, is probably realistic. Under Eswaran’s
rules, for the model to work mating inside the deme
(which, if I understand him correctly, is a hunter-gatherer
band of normal size, i.e., ca. 25 people) must be much
more common than mating outside it; as he points out,
“the interbreeding rate between human groups would
need to have been very constrained to allow the spread
of complex advantageous genotypes.” However, this con-
dition contradicts the rules of exogamy, which, as Wobst
(1974, 1976; see also Smith 1992) has shown, are dem-
ographically obligatory to secure a group’s reproduction
in the long run. Important aspects of lithic technology
are widespread in the late Lower and the early Middle
Paleolithic, implying information exchange networks
encompassing vast areas. Such networks must have func-
tioned as overlays on the exchange of individuals be-
tween demes in the framework of exogamic mating,
whose rules, therefore, must have been in place well
before the worldwide spread of anatomical modernity.

However, if differential fertility is related not to an
advantageous genotype but to cultural-environmental
constraints, as suggested by the ethnographic data, the
need to constrain the interbreeding rate disappears.
Moreover, this rate is also likely to have been extremely
variable, for example, low in situations in which mutual
avoidance was possible, high in geographical culs-de-sac
(Zilhão 2001b). My question, therefore, is whether the
same outcome (i.e., the disappearance of archaics
through their assimilation into moderns dispersing out
of Africa) might not be obtained assuming an imbalance
in population density and population size between the
core area of the world’s population of humans, occupied
by moderns, and the peripheral areas, occupied by ar-
chaics. Although this biogeographical scenario remains
to be modeled, it seems empirically more realistic than
Eswaran’s. I compliment him on an elegant demonstra-
tion but would welcome similar quantitative testing of
alternative mechanisms.
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comment) we are sure that the marked changes4 in these
features that accompanied the archaic/modern transition
really did not impact childbirth mortality. A single pa-
rameter such as the pelvis/cranium ratio can be only a
rough indicator of birth difficulty, especially if this ratio
remained constant across the archaic-modern transition
as Rosenberg suggests it did.5 It is likely that, when more
complete information on archaic female pelves6 and in-
fant crania is obtained, the passage of the latter through
the former will need to be modeled before definite con-
clusions can be drawn.

There has presumably been a continuous pelvic ad-
aptation to human childbirth for the past 2 million years
because of the selection pressure of increasing neonate
cranium size. Thus enlarged pelves in Neandertals and
other late archaic humans are only to be expected. I have
merely suggested that some co-adapted changes in the
pelvis and the cranium further eased the birth process
for modern humans and significantly decreased child-
birth mortality in yet another step in a continuously
evolving “solution” to the childbirth problem.7 Finally,
I have no doubt that the Neandertal live birth rate was
adequate to sustain their population, for otherwise they
would not have lasted 200,000 years. But natural selec-
tion chooses among competing phenotypes, and the an-
atomically modern one may have been better—in terms
of offering greater childbirth survivability—than the
Neandertal one.

I hope that more data and further study will resolve
this issue. At the very least this hypothesis, by suggest-
ing that modern anatomical features were adaptive, cau-
tions against jumping to conclusions regarding the con-
specificity of archaic and modern humans from the
morphological differences between them.

Finally, I emphasize that the diffusion-wave theory is
based on a modified version8 of the three-phase shifting-
balance theory of Wright (1932). This is significant be-
cause Wright’s process, if it operates, could increase the
pace and scope of the evolution of a species beyond what
is attainable by Fisherian mass selection alone. This may
help to explain the uniqueness of human adaptation and
intelligence. We can speculate that the evolution of hu-
mans was largely determined by the small-deme, low-
interbreeding social structure required for Wright’s pro-
cess. Thus the invocation of Wright’s theory in human
evolution has rich consequences in need of further in-

4. The differences between archaic and modern infant crania have
been thought sufficient to be at the species level (Stringer and
McKie 1996:88). There were also significant differences between
Neandertal and modern pelves (Rak 1990)
5. But see Tague (1992:19), who suggests that Neandertals had a
less favorable cephalo-/maternal-pelvic relationship and so would
have had more difficult childbirth than modern humans.
6. The only known complete Neandertal pelvis (from Kebara) is
presumed to be male.
7. Which is still not completely “solved,” for natural childbirth in
humans remains the most difficult among the primates. Even after
the modern transition, the disappearance of browridges, etc., may
have been driven by selection pressure to decrease childbirth mor-
tality still further.
8. For it insists on mobile demes.

vestigation. It allows us to go beyond the problem of
modern human origins to the whole of human evolution.

Indeed, I believe that two other disciplines—evolu-
tionary psychology and historical linguistics—should
perhaps spare a glance at this theory, for, apart from the
increased scope of evolution offered by Wright’s process,
an evolutionary environment dictated principally by life
in small competitive demes is likely to have had a pro-
found effect on the evolution of the human mind and
emotions, with implications that would bear investiga-
tion. As for historical linguistics, the correspondence of
the pattern of diffusion waves (fig. 1) with the pattern of
language families is striking and—apart from suggesting
the need for a radical reassessment of the age of language
families—may offer explanations for the existence of the
linguistic superfamilies that have been proposed and
have been the subject of much controversy for the past
half-century.
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1997. Palaeodemography of the Atapuerca-SH Middle Pleisto-
cene hominid sample. Journal of Human Evolution 33:333–55.
[mhw]

b i n f o r d , l . 1983. In pursuit of the past. London: Thames and
Hudson. [jz]
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Edited by G. Bräuer and F. Smith, pp. 25–63. Rotterdam: Bal-
kema. [gac]

w o l p o f f , m . h . , j . h a w k s , a n d r . c a s p a r i . 2000. Mul-
tiregional, not multiple origins. American Journal of Physical
Anthropology 112:129–36. [mhw]

w o l p o f f , m . h . , j . h a w k s , d . w. f r a y e r , a n d k .
h u n l e y. 2001. Modern human ancestry at the peripheries: A
test of the replacement theory. Science 291:293–97.

w o l p o f f , m i l f o r d , a l a n t h o r n e , j a n j e l ı́ n e k , a n d
z h i y i n y u n . 1993. “The case for sinking Homo erectus: 100
years of Pithecanthropus is enough!” in 100 years of Pithecan-
thropus: The Homo erectus problem. Edited by J. Franzen, pp.
341–61. Courier Forschungsinstitut Senckenberg 171.

w o l p o f f , m . h . , a . g . t h o r n e , f . h . s m i t h , d . w.
f r a y e r , a n d g . g . p o p e . 1994. “Multiregional evolution:
A world-wide source for modern human populations,” in Ori-



774 F current anthropology Volume 43, Number 5, December 2002

gins of anatomically modern humans. Edited by M. Nitecki
and D. Nitecki, pp. 174–99. New York: Plenum Press.

w o l p o f f , m . h . , x . w u , a n d a . g . t h o r n e , 1984. “Mod-
ern Homo sapiens origins: A general theory of human evolu-
tion involving the fossil evidence of East Asia,” in The origins
of modern humans. Edited by F. H. Smith and F. Spencer, pp.
411–83. New York: Alan Liss.

w r i g h t , s . 1931. Evolution in Mendelian populations. Genet-
ics 16:98–159.

———. 1932. “The roles of mutation, inbreeding, crossbreeding,
and selection in evolution,” in Proceedings of the Sixth Inter-

national Congress of Genetics. Edited by D. F. Jones, pp.
356–66.

———. 1982. Character change, speciation, and the higher taxa.
Evolution 36:427–43.
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